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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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 once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build 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 bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

EEPROM is a trademark of NEC Electronics Corporation.

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

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

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

TRON stands for The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

The information in this document is current as of May, 2003. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior

written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual

property rights of third parties by or arising from the use of NEC Electronics products listed in this document

or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this document are provided for illustrative

purposes in semiconductor product operation and application examples. The incorporation of these

circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC

Electronics products, customers must incorporate sufficient safety measures in their design, such as

redundancy, fire-containment and anti-failure features.

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

"Specific".

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

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

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

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

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

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

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

(Note)
(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its

majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics

(as defined above).

M8E 02.11-1
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

- Device availability

- Ordering information

- Product release schedule

- Availability of related technical literature

- Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

- Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary
from country to country.

[GLOBAL SUPPORT]
http://www.necel.com/en/support/support.html

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Santa Clara, California Duesseldorf, Germany Hong Kong
Tel: 408-588-6000 Tel: 0211-65 03 01 Tel: 2886-9318
800-366-9782
» Sucursal en Espafia NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

Tel: 02-558-3737
* Succursale Francaise
Velizy-Villacoublay, France NEC Electronics Shanghai, Ltd.
Tel: 01-30-675800 Shanghai, P.R. China
. . Tel: 021-6841-1138
 Filiale Italiana

¥.|I§r502, IézI);S a1 NEC Electronics Taiwan Ltd.
el Dz- Taipei, Taiwan

« Branch The Netherlands Tel:02-2719-2377
Eindhoven, The Netherlands

Tel: 040-2445845 NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
« Tyskland Filial Tel: 6253-8311

Taeby, Sweden
Tel: 08-63 80 820

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Readers

Purpose

Organization

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78K0O/KE1 and design and develop application systems and programs for these
devices.

The target products are as follows.

78KO/KEL: 4PD780131, 780132, 780133, 780134, 780136, 780138, 78F0134,
78F0138, 780131(A), 780132(A), 780133(A), 780134(A), 780136(A),
780138(A), 78F0134(A), 78F0138(A), 780131(A1), 780132(A1),
780133(A1), 780134(A1), 780136(A1), 780138(A1), 78F0134(A1),
78F0138(A1), 780131(A2), 780132(A2), 780133(A2), 780134(A2),
780136(A2), and 780138(A2)

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

The 78KO0/KE1 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78K0/KE1 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts e Explanation of each instruction

e Other on-chip peripheral functions
Electrical specifications
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How to Read This Manual It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.

o When using this manual as the manual for (A) grade products, (A1) grade products,
and (A2) grade products:
— Only the quality grade differs between standard products and (A), (Al), and (A2)
grade products. Read the part number as follows.
. 4PD780131 —» xPD780131(A), 780131(Al), 780131(A2)
. 4PD780132 — xPD780132(A), 780132(A1), 780132(A2)
. 4PD780133 — 4PD780133(A), 780133(A1), 780133(A2)
. 4PD780134 — ©PD780134(A), 780134(Al), 780134(A2)
. 4PD780136 — ©PD780136(A), 780136(Al), 780136(A2)
. 4PD780138 — £PD780138(A), 780138(A1), 780138(A2)
. 4PD78F0134 — 14PD78F0134(A), 78F0134(Al)
. 4PD78F0138 — 14PD78F0138(A), 78F0138(Al)
e To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS. The mark x shows major
revised points.
e How to interpret the register format:
— For a bit number enclosed in brackets, the bit name is defined as a reserved word
in the assembler, and is already defined in the header file named sfrbit.h in the C
compiler.
e To check the details of a register when you know the register name.
— Refer to APPENDIX C REGISTER INDEX.
e To know details of the 78K/0 Series instructions.
— Refer to the separate document 78K/0 Series Instructions User’s Manual
(U12326E).

Caution Examples in this manual employ the “standard” quality grade for
general electronics. When using examples in this manual for the
“special” quality grade, review the quality grade of each part and/or
circuit actually used.

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 s XXXX OF xxxxB
Decimal S XXXX

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

Documents Related to Devices

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

Document Name

Document No.

78K0/KE1 User’'s Manual

This manual

78K/0 Series Instructions User's Manual

U12326E

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

Document Name

Document No.

RA78K0 Assembler Package Operation U14445E
Language U14446E
Structured Assembly Language U11789E

CC78K0 C Compiler Operation U14297E
Language U14298E

SM78K Series System Simulator Ver. 2.30 or Later Operation (Windows™ Based) U15373E
External Part User Open Interface U15802E
Specifications

ID78K Series Integrated Debugger Ver. 2.30 or Later Operation (Windows Based) U15185E

RX78K0 Real-Time OS Fundamentals U11537E
Installation U11536E

Project Manager Ver. 3.12 or Later (Windows Based) U14610E

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

Document Name

Document No.

IE-78K0-NS In-Circuit Emulator

U13731E

IE-78K0-NS-A In-Circuit Emulator

U14889E

IE-78K0OK1-ET In-Circuit Emulator

To be prepared

IE-780148-NS-EM1 Emulation Board

To be prepared

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP3 Flash Memory Programmer User's Manual

U13502E

PG-FP4 Flash Memory Programmer User's Manual

U15260E

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

version of each document when designing.
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Other Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

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

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

User's Manual U16228EJ2V0UD 9


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CONTENTS

CHAPTER 1 OUTLINE oottt e e ek e e e e e e s r e e e e e e e snnrnneeeeeeea s 18
L1 FRALUIES oreeiiiiei ittt s et e e e e e s s e e e ettt e e e e s et e et e e et e r e e e e s ran 18
2 AN o o [T o= 110 o 1= PSRRI 19
1.3 Ordering INTOIrMEALTION .ottt e e e e e e st e e et e e e e e e nbbbbeeeeaaaesannnnes 20
1.4  Pin Configuration (TOP VIEW) ...cciiiiieiieieiee ettt e e s s s e e e e e e s s st en e e e e e e s s snnnrnraeeaeeeeeannnnnes 27
T O/ =T 0 11V T 1= U PRSP PPPRPPTN 29

151 78KO/KXL ProdUCE lINBUP......eeiiiiiiie ettt e e e e e e e e e e e et e a e e e e e e s nntbbaeeaaeesssareees 29
1.5.2  VB50ES/KXL PrOAUCE IIMBUP ....eeiieeiiiiiieiee ettt ettt e ettt e e e e e e et e e e e e e e nnt e e e e e e e e e annneeas 31
G T =1 o Tod BT T= o | = oo OSSR 33
1.7 OULINE OF FUNCIIONS ..oiiiiiiiie ittt sttt et e et e e s e e e e ee s 34

CHAPTER 2 PIN FUNCTIONS ...ttt ettt e e e e e e e eeeeeeneenes 36
P25 A 1 N ¥ T o3 4o ) o T = SRR 36
2.2  DesCription Of Pin FUNCLIONS ...coii i e e e e e e e e e s saar e e e e e e e e e aans 40

P R 0 0 (o3 =0 TG I (T 0 ) TP PURTUPTO 40
2,22 PLO O PL7 (POIE L) eeeeiiieiieeiiit ettt ettt ettt ettt ekttt be ettt e bttt e b e bt s 41
PG T (O (o T = A (T ) PR PPRTUPRTO 41
2,24 P30 0 P33 (DOI 3) .eeeeitieitiieitiientie ettt ettt ettt etttk ettt n e et s 42
A S O (o T =t I (T A PP RTPPRUPRTO 42
2,26 P50 L0 P53 (DOIE 5) ..eeeiiieiuiieiiiieitit ettt ettt ettt ettt et 42
2,27 PBO L0 PB3 (POI B) ..eeetvieiieeiiiieitiee ittt estee ettt e rtee e bt e e sbee e ke e e bt e e be e e be e e ket e bee e be e enbe et e e ebe e e nbeeebeennaeas 42
2.2.8  PTO O P77 (POIE 7) eeteiieeiteeeittt ettt ettt etttk b et bt bttt e bt ebe e st e e bt et e e e et s 42
P B = L O (1o 4 A 1 TR TP PURUPRTO 43
2,210 PL30 (POIE 13) .utieiuteesiiieeitee ittt ett e sttt e stttk rte ekt a stk h bt h bR et bt n e bt he e b e 43
2,211 P140 @nd PLAL (POt 14) uueeiieieeeie it etee ettt sttt sttt e s st e bt e e s aa e st b e e bt e e kb e e nbe e e nbeeebeeenaeas 43
22,12 AVREF eiiitiieiet ettt etttk bR R R R Rt R Rt h et bR b e e b b e e ne e 43
2.2.13 AV SS ittt bbb E e bR et b et Rt e h et b et e he e be e e he e Ee e e be e e bt e e beeebeas 43
20204 RESET ..ottt 1222882888 £ £ 44
2.2.15  REGC ..ottt ettt et bR bt h bR bt R bt R bR bt R bt e eRb e e b et e bt e e beeebeennbeas 44
2,216 XL AN X2 ..ttt etttk etttk etk h et h bt h e E e Rt bRt bt h e bt 44
P N A B R T4 [0 1D 1 PO O PRSPPI 44
2.2.18 VDD @GN0 EVDD ...ttt e e et e e e e e st e e e e e e e aaneees 44
2.2.19  VSS ANA EVSS ittt 44
2.2.20 Vrp (flash MemOry VEISIONS ONIY) ..cooiiiiiiiiiieiiiitee et e e e et e e e e e s sneneee 44
2.2.21 IC (MASK ROM VEISIONS ONIY) ..eeiiiiiiiiiiiieiiieee ettt ettt etttk e et nn e e st e e e e e e s 44
2.3 Pin I/O Circuits and Recommended Connection of Unused PiNS........cccccvviiiiieiniinniieee 45
CHAPTER 3 CPU ARCHITECTURE ...ttt ettt e e r e e e e s s nnnrn e e e e e e e 49
I T R |V =T T Y YRS o - U] = PP PP R PPPPP 49
3.1.1  Internal Program MEMIOIY SPACE ......coiiuutrietee ettt eeaee e s ettt et e e e e s e bbb ee e e e e s aatbbeeeeeeeeaabbbeeeeaeasannnees 58
3.1.2  Internal data MEMOIY SPACE .....ccoiriieiiiriie ittt e e ettt e et e e et e e st e e st e e e abbe e e asb e e e s nnbeeeeannneesnnnes 59
3.1.3  Special function register (SFR) @ra.........cuuuuiiiiiiiiiee ettt e e 59
3.1.4  Data MEemOrY A00IrESSING .. ...uueeeiirreeeitiet et e ettt e st e e et et e et et e e s bt e e et e e e s nb et e e e e e e e e e nnes 60

10

User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

I I o o Tod T Yo Y gl =T o3 4= = SRS 68
R R Oo o (o] I (=T o 1S3 (=T £ PP PUTSRUPRRPN 68
3.2.2  GENEIaAl-PUIPOSE TEOISTEIS .. iiiiiiiiieie e e e e eette e e e e e ettt e e e e e e st e e e e e s s e b aaeeaeeessatbtaeeeaeessassnsaaeeaeesases 72
3.2.3  Special FUNCtion REQISIEIS (SFRS)....ciiiiuiiiiiiee ettt e e e e et e e e e e e s e enaeeeeeaaaeeannes 73
3.3 InStruction Address AdAIrESSING ..uuueeiiiiei i e e s e e e e e e e s s s e e e e e e e e anrrraeeeees 78
1R 0 A & = =AY I= Vo [ [ (2T oo [ O PUPUT SRR 78
3.3.2  IMMEIate AUAIESSING ....veiieiiiiiiiiiiie e eer et e e e e e e e e s s e e e e e e s s bbb aeeaeeessastbtaeeeaeesaaanraeeeaeeaane 79
3.3.3  Table iNAIreCt @OAIESSING .....ccoiueiiiiieee et e ettt e e e e ettt e e e e e e e e taee e e e e e e aanaeeeeeaeeseannsaeeaaeeaannes 80
IC TR 0 A = =T |55 (=T = (o [0 [T Vo PP EPUR S PRRPN 80
3.4 Operand Address AGArESSING ...cooiiuueiiiiieee et e e e e e e abbbae e e e e e e e s aanbeeneeaaaas 81
10 R [ 0] o [ 1Yo =T [ =17 [T OO PPROUPRPPN 81
I N N & =T 1S (=T = Lo (o [ =TS o Vo PP PUT R SRTUPRRPN 82
I e B B 11 (Yot - To [o | {11 [ o PP PPR PPN 83
I O A S To 4 o [T =T o A= To [0 [T E] o TR SRUPRRPN 84
3.4.5 Special function register (SFR) addreSSiNg .......ccoocviiiiiieiiiiiieiee e 85
3.4.6  Register INAIrECt AAIESSING .........eiiiieieiiieiiiie et e e et e e e e st bt e e e e e e s aanbbeeeeaaeesaasnnnaeeeaaeaannes 86
I B N = 7= U= To I-To [ | (=TT [ o To [ PSP PR S UPRPPN 87
ICTV8 S B == TS1=To W To (=3 =T = To (o [ £ =1S 1S T o o R PP PUSRUPRRPN 88
I I IS = (ol [ (o [0 [ 11153 1 o P PUPRR SR UPRRPN 89
CHAPTER 4 PORT FUNCTIONS ... iiitiiitiittitieitueieteieteeeeeanrnrereeeraeeeeeeeeeeee e eeaseeeeeeeseeae s aannas s anannannresnnes 90
o o T U T T 1T 0] 1= SRR 90
4.2 POrt CONTIGUIALION .ttt e e s et e e e s anbr e e e e anneeee s 92
o S o 1 S O TP TSP T PO TP PP PPPPPPPPPPPPORE 93
2.2 PO Lttt 18£8ttt s ettt e et s e e nnen
e T o 1 ST OT TSP OPOPPPOPPPPPPPPPIRS
S o] R TSP PTSPPPPPPPPPPPPPIRS
S T o 1 A TP PSP OPOPPPPPPPPPPPPPIR
2.6 PO Dttt 11ttt bttt st et et e e e e
o (N o] 1 A TP P ST OPOPPPPPPPPPPPPPIRS
2.8 PO 7 ittt t sttt sttt e e e e e e e e
429 Portl2
4.2.10 Port13
4.2.11 Port14
4.3 Registers Controlling Port FUNCLION ........uiiiiiiiiiie et 112
4.4 POrt FUNCLION OPEIaAtiONS . ..uuiiiiiiee i i ittt ee e e e e e srtae e e e e e e e e s itbaee e s e e e s s e saraaeeeaeeessassstreseeaesssansnnes 116
o R VAV 1 ([ o B (e I 1@ I o To ¢ A PO PP PP UPRPTPPR 116
4.4.2  Reading frOM I/O POIT .. ... ittt e ettt e e e s et e et e e e e e e bbb e e e e e e e e e nnrreeeaeean 116
4.4.3  OPEratioNS ON /O POI ...ceeiiiiiiiiiiie etttk e e et e e e at e e s e e e e e b e e snre e e 116
CHAPTER 5 CLOCK GENERATOR ....oiiiiiiiitiititititieiitiieiibtieiebabaeebsbbaaaeeeaeseeassesssssesesssesassssnsssssnsnnnnnnnnes 117
5.1 FUunctions Of CIOCK GENEIALOT ...cciiuiiiieiiiiie ettt e e et e e st e e e staeeeeans 117
5.2  Configuration of CIOCK GENEIALON ......coiuiiiiiiiiiie it 117
5.3 Registers Controlling ClIOCK GENEIAtOr ........cccviiiiiiiie e e e e rre e e e e e e e eanes 119
5.4 System ClOCK OSCIHIALON ......uiiiiiiiiiii et e e s 126

User's Manual U16228EJ2V0UD 11


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

L 0t G A o Y= o1 1| = ) RPN 126

5.4.2  Subsystem ClOCK OSCIIALON ...........ooiii et e e a e e et e e e e e e e neeee 126

5.4.3  When subsystem CIOCK iS NOt USEU..........couiiiiiiiiiiiiii et e e e e e e e e e s saees 129

544  RING-OSC OSCIHIALON .....ceiiiiiiieiiiie ettt e e e e e ettt et e e e e e e e ntbeeeeaaeesaannbeeeaaeaaannnees 129

545 PrESCAIEI ..ottt et 129

5.5 ClOCK GENErator OPEratiOn ....ooceuieiiiiiiee ettt e e ettt et e e e e e s ae e e e e e e s e aanbbe e e e e e e e s e annbaeeeaeas 130
5.6 Time Required to Switch Between Ring-OSC Clock and X1 Input ClocK............ccevvvvenenn. 137
5.7 Time Required for CPU ClOCK SWItCNOVEN .......ccoiiiiiiiiiiiiiie e 138
5.8 Clock Switching Flowchart and Register Setting ......cccccveeei i 139
5.8.1  Switching from Ring-OSC clock to X1 input ClOCK.........coouuiiiiiiiii e 139

5.8.2  Switching from X1 input clock t0 RING-OSC ClOCK.........ccoiiiiiiiiiiiiiiiic e 140

5.8.3  Switching from X1 input clock to SUbSYStem CIOCK...........c..uviiiiiiiii e 141

5.8.4  Switching from subsystem clock to X1 iNput CIOCK ..........ccuuviiiiieiiiiiiicc e 142

R S NS & =T [ (=T ST 11 Lo L ST PRPRN 143
CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND OL....ccciiiiiiiiiiiiieeeiiieie et 144
6.1 Functions of 16-Bit Timer/Event Counters 00 and OL..........coccueieiiiiiieiiniiee e 144
6.2 Configuration of 16-Bit Timer/Event Counters 00 and O1........cccccceeeviiiiiiiiiieeeee e, 145
6.3 Registers Controlling 16-Bit Timer/Event Counters 00 and Ol ..........cccccovveeeeiiiiiiiieeneeeenn, 150
6.4 Operation of 16-Bit Timer/Event Counters 00 and OL..........cccccceeeeeeiniiiiiiieee e 160
6.4.1  INterval tIMEr OPEIATION ......eeiiiiieiiie ettt ettt et e e et et e s b e e e et e e e ante e e e saneeeeannreenanes 160

6.4.2  PPG OULPUL OPEIALIONS ..ceiiiiiiiiitiitie ettt e ettt e e e ettt e e e e e s bbb et e e e e e e s aab et e e e e e e e aanbbeeeeaeeaanenee 163

6.4.3  Pulse width measuremMent OPEIALIONS .........c.uiiiiiiieiiiii et e s e 166

6.4.4  External event COUNTEr OPEIALION .......oi.uuutiii ettt ettt e ettt e e e e e et e e e e e e e saebb e e e e e e e eanannee 174

6.4.5  SquAre-wave OULPUL OPEIALION ........eeiiiiiieiiieee st e ettt ekt e e et e s e e e st e e e snre e e s nnbeeeeanbneeeanes 177

6.4.6  One-shot pulISE OULPUL OPEIALION. ... ...oiuueiiiiiee ettt e et e e e e e sbb e e e e e e naenee 179

6.5 Cautions for 16-Bit Timer/Event Counters 00 and O1........cccoccueveiiiiiiieiniiie e 184
CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51....cciiiiiiiiiiiiiieiee i 187
7.1 Functions of 8-Bit Timer/Event Counters 50 and 51.........ccccooviiieiiiiiee i 187
7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51 .........cccccovoiiiiiiiiiin i 189
7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51 ...........cccovveeeeeeeiiicciiieeneeenn, 191
7.4 Operations of 8-Bit Timer/Event Counters 50 and 51...........cccoiiiiiiiiiii i 196
7.4.1  Operation as INTEIVAI TIMEN .. .......iiiiiiee e e e e et e e e e e e tb e e e e e e e anenee 196

7.4.2  Operation as exXternal @VENT COUNTET ..........cuiieiiiiee ettt rieee et e st e e e st e e anre e e s e e e s ane e e e 198

7.4.3  SQUAre-Wave OULPUL OPEIALION ....c..ceiiiiurtieee e ettt ee e e e e ettt ee e e e e e aeb e e e e e e e e e bbb e e e e e e e e e annbbeeeeaeeeannnnee 199

744 PWM OULPUL OPEIATION ....viiiiiiieeiiiie e ettt ettt e skttt e ekt e e s st e s sa et e e et e e e nsne e e e nabeeeeannreennee 200

7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51 ........ccccovviiiieiiiiiiee i 204
CHAPTER 8 8-BIT TIMERS HO AND HI ..ottt 205
8.1 Functions of 8-Bit Timers HO and HIL ..........uuiiiiiiii e 205
8.2 Configuration of 8-Bit Timers HO and HL.........cooveeiiiiiiiiiiieiie e 205
8.3 Registers Controlling 8-Bit Timers HO and HIL ... 209
8.4 Operation of 8-Bit Timers HO and HL ..........coviiiiiiiei e 214
8.4.1 Operation as interval timer/SQUAre-Wave OULPUL ............coouuueriiaaaiiiiiiee e e e eeeiiieee e e e s e e aineeeeaaeeaannnees 214

12

User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

8.4.2  Operation as PWM OULPUL MOTE ...ceiiiiiiiiiiieiie ettt s e e s ettt e e e e e s et e e e e e e s nnbbaeeaaeeasennes 217

8.4.3  Carrier generator mode operation (8-bit timer H1 only) ..........oooiiiiiiiiiiiiiee e 223
CHAPTER 9 WATCH TIMER ...ttt s 230
9.1 FUNCLIONS Of WALCH TIMEI ..eiiiiii i e e et e e e e e s s e e eeeeeeeennennes 230
9.2 Configuration of WatCh TIMET ......ccuiiiiiiii e r e e e e e s e aarae s 232
9.3 Register Controlling WatCh TimMEr .........uiiiiiiiie et 232
9.4  WatCh Timer OPEratiONS ..uocviiie it e e e e e s e e e e e e e e s s e s br e e e e e e e e s s asatbraereeeeeessnnsnnes 234
9.4.1  WALCh tIMEr OPEIALION ...ttt e st e e s bt e s e e e snnee s 234
9.4.2  INterval tIMEr OPEIALION ........ceiiiiiitiie ettt ettt e e e et e e e e e s bbb et e e e e s e sabbeeeeeeeaanbbeneeeeeeaanens 235
9.5  Cautions fOr WALCH TIMET ...oiiii i e e e e e e e e e e s s s e e e e e e e e e nnnennes 236
CHAPTER 10 WATCHDOG TIMER ...coiiiiiiiiiiiieieieie ettt 237
10.1 Functions of WatChdog TIMEr .....ccooiiiiieiiee e e e e e rre e e e e e e e e 237
10.2 Configuration of WatChdog TimMer.......cooiiiiiiiiiiiie e 239
10.3 Registers Controlling WatChdog TIMET .......uciiieiiiiiiiieec e a e 240
10.4 Operation of WatChdOg TIMET ......cooiiiiiii e 242
10.4.1 Watchdog timer operation when “Ring-OSC cannot be stopped” is selected by a mask option ...242
10.4.2 Watchdog timer operation when “Ring-OSC can be stopped by software” is selected by

(00T TS (0] o o] o P PO P TR TSP PRPPR TP 243

10.4.3 Watchdog timer operation in STOP mode (when “Ring-OSC can be stopped by software” is
selected DY MASK OPLION) .......uiiiiii et e e e 244

10.4.4 Watchdog timer operation in HALT mode (when “Ring-OSC can be stopped by software” is
selected DY MASK OPLION) .......uiiiiii e e e et e e e e 246
CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER........cccciiiiiiiieeniiiee e 247
11.1 Functions of Clock Output/Buzzer Output Controller.........cccuveiiiiiiiiiiii e 247
11.2 Configuration of Clock Output/Buzzer Output Controller .......cccccoevvvciiiieeiee e 248
11.3 Register Controlling Clock Output/Buzzer Output Controller.........ooccviiiieiiiiiiniiiiiiiieeeeee, 248
11.4 Clock Output/Buzzer Output Controller Operations ........cccvveeveeeeeiiiiiiieeer e e e e 250
11.4.1 ClOCK OULPUL OPEIALION....ccii ittt e ettt ettt e e e ettt e e e e e e e tbbe e e e e e e e e e sneeeeeeaaeaaasneneeaaaeaannes 250
11.4.2 Operation as DUZZEI OULPUL .......uviiiieiiiiiiiiee e et e e e e e st e e e e e s st e e e e e e satbrbeeeaeessanssraeeeeeeaannes 250
CHAPTER 12 A/D CONVERTER ....ooiiiiiiiitie ettt ettt e e e e e e sttt e e e e e e s annnbeee e e e e e e e e annneeeees 251
12.1 FUNCLIONS Of A/D CONVEITET ..oiiiiiiie ettt ettt e st e e st e e e et e e e st e e e s nnbeeeeeneeas 251
12.2 Configuration Of A/D CONVEITET .....coiuiiiiiiitit ettt e b e neee 252
12.3 Registers Used inN A/D CONVEITET .....cccuuiiiiiiee e ettt e e e s st e e e e e s st e e e e e e e e s sennnreeeeeaeeeaans 254
12.4 A/D CONVEITEr OPEIAIONS ...ciiiitiiiieiiiiie ettt ettt s st e s st e e s st e e e s abbe e e s enneeeas 259
12.4.1 Basic Operations Of A/D CONVEITET .......oiuiiieieieeeiiieee et e e e ettt e e e e e e e e e e e e iabbe e e e e e e sanineneeeeeeaanees 259
12.4.2 Input voltage and CONVEISION FESUILS ........cciuiiiiiiiiie ittt e e 261
12.4.3 A/D converter OPEration MOGE.....cc.oeiiiuuuiiiiee e ettt e e e e ettt e e e e e et e et e e e e e s asbbereeaeeesaanbbereeeeeeaannns 262
12.5 How to Read A/D Converter Characteristics Table ... 265
12.6 CautionNs fOr A/D CONVEITET ....ciiiiie ettt ettt e e et e e e et e e e s sabee e e s nsbeeeeesnbeeeeenneeas 267
CHAPTER 13 SERIAL INTERFACE UARTO ...ccoiiiiiiiiiiiee ettt e e 272
13.1 Functions of Serial INterface UARTO .......uuiiiiiiiiiiiieiieee ettt ee e e e e e s 272

User's Manual U16228EJ2V0UD 13


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

13.2 Configuration of Serial Interface UARTO .....ccooiiiiiiiiie e e e e e e s s nen e e e e ennes 273

13.3 Registers Controlling Serial Interface UARTO.......coiiiiiiiiiiiiee e 276
13.4 Operation of Serial INterface UARTO .....cciiiii it e e e s r e e e e e s snrnan e e e e e e e enns 281
13.4.1 OpPeration SIOP MOGE ........eiiiiiiie ettt e e e e ettt e e e e e e e e baee e e e e e e e aanaeeeeeaaeeaaannsbeeeaaeeeannnenneeas 281

13.4.2 Asynchronous serial interface (UART) MOUE......cciieiiiiiiiiiiiie e e ittt e e et e e s e s e e e e e s enaaaeee s 282

13.4.3 Dedicated bDaud rate gENEIALON ...........uuiiiiie ettt e e e et e e e e e e e e aebeeeaaeeeaaseeeeeaaeeannneeeeens 288
CHAPTER 14 SERIAL INTERFACE UARTGE ...ccoiiitiiiietee ettt 293
14.1 Functions of Serial INterface UARTG.......coovii ittt e e et ee e e e e e 293
14.2 Configuration of Serial Interface UARTE ........cccuiiiiiie et e s snnrrre e e e e nnes 297
14.3 Registers Controlling Serial Interface UARTB.........uuviiiiiiieiie e 300
14.4 Operation of Serial INterface UARTG ......cciiiiiiiiiiiiiieee et e e e e e e s straan e e e e e e 308
14.4.1  OpPEration StOP MOUE ......coiriieeiiiiee ettt ettt e e et e e e b e e st e e e e asbr e e e s e e e st e e e e anneeennneas 308

14.4.2 Asynchronous serial interface (UART) MOGE......ccoiiiiiiiiiiiiiee et 309

14.4.3 Dedicated baud rate gENEIALON ........c.cuiii ittt r e s bt e e e e e e aneas 324
CHAPTER 15 SERIAL INTERFACES CSI10 AND CSILL ...ttt 331
15.1 Functions of Serial Interfaces CSI10 and CSILL .......cccoiiiieiiiiiieeiiiie e 331
15.2 Configuration of Serial Interfaces CSI10 and CSI11.........cccooviiieiiiiiiie i 332
15.3 Registers Controlling Serial Interfaces CSI10 and CSI11.........ccoovviiiiiieeeeeeieciiiiee e 334
15.4 Operation of Serial Interfaces CSI10 and CSILL .......cccoiiiiieiiiiiieeiiiee e 340
15.4.1 OpPeration SIOP MOOE .......uuiiiiiieee ittt ettt e e e e ettt e e e e e e bbb e e e e e e s st bbb e e e e e e e aannbbeeeeeeeaannnnneeeas 340

15.4.2  3-Wire SEral I/O MOUE... ...ttt ettt e e e ettt e e e e e ettt e e e e e e sannbteeeeaeeeaannnnneeeas 341
CHAPTER 16 MULTIPLIER/DIVIDER .......ouuiiiiiiiiii ittt e e e e e e anbee e eas 351
16.1 Functions of MUILIPIEIDIVIAEN .....cociiiiieiiee et e s s e e e e e s s ee e e e e e e ennnnes 351
16.2 Configuration of MUltiplIE@r/DiVIAEr .........uuiiiiii e 351
16.3 Register Controlling MUltiplier/DIVIAEL .......cviiiiiiiiiieieie e e e 355
16.4 Operations of MUItIPHEr/DIVIAEN ... e 356
R e Y 01 ] ][ o= Vi o] ] 0 1= = L1 o] IO URP 356

R S B 1Y/ (o] W] o [=] = L1 T ] o PP 358
CHAPTER 17 INTERRUPT FUNCTIONS ...ttt e e e e 360
17.1 INterrupPt FUNCHION TYPES ..ttt ittt et et e bt e e st e e s ebb e e e e snnneas 360
17.2 Interrupt Sources and ConfigUIation ........ccooiiiiiiiiiiiie e e e e e e e eanes 360
17.3 Registers Controlling INterrupt FUNCLIONS ...o.uuiiiiiiiiiiiee e 364
17.4 Interrupt SErviCing OPEIatiONS ....cccciiiiciiiiiee e e e e e e e e e e s s r e e e e e s sstatre e e e e e e e ssssaraeeeeaeeseanns 371
17.4.1 Maskable interrupt aCKNOWIEAGEMENT ........ceiiiiiiiiiiie e 371

17.4.2 Software interrupt request aCKNOWIEAGEMENT.........ccoiiiiiiiiiiiie e 373

17.4.3  MUltiple INtEITUPE SEIVICING ....vvieiiiiie ettt ettt e e et e e et e e e s e e s nnees 374

17.4.4  INterrupt reqUESE NOIO...........eeeieiie et e e e e e et e e e e e e e nnneeeeeas 377
CHAPTER 18 KEY INTERRUPT FUNCTION ...coiiiiiiiiiiee et 378
18.1 FUNCLiONS OF K@Y INTEITUPT .ot e e 378
18.2 Configuration Of KeY INTEITUPT.........uiiiiiiei e e s e e e e e s e sanr e e e e e e e s e ennnes 378
18.3 Register Controlling Key INTEITUPT ......oiuiiiiiiieii e 379

14 User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 19 STANDBY FUNCTION......outiiiiiiie ittt 380

19.1 Standby Function and Configuration ... 380

I T O S =Yg T | o) VA (1] o3 1T o I PP OPPPPRN 380

19.1.2 Registers controlling standby fUNCHON ...........ooi i 382

19.2 Standby FUNCLION OPEIratioN......cuiiieciiiiiiiiiiie e e e s et e e e s s e e e e e s s s e e e e e e e e snnaeeeeeeeeeaean 384
S B R 7 A I I 41T To [ PP EEP P SOPUPRPTN 384

19.2.2  STOP MOUE.......eeeiiitiie ettt ettt ettt h et ettt e e ettt e e o bt e e e bbb e e e sttt e e shb et e e antb e e e sbbeeeenbbeeeenabeeenan 389
CHAPTER 20 RESET FUNCTION L.ooiiiiiiiii ettt ettt stae e e e sstae e e e antaea e e sntae e e e antaaaeennnneas 393
20.1 Register for Confirming RESEt SOUICE ......uuviiiiiiiiiiiiciieeee e e e 400
CHAPTER 21 CLOCK MONITOR ..ottt ettt e e st e e st e e s bt e e e snneeas 401
21.1 FUNCtioNS Of CIOCK MONITOT ..uiiiiiiiiiie et e e e e et e e e e e e s e eeeeeees 401
21.2 Configuration of CIOCK MONITOT ...ciiiiii i e e e e e s et aeeeeee s 401
21.3 Registers Controlling ClOCK MONITOT .....ccoiiiiiiiiiiiiie e 402
21.4 Operation Of CIOCK MONITOT........uuiiiiii i e e e r e e e e e e e e anrrraeee s 403
CHAPTER 22 POWER-ON-CLEAR CIRCUIT oottt ettt 408
22.1 Functions of POWer-on-Clear CirCUIT .......cuuiiiiiiiieeiee et 408
22.2 Configuration of Power-on-Clear CirCUIt........uuiiiieeiiiiiiiiiiiiee s 409
22.3 Operation of POWer-on-Clear CirCUIL .......cuuuiiiiiiieee et 409
22.4 Cautions for POWEr-on-Clear CirCUIT.........oiuiie i 410
CHAPTER 23 LOW-VOLTAGE DETECTOR .....cii ittt ettt e st a e e nntea e e entaa e e 412
23.1 Functions of LOW-Voltage DEIECTION ......ccoiciiiiiiiic et e e 412
23.2 Configuration of LOW-VOItage DEeLECION ........eiiiiiiiiie ittt 412
23.3 Registers Controlling Low-Voltage DeteCLOr ......cooiiiviiiiiiiie e 413
23.4 Operation Of LOW-VOItage DELECTOT .....ccciiiiiiiiiiiiiei ettt seree e 416
23.5 Cautions for LOW-VoItage DetECION ... e e et e e e s 420
CHAPTER 24 REGULATOR ..ottt ettt ettt ettt e e e et e e s e bbe e e e e nbe e e s ennneas 423
24.1 OULHNE Of REQUIALOT ...eeiiiiiiiiiie ettt e e bb e e e s bbeeeeeanes 423
CHAPTER 25 MASK OPTIONS ... .ottt ettt stae e e s tte e e e et e e e e st e e e e astae e e e sntaeeesnsnes 425
CHAPTER 26 ROM CORRECTION ..iiiiitiiieiiiiiee sttt e e eiiee e sttt e e s ettt e e e ssbee e s s stbee e e s snbenesasntaeeessnseeessnneens 426
26.1 FUNCtiONS Of ROM COTECHION ....uuiiiiiiieei e ittt e e e e e e e e s st e e e e e s e e nnnrreeeeeeens 426
26.2 Configuration 0f ROM COITECIION ....uciiieei ittt see e e e e e e r e e e e e e e e sanraaeeeeaeas 426
26.3 Register Controlling ROM COITECTION .......cuviiiiiiiiiie ettt e e sbaee e 428
26.4 ROM Correction Usage EXAmMPI.......cco ettt e e e e e e e 429
26.5 ROM Correction APPHCALION .....ocueiiii ettt e e sbeeeeeaaees 430
26.6 Program EXECULION FIOW ........occiiiiiiii ettt e e et e e e e e e e s e sanrnaeee s 433
26.7 Cautions fOr ROM COTECHION ....uuiiiiiieeiieiiiiie ettt e e e e e s s s e e e e e e s e nnnneaeeeeeeeees 435
CHAPTER 27 pPD78F0134, 78F0OL38 .......eiiiiiiieiiiieiieesiiee ettt ettt sttt e sbbe st e nbee e sbeeesaneeans 436
27.1 Internal Memory Size SWitChing REJISTEN ...uuiiiiiiii i 437

User's Manual U16228EJ2V0UD 15


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

27.2 Internal Expansion RAM Size SWitching REQISIEN ......uvvvieiiiiiiiiiiiee e 438

27.3 Writing With FIash Programmer............eeioiiio ettt e e e e e 439
27.4 Programming ENVIFONMENT ......ooiiii i iiiieieeee st e e e e e st r e e e e s s st e e e e e e e e s annsnnneeeeeeeeannns 446
27.5 ComMMUNICAION IMOE....ciii ittt e e e e e bbbt e e e e e e s e e sanbbeaeeaaaeeaan 446
27.6 Handling Of PiNS 0N BOAId .......cuoiiiiiiiiiiiiiic ettt e e e e e nranee e e e e e e 449
P T Y oo U SU U RUPPPPRPRRNE 449
27.6.2  Serial INtEITACE PINS ...uviiiiiieiiiiiiiei et e e e e st e e e e e st a e e e e e e s asatbaaeeaeeeesstbeaeaaesannnnees 449
27.6.3 RESET PN ettt ettt e et e et e et ee et etee e e 451
P ST S o T A o] 1 1= T PSR UPPPPRPRRE 451
P S TS T 4 = T o] o FO SRR PPRPRNE 451
27.6.6  OFher SIgNaAl PINS .. ..uiiiiiiiee ittt ettt e e e e e e e et e e e e eaaatr e et eaesaaastrateaaesesssstbeseaaesannnnres 451
P ST A o Y= RS U o] o] YU UPPPPRPRNE 451

27.7 Programming MeTNO ... e e e e e s e e e e e e e s s e e e e aeeeeae s 452
27.7.1 Controlling flash MEMOIY .........eeiiie et e e e e e e e e e e neees 452
27.7.2 Flash memory programming MOGE ...........euiieiiiiiuiiiiieeeeisiiiiereeeeeasirreeeaeessssstrasreasesssnssbaseeaesassnnes 452
27.7.3 Selecting COMMUNICALION MOUE .....ieiiiieiiiiii ettt e e e et e e e e e e e e e e e e e e e e e annneeeeaaeeeeannees 453
27.7.4 CommuNICALION COMMEANTS .....ooiiiiiiieiiit ettt e et e e b e sr e e re e 454
CHAPTER 28 INSTRUCTION SET ...ciiiiiiiiiiiiiiiiiie ettt ettt eeeeeeeeeeeeees 455
28.1 Conventions Used in OPeration LiSt.....cccociiieiiiiiiiiiiiiieec et e st r e e snnrre e e e e e 455
28.1.1 Operand identifiers and specification MEthOUS ............ooiiiiiiiiiiiie e 455
28.1.2 Description of OPeration COIUMM ........uuiiiiii et e e e e et e e e e e e e e e naenee 456
28.1.3 Description of flag 0peration COIUMMN..........c.uuiiiiiiii e 456

WS I O 10 1=1 - f o o T I = SRR 457
28.3 Instructions Listed by AdAreSSiNg TYPE ..ooeoiiiiiieeiiiiie ettt 465

CHAPTER 29 ELECTRICAL SPECIFICATIONS

(STANDARD PRODUCTS, (A) GRADE PRODUCTS) .cvcttiiiiiieeiiiiieessiiiee e siieee s 468

* CHAPTER 30 ELECTRICAL SPECIFICATIONS ((A1l) GRADE PRODUCTS) . .ccocoiiiiiiiiene i, 487
* CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS)....ccccoviieiiieeiieeeieenn 506
CHAPTER 32 PACKAGE DRAWINGS .....cciiitiie ittt ittt s tre e sitae e s stae e e s entbaa e s asbaeesenaaneeenneeas 520

* CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS.......coiiiitiiiiiiieeiiiieeessitee e siieee e ssenees 523
CHAPTER 34 CAUTIONS FOR WAIT ..ottt ittt sttt et a et e e s e e s sntaeeessnnnaeessnneeas 529
R R o= UL o] F- o] ATV SRRSO 529

34.2 Peripheral Hardware That Generates Walit ............cooocciiiiiiiiee i e e 530

34.3 Example Of Wait OCCUITENCE .......iiiiiiiiiie ettt ettt sbee e e 531
APPENDIX A DEVELOPMENT TOOLS.....ciiiiiiiiie ittt sttea e et e e s s sstee e e s nstee e e ssnbenesannteeeeennees 532
N S 10} ATz U= Y o= (o1 €= Vo T ERPS 535

A.2 Language ProCesSSiNg SOftWAIE........oii ittt 535

A3 CONLIOL SOFIWAIE . .eeiiie ittt sttt e st e e e s sbb e e s snbee e e s anbbeeeesnneeee s 536

16 User's Manual U16228EJ2V0UD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

A.4  Flash Memory WIItiNG TOOIS ..cuiiiii it e e e e e e e e e e e e e s e nane e e e e e e e anns 536

A.5 Debugging TOOIS (HArOWAIE).....coooi ittt e e e e et eeea e e e e 537
A.5.1 When using in-circuit emulators IE-78K0-NS and IE-78K0-NS-A..........ccocciiiiieeieiiiiiiee e 537

A.5.2  When using in-circuit emulator IE-78KOKL-ET ......ccoiiiiiiiiiiiiaieiieie e 538

A.6 Debugging TOOIS (SOFtWAIE) .....ccieeiiiiiiiiiiieie e e s e e e e s e e e e e s s ssnnarereeeeeeanns 539
A7 EMbedded SOFIWAIE ...t e ettt e e e e e e s s abb e e e e e e e e e aannnees 540
APPENDIX B NOTES ON TARGET SYSTEM DESIGN .....cccoiiiiiiiiiiiiie e sree e 541
APPENDIX C REGISTER INDEX.....ciititiiiiiiiie ittt sttt e s e e snbbe e e s snnneeae s 548
C.1 Register Index (In Alphabetical Order with Respect to Register Names) .........ccccoeveeeennee 548
C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)............cccoveeeee. 552
APPENDIX D REVISION HISTORY ....utiiiiiiiiiieiiiiie ettt ettt e e st aeseba e e e s nnbaeeesnnneeee s 556
D.1 Major Revisions in ThiS EAIION ......oocuuiiiiiiiii e e e e 556

User's Manual U16228EJ2V0UD 17


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 1 OUTLINE

1.1 Features

18

O

O
O

OO0OO0OO0O0OO0OO0OO0OO0OO0

Minimum instruction execution time can be changed from high speed (0.2 us: @ 10 MHz operation with X1
input clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)

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

ROM, RAM capacities

Item Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM | Internal Expansion RAM
uPD780131 Mask ROM 8 KB 512 bytes -
4PD780132 16 KB
4PD780133 24 KB 1024 bytes
uPD780134 32 KB
#PD78F0134""* Flash memory 32 KB"*? 1024 bytes"*?
uPD780136 Mask ROM 48 KB 1024 bytes 1024 bytes
4PD780138 60 KB
4PD78F0138 Flash memory 60 KB"*? 1024 bytes"*? 1024 bytes"**?

Notes 1. The 4PD78F0134 does not support the xPD780136 and 780138.
2. 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).

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

Short startup is possible via the CPU default start using the on-chip Ring-OSC

On-chip clock monitor function using on-chip Ring-OSC

On-chip watchdog timer (operable with Ring-OSC clock)

On-chip multiplier/divider

On-chip key interrupt function

On-chip clock output/buzzer output controller

On-chip regulator

I/O ports: 51 (N-ch open drain: 4)

Timer

4#PD780131, 780132: 7 channels

4PD780133, 780134, 78F0134, 780136, 780138, 78F0138: 8 channels

Serial interface

4uPD780131, 780132: 2 channels

(UART (LIN (Local Interconnect Network)-bus supported): 1 channel, CSI/UART"": 1 channel)
uPD780133, 780134, 78F0134, 780136, 780138, 78F0138: 3 channels

(UART(LIN (Local Interconnect Network)-bus supported: 1 channel, CSI/UART"": 1 channel, CSI: 1 channel)

Note Select either of the functions of these alternate-function pins.
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O 10-bit resolution A/D converter: 8 channels
O Supply voltage: Vobo= 2.7 to 5.5 V (standard product, (A) grade product)
Vop = 3.3 t0 5.5 V ((Al) grade product, (A2) grade product)
O Operating ambient temperature: Ta=-40 to +85°C (standard product, (A) grade product)
Ta=-40 to +105°C (flash memory version of (A1) grade product)
Ta=-40to +110°C (mask ROM version of (Al) grade product)
Ta=-40 to +125°C (mask ROM version of (A2) grade product)

1.2 Applications

O Automotive equipment
e System control for body electricals (power windows, keyless entry reception, etc.)
e Sub-microcontrollers for control
O Home audio, car audio
O AV equipment
O PC peripheral equipment (keyboards, etc.)
O Household electrical appliances
e Outdoor air conditioner units
e Microwave ovens, electric rice cookers
O Industrial equipment
e Pumps
e Vending machines
e FA (Factory Automation)

User's Manual U16228EJ2VOUD

19


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 1 OUTLINE

1.3 Ordering Information

(1) Mask ROM version (1/3)

Part Number Package Quality Grade
p#PD780131GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780131GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
puPD780131GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
HuPD780132GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780132GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
HuPD780132GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
HuPD780133GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780133GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
HuPD780133GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
HuPD780134GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780134GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780134GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
HuPD780136GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780136GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
HuPD780136GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780138GB-xxx-8EU 64-pin plastic LQFP (10 x 10) Standard
HPD780138GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD780138GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD780131GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
HPD780131GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
HUPD780131GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780132GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
HPD780132GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
HUPD780132GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780133GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
HPD780133GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
HUPD780133GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780134GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
HPD780134GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
HUPD780134GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special

Remark xxx indicates ROM code suffix.

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

NEC Electronics Corporation to know the specification of the quality grade on the device and

recommended applications.
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(1) Mask ROM version (2/3)

Part Number Package Quality Grade
HPD780136GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
HuPD780136GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
HuPD780136GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780138GB(A)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780138GC(A)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780138GK(A)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780131GB(A1)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780131GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
puPD780131GK(AL)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780132GB(A1)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780132GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780132GK(A1)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780133GB(Al)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780133GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780133GK(AL)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780134GB(A1)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780134GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780134GK(AL)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780136GB(AL)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780136GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780136GK(AL)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780138GB(AL)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780138GC(Al)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780138GK(AL)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special

Remark xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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* (1) Mask ROM version (3/3)

Part Number Package Quality Grade
uPD780131GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780131GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780131GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780132GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780132GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780132GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780133GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780133GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780133GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
uPD780134GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780134GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780134GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780136GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780136GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
uPD780136GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special
HPD780138GB(A2)-xxx-8EU 64-pin plastic LQFP (10 x 10) Special
uPD780138GC(A2)-xxx-8BS 64-pin plastic LQFP (14 x 14) Special
4uPD780138GK(A2)-xxx-9ET 64-pin plastic TQFP (12 x 12) Special

Remark xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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(2) Flash memory version (1/3)

Part Number Package Quality Grade
uPD78F0134M1GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134M1GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M1GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M2GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134M2GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M2GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M3GB-8EU 64-pin plastic LQFP (10 x 10) Standard
4PD78F0134M3GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M3GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M4GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134M4GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M4GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M5GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134M5GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M5GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M6GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0134M6GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0134M6GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138M1GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138M1GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M1GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138M2GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138M2GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M2GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138M3GB-8EU 64-pin plastic LQFP (10 x 10) Standard
4PD78F0138M3GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M3GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138M4GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138M4GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M4GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0138M5GB-8EU 64-pin plastic LQFP (10 x 10) Standard
4PD78F0138M5GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M5GK-9ET 64-pin plastic TQFP (12 x 12) Standard

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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(2) Flash memory version (2/3)

Part Number Package Quality Grade
uPD78F0138M6GB-8EU 64-pin plastic LQFP (10 x 10) Standard
uPD78F0138M6GC-8BS 64-pin plastic LQFP (14 x 14) Standard
uPD78F0138M6GK-9ET 64-pin plastic TQFP (12 x 12) Standard
uPD78F0134M1GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M1GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M1GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M2GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M2GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M2GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M3GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M3GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M3GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M4GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M4GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M4GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M5GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M5GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M5GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M6GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M6GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M6GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M1GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
4PD78F0138M1GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M1GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M2GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
4PD78F0138M2GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M2GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M3GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M3GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M3GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M4GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M4GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M4GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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(2) Flash memory version (3/3)

Part Number Package Quality Grade
uPD78F0138M5GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M5GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M5GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M6GB(A)-8EU 64-pin plastic LQFP (10 x 10) Special
4PD78F0138M6GC(A)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M6GK(A)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M1GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M1GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M1GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M2GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M2GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M2GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M5GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M5GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M5GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0134M6GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0134M6GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0134M6GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M1GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
4PD78F0138M1GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M1GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M2GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M2GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M2GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M5GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M5GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M5GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special
uPD78F0138M6GB(A1)-8EU 64-pin plastic LQFP (10 x 10) Special
uPD78F0138M6GC(A1)-8BS 64-pin plastic LQFP (14 x 14) Special
uPD78F0138M6GK(A1)-9ET 64-pin plastic TQFP (12 x 12) Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its
recommended applications.
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Mask ROM versions (xPD780131, 780132, 780133, 780134, 780136, and 780138) include mask options. When
ordering, it is possible to select “Power-on-clear (POC) circuit can be used/cannot be used”, “Ring-OSC clock can be
stopped/cannot be stopped by software” and “Pull-up resistor incorporated/not incorporated in 1-bit units (P60 to

P63)".

Flash memory versions corresponding to the mask options of the mask ROM versions are as follows.

Table 1-1. Flash Memory Versions Corresponding to Mask Options of Mask ROM Versions

Mask Option Flash Memory Versions
POC Circuit Ring-0SC (Part Number)
POC cannot be | Cannot be #PD78F0134M1GB-8EU 4PD78F0134M1GB(A)-8EU 1PD78F0134M1GB(A1)-8EU
used stopped 4PD78F0134M1GC-8BS 1PD78F0134M1GC(A)-8BS 1PD78F0134M1GC(A1)-8BS
#PD78F0134M1GK-9ET uPD78F0134M1GK(A)-9ET #PD78F0134M1GK(AL1)-9ET
#PD78F0138M1GB-8EU uPD78F0138M1GB(A)-8EU #PD78F0138M1GB(A1)-8EU
#PD78F0138M1GC-8BS uPD78F0138M1GC(A)-8BS #PD78F0138M1GC(A1)-8BS
#PD78F0138M1GK-9ET uPD78F0138M1GK(A)-9ET #PD78F0138M1GK(AL1)-9ET
Can be #PD78F0134M2GB-8EU uPD78F0134M2GB(A)-8EU #PD78F0134M2GB(A1)-8EU
stopped by #PD78F0134M2GC-8BS uPD78F0134M2GC(A)-8BS #PD78F0134M2GC(A1)-8BS
software #PD78F0134M2GK-9ET uPD78F0134M2GK(A)-9ET #PD78F0134M2GK(AL1)-9ET
#PD78F0138M2GB-8EU uPD78F0138M2GB(A)-8EU #PD78F0138M2GB(A1)-8EU
#PD78F0138M2GC-8BS uPD78F0138M2GC(A)-8BS #PD78F0138M2GC(A1)-8BS
#PD78F0138M2GK-9ET uPD78F0138M2GK(A)-9ET #PD78F0138M2GK(AL1)-9ET
POC used Cannot be #PD78F0134M3GB-8EU 4PD78F0134M3GB(A)-8EU
(Vroc = 2.85V | stopped 4PD78F0134M3GC-8BS 1PD78F0134M3GC(A)-8BS
+0.15V) #PD78F0134M3GK-9ET uPD78F0134M3GK(A)-9ET
#PD78F0138M3GB-8EU uPD78F0138M3GB(A)-8EU
#PD78F0138M3GC-8BS uPD78F0138M3GC(A)-8BS
#PD78F0138M3GK-9ET uPD78F0138M3GK(A)-9ET
Can be #PD78F0134M4GB-8EU uPD78F0134M4GB(A)-8EU
stopped by 1PD78F0134M4GC-8BS 1PD78F0134M4GC(A)-8BS
software uPD78F0134M4GK-9ET uPD78F0134M4GK(A)-9ET
uPD78F0138M4GB-8EU uPD78F0138M4GB(A)-8EU
uPD78F0138M4GC-8BS 1uPD78F0138M4GC(A)-8BS
uPD78F0138M4GK-9ET uPD78F0138M4GK(A)-9ET
POC used Cannot be #PD78F0134M5GB-8EU uPD78F0134M5GB(A)-8EU #PD78F0134M5GB(A1)-8EU
(Vroc =35V | stopped 4PD78F0134M5GC-8BS 1PD78F0134M5GC(A)-8BS 1PD78F0134M5GC(A1)-8BS
+0.2 V) #PD78F0134M5GK-9ET uPD78F0134M5GK(A)-9ET #PD78F0134M5GK(AL1)-9ET
#PD78F0138M5GB-8EU uPD78F0138M5GB(A)-8EU #PD78F0138M5GB(A1)-8EU
#PD78F0138M5GC-8BS uPD78F0138M5GC(A)-8BS #PD78F0138M5GC(A1)-8BS
#PD78F0138M5GK-9ET uPD78F0138M5GK(A)-9ET #PD78F0138M5GK(AL1)-9ET
Can be uPD78F0134M6GB-8EU uPD78F0134M6GB(A)-8EU 1#PD78F0134M6GB(A1)-8EU
stopped by 4PD78F0134M6GC-8BS 1PD78F0134M6GC(A)-8BS 1PD78F0134M6GC(A1)-8BS
software 4PD78F0134M6GK-9ET 4PD78F0134M6GK(A)-9ET 1PD78F0134M6GK(A1)-9ET
#PD78F0138M6GB-8EU #PD78F0138M6GB(A)-8EU 1PD78F0138M6GB(A1)-8EU
4PD78F0138M6GC-8BS 1PD78F0138M6GC(A)-8BS 1PD78F0138M6GC(A1)-8BS
#PD78F0138M6GK-9ET #PD78F0138M6GK(A)-9ET 1PD78F0138M6GK(A1)-9ET
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1.4 Pin Configuration (Top View)

64-pin plastic LQFP (10 x 10)
64-pin plastic LQFP (14 x 14)
64-pin plastic TQFP (12 x 12)

0
1
2
3
4
5
6
7

Q@ f«——0O P20/AN

B =—0 P21/AN

A +—O P22/AN

Q l«—0O P23/AN

S [=—0O P24/AN
S l+=—O P25/AN
A =——0 P26/AN
A l=—0O P27/AN
S =—=O P70/KRO
A—0O P7LKRL
g f+—+0 P72/KR2
B +—O P73/KR3
& =—=0 P74/KR4
9 f«—+0O P75/KR5
g [«—=0 P76/KR6
& +—0 P77/KR7

AVrRer O——— 1 O 48 f+—0O P40
AVss O——| 2 47 |=—+0 P41
IC (Ver) O—| 3 46 |+—=0O P42
Voo O——— 4 45 f+—0O P43
REGCO—— 5 44 |+—=0O P50
Vss O———1 6 43 f+=—O P51
X1O—{ 7 42 |+—=0O P52
X20——|8 41 [=—O P53
RESETO——= 9 40 |=——=O P00/TI000
XT1O—{ 10 39 [~=—0O P01/TI1010/TO00
XT2O0——— 11 38 |[=——0O P02/SO11Nete
P130 O=— 12 37 |=——0O P03/SI11Note
P120/INTPO O=——={ 13 36 [~——0O P04/SCK11Note
P33/TI51/TOSL/INTP4 O~—{ 14 35 [=———=O P05/SSI11Nete/T|001Note
P32/INTP3 O=~——+ 15 34 |=——O P0O6/TI01 1Nt/ TO0L Nt
P31/INTP2 O=—+ 16 33[—OEVm
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
EcozfesRest i
SFEFLEEE T
S3hs el
Ba g x

Note SO11, SI11, SCK11, SSI11, TIOO1, TIO11,

and

78F0134, 780136, 780138, and 78F0138.

Cautions 1. Connect the IC (Internally Connected) pin directly to Vss.

2. Connect the AVss pin to Vss.

3. Connect the REGC pin as follows.

TOO1 are available only in the £#PD780133, 780134,

Standard Product and (A) Grade
Product

(A1) Grade Product and (A2) Grade
Product

When regulator is used

Connect to Vss via a capacitor
(1 pF: recommended)

(Regulator cannot be used.)

When regulator is not used

Connect directly to Voo

4. Connect the Vep pin to EVss or Vss during normal operation.

Remark Figures in parentheses apply to the /PD78F0134 and 78F0138.

User's Manual U16228EJ2VOUD
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Pin Identification

ANIO to ANI7: Analog input

AVREF: Analog reference voltage
AVss: Analog ground

BUZ: Buzzer output

EVob: Power supply for port
EVss: Ground for port

IC: Internally connected
INTPO to INTP7: External interrupt input
KRO to KR7: Key return

P00 to PO6: Port 0

P10 to P17: Port 1

P20 to P27: Port 2

P30 to P33: Port 3

P40 to P43: Port 4

P50 to P53: Port 5

P60 to P63: Port 6

P70 to P77: Port 7

P120: Port 12

P130: Port 13

P140, P141: Port 14

PCL:

REGC:
RESET:
RxDO, RxD6:

SCK10, SCK11™*:

SI10, SI11™*:

S010, SO11™*:

SSI11™
TIOO0O, TI010,

TI001"*, TI011™",

TI50, TI51:

TO00, TO01™",

TO50, TO51,
TOHO, TOH1:
TxDO, TxD6:

Vob:

Vpp:

Vss:

X1, X2:

XT1, XT2:

Programmable clock output
Regulator capacitance

Reset

Receive data

Serial clock input/output

Serial data input

Serial data output

Serial interface chip select input

Timer input

Timer output

Transmit data

Power supply

Programming power supply
Ground

Crystal oscillator (X1 input clock)
Crystal oscillator (Subsystem clock)

Note SO11, SI11, SCK11, SSI11, TI0O01, TIO11, and TOO1 are available only in the xPD780133, 780134,
78F0134, 780136, 780138, and 78F0138.
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1.5 K1 Family Lineup

1.5.1 78K0/Kx1 product lineup

78K0/KB1: 30-pin (7.62 mm 0.65 mm pitch)

HuPD78F0103 | Flash memory: 24 KB, RAM: 768 bytes

HuPD780103 |Mask ROM: 24 KB, RAM: 768 bytes

uPD780102 |Mask ROM: 16 KB, RAM: 768 bytes

isn

uPD780101 |Mask ROM: 8 KB, RAM: 512 bytes

78K0/KC1: 44-pin (10 x 10 mm 0.8 mm pitch)

uPD78F0114 | Flash memory: 32 KB, RAM: 1 KB

HPD780114 |Mask ROM: 32 KB, RAM: 1 KB

puPD780113 |Mask ROM: 24 KB, RAM: 1 KB

uPD780112 |Mask ROM: 16 KB, RAM: 512 bytes

it

uPD780111 |Mask ROM: 8 KB, RAM: 512 bytes

78K0/KD1: 52-pin (10 x 10 mm 0.65 mm pitch)

uPD78F0124 | Flash memory: 32 KB, RAM: 1 KB

uPD780124 |Mask ROM: 32 KB, RAM: 1 KB

HPD780123 |Mask ROM: 24 KB, RAM: 1 KB

uPD780122 |Mask ROM: 16 KB, RAM: 512 bytes

il

uPD780121 |Mask ROM: 8 KB, RAM: 512 bytes

78K0/KE1: 64-pin (10 x 10 mm_0.5 mm pitch, 12 x 12 mm_0.65 mm pitch, 14 x 14 mm 0.8 mm pitch)

uPD78F0134 | Flash memory: 32 KB, RAM: 1KB uPD78F0138 | Flash memory: 60 KB, RAM: 2 KB
uPD780134 |Mask ROM: 32 KB, RAM: 1 KB uPD780138 |Mask ROM: 60 KB, RAM: 2 KB
uPD780133 |Mask ROM: 24 KB, RAM: 1 KB uPD780136 |Mask ROM: 48 KB, RAM: 2 KB
uPD780132 |Mask ROM: 16 KB, RAM: 512 bytes
uPD780131 |Mask ROM: 8 KB, RAM: 512 bytes

78K0/KF1: 80-pin (12 x 12 mm 0.5 mm pitch, 14 x 14 mm 0.65 mm pitch)

uPD78F0148 | Flash memory: 60 KB, RAM: 2 KB

uPD780148 |Mask ROM: 60 KB, RAM: 2 KB

HPD780146 |Mask ROM: 48 KB, RAM: 2 KB

uPD780144 |Mask ROM: 32 KB, RAM: 1 KB

il

uPD780143 |Mask ROM: 24 KB, RAM: 1 KB
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The list of functions in the 78K0/Kx1 is shown below.

Part Number 78K0/KB1 78K0/KC1 78K0/KD1 78KO/KE1 78K0O/KF1
Item
Package 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Mask ROM 8K [16K| - | 8K [24K| — [ 8K |24K| — | 8K |24K| - |48K| - |24K|48K]| -
memory 24 K 16 K (32K 16K |[32K 16K |32 K 60 K 32 K|60 K
(bytes) Flash memory - 24 K - 32K - 32K - 32K| - |60K - 60 K
RAM 512 768 512 1K 512 1K 512 1K 2K 1K 2K
Power supply voltage Voo =2.7t05.5V
Minimum instruction execution time | 0.2 s (when 10 MHz, Voo = <Connect REGC pin to Vop>
4.01t05.5V) 0.2 us (when 10 MHz, Voo = 4.0t0 5.5 V)
0.24 us (when 8.38 MHz, Vop = | 0.24 us (when 8.38 MHz, Voo = 3.3t0 5.5 V)
3.3t05.5V) 0.4 us (when 5 MHz, Voo = 2.7 t0 5.5 V)
0.4 us (when 5 MHz, Voo = 2.7
10 5.5 V)
Clock X1 input 21010 MHz
Sub - 32.768 kHz
Ring-OSC 240 kHz (TYP.)
Port CMOS I/0 17 19 26 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain /0O - | 4
Timer | 16 bits (TMO) 1ch 2¢ch [1ch| 2ch
8 bits (TM5) 1ch | 2¢ch
8 bits (TMH) 2ch
For watch - | 1ch
WDT 1ch
Serial 3-wire CSI™* 1ch 2ch lch| 2ch
interface | Aytomatic transmit/ - 1ch
receive 3-wire CSI
UART™* - 1ch
UART supporting LIN-bus 1ch
10-bit A/D converter 4 ch 8 ch
Interrupt | External 6 7 ‘ 8 9 9
Internal 11 12 15 16 19 17 20
Key return input - 4 ch ‘ 8ch
Reset |RESET pin Provided
POC 2.85V +0.15 V/3.5 V +£0.20 V (selectable by mask option)
LVI 3.1V/3.3V £0.15V/3.5V/3.7 V/3.9 V/4.1V/4.3V £0.2 V (selectable by software)
Clock monitor Provided
WDT Provided

Multiplier/divider

16 bits x 16 bits, 32 bits + 16 bits

ROM correction

| Provided | -

Standby function

HALT/STOP mode

Operating ambient temperature

Standard products, special (A) products: —40 to +85°C
Special (Al) products: —40 to +110°C (mask ROM version),
—40 to +105°C (flash memory version)
Special (A2) products: —40 to +125°C (mask ROM version)

Note Select either of the functions of these alternate-function pins.
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1.5.2 VB50ES/Kx1 product lineup
80-pin plastic QFP (14 x 14)
|V85°ES/ KFll 80-pin plastic TQFP (fine pitch) (12 x 12)

UPD703208 Mask ROM: 64 KB, RAM: 4 KB
HPD703208Y I2C products

uPD703209 Mask ROM: 96 KB, RAM: 4 KB
UPD703209Y I2C products

uPD703210 Mask ROM: 128 KB, RAM: 6 KB
uPD703210Y I2C products

uUPD70F3210 Flash memory: 128 KB, RAM: 6 KB
UPD70F3210Y I2C products

!

V850ES/KG1| 100-pin plastic LQFP (fine pitch) (14 x 14)

uPD703212 Mask ROM: 64 KB, RAM: 4 KB
I2C products

uPD703213 Mask ROM: 96 KB, RAM: 4 KB
I2C products

UPD703214 Mask ROM: 128 KB, RAM: 6 KB
UPD703214Y I2C products

uPD70F3214 Flash memory: 128 KB, RAM: 6 KB
HPD70F3214Y I2C products

Tk

!

V850ES/KJ1 | 144-pin plastic LQFP (fine pitch) (20 x 20)

UPD703216 Mask ROM: 96 KB, RAM: 6 KB
UPD703216Y I2C products

uPD703217 Mask ROM: 128 KB, RAM: 6 KB
I2C products

uPD70F3217 Flash memory: 128 KB, RAM: 6 KB
I2C products

i
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The list of functions in the V850ES/Kx1 is shown below.

Function Timer Serial Interface A/ID D/IA RTO 110 Other
Part No. 8-Bit |16-Bit| TMH |Watch| WDT | CSI | CSIA |UART| I'C
1PD703208 2ch |2ch|2ch|1ch|2ch| 2ch | 1ch | 2ch - 8ch - 6 ch 67 -
HPD703208Y 1ch
= | 4PD703209 -
& | uPD703209Y Lch
§ 4PD703210 -
g HPD703210Y 1ch
HPD70F3210 -
HPD70F3210Y 1ch
1PD703212 2ch |4ch|2ch|1ch|2ch| 2ch | 2ch | 2ch - 8 ch 2ch 6 ch 84 -
1PD703212Y 1ch
o | #PD703213 -
% | uPD703213Y 1ch
§ 4PD703214 -
g uPD703214Y 1ch
HPD70F3214 -
HPD70F3214Y 1ch
1PD703216 2ch | 6ch|2ch|1ch|2ch| 3ch | 2ch | 3ch - 16ch| 2ch 12ch | 128 -
= HPD703216Y 2ch
% | uPD703217 -
% ©PD703217Y 2ch
~ | PD70F3217 -
HPD70F3217Y 2ch
32 User's Manual U16228EJ2V0UD
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1.6 Block Diagram

TOOO0/TI010/P01 ~—=
TIO00/PO0 ——

16-bit timer/
event counter 00

TOO1N°/TI011N"/PO6 ~—=
TIO01NO®/PO5 ———»

16-bit timer/Nete
event counter 01

TOHO/P15 «—f

8-bit timer HO

TOH1/P16 =—

8-bit timer H1

TI50/TO50/P17 <—

8-bit timer/
event counter 50

TI51/TO51/P33 =—

8-bit timer/
event counter 51

Watch timer

Watchdog timer

RxDO/P11 ——=
TxDO/P10 -~—f

Serial
interface UARTO

RxD6/P14
TxD6/P13

Serial
interface UART6

SI10/P11 —
SO10/P12 -—
SCK10/P10 <—

Serial
interface CSI10

Sl11Note/po3 ——=
SO11Nte/P02 ~— ]
SCK11Noe/PQ4 =—=
SSl11Nete/po5 ——»=

Serial
interface CSI11N®

g ¢ ¢ 88008 8 8 ¢ ¢ U

ANIO/P20 to
ANI7/P27 “
AVrRer ——
AVss ———

A/D converter

U

INTPO/P120 —

INTP1/P30 to
INTP4/P33 II>
INTP5/P16 —=

INTP6/P140,
INTP7/P141

Interrupt control

Multiplier & divider

78K/0

ROM
(Flash
memory)

CPU
core

g U

g

Internal
high-speed

RAM

Vbop, Vss, IC
EVoo EVss (VPP)

Port0 K7~ >P00 to P06
Port 1 K8 >P10to P17
Port 2 8 P20 to P27
Port 3 <I>P30 to P33
Port 4 K4 >paoto Pa3
Port 5 K 4 >P50 to P53
Port 6 K4~ >P60 to P63
Port 7 K8 >P701t0 P77
Port 12 ~— P120

Port 13 —P130

Port 14 K 2" >P140, P141

Buzzer output

—= BUZ/P141

g 088 g8 000 ¢eqTLL LYY

Note wPD780133, 780134, 78F0134, 780136, 780138, and 78F0138 only.

Remark

User's Manual U16228EJ2VOUD

Items in parentheses are available in the £4PD78F0134 and 78F0138.

Clock output control PCL/P140
Clock monitor
Power on clear/ POC/LVI
low voltage control
indicator
Key return 8] Eggj E;S to
Reset control
Ring-OSC
[+~—RESET
X1
System control X2
XT1
XT2
Voltage regulator REGC
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1.7 Outline of Functions

(1/2)
Item 4PD780131 | PD780132 | xPD780133 | xPD780134 |/PD78F0134| 1PD780136 | 1PD780138 |.PD78F0138
Internal Mask ROM 8K 16 K 24K 32K - 48 K 60 K -
memory Flash memory - 32 K™ - 60 K"
(bytes) .
High-speed RAM 512 1K 1K 1K 1K
Expansion RAM - 1K 1KY
Memory space 64 KB

X1 input clock (oscillation
frequency)

Ceramic/crystal/external clock oscillation

Standard products,
(A) grade products

REGC pin is connected directly to Voo: 10 MHz (Voo = 4.0 to 5.5 V), 8.38 MHz (Vop = 3.3
to 5.5V), 5 MHz (Voo = 2.7 t0 5.5 V)

1 uF capacitor is connected to REGC pin: 8.38 MHz (Voo =4.0t0 5.5 V)

(A1) grade products

REGC pin is connected directly to Voo: 10 MHz (Voo = 4.0 to 5.5 V), 8.38 MHz (Vop = 4.0

t0 5.5 V), 5 MHz (Voo = 3.3 10 5.5 V)

(A2) grade products

REGC pin is connected directly to Voo: 8.38 MHz (Voo = 4.0t0 5.5 V), 5 MHz (Voo = 3.3

t0 5.5 V)

Ring-OSC clock
(oscillation frequency)

On-chip Ring oscillation (240 kHz (TYP.))

Subsystem clock
(oscillation frequency)

Crystal/external clock oscillation (32.768 kHz)

General-purpose registers

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

Minimum instruction execution
time

0.2 us/0.4 us/0.8 us/1.6 us/3.2 us (X1 input clock: @ fxe = 10 MHz operation)

8.3 1s/16.6 ©s/33.2 usl66.4 us/132.8 us (TYP.) (Ring-OSC clock: @ fr = 240 kHz (TYP.)
operation)

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

Instruction set

« 16-bit operation
» Multiply/divide (8 bits x 8 bits, 16 bits + 8 hits)

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

I/O ports Total: 51
CMOS I/0 38
CMOS input 8
CMOS output 1
N-ch open-drain I/O 4
Timers » 16-bit timer/event counter: 2 channels (1 channel only in the £zPD780131, 780132)
« 8-bit timer/event counter: 2 channels
* 8-bit timer: 2 channels
* Watch timer 1 channel
* Watchdog timer: 1 channel

Timer outputs

5 (PWM output: 3) 6 (PWM output: 3)

Clock output

e 78.125 kHz, 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(X1 input clock: 10 MHz)
e 32.768 kHz (subsystem clock: 32.768 kHz)

Buzzer output

1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 kHz (X1 input clock: 10 MHz)

A/D converter

10-bit resolution x 8 channels

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity

can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size

switching register (IXS).
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(2/12)
Iltem 4PD780131 | 4PD780132 ‘ 1PD780133 ‘ 1PD780134 ‘HPD78F0134‘ 1PD780136 ‘ 1PD780138 ‘,uPD78F0138
Serial interface * UART mode supporting LIN-bus: 1 channel
 3-wire serial I/O mode: 1 channel (none in the xPD780131, 780132)
+ 3-wire serial I/O mode/UART mode™*: 1 channel
Multiplier/divider * 16 bits x 16 bits = 32 bits (multiplication)
» 32 bits + 16 bits = 32 bits remainder of 16 bits (division)
Vectored interrupt | Internal 16 19
sources External 9
Key interrupt Key interrupt (INTKR) occurs by detecting falling edge of key input pins (KRO to KR7).
Reset » Reset using RESET pin
« Internal reset by watchdog timer
« Internal reset by clock monitor
* Internal reset by power-on-clear
* Internal reset by low-voltage detector
ROM correction - Provided
Supply voltage Standard products, (A) grade products: Voo =2.7t0 5.5V
(A1) grade products, (A2) grade products: Voo =3.3t0 5.5V
Operating ambient temperature e Standard products, (A) grade products: Ta = —40 to +85°C
e (Al) grade products: Ta=-40to +110°C (mask ROM versions),
—40 to +105°C (flash memory versions)
e (A2) grade products: Ta=-40 to +125°C (mask ROM versions)
Package * 64-pin plastic LQFP (10 x 10)
* 64-pin plastic LQFP (14 x 14)
* 64-pin plastic TQFP (12 x 12)
Note Select either of the functions of these alternate-function pins.
An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and | Watch |Watchdog
Event Counters 00 Event Counters H1 Timer Timer
and 01"** 50 and 51
TMOO | TMO1™** | TM50 TM51 TMHO TMH1
Operation | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 Chanhﬁgf 1 channel
m
ode External event counter 1 channel | 1 channel | 1 channel | 1 channel - - - -
Function | Timer output 1 output | 1output | 1output | 1output | 1output [ 1 output - -
PPG output 1 output | 1 output - - - - - -
PWM output - - 1 output | 1output | 1output | 1 output - -
Pulse width measurement | 2 inputs | 2 inputs - - - - - -
Square-wave output 1 output | 1output | 1output | 1output | 1output | 1 output - -
Interrupt source 2 2 1 1 1 1 1 -

Notes 1. 16-bit timer/event counter 01 is available only in the ¢/PD780133, 780134, 78F0134, 780136, 780138, and

78F0138.

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

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

User's Manual U16228EJ2VOUD
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2.1 Pin Function List

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

power supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRer P20 to P27
EVop Port pins other than P20 to P27
Voo Pins other than port pins
(1) Port pins (1/2)
Pin Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
PO1 7-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units. N
P02 . ) -~ SO11™*
Use of an on-chip pull-up resistor can be specified by a
PO3 software setting. SI11™*
P04 SCK11™*
P05 SSI11™*/TI001""*
P06 TI011""%/TO01""*
P10 I/10 Port 1. Input SCK10/TxD0
P11 8-bit I/O port. SI10/RxDO
Input/output can be specified in 1-bit units.
P12 . . - S0O10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TXD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 to P32 I/0 Port 3. Input INTP1 to INTP3
4-bit I/O port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/TI51/TO51
software setting.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4xPD780133, 780134, 78F0134,
780136, 780138, and 78F0138.
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(1) Port pins (2/2)

Pin Name

110

Function

After Reset

Alternate Function

P40 to P43

1/10

Port 4.

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.

Input

P50 to P53

110

Port 5.

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.

Input

P60 to P63

1/10

Port 6.
4-bit I/O port (N-ch open drain).
Input/output can be specified in 1-bit units.

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

option only for mask ROM versions.

Input

P70 to P77

110

Port 7.

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.

Input

KRO to KR7

P120

1/10

Port 12.

1-bit I/O port.

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

Input

INTPO

P130

Output

Port 13.
1-bit output-only port.

Output

P140

P141

110

Port 14.

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.

Input

PCL/INTP6

BUZ/INTP7

User's Manual U16228EJ2VOUD
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(2) Non-port pins (1/2)

Pin Name 110 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input P120
INTP1 to INTP3 edge, falling edge, or both rising and falling edges) can be P30 to P32
INTP4 specified P33/TI51/TO51
INTP5 P16/TOH1
INTP6 P140/PCL
INTP7 P141/BUZ
SI10 Input Serial data input to serial interface Input P11/RxDO
Sl11™e P03
SO10 Output Serial data output from serial interface Input P12
so11™* P02
'SCK10 110 Clock input/output for serial interface Input P10/TXDO
SCK11'™* P04
SSia'ee Input Serial interface chip select input Input PO5/TI001
RxDO Input Serial data input to asynchronous serial interface Input P11/S110
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input 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 PO5/SSI11""
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TI010 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TIO11"" Capture trigger input to capture register (CR001) of 16-bit P06/TO01""*
timer/event counter 01
TOO00 Output 16-bit timer/event counter 00 output Input P01/TI010
TOO01™* 16-bit timer/event counter 01 output P06/TI011""*
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO50 Output 8-bit timer/event counter 50 output Input P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
PCL Output Clock output (for trimming of X1 input clock, subsystem clock) | Input P140/INTP6
BUZ Output Buzzer output Input P141/INTP7
ANIO to ANI7 Input A/D converter analog input Input P20 to P27

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the £/PD780133, 780134, 78F0134,
780136, 780138, and 78F0138.
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset | Alternate Function
AVRer Input A/D converter reference voltage input and positive power - -
supply for port 2
AVss - A/D converter ground potential. Make the same potential as - -
EVss or Vss.

KRO to KR7 Input Key interrupt input Input P70 to P77
REGC - Connecting regulator output stabilization capacitor. When - -
using the regulator, connect to Vss via a capacitor (1 zF:
recommended). When the regulator is not used, connect

directly to Voo.
RESET Input System reset input - -
X1 Input Connecting resonator for X1 input clock - -
X2 - - -
XT1 Input Connecting resonator for subsystem clock - -
XT2 - - -
Vop - Positive power supply (except for ports) - -
EVop - Positive power supply for ports - -
Vss - Ground potential (except for ports) - -
EVss - Ground potential for ports - -
IC - Internally connected. Connect directly to EVss or Vss. - -
Vep - Flash memory programming mode setting. High-voltage - -

application for program write/verify. Connect to EVss or Vss in
normal operation mode.
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2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit I/0O port. These pins also function as timer 1/O, serial interface data 1/O, clock 1/O,
and chip select input.

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

(1) Port mode
P00 to P06 function as a 7-bit I/O port. P00 to PO6 can be set to input or output in 1-bit units using port mode
register 0 (PM0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

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

(a) TI000, TI001""*
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-hit
timer/event counters 00 and 01.

(b) TIO10, TIO1L1™"
These are the pins for inputting a capture trigger signal to the capture register (CR0O00 or CR001) of 16-bit
timer/event counters 00 and O1.

(c) TO00, TOO1""
These are timer output pins.

(d) Sl11™e
This is a serial interface serial data input pin.

(e) So11™*
This is a serial interface serial data output pin.

(f) sckai™e
This is the serial interface serial clock I/O pin.

(g) SSI11™*
This is the serial interface chip select input pin.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD780133, 780134,
78F0134, 780136, 780138, and 78F0138.
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2.2.2 P10to P17 (port 1)

P10 to P17 function as an 8-bit I/0O port. These pins also function as pins for external interrupt request input, serial

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

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

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output in 1-bit units using port mode
register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

@)

Control mode

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

(@)

(b)

()

(d)

(e)

)

(@)

(h)

SI10
This is a serial interface serial data input pin.

SO10
This is a serial interface serial data output pin.

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

RxDO, RxD6
These are the serial data input pins of the asynchronous serial interface.

TxDO, TxD6
These are the serial data output pins of the asynchronous serial interface.

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

TO50, TOHO, and TOH1
These are timer output pins.

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.

2.2.3 P20 to P27 (port 2)

P20 to P27 function as an 8-bit input-only port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit input-only port.

(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 12.6 Cautions for A/D Converter.
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2.2.4 P30to P33 (port 3)

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

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

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

(2) Control mode
P30 to P33 function as external interrupt request input pins and timer 1/O pins.

(@) INTP1to INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

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

(c) TO51
This is a timer output pin.

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

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

2.2.7 P60 to P63 (port 6)

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

P60 to P63 are N-ch open-drain pins. Use of an on-chip pull-up resistor can be specified by a mask option only for
mask ROM versions.

2.2.8 P70to P77 (port 7)
P70 to P77 function as an 8-bit I/0 port. These pins also function as key interrupt input pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an 8-bit I/O port. P70 to P77 can be set to input or output in 1-bit units using port mode

register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

(2) Control mode
P70 to P77 function as key interrupt input pins.
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2.2.9 P120 (port 12)

()

)

P120 functions as a 1-hit I/O port. This pin also functions as a pin for external interrupt request input.

The following operation modes can be specified.

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

Control mode
P120 functions as an external interrupt request input pin (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

2.2.10 P130 (port 13)

P130 functions as a 1-bit output-only port.

2.2.11 P140 and P141 (port 14)

P140 and P141 function as a 2-bit I/O port. These pins also function as external interrupt request input, clock

output, and buzzer output pins.

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

(1) Port mode
P140 and P141 function as a 2-bit /0O port. P140 and P141 can be set to input or output 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 and P141 function as external interrupt request input, clock output, and buzzer output pins.
(&) 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.
2.2.12 AVREr

This is the A/D converter reference voltage input pin.
When the A/D converter is not used, connect this pin directly to EVop or Vop

Note

Note Connect port 2 directly to EVop when it is used as a digital port.

2.2.13 AVss

This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with

the same potential as the EVss pin or Vss pin.
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2.2.14 RESET
This is the active-low system reset input pin.

2.2.15 REGC
This is the pin for connecting the capacitor for the regulator. When using the regulator, connect this pin to Vss via a
capacitor (1 pF: recommended). When the regulator is not used, connect this pin directly to Voo pin.

Caution A regulator cannot be used with (Al) grade products and (A2) grade products. Be sure to
connect the REGC pin of these products directly to Voo.

2.2.16 X1 and X2
These are the pins for connecting a resonator for X1 input clock.
When supplying an external clock, input a signal to the X1 pin and input the inverse signal to the X2 pin.

2.2.17 XT1and XT2
These are the pins for connecting a resonator for subsystem clock.
When supplying an external clock, input a signal to the XT1 pin and input the inverse signal to the XT2 pin.

2.2.18 Vop and EVop
Vob is the positive power supply pin for other than ports.
EVop is the positive power supply pin for ports.

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

2.2.20 Vep (flash memory versions only)
This is a pin for flash memory programming mode setting and high-voltage application for program write/verify.
Connect to EVss or Vss in the normal operation mode.

2.2.21 IC (mask ROM versions only)

The IC (Internally Connected) pin is provided to set the test mode to check the 78K0/KE1 at shipment. Connect it
directly to EVss or Vss pin with the shortest possible wire in the normal operation mode.

When a potential difference is produced between the IC pin and the EVss or Vss pin because the wiring between
these two pins is too long or external noise is input to the IC pin, the user’s program may not operate normally.

» Connect the IC pin directly to EVss or Vss.

EVssorVss IC

L

As short as possible
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

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

Refer to Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types

Pin Name 1/0O Circuit Type I/0 Recommended Connection of Unused Pins
POO/TI000 8-A I/O Input:  Independently connect to EVop or EVss via a resistor.
PO1/TI010/TO00 Output: Leave open.
P02/SO11""
P03/SI11""*
PO4/SCK11"*
PO5/SSI11"/TI001"*
PO6/TI011""*/TO01""
P10/SCK10/TxD0O
P11/SI110/RxD0O
P12/S0O10 5-A
P13/TxD6
P14/RxD6 8-A
P15/TOHO 5-A
P16/TOHL/INTP5 8-A
P17/TI150/TO50
P20/ANIO to P27/ANI7 9-C Input Connect to EVob or EVss.
P30/INTP1 to P32/INTP3 8-A 110 Input:  Independently connect to EVoo or EVss via a resistor.
P33/TI5L/TO51/INTP4 Output: Leave open.
P40 to P43 5-A
P50 to P53
P60, P61 (Mask ROM version) 13-S Input:  Connect to EVss.
P60, P61 (Flash memory version) | 13-R Output: Leave this pin open at low-level output after clearing
P62, P63 (Mask ROM version) 13-V the output latch of the port to 0.
P62, P63 (Flash memory version) | 13-W
P70/KRO to P77/KR7 8-A Input:  Independently connect to EVop or EVss via a resistor.
P120/INTPO Output: Leave open.
P130 3-C Output Leave open.
P140/PCL/INTP6 8-A 110 Input:  Independently connect to EVop or EVss via a resistor.
P141/BUZ/INTP7 Output: Leave open.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4xPD780133, 780134, 78F0134,
780136, 780138, and 78F0138.
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Table 2-2. Pin I/O Circuit Types (2/2)

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

RESET 2 Input -
XT1 16 Connect directly to EVoo or Voo.
XT2 - Leave open.
AVRrer - Connect directly to EVoo or Voo™,
AVss Connect directly to EVss or Vss.
IC

* | Vep Connect to EVss or Vss.

* Note Connect port 2 directly to EVoo when it is used as a digital port.
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Type 8-A
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Vob
Pullup
enable Do—l P-ch
IN -
Vob
Data ———¢—— ¥, [ pop
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Output N-ch
disable
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Type 3-C Type 9-C
EVop 1
P-ch V Comparator
IN O e
—= P-ch N-ch | y
AVss ;
Data > e&———OO0UT
VRer
(threshold voltage)
-+—N-ch

Input

Vob

Data ——— s P-ch

Output i q >o—| N-ch

disable

Input

enable

»——O IN/OUT

enable
Type 5-A EVoo Type 13-R
Pullup
enable I>O—| é;-ch
——O IN/OUT
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 13-S

Type 13-W

Input G:\

enable

Middle-voltage input buffer

>

XT1 XT2

o EIEVDD —O IN/OUT
askH -
mptiorg Data :Do—l Nech
+——CO IN/JOUT Output disable
Data
Output disable :Do—l N-ch
Input G:\
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EVop
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Data m
Output disable :Z>O—| N-ch DO
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3.1 Memory Space
Products in the 78K0/KE1 can each access a 64 KB memory space. Figures 3-1 to 3-8 show the memory maps.

Caution Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of all products
in the 78K0/KE1 are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to
each product as indicated below.

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

IMS IXS
uPD780131 42H OCH
uPD780132 44H
uPD780133 C6H
uPD780134 C8H

1PD78F0134™° | Value corresponding to mask ROM version

uPD780136 CCH O0AH
4uPD780138 CFH
#PD78F0138 Value corresponding to mask ROM version

Note The PD78F0134 does not support the ¢/PD780136 and 780138.
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Figure 3-1. Memory Map (uPD780131)
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Figure 3-2. Memory Map (uPD780132)
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Figure 3-3. Memory Map (uPD780133)
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Figure 3-4. Memory Map (uPD780134)
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Figure 3-5. Memory Map (zPD78F0134)
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Figure 3-6. Memory Map (uPD780136)
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Figure 3-7. Memory Map (uPD780138)
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Figure 3-8. Memory Map (zPD78F0138)
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3.1.1 Internal program memaory space

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

counter (PC).

78KO0/KE1 products incorporate internal ROM (mask ROM or flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity

uPD780131 Mask ROM 8192 x 8 bits (0000H to 1FFFH)
4PD780132 16384 x 8 bits (0000H to 3FFFH)
#PD780133 24576 x 8 bits (0000H to 5FFFH)
uPD780134 32768 x 8 bits (0000H to 7FFFH)
uPD78F0134 Flash memory

uPD780136 Mask ROM 49152 x 8 bits (0000H to BFFFH)
#PD780138 61440 x 8 bits (0000H to EFFFH)
uPD78F0138 Flash memory

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

(1) Vector table area
The 64-byte area 0000H to O03FH is reserved as a vector table area. The program start addresses for branch
upon reset signal input 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.

Table 3-3. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LV, 001EH INTTM50
clock monitor, WDT 0020H INTTMO00
0004H INTLVI 0022H INTTMO10
0006H INTPO 0024H INTAD
0008H INTP1 0026H INTSRO
000AH INTP2 0028H INTWTI
000CH INTP3 002AH INTTM51
000EH INTP4 002CH INTKR
0010H INTPS 002EH INTWT
0012H INTSREG 0030H INTP6
0014H INTSR6 0032H INTP7
0016H INTST6 0034H INTDMU
0018H INTCSI10/INTSTO 0036H INTCSI11""*
001AH INTTMH1 0038H INTTMO001™*
001CH INTTMHO 003AH INTTMO011""

Note Available only in the xPD780133, 780134, 78F0134, 780136, 780138, and 78F0138.

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

(3) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2 Internal data memory space

78KO0/KE1 products incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-4. Internal High-Speed RAM Capacity

Part Number

Internal High-Speed RAM

uPD780131

512 x 8 bits (FDOOH to FEFFH)

4PD780132

#PD780133

1024 x 8 bits (FBOOH to FEFFH)

4PD780134

uPD78F0134

4PD780136

4PD780138

#PD78F0138

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

registers per one bank.

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

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

(2) Internal expansion RAM

Table 3-5. Internal Expansion RAM Capacity

Part Number

Internal Expansion RAM

4PD780131

#PD780132

4PD780133

uPD780134

uPD78F0134

4PD780136

1024 x 8 bits (FA00H to F7FFH)

#PD780138

4PD78F0138

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.

3.1.3 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to
Table 3-6 Special Function Register List in 3.2.3 Special Function Registers (SFRs)).

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

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78KO0/KE1, 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 3-9 to 3-16 show correspondence between data memory and addressing. For details of
each addressing mode, refer to 3.4 Operand Address Addressing.

Figure 3-9. Correspondence Between Data Memory and Addressing (¢PD780131)

FFFFH T A
Special function registers (SFR) SFR addressing
256 x 8 bits
FR20H |
FF1FH
FFOOH
FEFFH _ A
General-purpose_z registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDEH - addressing
- Internal high-speed RAM -
512 x 8 bits
FE20H | _ ..
FE1FH
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
=0 Reserved =
2000H
1FFFH
L Internal ROM L
B 8192 x 8 bits B
0000H Y
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FDOOH
FCFFH

4000H
3FFFH

000O0H

Figure 3-10. Correspondence Between Data Memory and Addressing (#PD780132)

16384 x 8 bits

Special function registers (SFR) SFRTaddressing
256 x 8 bits
General-purpose_z registers Register addressing
32 x 8 bits { Short direct
addressing
- Internal high-speed RAM -
512 x 8 bits
- Reserved =
L Internal ROM hS

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

6000H
5FFFH

000O0H

Figure 3-11. Correspondence Between Data Memory and Addressing (#PD780133)

Special function registers (SFR)
256 x 8 bits

!

SFR addressing

General-purpose registers
32 x 8 bits

) )

- Internal high-speed RAM
1024 x 8 bits

- Reserved A

L Internal ROM B
24576 x 8 bits

Register addressing
¢ Short direct
addressing

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

8000H
7FFFH

000O0H

Figure 3-12. Correspondence Between Data Memory and Addressing (#PD780134)

32768 x 8 bits

Special function registers (SFR) SFRTaddressing
256 x 8 bits
General-purpose_z registers Register addressing
32 x 8 bits { Short direct
addressing
- Internal high-speed RAM -
1024 x 8 bits
- Reserved =
L Internal ROM hS

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

8000H
7FFFH

000O0H

Figure 3-13. Correspondence Between Data Memory and Addressing (uPD78F0134)

Special function registers (SFR)
256 x 8 bits

!

SFR addressing

General-purpose registers
32 x 8 bits

) )

- Internal high-speed RAM
1024 x 8 bits

- Reserved A

L Flash memory ﬁ
32768 x 8 bits

Register addressing
¢ Short direct
addressing

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-14. Correspondence Between Data Memory and Addressing (#PD780136)

FFFFH T ]
Special function registers (SFR) SFR addressing
256 x 8 bits
FF20HY)
FF1FH
FFOOH
FEFFH | _ [
Genera é%uipgii registers Register addressing
s ¢ Short direct
FEEOH dd )
FEDFH addressing
L Internal high-speed RAM L
B 1024 x 8 bits B
FE20H) ]
FE1FH
FBOOH
FAFFH
&= Reserved =
Direct addressing
F800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
A Internal expansion RAM AL
T 1024 x 8 bits T
F400H
F3FFH
- Reserved -
CO00H
BFFFH
A Internal ROM L
T 49152 x 8 bits T
0000H y
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH
FBOOH
FAFFH

F8OOH
F7FFH

F400H
F3FFH

FOOOH
EFFFH

0000H

Figure 3-15. Correspondence Between Data Memory and Addressing (#PD780138)

!

Special function registers (SFR) SFR addressing

256 x 8 bits
Generalép;u;pgo Ztiatsreglsters Register addressing
¢ Short direct
addressing
L Internal high-speed RAM L
B 1024 x 8 bits B
= Reserved =

B 1024 x 8 bits

Internal expansion RAM |

— Reserved -

L Internal ROM A

61440 x 8 bits

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-16. Correspondence Between Data Memory and Addressing (uPD78F0138)

FFFFH T ]
Special function registers (SFR) SFR addressing
256 x 8 bits
FF20HY)
FF1FH
FFOOH
FEFFH | _ [
Genera é%uipgii registers Register addressing
s ¢ Short direct
FEEOH dd )
FEDFH addressing
L Internal high-speed RAM L
B 1024 x 8 bits B
FE20H) ]
FE1FH
FBOOH
FAFFH
&= Reserved =
Direct addressing
F800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
A Internal expansion RAM AL
T 1024 x 8 bits T
F400H
F3FFH
- Reserved -
FOOOH
EFFFH
A Flash memory L
T 61440 x 8 bits T
0000H y
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3.2 Processor Registers
The 78K0/KEL1 products incorporate the following processor registers.

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

(1) Program counter (PC)
The program counter is a 16-bit register that holds the address information of the next program to be executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.
RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-17. Format of Program Counter

15 0

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

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

Figure 3-18. Format of Program Status Word

7 0

PSW | IE | Z |RBSl| AC |RBSO| 0 |ISP|CY|

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

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

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

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other
cases.

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

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 3-19. Format of Stack Pointer

15 0

SP |SP15‘SP14‘SP13‘SP12‘SF’11‘SF’lO‘ 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 3-20 and 3-21.

Caution Since RESET input makes the SP contents undefined, be sure to initialize the SP before using
the stack.
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SP

SP

Figure 3-20. Datato Be Saved to Stack Memory

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

— FEEOH

FEDFH

l«—— FEDEH

Register pair higher

Register pair lower

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

SP

SP

SP

SP

— FEEOH

FEDFH

l«—— FEDEH

PC15 to PC8

PC7 to PCO

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

FEEOH = FEEOH
i FEDFH
3 FEDEH
v

FEDDH <~—— FEDDH

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-21. Datato Be Restored from Stack Memory

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

+—— FEEOH

FEDFH

—» FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP = FEDEH)

+—— FEEOH

FEDFH

— FEDEH

PC15to PC8

PC7 to PCO

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

FEEOH ~—— FEEOH
1
! FEDFH
3 FEDEH
FEDDH —— FEDDH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

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

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

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

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

Figure 3-22. Configuration of General-Purpose Registers

(&) Absolute name

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

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

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

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

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

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
by the header file “sfrbit.h” in the CC78K0. When using the RA78K0, ID78K0-NS, ID78KO0, or SM78K0, symbols
can be written as an instruction operand.
e R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon RESET input.
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Table 3-6. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Reset
FFOOH Port register 0 PO R/IW v v - 00H
FFO1H Port register 1 P1 RIW v v - O0H
FFO2H Port register 2 P2 R v v - Undefined
FFO3H Port register 3 P3 RIW v v - 00H
FFO4H Port register 4 P4 RIW v v - O0H
FFO5H Port register 5 P5 R/W v v - 00H
FFO6H Port register 6 P6 RIW v v - O0H
FFO7H Port register 7 P7 R/IW v v - 00H
FFO8H A/D conversion result register ADCR R - - v Undefined
FFO9H
FFOAH Receive buffer register 6 RXB6 R - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 RIW v v - 00H
FFODH | Port register 13 P13 RIW v v - 00H
FFOEH | Port register 14 P14 RIW v v - 00H
FFOFH | Serial I/O shift register 10 SI010 - v - O0H
FF10H | 16-hbit timer counter 00 TMO00 - - v 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO10 R/W - - v 0000H
FF15H
FF16H | 8-bit timer counter 50 TM50 R - 3 - 00H
FF17H 8-bit timer compare register 50 CR50 R/W - v - 00H
FF18H 8-bit timer H compare register 00 CMPO00 R/W - v - O0H
FF19H 8-bit timer H compare register 10 CMP10 R/W - v - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/W - v - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - 00H
FF1FH | 8-bit timer counter 51 TM51 R - v - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H Port mode register 1 PM1 RIW v v - FFH
FF23H Port mode register 3 PM3 RIW v v - FFH
FF24H Port mode register 4 PM4 RIW v v - FFH
FF25H Port mode register 5 PM5 RIW v v - FFH
FF26H Port mode register 6 PM6 R/W v v - FFH
FF27H Port mode register 7 PM7 RIW v v - FFH
FF28H A/D converter mode register ADM R/W v v - O0H
FF29H Analog input channel specification register ADS R/W v v - 00H
FF2AH | Power-fail comparison mode register PFM R/W v v - 00H
FF2BH Power-fail comparison threshold register PFT R/W - v - 00H
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Table 3-6. Special Function Register List (2/4)

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

FF2CH | Port mode register 12 PM12 RIW v v - FFH
FF2EH | Port mode register 14 PM14 RIW \ \ - FFH
FF30H Pull-up resistor option register 0 PUO R/W v v - 00H
FF31H Pull-up resistor option register 1 PU1 RIW v v - 00H
FF33H Pull-up resistor option register 3 PU3 RIW v v - 00H
FF34H Pull-up resistor option register 4 PU4 R/W v v - 00H
FF35H Pull-up resistor option register 5 PU5 RIW v v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W v v - 00H
FF38H Correction address register 0"°* CORADO R/W - - v 0000H
FF39H
FF3AH Correction address register 1" CORAD1 R/W - - v 0000H
FF3BH
FF3CH | Pull-up resistor option register 12 PU12 RIW \/ \/ - 00H
FF3EH | Pull-up resistor option register 14 PU14 RIW V V - 00H
FF40H Clock output selection register CKS R/IW v v - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - v - 00H
FF43H 8-bit timer mode control register 51 TMC51 RIW v v - 00H
FF48H External interrupt rising edge enable register EGP R/W v v - 00H
FF49H External interrupt falling edge enable register EGN RIW v v - 00H
FF4AH Serial I/O shift register 112 Slo11 R - v - 00H
FF4CH | Transmit buffer register 11"°°? SOTB11 R/W - v - Undefined
FF4FH Input switch control register ISC R/W v - 00H
FF50H Asynchronous serial interface operation mode ASIM6 R/W v - 01H

register 6
FF53H Asynchronous serial interface reception error ASIS6 R - v - 00H

status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - v - 00H

status register 6
FF56H Clock selection register 6 CKSR6 R/W - v - 00H
FF57H Baud rate generator control register 6 BRGC6 R/W - v - FFH
FF58H Asynchronous serial interface control register 6 | ASICL6 R/W v v - 16H
FF60H Remainder data register 0 SDRO |SDROL R — N ~ 00H
FF61H SDRH - \/ O0H
FF62H Multiplication/division data register AO MDAOL [MDroL | RIW - v v O0H
FF63H MDAOLH - v 00H
FF64H MDAOH| VDAL | R/W - v v 00H
FF65H MDAOHH - v 00H
FF66H Multiplication/division data register BO MDBO [MDBL | RIW - v v O0H
FF67H MDEOH - v 00H

Notes 1. xPD780136, 780138, and 78F0138 only.
2. uPD780133, 780134, 78F0134, 780136, 780138, and 78F0138 only.
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Table 3-6. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Reset
FF68H Multiplier/divider control register O DMUCO R/IW v v - 00H
FF69H 8-bit timer H mode register 0 TMHMDO RIW v v - 00H
FF6AH Timer clock selection register 50 TCL50 R/W - v - O0H
FF6BH | 8-bit timer mode control register 50 TMC50 RIW v v - 00H
FF6CH | 8-bit timer H mode register 1 TMHMD1 RIW y 3 - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 R/W v v - 00H
FF6EH | Key return mode register KRM RIW v v - O0H
FF6FH | Watch timer operation mode register WTM RIW v v - 00H
FF70H Asynchronous serial interface operation mode ASIMO R/W v v - 01H
register 0
FF71H Baud rate generator control register 0 BRGCO R/W - v - 1FH
FF72H Receive buffer register 0 RXBO - - FFH
FF73H Asynchronous serial interface reception error ASISO - v - 00H
status register 0
FF74H Transmit shift register 0 TXS0 w - v - FFH
FF80OH Serial operation mode register 10 CSIM10 RIW v v - 00H
FF81H | Serial clock selection register 10 csic10 RIW 3 v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - Undefined
FF88H Serial operation mode register 11"°* CSIM11 RIW v v - O0H
FF89H Serial clock selection register 11" csic11 R/IW v v - O0H
FF8AH | Correction control register™®* CORCN RIW v v - O0H
FF8CH Timer clock selection register 51 TCL51 R/W - v - O0OH
FF98H Watchdog timer mode register WDTM R/W - v - 67H
FF99H Watchdog timer enable register WDTE R/W - v - 9AH
FFAOH | Ring-OSC mode register RCM R/W v v - O0H
FFA1H | Main clock mode register MCM RIW v v - 00H
FFA2H | Main OSC control register MOC R/W v v - O0H
FFA3H Oscillation stabilization time counter status register| OSTC R v v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - O05H
FFA9H | Clock monitor mode register CLM RIW v v - 00H
FFACH | Reset control flag register RESF - v - 00H""°?
FFBOH | 16-bit timer counter 01" T™MO1 - - \/ 0000H
FFB1H
FFB2H 16-bit timer capture/compare register 001" CR001 R/W - - v 0000H
FFB3H
FFB4H 16-bit timer capture/compare register 011" CRO11 R/W - - v 0000H
FFB5H
FFB6H | 16-bit timer mode control register 01"*°* TMCO1 RIW v v - O0H
Notes 1. 4PD780133, 780134, 78F0134, 780136, 780138, and 78F0138 only.
2. This value varies depending on the reset source.
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Table 3-6. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Reset
FFB7H | Prescaler mode register 01"*°* PRMO1 R/W v v - 00H
FFB8H | Capture/compare control register 01"°* CRCO1 RIW v v - 00H
FFBOH | 16-bit timer output control register 01"°* TOCO01 R/W v v - 00H
FFBAH | 16-bit timer mode control register 00 TMCO00 RIW v v - 00H
FFBBH | Prescaler mode register 00 PRMO00 RIW v v - O0H
FFBCH | Capture/compare control register 00 CRCO00 RIW v v - O0H
FFBDH | 16-hit timer output control register 00 TOCO00 RIW v v - O0H
FFBEH | Low-voltage detection register LVIM R/IW v v - 00H
FFBFH Low-voltage detection level selection register LVIS R/W - v - 00H
FFEOH Interrupt request flag register OL IFO |IFOL | R/W v v v 00H
FFE1H Interrupt request flag register OH IFOH | RIW v v O0H
FFE2H | Interrupt request flag register 1L IF1 |IFIL | RIW v v v 00H
FFE3H Interrupt request flag register 1H IFIH | RIW v v O0H
FFE4H Interrupt mask flag register OL MKO | MKOL | RIW v v v FFH
FFE5H Interrupt mask flag register OH MKOH| R/W v v FFH
FFE6H Interrupt mask flag register 1L MK1 | MKIL| RW v v v FFH
FFE7H Interrupt mask flag register 1H MK1H| R/W v v DFH
FFE8H | Priority specification flag register OL PRO |PROL | RIW v v v FFH
FFE9H Priority specification flag register OH PROH| R/W v v FFH
FFEAH | Priority specification flag register 1L PR1 |PRIL|R/W v v v FFH
FFEBH | Priority specification flag register 1H PR1H| R/W v v FFH
FFFOH Internal memory size switching register"*** IMS R/W - v - CFH
FFF4H Internal expansion RAM size switching register™®®* | IXS R/W - v - OCH
FFFBH | Processor clock control register PCC RIW v v - O0H
Notes 1. 4PD780133, 780134, 78F0134, 780136, 780138, and 78F0138 only.
2. The default value of IMS and IXS are fixed (IMS = CFH, IXS = OCH) in all products in the 78K0/KE1

regardless of the internal memory capacity.

Therefore, set the following value to each product.

IXS

IMS
4PD780131 42H
4PD780132 444
4PD780133 C6H
4PD780134 C8H

OCH

HPD78F0134™" Value corresponding to mask ROM version

uPD780136 CCH O0AH
uPD780138 CFH
#PD78F0138 Value corresponding to mask ROM version

Note The xPD78F0134 does not support the £xPD780136 and 780138.
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CHAPTER 3 CPU ARCHITECTURE

3.3 Instruction Address Addressing

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

3.3.1 Relative addressing

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

[Mustration]

15 0
PC indicates the start address

pC """ of the instruction after the BR instruction.

+
15 8 7 6 0

a S
jdisp8

15 0

PC

When S =0, all bits of a are 0.
When S = 1, all bits of a 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 'addrl6 and BR !addrl6 instructions can be branched to the entire memory space. The CALLF !addrll
instruction is branched to the 0800H to OFFFH area.

[Mustration]
In the case of CALL !addrl6 and BR !addr16 instructions

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

PC

In the case of CALLF !addr11 instruction

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

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

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the

immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to

the entire memory space.

[Hlustration]

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

3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)

and branched.
This function is carried out when the BR AX instruction is executed.

[Mustration]

p A X

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/KEL1 instruction words, the following instructions employ implied addressing.

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

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

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

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

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

[Function]

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

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

[Operand format]

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

r and ‘rp’ can be described by absolute names (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 01 0|

——Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1 00 0 010 O|

L]

Register specify code
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3.4.3 Direct addressing

[Function]

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

operand address.

[Operand format]

[Description example]

MOV A, I0FEOOH; when setting 'addr16 to FEOOH

[Mustration]

Identifier Description
addrl6 Label or 16-bit immediate data
Operation code | 1 00 01110 | OP code
| 0 000 O0OTODO | O0H
| 11111110 | FEH
7 0
OP code

addrl16 (lower)

addr16 (upper)

Memory

User's Manual U16228EJ2VOUD
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CHAPTER 3 CPU ARCHITECTURE

3.4.4 Short direct addressing

*

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] shown below.

[Operand format]

Identifier

Description

saddr

Immediate data that indicate label or FE20H to FF1FH

saddrp

Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

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

Operation code |1 111001 0| OP code
|0 01 1 0 0O 0| 30H (saddr-offset)
[Hlustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effective address 1 1

84

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

[Function]

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

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

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

[Description example]

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

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

SFR

Effective address 1 1 1
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBS0 and RBS1) serve as an operand address for addressing the memory. This addressing can be
carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 1 00 0 01 01
[Mustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

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

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

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

Operation code |1 01 01 11 O|

|00010000|

[Hlustration]

16 8 7 0

+10
7 Memory 0

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

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

[Operand format]

Identifier Description

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

[Description example]

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

Operation code 101 01011
* [Hlustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]

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

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

[Description example]

In the case of PUSH DE (saving DE register)

[Mustration]

SP

SP

Operation code

10110101

— FEEOH

FEDFH

l«—— FEDEH
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

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

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

Power Supply Corresponding Pins
AVRer P20 to P27
EVop Port pins other than P20 to P27

78KO0/KE1 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.
The functions of each port are shown in Table 4-2.

In addition to the function as digital 1/O ports, these ports have several alternate functions. For details of the
alternate functions, refer to CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

-— 1 P50 POO fe——
Port 5 e
~— P53 E—— Port 0
PO6 [«— ™
P10 =
-1 P60 P
Port 6
P63 Port 1
P17 fe——
P20 fe——
-~ P70 -
Port 2
Port 7
- P27 [f«—
-~ P77
P30 e
Port 12 -~ = P120 .- Port 3
Port 13 —~— P130 P33 f=———
-—  P140 P40 fe—
Port 14 { - pim D
Port 4
P43 [«~—
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Table 4-2. Port Functions (1/2)

Pin Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
PO1 7-bit 0 port. TI010/TO00
Input/output can be specified in 1-bit units. N
P02 . ) - SO11™*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. si11™*
P04 SCK11™*
P05 SSI11™*/TI001""*
P06 TI011""%/TO01""*
P10 1/0 Port 1. Input 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
P13 software setting. TXD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 to P32 110 Port 3. Input INTP1 to INTP3
4-bit I/O port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/TI51/TO51
software setting.
P40 to P43 110 Port 4. Input -
4-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 to P53 110 Port 5. Input -
4-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P60 to P63 110 Port 6. Input -
4-bit I/O port (N-ch open drain).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a mask
option only for mask ROM versions.
P70 to P77 1/0 Port 7. Input 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.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4/PD780133, 780134, 78F0134,
780136, 780138, and 78F0138.
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Table 4-2. Port Functions (2/2)

Pin Name I/0 Function After Reset | Alternate Function
P120 110 Port 12. Input INTPO
1-bit I/O port.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P130 Output Port 13. Output -
1-bit output-only port.
P140 I/0 Port 14. Input PCL/INTP6
P141 2-bit I/O 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.

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Item

Configuration

Control registers

Port mode register (PMO, PM1, PM3 to PM7, PM12, PM14)
Port register (PO to P7, P12 to P14)

Pull-up resistor option register (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)

Port

Total: 51 (CMOS I/O: 38, CMOS input: 8, CMOS output: 1, N-ch open drain 1/O: 4)

Pull-up resistor

¢ Mask ROM version

e Flash memory version: Total: 38

Total: 42 (software control: 38, mask option specification: 4)

92
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CHAPTER 4 PORT FUNCTIONS

4.2.1 Port0O

Port 0 is a 7-bit 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, and clock I/O.

RESET input sets port 0 to input mode.

Figures 4-2 to 4-5 show block diagrams of port 0.

Caution When P02/SO11"*°, P03/SI11™"*, and P04/SCK11"" are used as general-purpose ports, do not
write to serial clock selection register 11 (CSIC11).

Figure 4-2. Block Diagram of P00, P03, and P05

EVoo

PU0O, PUO3, PUO5 ) |

P-ch

M
WRpu
l PUO
A\
Alternate function
RD
1 S
%) S | %
a n
S WRPoRT
3
£
A Output latch
~ (P00, P03, PO5)
WRpmM
PMO
< PM00, PM03, PM05
—~_

© P00/TI000,
PO3/SI11Nte,
P05/SSI11M°/TI001N

Note Available only in the PD780133, 780134, 78F0134, 780136, 780138, and 78F0138.

PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal
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Figure 4-3. Block Diagram of PO1 and P06

EVoo

]

<Fet—

P-ch

M\ WRPpU
l PUO
S PUO1, PUO6
Alternate
function
RD
| S
I | 2
)
2 n
g WRPpoRT
Q
E
A Output latch
~ (P01, P0O6)
WRpmM
PMO
D PMO01, PM06
Alternate
function
N

——O PO01/TI010/TO00,
PO6/TI011N°"/TO01N"®

Note Available only in the 4xPD780133, 780134, 78F0134, 780136, 780138, and 78F0138.

94

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

RD: Read signal

WRxx: Write signal
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Figure 4-4. Block Diagram of P02

EVop

o

——O P0o2/SO11M

M\A WRpu
PUO
S PUO2
RD
| S
S 3
| T
n
4 WRPpoRrT
Qo
©
c
I3 A Output latch
£ ~ (P02)
WRem
PMO
S PMO02
Alternate
function
AN

Note Available only in the 4xPD780133, 780134, 78F0134, 780136, 780138, and 78F0138.

PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal
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Figure 4-5. Block Diagram of P04

EVoo

<o

——©) PO4/SCK11Note

M\ WRpru
l PUO
O PU0O4
Alternate
function
RD
1 S
& | s
a (%)
o]
© WRepoRT
c
[J]
<
- A Output latch
~ (P0O4)
WRem
PMO
~ PMO04
Alternate
function
N\

Note Available only in the xPD780133, 780134, 78F0134, 780136, 780138, and 78F0138.
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PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal
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4.2.2 Portl
Port 1 is an 8-bit I/0O 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 1/0, clock 1/O, and timer 1/O.

RESET input sets port 1 to input mode.
Figures 4-6 to 4-10 show block diagrams of port 1.

Caution When P10/SCK10/TxD0, P11/SI10/RxDO0, and P12/SO10 are used as general-purpose ports, do not
write to serial clock selection register 10 (CSIC10).

Figure 4-6. Block Diagram of P10

EVop
M\A WRpu
PU1
O PU10
P-ch
Alternate
function
RD
j . o<t
= | s
3 )
o)
T WRPpoRT
£
[¢]
<
- A Output latch
~ (P10) ] ——O P10/SCK10/TxDO
WRem
l PM1
> PM10
Alternate
function
AN

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

RD: Read signal

WRxx: Write signal
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Figure 4-7. Block Diagram of P11 and P14

EVop

Y
WReru
l PU1L
S PU11, PU14
P-ch
Alternate
function
RD
2 N | 2
© N | °
£ n
e
£ WRpoRT
A Output latch
~ (P11, P14) © P11/SI10/RxDO,
P14/RxD6
WRpm
PM1
&S PM11, PM14
%
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-8. Block Diagram of P12 and P15

Internal bus

EVob
WRru
PU1
S PU12, PU15
P-ch
RD
S
pary | © L
o | @
[
n
WRPproRT
A Qutput latch
~ (P12, P15) —O P12/S010
WRew P15/TOHO
PM1
S PM12, PM15
Alternate
function

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

RD: Read signal

WRxx: Write signal
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100

Internal bus

Figure 4-9. Block Diagram of P13

EVop

WRpu
PU1
S PU13 ) | b.ch
-C
RD
S
b —
| o
n
WRpoRrT
A Output latch
> (P13) ——O P13/TxD6
WRem
PM1
S PM13
Alternate
function

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

RD: Read signal

WRxx: Write signal
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Figure 4-10. Block Diagram of P16 and P17

EVop
WRpru
l PU1
N PU16, PU17
P-ch
Alternate
function
RD
| 5 o<]—o@]‘
rany 9
N> (]
%) | ©
> n
o]
T WRPpoRrT
c
Q
c
- A Output latch
~ (P16, P17) ——© P16/TOHL/INTPS,
P17/T150/TO50
WRpm
PM1
S PM16, PM17
Alternate
function
%
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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4.2.3 Port 2
Port 2 is an 8-bit input-only port.
This port can also be used for A/D converter analog input.

Figure 4-11 shows a block diagram of port 2.

102

Internal bus

RD

Figure 4-11. Block Diagram of P20 to P27

RD:

A/D converter

-

© P20/ANIO to P27/ANI7

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

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

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

RESET input sets port 3 to input mode.

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

Figure 4-12. Block Diagram of P30 to P32

EVop
M
WRpu
l PU3
> PU30 to PU32
P-ch
Alternate
function

RD
1)
> . .
I | : ool
£ S | s
Q
E ()]

WRpoRT
A Output latch
~ (P30 to P32) ©) P30/INTP1 to
P32/INTP3
WRem
PM3
& PM30 to PM32
~_

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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Figure 4-13. Block Diagram of P33

EVop
M\ WRepu
l PU3
> PU33 ) | boch
Alternate
function
RD
I E i] i] |
(8]
o [ ° | :
K] )
g WRPporT
[]
£
A Output latch
~ (P33) ——© P33/INTP4/TI51/TO51
WRpm
PM3
S PM33
Alternate
function
~_/

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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4.2.5 Port 4

Port 4 is a 4-bit /0O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units
using port mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified in 1-bit units with pull-up resistor

option register 4 (PU4).
RESET input sets port 4 to input mode.

Figure 4-14 shows a block diagram of port 4.

Figure 4-14. Block Diagram of P40 to P43

EVoo

© P40 to P43

WRepu PU4
(N
PUA40 to PU43 :)O_l
RD
2 Selector ¢
Qo
g t
e
@ WRPpoRrT ,
=
Output latch |
(P40 to P43)
WReM
PM4
PM40 to PM43
N

PU4: Pull-up resistor option register 4

PM4:  Port mode register 4
RD: Read signal
WRxx: Write signal
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4.2.6 Port5
Port 5 is a 4-bit /0O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units

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

RESET input sets port 5 to input mode.

Figure 4-15 shows a block diagram of port 5.

Figure 4-15. Block Diagram of P50 to P53

EVob
WRpru PUS
(N
PUS50 to PU53
P-ch
RD
) Selector \
o]
g ]
c
o WRepoRT 1
£
Output latch |
(P50 to P53) © P3010 P53
WRpM
PM5
PM50 to PM53
/\_/

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

RD: Read signal

WRxx: Write signal
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4.2.7 Port6
Port 6 is a 4-bit I/0O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6).
This port has the following functions for pull-up resistors. These functions differ depending on whether the product

is a mask ROM version or a flash memory version.

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

Table 4-4. Pull-up Resistor of Port 6

Pins P60 to P63

Mask ROM version

An on-chip pull-up resistor can be
specified in 1-bit units by mask option

Flash memory version

On-chip pull-up resistors are not provided

RESET input sets port 6 to input mode.
Figure 4-16 shows a block diagram of port 6.

Figure 4-16. Block Diagram of P60 to P63

Selector

EVop

Mask option resistor

Hl1ask ROM versions onlyH

[No pull-up resistor for
ash memory versions

© P60 to P63

(N
RD
2]
32 | WReort
T
s Output latch
= (P60 to P63)
WRprM
PM6
PM60 to PM63
U
PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.8 Port7
Port 7 is an 8-bit 1/0O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). 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 input sets port 7 to input mode.

Figure 4-17 shows a block diagram of port 7.

Figure 4-17. Block Diagram of P70 to P77

EVop
M
WRpu
l PU7
> PU70 to PU77
P-ch
Alternate function
RD
l | 8 O<] o@] |
3

Ay —_
2 ! g
S WRPpoRT
5]
<

A Output latch

~ (P70 to P77) ©) P70/KRO to

P77/KR7
WRem
PM7
& PM70 to PM77
~_

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

RD: Read signal

WRxx: Write signal
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4.2.9 Port 12

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

This port can also be used for external interrupt input.

RESET input sets port 12 to input mode.

Figure 4-18 shows a block diagram of port 12.

Figure 4-18. Block Diagram of P120

EVoo
M\
WRpu
l PU12
> PU120 P-ch
b—l -C
Alternate
function
RD
; : o Jocfl——
[e]
= | g
c Ay —_
3 | &
=
- WRpoRT
A Output latch
~ (P120) ©) P120/INTPO
WRem
PM12
& PM120
—~_

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

RD: Read signal

WRxx: Write signal
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4.2.10 Port 13
Port 13 is a 1-bit output-only port.
Figure 4-19 shows a block diagram of port 13.

Figure 4-19. Block Diagram of P130

O P130

N
RD
2]
>3
o]
®
£
2 | WReort
=
Output latch
(P130)
I~

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 immediately after

reset is released, the output signal of P130 can be dummy-output as the reset signal to the CPU.
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4.2.11 Port 14
Port 14 is a 2-bit 1/0 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 and P141 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, and clock output.

RESET input sets port 14 to input mode.

Figure 4-20 shows a block diagram of port 14.

Figure 4-20. Block Diagram of P140 and P141

EVop
M\A WReru
l PU14
S5 PU140, PU141
P-ch
Alternate
function
RD
L | : <t
(8]
g [ © | £
a n
g WRPpoRT
[J]
£
K Output latch
~ (P140, P141) © P140/PCL/INTPS,
P141/BUZ/INTP7
WRem
PM14
S PM140, PM141
Alternate
function
AN

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

RD: Read signal

WRxx: Write signal
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4.3 Registers Controlling Port Function
Port functions are controlled by the following three types of registers.

e Port mode registers (PMO0, PM1, PM3 to PM7, PM12, PM14)
* e Port registers (PO to P7, P12 to P14)
o Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)

(1) Port mode registers (PMO, PM1, PM3 to PM7, PM12, and PM14)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table

4-4.

Figure 4-21. Format of Port Mode Register

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

PMo | 1 | Pmos | Pmos | pmos | Pmos | pmoz | Pmo1r | Pmoo | Freom FFH RIW
7 6 5 4 3 2 1 0

PM1 | PM17 | Pm16 | Pm15 | Pm14 | Pm13 | pmi2 | pmi1 | pmio | FR21m FFH RIW
7 6 5 4 3 2 1 0

M3 | 1 | 1 | 1 | 1 | pwmss | pwms2 | pm31 | pm3o | FresH FFH RIW
7 6 5 4 3 2 1 0

pma | 1 | 1 [ 1 | 1 | pmas | pma2 | Pma1r | Pm4o | FR2aH FEH RIW
7 6 5 4 3 2 1 0

pms | 1 | 1 | 1 | 1 | Pvs3 | pms2 | PwmsL | PMs0 | FR2sH FFH RIW
7 6 5 4 3 2 1 0

pme | 1 | 1 | 1 | 1 | Pmes | pme2 | Pme1 | PMe0 | FF2eH FFH RIW
7 6 5 4 3 2 1 0

PM7 | PM77 | Pm76 | Pm75 | Pm7a | Pwm7s | pm72 | pm7a | pmro | FR27e FFH RIW
7 6 5 4 3 2 1 0

iz | 1 | 1 | 1 | 1 | 1 | 1 | 1 [pwi2o | Fr2cH FFH RIW
7 6 5 4 3 2 1 0

P4 [ 1 | 1 | 1 | 1 [ 1 | 1 |Ppwia1|pmiao | FR2EH FFH RIW
PMmn Pmn pin I/0 mode selection

(m=0,1,3t07,12,14;,n=0t0 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name lfe}

P00 TI000 Input 1 X
PO1 TI010 Input 1 X
TOO00 Output 0 0

P02 So11™* Output 0 0
P03 Si11'e Input 1 x
P04 SCK11™* Input 1 x
Output 0 1

P05 ssizr™e Input 1 x
Tl001"™* Input 1 x

P06 TIO11"" Input 1 X
TOO01v® Output 0 0

P10 SCK10 Input 1 x
Output 0 1

TxDO Output 0 1

P11 SI10 Input 1 X
RxDO Input 1 X

P12 SO10 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOH1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 x
TO50 Output 0 0

P30 to P32 INTP1 to INTP3 Input 1 x
P33 INTP4 Input 1 X
TI51 Input 1 X

TO51 Output 0 0

P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 X
P140 PCL Output 0 0
INTP6 Input 1 X

P141 BUZ Output 0 0
INTP7 Input 1 X

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4/PD780133, 780134, 78F0134,

780136, 780138, and 78F0138.

Remark x:

PMxx: Port mode register
Pxx:

Don't care

Port output latch
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* (2) Portregisters (PO to P7, P12 to P14)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output
latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H (but P2 is undefined).

Figure 4-22. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
Ppo| o | Pos | Pos | Posa | Pos | Po2 | Po1 | Poo | FFOOH  0OH (outputlatch) RW
7 6 5 4 3 2 1 0
PL | Pi7 | Pi6 | P15 | P14 | P13 | P12 | Pt | P10 | FFOIH  0OM (outputlatch) RW
7 6 5 4 3 2 1 0
P2 | P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20 | FrozH Undefined R
7 6 5 4 3 2 1 0
PP o | o | o | o | P | pa2 | P31 | P30 | FFOSH  0OM (outputlatch) RMW
7 6 5 4 3 2 1 0
PA| o | o | o | o | pas | pa2 | a1 | P40 | FFO4H  OOM (outputlatch) RMW
7 6 5 4 3 2 1 0
ps| o | o | o | o | psa | P2 | ps1 | Pso | FFOSH  0OH (outputlatch) RW
7 6 5 4 3 2 1 0
P o | o | o | o | pe3a | pe2 | P61 | P60 | FFOBH  OOM (outputlatch) RMW
7 6 5 4 3 2 1 0
P7 | P77 | P76 | P75 | p7a | P73 | P72 | P7a | P70 | FFO7TH  0OH (outputlatch) RW
7 6 5 4 3 2 1 0
P2 o | o | o | o | o | o | o | pio | FrocH 00H (outputiatch) RW
7 6 5 4 3 2 1 0
P3| o | o | o | o | o | o | o | P | FFODH 00H (outputiatch) RW
7 6 5 4 3 2 1 0
Pa| o | o | o | o | o | o | P | P10 | FFOEH  00H (outputiatch) RW
Pmn m=0to7,12t014;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output O Input low level
1 Output 1 Input high level
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(3) Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, and PU14)
These registers specify whether the on-chip pull-up resistors of P00 to P06, P10 to P17, P30 to P33, P40 to P43,
P50 to P53, P70 to P77, P120, or P140 and P141 are to be used or not. On-chip pull-up resistors can be used in
1-bit units only for the bits set to input mode of the pins to which the use of an on-chip pull-up resistor has been
specified in PUO, PU1, PU3 to PU5, PU7, PU12, and PU14. On-chip pull-up resistors cannot be connected to
bits set to output mode and bits used as alternate-function output pins, regardless of the settings of PUO, PU1,

PU3 to PU5, PU7, PU12, and PU14.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Caution Use of a pull-up resistor can be specified for P60 to P63 pins by a mask option only in the mask
ROM versions.

Symbol
PUO

PU1

PU3

PU4

PU5

PU7

PU12

PU14

Figure 4-23. Format of Pull-up Resistor Option Register

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

[ o | Puos | Puos | Puos | Puos | Puo2 | Puor | Puoo | FrsoH  ooH RIW
7 6 5 4 3 2 1 0

| PU17 ‘ PU16 ‘ PU15 ‘ PU14 ‘ PU13 | PU12 | PU11 ‘ PU10 | FF31H 00H R/W
7 6 5 4 3 2 1 0

| 0 ‘ 0 0 0 ‘ PU33 | PU32 | PU31 ‘ PU30 | FF33H 00H RIW
7 6 5 4 3 2 1 0

[ o | o 0 0 | puss | pusz | PusL | Puso | FrasH 00H RIW
7 6 5 4 3 2 1 0

[ o | o 0 o | puss | pus2 | pust | Puso | FrasH 00H RIW
7 6 5 4 3 2 1 0

| PU77 ‘ PU76 ‘ PU75 ‘ PU74 ‘ PU73 | PU72 | PUT71 ‘ PU70 | FF37H 00H RIW
7 6 5 4 3 2 1 0

[ o | o 0 o | o 0 0 | Puizo | FracH 00H RIW
7 6 5 4 3 2 1 0

[ o | o 0 o | o o | puwar | putao | Frsen 00H RIW
PUmMn Pmn pin on-chip pull-up resistor selection

(m=0,1,31t05,7,12,14;n=0t0 7)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins, the
output latch contents for pins specified as input are undefined, even for bits other than the
manipulated bit.

4.4.1 Writing to I/O port

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

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

4.4.2 Reading from I/O port

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

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

4.4.3 Operations on I/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared by reset.

(2) Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.

116 User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

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

The following three system clock oscillators are available.

e X1 oscillator

The X1 oscillator oscillates a clock of fxr = 2.0 to 10.0 MHz. Oscillation can be stopped by executing the STOP

instruction or setting the main OSC control register (MOC) and processor clock control register (PCC).
e Ring-OSC oscillator

The Ring-OSC oscillator oscillates a clock of fr = 240 kHz (TYP.). Oscillation can be stopped by setting the
Ring-OSC mode register (RCM) when “Can be stopped by software” is set by a mask option and the X1 input
clock is used as the CPU clock.

e Subsystem clock oscillator
The subsystem clock oscillator oscillates a clock of fxr = 32.768 kHz. Oscillation cannot be stopped. When
subsystem clock oscillator is not used, setting not to use the on-chip feedback resistor is possible using the

processor clock control register (PCC), and the operating current can be reduced in the STOP mode.

Remarks 1. fxe: X1 input clock oscillation frequency

2. fr:

Ring-OSC clock oscillation frequency

3. fxt: Subsystem clock oscillation frequency

5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item

Configuration

Control registers

Processor clock control register (PCC)

Ring-OSC mode register (RCM)

Main clock mode register (MCM)

Main OSC control register (MOC)

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

Oscillators

X1 oscillator
Ring-OSC oscillator
Subsystem clock oscillator
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Figure 5-1. Block Diagram of Clock Generator
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5.3 Registers Controlling Clock Generator
The following six registers are used to control the clock generator.

e Processor clock control register (PCC)

e Ring-OSC mode register (RCM)

e Main clock mode register (MCM)

e Main OSC control register (MOC)

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

(1) Processor clock control register (PCC)
The PCC register is used to select the CPU clock, the division ratio, main system clock oscillator operation/stop

Note

and whether to use the on-chip feedback resistor ** of the subsystem clock oscillator.
The PCC is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears PCC to O0H.

Note The feedback resistor is required to control the bias point of the oscillation waveform so that the bias point
is in the middle of the power supply voltage.
When the subsystem clock is not used, the operating current in the STOP mode can be reduced by setting
bit 6 (FRC) of PCC to 1 (see Figure 5-11 Subsystem Clock Feedback Resistor).
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Figure 5-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 00H R/W'™**

Symbol <7> <6> <5> <4> 3 2 1 0
pCC MCC FRC CLS css 0 pCc2 pCCl PCCO
MCC Control of X1 oscillator operation™?
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection
0 On-chip feedback resistor used
1 On-chip feedback resistor not used"**
CLS CPU clock status
0 X1 input clock or Ring-OSC clock
1 Subsystem clock
csset PCC2 PCC1 PCCO CPU clock (fcru) selection
MCMO0 =0 MCMO0 =1
0 0 0 0 fx fr fxp
0 0 1 x/2 frI2 fxp/2
0 1 0 fx/2° fr/2? fxp/2°
0 1 1 fx/2° fr/2° fxp/2°
1 0 0 fx/2* fri2* fxp/2*
1 0 0 0 fxt/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited
Notes 1. Bit5is read-only.

2. When the CPU is operating on the subsystem clock, MCC should be used to stop the X1 oscillator
operation. When the CPU is operating on the Ring-OSC clock, use bit 7 (MSTOP) of the main OSC
control register (MOC) to stop the X1 oscillator operation (this cannot be set by MCC). A STOP
instruction should not be used.

3. This bit can be set to 1 only when the subsystem clock is not used.

4. Be sure to switch CSS from 1 to 0 when bits 1 (MCS) and 0 (MCMO) of the main clock mode register
(MCM) are 1.

Caution Be sure to clear bit 3to 0.

120

User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 5 CLOCK GENERATOR

Remarks 1. MCMO: Bit 0 of the main clock mode register (MCM)
2. fx:
oscillation frequency)

3. fr:

4, fxp:

5. fxt:

Ring-OSC clock oscillation frequency
X1 input clock oscillation frequency
Subsystem clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/KE1. Therefore, the relationship

Main system clock oscillation frequency (X1 input clock oscillation frequency or Ring-OSC clock

between the CPU clock (fcpu) and minimum instruction execution time is as shown in the Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction Execution Time: 2/fcru
X1 Input Clock™* Ring-OSC Clock™* Subsystem Clock
(at 10 MHz Operation) (at 240 kHz (TYP.) Operation) (at 32.768 kHz Operation)
fx 0.2 us 8.3 us (TYP.) -
fx/2 0.4 us 16.6 us (TYP.) -
fx/2? 0.8 us 33.2 us (TYP)) -
fx/2° 1.6 us 66.4 us (TYP.) -
fx/2* 32 us 132.8 us (TYP.) -
fxr/2 - - 122.1 us
Note The main clock mode register (MCM) is used to set the CPU clock (X1 input clock/Ring-OSC clock) (see

Figure 5-4).

(2) Ring-OSC mode register (RCM)
This register sets the operation mode of Ring-OSC.

This register is valid when “Can be stopped by software” is set for Ring-OSC by a mask option, and the X1 input

clock or subsystem clock is selected as the CPU clock.
mask option, settings for this register are invalid.

RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

If “Cannot be stopped” is selected for Ring-OSC by a

Figure 5-3. Format of Ring-OSC Mode Register (RCM)

Address: FFAOH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 <0>
RCM 0 0 0 0 0 0 0 RSTOP
RSTOP Ring-OSC oscillating/stopped
0 Ring-OSC oscillating
1 Ring-OSC stopped

Caution Make sure that the bit 1 (MCS) of the main clock mode register (MCM) is 1 before

setting RSTOP.
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Main clock mode register (MCM)

This register sets the CPU clock (X1 input clock/Ring-OSC clock).
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-4. Format of Main Clock Mode Register (MCM)

Address: FFALH  After reset: 00H R/W™*

Symbol 7 6 5 4 3 2 <1> <0>
MCM 0 0 0 0 0 0 MCS MCMO
MCS CPU clock status
0 Operates with Ring-OSC clock
1 Operates with X1 input clock
MCMO Selection of clock supplied to CPU
0 Ring-OSC clock
1 X1 input clock

Note Bit 1 is read-only.

Cautions 1. When Ring-OSC clock is selected as the clock to be supplied to the CPU, the

divided clock of the Ring-OSC oscillator output (fx) is supplied to the peripheral
hardware (fx = 240 kHz (TYP.)).
Operation of the peripheral hardware with Ring-OSC clock cannot be
guaranteed. Therefore, when Ring-OSC clock is selected as the clock supplied
to the CPU, do not use peripheral hardware. In addition, stop the peripheral
hardware before switching the clock supplied to the CPU from the X1 input clock
to the Ring-OSC clock. Note, however, that the following peripheral hardware
can be used when the CPU operates on the Ring-OSC clock.

Watchdog timer
Clock monitor

8-bit timer H1 when fr/2" is selected as count clock

Peripheral hardware selecting external clock as the clock source

(Except when external count clock of TMOn (n = 0, 1) is selected (TI00On valid
edge))

2. Set MCS =1 and MCMO = 1 before switching subsystem clock operation to X1
input clock operation (bit 4 (CSS) of the processor clock control register (PCC)
is changed from 1to 0).
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(4) Main OSC control register (MOC)
This register selects the operation mode of the X1 input clock.
This register is used to stop the X1 oscillator operation when the CPU is operating with the Ring-OSC clock.
Therefore, this register is valid only when the CPU is operating with the Ring-OSC clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

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

Address: FFA2H  After reset: OOH R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of X1 oscillator operation
0 X1 oscillator operating
1 X1 oscillator stopped

Cautions 1. Make sure that bit 1 (MCS) of the main clock mode register (MCM) is 1 before
setting MSTOP.
2. To stop X1 oscillation when the CPU is operating on the subsystem clock, set bit
7 (MCC) of the processor clock control register (PCC) to 1 (setting by MSTOP is
not possible).
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(5) Oscillation stabilization time counter status register (OSTC)
This is the status register of the X1 input clock oscillation stabilization time counter. If the Ring-OSC clock is used
as the CPU clock, the X1 input clock oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, clock monitor, and WDT), the STOP instruction,
MSTOP =1, and MCC =1 clear OSTC to O0H.

Figure 5-6. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R
Symbol 7 6 5 4 3 2 1 0

OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16

MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status

1 0 0 0 0 2" /fxe min. (204.8 us min.)

2%/fxe min. (819.2 us min.)

2%/fxe min. (3.27 ms min.)

Rk |k |-
[ S N
Rk |~ |o

0 0
0 0 2%/fxe min. (1.64 ms min.)
1 0
1 1

2%/fxe min. (6.55 ms min.)

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.
2. Ifthe STOP mode is entered and then released while the Ring-OSC is being used
as the CPU clock, set the oscillation stabilization time as follows.
e Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The X1 oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.
3. The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pinvoltage l
waveform

Remarks 1. Values in parentheses are reference values for operation with fxr = 10 MHz.
2. fxe: X1 input clock oscillation frequency

124 User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 5 CLOCK GENERATOR

(6) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 oscillation stabilization wait time when STOP mode is released.
The wait time set by OSTS is valid only after STOP mode is released with the X1 input clock selected as CPU
clock. After STOP mode is released with Ring-OSC selected as CPU clock, the oscillation stabilization time must
be confirmed by OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 5-7. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  Afterreset: 05H R/W

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

0 0 1 2Y/fxp (204.8 us)

0 1 0 2"/fxp (819.2 us)

0 1 1 2%/fxe (1.64 ms)

1 0 0 2"/fxp (3.27 ms)

1 0 1 2%/fxp (6.55 ms)

Other than above Setting prohibited

Cautions 1. If the STOP mode is entered and then released while the Ring-OSC is being used
as the CPU clock, set the oscillation stabilization time as follows.
e Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The X1 oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.
2. The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pinvoltage l
waveform

Remarks 1. Values in parentheses are reference values for operation with fxr = 10 MHz.
2. fxe: X1 input clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (Standard: 8.38 MHz, 10 MHz when
REGC pin is directly connected to Vop) connected to the X1 and X2 pins.
An external clock can be input to the X1 oscillator when the REGC pin is directly connected to Voo. In this case,

input the clock signal to the X1 pin and input the inverse signal to the X2 pin.

Figure 5-8 shows examples of the external circuit of the X1 oscillator.

Figure 5-8. Examples of External Circuit of X1 Oscillator

(a) Crystal, ceramic oscillation

fr——

X2

Crystal resonator or
ceramic resonator

5.4.2 Subsystem clock oscillator

(b) External clock

External

clock

X1

X2

The subsystem clock oscillator oscillates with a crystal resonator (Standard: 32.768 kHz) connected to the XT1

and XT2 pins.

External clocks can be input to the subsystem clock oscillator when the REGC pin is directly connected to Vop. In
this case, input the clock signal to the XT1 pin and the inverse signal to the XT2 pin.
Figure 5-9 shows examples of an external circuit of the subsystem clock oscillator.

Figure 5-9. Examples of External Circuit of Subsystem Clock Oscillator

(@) Crystal oscillation

Vss
XT1

XT2

Cautions are listed on the next page.
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(b) External clock

External
clock
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Cautions 1. When using the X1 oscillator and subsystem clock oscillator, wire as follows in the area

enclosed by the broken lines in the Figure 5-10 to avoid an adverse effect from wiring
capacitance.

« Keep the wiring length as short as possible.

« Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.

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

» Do not fetch signals from the oscillator.

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

Figure 5-10 shows examples of incorrect resonator connection.

Remark

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

(&) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

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

User's Manual U16228EJ2V0UD 127


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 5 CLOCK GENERATOR

Figure 5-10. Examples of Incorrect Resonator Connection (2/2)
(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)
Voo
Pmn
Vss X1 X2
- Vss X1 X2
c
U | g '
o
== [t
RN
A TB TC
High current
7 <allLC
(e) Signals are fetched
Vss X1 X2
e
Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
Cautions 2. When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,
resulting in malfunctioning.
128
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5.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations and watch operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect directly to EVop or Vbp
XT2: Leave open

In this state, however, some current may leak via the on-chip feedback resistor of the subsystem clock oscillator
when the X1 input clock and Ring-OSC clock stop. To minimize leakage current, the above on-chip feedback resistor
can be set not to be used via bit 6 (FRC) of the processor clock control register (PCC). In this case also, connect the
XT1 and XT2 pins as described above.

Figure 5-11. Subsystem Clock Feedback Resistor

FRC

P-ch

>

O O
XT1 XT2

Remark The feedback resistor is required to control the bias point of the oscillation waveform so that the bias
point is in the middle of the power supply voltage.

5.4.4 Ring-OSC oscillator

Ring-OSC oscillator is incorporated in the 78KO0/KEL.

“Can be stopped by software” or “Cannot be stopped” can be selected by a mask option. The Ring-OSC clock
always oscillates after RESET release (240 kHz (TYP.)).

5.4.5 Prescaler
The prescaler generates various clocks by dividing the X1 oscillator output when the X1 input clock is selected as

the clock to be supplied to the CPU.

Caution When the Ring-OSC clock is selected as the clock supplied to the CPU, the prescaler generates
various clocks by dividing the Ring-OSC oscillator output (fx = 240 kHz (TYP.)).
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55

T
mod

T

Clock Generator Operation

he clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
e.

X1 input clock fxp

Ring-OSC clock fr
Subsystem clock fxr

CPU clock fcpu

Clock to peripheral hardware

he CPU starts operation when the on-chip Ring-OSC oscillator starts outputting after reset release in the

78KO0/KE1, thus enabling the following.

1)

@)

130

Enhancement of security function

When the X1 input clock is set as the CPU clock by the default setting, the device cannot operate if the X1 input
clock is damaged or badly connected and therefore does not operate after reset is released. However, the start
clock of the CPU is the on-chip Ring-OSC clock, so the device can be started by the Ring-OSC clock after reset
release by the clock monitor (detection of X1 input clock stop). Consequently, the system can be safely shut
down by performing a minimum operation, such as acknowledging a reset source by software or performing
safety processing when there is a malfunction.

Improvement of performance

Because the CPU can be started without waiting for the X1 input clock oscillation stabilization time, the total
performance can be improved.

A timing diagram of the CPU default start using Ring-OSC is shown in Figure 5-12.
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(fxp)

Ring-OSC clock

(fr)

Subsystem clock

(fx7)

f Switched by software
CPU clock —:—< Ring-OSC clock X X1 input clock >

Figure 5-12. Timing Diagram of CPU Default Start Using Ring-OSC

Inm
RESET J E

'
-

: Operation '
' stopped: 17/fr

Note

X1 oscillation stabilization time: 2 Y/fxe to 2%/fxe

Note Check using the oscillation stabilization time counter status register (OSTC).

@)

(b)

(©

(d)

(€)

When the RESET signal is generated, bit O of the main clock mode register (MCM) is set to 0 and the Ring-
OSC clock is set as the CPU clock. However, a clock is supplied to the CPU after 17 clocks of the Ring-OSC
clock have elapsed after RESET release (or clock supply to the CPU stops for 17 clocks). During the
RESET period, oscillation of the X1 input clock and Ring-OSC clock is stopped.

After RESET release, the CPU clock can be switched from the Ring-OSC clock to the X1 input clock using bit
0 (MCMO) of the main clock mode register (MCM) after the X1 input clock oscillation stabilization time has
elapsed. At this time, check the oscillation stabilization time using the oscillation stabilization time counter

status register (OSTC) before switching the CPU clock. The CPU clock status can be checked using bit 1
(MCS) of MCM.

Ring-OSC can be set to stopped/oscillating using the Ring-OSC mode register (RCM) when “Can be stopped
by software” is selected for the Ring-OSC by a mask option, if the X1 input or subsystem clock is used as the
CPU clock. Make sure that MCS is 1 at this time.

When Ring-OSC is used as the CPU clock, the X1 input clock can be set to stopped/oscillating using the
main OSC control register (MOC). Make sure that MCS is 0 at this time.

When the subsystem clock is used as the CPU clock, whether the X1 input clock stops or oscillates can be
set by the processor clock control register (PCC). In addition, HALT mode can be used during operation with
the subsystem clock, but STOP mode cannot be used (subsystem clock oscillation cannot be stopped by the
STOP instruction).

Select the X1 input clock oscillation stabilization time (2"/fxp, 2"/fxp, 2"/fxp, 2"/fxp, 2'°/fxP) using the oscillation
stabilization time select register (OSTS) when releasing STOP mode while X1 input clock is being used as
the CPU clock. In addition, when releasing STOP mode while RESET is released and Ring-OSC is being
used as the CPU clock, check the X1 input clock oscillation stabilization time using the oscillation
stabilization time counter status register (OSTC).
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A status transition diagram of this product is shown in Figure 5-13, and the relationship between the operation
clocks in each operation status and between the oscillation control flag and oscillation status of each clock are shown
in Tables 5-3 and 5-4, respectively.

Figure 5-13. Status Transition Diagram (1/4)

(1) When “Ring-OSC can be stopped by software” is selected by mask option
(when subsystem clock is not used)

HALTNOte 4

Interrupt Interrupt
HALT

HALT instruction
Interrupt

HALT

instruction
HALT

instruction

instruction

Status 4
CPU clock: fxp
fxe: Oscillating
fr: Oscillation stopped

Status 3
CPU clock: fxp
fxe: Oscillating
fr: Oscillating

Status 1
CPU clock: fr
fxe: Oscillation stopped
fr: Oscillating

RSTOP =0 MCMO =0 Status 2
CPU clock: fr
fxe: Oscillating

fr: Oscillating

Interrupt STOP
nterrupt
P STOP instruction
instruction Interrupt
STOP

instruction
STOPNoIeA

RSTOP = 1Moe? MCMO = 1Mte2 MSTOP =0

STOP
instruction

Interrupt

Reset release

Res etNote 5

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register

(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock
oscillation stabilization time status using the oscillation stabilization time counter status register
(OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “Ring-OSC can be stopped by software” is selected by a mask option, the watchdog timer
stops operating in the HALT and STOP modes, regardless of the source clock of the watchdog timer.
However, oscillation of Ring-OSC does not stop even in the HALT and STOP modes if RSTOP = 0.

5. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 5-13. Status Transition Diagram (2/4)

(2) When “Ring-OSC can be stopped by software” is selected by mask option
(when subsystem clock is used)

Status 6

CPU clock: fxt

fxe: Oscillation
stopped

fr: Oscillating/

oscillation

Interrupt

MCC =0
MCC =1 \\ HALT

instruction

Interrupt

fxe: Oscillating
fr: Oscillating/

HALTNole4
HALT
oscillation : :

HALT
stopped instruction Interrupt
CSS = QNote5 __wmmmmmmmmmmmeen HALT \ AT
ok\ “-.{,_instruction eyt  uction

CSS = 1N .

.

ol Status 4
. [ CPU clock: fxp
i | fxe: Oscillating | -~

Interrupt

Status 1

CPU clock: fr

fx: Oscillation
stopped

r: Oscillating

Status 2
CPU clock: fr
fxe: Oscillating
fr: Oscillating

Status 3
CPU clock: fxp
fxe: Oscillating
fr: Oscillating
. STOP

. - instruction

------------------ Interrupt
STOP
instruction

Interrupt

Reset release

ResetNute 6

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock
oscillation stabilization time status using the oscillation stabilization time counter status register
(OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “Ring-OSC can be stopped by software” is selected by a mask option, the clock supply to the
watchdog timer is stopped after the HALT or STOP instruction has been executed, regardless of the
setting of bit 0 (RSTOP) of the Ring-OSC mode register (RCM) and bit 0 (MCMO) of the main clock
mode register (MCM).

The operation cannot be shifted between subsystem clock operation and Ring-OSC operation.
All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Notes 1.

Figure 5-13. Status Transition Diagram (3/4)

(3) When “Ring-OSC cannot be stopped” is selected by mask option
(when subsystem clock is not used)

HALT ; i
Interrupt Interrupt instruction HALT instruction

HALT Interrupt
instruction

Status 3 MCMO = 0 Status 2 MSTOP = 1Note2 Status 1
CPU clock: fxe CPU clock: fr CPU clock: fr
fxe: Oscillating fxe: Oscillating fxe: Oscillation stopped
fr: Oscillating MCMO = Notel fr: Oscillating MSTOP =0 fr: Oscillating
Interrupt
STOP STOP Interrupt Interrupt
instruction instruction

STOPNete3 Reset release

Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock
oscillation stabilization time status using the oscillation stabilization time counter status register
(OSTC).

When shifting from status 2 to status 1, make sure that MCS is O.

The watchdog timer operates using Ring-OSC even in STOP mode if “Ring-OSC cannot be stopped”
is selected by a mask option. Ring-OSC division can be selected as the count source of 8-bit timer
H1 (TMH1), so clear the watchdog timer using the TMH1 interrupt request before watchdog timer
overflow. If this processing is not performed, an internal reset signal is generated at watchdog timer
overflow after STOP instruction execution.

All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 5-13. Status Transition Diagram (4/4)

(4) When “Ring-OSC cannot be stopped” is selected by mask option
(when subsystem clock is used)

Status 5
CPU clock: fxr
fxe: Oscillation stopped
fr: Oscillating

MCC =0
MCC=1

Interrupt

HALT instruction

Status 4 Interrunt

CPU clock: fxr |- Memwpt

fxp: Oscillating

fr: Oscillating HALT instruction

Interrupt !—|ALT _ HALT instruction
\\CSS = QNote 5 Interrupt| | instruction
HALT Interrupt
— 1Note 4
CSs =17 instruction

Status 1
CPU clock: fr
fxe: Oscillation stopped
fr: Oscillating

MSTOP = 1Nete 2

Status 3
CPU clock: fxe
fxe: Oscillating
fr: Oscillating

MCMO0 =0 Status 2
CPU clock: fr
fxe: Oscillating

fr: Oscillating

MCMO = 1Note 1 MSTOP =0

STOP
instruction

Interrupt
STOP STOP Interrupt
instruction instruction

STOPMNote3 Reset release

Interrupt

Notes 1. Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock
oscillation stabilization time status using the oscillation stabilization time counter status register
(OSTC).

2. When shifting from status 2 to status 1, make sure that MCS is 0.

3. The watchdog timer operates using Ring-OSC even in STOP mode if “Ring-OSC cannot be stopped”
is selected by a mask option. Ring-OSC division can be selected as the count source of 8-bit timer
H1 (TMH1), so clear the watchdog timer using the TMH1 interrupt request before watchdog timer
overflow. If this processing is not performed, an internal reset signal is generated at watchdog timer
overflow after STOP instruction execution.

4. The operation cannot be shifted between subsystem clock operation and Ring-OSC operation.

5. Allreset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Table 5-3. Relationship Between Operation Clocks in Each Operation Status

Status X1 Oscillator Ring-OSC Oscillator Subsystem | CPU Clock Prescaler Clock
) MSTOP =0|MSTOP = 1| Note 1 Note 2 Clock After Supplied to Peripherals
Operation MCC=0 | Mcc=1 Oscillator | Release
Mode RSTOP =0|RSTOP =1 MCMO =0 ‘ MCMO =1
Reset Stopped Stopped Oscillating | Ring-OSC | Stopped
STOP Oscillating | Oscillating | Stopped Note 3 Stopped
HALT Oscillating | Stopped Note 4 Ring-OSC ‘ X1
Notes 1. When “Cannot be stopped” is selected for Ring-OSC by a mask option.
2. When “Can be stopped by software” is selected for Ring-OSC by a mask option.
3. Operates using the CPU clock at STOP instruction execution.
4. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for Ring-OSC by a mask
option.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
MCC: Bit 7 of the processor clock control register (PCC)
RSTOP: Bit 0 of the Ring-OSC mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)
Table 5-4. Oscillation Control Flags and Clock Oscillation Status
X1 Oscillator Ring-OSC Oscillator
MSTOP = 1" | RSTOP =0 | Stopped Oscillating
RSTOP =1 | Setting prohibited
MSTOP = 0"° | RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped
MCC = 1" RSTOP =0 | Stopped Oscillating
RSTOP =1 Stopped
McCC = o™ RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped
Note Setting X1 oscillator oscillating/stopped differs depending on the CPU clock used.
¢ When the Ring-OSC clock is used as the CPU clock: Set using the MSTOP bit
e When the subsystem clock is used as the CPU clock: Set using the MCC bit
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for Ring-OSC
by a mask option.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
MCC: Bit 7 of the processor clock control register (PCC)
RSTOP: Bit 0 of the Ring-OSC mode register (RCM)
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5.6 Time Required to Switch Between Ring-OSC Clock and X1 Input Clock

Bit 0 (MCMO) of the main clock mode register (MCM) is used to switch between the Ring-OSC clock and X1 input

clock.

In the actual switching operation, switching does not occur immediately after MCMO rewrite; several instructions

are executed using the pre-switch clock after switching MCMO (see Table 5-5).

Bit 1 (MCS) of MCM is used to judge that operation is performed using either the Ring-OSC clock or X1 input clock.

To stop the original clock after switching the clock, wait for the number of clocks shown in Table 5-5 before

stopping.

Table 5-5. Time Required to Switch Between Ring-OSC Clock and X1 Input Clock

PCC Time Required for Switching
pCc2 PCC1 PCCO X1—-Ring-OSC Ring-OSC—X1
0 0 0 fxe/fr + 1 clock 2 clocks
0 0 1 fxp/2fr + 1 clock
0 1 0 fxe/4fr + 1 clock
0 1 1 fxe/8fr + 1 clock
1 0 0 fxe/16fr + 1 clock

Caution To calculate the maximum time, set fr = 120 kHz.

Remarks 1. PCC: Processor clock control register

2. fxp: X1 input clock oscillation frequency

3. fr: Ring-OSC clock oscillation frequency

4. The maximum time is the number of clocks of the CPU clock before switching.
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5.7 Time Required for CPU Clock Switchover

The CPU

clock can be switched using bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control

register (PCC).
The actual switchover operation is not performed immediately after rewriting to the PCC; operation continues on

the pre-switchover clock for several instructions (see Table 5-6).
Whether the system is operating on the X1 input clock (or Ring-OSC clock) or the subsystem clock can be
ascertained using bit 5 (CLS) of the PCC register.

Table 5-6. Maximum Time Required for CPU Clock Switchover

Set Value Before Set Value After Switchover
Switchover

CSS |PCC2|PCC1

PCCO| CSS |PCC2|PCC1{PCCO| CSS |PCC2|PCC1(PCCO| CSS |PCC2[PCC1|PCCO| CSS |PCC2[PCC1|PCCO| CSS |PCC2(PCC1|PCCO| CSS |PCC2(PCC1|PCCO

ojojfojo|jofo|jo0f1|0(O0O|1T]0|O0O|O0O]|1|2]|]0[2]|0]|0]1]|x]x]|x

of0|0{|O 16 clocks 16 clocks 16 clocks 16 clocks fxe/fxt clocks
(306 clocks)
0|01 8 clocks 8 clocks 8 clocks 8 clocks fxe/2fxT clocks
(153 clocks)
0o|1]0 4 clocks 4 clocks 4 clocks 4 clocks fxe/4fxT clocks
(77 clocks)
o111 2 clocks 2 clocks 2 clocks 2 clocks fxp/8fxT clocks
(39 clocks)
11010 1 clock 1 clock 1 clock 1 clock fxp/16fxT clocks
(20 clocks)
1 x| x| x 1 clock 1 clock 1 clock 1 clock 1 clock

Remarks

Caution

138

1. The maximum time is the number of clocks of the pre-switchover CPU clock.
. Figures in parentheses apply to operation with fxr = 10 MHz and fxt = 32.768 kHz.

N

Selection of the CPU clock cycle division factor (PCCO to PCC2) and switchover from the X1
input clock to the subsystem clock (changing CSS from 0 to 1) should not be set
simultaneously.

Simultaneous setting is possible, however, for selection of the CPU clock cycle division factor
(PCCO to PCC2) and switchover from the subsystem clock to the X1 input clock (changing CSS
from 1 to 0).
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CHAPTER 5 CLOCK GENERATOR

5.8 Clock Switching Flowchart and Register Setting

5.8.1 Switching from Ring-OSC clock to X1 input clock

Figure 5-14. Switching from Ring-OSC Clock to X1 Input Clock (Flowchart)

After reset
PCC = 00H ; feru = fr
RCM = 00H ; Ring-OSC oscillation
Register value l\l\flghc/l - 88::: : Ring-OSC clock operation
after reset OSTC = 00H ; X1 oscillation
OSTS = O5HN°te ; Oscillation stabilization time status register

: Oscillation stabilization time fxp/2'¢

Each processing

OSTC checkM*® ; X1 oscillation stabilization time status check

X1 oscillation stabilization

Ring-OSC clock time has not elapsed
operation X1 oscillation stabilization time has elapsed
PCC setting
Ring-OSC
clock operation
(dividing set PCC)
MCM.0 ~ 1
< ————1 MCM.1 (MCS) is changed from 0 to 1

X1 input clock operation
X1 input clock

Note Check the oscillation stabilization wait time of the X1 oscillator after reset release using the OSTC register
and then switch to the X1 input clock operation after the oscillation stabilization wait time has elapsed. The
OSTS register setting is valid only after STOP mode is released by interrupt during X1 input clock operation.
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5.8.2 Switching from X1 input clock to Ring-OSC clock

X1 input
clock operation

Ring-OSC
clock operation

Register setting
in X1 input
clock operation

Yes: RSTOP =1

PCC.7 (MCC) =0
PCC.4 (CSS)=0
MCM = 03H

RCM .ONOIE
(RSTOP) = 1?

MCMO ~ 0

Ring-OSC clock operation

Figure 5-15. Switching from X1 Input Clock to Ring-OSC Clock (Flowchart)

; X1 oscillation
; X1 input clock or Ring-OSC clock
; X1 input clock operation

; Ring-OSC oscillating?

No: RSTOP =0

; Ring-OSC oscillating

< ~———— MCM.1 (MCS) is changed from 1 to 0

Note Required only when “clock can be stopped by software” is selected for Ring-OSC by a mask option.

140
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5.8.3 Switching from X1 input clock to subsystem clock

Figure 5-16. Switching from X1 Input Clock to Subsystem Clock (Flowchart)

X1 input
clock operation

Subsystem
clock

Register setting PCC.7 (MCC)=0 ; X1 oscillation
in X1 input PCC.4 (CSS)=0 ; X1 input clock or Ring-OSC clock
clock operation MCM = 03H ; X1 input clock operation
CSS 1Mot ; Subsystem clock operation

< ————3 MCS = 1 not changed.

CLS is changed from O to 1.

Subsystem clock operation

Note Set CSS to 1 after confirming that oscillation of the subsystem clock is stabilized.
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5.8.4 Switching from subsystem clock to X1 input clock

Subsystem
clock operation

X1 input
clock operation

142

PCC4(Css)=1
MCM = 03H

No: X1 oscillating

MCC - 0

OSTC check

X1 input clock operation
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Figure 5-17. Switching from Subsystem Clock to X1 Input Clock (Flowchart)

; Subsystem clock operation

; X1 oscillating?

Yes: X1 oscillation stopped

; X1 oscillation enabled

; Wait for X1 oscillation stabilization time

X1 oscillation
stabilization time
not elapsed X1 oscillation stabilization time elapsed
CSS « 0 ; X1 input clock operation

< ———— CLS s changed from 1 to 0.

MCS = 1 not changed.
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5.8.5 Register settings
The table below shows the statuses of the setting flags and status flags when each mode is set.

Table 5-7. Clock and Register Setting

fepu Mode Setting Flag Status Flag

PCC Register MCM MOC RCM PCC MCM

Register | Register | Register | Register | Register

McC CSS | MCMO | MSTOP |RSTOP™ | CLS MCS
X1 input clock™*? Ring-OSC oscillating 0 0 1 0 0 0 1
Ring-OSC stopped 0 0 1 0 1 0 1
Ring-OSC clock X1 oscillating 0 0 0 0 0 0 0
X1 stopped o 0 0 1 0 0 0
Subsystem clock"** | X1 oscillating, Ring-OSC oscillating 0 1 1hes o'’ 0 1 1
X1 stopped, Ring-OSC oscillating 1 1 1Nes o"e® 0 1 1
X1 oscillating, Ring-OSC stopped 0 1 1M’ o"e® 1 1 1
X1 stopped, Ring-OSC stopped 1 1 NS o"e® 1 1 1

Notes 1. Valid only when “clock can be stopped by software” is selected for Ring-OSC by a mask option.

2. Do notset MCC =1 or MSTOP = 1 during X1 input clock operation (even if MCC =1 or MSTOP =1 is set,
the X1 oscillation does not stop).

3. Do not set MCC = 1 during Ring-OSC operation (even if MCC = 1 is set, the X1 oscillation does not stop).
To stop X1 oscillation during Ring-OSC operation, use MSTOP.

4. Shifting to subsystem clock operation mode must be performed from the X1 input clock operation mode.
From subsystem clock operation mode, only X1 input clock operation mode can be shifted to.

5. Do not set MCMO = 0 (shifting to Ring-OSC) during subsystem clock operation.

6. Do not set MSTOP = 1 during subsystem clock operation (even if MSTOP = 1 is set, X1 oscillation does
not stop). To stop X1 oscillation during subsystem clock operation, use MCC.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

The £PD780131 and 780132 incorporate 16-bit timer/event counter 00, and the xPD780133, 780134, 78F0134,

780136, 780138, and 78F0138 incorporate 16-bit timer/event counters 00 and 01.

6.1 Functions of 16-Bit Timer/Event Counters 00 and 01

@)

)

@)

(4)

(%)

(6)

Note

16-bit timer/event counters 00 and 01™* have the following functions.
e Interval timer

e PPG output

e Pulse width measurement

¢ External event counter

e Square-wave output

e One-shot pulse output

Interval timer
16-bit timer/event counters 00 and 01 generate an interrupt request at the preset time interval.

PPG output
16-bit timer/event counters 00 and 01 can output a rectangular wave whose frequency and output pulse width can
be set freely.

Pulse width measurement
16-bit timer/event counters 00 and 01 can measure the pulse width of an externally input signal.

External event counter
16-bit timer/event counters 00 and 01 can measure the number of pulses of an externally input signal.

Square-wave output
16-bit timer/event counters 00 and 01 can output a square wave with any selected frequency.

One-shot pulse output
16-bit timer event counters 00 and 01 can output a one-shot pulse whose output pulse width can be set freely.

Note Available only for the 4/PD780133, 780134, 78F0134, 780136, 780138, and 78F0138.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.2 Configuration of 16-Bit Timer/Event Counters 00 and 01

16-bit timer/event counters 00 and 01 include the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

Item Configuration
Timer counter 16 bits (TMOn)
Register 16-bit timer capture/compare register: 16 bits (CROOn, CR01n)
Timer input TIOON, TIO1n
Timer output TOON, output controller
Control registers 16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOnN)

Prescaler mode register On (PRMOnN)

Port mode register 0 (PMO0)

Port register 0 (P0)

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Figures 6-1 and 6-2 show the block diagrams.

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S

Capture/compare control
register 00 (CRCO00)

8
| | 8 INTTMO00
Noise [_;E; 16-bit timer capture/compare L
T1010/TO00/P01 ©——{elimi- 3 register 000 (CR000)
nator 12
U Match
fx — ﬁ
/22— 8
fx/28 2 16-bit timer counter 00 Clear
_Uj (TMOO) Output TOO0/TI010/
" _ controller ) > ’. © bo1
Noise Match
fx— elimi- | 12 Output latch
nator (PO1) PMO1
I Noise 16-bit timer capture/compare
TI000/P00 © elmi- 171 register 010 (CRO10)
‘ ‘ 4-|g‘ INTTMO010
3]
CRCO002 j—
PRM001/PRMO00) [rmcoos[rMcooziTmeootovFoo] [ospToojospEoo[Tocoo4Lvsoo]LvRoo[Tocoo TOE0O]
16-bit timer mode 16-bit timer output
Pre_scaler mode control register 00 control register 00
reglster 00 (PRMOO) (TMCOO) (TOCOO)
q Internal bus
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Figure 6-2. Block Diagram of 16-Bit Timer/Event Counter 01
(#PD780133, 780134, 78F0134, 780136, 780138, 78F0138 Only)

S Internal bus S

Capture/compare control
register 01 (CRCO01)

CRC012
s
| | 8 INTTMOO1
Noise r:g 16-bit timer capture/compare 2
T1011/TO01/P06 ©—elimi- 3 register 001 (CR001)
nator 2
u Match
fx —
fx/2¢ —= & —
/26 2 16-bit timer counter 01 Clear
_J (TMO1) :| Output
[ L controller ) > ’. ©
f Noise ) Match
x— elimi- Output latch
nator ﬁ (P06) PMO6
Noise 16-bit timer capture/compare
TI001/P05 © ! olimis 1 : p p
nator register 011 (CR011) _
‘ 4~|§‘ INTTMO11
2]
CRCO012 —

PRMOL1JPRM010 [rmcot3[tmcor2 Tmcontlovro| osprotjospeatfTocot4Lvson [LvRo1ocottiToEod]

16-bit timer mode 16-bit timer output

Prescaler mode control register 01 control register 01

register 01 (PRMO01) " (TMCO1) (TOCO01)

§

Internal bus
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(1) 16-bit timer counter On (TMOn)
TMOn is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the input clock.

Figure 6-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TMO00), FFBOH, FFB1H (TMO01) After reset: 0000H R

Symbol FF11H (TMOO) FF10H (TMOO)
FFB1H (TMO1) FFBOH (TMO1)
ooy 1 1 [ [ T T T T T T T T T T T ]

The count value is reset to 0000H in the following cases.

<1> At RESET input
<2> If TMCOn3 and TMCOn2 are cleared

<3> If the valid edge of TI0On is input in the mode in which clear & start occurs when inputting the valid edge of
TIOON

<4> |f TMOn and CROONn match in the mode in which clear & start occurs on a match of TMOn and CR0OOn
<5> OSPTOn is set in one-shot pulse output mode

(2) 16-bit timer capture/compare register 00n (CROON)
CROON is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is

used as a capture register or as a compare register is set by bit 0 (CRCOnO0) of capture/compare control register
On (CRCOnN).

CRO0ON can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 00n (CROON)

Address: FF12H, FF13H (CR000), FFB2H, FFB3H (CR001) After reset: 0000H R/W

Symbol FF13H (CR0O0O0) FF12H (CR0O0O)
FFB3H (CR001) FFB2H (CR001)
ooy L T T T T T T T T T TT T T T

e When CRQOn is used as a compare register
The value set in CROOn is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. The set value is held until CROOn is rewritten.

e When CROOn is used as a capture register

It is possible to select the valid edge of the TIOOn pin or the TI0O1n pin as the capture trigger. The TIOOn or
TI01n pin valid edge is set using prescaler mode register On (PRMOnN) (see Table 6-2).
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Table 6-2. CROONn Capture Trigger and Valid Edges of TIOOn and TIO1n Pins

(1) TIOONn pin valid edge selected as capture trigger (CRCOn1 =1, CRCOn0 =1)

CROON Capture Trigger TIOON Pin Valid Edge
ESOn1 ESOnO
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1
(2) TI01n pin valid edge selected as capture trigger (CRCOn1 =0, CRCOn0 = 1)
CROON Capture Trigger TI01n Pin Valid Edge
ES1nl ES1n0
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESOn0 = 1, 0 and ES1n1, ES1n0 =1, 0 is prohibited.
2. ESOn1, ESONO: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES1n1, ES1n0: Bits 7 and 6 of prescaler mode register On (PRMOn)
CRCOn1, CRCONO: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0: 4PD780131, 780132
n=0, 1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Cautions 1. Set a value other than 0000H in CROOn in the mode in which clear & start occurs on a match
of TMOn and CROONn. However, in the free-running mode and in the clear mode using the
valid edge of TIOOn, if CROOn is cleared to O000H, an interrupt request (INTTMOON) is
generated when the value of CROOn changes from 0000H to 0001H following overflow

(FFFFH).

2. When PO1 or P06 is used as the valid edge input pin of TIO1n, it cannot be used as the timer
output (TOON). Moreover, when P01 or P06 is used as TOOn, it cannot be used as the valid

edge input pin of TIO1n.

3. When CROOn is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).

If count stop input and capture trigger input conflict, the captured data is undefined.

4. Do not rewrite CROOn during TMOn operation.
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO01n is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or a compare register is set by bit 2 (CRCOn2) of capture/compare control register On
(CRCOn).
CRO01n can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFB5H (CRO11) After reset: 0000H R/W

Symbol FF15H (CR010) FF14H (CR010)
FFB5H (CRO11) FFB4H (CRO11)
ooy 1 1 [ [ T T T T T TP T T T T ]

e When CRO1n is used as a compare register
The value set in the CRO1n is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match. The set value is held until CRO1n is rewritten.

e When CRO1n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TIOOn valid edge is set by

prescaler mode register On (PRMON) (see Table 6-3).

Table 6-3. CRO1n Capture Trigger and Valid Edge of TIOOn Pin (CRCONn2 = 1)

CRO1n Capture Trigger TI0On Pin Valid Edge
ESOn1 ESONO
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESONnO = 1, 0 is prohibited.
2. ESOn1, ESOnO: Bits 5 and 4 of prescaler mode register On (PRMOn)
CRCON2: Bit 2 of capture/compare control register On (CRCOn)
3. n=0: xPD780131, 780132
n=0, 1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Cautions 1. If the CRO1n register is cleared to 0000H, an interrupt request (INTTMO1n) is generated after

the TMOn register overflows, after the timer is cleared and started on a match between the
TMOn register and the CROOnN register, or after the timer is cleared by the valid edge of TIOOn
or a one-shot trigger.

2. When CRO01n is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).
If count stop input and capture trigger input conflict, the captured data is undefined.

3. CRO1n can be rewritten during TMOn operation. For details, see Caution 2 in Figure 6-20.
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6.3

T

)

150

Registers Controlling 16-Bit Timer/Event Counters 00 and 01
he following six registers are used to control 16-bit timer/event counters 00 and 01.

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOnN)
Prescaler mode register On (PRMOnN)

Port mode register 0 (PMO)

Port register 0 (P0)

16-bit timer mode control register On (TMCOn)

This register sets the 16-bit timer operating mode, the 16-bit timer counter On (TMOn) clear mode, and output
timing, and detects an overflow.

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

RESET input clears TMCOn to 00H.

Caution 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and TMCOn3 are set to
values other than 0, O (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 0, O to

stop the operation.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-6. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address FFBAH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCOO| O 0 0 0 [TMCO003TMC002[TMC001 OVFOO0
TMCO003 | TMC002 | TMCO001 Operating mode and clear TOOO inversion timing selection Interrupt request generation
mode selection
0 0 0 Operation stop No change Not generated
0 0 1 (TMOO cleared to 0)
0 1 0 Free-running mode Match between TM00 and Generated on match between
CRO000 or match between TMOO0 and CRO000, or match
TMO00 and CR010 between TM0O and CR010
0 1 1 Match between TMO00 and
CRO000, match between TM0OO
and CR010 or TI000 valid edge
1 0 0 Clear & start occurs on TI000 -
1 0 1 valid edge
1 1 0 Clear & start occurs on match Match between TM00 and
between TM00 and CR0O00 CROO00 or match between
TMO0O0 and CR0O10
1 1 1 Match between TM00 and
CRO000, match between TM0O
and CRO010 or TI000 valid edge
OVF00 16-bit timer counter 00 (TMOO) overflow detection
0 Overflow not detected
1 Overflow detected
Cautions 1. Timer operation must be stopped before writing to bits other than the OVF0O flag.

2. Set the valid edge of the TIO00/P0O0 pin using prescaler mode register 00 (PRMO0O).
3. If any the following modes: the mode in which clear & start occurs on match between TM00

and CRO000, the mode in which clear & start occurs at the TIOO valid edge, or free-running

mode is selected, when the set value of CR000 is FFFFH and the TMOO value changes from
FFFFH to 0O000H, the OVFOO flag is set to 1.

Remark TOO0O:
TI000:
TMOO:
CRO000:
CRO10:

16-bit timer/event counter 00 output pin
16-bit timer/event counter 00 input pin

16-bit timer counter 00
16-bit timer capture/compare register 000
16-bit timer capture/compare register 010
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Figure 6-7. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address FFB6H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>

TMCO1| O 0 0 0 [TMCO013TMC012TMC011OVFO1

TMCO013 | TMCO012 | TMCO011 Operating mode and clear TOOL1 inversion timing selection Interrupt request generation
mode selection

0 0 0 Operation stop No change Not generated

0 0 1 (TMO1 cleared to 0)

0 1 0 Free-running mode Match between TM01 and Generated on match between
CROO01 or match between TMO1 and CROO01, or match
TMO1 and CRO11 between TM01 and CR011

0 1 1 Match between TMO1 and

CRO001, match between TM01
and CRO11 or T1001 valid edge

1 0 0 Clear & start occurs on TI001 -
1 0 1 valid edge
1 1 0 Clear & start occurs on match Match between TM01 and
between TMO1 and CR001 CRO001 or match between
TMO1 and CRO11
1 1 1 Match between TMO1 and
CRO001, match between TM01
and CRO11 or TI001 valid edge
OVF01 16-bit timer counter 01 (TMO01) overflow detection
0 Overflow not detected
1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF01 flag.

2. Set the valid edge of the TI001/P05 pin using prescaler mode register 01 (PRMO01).

3. If any the following modes: the mode in which clear & start occurs on match between TM01
and CRO001, the mode in which clear & start occurs at the TIO1 valid edge, or free-running
mode is selected, when the set value of CR001 is FFFFH and the TMO1 value changes from
FFFFH to 0000H, the OVFO1 flag is set to 1.

Remark TOO01: 16-bit timer/event counter 01 output pin
TIO01: 16-bit timer/event counter 01 input pin
TMO1: 16-bit timer counter 01
CRO0O01: 16-bit timer capture/compare register 001
CRO0O11: 16-bit timer capture/compare register 011
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(2) Capture/compare control register On (CRCON)
This register controls the operation of the 16-bit timer capture/compare registers (CR00n, CR0O1n).
CRCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRCOn to 00H.

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Figure 6-8. Format of Capture/Compare Control Register 00 (CRCO00)

Address: FFBCH  After reset: 00H R/W

Symbol
CRCO00

Cautions 1.
2.

7 6 5 4 3 2 1 0
0 0 0 0 0 CRC002 CRCO001 CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRC001 CROO0O capture trigger selection
0 Captures on valid edge of TI010
1 Captures on valid edge of TI000 by reverse phase
CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

Timer operation must be stopped before setting CRCO0O0.

When the mode in which clear & start occurs on a match between TMOO and CROOO is
selected with 16-bit timer mode control register 00 (TMCO00), CR000 should not be specified
as a capture register.

The capture operation is not performed if both the rising and falling edges are specified as
the valid edge of TI000.

To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by prescaler mode register 00
(PRMO0O0).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-9. Format of Capture/Compare Control Register 01 (CRCO01)

Address: FFB8H  Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO01 0 0 0 0 0 CRCO012 CRCO011 CRCO010
CRCO012 CRO011 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO011 CRO0O01 capture trigger selection
0 Captures on valid edge of TI011
1 Captures on valid edge of TI001 by reverse phase
CRCO010 CRO001 operating mode selection
0 Operates as compare register
1 Operates as capture register

Cautions 1. Timer operation must be stopped before setting CRCO1.

2. When the mode in which clear & start occurs on a match between TMO1 and CROO1 is
selected with 16-bit timer mode control register 01 (TMCO01), CR001 should not be specified
as a capture register.

3. The capture operation is not performed if both the rising and falling edges are specified as
the valid edge of TIOO01.

4. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by prescaler mode register 01
(PRMO1).

(3) 16-bit timer output control register On (TOCON)
This register controls the operation of the 16-bit timer/event counter On output controller. It sets/resets the timer
output F/F (LVOn), enables/disables output inversion and 16-bit timer/event counter On timer output,
enables/disables the one-shot pulse output operation, and sets the one-shot pulse output trigger via software.
TOCON can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCOn to O0H.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-10. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO00 OSPEO0 TOCO004 LVS00 LVROO TOCO001 TOEOO

OSPT00 One-shot pulse output trigger control via software
0 No one-shot pulse trigger
1 One-shot pulse trigger

OSPEOQO One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode™*

TOCO004 Timer output F/F control using match of CR010 and TM0O0
0 Disables inversion operation
1 Enables inversion operation

LVS00 LVROO Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO001 Timer output F/F control using match of CR000 and TM0O
0 Disables inversion operation
1 Enables inversion operation

TOEO0 Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI000 valid edge. In the mode in which clear & start occurs on a match between
the TMOO register and CRO0O register, one-shot pulse output is not possible because an overflow does not
occur.

Cautions 1. Timer operation must be stopped before setting other than TOC004.
If LVS00 and LVRO0O are read, O is read.

OSPTOO is automatically cleared after data is set, so O is read.

Do not set OSPTO0O0 to 1 other than in one-shot pulse output mode.

a krwDn

A write interval of two cycles or more of the count clock selected by prescaler mode register
00 (PRMOQO) is required to write to OSPTO0O successively.
6. Do not set LVSO00 to 1 before TOEOO, and do not set LVS00 and TOEOO to 1 simultaneously.
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Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which

Figure 6-11. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFBO9H  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO01 0 OSPTO1 OSPEO1 TOCO014 LVS01 LVRO1 TOCO011 TOEO1

OSPTO1 One-shot pulse output trigger control via software
0 No one-shot pulse trigger
1 One-shot pulse trigger

OSPEO1 One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode™*

TOCO014 Timer output F/F control using match of CR011 and TMO1
0 Disables inversion operation
1 Enables inversion operation

LVS01 LVRO1 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO011 Timer output F/F control using match of CR001 and TMO1
0 Disables inversion operation
1 Enables inversion operation

TOEO1 Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

clear & start occurs at the TI001 valid edge. In the mode in which clear & start occurs on a match between
the TMO1 register and CRO01 register, one-shot pulse output is not possible because an overflow does not

occur.

Cautions 1. Timer operation must be stopped before setting other than TOC014.

156

If LVS01 and LVRO1 are read, O is read.
OSPTO1 is automatically cleared after data is set, so O is read.
Do not set OSPTO1 to 1 other than in one-shot pulse output mode.

a > wbn

01 (PRMO01) is required to write to OSPTO1 successively.

6. Do not set LVSO01 to 1 before TOEO1, and do not set LVS01 and TOEO1 to 1 simultaneously.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(4) Prescaler mode register On (PRMON)
This register is used to set the 16-bit timer counter On (TMOn) count clock and TI00n and TI01n input valid edges.
PRMOn can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears PRMOn to 00H.

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Figure 6-12. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 0O0H R/W
Symbol 7 6 5 4 3 2
PRMO00O ES101 ES100 ES001 ES000 0 0
ES101 ES100 TI010 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TI000 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection
0 0 fx (10 MHz)
0 1 fx/2? (2.5 MHz)
1 0 fx/2° (39.06 kHz)
1 1 TI000 valid edge™*

Note The external clock requires a pulse two cycles longer than internal count clock (fx).
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Cautions 1.

When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the
Ring-OSC clock, the operation of 16-bit timer/event counter 00 is not guaranteed. When an
external clock is used and when the Ring-OSC clock is selected and supplied to the CPU, the
operation of 16-bit timer/event counter 00 is not guaranteed, either, because the Ring-OSC
clock is supplied as the sampling clock to eliminate noise.

Always set data to PRMOO after stopping the timer operation.

If the valid edge of TIO0O is to be set for the count clock, do not set the clear & start mode
using the valid edge of TIO00 and the capture trigger.

If the TIOOO or TIO10 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TIO00 pin or TI010 pin to enable the operation of 16-bit timer counter 00
(TMO00). Care is therefore required when pulling up the TIO00 or TI010 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.

When P01 is used as the TI010 valid edge, it cannot be used as the timer output (TO00), and
when used as TOOO, it cannot be used as the TI010 valid edge.

Remarks 1. fx: X1 input clock oscillation frequency
2. TIOO0O, TI010: 16-bit timer/event counter 00 input pin
3. Figures in parentheses are for operation with fx = 10 MHz.

Figure 6-13. Format of Prescaler Mode Register 01 (PRM01)

Address: FFB7H  After reset: OOH R/W

Symbol 7 6 5 4 3 1 0
PRMO1 ES111 ES110 ES011 ES010 0 PRMO011 PRMO010
ES111 ES110 TI011 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ESO011 ES010 TI001 valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRMO11 PRMO010 Count clock selection
0 0 fx (10 MHz)
0 1 fx/2* (625 kHz)
1 0 fx/2° (156.25 kHz)
1 1 TI001 valid edge™*®

Note The external clock requires a pulse two cycles longer than internal count clock (fx).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Cautions 1. When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the
Ring-OSC clock, the operation of 16-bit timer/event counter 01 is not guaranteed. When an
external clock is used and when the Ring-OSC clock is selected and supplied to the CPU, the
operation of 16-bit timer/event counter 01 is not guaranteed, either, because the Ring-OSC
clock is supplied as the sampling clock to eliminate noise.

2. Always set data to PRMO1 after stopping the timer operation.

3. If the valid edge of TI0OO1 is to be set for the count clock, do not set the clear & start mode
using the valid edge of TIOO1 and the capture trigger.

4. If the TIO01 or TIO11 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TIOO1 pin or TIO11 pin to enable the operation of 16-bit timer counter 01
(TMO01). Care is therefore required when pulling up the TI001 or TI011 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.

5. When P06 is used as the TI011 valid edge, it cannot be used as the timer output (TO01), and
when used as TOO01, it cannot be used as the TI011 valid edge.

Remarks 1. fx: X1 input clock oscillation frequency
2. TI001, TI011: 16-bit timer/event counter 01 input pin
3. Figures in parentheses are for operation with fx = 10 MHz.

(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P01/TO00/TI010 and P06/TO01"*/TI011"* pins for timer output, set PM01 and PM06 and the
output latch of PO1 and P06 to 0.
When using the P01/TO00/TI010 and PO6/TO01"**/T1011"* pins for timer input, set PM01 and PMO06 to 0. At this
time, the output latch of P01 and P06 may be O or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
ﬁinput sets PMO to FFH.

Figure 6-14. Format of Port Mode Register 0 (PMO0)

Address: FF20H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 [PMO6|PMO5|PMO04|PM03|PM02|PMO1|PMO0

PMON POn pin I/0O mode selection (n =0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note Available only for the £PD780133, 780134, 78F0134, 780136, 780138, and 78F0138.
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6.4 Operation of 16-Bit Timer/Event Counters 00 and 01

6.4.1 Interval timer operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown

in Figure 6-15 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>

Set the CRCOn register (see Figure 6-15 for the set value).

Set any value to the CROOnN register.

Set the count clock by using the PRMOn register.

Set the TMCOn register to start the operation (see Figure 6-15 for the set value).

Caution CRO0On cannot be rewritten during TMOn operation.

Remark For how to enable the INTTMOON interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

Interrupt requests are generated repeatedly using the count value preset in 16-bit timer capture/compare register
00n (CROON) as the interval.

When the count value of 16-bit timer counter On (TMOn) matches the value set in CR0OON, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOON) is generated.

The count clock of 16-bit timer/event counter On can be selected with bits 0 and 1 (PRMOn0, PRMOnN1) of prescaler
mode register On (PRMON).

Remark n=0: 4PD780131, 780132

160

n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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TMCOn

CRCOn

PRMOn

Figure 6-15. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOn)

Clears and starts on match between TMOn and CR0OON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

0 0 0 0 1 1 0/1 0

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

0 0 0 0 0 0/1 0/1 0
L

ES1nl ES1n0 ESOn1 ESONnO

CROON used as compare register

(c) Prescaler mode register On (PRMON)

3

2

PRMOn1 PRMONnO

0/1

0/1

0/1

0/1

0

0

0/1 | 0/1

T

Selects count clock.
Setting invalid (setting “10” is prohibited.)
Setting invalid (setting “10” is prohibited.)

Remarks 1. 0/1: Setting O or 1 allows another function to be used simultaneously with the interval timer. See the

description of the respective control registers for details.
2.n=0:
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

uPD780131, 780132
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-16. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00n (CROON)

INTTMOON
fx (fX)Notel ‘ ‘
/22 (fx/24)Note 8
8 (£, /oB\Note 1 2 16-bit timer counter On OVNI?SZ
fx/28 (fx/20)Note 3 (ThON) .
Noise
TIO00/PO0 ©— i ]
001/P05)Note 1 eliminator
(T1001/P05) -
? circuit

fx

Notes 1. Frequencies and pin nhames without parentheses are for 16-bit timer/event counter 00, and those in
parentheses are for 16-bit timer/event counter 01.
2. OVFOn is set to 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Figure 6-17. Timing of Interval Timer Operation

1 t 1

-

TMON count value Aoooon-i Yoo || X n XOOOOHXOOMHX L XN XOOOOHXOOMHX \\ Y ~n X

Timer operation enabled Cllear Cllear
CROON N \| N I\ N \\ N
' | ' | |
INTTMOON (( I_l (( I_l (( I_
)T A )] A )T
Interrupt acknowledged Interrupt acknowledged

Remark Interval time = (N + 1) x t
N = 0001H to FFFFH
n=0: uPD780131, 780132
n=0,1: 4PD780133, 780134, 78F0134, 780136, 780138, 78F0138
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6.4.2 PPG output operations
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-18 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>
<5>
<6>

Set the CRCOnN register (see Figure 6-18 for the set value).

Set any value to the CROOnN register as the cycle.

Set any value to the CRO1n register as the duty factor.

Set the TOCON register (see Figure 6-18 for the set value).

Set the count clock by using the PRMOn register.

Set the TMCOn register to start the operation (see Figure 6-18 for the set value).

Caution To change the value of the duty factor (the value of the CRO1n register) during operation, see

Caution 2 in Figure 6-20 PPG Output Operation Timing.

Remarks 1. For the setting of the TOOn pin, see 6.3 (5) Port mode register 0 (PMO).

2. For how to enable the INTTMOOn interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

In the PPG output operation, rectangular waves are output from the TOOn pin with the pulse width and the cycle

that correspond to the count values preset in 16-bit timer capture/compare register 01n (CR01n) and in 16-bit timer

capture/compare register 00n (CROOnN), respectively.

Remark n=0: xPD780131, 780132

n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

User's Manual U16228EJ2VOUD 163


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-18. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\—‘—1— Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 0 X 0

L CROON used as compare register

CRO1n used as compare register

(c) 16-bit timer output control register On (TOCON)

OSPTOn OSPEON TOCOn4 LVSONn LVROn TOCOn1 TOEON

~

TOCOn| O 0 0 1 0/1 | 01 1 1
L L L Enables TOON output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Inverts output on match between TMOn and CRO1n.

Disables one-shot pulse output.

* (d) Prescaler mode register On (PRMOnN)

ES1nl ES1n0 ESOnl ESONO0 3 2 PRMOnl PRMOnO

PRMOn| 0/1 | O/1 | O/1 | O/1 0 0 o/1 | 0/1

L] L] \_i
Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

* Cautions 1. Values in the following range should be set in CR0O0On and CRO1n:
0000H < CRO1n < CROON < FFFFH
2. The cycle of the pulse generated through PPG output (CROOn setting value + 1) has a duty of
(CRO1n setting value + 1)/(CR0OOn setting value + 1).

Remark x: Don't care

n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-19. Configuration Diagram of PPG Output

16-bit timer capture/compare
register 00n (CROON)

|l

16-bit timer counter On Clear
(TMOn) circuit

fx (fX)Nole J—

/22 (fx/2%)Note

/28 (/28 Nore ——————

Selector

TI000/P00 Noise | .|
(T1001/P0O5)Note eliminator

f

“ I

16-bit timer capture/compare
register 01n (CRO1n)

TOO00/TI010/P01
(TO01/T1011/P06 )

Output controller

Note Frequencies and pin names without parentheses are for 16-bit timer/event counter 00, and those in
parentheses are for 16-bit timer/event counter 01.

Figure 6-20. PPG Output Operation Timing

1 t 1
1 1
1 1

Countclock||||||||||||||||||||||

TMOn count value NAXOOOOHX0001HX V-1 w X R .AXOOOOHX0001HX

Cllear E Clear
CROON capture value \\ N \\
CRO1n capture value \\ M | \\ I

TOON J b !—S&,

Pulse width: (M + 1) x t

lcycle: (N+1)xt

Cautions 1. CRO0On cannot be rewritten during TMOn operation.
2. In the PPG output operation, change the pulse width (rewrite CR01n) during TMOn operation
using the following procedure.
<1> Disable the timer output inversion operation by match of TMOn and CR0O1n (TOCOn4 = 0)
<2> Disable the INTTMO1n interrupt (TMMKO1n = 1)
<3> Rewrite CR01n
<4> Wait for 1 cycle of the TMOn count clock
<5> Enable the timer output inversion operation by match of TMOn and CRO1n (TOCOn4 = 1)
<6> Clear the interrupt request flag of INTTMO1n (TMIFO1n = 0)
<7> Enable the INTTMO1n interrupt (TMMKO1n = 0)

Remarks 1. 0000H <M < N < FFFFH
2. n=0: wPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

User's Manual U16228EJ2VOUD 165


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIOOn pin and TIO1ln pin using 16-bit timer
counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00n pin.

* When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate

the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected by
prescaler mode register On (PRMOnN) and the valid level of the TIOOn or TI01n pin is detected twice, thus eliminating

noise with a short pulse width.

Figure 6-21. CRO1n Capture Operation with Rising Edge Specified

Count clock _| | | | | | | | | |

|
™on [ N-3 f N-2 f N-1 k ILI X N+1 )

TI0ON [ A

Rising edge detection | | l

CRO1n X

|
|
N
|
INTTMO1n | |

*

The basic operation setting procedure is as follows.

<1> Setthe CRCOn register (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).
<2> Set the count clock by using the PRMOn register.
<3> Setthe TMCOn register to start the operation (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).

Caution To use two capture registers, set the TIOOn and TI01n pins.

Remarks 1. For the setting of the TI00n (or TI01n) pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOONn (or INTTMOL1n) interrupt, see CHAPTER 17 INTERRUPT
FUNCTIONS.
3. n=0: 4PD780131, 780132
n=0, 1. xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter On (TMON) is operated in free-running mode, and the edge specified by prescaler mode
register On (PRMON) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare
register 01n (CRO1n) and an external interrupt request signal (INTTMO1n) is set.
Specify both the rising and falling edges by using bits 4 and 5 (ESOn0 and ESOn1) of PRMOnN.
Sampling is performed using the count clock selected by PRMOn, and a capture operation is only performed
when a valid level of the TIOOn pin is detected twice, thus eliminating noise with a short pulse width.

Figure 6-22. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TIOOn and CR0O1n Are Used)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/1 0

\—‘—1— Free-running mode

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0/1 0

L CROON used as compare register

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMOn| 0/1 | 0/1 1 1 0 0 0/1 | 0/1

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: ©PD780131, 780132
n=0, 1: 4xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-23. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx (fx)Note ——
22 (f2tyore —| 3 16-bit timer counter On oVFon
o) (TMON)
fx/28 (f/28)Note —=| D ‘ ‘
16-bit timer capture/compare
TiOOn © register 01n (CRO1n)
@ INTTMO1n
2 Internal bus 2

Note Frequencies without parentheses are for 16-bit timer/event counter 00, and those in parentheses are for 16-

bit timer/event counter 01.

Figure 6-24. Timing of Pulse Width Measurement Operation with Free-Running Counter

and One Capture Register (with Both Edges Specified)

| t |

-

TMOnN count value XOOOOHXOOOlHX \\X I?O XDO+ 1X \\ X I?l XD1+ 1X \\ XFFFFHXOOOOHX

TI00N pin input } S-| ‘
—S |

D S £

CRO1n capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X D3
INTTMO1n " i |_| 0 i 0 (" i H 0 i |_|_
) I D 1} ) 7 D
OVFon [ ( : (( : (( | " i (‘l Note :
D D )T | |
. (D1-DO)xt ! (10000H - D1 + D2) x t . (D3-D2)xt

Note Clear OVFOn by software.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

168 User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(2) Measurement of two pulse widths with free-running counter
When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TI0OOn pin and the TI01n pin.
When the edge specified by bits 4 and 5 (ESOn0 and ESOn1l) of prescaler mode register On (PRMOn) is input to
the TIOON pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an interrupt
request signal (INTTMO1n) is set.
Also, when the edge specified by bits 6 and 7 (ES1n0 and ES1nl) of PRMOn is input to the TIO1n pin, the value
of TMOn is taken into 16-bit timer capture/compare register 00n (CROOn) and an interrupt request signal
(INTTMOQOnN) is set.
Specify both the rising and falling edges as the edges of the TIOOn and TI01n pins, by using bits 4 and 5 (ESOn0
and ESOn1) and bits 6 and 7 (ES1n0 and ES1n1) of PRMOnN.
Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn or TIO1n pin is detected twice, thus
eliminating noise with a short pulse width.

Figure 6-25. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(&) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/1 0

—r

(b) Capture/compare control register On (CRCOn)

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0 1

L CROON used as capture register

Captures valid edge of T101n pin to CROON.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOnl ESON0 3 2 PRMOn1 PRMONn0

PRMOn| 1 1 1 1 0 0 0/1 | 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Specifies both edges for pulse width detection.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: wPD780131, 780132
n=0, 1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-26. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

TMOnN count value XOOOOHXOOOlHX \\ X I?O XDO+ 1X \\ X l?l XD1+ 1X \\ XFFFFHXOOOOHX \\ X I?Z XD:2+ 1XD2+2X \\X ?3

TI00nN pin input 1 q | (" ( | | (J | |
—S 1 ! )] ) 1 1 !
CRO1n capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X
INTTMO1n " l |_| " l |_| | | l |_| " l
| | [ L | | |
TI01n pin input ( 1 {J i N R i | | (" |
) ) )
CROON capture value (. T Yor | T Yoeer |

INTTMOON | ( | |_| ( | | | :ix |
] )

OVFOn | | |

I
|
l
(DL-DO) xt | (10000H - D1 + D2) x t
I
|
' (10000H - D1+ (D2 + 1)) x t

Note Clear OVFOn by software.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to measure the pulse width
of the signal input to the TIOOn pin.
When the rising or falling edge specified by bits 4 and 5 (ESOnO and ESOnl) of prescaler mode register On

(PRMON) is input to the TIOON pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n
(CRO1n) and an interrupt request signal (INTTMO1n) is set.
Also, when the inverse edge to that of the capture operation is input into CRO1n, the value of TMOn is taken into

16-bit timer capture/compare register 00n (CROON).

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a

capture operation is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise

with a short pulse width.

Figure 6-27. Control Register Settings for Pulse Width Measurement with Free-Running Counter and

Remark

Two Capture Registers (with Rising Edge Specified)

(@) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/1 0

\—‘—1— Free-running mode

(b) Capture/compare control register On (CRCOnN)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CR0OOnN at inverse edge
to valid edge of TI0On.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOn1 ESOn0O 3 2 PRMOn1 PRMOnO

PRMOn| 0/1 0/1 0 1 0 0 o0/1 | 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

0/1: Setting O or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.

n=0: wPD780131, 780132

n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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T

CRO1n capture value \

CROON capture value \

(4)

172

Figure 6-28. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

Mon count value  Yooooooozr) || X Do Xoo+ 2 |\ X D1 Xor+2X 1) YerrerooooHk 1 X D2 Xoz+ 1} 1\ X ?3X

TI00n pin input J_—g:'l | r—”l |
|

(R e
) \
INTTMO1n : ll_l S l S :H\ (}

— ) &|Nite‘

(D3-D2) xt !

| |
OVFOn ‘ (. ([ |
) )7

' (D1-DO0)xt 1 (10000H - D1 + D2) x t
Note Clear OVFOn by software.

Pulse width measurement by means of restart

When input of a valid edge to the TI0On pin is detected, the count value of 16-bit timer counter On (TMOn) is taken
into 16-bit timer capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TIOOn
pin is measured by clearing TMOn and restarting the count operation.

Either of two edges—rising or falling—can be selected using bits 4 and 5 (ESOn0O and ESOn1) of prescaler mode
register On (PRMON).

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn) and a
capture operation is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise
with a short pulse width.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-29. Control Register Settings for Pulse Width Measurement by Means of Restart
(with Rising Edge Specified)

(@) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 0 0/1 0

—r—

(b) Capture/compare control register On (CRCOn)

Clears and starts at valid edge of TI0On pin.

7 6 5 4 3 CRCOn2 CRCONn1 CRCOON

CRCON| 0 | © 0| 0| O 1 1 1
L

CROOnN used as capture register

—————— Captures to CR0On at inverse edge to valid edge of TIOOn.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMONn| 0/1 0/1 0 1 0 0 0/1 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Figure 6-30. Timing of Pulse Width Measurement Operation by Means of Restart (with Rising Edge Specified)

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
TMON count value XOOOOHXOOOlHX \\X DO XOOOOHXOOOlHX D1 X \\ X D2 XOOOOHXOOOlHX
‘ ; ‘

TIOON pin input | l | | | | |

(
)

CRO1n capture value \\ XDO \\ X D2
\

CROON capture value

INTTMO1n B | |_| | B | |_|
)] )]

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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6.4.4 External event counter operation

*

The basic operation setting procedure is as follows.

<1> Setthe CRCOn register (see Figure 6-31 for the set value).

<2> Set the count clock by using the PRMOn register.

<3> Set any value to the CROOnN register (0000H cannot be set).

<4> Set the TMCOn register to start the operation (see Figure 6-31 for the set value).

Remarks 1. For the setting of the TIOOn pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOn interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

The external event counter counts the number of external clock pulses input to the TIOOn pin using 16-bit timer
counter On (TMOn).

TMOn is incremented each time the valid edge specified by prescaler mode register On (PRMOn) is input.

When the TMOn count value matches the 16-bit timer capture/compare register 00n (CROOn) value, TMOn is
cleared to 0 and the interrupt request signal (INTTMOON) is generated.

Input a value other than 0000H to CR0OON (a count operation with 1-bit pulse cannot be carried out).

Any of three edges—ising, falling, or both edges—can be selected using bits 4 and 5 (ESOn0O and ESOn1) of
prescaler mode register On (PRMON).

* Sampling is performed using the internal clock (fx) and an operation is only performed when a valid level of the

TI0ON pin is detected twice, thus eliminating noise with a short pulse width.
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Figure 6-31. Control Register Settings in External Event Counter Mode (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0/1 0

—r—

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CR0OON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 0/1 | 0/1 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES1nl ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMON0

PRMOn| 0/1 0/1 0 1 0 0 1 1

\ ! \ ! \_i

Selects external clock.

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.
See the description of the respective control registers for details.
n=0: wPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-32. Configuration Diagram of External Event Counter

2 Internal bus 8

{

16-bit timer capture/compare
register 00n (CROON)

u Match

INTTMOON
ﬁ Clear

fx———={ Noise eliminator 16-bit timer counter On (TMON) OVFOnMete

Valid edge of TIOOh O——
Note OVFOn is set to 1 only when CROOnN is set to FFFFH.

Figure 6-33. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOnpmmputIlIlIlIl||||||%(||||||||||||||

TMOn count value  §0000HX 0001H {0002+ { 0003+ { 0004+ { 0005H X \\ In—1f N Yoooor X 0001H)0002H f0003H |
I
CROON N |\
1T T
I
INTTMOON []

Caution When reading the external event counter count value, TMOn should be read.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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6.4.5 Square-wave output operation

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>
<5>

Set the count clock by using the PRMOn register.

Set the CRCOn register (see Figure 6-34 for the set value).

Set the TOCON register (see Figure 6-34 for the set value).

Set any value to the CROOnN register (O000H cannot be set).

Set the TMCOn register to start the operation (see Figure 6-34 for the set value).

Caution CRO0On cannot be rewritten during TMOn operation.

Remarks 1. For the setting of the TOOnN pin, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOn interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

A square wave with any selected frequency can be output at intervals determined by the count value preset to 16-
bit timer capture/compare register 00n (CR0OON).

The TOOnN pin output status is reversed at intervals determined by the count value preset to CR0On + 1 by setting
bit 0 (TOEON) and bit 1 (TOCON1) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

TMCOn| O 0 0 0 1 1 0 0

CRCOn| O 0 0 0 0 0/1 0/1 0

Figure 6-34. Control Register Settings in Square-Wave Output Mode (1/2)

(@) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

\—‘—1— Clears and starts on match between TMOn and CROOn.

(b) Capture/compare control register On (CRCOnN)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

L CROON used as compare register
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Figure 6-34. Control Register Settings in Square-Wave Output Mode (2/2)

(c) 16-bit timer output control register On (TOCOn)

7  OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn

Tocon| o | o | O | O |01 |01 1 1
L | L |

L Enables TOOnN output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Does not invert output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMON)

ES1nl ESIn0 ESOnl ESOn0 3 2 PRMOn1 PRMON0

PRMOn| 0/1 | O0/1 | O/1 | O/1 0 0 0/1 | 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
description of the respective control registers for details.
n=0: wPD780131, 780132
n=0, 1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138

Figure 6-35. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

I I
TMOn count value  {0000H } 0001+ 0002+ { \\  Xn—1X N Yoooor) o001+ {ooozH X \\ Xn—2)X N X ooooH
I I

CROON N \\ \\

|
INTTMOOn | []

TOON pin output J

M
—

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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6.4.6 One-shot pulse output operation

16-bit timer/event counter On can output a one-shot pulse in synchronization with a software trigger or an external
trigger (T100n pin input).

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Setthe CRCOn register (see Figures 6-36 and 6-38 for the set value).

<3> Setthe TOCOn register (see Figures 6-36 and 6-38 for the set value).

<4> Set any value to the CROOn and CRO1n registers (O000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figures 6-36 and 6-38 for the set value).

Remarks 1. For the setting of the TOOnN pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOn (if necessary, INTTMO1n) interrupt, see CHAPTER 17
INTERRUPT FUNCTIONS.

(1) One-shot pulse output with software trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOnN) as shown in
Figure 6-36, and by setting bit 6 (OSPTOn) of the TOCON register to 1 by software.
By setting the OSPTOn bit to 1, 16-bit timer/event counter On is cleared and started, and its output becomes
active at the count value (N) set in advance to 16-bit timer capture/compare register 01n (CRO1n). After that, the
output becomes inactive at the count value (M) set in advance to 16-bit timer capture/compare register 00n
(CROON)™".
Even after the one-shot pulse has been output, the TMOn register continues its operation. To stop the TMOn
register, the TMCOn3 and TMCOnN2 bits of the TMCOn register must be set to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CROOn register
and inactive with the CRO1n register. Do not set N to M.

Cautions 1. Do not set the OSPTOn bit while the one-shot pulse is being output. To output the one-shot
pulse again, wait until the current one-shot pulse output is completed.
2. When using the one-shot pulse output of 16-bit timer/event counter On with a software
trigger, do not change the level of the TIOOn pin or its alternate-function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even
at the level of the TIOOn pin or its alternate-function port pin, resulting in the output of a
pulse at an undesired timing.

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-36. Control Register Settings for One-Shot Pulse Output with Software Trigger

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFON
TMCOnlO‘O‘O‘O‘O‘l‘O‘Ol

Free-running mode

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1l CRCONO
CRCOnlO‘O‘O‘O‘O‘O‘O/l‘Ol

B

CROON as compare register

CRO1n as compare register

(c) 16-bit timer output control register On (TOCON)

7 OSPTOn OSPEOn TOCOR4 LVSOn LVROn TOCOnl TOEON
TOCOnlO‘O‘l‘l‘O/l‘O/l‘ 1‘1|

Enables TOOn output.

——— Inverts output upon match
between TMOn and CR0OON.

Specifies initial value of
TOON output F/F (setting “11” is prohibited.)

Inverts output upon match
between TMOn and CRO1n.

Sets one-shot pulse output mode.

Set to 1 for output.

(d) Prescaler mode register On (PRMOnN)

ESinl ESIn0 ESOnl1  ESONnO 3 2 PRMOn1 PRMONO

PRMOnl on ‘ 01 ‘ o1 ‘ on ‘ 0 ‘ 0 ‘ on ‘ 0/1|

L L Li

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set 0000H to the CR0OOn and CRO1n registers.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-37. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOn to OCH
(TMOnN count starts)

CountclocklllllIl!llllllll!lllll!lllll

T™MOn count  0000H 00otH{ . X N AN+ 1X)foooowl © AN-—1f N X O fm-2f M fm+21fm+2f
. | | . -

CRO1n set value N N N
. | | . |

N
CROON set value M M M M

OSPTON ! ! .

INTTMO1n . " .

INTTMOON

TOON pin output . !

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCONn3 and TMCON2 bits.

Remark N<M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOn) as shown in
Figure 6-38, and by using the valid edge of the TIOOn pin as an external trigger.
The valid edge of the TIOOn pin is specified by bits 4 and 5 (ESOn0O, ESOn1) of prescaler mode register On
(PRMON). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TIOOn pin is detected, the 16-bit timer/event counter is cleared and started, and the
output becomes active at the count value set in advance to 16-bit timer capture/compare register 01n (CRO1n).
After that, the output becomes inactive at the count value set in advance to 16-bit timer capture/compare register
00n (CROON)"*.

Note The case where N < M is described here. When N > M, the output becomes active with the CR0On register
and inactive with the CRO1n register. Do not set N to M.

Caution Even if the external trigger is generated again while the one-shot pulse is output, it is ignored.

Remark n=0: 4PD780131, 780132
n=0, 1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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Figure 6-38. Control Register Settings for One-Shot Pulse Output with External Trigger
(with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOnl OVFOn
TMCOn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
Clears and starts at
valid edge of TIOOn pin.
(b) Capture/compare control register On (CRCOnN)
7 6 5 4 3 CRCOn2 CRCOnl1 CRCONO
creon| o | o | o | o | o | o | on | o |
L CROON used as compare register
CRO1n used as compare register
(c) 16-bit timer output control register On (TOCON)
7 OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn
tocon| o | o | 1 | 1 | on | oo | 1 | 1 |
L Enables TOOn output.
Inverts output upon match
between TMOn and CROON.
Specifies initial value of
TOON output F/F (setting “11” is prohibited.)
Inverts output upon match
between TMOn and CRO1n.
Sets one-shot pulse output mode.
(d) Prescaler mode register On (PRMOnN)
ES1nl ES1n0 ESOnl ESONnO 3 2 PRMOn1 PRMONO
PRMOnl 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Selects count clock
(setting “11” is prohibited).

Specifies the rising edge
for pulse width detection.

Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CROOn and CRO1n registers to 0000H.

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-39. Timing of One-Shot Pulse Output Operation with External Trigger (with Rising Edge Specified)

When TMCOn is set to 08H
(TMOn count starts)

L

Count clock I | I | I I | I

TMOn count value 0000H {0001HY ZKOOOOHX X NN+ 2N+ 2f IM-—2fm—1f M fm+1fm +2)

oY ‘ oY ‘
( (
T T

CRO1n set value N " N " N " N

CROOnN set value M ‘ M ‘ M I\‘/I
TIOON pin input " _L‘ '”
INTTMO1n " " "
INTTMOON " " "
TOON pin output . . ”

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCOn2 and TMCOnN3 bits.

Remark N<M

n=0: wPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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6.5

1)

)

®3)

(4)

()

184

Cautions for 16-Bit Timer/Event Counters 00 and 01
Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because 16-bit timer counter On (TMOn) is started asynchronously to the count clock.
Figure 6-40. Start Timing of 16-Bit Timer Counter On (TMOn)

Count clock j \ / \ / \_/_\_/_\_

TMON count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer start

16-bit timer capture/compare register setting (in the mode in which clear & start occurs on match
between TMOn and CROOnN)

Set 16-bit timer capture/compare registers 00n, 01n (CR00Nn, CRO1n) to other than 0000H. This means a 1-pulse
count operation cannot be performed when 16-bit timer/event counter On is used as an event counter.

Capture register data retention timing
The values of 16-bit timer capture/compare registers 00n and 01n (CR0OOn and CR01n) are not guaranteed after
16-hit timer/event counter On has been stopped.

Valid edge setting

Set the valid edge of the TIOOn pin after setting bits 2 and 3 (TMCOn2 and TMCOn3) of 16-bit timer mode control
register On (TMCOn) to 0, O, respectively, and then stopping timer operation. The valid edge is set using bits 4
and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMON).

Re-triggering one-shot pulse

(@) One-shot pulse output by software
When a one-shot pulse is output, do not set the OSPTOn bit to 1. Do not output the one-shot pulse again
until INTTMOON, which occurs upon a match with the CROOnN register, or INTTMO1n, which occurs upon a
match with the CRO1n register, occurs.

(b) One-shot pulse output with external trigger
If the external trigger occurs again while a one-shot pulse is output, it is ignored.

(c) One-shot pulse output function
When using the one-shot pulse output of 16-bit timer/event counter On with a software trigger, do not change
the level of the TI0OON pin or its alternate function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even at the level of the
TI0ON pin or its alternate function port pin, resulting in the output of a pulse at an undesired timing.

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(6) Operation of OVFOn flag
<1> The OFVOn flag is also set to 1 in the following case.

When of the following modes: the mode in which clear & start occurs on a match between TMOn and
CRO0ON, the mode in which clear & start occurs on a TIOn valid edge, or the free-running mode, is selected
\:
CROOn is set to FFFFH
\:
TMOn is counted up from FFFFH to 0000H.

Figure 6-41. Operation Timing of OVFOn Flag

Count clock _l | | | | | | | | I_

CROON FFFFH

|
T™Mon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn |
1
|

INTTMOON [ ]

<2> Even if the OVFOn flag is cleared before the next count clock is counted (before TMOn becomes 0001H)
after the occurrence of TMOn overflow, the OVFOn flag is re-set newly and clear is disabled.

(7) Conflicting operations
Conflict between the read period of the 16-bit timer capture/compare register (CRO0ONn/CR01n) and capture trigger
input (CROON/CRO1n used as capture register)
Capture trigger input has priority. The data read from CRO0n/CRO1n is undefined.

Figure 6-42. Capture Register Data Retention Timing

Count clock J | | | | | | I—SS—I |_| |_| |_
TMoncountvalue X N X N+1 X N+2 X \\ X M X m+1 Xm+2

Edge input | (SJ
)
INTTMO1n | | X | |

Capture read signal

| 1
CRO1n capture value X 1 X ! 1 M+ 1
- 1 - C T 4
Capture Capture, but
read value is

not guaranteed

Remark n=0: 4PD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(8) Timer operation

9)

<1>

<2>

<3>

Even if 16-bit timer counter On (TMON) is read, the value is not captured by 16-bit timer capture/compare
register 01n (CRO1n).

Regardless of the CPU’s operation mode, when the timer stops, the input signals to the TI0On/TI01n pins
are not acknowledged.

The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI0OOn valid edge. In the mode in which clear & start occurs on a match between
the TMOn register and CROON register, one-shot pulse output is not possible because an overflow does not
occur.

Capture operation

<1>

<2>

<3>

If TIOON valid edge is specified as the count clock, a capture operation by the capture register specified as
the trigger for TI0On is not possible.

To ensure the reliability of the capture operation, the capture trigger requires a pulse two cycles longer than
the count clock selected by prescaler mode register On (PRMOn).

The capture operation is performed at the falling edge of the count clock. An interrupt request input
(INTTMOON/INTTMO1n), however, is generated at the rise of the next count clock.

(10) Compare operation
A capture operation may not be performed for CROOn/CR01n set in compare mode even if a capture trigger has
been input.

(11) Edge detection

186

<1>

<2>

If the TIOON or TIO1n pin is high level immediately after system reset and the rising edge or both the rising
and falling edges are specified as the valid edge of the TI0OOn or TI01n pin to enable the 16-bit timer counter
On (TMOn) operation, a rising edge is detected immediately after the operation is enabled. Be careful
therefore when pulling up the TI0On or TI01n pin. However, the rising edge is not detected at restart after
the operation has been stopped once.

The sampling clock used to remove noise differs when the TIOOn valid edge is used as the count clock and
when it is used as a capture trigger. In the former case, the count clock is fx, and in the latter case the
count clock is selected by prescaler mode register On (PRMOn). The capture operation is started only after
a valid edge is detected twice by sampling, thus eliminating noise with a short pulse width.

Remark n=0: xPD780131, 780132
n=0,1: xPD780133, 780134, 78F0134, 780136, 780138, 78F0138
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 have the following functions.

e Interval timer

o External event counter

e Square-wave output
¢ PWM output

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2
8-bit timer compare
register 50 (CR50) ‘é INTTM50
TI50/TO50/P17 ©—= U Match | S Note 1 To TMHO
fx —= . ﬁ 2 [ R To UARTO

Mz 18 = S, . To UART6

25— & | |ebittimer OVF =5 [ g

bZe 21 & [ counter 50 (Tws0) o ® TO50/

) R * TIS0/P17

fx/213 — ] |

Clear Note 2 Output latch PM17
(P17)
3 || Invert
R level
Selemi

—— ]
[reLsozlreLso]reLsod [TCE50[TMC506 |LVS50] LVR50TMC501 [TOE50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)

Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus 2

8-bit timer compare
register 51 (CR51) | | ° INTTMS51

=1
[S]
TISL/TO51/P33/INTP4 ©—= Match | © Note 1
fx —= _ o [ [ 3
2 —~ 8 g 5 -
2t —= 3 oY = D»INV Q S
/26 — © || it timer OVF 3]
fg28 — o] 9 [T[counter51 (TMS1) R 2 | ) ) D>~ TO51/TI51/
fx/212 —» 0 P33/INTP4
Clear -
Note 2 Output latch
ey ||PM33
3 S | Invert

R level

Seecar] i

I
TCL512 TCL510 |TCE51 [TMC516 |LVS51] LVR51 [TMC511 [TOE51|

Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
2 Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

Item Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

(1) 8-bit timer counter 5n (TM5n)
TMb5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: O0H R

Symbol 7 6 5 4 3 2 1 0

me [T T T T T T T ]

In the following situations, the count value is cleared to O0H.

<1> RESET input

<2> When TCE5n is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and
CR5N.
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)

190

8-bit timer compare register 5n (CR5n)

CR5n can be read and written by an 8-bit memory manipulation instruction.

Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.

In PWM mode, when the TO5n pin becomes active due to a TM5n overflow and the values of TM5n and CR5n
match, the TO5n pin becomes inactive.

The value of CR5n can be set within OOH to FFH.

RESET input clears CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

oo [T T T T T T T

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0,1
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7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51

1)

The following four registers are used to control 8-bit timer/event counters 50 and 51.

o Timer clock selection register 5n (TCL5n)

e 8-bit timer mode control register 5n (TMC5n)

e Port mode register 1 (PM1) or port mode register 3 (PM3)
e Port register 1 (P1) or port register 3 (P3)

Timer clock selection register 5n (TCL5n)

This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of TI5n input.
TCL5n can be set by an 8-bit memory manipulation instruction.

RESET input clears TCL5n to O0H.

Remark n=0,1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection

0 0 0 TI50 falling edge

0 0 1 TI50 rising edge

0 1 0 fx (10 MHz)

0 1 1 fx/2 (5 MHz)

1 0 0 fx/2? (2.5 MHz)

1 0 1 fx/2° (156.25 kHz)

1 1 0 fx/2° (39.06 kHz)

1 1 1 fx/2" (1.22 kHz)

Cautions 1. When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the
Ring-OSC clock, the operation of 8-bit timer/event counter 50 is not guaranteed.
2. When rewriting TCL50 to other data, stop the timer operation beforehand.
3. Be sureto set bits 3to 7to 0.

Remarks 1. fx: X1 input clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz.
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FFBCH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection

0 0 0 TI51 falling edge

0 0 1 TI51 rising edge

0 1 0 fx (10 MHz)

0 1 1 fx/2 (5 MHZ)

1 0 0 fx/2" (625 kHz)

1 0 1 fx/2° (156.25 kHz)

1 1 0 fx/2° (39.06 kHz)

1 1 1 x/2* (2.44 kHz)

Cautions 1. When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the Ring-
OSC clock, the operation of 8-bit timer/event counter 51 is not guaranteed.

2. When rewriting TCL51 to other data, stop the timer operation beforehand.

3. Be sureto set bits 3to 7to 0.

Remarks 1. fx: X1 input clock oscillation frequency

2. Figures in parentheses apply to operation at fx = 10 MHz.
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(2) 8-bit timer mode control register 5n (TMC5n)
TMCb5n is a register that performs the following five types of settings.

<1>
<2>
<3>
<4>
<5>

8-bit timer counter 5n (TM5n) count operation control

8-bit timer counter 5n (TM5n) operating mode selection
Timer output F/F (flip flop) status setting
Active level selection in timer F/F control or PWM (free-running) mode.

Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0OH.

Remark n=0,1

Address: FF6BH

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H R/W"™*

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 TMC506 0 0 LVS50 LVR50 TMC501 TOE50

TCES50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection

0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low

TOES50 Timer output control
0 Output disabled (TM50 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

(Refer to Cautions and Remarks on the next page.)
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Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  After reset: 00H R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC51 TCE51 TMC516 0 0 LVS51 LVR51 TMC511 TOE51

TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode

LVS51 LVR51 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)

Timer F/F control Active level selection

0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low

TOES1 Timer output control
0 Output disabled (TM51 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

Cautions 1. The settings of LVS5n and LVR5n are valid in other than PWM mode.
2. Do not rewrite following bits simultaneously.
e TMC5n1l and TOE5n
e TMC5n6 and TOE5n
e TMC5nl and TMC5n6
e TMC5n6 and LVS5n, LVR5n
e TOE5n and LVS5n, LVR5N
3. Stop operation before rewriting TMC5n6.

Remarks 1. In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
2. If LVS5n and LVR5n are read, the value is 0.
3. The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.
4. n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI50 and P33/TO51/TI51/INTP4 pins for timer output, clear PM17 and PM33 and the
output latches of P17 and P33 to 0.

When using the P17/TO50/TI50 and P33/TO51/TI51/INTP4 pins for timer input, set PM17 and PM33 to 1. The
output latches of P17 and P33 at this time may be 0 or 1.

PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets these registers to FFH.

Figure 7-9. Format of Port Mode Register 1 (PM1)

Address: FF21H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 7-10. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 0 | 0 | 0 | 0 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TMb5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMCb5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don't care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to O0H).
<4> INTTMb5n is generated repeatedly at the same interval.
Set TCE5nN to O to stop the count operation.

Caution Do not write other values to CR5n during operation.
Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

ot

1 1 1
TMsn countvalue __ 00H X01HX X N XooHYowHX X N XoonXoiHX X N X
~ A A '
Count start Cllear Cllear E
CR5n N o N o N o N

A
Interrupt acknowledged

Interrupt acknowledged

Interval time Interval time

Remark Interval time = (N + 1) x t

N = O0H to FFH
n=0,1
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Figure 7-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

L !
1 1
1 1
Count clock | | | | | | | | | | | |
1 1 1 1 1 1
TM5n 00OH ' 00H 1 OOH ! | | |
CR5n OOH | OOH

TCE5n|
INTTMS5n ||||||||||||

1 1
-
1 1

Interval time

(c) When CR5n = FFH

[
1 1
Count clock | | | | L I | I | I | | | I | L I | I | I | | | I |
1 1
TMSn [oa [ [FE[FFJoo ] [FE [ FF [ 00 |
1 1
CRSnN FF - FF - FF

TCESN |
INTTMS5n [] [ ]

A A
Interrupt acknowledged Interrupt

1
1
' acknowledged
1

Interval time

Remark n=0,1
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7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to TI5n by 8-bit timer counter 5n
(TM5n).

TMb5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
Set the port mode register (PM17 or PM33)™* to 1.
TCL5n: Select TI5n input edge.
TI5n falling edge — TCL5n = 00H
TI5n rising edge — TCL5n = 01H
CR5n: Compare value
TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CR5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don't care)
<2> When TCE5n = 1 is set, the number of pulses input from TI5n is counted.
<3> When the values of TM5n and CR5n match, INTTMb5n is generated (TM5n is cleared to 00H).
<4> After these settings, INTTM5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T L T L L

|
Count start 3
— |

TMsn countvalue _ X 00 X o1 X 02 X 03 X 04 Xos X ~ Xn-2X N X 00 X o1 X 02 X 03 X
|

CR5n N
|

INTTMSn []

Remark N =00H to FFH
n=0,1

198 User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOE5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1> Set each register.
e Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)"* to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMCbHn: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CR5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to OOH.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5n.
The frequency is as follows.
Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remark n=0,1
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* Figure 7-13. Square-Wave Output Operation Timing
[ S
Count clock |||||| |||||||||||| |||||||
T™sn countvalue _ 00HJotHJo2HY ~~~ Yn-1 N Yoo Yoir Yoz " Yn-1] N Yoo
A

1 1
Count start ! !
1 1

CR5n N | |

1
|
TOBNNete L [ |_

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

7.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMC5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

* Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0,1
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(1) PWM output basic operation

<1> Set each register.
o Clear the port output latch (P17 or P33)"° and port mode register (PM17 or PM33)"* to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMCb5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 | Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

| PWM output operation |
<1> PWNM output (output from TO5n) outputs an inactive level until an overflow occurs.

<2> When an overflow occurs, the active level is output. The active level is output until CR5n matches the

count value of 8-bit timer counter 5n (TM5n).
<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
<4> OQOperations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 7-14 and 7-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2°%
o Active-level width = Nt
e Duty = N/2°
(N = 00H to FFH)

Remark n=0,1
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n 00H|01H| |FFH|OOH|01H|02H| | N |N+1| |FFH|OOH|01H|02H| |M| 00H
1
1

CRb5N N . . . .

1 1 1 1 1 1
TCE5n __| | | | | | N

fi 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n ! _ [ ! . L [ ! . !
1 1 1 1 1 1 1

| I i — | 1 -

TO5n . | | .. —'_
<1> 4 4 4 <5>
<2> Active level <3> Inactive level Active level

(b) CR5n =00H
| t 1
Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n 00H|01H| |FFH|00H|01H|02H| | N |N+1|N+ | |FFH|00H|01H|02H| : |M|00H

CR5n 00H . . . . . .
! 1 1
TCE5n _| ! ! |I
1 1 I
INTTM5n . Il .. - |_| ——
Tosn L | . ! .. .. ! e
4 4
Inactive level Inactive level

(c) CR5n = FFH

TM5n __00H | 01H |FFH|00H|01H|02H| | N |N+1|N+2| |FFH|00H|01H|02H| |M|00H
1
1

CRb5N FFH . . . .
T T T T T T
1 1 1 1 1 1
TCE5n o X o o T R
— | ; I |
1 1 1
INTTM5n | i M ! . . I . |
: 1 1 1 1 1 :
TOSN ! : [ L]
1
t ' ot .
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1>to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
7.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 7-15. Timing of Operation with CR5n Changed

(@) CRb5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

|t|

Count clock ||||||||||||||||||||||||||||||||||||||||||||||||||||
TM5n_| N |N+1|N+2| FFH| 00H ] 01H | 02H | |M+1|M+2| |FFH|00H|01H|02H| LM |M+1|M+2|
1

I

|
CRSn N A my : . . .
I 1 I I I I I I
TCE5n H | | | | | | | |
INTTM5n X . [] ! ! M ! I
I 1 I I I I I
prel — : i i f |'

f L <2>

<1> CR5n change (N - M)

(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.

|
Count clock |||||||||||.|||||||||||||||||||||||||||||||||||||||||||
I : I I I I I
TM5n _IN _IN+IIN+2] .. _JFFRT00RT0mH]0A] 1. [N IN+Z[N+2] . TFFH]O0RJOIRJOPH] .. T ™M M+ 1]M+2]
I T T T T T T
| 1 1 1 1 1 1
cRSn W D S— .  S— .
1 1 1 1 1 1 1
TCE5n ™ H | | | | | | |
INTTM5n ! ! ! - m | |
1 1 1 1 1 1
TOSn I : i i | L

N —f- - =

<1> CR5n change (N - M) <

Caution When reading from CR5n between <1> and <2> in Figure 7-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

00H X o0tH X 02H X 03H X 04H

TM5n count value

Timer start

Remark n=0,1
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8.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
o Interval timer
e PWM output mode
e Square-wave output
e Carrier generator mode (8-bit timer H1 only)
8.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 8-1. Configuration of 8-Bit Timers HO and H1

Item Configuration
Timer register 8-bit timer counter Hn
Registers 8-bit timer H compare register On (CMPOn)
8-bit timer H compare register 1n (CMP1n)
Timer output TOHN
Control registers 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)
Port register 1 (P1)

Note 8-bit timer H1 only

Remark n=0,1

Figures 8-1 and 8-2 show the block diagrams.
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*Figure 8-1. Block Diagram of 8-Bit Timer HO

8 Internal bus

8-bit timer H mode control register 0
(TMHMDO)

g

{

(O TOHO/P15

Output latch
(P15) PM15

|TMHEO ‘ CKS02 ‘ CKS01 ‘ CKS00 ‘TMMDOl‘TMMDOO‘TOLEVO ‘ TOENO| o o
8-bit timer H 8-bit timer H
compare register compare register
10 (CMP10) 00 (CMPO00)
3 2
| Decoder |
Selector
Match Interrupt F/F Output Level
generator controller inversion
fx —— ‘ ‘ I_RJ
fxl2 — _
£4/22 - £ >—|_\ 8-bit timer
£/28 - % L/ counter HO
219 ® Clear

8-bit timer/ ———
event counter 50

output PWM mode signal

)

EL-

Timer H enable signal DO

INTTMHO

TH ANV OH SY3IWIL 119-8 8 H3LdVHD
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*xFigure 8-2. Block Diagram of 8-Bit Timer H1

8 Internal bus 8
8-bit timer H mode control @ @ 8-bit timer H carrier
register 1 (TMHMD1) control register 1
| TMHE1 \ CKS12 \ CKs11 \ CKS10 ‘TMMDll‘TMMDlO‘ TOLEV1 \ TOENll 8-bit timer H 8-bit timer H | RMC1 \ NRZBl‘ NRZ1 | (TMCYC1)
\ [ ' [ compare compare + f L
register 11 register 01
(CMP11) (CMPO1) . Reload/ INTTM51
3 2 interrupt controlf«—

TOH1/

[ecoer] i)

P16
| Selector

Match | Interrupt Output | Level Output latch

[FiF]
! A ; PM16
b generator I_RJ controller —||nver3|on (P16)
22— 5 ||
f/2* -8 ) 8-hit timer
3]

fx/26 ——= 8 L counter H1 ﬁ:}

fx/212 ——=

frf27 ——= Carrier generator mode signal | Clear
PWM mode signal \

Timer H enable signal DG

INTTMH1

TH ANV OH SH3INIL 119-8 8 Y3ILdVHO
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(1) 8-bit timer H compare register On (CMPOn)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to O0OH.

Figure 8-3. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FF18H (CMPO00), FF1AH (CMP01) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

ewn [ T [ T [ T T T ]

Caution CMPON cannot be rewritten during timer count operation.

(2) 8-bit timer H compare register 1n (CMP1n)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 8-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

CMP1n |
(n=0,1)

CMP1n can be rewritten during timer count operation.

An interrupt request signal (INTTMHn) is generated if the values of the timer counter and CMP1n match after
setting CMP1n in carrier generator mode. The timer counter value is cleared at the same time. If the CMP1n value is
rewritten during timer operation, transferring is performed at the timing at which the counter value and CMP1n value
match. If the transfer timing and writing from CPU to CMP1n conflict, transfer is not performed.

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHEnN = 1) after the timer count operation was stopped (TMHEn = 0) (be

sure to set again even if setting the same value to CMP1n).

Remark n=0,1
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8.3 Registers Controlling 8-Bit Timers HO and H1

The following four registers are used to control 8-bit timers HO and H1.

8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)

Port register 1 (P1)

Note 8-bit timer H1 only
(1) 8-bit timer H mode register n (TMHMDn)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to OOH.

Remark n=0,1
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Figure 8-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: 00H R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKS02 | CKSO1 | CKS00 | TMMDO1|TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
* 0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)
CKS02 | CKS01 | CKS00 Count clock (fent) selection
0 0 0 fx (10 MHz)
0 0 1 fx/2 (5 MH2)
0 1 0 fx/22 (2.5 MHz)
0 1 1 /26  (156.25 kHz)
1 0 0 fx/21°  (9.77 kHz)
1 0 1 TM50 outputete
Other than above Setting prohibited
TMMDO1| TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode
Other than above | Setting prohibited
TOLEVO Timer output level control (in default mode)
0 Low level
1 High level
TOENO Timer output control
0 Disables output
1 Enables output

* Note To select the TM50 output as a count clock, start operation by setting 8-bit timer/event counter 50 in the
PWM output mode (bit 6 (TMC506) of the TMC50 register = 1), and then set CKS02, CKS01, and CKSO00 to
1, 0, and 1, respectively. Set the high/low level width of the count clock so that the specifications of the
input width of TI50 are satisfied (see AC Characteristics (1) Basic operation in CHAPTER 29 to
CHAPTER 31). Itis not necessary to enable the TO50 pin as a timer output pin (bit 0 (TOE50) of the TMC
register may be O or 1).
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Cautions 1. When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the
Ring-OSC clock, the operation of 8-bit timer HO is not guaranteed.
2. When TMHEDQO = 1, setting the other bits of the TMHMDO register is prohibited.
3. In the PWM output mode, be sure to set 8-bit timer H compare register 10 (CMP10) when
starting the timer count operation (TMHEO = 1) after the timer count operation was stopped
(TMHEO = 0) (be sure to set again even if setting the same value to the CMP10 register).

Remarks 1. fx: X1 input clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz
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Figure 8-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: O0OH R/W

<7> 6 5 4 3 2 <1> <0>

TMHMD1 | TMHEL | CKS12 | CKS11 | CKS10 | TMMD11|TMMD10 | TOLEVI | TOENI |

Cautions 1.
2.
3.
4.
212

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)
CKS12 | CKS11 | CKS10 Count clock (fent) selection
0 0 0 fx (10 MHz)
0 0 1 /22 (2.5 MHz)
0 1 0 x/2* (625 kHz)
0 1 1 fx/26  (156.25 kHz)
1 0 0 fx/2¥2  (2.44 kHz)
1 0 1 frl27  (1.88 kHz (TYP.))
Other than above Setting prohibited
TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
Other than above | Setting prohibited
TOLEV1 Timer output level control (in default mode)
0 Low level
1 High level
TOEN1 Timer output control
0 Disables output
1 Enables output

When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the count clock is the
Ring-OSC clock, the operation of 8-bit timer H1 is not guaranteed (except when CKS12,
CKS11, CKS10 =1, 0, 1 (fr/27).

When TMHEL = 1, setting the other bits of the TMHMDL1 register is prohibited.

In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHEL = 1) after the timer count
operation was stopped (TMHEL1 = 0) (be sure to set again even if setting the same value to the
CMP11 register).

When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.
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Remarks 1. fx: X1 input clock oscillation frequency
2. fr: Ring-OSC clock oscillation frequency
3. Figures in parentheses apply to operation at fx = 10 MHz, fr = 240 kHz (TYP.).

(2) 8-bittimer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/wW"°t®

7 6 5 4 3 2 1 <0>
Mever [ o | o | o | o | o |RMCl | NRZB1 | NRZL |
RMC1 NRzZB1 Remote control output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output

NRZ1 Carrier pulse output status flag
0 Carrier output disabled status (low-level status)
1 Carrier output enabled status

(RMCL1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P15/TOHO and P16/TOH1/INTP5 pins for timer output, clear PM15 and PM16 and the output
latches of P15 and P16 to O.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 8-8. Format of Port Mode Register 1 (PM1)

Address: FF21H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4

Operation of 8-Bit Timers HO and H1

8.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter Hn and compare register On (CMPOn) match, an interrupt request signal (INTTMHn) is

generated and 8-bit timer counter Hn is cleared to O0H.

Compare register 1n (CMP1n) is not used in interval timer mode. Since a match of 8-bit timer counter Hn and the

CMP1n register is not detected even if the CMP1n register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register n (TMHMDn) to 1, a square wave of any frequency (duty = 50%)

is output from TOHN.

1)

214

Usage
Generates the INTTMHn signal repeatedly at the same interval.

<1> Set each register.

Figure 8-9. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSnl CKSn0O TMMDnl1 TMMDnO TOLEVn TOENnN

TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

L Timer output setting

Timer output level inversion setting

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(i) CMPON register setting

e Compare value (N)

<2> Count operation starts when TMHEn = 1.

<3> When the values of 8-bit timer counter Hn and the CMPOn register match, the INTTMHn signal is generated
and 8-bit timer counter Hn is cleared to OOH.

Interval time = (N +1)/fcnt

<4> Subsequently, the INTTMHn signal is generated at the same interval. To stop the count operation, clear
TMHERN to 0.

Remark n=0,1
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(2) Timing chart
The timing of the interval timer/square-wave output operation is shown below.

Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation

Count clock ||||<||||||||g||||||

é Count start

t X~ X ooH XoiHYooH

8-bit timer counter Hn___ 00H X 01H X X ~ X oon X ozn X

CMPONn N

INTTMHn __: ( | |
, : Interval time |
: ] . ]
TOHn ! ,
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter Hn clear 8-bit timer counter Hn clear

<1> The count operation is enabled by setting the TMHER bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output level is inverted, and the INTTMHn signal is output.

<3> The INTTMHn signal and TOHn output become inactive by clearing the TMHEnN bit to O during timer Hn
operation. If these are inactive from the first, the level is retained.

Remark n=0,1
N = 01H to FEH
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Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock |||| ||||||||S<||||||

4 count start

00H X 01H X X Fer X FFH‘X 00H X X FeH X FrH X OOHX:

Clear
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(c) Operation when CMPOn = 00H
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Remark n=0,1
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8.4.2 Operation as PWM output mode

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register On (CMPOn) controls the cycle of timer output (TOHN). Rewriting the CMPOn register
during timer operation is prohibited.

8-bit timer compare register 1n (CMP1n) controls the duty of timer output (TOHn). Rewriting the CMP1n register
during timer operation is possible.

The operation in PWM output mode is as follows.

TOHN output becomes active and 8-bit timer counter Hn is cleared to O when 8-bit timer counter Hn and the
CMPOn register match after the timer count is started. TOHn output becomes inactive when 8-bit timer counter Hn
and the CMP1n register match.

(1) Usage
In PWM output mode, a pulse for which an arbitrary duty and arbitrary cycle can be set is output.

<1> Set each register.

Figure 8-11. Register Setting in PWM Output Mode

(i) Setting timer H mode register n (TMHMDn)

TMHEn  CKSn2 CKSnl CKSn0O TMMDnl1 TMMDnO TOLEVn TOENnN

TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 1 ‘ 0 ‘ 0/1 ‘ 1 |

| | L] L

Timer output enabled

Timer output level inversion setting

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(if) Setting CMPON register
e Compare value (N): Cycle setting

(iii) Setting CMP1n register
e Compare value (M): Duty setting

Remarks 1. n=0,1
2. 00H < CMP1n (M) < CMPOn (N) < FFH

<2> The count operation starts when TMHEn = 1.

<3> The CMPOn register is the compare register that is to be compared first after counter operation is enabled.
When the values of 8-bit timer counter Hn and the CMPOn register match, 8-bit timer counter Hn is cleared,
an interrupt request signal (INTTMHn) is generated, and TOHnN output becomes active. At the same time,
the compare register to be compared with 8-bit timer counter Hn is changed from the CMPOn register to the
CMP1n register.
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<4> When 8-bit timer counter Hn and the CMP1n register match, TOHn output becomes inactive and the
compare register to be compared with 8-bit timer counter Hn is changed from the CMP1n register to the
CMPOnN register. At this time, 8-bit timer counter Hn is not cleared and the INTTMHn signal is not
generated.

<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHEN = 0.

If the setting value of the CMPOn register is N, the setting value of the CMP1n register is M, and the count clock
frequency is fent, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N + 1)/fent
Duty = Active width : Total width of PWM =(M + 1) : (N + 1)

Cautions 1. In PWM output mode, three operation clocks (signal selected using the CKSn2 to CKSn0
bits of the TMHMDn register) are required to transfer the CMP1n register value after
rewriting the register.

2. Be sure to set the CMP1n register when starting the timer count operation (TMHEnN = 1) after
the timer count operation was stopped (TMHEnN = 0) (be sure to set again even if setting the
same value to the CMP1n register).
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(2) Timing chart
The operation timing in PWM output mode is shown below.

Caution Make sure that the CMP1n register setting value (M) and CMPOn register setting value (N) are
within the following range.
00H £ CMP1n (M) < CMPOn (N) < FFH

Remark n=0,1

Figure 8-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

T [ O

8-bit timer counter Hn 00H ' @ m I O0OH

CMPON A5H

CMP1n 01H

TMHEnJ
INTTMHn ¢ I |

TOHN
(TOLEVn = 0)

N

!

<1> E<2> E<3>

(TOLEV-r:(Zle; |_| ” |_| | |_|

<1> The count operation is enabled by setting the TMHER bit to 1. Start 8-bit timer counter Hn by masking one

A

count clock to count up. At this time, TOHn output remains inactive (when TOLEVn = 0).

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the TOHn output level is inverted,
the value of 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

<3> When the values of 8-bit timer counter Hn and the CMP1n register match, the level of the TOHn output is
returned. At this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

<4> Clearing the TMHERN bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (2/4)

(b) Operation when CMPOn = FFH, CMP1n = 00H
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(c) Operation when CMPOn = FFH, CMP1n = FEH
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Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (3/4)

(d) Operation when CMPOn = 01H, CMP1n = 00H

Count clock

01H

CMPON

00H

CMP1n

TMHEN
INTTMHnN

(TOLEVn = 0)

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 01H — 03H, CMPOn = A5H)

Count clock |||| “||||||I||||||||||||||I||I||I

R

<1>

<2>

<3>

<4>

<5>

<6>

222

CMPON . A“5H
CMP1n 01H :X 01H (03H) Y)( 03H
E <2> <2>' E

TMHER J 5
INTTMHn E ) | |

TOHN | | !
(TOLEVn = 0) T g e L

<1> <3> <4> <5> <6>

The count operation is enabled by setting TMHEN = 1. Start 8-bit timer counter Hn by masking one count
clock to count up. At this time, the TOHn output remains inactive (when TOLEVn = 0).

The CMP1n register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output becomes active, and the INTTMHn signal is output.

If the CMP1n register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter Hn and the CMP1n register before the change match, the value is transferred to
the CMP1n register and the CMP1n register value is changed (<2>’).

However, three count clocks or more are required from when the CMP1n register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter Hn and the CMP1n register after the change match, the TOHn output
becomes inactive. 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.

Clearing the TMHER bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1

User's Manual U16228EJ2VOUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 8 8-BIT TIMERS HO AND H1

8.4.3 Carrier generator mode operation (8-bit timer H1 only)

The carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51,
and the carrier pulse is output from the TOH1 output.

(1) Carrier generation
In carrier generator mode, 8-bit timer H compare register 01 (CMP01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

(2) Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-13. Transfer Timing

TMHEL _|
e LM
count clock

INTTM51 _,_'_FI

INTTMSH1 | | 1
<1> :
NRZ1 0 X 1 X 0
/22> /
NRZB1 1 X 0 X 1
rRMC1 _|

<1> The INTTM51 signal is synchronized with the count clock of 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten,
or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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(3) Usage
Outputs an arbitrary carrier clock from the TOH1 pin.

<1>

TMHMD1 |

<2>

<3>

<4>

<5>

<6>

<7>

<8>
<9>

Set each register.

Figure 8-14. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0/1 ‘ 0/1 |

| | L] L

Timer output enabled

Timer output level inversion setting

Carrier generator mode selection

Count clock (fent) selection

Count operation stopped

(i) CMPO1 register setting
e Compare value

(iif) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
e RMC1 =1 ... Remote control output enable bit
e NRZB1 =0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
e See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

When TMHEL1 = 1, 8-bit timer H1 starts counting.

When TCES51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.

After the count operation is enabled, the first compare register to be compared is the CMPO1 register.
When the count value of 8-bit timer counter H1 and the CMPOL1 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMPOL1 register to the CMP11 register.

When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMP11 register to the CMPOL1 register.

By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

The INTTM51 signal is synchronized with count clock of 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.

By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.
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If the setting value of the CMPOL1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fen, the carrier clock output cycle and duty are as follows.

Carrier clock output cycle = (N + M + 2)/fent
Duty = High-level width : Carrier clock output width =(M + 1) : (N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHEL1 = 1) after
the timer count operation was stopped (TMHEL = 0) (be sure to set again even if setting the
same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

(4) Timing chart
The carrier output control timing is shown below.

Cautions 1. Set the values of the CMPO1 and CMP11 registers in a range of 01H to FFH.

2. In the carrier generator mode, three operating clocks (signal selected by CKS12 to CKS10
bits of TMHMDL1 register) or more are required from when the CMP11 register value is
changed to when the value is transferred to the register.

3. Be sure to set the RMC1 bit before the count operation is started.
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Figure 8-15. Carrier Generator Mode Operation Timing (1/3)

(@) Operation when CMP0O1 =N, CMP11 =N

8-bit timer Hn
count clock 3_|_|_
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<1> When TMHEL = 0 and TCES51 = 0, 8-bit timer counter H1 operation is stopped.

<2> When TMHEL = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

<3> When the count value of 8-bit timer counter H1 matches the CMPOL1 register value, the first INTTMHL1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer

counter H1 is switched from the CMPOL1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

<4> When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMHL1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPOL1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.

<5> When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

<6> The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

<7> When NRZ1 = 0 is set, the TOH1 output becomes low level.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

228

Figure 8-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer Hn
count clock
8-bit timer counter  —55ry" ™Y XGoRXGZEX XM X00EXC, XN Y0rXGLE), X Xoor_, XN X0oH
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Carrier clock

8-bit timer 5n
count clock
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NRZN q “ T 0 ) 0
Carrier clock _LI_LI_LT-LI_?-I_L Tm
<6> <7>
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When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHEL = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPOL1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPOL1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OO0H.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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Figure 8-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed
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Carrier clock <1>

When TMHEL = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock is held at the
inactive level.

When the count value of 8-bit timer counter H1 matches the CMPOL1 register value, 8-bit timer counter H1 is
cleared and the INTTMH1 signal is output.

The CMP11 register can be rewritten during 8-bit timer H1 operation, however, the changed value (L) is
latched. The CMP11 register is changed when the count value of 8-bit timer counter H1 and the CMP11
register value before the change (M) match (<3>’).

When the count value of 8-bit timer counter H1 and the CMP11 register value before the change (M) match,
the INTTMHL1 signal is output, the carrier signal is inverted, and 8-bit timer counter H1 is cleared to OOH.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).

User's Manual U16228EJ2VOUD 229


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 9 WATCH TIMER

9.1 Functions of Watch Timer

The watch timer has the following functions.

e Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.

Figure 9-1 shows the watch timer block diagram.

Figure 9-1. Block Diagram of Watch Timer

= fwx/24 =
Clear 9 | fwx : 2
S 5-bit counter fwx/2° | § =INTWT
7 _ < o
/2 S 11-bit prescaler & n
S|t Clear
fxt 3 fwf 24{Ful 25 |l 28 |l 27 | ff 28 | ff 210 2 fw/2° 4
S
© INTWTI
Q
()
n
[ wrm7 | wrme | wrms | wrma | wims | wrmz | wimi | wrmo |
Watch timer operation
mode register (WTM)
8 Internal bus 2

Remark fx: X1 input clock oscillation frequency
fxt: Subsystem clock oscillation frequency
fw:  Watch timer clock frequency
fwx: fw or fw/2°
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(1) Watch timer

When the X1 input clock or subsystem clock is used, interrupt requests (INTWT) are generated at preset

intervals.

Table 9-1. Watch Timer Interrupt Time

Interrupt Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
2*fiw 488 us 205 us
2%fw 977 us 410 s
2" fw 0.25s 0.105s
2" ffw 05s 0.210s

Remark fx: X1 input clock oscillation frequency

fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency

(2) Interval timer

Interrupt requests (INTWTI) are generated at preset time intervals.

Table 9-2. Interval Timer Interval Time

Interval Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
2*fiw 488 us 205 us
2lfw 977 us 410 us
2°fw 1.95 ms 820 us
2'ffw 3.91ms 1.64 ms
2°ffw 7.81 ms 3.28 ms
2°ffw 15.6 ms 6.55 ms
2%lfw 31.3 ms 13.1ms
2" ffw 62.5ms 26.2ms

Remark fx: X1 input clock oscillation frequency

fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency
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9.2 Configuration of Watch Timer

The watch timer includes the following hardware.

Table 9-3. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register Watch timer operation mode register (WTM)

9.3 Register Controlling Watch Timer

The watch timer is controlled by the watch timer operation mode register (WTM).

e Watch timer operation mode register (WTM)
This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit
counter operation control.
WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to O0H.
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Figure 9-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTMS WTM4 WTM3 WTM2 WTM1 WTMO
WTM7 Watch timer count clock selection
0 x/2" (78.125 kHz)
1 fxr (32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval time selection
0 0 0 2*ffw
0 0 1 2°/fw
0 1 0 2°ffw
0 1 1 2'fw
1 0 0 2°ffw
1 0 1 2°ffw
1 1 0 2w
1 1 1 2w
WTM3 WTM2 Interrupt time selection
0 0 24w
0 1 2%/fw
1 0 2°ffw
1 1 2'lfw
WTM1 5-bit counter operation control
0 Clear after operation stop
1 Start
WTMO Watch timer operation enable
0 Operation stop (clear both prescaler and timer)
1 Operation enable

Caution Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to WTM7) of WTM)

during watch timer operation.

Remarks 1. fw: Watch timer clock frequency (fx/2" or fxr)
2. fx: X1 input clock oscillation frequency
3. fx1: Subsystem clock oscillation frequency
4. Figures in parentheses apply to operation with fx = 10 MHz, fxt = 32.768 kHz.
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9.4 Watch Timer Operations

9.4.1 Watch timer operation

The watch timer generates an interrupt request (INTWT) at a specific time interval by using the X1 input clock or

subsystem clock.

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer operation mode register (WTM) are set to 1, the count

operation starts. When these bits are set to 0, the 5-bit counter is cleared and the count operation stops.

When the interval timer is simultaneously operated, zero-second start can be achieved only for the watch timer by
setting WTML1 to 0. In this case, however, the 11-bit prescaler is not cleared. Therefore, an error up to 2" x 1/fw

seconds occurs in the first overflow (INTWT) after zero-second start.
The interrupt request is generated at the following time intervals.

Table 9-4. Watch Timer Interrupt Time
WTM3 WTM2 Interrupt Time Selection | When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
(WTM7 = 1) (WTM7 = 0)
0 0 2w 05s 0.210s
0 1 25w 0.25s 0.105s
1 0 2°lfw 977 us 410 us
1 1 2% fw 488 us 205 us
Remark fx: X1 input clock oscillation frequency
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fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency
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9.4.2 Interval timer operation
The watch timer operates as interval timer which generates interrupt requests (INTWTI) repeatedly at an interval of

the preset count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM®6) of the watch timer operation mode register

(WTM).
When bit 0 (WTMO) of the WTM is set to 1, the count operation starts. When this bit is set to 0, the count operation
stops.
Table 9-5. Interval Timer Interval Time
WTM6 | WTM5 | WTM4 Interval Time When Operated at When Operated at
fxr = 32.768 kHz (WTM7 = 1) fx =10 MHz (WTM7 = 0)
0 0 0 2*ffw 488 us 205 us
0 0 1 2°ffw 977 us 410 us
0 1 0 2°ffw 1.95 ms 820 us
0 1 1 2'ffw 3.91ms 1.64 ms
1 0 0 2°ffw 7.81 ms 3.28 ms
1 0 1 2°lfw 15.6 ms 6.55 ms
1 1 0 2w 31.3ms 13.1 ms
1 1 1 2% ffw 62.5 ms 26.2 ms

Remark fx: X1 input clock oscillation frequency

fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency

5-bit counter

Count clock

Watch timer
interrupt INTWT

Interval timer
interrupt INTWTI

Figure 9-3. Operation Timing of Watch Timer/Interval Timer

Overflow
|

Overflow

.- [ e 1
| |
Interrupt time of watch timer (0.5 s)l Interrupt time of watch timer (0.5 s) :
|
Mo M Ml [
\ Interval time ! l T ! 1
m | |
nxT ! nxT ‘

Remark fw: Watch timer clock frequency

n: The number of times of interval timer operations
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 = 1, WTM3, WTM2 = 0, 0)
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CHAPTER 9 WATCH TIMER

9.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer mode control register (WTM) (by
setting bits 0 (WTMO0) and 1 (WTM1) of WTM to 1), the interval until the first interrupt request (INTWT) is generated
after the register is set does not exactly match the specification made with bit 3 (WTM3) of WTM. This is because
there is a delay of one 11-bit prescaler output cycle until the 5-bit counter starts counting. Subsequently, however, the
INTWT signal is generated at the specified intervals.

Figure 9-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 seconds for the first INTWT to be generated (2° x 1/32768 = 0.015625 s longer). INTWT is then
generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s 05s

INTWT
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10.1 Functions of Watchdog Timer

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset

signal is generated.

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, refer to CHAPTER 20 RESET FUNCTION.

Table 10-1. Loop Detection Time of Watchdog Timer

Loop Detection Time

During Ring-OSC Clock Operation

During X1 Input Clock Operation

fr/2" (8.53 ms)

xp/2" (819.2 us)

fr/2" (17.07 ms)

fxp/2'* (1.64 ms)

fr/2"° (34.13 ms)

xp/2%° (3.28 ms)

fr/2** (68.27 ms)

fxp/2° (6.55 ms)

fr/2*° (136.53 ms)

fxp/2' (13.11 ms)

fr/2*° (273.07 ms)

xp/2'° (26.21 ms)

fr/2" (546.13 ms)

xp/2"° (52.43 ms)

fr/2* (1.09 s)

fxp/2%° (104.86 ms)

Remarks 1. fr: Ring-OSC clock oscillation frequency
2. fxp: X1 input clock oscillation frequency

3. Figures in parentheses apply to operation at fr = 240 kHz (TYP.), fxr = 10 MHz

The operation mode of the watchdog timer (WDT) is switched according to the mask option setting of the on-chip

Ring-OSC as shown in Table 10-2.
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CHAPTER 10 WATCHDOG TIMER

Table 10-2. Mask Option Setting and Watchdog Timer Operation Mode

Mask Option
Ring-OSC Cannot Be Stopped Ring-OSC Can Be Stopped by Software
Watchdog timer clock Fixed to fr""*. o Selectable by software (fxe, fr or stopped)
source o When reset is released: fr
Operation after reset Operation starts with the maximum interval Operation starts with maximum interval
(fr/2%). (fr/2%).
Operation mode selection The interval can be changed only once. The clock selection/interval can be changed
only once.
Features The watchdog timer cannot be stopped. The watchdog timer can be stopped in
standby mode™**?.

Notes 1. As long as power is being supplied, Ring-OSC oscillation cannot be stopped (except in the reset
period).
2. The conditions under which clock supply to the watchdog timer is stopped differ depending on the
clock source of the watchdog timer.
<1> If the clock source is fxp, clock supply to the watchdog timer is stopped under the following
conditions.
e When fxp is stopped
e In HALT/STOP mode
¢ During oscillation stabilization time
<2> If the clock source is fr, clock supply to the watchdog timer is stopped under the following
conditions.
o If the CPU clock is fxr and if fris stopped by software before execution of the STOP instruction
e In HALT/STOP mode

Remarks 1. fr: Ring-OSC clock oscillation frequency
2. fxe: X1 input clock oscillation frequency
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CHAPTER 10 WATCHDOG TIMER

10.2 Configuration of Watchdog Timer

The watchdog timer includes following hardware.

Table 10-3. Configuration of Watchdog Timer

Item

Configuration

Control registers

Watchdog timer mode register (WDTM)

Watchdog timer enable register (WDTE)

Figure 10-1. Block Diagram of Watchdog Timer

= Internal reset signal

fR/Zi; to
fr/2
2
/2 (-:IOCk 16-bit Output
input Selector I
fxp/24 ———= counter |4 controller
controller r
fxp/2'2 to
2 fxp/220
fCIear \{37 3
I oo j
Watchdog timerenable | [0 | 1 | 1 |WDCS4{WDCS3IWDCS2WDCSIWDCSOl=—+o
register (WDTE) Watchdog timer mode - 1

register (WDTM)

Internal bus
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(to set “Ring-OSC
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10.3 Registers Controlling Watchdog Timer
The watchdog timer is controlled by the following two registers.

e Watchdog timer mode register (WDTM)
e Watchdog timer enable register (WDTE)

(1) Watchdog timer mode register (WDTM)
This register sets the overflow time and operation clock of the watchdog timer.
This register can be set by an 8-bit memory manipulation instruction and can be read many times, but can be
written only once after reset is released.
RESET input sets this register to 67H.

Figure 10-2. Format of Watchdog Timer Mode Register (WDTM)

Address: FF98H Afterreset: 67TH R/W

Symbol 7 6 5 4 3 2 1 0
WDTM 0 1 1 WDCS4 WDCS3 WDCS2 ‘ WDCS1 ‘ WDCSO0
WDCS4""°* |[WDCS3""** Operation clock selection
0 0 Ring-OSC clock (fr)
0 1 X1 input clock (fxp)
1 x Watchdog timer operation stopped
WDCS2""*?| WDCS1"*? | WDCS0""*? Overflow time setting
During Ring-OSC clock During X1 input clock operation
operation
0 0 0 fr/2" (8.53 ms) fxp/2" (819.2 u5)
0 0 1 fr/2% (17.07 ms) fxp/2'* (1.64 ms)
0 1 0 fr/i2" (34.13 ms) fxp/2" (3.28 ms)
0 1 1 fr/2" (68.27 ms) fxp/2'° (6.55 ms)
1 0 0 fr/2'° (136.53 ms) fxe/2' (13.11 ms)
1 0 1 fr/2'° (273.07 ms) xp/2%° (26.21 ms)
1 1 0 fr/2" (546.13 ms) xp/2"° (52.43 ms)
1 1 1 fr/2' (1.09 s) fxp/2% (104.86 ms)

Notes 1. If “Ring-OSC cannot be stopped” is specified by a mask option, this cannot be set. The Ring-
OSC clock will be selected no matter what value is written.
2. Resetis released at the maximum cycle (WDCS2,1,0=1, 1, 1).
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Cautions 1.

Remarks 1.
2.
3.
4,

If data is written to WDTM, a wait cycle is generated. Do not write data to WDTM
when the CPU is operating on the subsystem clock and the X1 input clock is
stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.

Set bits 7, 6, and 5to 0, 1, and 1, respectively (when “Ring-OSC cannot be stopped”
is selected by a mask option, other values are ignored).

After reset is released, WDTM can be written only once by an 8-bit memory
manipulation instruction. If writing attempted a second time, an internal reset signal
is generated.

WDTM cannot be set by a 1-bit memory manipulation instruction.

fr: Ring-OSC clock oscillation frequency

fxp: X1 input clock oscillation frequency

x: Don't care

Figures in parentheses apply to operation at fr = 240 kHz (TYP.), fxr = 10 MHz

(2) Watchdog timer enable register (WDTE)
Writing ACH to WDTE clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 9AH.

Figure 10-3. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH R/W

Symbol

WDTE

7 6 5 4 3 2 1 0
Cautions 1. If avalue other than ACH is written to WDTE, an internal reset signal is generated.
2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset
signal is generated.
3. Thevalue read from WDTE is 9AH (this differs from the written value (ACH)).
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10.4 Operation of Watchdog Timer

10.4.1 Watchdog timer operation when “Ring-OSC cannot be stopped” is selected by a mask option

The operation clock of watchdog timer is fixed to the Ring-OSC.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) = 1, 1, 1). The watchdog timer operation cannot be stopped.

The following shows the watchdog timer operation after reset release.

The status after reset release is as follows.

e Operation clock: Ring-OSC clock

e Cycle: fr/2" (1.09 seconds: At operation with fr = 240 kHz (TYP.))

e Counting starts

The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction™***2,

e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)

After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. The operation clock (Ring-OSC clock) cannot be changed. If any value is written to bits 3 and 4

(WDCS3, WDCS4) of WDTM, it is ignored.
2. Assoon as WDTM is written, the counter of the watchdog timer is cleared.

Caution In this mode, operation of the watchdog timer absolutely cannot be stopped even during STOP

242

instruction execution. For 8-bit timer H1 (TMH1), a division of the Ring-OSC can be selected as
the count source, so clear the watchdog timer using the interrupt request of TMH1 before the
watchdog timer overflows after STOP instruction execution. If this processing is not performed,
an internal reset signal is generated when the watchdog timer overflows after STOP instruction
execution.
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10.4.2 Watchdog timer operation when “Ring-OSC can be stopped by software” is selected by mask option
The operation clock of the watchdog timer can be selected as either the Ring-OSC clock or the X1 input clock.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of

the watchdog timer mode register (WDTM) =1, 1, 1).

The following shows the watchdog timer operation after reset release.
1. The status after reset release is as follows.
e Operation clock: Ring-OSC clock oscillation frequency (fr)
e Cycle: fr/2" (1.09 seconds: At operation with fr = 240 kHz (TYP.))
e Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction™** %2,
e Operation clock: Any of the following can be selected using bits 3 and 4 (WDCS3 and WDCS4).
Ring-OSC clock (fr)
X1 input clock (fxp)
Watchdog timer operation stopped
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)
3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. Assoon as WDTM is written, the counter of the watchdog timer is cleared.
2. Setbits 7,6,and 5to 0, 1, 1, respectively. Do not set the other values.
3. If the watchdog timer is stopped by setting WDCS4 and WDCS3 to 1 and x, respectively, an internal
reset signal is not generated even if the following processing is performed.
e WDTM is written a second time.
e A 1-bit memory manipulation instruction is executed to WDTE.
e A value other than ACH is written to WDTE.

Caution In this mode, watchdog timer operation is stopped during HALT/STOP instruction execution.
After HALT/STOP mode is released, counting is started again using the operation clock of the
watchdog timer set before HALT/STOP instruction execution by WDTM. At this time, the counter
is not cleared to 0 but holds its value.

For the watchdog timer operation during STOP mode and HALT mode in each status, refer to 10.4.3 Watchdog
timer operation in STOP mode and 10.4.4 Watchdog timer operation in HALT mode.

User's Manual U16228EJ2V0OUD 243


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 10 WATCHDOG TIMER

10.4.3 Watchdog timer operation in STOP mode (when “Ring-OSC can be stopped by software” is selected

by mask option)

The watchdog timer stops counting during STOP instruction execution regardless of whether the X1 input clock or
Ring-OSC clock is being used.

@)

)

244

When the CPU clock and the watchdog timer operation clock are the X1 input clock (fxr) when the STOP
instruction is executed

When STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is released,
counting stops for the oscillation stabilization time set by the oscillation stabilization time select register (OSTS)
and then counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to O but holds its value.

Figure 10-4. Operation in STOP Mode (CPU Clock and WDT Operation Clock: X1 Input Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time Normal operation
Oscillation Oscillation stabilization time
stopped (set by OSTS register)

A I

Watchdog timer

Operating Operation stopped Operating

When the CPU clock is the X1 input clock (fxr) and the watchdog timer operation clock is the Ring-OSC
clock (fr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 10-5. Operation in STOP Mode
(CPU Clock: X1 Input Clock, WDT Operation Clock: Ring-OSC Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time \ Normal operation
Oscillation Oscillation stabilization time \
stopped (set by OSTS register)

S 0100000000000l SRR

Watchdog timer

Operating |Operation stopped Operating
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(3) When the CPU clock is the Ring-OSC clock (fr) and the watchdog timer operation clock is the X1 input
clock (fxr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is stopped until the timing of <1> or <2>, whichever is earlier, and then counting is started

using the operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds
its value.

<1> The oscillation stabilization time set by the oscillation stabilization time select register (OSTS) elapses.
<2> The CPU clock is switched to the X1 input clock (fxp).

Figure 10-6. Operation in STOP Mode
(CPU Clock: Ring-OSC Clock, WDT Operation Clock: X1 Input Clock)

<1> Timing when counting is started after the oscillation stabilization time set by the oscillation stabilization time
select register (OSTS) has elapsed

Normal operation

CPU operation (Ring-OSC clock) STOP Clock supply stopped Normal operation (Ring-OSC clock)
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
(UL LA UNL _ — JUU U SUR UEA U UTA T UEAb
17 clocks
Watchdog timer
Operating Operation stopped Operating

<2> Timing when counting is started after the CPU clock is switched to the X1 input clock (fxp)

Normal operation (Ring-OSC clock) CPU clock

fr - fxpNote
Normal operation Clock supply

CPU operation (Ring-OSC clock) STOP stopped + Normal operation (X1 input clock)

ol 11111 P

Oscillation Oscillation stabilization time |

stopped (set by OSTS register)
o (ULAUUULAATIUUERL
17 clocks
Watchdog timer
Operating Operation stopped ‘ Operating

Note Confirm the oscillation stabilization time of fxp using the oscillation stabilization time counter status register
(OSTC).
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(4) When CPU clock and watchdog timer operation clock are the Ring-OSC clocks (fr) during STOP
instruction execution

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is

released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 10-7. Operation in STOP Mode (CPU Clock and WDT Operation Clock: Ring-OSC Clock)

Normal operation

CPU operation (Ring-OSC clock)

STOP Clock supply stopped Normal operation (Ring-OSC clock)
Oscillation Oscillation stabilization time ‘
stopped (set by OSTS register)

e (UUUNAATUUUUUUTL

Watchdog timer

U U UUUARARRARRLL

17 clocks

Operating

Operation stopped

Operating

10.4.4 Watchdog timer operation in HALT mode (when “Ring-OSC can be stopped by software” is selected by

mask option)

The watchdog timer stops counting during HALT instruction execution regardless of whether the CPU clock is the

X1 input clock (fxp), Ring-OSC clock (fr), or subsystem clock (fxt), or whether the operation clock of the watchdog
timer is the X1 input clock (fxr) or Ring-OSC clock (fr). After HALT mode is released, counting is started again using
* the operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds its value.
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CPU operation Normal operation

 [NIUUUUUUDUDunL

Figure 10-8. Operation in HALT Mode

HALT

Normal operation

[T RRRRRRRRRRRRRET R

Watchdog timer

Operating

Operation stopped

Operating
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

11.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for
supply to peripheral LSIs. The clock selected with the clock output selection register (CKS) is output.

In addition, the buzzer output is intended for square-wave output of buzzer frequency selected with CKS.

Figure 11-1 shows the block diagram of clock output/buzzer output controller.

Figure 11-1. Block Diagram of Clock Output/Buzzer Output Controller

) >+ >—© BuzBUSYL
Q INTP7/P141

(P141)

EL Output latch PM141

BCSO, BCS1

PCL/INTP6/P140

Output latch
(P140) PM140

X —— Prescaler
S
8 A4 f20tofx/2!3 B
[}
n
BzO
fxto fx/27|
=]
© Clock
(3]
© controller
fxT 2 ?
T I T I CLOE
BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCS1 | cCso
Clock output selection register (CKS)
Internal bus g
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

11.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 11-1. Clock Output/Buzzer Output Controller Configuration

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 14 (PM14)
Port register 14 (P14)

11.3 Register Controlling Clock Output/Buzzer Output Controller

The following two registers are used to control the clock output/buzzer output controller.
e Clock output selection register (CKS)
e Port mode register 14 (PM14)

(1) Clock output selection register (CKS)
This register sets output enable/disable for clock output (PCL) and for the buzzer frequency output (BUZ), and
sets the output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CKS to 00H.
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Address: FF40H  After reset: 0O0OH R/W

Figure 11-2. Format of Clock Output Selection Register (CKS)

Symbol <7> 6 5 <4> 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCS3 CCS2 CCs1 CCSO0
BZOE BUZ output enable/disable specification
0 Clock division circuit operation stopped. BUZ fixed to low level.
1 Clock division circuit operation enabled. BUZ output enabled.
BCS1 BCSO BUZ output clock selection
0 0 x/2'° (9.77 kHz)
0 1 x/2" (4.88 kHz)
1 0 fx/2" (2.44 kHz)
1 1 x/2* (1.22 kHz)
CLOE PCL output enable/disable specification
0 Clock division circuit operation stopped. PCL fixed to low level.
1 Clock division circuit operation enabled. PCL output enabled.
CCS3 CCs2 CCs1 CCSsO0 PCL output clock selection
0 0 0 0 fx (10 MHz)
0 0 0 1 x/2 (5 MHz)
0 0 1 0 x/2” (2.5 MHz)
0 0 1 1 x/2° (1.25 MHz)
0 1 0 0 x/2* (625 kHz)
0 1 0 1 fx/2° (312.5 kHz)
0 1 1 0 x/2° (156.25 kHz)
0 1 1 1 fx/2” (78.125 kHz)
1 0 0 0 fxr (32.768 kHz)
Other than above Setting prohibited
Remarks 1. fx: X1 input clock oscillation frequency

2. fxt: Subsystem clock oscillation frequency

3. Figures in parentheses are for operation with fx = 10 MHz or fxr = 32.768 kHz.
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

(2) Port mode register 14 (PM14)
This register sets port 14 input/output in 1-bit units.
When using the P140/INTP6/PCL pin for clock output and the P141/INTP7/BUZ pin for buzzer output, set
PM140, PM141 and the output latch of P140, P141 to 0.
PM14 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM14 to FFH.

Figure 11-3. Format of Port Mode Register 14 (PM14)

Address: FF2EH  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM141 ‘ PM140 |
PM14n P14n pin I/O mode selection (n =0, 1)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)

11.4 Clock Output/Buzzer Output Controller Operations

11.4.1 Clock output operation
The clock pulse is output as the following procedure.

<1> Select the clock pulse output frequency with bits 0 to 3 (CCSO0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Set bit 4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 11-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing high
level of the clock.

Figure 11-4. Remote Control Output Application Example

11.4.2 Operation as buzzer output
The buzzer frequency is output as the following procedure.

<1> Select the buzzer output frequency with bits 5 and 6 (BCS0O, BCS1) of the clock output selection register

(CKS) (buzzer output in disabled status).
<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.
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CHAPTER 12 A/D CONVERTER

12.1 Functions of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to eight channels (ANIO to
ANI7) with a resolution of 10 bits.
The A/D converter has the following two functions.

(1) 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one channel selected from analog inputs ANIO to
ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

(2) Power-fail detection function
This function is used to detect a voltage drop in a battery. The A/D conversion result (ADCR register value) and
power-fail comparison threshold register (PFT) value are compared. INTAD is generated only when a
comparative condition has been matched.

Figure 12-1. Block Diagram of A/D Converter

AVRer
ADCS bit ——

ANIP2 O] Sample & hold circuit
ANI2/P22 @— : !
ANI3/P23 O— ; '
ANI4/P24 ©—] . L '
ANI5/P25 @ , !
ANI6/P26 ©—» '
EERREEEEEEEEEEEEEE ' Successive
approximation
register (SAR) | .. J

Voltage comparator

Selector

ANI7/P27 ©—

— INTAD
Controller f=
.
A/ID conversion result Power-fail comparison
3 register (ADCR) threshold register (PFT)
| ADS2 ‘ ADS1 ‘ ADSO | |ADCS ‘ FR2 ‘ FR1 ‘ FRO ‘ ADCE| PFEN
Analog input channel A/D converter mode Power-fail comparison
specification register register (ADM) mode register (PFM)
(ADS)
S Internal bus S
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12.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

1)

)

@)

(4)

()

(6)

* (7)

252

Table 12-1. Registers of A/D Converter Used on Software

Item Configuration

Registers Successive approximation register (SAR)

A/D conversion result register (ADCR)

A/D converter mode register (ADM)

Analog input channel specification register (ADS)
Power-fail comparison mode register (PFM)
Power-fail comparison threshold register (PFT)

ANIO to ANI7 pins

These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin by the analog input channel specification
register (ADS) can be used as input port pins.

Sample & hold circuit
The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled analog input voltage value during A/D conversion.

Series resistor string
The series resistor string is connected between AVrer and AVss, and generates a voltage to be compared with
the analog input signal.

Voltage comparator
The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register compares the sampled analog voltage and the voltage of the series resistor string, and converts the
result, starting from the most significant bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).

A/D conversion result register (ADCR)

The result of A/D conversion is loaded from the successive approximation register (SAR) to this register each
time A/D conversion is completed, and the ADCR register holds the result of A/D conversion in its higher 10 bits
(the lower 6 bits are fixed to 0).

Controller

When A/D conversion has been completed or when the power-fail detection function is used, this controller
compares the result of A/D conversion (value of the ADCR register) and the value of the power-fail comparison
threshold register (PFT). It generates the interrupt INTAD only if a specified comparison condition is satisfied as
a result.
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(8) AVrer pin
This pin inputs an analog power/reference voltage to the A/D converter. Always use this pin at the same potential
as that of the Vob pin even when the A/D converter is not used.
The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.
In the standby mode, the current flowing through the series resistor string can be reduced by lowering the voltage
input to the AVrer pin to the AVss level.

(9) AVss pin
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss
pin even when the A/D converter is not used.

(10) A/D converter mode register (ADM)
This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

(11) Analog input channel specification register (ADS)
This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

(12) Power-fail comparison mode register (PFM)
This register is used to set the power-fail monitor mode.

(13) Power-fail comparison threshold register (PFT)

This register is used to set the threshold value that is to be compared with the value of the A/D conversion result
register (ADCR).
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12.3 Registers Used in A/D Converter
The A/D converter uses the following five registers.

e A/D converter mode register (ADM)

e Analog input channel specification register (ADS)
e A/D conversion result register (ADCR)

e Power-fail comparison mode register (PFM)

e Power-fail comparison threshold register (PFT)

(1) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 12-2. Format of A/D Converter Mode Register (ADM)

Address: FF28H  Afterreset: 0OH R/W

Symbol <7> 6 5 4 3 2 1 <0>
apm[Abcs | o | PRz | FRL | FRO | o | o | ADCE |
ADCS A/D conversion operation control

0 Stops conversion operation

1 Enables conversion operation
FR2 FR1 FRO Conversion time selection™ot¢*
fx = 2 MHz |fx = 8.38 MHz| fx = 10 MHz

0 0 0 |288/x |144pus 34.3us 28.8 s

0 0 1 240/fx 120 us 28.6 us 24.0us

0 1 0 192/fx 96 us 229 us 19.2us

1 0 0 |144/x  |72pus 17.2 us 14.4 us

1 0 1 |120/fx |60 pus 143us  |12.0pus

1 1 0 96/fx 48 us 115 us 9.6 us

Other than above Setting prohibited

ADCE Boost reference voltage generator operation control™ot 2

0 Stops operation of reference voltage generator

1 Enables operation of reference voltage generator

254 User's Manual U16228EJ2V0OUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 12 A/D CONVERTER

Notes 1.

Set so that the A/D conversion time is as follows.

e Standard products, (A) grade products: 14 us or longer but less than 100 us

e (Al) grade products: 14 us or longer but less than 60 us

e (A2) grade products: 16 us or longer but less than 48 us

A booster circuit is incorporated to realize low-voltage operation. The operation of the circuit that
generates the reference voltage for boosting is controlled by ADCE, and it takes 14 s from operation
start to operation stabilization. Therefore, when ADCS is set to 1 after 14 us or more has elapsed
from the time ADCE is set to 1, the conversion result at that time has priority over the first conversion
result.

Remark fx: X1 input clock oscillation frequency

Table 12-2. Settings of ADCS and ADCE

Conversion Conversion Conversion . .
— . —=— Conversion stopped

ADCS ADCE A/D Conversion Operation

0 0 Stop status (DC power consumption path does not exist)

0 1 Conversion waiting mode (only reference voltage generator consumes power)

1 0 Conversion mode (reference voltage generator operation stopped"*®)

1 1 Conversion mode (reference voltage generator operates)
Note Data of first conversion cannot be used.

Figure 12-3. Timing Chart When Boost Reference Voltage Generator Is Used
E& Boost reference voltage generator: operating —»I
ADCE |

Boost reference voltage 4 : :\

operation ' waiting ' operation

ADCS

'
—

iNote:

Note The time from the rising of the ADCE bit to the falling of the ADCS bit must be 14 us or longer to stabilize
the reference voltage.

Cautions 1.
2.
3.
Remark fx:

A/D conversion must be stopped before rewriting bits FRO to FR2 to values other than the
identical data.

For the sampling time of the A/D converter and the A/D conversion start delay time, see (11)
in 12.6 Cautions for A/D Converter.

If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the CPU is
operating on the subsystem clock and the X1 input clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.

X1 input clock oscillation frequency
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(2) Analog input channel specification register (ADS)
This register specifies the input port of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-4. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H  Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ams| o | o | o | o | o |aps2]Apsi| ADso |
ADS2 | ADS1 | ADSO Analog input channel specification
0 0 o | Ano
0 0 1 | Az
0 1 o | ane
0 1 1 | AN
1 0 o | AN
1 0 1 | Anis
1 1 o | ane
1 1 1| ANz

Cautions 1. Be sure to clear bits 3to 7 of ADS to 0.
2. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the CPU is
operating on the subsystem clock and the X1 input clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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(3) A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower six bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register, and is stored in
ADCR in order starting from the most significant bit (MSB). FFO9H indicates the higher 8 bits of the conversion
result, and FFO8H indicates the lower 2 bits of the conversion result.
ADCR can be read by a 16-bit memory manipulation instruction.
RESET input makes ADCR undefined.

Figure 12-5. Format of A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: Undefined R

FFO9H FFO8H
Symbol 9\9 /0\8

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the
conversion result following conversion completion before writing to ADM and ADS. Using
timing other than the above may cause an incorrect conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
CPU is operating on the subsystem clock and the X1 input clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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(4) Power-fail comparison mode register (PFM)
The power-fail comparison mode register (PFM) is used to compare the A/D conversion result (value of the
ADCR register) and the value of the power-fail comparison threshold register (PFT).
PFM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 12-6. Format of Power-Fail Comparison Mode Register (PFM)

Address: FF2AH  Afterreset: 00H R/W

Symbol <7> <6> 5 4 3 2 1 0
PrM[pPrEN [PFeM | o | o | o | o | o | o |
PFEN Power-fail comparison enable

0 Stops power-fail comparison (used as a normal A/D converter)

1 Enables power-fail comparison (used for power-fail detection)

PFCM Power-fail comparison mode selection

Higher 8 bits of | Interrupt request signal (INTAD) generation
0 ADCR = PFT

Higher 8 bits of [ No INTAD generation

ADCR < PFT

Higher 8 bits of | No INTAD generation
1 ADCR 2 PFT

Higher 8 bits of | INTAD generation

ADCR < PFT

Caution If data is written to PFM, a wait cycle is generated. Do not write data to PFM when the CPU is
operating on the subsystem clock and the X1 input clock is stopped. For details, see CHAPTER
34 CAUTIONS FOR WAIT.

(5) Power-fail comparison threshold register (PFT)
The power-fail comparison threshold register (PFT) is a register that sets the threshold value when comparing the
values with the A/D conversion result.
8-bit data in PFT is compared to the higher 8 bits (FFO9H) of the 10-bit A/D conversion result.
PFT can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-7. Format of Power-Fail Comparison Threshold Register (PFT)

Address: FF2BH  After reset: 0O0H R/W
Symbol 7 6 5 4 3 2 1 0
PFT | PFT7 | PFT6 | PFTs | PFT4 | PFT3 | PFT2 | PFTL | PFTO |

Caution If data is written to PFT, a wait cycle is generated. Do not write data to PFT when the CPU is
operating on the subsystem clock and the X1 input clock is stopped. For details, see CHAPTER
34 CAUTIONS FOR WAIT.
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>
<2>
<3>

<4>
<5>

<6>

<7>

<8>

<9>
<10>

<11>

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Set ADCE to 1 and wait for 14 s or longer.

Set ADCS to 1 and start the conversion operation.

(<4> to <10> are operations performed by hardware.)

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
input analog voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains set to 1. If the
analog input is smaller than (1/2) AVrer, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit 9 =1:(3/4) AVrer

e Bit9 =0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

e Analog input voltage < Voltage tap: Bit8=0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <4> to <10>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCE = 1, start from <3>. To restart A/D conversion from the
status of ADCE = 0, however, start from <2>.
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Figure 12-8. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»E=0000000000CE"

Conversion
result

INTAD | |

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM)
is reset (0) by software.

If a write operation is performed to one of the ADM, analog input channel specification register (ADS), power-fail
comparison mode register (PFM), or power-fail comparison threshold register (PFT) during an A/D conversion
operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the

Sampling A/D conversion

ADCR

beginning.
RESET input makes the A/D conversion result register (ADCR) undefined.
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12.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in the A/D conversion result register (ADCR)) is shown by the following expression.

VAN
SAR = INT (
AV

x 1024 + 0.5)
REF

ADCR = SAR x 64
or

AV AV
(ADCR — 0.5) x " < \/a < (ADCR + 0.5) x o
1024 1024

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRrer:  AVRer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 12-9 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-9. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

1023 11— 1 [ T """ FFCOH

1022117 1 [ T~ FF80H

1021 i e FF40H
A/D conversion result : :
(ADCR) : :

3 00COH

e I A 0080H

l—r—— 771 1 """ 0040H

oO—— - 0000H

1 1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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12.4.3 A/D converter operation mode

The operation mode of the A/D converter is the select mode. One channel of analog input is selected from ANIO to
ANI7 by the analog input channel specification register (ADS) and A/D conversion is executed.

In addition, the following two functions can be selected by setting of bit 7 (PFEN) of the power-fail comparison
mode register (PFM).

e Normal 10-bit A/D converter (PFEN = 0)
o Power-fail detection function (PFEN = 1)

(1) A/D conversion operation (when PFEN = 0)
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to O, the A/D conversion operation of the voltage, which is applied to the analog
input pin specified by the analog input channel specification register (ADS), is started.
When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register (ADCR), and an interrupt request signal (INTAD) is generated. Once the A/D conversion has started and
when one A/D conversion has been completed, the next A/D conversion operation is immediately started. The
A/D conversion operations are repeated until new data is written to ADS.
If ADM, ADS, the power-fail comparison mode register (PFM), and the power-fail comparison threshold register
(PFT) are rewritten during A/D conversion, the A/D conversion operation under execution is stopped and
restarted from the beginning.
If 0 is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the
conversion result is undefined.

Figure 12-10. A/D Conversion Operation

Rewriting ADM

ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion is stopped ‘

Conversion result is not retained Stopped

.
) \ \

ADCR ANIn ANIn ANIm

INTAD
(PFEN = 0)

Remarks 1. n=0to 7
2. m=0to7
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(2) Power-fail detection function (when PFEN = 1)
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to 1, the A/D conversion operation of the voltage applied to the analog input pin
specified by the analog input channel specification register (ADS) is started.
When the A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion
result register (ADCR), the values are compared with power-fail comparison threshold register (PFT), and an
interrupt request signal (INTAD) is generated under the condition specified by bit 6 (PFCM) of PFM.

<1> When PFEN =1 and PFCM =0
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR > PFT.

<2> When PFEN=1and PFCM =1
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR < PFT.

Figure 12-11. Power-Fail Detection (When PFEN =1 and PFCM = 0)

A/D conversion ANIn ANIn ANIn ANIn

Higher 8 bits ! 80H 7FH 80H
of ADCR |
PFT | 80H
INTAD
(PFEN=1) !
%(—/
‘ ‘ Note

First conversion Condition match

Note If the conversion result is not read before the end of the next conversion after INTAD is output, the result is
replaced by the next conversion result.

Remark n=0to7
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264

The setting methods are described below.

o When used as A/D conversion operation

<1> Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.

<2> Select the channel and conversion time using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel

specification register (ADS) and bits 5 to 3 (FR2 to FRO) of ADM.

<3> Set bit 7 (ADCS) of ADM to 1.

<4> An interrupt request signal (INTAD) is generated.

<5> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<Change the channel>

<6> Change the channel using bits 2 to 0 (ADS2 to ADSO0) of ADS.

<7> An interrupt request signal (INTAD) is generated.

<8> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<Complete A/D conversion>

<9> Clear ADCSto 0.

<10> Clear ADCE to 0.

Cautions 1. Make sure the period of <1>to <3>is 14 us or more.
2. ltis no problem if the order of <1> and <2> is reversed.
3. <1> can be omitted. However, do not use the first conversion result after <3> in this
case.
4. The period from <4> to <7> differs from the conversion time set using bits 5 to 3 (FR2 to
FRO) of ADM. The period from <6>to <7> is the conversion time set using FR2 to FRO.

e When used as power-fail function
<1> Set bit 7 (PFEN) of the power-fail comparison mode register (PFM).
<2> Set power-fail comparison condition using bit 6 (PFCM) of PFM.
<3> Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.
<4> Select the channel and conversion time using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel
specification register (ADS) and bits 5 to 3 (FR2 to FRO) of ADM.
<5> Set a threshold value to the power-fail comparison threshold register (PFT).
<6> Set bit 7 (ADCS) of ADM to 1.
<7> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<8> The higher 8 bits of ADCR and PFT are compared and an interrupt request signal (INTAD) is generated
if the conditions match.
<Change the channel>
<9> Change the channel using bits 2 to 0 (ADS2 to ADS0) of ADS.
<10> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<11> The higher 8 bits of ADCR and the power-fail comparison threshold register (PFT) are compared and an
interrupt request signal (INTAD) is generated if the conditions match.
<Complete A/D conversion>
<12> Clear ADCS to 0.
<13> Clear ADCE to 0.

Cautions 1. Make sure the period of <3>to <6> is 14 us or more.
2. ltis no problem if the order of <3>, <4>, and <5> is changed.
3. <3>must not be omitted if the power-fail function is used.
4. The period from <7> to <11> differs from the conversion time set using bits 5to 3 (FR2 to
FRO) of ADM. The period from <9>to <11>is the conversion time set using FR2 to FRO.
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12.5 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converter are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2'° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) Overall error
This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of
these express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

(3) Quantization error
When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of £1/2LSB is converted to the same digital code, so a quantization error cannot
be avoided.
Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 12-12. Overall Error Figure 12-13. Quantization Error
1...... 1 1...... 1
Ideal line
2 2
3 L 31
s Overall =
[=2] ks I
= error 8 |veLse—" Quantization error
! :<—1/2LSB
[0 PP 0 H 0...... 0 ))
0 AVrer 0 v AVrer
Analog input Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.
If the actual measurement value is greater than the theoretical value, it shows the difference between the actual
measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output
changes from O...... 001toO...... 010.
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()

(6)

()

Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1...... 111.

Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measurement value and the ideal straight line
when the zero-scale error and full-scale error are 0.

Differential linearity error
While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value
and the ideal value.

Figure 12-14. Zero-Scale Error

111J“

Figure 12-15. Full-Scale Error

Full-scale error
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011
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RN

Digital output (Lower 3 bits)
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000
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1
1
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1
1
1
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I
AVRer
Analog input (LSB)

Figure 12-16. Integral Linearity Error Figure 12-17. Differential Linearity Error
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v AVRer
Analog input

(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time

266

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

)
Analog input

. Sampling ___|
time

Conversion time
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12.6 Cautions for A/D Converter

(1) Operating current in standby mode
The A/D converter stops operating in the standby mode. At this time, the operating current can be reduced by
clearing bit 7 (ADCS) of the A/D converter mode register (ADM) to 0.
Figure 12-18 shows the circuit configuration of the series resistor string.

Figure 12-18. Circuit Configuration of Series Resistor String

AVRer

P-ch I o<} ADCS

Series resistor string

AVss

(2) Input range of ANIO to ANI7
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer or higher and AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that
channel becomes undefined. In addition, the converted values of the other channels may also be affected.

(3) Conflicting operations

<1> Conflict between A/D conversion result register (ADCR) write and ADCR read by instruction upon the end
of conversion
ADCR read has priority. After the read operation, the new conversion result is written to ADCR.

<2> Conflict between ADCR write and A/D converter mode register (ADM) write or analog input channel
specification register (ADS) write upon the end of conversion
ADM or ADS write has priority. ADCR write is not performed, nor is the conversion end interrupt signal
(INTAD) generated.
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(4)

()

(6)

()

268

Noise countermeasures

To maintain the 10-bit resolution, attention must be paid to noise input to the AVrer pin and pins ANIO to ANI7.
Because the effect increases in proportion to the output impedance of the analog input source, it is recommended
that a capacitor be connected externally, as shown in Figure 12-19, to reduce noise.

Figure 12-19. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than AVss may enter, clamp with a diode with a
small Vr value (0.3 V or lower).

Reference
voltage O ‘ AVRer
input /
j_ ANIO to ANI7
C =100 to 1,000 pF 7_7[
AVss

7J; Vss

ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to P27).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not access port 2 while
conversion is in progress; otherwise the conversion resolution may be degraded.

<2> If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the pins adjacent to the pin undergoing A/D conversion.

Input impedance of ANIO to ANI7 pins

In this A/D converter, the internal sampling capacitor is charged and sampling is performed for approx. one sixth
of the conversion time.

Since only the leakage current flows other than during sampling and the current for charging the capacitor also
flows during sampling, the input impedance fluctuates and has no meaning.

To perform sufficient sampling, however, it is recommended to make the output impedance of the analog input
source 10 kQ or lower, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 12-19).

AVRer pin input impedance

A series resistor string of several tens of 10 kQ is connected between the AVrer and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series connection to
the series resistor string between the AVrer and AVss pins, resulting in a large reference voltage error.
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(8) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.
Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the
pre-change analog input may be set just before the ADS rewrite. Caution is therefore required since, at this time,
when ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-
change analog input has not ended.
When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.

Figure 12-20. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn ANIm ANIm

ADCR ANIn

)
X

ANIn ANIm >< ANIm

ADIF

Remarks 1. n=0to 7
2. m=0to7

(9) Conversion results just after A/D conversion start
The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the
ADCS bit is set to 1 within 14 us after the ADCE bit was set to 1, or if the ADCS bit is set to 1 with the ADCE bit =
0. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

(10) A/D conversion result register (ADCR) read operation
When a write operation is performed to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the conversion result following
conversion completion before writing to ADM and ADS. Using a timing other than the above may cause an
incorrect conversion result to be read.
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(11) A/D converter sampling time and A/D conversion start delay time

The A/D converter sampling time differs depending on the set value of the A/D converter mode register (ADM).

The delay time exists until actual sampling is started after A/D converter operation is enabled.

When using a set in which the A/D conversion time must be strictly observed, care is required for the contents

shown in Figure 12-21 and Table 12-3.

* Figure 12-21. Timing of A/D Converter Sampling and A/D Conversion Start Delay

ADCS ~ 1 or ADS rewrite

ADCS

Sampling timing

INTAD

Table 12-3. A/D Converter Sampling Time and A/D Conversion Start Delay Time (ADM Set Value)

Wait
period

A/ID Sampling
conversion time
start delay

Sampling
time

time

Conversion time

Conversion time

FR2 FR1 FRO

Conversion Time

Sampling Time

A/D Conversion Start Delay Time

Note

MIN. MAX.
0 0 0 288/fx 40/fx 32/fx 36/fx
0 0 1 240/fx 32/fx 28/fx 32/fx
0 1 0 192/fx 24/fx 24/fx 28/fx
1 0 0 144/fx 20/fx 16/fx 18/fx
1 0 1 120/fx 16/fx 14/fx 16/fx
1 1 0 96/fx 12/fx 12/fx 14/fx
Other than above Setting prohibited - - -

Note The A/D conversion start delay time is the time after wait period. For the wait function, see CHAPTER 34

CAUTIONS FOR WAIT.

Remark fx: X1 clock oscillation frequency

* (12) Register generating wait cycle
Do not read data from the ADCR register and do not write data to the ADM, ADS, PFM, and PFT registers while

the CPU is operating on the subsystem clock and while oscillation of the clock input to X1 is stopped.
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(13) Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Table 12-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

Figure 12-22. Internal Equivalent Circuit of ANIn Pin

R1 R2
A N B
C1 Cc2 C3

I

AVrer R1 R2 c1 c2 c3
2.7V 12 kQ 8 kQ 8 pF 3pF 2 pF
45V 4kQ 2.7kQ 8 pF 1.4 pF 2 pF

Remarks 1. The resistance and capacitance values shown in Table 12-4 are not guaranteed values.

2.n=0to7
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13.1 Functions of Serial Interface UARTO

Serial interface UARTO has the following two modes.

1)

)

272

Operation stop mode

This mode is used when serial communication is not executed and can enable a reduction in the power
consumption.

For details, see 13.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode

The functions of this mode are outlined below.

For details, see 13.4.2 Asynchronous serial interface (UART) mode and 13.4.3 Dedicated baud rate
generator.

e Two-pin configuration TxDO: Transmit data output pin
RxBO0: Receive data input pin
¢ Length of communication data can be selected from 7 or 8 bits.
o Dedicated on-chip 5-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently.
e Four operating clock inputs selectable
e Fixed to LSB-first communication

Cautions 1. If clock supply to serial interface UARTO is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UARTO is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxDO pin also holds the value immediately before clock supply was
stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERO = 0, RXEOQ = 0, and TXEO = 0.

2. Set POWERO = 1 and then set TXEO = 1 (transmission) or RXEQ = 1 (reception) to start
communication.

3. TXEO and RXEO are synchronized by the base clock (fxcLko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock
after TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base
clock, the transmission circuit or reception circuit may not be initialized.
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13.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 13-1. Configuration of Serial Interface UARTO

Item

Configuration

Registers

Receive buffer register 0 (RXB0)
Receive shift register 0 (RXS0)
Transmit shift register 0 (TXS0)

Control registers

Asynchronous serial interface operation mode register 0 (ASIMO)
Asynchronous serial interface reception error status register 0 (ASISO0)
Baud rate generator control register 0 (BRGCO)

Port mode register 1 (PM1)

Port register 1 (P1)
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* Figure 13-1. Block Diagram of Serial Interface UARTO
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)

@)

®)

Receive buffer register 0 (RXBO0)

This 8-bit register stores parallel data converted by receive shift register 0 (RXSO0).

Each time 1 byte of data has been received, new receive data is transferred to this register from receive shift
register 0 (RXSO0).

If the data length is set to 7 bits the receive data is transferred to bits 0 to 6 of RXB0 and the MSB of RXBO is
always 0.

If an overrun error (OVEOQ) occurs, the receive data is not transferred to RXBO.

RXBO can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

RESET input or POWERO = 0 sets this register to FFH.

Receive shift register 0 (RXS0)
This register converts the serial data input to the RxDO pin into parallel data.
RXSO0 cannot be directly manipulated by a program.

Transmit shift register 0 (TXS0)

This register is used to set transmit data. Transmission is started when data is written to TXS0, and serial data is
transmitted from the TxDO pins.

TXSO0 can be written by an 8-bit memory manipulation instruction. This register cannot be read.

RESET input, POWERO = 0, or TXEO = 0 sets this register to FFH.

Caution Do not write the next transmit data to TXSO before the transmission completion interrupt signal
(INTSTO) is generated.
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13.3 Registers Controlling Serial Interface UARTO
Serial interface UARTO is controlled by the following five registers.

e Asynchronous serial interface operation mode register 0 (ASIMO)

e Asynchronous serial interface reception error status register 0 (ASISO0)
e Baud rate generator control register 0 (BRGCO)

e Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 0 (ASIMO)
This 8-bit register controls the serial communication operations of serial interface UARTO.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (1/2)

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit™*?,
1 Enables operation of the internal operation clock.
TXEO Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission.
RXEO Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception.

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.

2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXSO0),

and receive buffer register 0 (RXBO0) are reset.
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Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (2/2)

PSO1 PS00 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™®
1 0 Outputs odd parity. Judges as odd parity.

1 1 Outputs even parity. Judges as even parity.

CLO Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits

SLO Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2

Note If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PEO) of asynchronous serial
interface reception error status register 0 (ASISO0) is not set and the error interrupt does not occur.

Cautions 1. At startup, set POWERO to 1 and then set TXEO to 1. To stop the operation, clear TXEO to O,
and then clear POWERO to O.

2. At startup, set POWERO to 1 and then set RXEO to 1. To stop the operation, clear RXEO to 0O,
and then clear POWERO to 0.

3. Set POWERO to 1 and then set RXEO to 1 while a high level is input to the RxDO pin. If
POWERO is set to 1 and RXEO is set to 1 while a low level is input, reception is started.

4. TXEO and RXEOQO are synchronized by the base clock (fxciko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock after
TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base clock,
the transmission circuit or reception circuit may not be initialized.

5. Clear the TXEO and RXEO bits to 0 before rewriting the PS01, PS00, and CLO bits.

6. Make sure that TXEO = 0 when rewriting the SLO bit. Reception is always performed with
“number of stop bits = 1", and therefore, is not affected by the set value of the SLO bit.

7. Be sureto set bit O0to 1.
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(2) Asynchronous serial interface reception error status register 0 (ASISO)
This register indicates an error status on completion of reception by serial interface UARTO. It includes three
error flag bits (PEO, FEO, OVEDO).
This register is read-only by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H if bit 7 (POWERO) and bit 5 (RXE0) of ASIMO = 0. 00H is read when this
register is read.

Figure 13-3. Format of Asynchronous Serial Interface Reception Error Status Register 0 (ASISO0)

Address: FF73H After reset: OOH R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Status flag indicating parity error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If the parity of transmit data does not match the parity bit on completion of reception.
FEO Status flag indicating framing error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If the stop bit is not detected on completion of reception.
OVEO Status flag indicating overrun error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If receive data is set to the RXB register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEO bit differs depending on the set values of the PS01 and PS00 bits of

asynchronous serial interface operation mode register 0 (ASIMO).

2. Only the first bit of the receive data is checked as the stop bit, regardless of the number of
stop bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 0
(RXBO) but discarded.

4. If data is read from ASISO, a wait cycle is generated. Do not read data from ASISO when the
CPU is operating on the subsystem clock and the X1 input clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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(3) Baud rate generator control register 0 (BRGCO)
This register selects the base clock of serial interface UARTO and the division value of the 5-bit counter.
BRGCO can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 1FH.

Figure 13-4. Format of Baud Rate Generator Control Register 0 (BRGCO)

Address: FF71H After reset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO TPSO01 TPSO00 0 MDL04 MDLO3 MDLO02 MDLO1 MDLOO
TPSO01 TPS00 Base clock (fxciko) selection
0 0 TM50 output™*®
0 1 fx/2 (5 MHZ)
1 0 x/2° (1.25 MHz)
1 1 fx/2° (312.5 kHz)
MDLO4 MDLO3 MDL02 MDLO1 MDLO0O k Selection of 5-bit counter
output clock
0 0 x x x x | Setting prohibited
0 1 0 0 0 8 | fxciko/8
0 1 0 0 1 9 | fxciko/9
0 1 0 1 0 10 | fxcko/10
. o o o . . .
. . o o . . .
. o o o . . .
. o o o . . .
. o o . . . .
1 1 0 1 0 26 | fxciko/26
1 1 0 1 1 27 | fxcikol27
1 1 1 0 0 28 | fxciko/28
1 1 1 1 0 30 | fxciko/30
1 1 1 1 1 31 | fxciko/31

Note To select the TM50 output as the base clock, start an operation by setting 8-bit timer/event counter 50 so
that the duty is 50% of the output in the PWM mode (bit 6 (TMC506) of the TMC50 register = 1), and then
clear TPS01 and TPS00 to 0. It is not necessary to enable the TO50 pin as a timer output pin (bit 0
(TOES50) of the TMC register may be 0 or 1).

Cautions 1. When the Ring-OSC clock is selected as the clock to be supplied to the CPU, the clock of the
Ring-OSC oscillator is divided and supplied as the count clock. If the base clock is the Ring-
OSC clock, the operation of serial interface UARTO is not guaranteed.
2. Make sure that bit 6 (TXEQ) and bit 5 (RXEO) of the ASIMO register = 0 when rewriting the
MDLO04 to MDLOO bits.
3. The baud rate value is the output clock of the 5-bit counter divided by 2.
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Remarks 1. fxciko: Frequency of base clock selected by the TPS01 and TPSO00 bits

2. fx X1 input clock oscillation frequency

3. k Value set by the MDLO4 to MDLOO bits (k = 8, 9, 10, ..., 31)
4, x: Don't care

5. Figures in parentheses apply to operation at fx = 10 MHz

*x (4) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P10/TxD0/SCK10 pin for serial interface data output, clear PM10 to O and set the output latch of
P10 to 1.
When using the P11/RxDO0/SI10 pin for serial interface data input, set PM11 to 1. The output latch of P11 at this
time may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 13-5. Format of Port Mode Register 1 (PM1)

Address: FF21H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n = 0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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13.4 Operation of Serial Interface UARTO
Serial interface UARTO has the following two modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode

13.4.1 Operation stop mode
In this mode, serial communication cannot be executed, thus reducing the power consumption. In addition, the
pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5 (POWERO,

TXEO, and RXEO) of ASIMO to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 0 (ASIMO).

ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXEO Enables/disables transmission

0 Disables transmission (synchronously resets the transmission circuit).
RXEO Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0),
and receive buffer register 0 (RXBO0) are reset.

Caution Clear POWERO to 0 after clearing TXEO and RXEO to 0 to set the operation stop mode.
To start the operation, set POWERO to 1, and then set TXEO and RXEO to 1.

Remark To use the RxDO0/SI10/P11 and TxDO/SCK10/P10 pins as general-purpose port pins, see CHAPTER 4
PORT FUNCTIONS.
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13.4.2 Asynchronous serial interface (UART) mode
In this mode, 1-byte data is transmitted/received following a start bit, and a full-duplex operation can be performed.
A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

* (1) Registers used

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
e Baud rate generator control register 0 (BRGCO)

e Port mode register 1 (PM1)

e Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.
<1> Setthe BRGCO register (see Figure 13-4).

Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 13-2).
Set bit 7 (POWERQO) of the ASIMO register to 1.

Set bit 6 (TXEO) of the ASIMO register to 1. — Transmission is enabled.

Set bit 5 (RXEO) of the ASIMO register to 1. — Reception is enabled.
Write data to the TXSO register. — Data transmission is started.

<2>
<3>
<4>

<5>

Caution Take relationship with the other party of communication when setting the port mode register
and port register.

The relationship between the register settings and pins is shown below.

Table 13-2. Relationship Between Register Settings and Pins

POWERO| TXEO | RXEO | PM10 P10 PM11 P11 UARTO Pin Function
Operation | 1,p0/SCKI0/P10 | RxDO/SI10/P11
0 0 0 xtote xhete xete xtote Stop SCK10/P10 SI10/P11
1 0 1 xNoe xere 1 x Reception SCK10/P10 RxDO
1 0 0 1 xoe xoe Transmission TxDO Sl10/P11
1 1 0 1 1 x Transmission/ TxDO RxDO
reception
Note Can be set as port function.
Remark x: don’t care
POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

(&) Format and waveform example of normal transmit/receive data
Figures 13-6 and 13-7 show the format and waveform example of the normal transmit/receive data.

Figure 13-6. Format of Normal UART Transmit/Receive Data

1 data frame

Start | o | p1 [p2 | D3 | D4 | D5 | D6 | D7 |PAY

bit pit | StoPbit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

e Character bits ... 7 or 8 bits (LSB first)

o Parity bit ... Even parity, odd parity, O parity, or no parity
e Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 0 (ASIMO).

Figure 13-7. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame

[ —

0
o
Z
o
0.
o
o

2. Data length: 7 bits, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame

---=--=-A

(%))
=
o
k]

DO D1 ! D2 D3 D4 ! D5 D6 Parity | Stop

3. Data length: 8 bits, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame

r......
O
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O
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9
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S
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(b) Parity types and operation

The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used
on both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error
can be detected. With zero parity and no parity, an error cannot be detected.

(i)

Even parity
e Transmission

Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1": 0

Reception

The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

(i) Odd parity

(iii)

(iv)

e Transmission

Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that
are “1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1": 1

e Reception

The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a
parity error occurs.

0 parity

The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.

The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”".

No parity

No parity bit is appended to the transmit data.

Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Transmission
The TxDO pin outputs a high level when bit 7 (POWERO) of asynchronous serial interface operation mode
register 0 (ASIMO) is set to 1. |If bit 6 (TXEO) of ASIMO is then set to 1, transmission is enabled.
Transmission can be started by writing transmit data to transmit shift register 0 (TXS0). The start bit, parity
bit, and stop bit are automatically appended to the data.
When transmission is started, the start bit is output from the TxDO pin, followed by the rest of the data in
order starting from the LSB. When transmission is completed, the parity and stop bits set by ASIMO are
appended and a transmission completion interrupt request (INTSTO) is generated.
Transmission is stopped until the data to be transmitted next is written to TXSO0.
Figure 13-8 shows the timing of the transmission completion interrupt request (INTSTO0). This interrupt
occurs as soon as the last stop bit has been output.

Caution After transmit data is written to TXS0, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO) is generated.

Figure 13-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDO (output) \Start/ DO X D1 X D2 U D6 X D7 XParity StopI
INTSTO —|

2. Stop bit length: 2

\
TxDO (output) \Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTSTO
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RxDO (input) Start

(d) Reception

Reception is enabled and the RxDO pin input is sampled when bit 7 (POWERO) of asynchronous serial
interface operation mode register 0 (ASIMO) is set to 1 and then bit 5 (RXEO) of ASIMO is set to 1.

The 5-bit counter of the baud rate generator starts counting when the falling edge of the RxDO pin input is
detected. When the set value of baud rate generator control register 0 (BRGCO) has been counted, the
RxDO pin input is sampled again (Y in Figure 13-9). If the RxDO pin is low level at this time, it is recognized
as a start bit.

When the start bit is detected, reception is started, and serial data is sequentially stored in receive shift
register 0 (RXS0) at the set baud rate. When the stop bit has been received, the reception completion
interrupt (INTSRO) is generated and the data of RXSO is written to receive buffer register 0 (RXB0). If an
overrun error (OVEO) occurs, however, the receive data is not written to RXBO.

Even if a parity error (PEO) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and an error interrupt (INTSRO) is generated after completion of reception.

Figure 13-9. Reception Completion Interrupt Request Timing

lw)

o

O

=S

v}

w

lw)

=
[

T

®

=

<

n

=
-5 -d---

©

RXBO

INTSRO i_l
X

Cautions 1. Be sure to read receive buffer register 0 (RXB0O) even if a reception error occurs.
Otherwise, an overrun error will occur when the next data is received, and the reception
error status will persist.

2. Reception is always performed with the “number of stop bits =1”. The second stop bit
is ignored.

3. Be sure to read asynchronous serial interface reception error status register 0 (ASIS0)
before reading RXBO.
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(e) Reception error

Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error

flag of asynchronous serial interface reception error status register 0 (ASISO) is set as a result of data

reception, a reception error interrupt request (INTSRO) is generated.

Which error has occurred during reception can be identified by reading the contents of ASISO in the reception
error interrupt servicing (INTSRO) (see Figure 13-3).
The contents of ASISO are reset to 0 when ASISO is read.

Table 13-3. Cause of Reception Error

Reception Error

Cause

Parity error

The parity specified for transmission does not match the parity of the receive data.

Framing error

Stop bit is not detected.

Overrun error

Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

(f) Noise filter of receive data

The RxDO signal is sampled using the base clock output by the prescaler block.

If two sampled values are the same, the output of the match detector changes, and the data is sampled as

input data.

Because the circuit is configured as shown in Figure 13-10, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Figure 13-10. Noise Filter Circuit

Base clock

RxDO/SI10/P11 ©

Internal signal A

In Q |— Internal signal B

Match detector LD_EN
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13.4.3 Dedicated baud rate generator

The dedicated baud rate generator consists of a source clock selector and a 5-bit programmable counter, and

generates a serial clock for transmission/reception of UARTO.

Separate 5-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

288

Base clock

The clock selected by bits 7 and 6 (TPS01 and TPS00) of baud rate generator control register 0 (BRGCO) is
supplied to each module when bit 7 (POWERO) of asynchronous serial interface operation mode register 0
(ASIMO) is 1. This clock is called the base clock and its frequency is called fxciko. The base clock is fixed
to low level when POWERO = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 6 (TXEO) of asynchronous serial
interface operation mode register 0 (ASIMO) is 0.

It starts counting when POWERO =1 and TXEO = 1.

The counter is cleared to O when the first data transmitted is written to transmit shift register 0 (TXSO0).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 5 (RXEO) of asynchronous serial
interface operation mode register 0 (ASIMO) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.

Figure 13-11. Configuration of Baud Rate Generator

POWERO

Baud rate generator

POWERO, TXEO (or RXEO)

l

fx/2 ——=

fx/28 ——=

Selector 5-bit counter
fx/25 fxcLko i
8-bit timer/ ——— :
event counter :
50 output : Match detector 1/2 |—+— Baud rate
‘ ‘ : ---------- ‘ ---------------------- :
BRGCO: TPS01, TPS00 BRGCO0: MDL04 to MDLOO

Remark POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
BRGCO: Baud rate generator control register 0
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(2) Generation of serial clock
A serial clock can be generated by using baud rate generator control register 0 (BRGCO).
Select the clock to be input to the 5-bit counter by using bits 7 and 6 (TPS01 and TPS00) of BRGCO.
Bits 4 to 0 (MDLO4 to MDLO0O0) of BRGCO can be used to select the division value of the 5-bit counter.

@)

(b)

Baud rate
The baud rate can be calculated by the following expression.

fxciko
e Baud rate = —— [bps]
2 xk

fxcLko: Frequency of base clock selected by the TPS01 and TPSO00 bits of the BRGCO register
k: Value set by the MDLO04 to MDLOO bits of the BRGCO register (k = 8, 9, 10, ..., 31)

Error of baud rate
The baud rate error can be calculated by the following expression.

Actual baud rate (baud rate with error)

e Error (%) = [

- 1| x 100 [%]
Desired baud rate (correct baud rate)

Cautions 1. Keep the baud rate error during transmission to within the permissible error range at
the reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDLO4 to MDLOO bits of BRGCO register = 10000B (k = 16)
Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)
=2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
= 1.725 [%]
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(3) Example of setting baud rate

Table 13-4. Set Data of Baud Rate Generator

Baud Rate f« = 10.0 MHz f« = 8.38 MHz fx = 4.19 MHz
bpsl | Tpso1, | k |calculated| ERR[%] | TPSO1, | k |Calculated| ERR[%] | TPSO1, | k |Calculated| ERR[%]
TPS00 Value TPS00 Value TPS00 Value
2400 - - - - - - - - 3 27 | 2425 1.03
4800 - - - - 3 27 | 4850 1.03 3 14 | 4676 | -2.58
9600 3 16 | 9766 1.73 3 14 | 9353 | -2.58 2 27 | 9699 1.03
10400 3 15 | 10417 | 0.16 3 13 | 10072 | -3.15 2 25 | 10475 | 0.72
19200 3 8 | 19531 | 1.73 2 27 | 19398 | 1.03 2 14 | 18705 | -2.58
31250 2 20 | 31250 0 2 17 | 30809 | -1.41 - - - -
38400 2 16 | 39063 | 1.73 2 14 | 38796 | -2.58 2 27 | 38796 | 1.03
76800 2 8 | 78125 | 1.73 1 27 | 77593 | 1.03 1 14 | 74821 | -2.58
115200 1 22 | 113636 | -1.36 1 18 | 116389 | 1.03 1 9 | 116389 | 1.03
153600 1 16 | 156250 | 1.73 1 14 | 149643 | -2.58 - - - -
230400 1 11 | 227273 | -1.36 1 9 | 232778 | 1.03 - - - -

Remark TPSO01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock

(fxcLko))
k: Value set by the MDLO4 to MDLOO bits of BRGCO (k = 8, 9, 10, ..., 31)
fx: X1 input clock oscillation frequency
ERR: Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 13-12. Permissible Baud Rate Range During Reception

Latch timing
\ Y% 4 Y4 Y% %7
I
Data frame length . . . . L .
of UARTO \ Start blt/< Bit 0 X Bit 1 Bit 7 XParlty blty Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible . . . . - .
data frame length \Startblt/< Bit 0 X Bit 1 x x Bit 7 XParlty blty Stop bi

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 13-12, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 0 (BRGCO) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™
Brate: Baud rate of UARTO
k: Set value of BRGCO

FL: 1-bit data length
Margin of latch timing: 2 clocks
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Minimum permissible data frame length: FLmin = 11 x FL — k=2 x FL = 21k +2

2k 2k

FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

BRmax = (FLmin/11)™ =

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL-X*2, p =21k=2
11 2 xk 2 xk
FLmax = 2222 Fl 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11) " = —2X_ Brate
21k - 2

The permissible baud rate error between UARTO and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 13-5. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
16 +4.14% -4.19%
24 +4.34% -4.38%
31 +4.44% —4.47%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock
frequency, and division ratio (k). The higher the input clock frequency and the higher the division
ratio (k), the higher the permissible error.

2. k: Set value of BRGCO

292 User's Manual U16228EJ2V0OUD


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

CHAPTER 14 SERIAL INTERFACE UARTG6

14.1 Functions of Serial Interface UART6

Serial interface UART®6 has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power
consumption.
For details, see 14.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode
This mode supports the LIN (Local Interconnect Network)-bus. The functions of this mode are outlined below.
For details, see 14.4.2 Asynchronous serial interface (UART) mode and 14.4.3 Dedicated baud rate
generator.

e Two-pin configuration TxD6: Transmit data output pin
RxB6: Receive data input pin
o Data length of communication data can be selected from 7 or 8 bits.
o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently.
e Twelve operating clock inputs selectable
e MSB- or LSB-first communication selectable
e Inverted transmission operation
e Synchronous break field transmission from 13 to 20 bits
e More than 11 bits can be identified for synchronous break field reception (SBF reception flag provided).

Cautions 1. The TxD6 output inversion function inverts only the transmission side and not the reception
side. To use this function, the reception side must be ready for reception of inverted data.

2. If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UART6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxD6 pin also holds the value immediately before clock supply was
stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERG6 = 0, RXE6 = 0, and TXE6 = 0.

3. If data is continuously transmitted, the communication timing from the stop bit to the next
start bit is extended two operating clocks of the macro. However, this does not affect the
result of communication because the reception side initializes the timing when it has
detected a start bit. Do not use the continuous transmission function if the interface is
incorporated in LIN.
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Remark LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps) serial communication
protocol intended to aid the cost reduction of an automotive network.
LIN communication is single-master communication, and up to 15 slaves can be connected to one
master.
The LIN slaves are used to control the switches, actuators, and sensors, and these are connected to the
LIN master via the LIN network.
Normally, the LIN master is connected to a network such as CAN (Controller Area Network).
In addition, the LIN bus uses a single-wire method and is connected to the nodes via a transceiver that
complies with 1ISO9141.
In the LIN protocol, the master transmits a frame with baud rate information and the slave receives it and
corrects the baud rate error. Therefore, communication is possible when the baud rate error in the slave
is £15% or less.

Figures 14-1 and 14-2 outline the transmission and reception operations of LIN.

Figure 14-1. LIN Transmission Operation

Wakeup Synchronous Synchronous Indent Data field Data field Checksum
signal frame break field field field field
I I o I
Sleep |
bus
13-bitNete2 SBF 55H Data Data Data Data
8 bitsNote transmission transmission transmissiontransmissiontransmissiontransmission
| | | | | | |
TX6
Note 3

INTST6 I I I I I 1N

Notes 1. The wakeup signal frame is substituted by 80H transmission in the 8-bit mode.
2. The synchronous break field is output by hardware. The output width is adjusted by baud rate
generator control register 6 (BRGC6) (see 14.4.2 (2) (h) SBF transmission).
3. INTST6 is output on completion of each transmission. It is also output when SBF is transmitted.

Remark The interval between each field is controlled by software.
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Figure 14-2. LIN Reception Operation

Wakeup Synchronous Synchronous Indent Data field Data field Checksum
signal frame break field field field field
| | | | | | |
e It A
bus
SF ID Data Data Data
13 bitgNote 2 reception reception reception reception receptionNotS
| | | | | | |
SBF || || || |
. reception
RX6 Disable Enable
Note 3
Reception interrupt
(INTSR6) \ ) I I | | |
Edge detection Note 1 N
(INTPO)
Note 4
Capture timer Disable Enable

Notes 1. The wakeup signal is detected at the edge of the pin, and enables UART6 and sets the SBF reception
mode.

2. Reception continues until the STOP bit is detected. When an SBF with low-level data of 11 bits or
more has been detected, it is assumed that SBF reception has been completed correctly, and an
interrupt signal is output. If an SBF with low-level data of less than 11 bits has been detected, it is
assumed that an SBF reception error has occurred. The interrupt signal is not output and the SBF
reception mode is restored.

3. If SBF reception has been completed correctly, an interrupt signal is output. This SBF reception
completion interrupt enables the capture timer. Detection of errors OVE6, PE6, and FE6 is
suppressed, and error detection processing of UART communication and data transfer of the shift
register and RXB6 is not performed. The shift register holds the reset value FFH.

4. Calculate the baud rate error from the bit length of the synchronous field, disable UART6 after SF
reception, and then re-set baud rate generator control register 6 (BRGC6).

5. Distinguish the checksum field by software. Also perform processing by software to initialize UART6
after reception of the checksum field and to set the SBF reception mode again.

To perform a LIN receive operation, use a configuration like the one shown in Figure 14-3.

The wakeup signal transmitted from the LIN master is received by detecting the edge of the external interrupt
(INTPO). The length of the synchronous field transmitted from the LIN master can be measured using the external
event capture operation of 16-bit timer/event counter 00, and the baud rate error can be calculated.

The input signal of the reception port input (RxD6) can be input to the external interrupt (INTPO) and 16-bit
timer/event counter 00 by port input switch control (ISC0/ISC1), without connecting RxD6 and INTPO/TI000 externally.
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Figure 14-3. Port Configuration for LIN Reception Operation

Selector
P14/RxD6 O————
RXD6 input
Port mode
(PM14)
Output latch
(P14)
Selector
Selector
P120/INTPO O———
———— INTPO input
Port mode L
(PM120) Port input
switch control
Output latch (5€0)
“(ggzg) ¢ <ISCO>
0: Select INTPO (P120)
1: Select RxD6 (P14)
Selector
Selector
P00/TIO00 O——
————=TI000 input
Port mode
(PMO00) Port input
switch control
Output latch (SC1)
utput latc
(P0O) <ISC1>

0: Select TI000 (P0O)
1: Select RxD6 (P14)

Remark 1SCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (see Figure 14-11)

The peripheral functions used in the LIN communication operation are shown below.
<Peripheral functions used>

296

External interrupt (INTPO); wakeup signal detection

Use: Detects the wakeup signal edges and detects start of communication.

16-bit timer/event counter 00 (TI000); baud rate error detection

Use: Detects the baud rate error (measures the TI0O00 input edge interval in the capture mode) by detecting the
synchronous break field (SBF) length and divides it by the number of bits.

Serial interface UART6
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14.2 Configuration of Serial Interface UART6

Serial interface UART6 includes the following hardware.

Table 14-1. Configuration of Serial Interface UART6

Item

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Asynchronous serial interface control register 6 (ASICL6)

Input switch control register (ISC)

Port mode register 1 (PM1)

Port register 1 (P1)
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*Figure 14-4. Block Diagram of Serial Interface UART6

TI000, INTPON'® <+———

fx —»f
fx/2 —»]
1x/22 |
x/23
x/2% —»f
x/25 —pf
x/28 —»f
x/27 —»f
x/28 !
/29 —»f
fx/210
8-bit timer/ —»

Selector

event counter
50 output

________________________________________ ! Filter -
]
INTSR6 & ;
| Reception control - v
' INTSRE6
‘ T (RXS6)
| — - T .5
Asynchronous serial Asynchronous serial Asynchronous serial interface Receive buffer register 6

interface operation mode
register 6 (ASIM6)

interface reception error
status register 6 (ASIS6)

generator

control register 6 (ASICL6)
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(1) Receive buffer register 6 (RXB6)
This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).
Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the
data length is set to 7 bits, data is transferred as follows.
o In LSB-first reception, the receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.
e In MSB-first reception, the receive data is transferred to bits 1 to 7 of RXB6 and the LSB of RXB6 is always 0.
If an overrun error (OVEG) occurs, the receive data is not transferred to RXB6.
RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.
RESET input sets this register to FFH.

(2) Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.

(3) Transmit buffer register 6 (TXB6)
This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication
operation (when bit 7 (POWERS) and bit 6 (TXE6) of asynchronous serial interface operation
mode register 6 (ASIM6) are 1 or when bit 7 (POWERG6) and bit 5 (RXE6) of ASIM6 are 1).

(4) Transmit shift register 6 (TXS6)
This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6
pin at the falling edge of the base clock.
TXS6 cannot be directly manipulated by a program.
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14.3 Registers Controlling Serial Interface UART6
Serial interface UARTG6 is controlled by the following nine registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

e Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

o Clock selection register 6 (CKSR6)

e Baud rate generator control register 6 (BRGC6)

e Asynchronous serial interface control register 6 (ASICL6)

¢ Input switch control register (ISC)

e Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)
This 8-bit register controls the serial communication operations of serial interface UART6.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWERG TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER®6 Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

e Enables operation of the internal operation clock

TXE6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to the high level when
POWERS®6 = 0.

2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial
interface control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.

3. Operation of the 8-bit counter output is enabled at the second base clock after 1 is written to the
POWERE® bit.
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Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
PS61 PS60 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™®
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits =1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSREG6” occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE6 does not occur).

Note If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial
interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1.

At startup, set POWER®G to 1 and then set TXE6 to 1. To stop the operation, clear TXE6 to 0O,
and then clear POWERS® to O.

At startup, set POWERG6 to 1 and then set RXE6 to 1. To stop the operation, clear RXE6 to O,
and then clear POWERS6 to 0.

Set POWERS6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If
POWERSG is set to 1 and RXE6 is set to 1 while a low level is input, reception is started.

Clear the TXE6 and RXES6 bits to 0 before rewriting the PS61, PS60, and CL6 bits.

Fix the PS61 and PS60 bits to 0 when mounting the device on LIN.

Make sure that TXE6 = 0 when rewriting the SL6 bit. Reception is always performed with “the
number of stop bits = 1", and therefore, is not affected by the set value of the SL6 bit.

Make sure that RXE6 = 0 when rewriting the ISRM6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three
error flag bits (PE6, FE6, OVES).
This register is read-only by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H if bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 0. 00H is read when this
register is read.

Figure 14-6. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: OOH R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVE6
PE6 Status flag indicating parity error
0 If POWER®6 = 0 and RXE6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of reception
FE6 Status flag indicating framing error
0 If POWER®6 = 0 and RXE®6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of reception
OVE6 Status flag indicating overrun error
0 If POWER®6 = 0 and RXE6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEG6 bit differs depending on the set values of the PS61 and PS60 bits of

asynchronous serial interface operation mode register 6 (ASIM6).

2. The first bit of the receive data is checked as the stop bit, regardless of the number of stop
bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 6
(RXB6) but discarded.

4. If data is read from ASIS6, a wait cycle is generated. Do not read data from ASIS6 when the
CPU is operating on the subsystem clock and the X1 input clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)

This register indicates the status of transmission by serial interface UART6. It includes two status flag bits
(TXBF6 and TXSF6).

Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.

This register is read-only by an 8-bit memory manipulation instruction.

RESET input clears this register to 00H if bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 0.

Figure 14-7. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWER®6 = 0 or TXE6 = 0, or if data is transferred to transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWER®G = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF6 flag is “1”, the
transmit data cannot be guaranteed.
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(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSRG6 can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 =1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00H R/W

Symbol 7 6 5 