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NOTES FOR CMOS DEVICES

(1) 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/O 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.

QTOP is a trademark of NEC Corporation.

MS-DOS and Windows are trademarks of Microsoft Corporation.

PC/AT and PC DOS are trademarks of IBM Corporation.

SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun-Microsystems, Inc.

HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company.
NEWS and NEWS-0OS are trademarks of SONY Corporation.

TRON is an abbreviation of The Real-time Operating System Nucleus.
ITRON is an abbreviation of Industrial TRON.



The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed . uPD78355/(A)/(A1)/(A2), 78P356KP-S
The customer must judge the need for license
: uPD78356/(A)/(A1)/(A2), 78P356GC-7EA,
78P356GD-5BB/(A)/(A1)/(A2)

The information in this document is subject to change without notice.

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

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

“Standard”, “Special”, and “Specific’. The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program” for a specific application. The recommended applications of
adevice depend on its quality grade, as indicated below. Customers must check the quality grade of each device
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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC’s Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact NEC Sales Representative in advance.

Anti-radioactive design is not implemented in this product.
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Major Revisions in This Edition

Page Description

Throughout “The following products are under development” -> changed to
“already developed”
uPD78355, 78356, 78P356, 78356 (A), 78P356 (A)

p. 83, 84 CHAPTER 5 PORT FUNCTIONS
Addition of description of the external 8-bit bus to 5.2.3 (4) Port 9

p. 231, 232 CHAPTER 10 ASYNCHRONOUS SERIAL INTERFACE
Addition of 10.7 Transmitting/Receiving Data Using the Macro
Service

p. 469 to 471 APPENDIX B TOOLS

Addition of description when using the integrated debugger

The mark [0 shows major revised points.




PREFACE

Users: This manual is for engineers who intend to learn the capabilities of the uPD78356
subseries for application program development.
The related products are uPD78356 subseries as follows.

» Standard products : uPD78355, 78356, 78P356

» Special products : pPD78355 (A)Note, 78355 (A1)Note, 78355 (A2)Note, 78356 (A),
78356 (A1)Note, 78356 (A2)Note, 78P356 (A), 78P356 (A1)Note,
78P356 (A2)Nete

Note  Under development

Purpose: The purpose of this manual is to help users understand the hardware capabilities
of the uPD78356 subseries as listed below.

Organization: The uPD78356 subseries manual consists of two volumes, hardware (this manual)
and instruction.

Hardware Instruction |
Pin functions CPU functions
Internal peripheral hardware Addressing
Interrupt Instruction set list
Instruction set list Detailed explanation of instructions

CAUTIONS
Cautions on the use of the yPD78356 subseries are summarized in CHAPTER 22. Read them before using
the product.

For the up-to-the-minute information about this product, please contact an NEC representative.

Guidance: Before using this manual, the user should have a general knowledge of the
electronics, logical circuit, and microcontroller fields.

- To readers using this manual for the products other than . PD78356
->  When there is no functional difference in the products, the manual describes
only the uPD78356, and its descriptions are applicable to the products other
than uPD78356 subseries.
The description of PROM is for both a one-time PROM and EPROM.



Examples in this manual are described assuming that they are used for the
“Standard” quality grade of ordinary electronic equipment. If you want to apply
these examples to use which requires “Special” quality grade, consider the
quality grade of parts and circuits to be actually used.

« To check the details of a register if you know the name of the register:
-> Look it up in APPENDIX C.

« To understand the details of functions which you want to use:
-> Look it up in APPENDIX D.

» Tounderstand details of the instruction functions inthe uPD78356 subseries:
-> See the separate yPD78356 User’s Manual Instruction (IEU-853)Note,

- To understand the general functions of the (PD78356 subseries:
-> Read the entire manual in the order of the table of contents.

- To know the electrical specifications in the yPD78356 subseries:
-> Refer to the Data Sheet in the separate volume.

- To know application examples of each function:
-> Refer to the separate Application Note.

Note  This document number is that of Japanese version.

Legend: Data weight . Higher digits on the left side
Lower digits on the right side
Active low 1 xxxx (Pins and signal names are overscored)

Memory map address : Low-order address on the upper side
High-order address on the lower side

Note . Explanation of the indicated part of the text
Caution . Information requesting the user’s special attention
Remark : Supplementary information

Numeric value : Binary ... xxxxB or xxxx

Decimal ... xxxx
Hexadecimal ... xxxxH



Register format:

Bit number that is in brackets indicates, that it has been a

6 5 4 <% 2 ! 0 reserved word in the NEC assembler (RA78K/IIl) and
EDC B 1 0 X A 1 0 X it has been defined with the sfrbit.h header file in
| the C compiler (CC78K/II).
Register name
Write operation Read operation
Write O or 1.
Neither value affects
operation.
Reads O or 1.

Write 0.
Write 1.
Write the value corresponding | Reads a value according
to a function to use. to operation status.

Never write a combination of codes marked “Setting prohibited” in the
register formats in the text.

Be careful when handling characters that are easily confused:
0 (zero), O (uppercase of 0)
1 (one), | (lowercase of L), | (uppercase of i)



Related documents:

« Documents related to device

Document Name

Document No.

English Japanese
1PD78355, 78356 Data Sheet To be published u10155J
soon
uPD78P356 Data Sheet To be published u10325J
soon
uPD78355 (A), 78356 (A) Data Sheet Planned To be published
soon
uPD78P356 (A) Data Sheet Planned To be published
soon
uPD78356 User’s Manual | Hardware This manual uU10669J
Instructions IEU-1395 IEU-853
uPD78356 IEM-1214 IEM-5576
Special Function Register Table
uPD78352A Instruction Set - IEM-5543

- Documents related to development tools

Document Name

Document No.

English Japanese
IE-78350-R Hardware EEU-1366 EEU-754
User’s Manual Software EEU-1376 EEU-753
IE-784000-R User’s Manual EEU-1534 EEU-5004
IE-78355-R-EM1 User’s Manual EEU-1423 EEU-866
EP-78355GC-R User’s Manual EEU-1508 EEU-963
EP-78355GD-R User’s Manual EEU-1509 EEU-964

Caution The above related documents are subject to change without notice.
For design purpose, etc., be sure to use the latest documents.
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iy IE.78358-R-EM1 T
1/0 emulation board |
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|
Software RS-232-C |
{DIJ {DJJ {DJJ {DJJ I
|
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Relocatable C compiler PG-1500 IE — programmer + +
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Note The conversion socket or the conversion adapter is supplied with the emulation probe.

Remarks 1. The PG-1500 can be directly connected to the host machine via the RS-232-C interface.
2. In this figure, the distribution media for software is represented by 3.5-inch floppy disks.



Host machine: IE-70000-98-IF-B
PC-9800 series IE-70000-98N-IF
IBM PC/AT IE-70000-PC-IF-B

[—
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+
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Emulation board
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U0y [dy (U DIJ (option)
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assembler controller
U U

L0
PROM programmer
! L H 4 PG-1500

Integrated  Device file
debugger

Devices containing PROM
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+ + +
Programmable adapters

| |

| |

| |

| |

| |
PA-78P356GC | PA-78P356GD | PA-78P356KP

Emulation probes

EP-78355GD-R EP-78355GC-R

+ +

Socket or adapter for connection the emulation probe and
target system"

o

EV-9200GD-120

EV-9500GC-100

EV-9501GC-100 + EV-9500GC-100

|
© ©
|

&t

Target system

Note The conversion socket or the conversion adapter is supplied with the emulation probe.

Remarks 1. In this figure, the distribution media for software is represented by 3.5-inch floppy disks.

2. In this figure, the host machines are represented by desk-top personal computers.
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Development of 78K/Ill series products

(aaH pue eiswe))

(JouaAU])

(spley v pue yO ul asn)

96eds,adn
9seszadn
g5e8.adn

seuesqns 96£8/adr

aonSOHOSANS Y99e8,ad!

(spiay v pue vO ul asn)
juswdojansp Japun 810N

seussqns vz 1e8.adr

an na-ot
1dnusiul ‘uonouny-iNw
‘paads-ybiy jo Juswanoidw|

(spiey v4 pue yO ut asn)

(4ouoAu)

seuasqns zgeg,adr

seuesqns gzeg/adr )=
uonouny Indino asind

|0J1U0D JalBAU|

(spiel ¥4 pue yO ul asn)
uoisuedxa

NVY pue WOY ‘av
“Jaw} Jo Juswanoidw|

uononJsul
wns-1onpo.d Jo uonippy
NdD 10 Wswanoidw

seuasqns y££8,adr

uoisuedxa VY pue NOY
uonoNJISUl UoNE.[.1I09 Y/a

‘d/V Jo uonippy

seuesqns yeses,adn

uoisuedxa
Nvd pue NOY
uonouny indino asjnd
10J3U0D JOUBAU|

asv o uonippy
Jawiy Jo Juswanoidu|

seuasqns g/£8/adr

= Vil —



[MEMO]

- viii —



CHAPTER 1 GENERAL

CONTENTS

1.1 == LT =
LI Y ] o1 o ¥ 1 e T
1.3  Ordering Information and Quality Grade .........ccccocmireminninmnnsssnn e
1.3.1 12 U0 F=Tdo I o] oo [N o7 {3 PO PRR PSP
1.3.2  SPECIAl PrOAUCES ...ttt e b e et nnes
1.4  Pin Configuration (TOP VIEW) ..ccccciiicemiiiinisnnnsmssisssssssss s ssssss s s ssssss snssmsssssns
1.41 UPD78355 normal operation MOGE ..........ooiiiiiiiiiiiiee e

1.4.2 PROM programming mode (only uPD78P356: MODEO/Vrp = +5 V,
MODE1 = G, P21 = G, RESET = G) w.voeeoeeieeeeeeeeeeeeeeeeee oo
LI =1 o Yo 9. - T | = 1 .
1.6 FUNCLION OVEIVIEW ....ooiiieeiiiiieriinsinies i nnssss s s s s s s s s s sams s ana sasmnnnsnnes
1.7  Differences between the (PD78355, [lPD78356, and UPD78P356................ceuu..ee.
1.8 Example of System Configuration ........ccooiirmiicininnsssincsr e
CHAPTER 2 PIN FUNCTIONS ... eiriiccmmerrssssmse s sssssmmesssssssmse s ssssmme s s snsssmnsssssssmmessesssnmmnsssnssnmenns
2.1 List Of Pin FUNCLIONS ...eeeeiiiiiieereiniess s s s s s ssss s s s ssss s s e samss s ennss
2141 Normal Operating MOGE .......c.uuiiiiiieiee ettt e e e nnee e

21.2 PROM programming mode

(only for the uPD78P356: MODEOQ/Vep = H, MODE1 = L, P21 = L, RESET = L)........
b0 1 T U 4T T o
2.21 Normal operation MOE ...........oiiiiiiiiiie e e e
222 PROM programming mode (only for the pPD78P356) .......ccccocveiiiiiiiiiiiieeieeeece
2.3  Input/Output Circuits and Connection of Unused Pins .......cccccuvirriccemnniennnisnnninnn
CHAPTER 3 CPU ARCHITECTURE ... eiieceeerrsssmes s esssmne s ssssssms s s essssmms s s ensssmne s ensssmmsessnssnnnes
3.1 L= 43 o] VST o - T
3.1.1 VECtOr table @re@ .....oooeeiiieie s
3.1.2 CALLT instruction table @rea .........ceiuiiiiiiiie e
3.1.3  CALLF inStruction Ntry @rea ........ceeeiiuiii ittt
3.1.4 INtErN@l RAM @I & .....ii ittt s e e e
3.1.5  Special fUNCLION rEGISIEr @rEa ......uiiiuieiiiiiie ettt
3.1.6 EXternal MEMOIY Gra ......oooiiiiiiiiii ettt s e et
3.2  ProcessSor RegiSters .....ccccirrmmermiissmrrrmnissse s s s s e
3.21 CONEIOI FEGISTEIS ..ttt bttt b bttt nae e et e eane b
2 € 1= 1= = LI = To 1 (=Y T PO PP
3.2.3  Special function registers (SFRS) .....coiiiiiiiiiiie e
3.3 Data Memory AddreSSiNg ...ccuuceeerrmmmssmrrmmssssssmmssssssssssssssssssmssssssssssssssssssssssssnssnsssssnsnnnnas
3.3.1 General-register addrEeSSING ...uei et
3.3.2  Short direCt addrESSING ...eeoueeiueiiiieiie ittt
3.3.3  Special function register (SFR) addreSSing ........ccocueriieiiiiiieeiii e
CHAPTER 4 SUMMARY OF BLOCK FUNCTION........cciiercerrrsssmmernesssmmenssssssmssssssssmmssssssssmmsnneas
41 EXECULION UNIt .o s s s s e e
4.2  Bus CoNtrol UNit.....cccccemiimmiismissnisssnsss s s s ssssss s sessss s sssansssssnnas

—iXx -

1
2
3
3
3
4
5
5

10
11
12
13

15
15
15

21
21
31
32

35
35
37
38
38
38
43
43
44
45
51
53
61
62
63
63

65
65
65



4.3 Program Memory and Data MemOry .......cccccccmriniismmnminssmmssmnsssssssssssmss s sssss s sssssmssns 65
L o T 66
4.5 Real-Time Pulse UNit ... s snsssss s s sssssss s ssssssss s s snsssassssennss 66
4.6 Real-Time OUIPUL PO ... s s an s e nnn 67
A - V1 0 0o 1= o o 67
R N 0 7 N 0o 1 o o 67
4.9  Serial INterfaces .....ccccriirmirseririe e ——————— 67
4.10 PWM OUEPUL UNit...coiiiiiiiiiisiiessniess s s s s s s ssms s sms s smn s s smsasssmnnssns 67
T 3 T B 11 1 T [ Yo N T 4T 67
4.12 Interrupt CONTrOllEr ..ot an 67
CHAPTER 5 PORT FUNCTIONS ......oiiiiccemersrsmmerrssssmse s sssssmme s s ssssmms s s sasssmms s sssssnmnssesssmmnsssnssnmnnnes 69
5.1 Hardware Configuration ... s s 69
5.2  Functions of the POrtS......ccimiinmiinrs s s 77
5.2.1 I/0 port functions and alternate fuNCHIONS .......c.ceviiieiiiiiiei e 78

5.2.2 1/O MOAE SEIHING it b e et 79

5.2.3  Control MOde SEHNG .eooueiiiiiiiiiiee it 82

5.2.4 Pull-up resistor SPecCifiCation ...........oceeiiiiiiii e 90
CHAPTER 6 CLOCK GENERATOR.....oii i cccerrrremerrsssssmmersssssmme s s sssssmme s sssssmms s sessssmmsssesssnmnssesssmmnnes 93
CHAPTER 7 REAL-TIME PULSE UNIT (RPU)...cciiiirirrinninernrinissssssssssssss s ssssssssssssssssssssssssssssssnsses 97
8% T €7 o1 o 11T - 14 o 98
711 TV ettt ettt ettt a et eh e et e eR e e et en e e st en s e eRe e st ene e et eneeaneeneeeneeneeneenneas 102

2% 2 1 Vi O ST OSSP PPN 102

7% T TR .S 102

78 T S 1/ SRR 103

% TS T 1 SO PR RPT RPN 103

7% T T U SRR 103

71.7 COMPAIE FEISTEIS ittt ettt et e ettt e b e nbe et e e saeeenneas 104

7.1.8  Capture/compare registers (CC00 to CC02, CC30, and CC31) ..ceevevvieeiiiiiiiiiee e 105

7.2 Control RegiSTers ... s s s s s e 106
7.2.1 Timer unit mode registers (TUMO 10 TUMS3) ....oiiiiiiiiie e 106

7.2.2  Timer Control Registers (TMCO to TMC2 and the UDCC) ........ccoceeeiiiiiiiiic e 109

7.2.3  Timer output control registers (TOCO t0 TOC2) ....ccceeriiiiiiiiiie et 114

7.2.4  Timer overflow status register (TOVS) .....ooiiiiiiiiiiiie it 119

7.2.5 External interrupt mode registers (INTMO and INTMT) ..ooooiiiiiiiiiiii e 121

7.2.6 Noise protection control register (NPC) .......oociiiiiiiieiie e 123

7 T © T Y- - 1 o o 124
7.3.1 TIMET O (TIMO) ettt bbbttt et b et n e sae et e seeneennnen 124

%< 22 I 1o o =Y (0 11V TSRS 130

4 T T I 1o o =Y o= (11 SRS 134

7.3.4  TIMEI 3 (TIMB) oottt bbbt et e et sa ettt naeseeesbenanens 138

S T T I 1o o =Y o (1 SRS 142

7.3.6 Up/down COUNTET (UDQC) ...ttt 144

7.4 Timer Output FUNCEION ....cooiiiiiiiiiiir s 152
7.5 Real-Time Output FUNCHON ...t e 155



7.5.1 (070 ] 0111081 =11 o] o N ST PPRPI 155

7.5.2  CONIIOl FEGISTEIS ...ttt ettt b e sab e be et sane et 156

ARSI R O o1 - U1 o o PP UPRRURTI 158
CHAPTER 8 A/D CONVERTER........eeeerrnmer s sssssmme s s s s e s sssssmme s s smmn s e s ssmme e e s smmnn s nnnsmmnnnes 159
L= 0 T 070 o1 o 11T - 14 o 160
8.2 A/D Converter Mode Register 0 (ADMO) .....ccccerrriiummmrissssnmnssissssnssssssssmss s sssssnssssssssnnnes 164
8.3 A/D Converter Mode Register 1 (ADMT) ......ceriercemerrnssmmersesssmse s sssssmms e s sssssmnesesnsnnnes 167
8.4 A/D Conversion Result Registers (ADCRS) ....ccccccceecerrrssssmerrssssmsrsssssmsesssssssmsssssssnnes 169
L= T Y- - 17T o 171
8.5.1 Basic operation of the A/D CONVEIEN ........eoiiiiii i 171

8.5.2  Operating mode for the A/D CONVEIET ......coiuiiiiiiiieiie ettt e 175

8.5.3  Trigger modes for the A/D CONVEIET .....cooiiii it 177

8.6 Glossary for A/D Converter Characteristics Graphs ........cccccivirminisnnnssnninsssssssane 205
CHAPTER 9 D/A CONVERTERS ...ttt inssms s ssmss s s s ssmss s s ssmn s s ssmmnn s smmnn s 209
L= I 070 o1 o 11T - 14 o 209
9.2 Operation of the D/A CONVEIEIS ....cciciiriirmsriiiniisms s sssssssssss s ssss s ssms s ssms sasmssnssnns 210
L2 T T 0 1111 o o - 211
CHAPTER 10 ASYNCHRONOUS SERIAL INTERFACE .........ccooiiimrimnnnss s s snssmssnsnns 213
10.1 Configuration of Asynchronous Serial Interface...........cccoeecrirerninmnsennnennnsennnns 214
10.2 Setting Pins for Serial TranSMIiSSION ......ccciicemiiiiimiisnrr s e 216
10.3 Setting Data FOrMat .......cccciciiiiiiiin s s s samn e 218
10.4 Setting Baud Rate ........cccccmimiiiimmiiiimn s nssss s s s s s 220
10.4.1  Configuration of baud rate geNerator.........cciiiiii i 222

10.4.2 Setting a desired DAUA Fate ........oiiuiiiiiiiieee e 224

10.5 Transmitting Data........cccccecmiiiiiisii s 227
10.6 ReceiVing Data.......cccccrriirimmrmmiisssrrrnisssse s s s s sss s e sam s e nmne s 229
10.7 Transmitting/Receiving Data Using the Macro Service .......cccccivicmmniscmnisisnsssennnnnns 231
10.8 Handling Reception ErrOr ........ccccciiiiiimmniinisns s ssssssss s sssssssss s s sssss s s sssss s snssssnnes 233
CHAPTER 11 CLOCK SYNCHRONOUS SERIAL INTERFACE ... s 235
11.1 Configuration of Clock Synchronous Serial Interface........cccceccrinriiscmnrinssssnniniisnns 236
11.2 Setting Pins for Serial TranSMiSSION ......ccciiccmiiiirmiisnrr s e 239
11.3  Setting Baud Rate ... s 241
11.3.1  Configuration of baud rate generator..........cccooiiiiiiiiei e 243

11.3.2  Setting a desired DAUA Fate ........oiiiiiiiiiiee e 245

11.4 Two Operation Modes of Clock Synchronous Serial Interface ........ccceccviiemrriiennne 247
11.5 Setting 3-Wire Serial 1/0 MOde ......cciiiiimriiiimrriness s ssssssss s sssssnns 249
11.5.1  Transmitting data in 3-wire serial 1/O MOdE ........cccceiiiiiiiiiii e 251

11.5.2 Receiving data in 3-wire serial I/O MOAE .........oiiiiiiiiiiiiee e 253

11.5.3 Transmitting and receiving data in 3-wire serial /O mode ........ccceeeeviiiieiniiiiiieeee, 255

11.5.4 Action taken when shift operation is not in phase with serial clocK.........cc.ccccoeiiernneen. 258

11.6  Setting SBI MOde.......cciiimiiiiiiiiiirsms i s s s e mn e 259
11.6.1  SBl data fOrmMat .....ccueiiiii e 261

11.6.2 Controlling and detecting the serial bus Status ........c.ccoiiiiiiiiiii e 266

11.6.3 Transmitting and receiving data in SBI MOdE ........cccoouiiiiiiiiiiiecee e 272

11.6.4 Activating operation only when an address is reCeived ........cccoveerieieiiieeeniie e 276

- Xi —



CHAPTER 12 CLOCK SYNCHRONOUS SERIAL INTERFACE

(WITH PIN SWITCHING FUNCTION) ....coiiieirsmmerresssmerrssssssmsrnessssmmessssssmssssssssmnnneas 279
12.1 Configuration of Clock Synchronous Serial Interface

(with Pin Switching FUNCHION) ....ccviiiiiiiisr s s e 280
12.2 Setting Pins for Serial TranSMISSION .....cccciiccmiiiiiminsnir s 282
12.3 Switching Pins in 3-Wire Serial I/O MOde .......cccccomrirminiinmnnsrnessies s ssssss e 284
12.4 Setting Baud Rate ........ccoecmimiiiimiiinimnrineess s s s s ssmnn s 286
12.4.1  Configuration of baud rate generator ... 288
12.4.2  Setting a desired DAUA Fate ........iiiiiiiiiiiieee e 290

12.5 Operation Mode of Clock Synchronous Serial Interface
(with Pin Switching FUNCHION) ... sssms s s 292
12.6 Selecting Start Bit for 3-Wire Serial I/O Mode Transmission .........ccccecernvienrnsennans 293
12.6.1  Transmitting data in 3-wire serial I/O MOdE ........ooiiiiiiiiiiiie e 295
12.6.2 Receiving data in 3-wire serial 1/O MOdE ........ccoiiiiiiiiiiiieie e 297
12.6.3 Transmitting and receiving data in 3-wire serial I/O MOde ........cccceveiiiieiieiiieiiece 299
12.6.4 Action taken when shift operation is not in phase with serial clocK.........cc.cccoeviiiernneen. 302
CHAPTER 13 PWM SIGNAL OUTPUT FUNCTION .....ccomiriircmrrrnssmeerrsssssmmnssssssmmesssssssmmsssssssnmsnseas 303
L 280 TR 0o 43 T 11 1 (o o 303
B T 0 41 o] I 2 1= o =3 = 304
13.2.1  PWM control register (PWMGEC) .......ooiiiiieee ittt 304
13.2.2 PWM buffer registers (PWMO and PWM1T) .....ooiiiiiiiiiii e 304
13.2.3 Compare registers (CMPO and CMPT) ...coiiiiiiiiiie e 304
TS T 0 o =Y - 1 ' o 305
CHAPTER 14 WATCHDOG TIMER ... ceieccerrresmmer s e sssmee s ssssmme s ssssssmne s e s s smms s s esssmmmsseassmmnnes 307
350 T 0o 41 0T = 1 o o 307
14.2 Watchdog Timer Mode Register (WDM) .......cccocvimmmmninimmmmmmnsmssnnssssssssssssssssssssmsssnas 308
14.3 Watchdog Timer OUtPUt Pin ....ccccoiiiemiiiirinssnness s s s s sms s s smnsssns 310
14.4 Example of APPliCation .....cccciiiimriiniimrr s e 310
CHAPTER 15 INTERRUPT FUNCTION .....oeiiiicccrreescsmne s esssssme s s sssssms e s sssssmms s s essssmns s snnssmmsesenssnnnes 311
15.1  Interrupt REQUESTES ...coiiiiiiemiriniemr s ms s s s s s s s s e e s 314
15.1.1  NONMasKabIe INTEITUDT ....cooiiiieiiie et 314
15.1.2  MasKable INTErrUPT ..o e e 314
15.1.3  SOftWAre INTEITUPL ..eeeeii ettt bttt n e b 315
15.1.4  Op-COde trap iNTEITUPT ...eeiiiiiie it 315
15.2 Interrupt Servicing MOES .......cccciiiimriiiniicrrrs s s 316
15.2.1  Vectored iNterrupt SEIVICE .....ooociiiiiieieeie e 316
15.2.2  IMBCIO SEIVICE ...ttt ettt ettt ettt ettt ettt be e st n bt et sbe e bt e eae e et e e sneeaneean 316
15.2.3  CoNtEXt SWILCNING ....eiiiii ittt sb ettt e e neebeean 316
15.3 Interrupt Control RegiSters ... e 317
15.3.1  INterrupt CONrol rEGISTEIS ..uviiiiiiie et 319
15.3.2 Interrupt mask flag register (MKO and MKT) ......oooiiiiiiiieeee e 324
15.3.3 Interrupt mode control register (IMC) ......ocoiiiiiiiie e 326
15.3.4 In-service priority register (ISPR) ......cooiiiii e s 327
15.3.5  Program status WOrd (PSW) .....coieiiiiiiiieiie ittt 328
15.4 Nonmaskable Interrupt Acknowledgement .........ccccciiimmrmnnnimsrmnss s 329

— Xii —



15.5 Maskable Interrupt Acknowledgement

15.5.1  Vectored INEITUPT ....ooo et e

15.5.2  CoNteXt SWILCNING ....eeiiiiiiie ettt sttt e e e e neean

15.5.3  Maskable interrupt Priority .....cooouee i

15.6 Software Interrupt Acknowledgement.........cccmiiiimiiisnininsmnns e
15.6.1 Software interrupt acknowledgement by the BRK instruction ..........cccocceiiiiiiniinenn 343
15.6.2 Software interrupt (context switching) acknowledgement by the BRKCS instruction ... 343
15.7 Op-code Trap Interrupt Acknowledgement .........ccccueecmminimmnnssnrinssn s 346
15.8 Macro Service FUNCHION ... e e s e s e e e 347
15.8.1  MAaCIO SEIVICE OVEIVIEW ....oiiiiiiiiiiieitit ettt ettt ettt ettt e e e s eeneesaneen 347
15.8.2 Basic operation 0f MaCrO SEIVICE ......ccoiiiiiiiiiii i 350
15.8.3  Macro Service COMPIETION .....ooiiiiieiie e 352
15.8.4 MacCro SErviCe CONIIOI FEGISTEN . ..uiiiiiiieitie et 353
15.8.5  MaACIO SEIVICE MOUE ..eeiiiiiiiiiiii ettt e e ettt e e e e e et e e e e e e e nte e e e e e aanneeeaaeeannneeaaaaanees 355
15.8.6  MaCIO SEIVICE OPEIATION ..coviiiiieie ittt 355
15.9 When Interrupt Requests and Macro Service are Held Temporarily .......ccocernneen 364
15.10 Instructions Which are Stopped Temporarily in Interrupts and Macro Services........ 367
CHAPTER 16 STANDBY FUNCTION .......ccoioiiiiiimnnriiissmn s insssss s sssssss s ssssssss s s sssss s s ssssssss s snsssnnnes 369
16.1  FUNCHION OVEIVIOW ......eeceeeecccer s cer s e s smme s s sssssmne s sssssmme s s s sms e s e s s smmn e e e nssmmmnneesssmmnnnnas 369
16.2 Standby Control Register (STBC) ....cccciiiiimirssiiinmismsssses s ssss s s ssss snssnssss 370
LTRS¢ =1 -1 o) 372
LIS TRC TS B o o I o o o = PR RPPRRR 372
LT T2 1 O T o o Yo [ RS 375
CHAPTER 17 RESET FUNCTION ......cooiceriiccmmeresssmmss s sssssmme s sssssmme s s sssssmms s sssssmms s sessssmmnnssnssnmnnnes 385
CHAPTER 18 BUS INTERFACE FUNCTION .....cciiiiimiimiimnnrinssssssssssssssssnsssssss s ssssssssssssssssssssnnssas 389
18.1 External Device Expansion Function for the Y PD78356 ..........c.cccocmiiirininiiennnnns 389
18.2 Access to External Devices by the [IPD78355 ........ccooiiimiiieneneeseenias 393
18.3  CoNtrol REGISTErS ...ccciriiirrierriissrrsss s rrsss s e e e e e nn 394
18.3.1  Memory expansion MOAE FreQISTEr ......ccocuiii i 394
18.3.2 Programmable wait CONtrol register ... 396
L T T =TT T Ty ] ' 399
CHAPTER 19 PROGRAMMING FOR THE [PD78P356 .......cccisseurrisnnsissmnrsssmsssssnsssssmsssssnsssssassssans 403
19.1  Operating MOdE ......cccceiiiimiirrir s e n e e nn e ane 404
19.2 Procedure for Writing on PROM (Page Program Mode) ........cccceurimmnssnnissnnssssannnnans 405
19.3 Procedure for Writing Data into PROM (Byte Program Mode) .......ccccceceriiinmnrscannns 408
19.4 Procedure for Reading from PROM.........ccooiimiiiimmnssmnsss s sssssssssssssnas 411
19.5 Erasure Characteristics (UPD78P356KP ONly)......ccccucicmriiismmmnsmsmnsmnmnsmssssmsssssnnsssnns 412
19.6 Protective Film Covering the Erasure Window (LPD78P356KP Only) ........cccevuueen. 412
19.7 Screening of One-Time PROM Version DevViCes .......ccccrurmrmmrmsmissmsmssssnisssssssssssnanas 412
CHAPTER 20 INSTRUCTION SET ......coiiiirccmmerisssmmerrssssmsesssssssmssssssssnsesssssssmsessesssnmssssssssnsessssssnnses 413
20.1 Operand Identifier and DeSCriPtion ......c.ccccccmriiiismnrinnr s 413

— Xiii —



7 R - Yo 11 o U 416

20.3 Notational Symbols in Flag Operation Field ..........ccooiiomiiiimmncsnincnnnce e 417
20.4 Differences between the /PD78356 and LPD78352A Instruction Sets ............c..... 417
20.5 Operations of Basic INStFUCTIONS .....ccccuviiiimminiiimr s 418
CHAPTER 21 INSTRUCTION EXECUTION RATE .....coooiiiiriiernssn s nssss s s sssms s ssns 435
21.1 Memory Space and AcCCeSS SPEEM .....cccvirremrrriiismmrrinssmsr s e 435
21.1.1 Main RAM and peripheral RAM .......ooo et 435

27.1.2  MEMOIY GCCESS .eiuieiiiitee ettt ettt et e et e et e e s e e et e e e e e nn e e e e ar e e e nnre e e nnneens 435

21.2 Interrupt Execution Rate ........ccccciminsmmmmnnnsmmnmnnssssss s sssssssss s ssmss s ssmss s sssmnn s 443
21.3 Calculating the Number of Execution CIOCKS ........ccciiimimirmmnsssnnssnssessssssssssenssans 444
CHAPTER 22 CAUTIONS ......oeiiiiietrimsmnss s s s s s s s s e sam s e e s s e s s s s sam e s san e s samennssnanss 449
22.1 Cautions for Chapter 2 ... s e ssns s s smn s 449
22.2 Cautions for Chapter 3 ... s s e e ssmn s 449
22.3 Cautions for Chapter 5 ... s s 450
22.4 Cautions for Chapter B .......ccccccriiiemmmiimrinirrisss s s s sans e ssms e e nnmn s 451
P2 07 UL 1o dE=30 o g 03 T- T o1 1= 451
22.6 Cautions for Chapter 8 ... e 453
22.7 Cautions for Chapter 9 ... s s s s e nmn s 454
22.8 Cautions for Chapter 10 ... s s s s ms s smn s smneaas 455
22.9 Cautions for Chapter 11 .....cciiiemirris s 456
22.10 Cautions for Chapter 12 ... s s s mn e 456
22.11 Cautions for Chapter 13 ... s s s mn s 456
22.12 Cautions for Chapter 14 ... s s 456
22.13 Cautions for Chapter 15 ... s s s s s mn s 457
22.14 Cautions for Chapter 16 .......cccciicicmmirsmrinsnnnisns s s sss s s ms s smn s mn s eas 459
22.15 Cautions for Chapler 17 ... s s ssns s enss 459
22.16 Cautions for Chapter 18 ... s s s mn s 459
22.17 Cautions for Chapter 271 ... s s s s san s mn s aas 460
APPENDIX A DIFFERENCES BETWEEN THE (/PD78356 AND [IPD78334.........cccceiriummmnsannsnnns 461
Y = 0 G = T 10 10 465
B.1  Development TOOIS ......oicvccmrriniismrrrisismss s issssss s s ssmss s sss s s sms s s snmss s esssmmnn s 465

B.2 Embedded SOftWare........ccciiiiiiiimiiniiss s s s s s e s 472
APPENDIX C REGISTER INDEX .....cccoctiireeiiimsmsssmsssssnssssssssssssssssssssssssss sassnssssssssassnssnssnssassnssnssnssans 475
C.1  Register Name Index (Alphabetic Order) ......cccccciiremrnisninisssmncs s 475

C.2 Register Symbol Index (Alphabetic Order)........cccurcemnrirminssmnnssrnnsse e 479
APPENDIX D FUNCTION INDEX ....ccicocuiiseeissnsmsssnnssssnsssssasssssnsssssansssssss sassnsssssnssassnssassnsssssnssnssnsssns 483
APPENDIX E REVISION HISTORY .....cciiiiiiiiimmssensissssssssssssssssssssmsssssss nssmsssssssssssmsssssns s snsanssssnnssas 489

— Xiv —



LIST OF FIGURES (1/7)

Fig. No. Title Page

2-1. Input/Output Circuits of EaCh Pin ........oooiiii e 34
3-1. V1= 0 g Lo TV 1Y =T RSP TPRR 36
3-2. Register Configuration ........o...oo i 44
3-3. Format of Program Status Word ........c.ccooiii i 46
3-4. Format of CPU Control WOrd .........ooiiiiiiieee e 50
3-5. Manipulation Bits of General RegiSters ........cooiiiiiiiiiiiiee e 51
3-6. Addressing Space of Data MEMOIY ......ccceoiiiiiiiiie e 61
5-1. Basic 1/0O Port Configuration ..........cooeioiieie e 70
5-2. Port Specified as an Output POrt ... 71
5-8. Port Specified as an INput POrt ..o 72
5-4. When the Control IS SPecCified ......c.cueii i 73
5-5. Port Read Control Register Format ..o 74
5-6. Control (Output Port SPecified) ......oouiiiiiiieiiie e 75
5-7. Port ConfigUuration .......ooiuiii e 77
5-8. Format of the Port 0 Mode RegiSter ... 79
5-9. Format of the Port 1 Mode ReQiSter ......coo i 79
5-10. Format of the Port 2 Mode RegiSter ... 80
5-11. Format of the Port 3 Mode RegiSter ... 80
5-12. Format of the Port 5 Mode ReQiSter ......cooiiiiiiiiiieee e 80
5-13. Format of the Port 8 Mode RegiSter ... 80
5-14. Format of the Port 9 Mode RegiSter ... 81
5-15. Format of the Port 10 Mode RegiSter ... 81
5-16. Format of the Port 0 Mode Control Register ........ocoeeiiiiiiiiiiiiieiee e 84
5-17. Format of the Port 2 Mode Control Register ........ocoeiiiiiiiiiiiieee e 85
5-18. Format of the Port 3 Mode Control REQISter ... 86
5-19. Format of the Port 8 Mode Control Register ........ocoeeiiiiiiiiiiiiiiee e 87
5-20. Format of the Port 10 Mode Control Register ........ccocoiiiiiiiiieeie e 88
5-21. Format of the Memory Expansion Mode Register........cccouviiiiiiiiiiniiieee e, 89
5-22. Format of Pull-up Resistor Option Register L.......cccocoiiiiiiiiiiieee e 91
5-23. Format of Pull-up Resistor Option Register H ..o 91
6-1. Block Diagram of the CloCK GENErator .......c..evveiiiiiiie e 93
6-2. External Circuitry of the System Clock Generator.........ccccoveeiiiiiiiieiieeiee 94
6-3. Examples of Wrong Resonator Connection GirCuitry .........ccccceeviiieeneiiiiieee e, 95
7-1. Block Diagram of the Real-Time Pulse Unit (RPU) ......ccccooiiiiiiiiieeee 98
7-2. Format of Timer Unit Mode RegiSter 0 ......cueeiiiiiiiiiee e 107
7-3. Format of Timer Unit Mode Register 1 ... 107
7-4. Format of Timer Unit Mode RegiSter 2 ... 108
7-5. Format of Timer Unit Mode RegiSter 3 ... 108



LIST OF FIGURES (2/7)

Fig. No. Title Page
7-6. Format of Timer Control Register 0 ......cooouii i 110
7-7. Format of Timer Control Register 1 ... 111
7-8. Format of Timer Control RegiSter 2 ... 112
7-9. Format of the Up/Down Counter Control Register ........ccccviiiiiiiniiiiiiiiieee 113
7-10. Format of Timer Output Control Register 0 ..o 115
7-11. Format of Timer Output Control RegiSter 1 ... 116
7-12. Format of Timer Output Control Register 2 ........cooiiiiiii e 118
7-13. Format of the Timer Overflow Status Register ........ccccooiiiiiiiiii e 120
7-14. Format of External Interrupt Mode Register 0 ......oocveeeiiiiiiiiiii e 121
7-15. Format of External Interrupt Mode Register 1 ..o 122
7-16. Format of the Noise Protection Control Register ........cccoiiiiiiiiiiiiiiieieeee 123
7-17. Basic Operation of Timer 0 (TMO) .....uoiiiiiiiiiie e 124
7-18. Example of Comparison for TMO in the Free-Running Timer Mode.................... 126
7-19. Example of Comparison for TMO in the Interval Timer Mode ........ccccceeveernnennne 127
7-20. Example of Capture for Timer 0 (TMO) ...cooieiiieeiiieiee e 128
7-21. Example of One-Shot Operation (When Timer 0 (TMO) Is Started by TCLRO Input)......... 129
7-22. Basic Operation of Timer 1 (TIM1) ...cooiiiii e 130
7-23. Example of Comparison for Timer 1 (TM1) in the Free-Running Timer Mode .... 132
7-24. Example of Comparison for Timer 1 (TM1) in the Interval Timer Mode............... 133
7-25. Basic Operation of Timer 2 (TIM2) .....ccuiiiiiiiiee e 134
7-26. Example of Comparison for Timer 2 (TM2) in the Free-Running Timer Mode .... 136
7-27. Example of Comparison for Timer 2 (TM2) in the Interval Timer Mode............... 137
7-28. Basic Operation of Timer 3 (TM3) ...ccocuiiiiiiiiee e 138
7-29. Example of Comparison for Timer 3 (TM3) in the Free-Running Timer Mode .... 139
7-30. Example of Comparison for Timer 3 (TM3) in the Interval Timer Mode............... 140
7-31. Example of Capture for Timer 3 (TM3) ..cooiuii i 141
7-32. Basic Operation of Timer 4 (TM4) ......ooo i 142
7-33. Example of Comparison for Timer 4 (TM4) in the Interval Timer Mode............... 143
7-34. Basic Operation of the Up/Down Counter (UDC) ......ccocoviiiiiiiiiiiiiee e 144
7-35. Example of Comparison for the Up/Down Counter (UDC) in the Normal Mode .. 146
7-36. Example of Comparison for the Up/Down Counter (UDC) in the Up/Down

MOGAUIO MOGE ...t e e e e e e e e 147
7-37. Example of the Up/Down Counter (UDC) Operation in Mode 1

When the Active Edge for the TIUD Pin Is Specified to a Rising Edge ............... 148
7-38. Example of the Up/Down Counter (UDC) Operation in Mode 2

(When the Active Edge for the TIUD Pin Is Specified to a Rising Edge)............. 149
7-39. Example of the Up/Down Counter (UDC) Operation in Mode 3

(When the Active Edge for the TIUD Pin Is Specified to a Rising Edge)............. 150
7-40. Example of the Up/Down Counter (UDC) Operation in Mode 4 .........ccoocvveeeenns 151
7-41. Block Diagrams of Timer Output (TMO, TM1, TM2) ....cccoiiiiiiiiiiiieee e 153
7-42. Block Diagram of the Real-Time Output POrt ... 155
7-43. Format of the Real-Time Output Port Mode Register .......oocovviiiiiiieieiiiiieeee 156

— XVi —



LIST OF FIGURES (3/7)

Fig. No. Title Page
8-1. Block Diagram of the A/D CONVEIEr ......coiiiiiiiieie e 160
8-2. Operating Modes and Trigger Modes for the A/D Converter ..........cccevceeerieeenee 163
8-3. Format of A/D Converter Mode Register 0 (ADMO) .....ooveiiiiiiiieiiiiieeeeeee e 164
8-4. Format of A/D Converter Mode Register 1 (ADM1) ....oociiiiiiiiiiiiiee e 167
8-5. WOrd ACCESS 10 ADCRS ...uiiiiiiiiiiie ettt e et e e s st e e e e anraee e e e e 169
8-6. Byte ACCESS 10 ADCRS ...oiiiieiiie e 170
8-7. Basic Operation of the A/D Converter (A/D Trigger Mode: ANIO to ANI2) ......... 171
8-8. A/D Conversion in Synchronization with a Trigger Signal

(External Trigger Mode: Four-Trigger MOde) ......cccueeeeeiiiiiiieeiiiieee e 172
8-9 Rewriting Data in ADM during A/D Conversion (A/D Trigger Mode: ANIO to ANI2) ......... 173
8-10. Rewriting Data in PMCO during A/D Conversion (A/D Trigger Mode: Four-Trigger

17/ L P 173
8-11. A/D Conversion in the Select Mode (One-Buffer Mode) .......ccccceeiiieiiiiicinieeenee. 175
8-12. A/D Conversion in the Select Mode (Four-Buffer Mode) .........ccccooieiiiiiiiiiennne. 176
8-13. A/D Conversion in the Scan Mode ... 176
8-14. Operating Modes and Trigger Modes for the A/D Converter ..........cccevceeeiieeenee 177
8-15. Example 1 of A/D Conversion in the A/D Trigger Mode

(Select Mode, One-Buffer Mode, ANIN) .....oooiiiieeeeee e 178
8-16. Example 2 of A/D Conversion in the A/D Trigger Mode

(Select Mode, Four-Buffer Mode, ANIN) ..o 179
8-17. Example 3 of A/D Conversion in the A/D Trigger Mode (Scan Mode, ANIO to ANI7)........ 180
8-18. Example 1 of A/D Conversion in the Timer Trigger Mode

(Select Mode, One-Buffer Mode, One-Trigger Mode, Timer One-Shot Mode, ANIn) ........ 182
8-19. Example 2 of A/D Conversion in the Timer Trigger Mode

(Select Mode, One-Buffer Mode, One-Trigger Mode, Timer Loop Mode, ANIn)........ 183
8-20. Example 3 of A/D Conversion in the Timer Trigger Mode

(Select Mode, One-Buffer Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIn) ........ 185
8-21. Example 4 of A/D Conversion in the Timer Trigger Mode

(Select Mode, One-Buffer Mode, Four-Trigger Mode, Timer Loop Mode, ANIn)......... 186
8-22. Example 5 of A/D Conversion in the Timer Trigger Mode

(Select Mode, Four-Buffer Mode, One-Trigger Mode, Timer Loop Mode, ANIn)........ 188
8-23. Example 6 of A/D Conversion in the Timer Trigger Mode

(Select Mode, Four-Buffer Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIn) ....... 190
8-24. Example 7 of A/D Conversion in the Timer Trigger Mode

(Select Mode, Four-Buffer Mode, Four-Trigger Mode, Timer Loop Mode, ANIn) ....... 191
8-25. Example 8 of A/D Conversion in the Timer Trigger Mode

(Scan Mode, One-Trigger Mode, Timer Loop Mode, ANIO to ANI7) .......ccoeeeneee. 193
8-26. Example 9 of A/D Conversion in the Timer Trigger Mode

(Scan Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIO to ANI7) ............ 195
8-27. Example 10 of A/D Conversion in the Timer Trigger Mode

(Scan Mode, Four-Trigger Mode, Timer Loop Mode, ANIO to ANI7)........cccceee. 195
8-28. Example 1 of A/D Conversion in the External Trigger Mode

(Select Mode, One-Buffer Mode, One-Trigger Mode, ANIN) .......ccccoviieiiiiiiiiennne 197

— Xvil —



LIST OF FIGURES (4/7)

Fig. No. Title Page
8-29. Example 2 of A/D Conversion in the External Trigger Mode

(Select Mode, One-Buffer Mode, Four-Trigger Mode, ANIN) ......cccooviiiiiiiiniineenne 198
8-30. Example 3 of A/D Conversion in the External Trigger Mode

(Select Mode, Four-Buffer Mode, One-Trigger Mode, ANIN) ......ccccoviiiiiiiiiiiieenne 199
8-31. Example 4 of A/D Conversion in the External Trigger Mode

(Select Mode, Four-Buffer Mode, Four-Trigger Mode, ANIN) .....oocovieiiiiiieneenee 200
8-32. Example 5 of A/D Conversion in the External Trigger Mode

(Scan Mode, One-Trigger Mode, ANIO t0 ANI7) ..o 202
8-38. Example 6 of A/D Conversion in the External Trigger Mode

(Scan Mode, Four-Trigger Mode, ANIO t0 ANI7) ..ooueiiiiii e 204
8-34. (O70] 0] o1 =T I =Yg (oY GOSN 206
8-35. QUANEIZAION EFTOT ..o e 206
8-36. WA= (o R Toz- I = (o] RS PPRRTR 207
8-37. FUI-SCAIE EFTOT ..ttt ettt e e ebe e e enees 207
8-38. NON-NNEANTY EFTOF ot 207
9-1. Block Diagram of a D/A Converter (N = 0, 1) oo 209
9-2. Examples of Buffer Amplifier Connection ..........oooceiieiiiiiiii e 211
10-1. Block Diagram of the Asynchronous Serial Interface ..........ccccocoiiiiiiiiiiiiiieeene 215
10-2. Port 3 Mode Control Register FOrmat .......ccoeveiiiiiiiieii e 216
10-3. Port 3 Mode Register FOrmat ... 217
10-4. Data Format of the Asynchronous Serial Interface ..o 218
10-5. Setting of ASIM Register (Data FOrmat) .......cccueeviiiiiiiiii e, 219
10-6. Setting of ASIM Register (Serial CIOCK) .....cueiiiiiiiiii e 221
10-7. Block Diagram of Baud Rate Generator .........cccceeieeiiieii e 223
10-8. Timer Control Register 2 FOrmat ... 225
10-9. Transmission Completion Interrupt Timing for Asynchronous Serial Interface .... 228
10-10. Reception Completion Interrupt Timing for Asynchronous Serial Interface ......... 229
10-11. Setting of ASIM Register (Reception Enabled) ........ccccveiiiiiiiiiiiiieeee e 230
10-12. Transmitting/Receiving Data Using the Macro Service .........cccocoeevieiiiei e 232
10-13. Reception Error TIMING ... 233
10-14. ASIS Register FOIrMAaL .......eoiiiiiiiiie e e e 234
11-1. Block Diagram of Clock Synchronous Serial Interface ........c.ccocociiiiiiiieniniennne 238
11-2. Port 3 Mode Control Register FOrmat ........coeeeiiiiiiiii e 239
11-3. Port 3 Mode Register FOrmat ... 240
11-4. Setting of CSIMO Register (Serial CloCk) .......oooiiiiiiiiiiiiiee e 242
11-5. Block Diagram of Baud Rate Generator ..........oooviiiiei i 244
11-6. Timer Control Register 2 FOrmat.........oooiiiiiiiiii e 246
11-7. Example of System Configuration in the 3-Wire Serial I/O Mode ........cccccoeeenneeen. 247
11-8. Example of System Configuration in the SBI MOde ......cccooiiiiiiiiiiiiiiiieee e 248
11-9. Timing of 3-Wire Serial I/O MOE........cooiiiiiiiiiiee e 249
11-10. Setting of CSIMO Register (3-Wire Serial I/O MOAE) ....cccuevriieiiiiiiiiiiieiieeeieee 250

— xviii —



LIST OF FIGURES (5/7)

Fig. No. Title Page
11-11. Timing of 3-Wire Serial I/O Mode (TranSmiSSioNn) ........ccceereeeiiieeenieeeniee e 251
11-12. Setting of CSIMO Register (Transmission Enabled) ..........cccocoiiiiiiiiiiiiiniieee 252
11-13. Timing of 3-Wire Serial I/0 Mode (Reception) ........ccooviiiieeiiiiiiiee e 253
11-14. Setting of CSIMO Register (Reception Enabled) .........ccccoeiiiiiiiiiiiiiniieeee 254
11-15. Timing of 3-Wire Serial I/O Mode (Transmission and Reception) .........ccccevcueeens 256
11-16. Setting of CSIMO Register (Transmission and Reception Enabled) ..................... 257
11-17. Example of System Configuration in SBI Mode ........ccocoiiiiiiiiiiiieee 259
11-18. Setting of CSIMO Register (SBI MOUE) ...ccoiuieiiiiiiiiiie e 260
11-19. BUS Release SigNal.......oooo it 261
11-20. (070100100 F= g To IS 1o o -1 ISP 261
11-21. AAAIESS e 262
11-22. COMMEANG ...t e e e e e e e s e e e e anr e e e 262
11-23. D= - SRS SUTUR 262
11-24. ACKNOWIEAGE SIGNAL .. i 263
11-25. Busy Signal and Ready Signal ..o 263
11-26. Format of Serial Bus Interface Control Register .......cocoviiiiiiiiiiiiiieeee e 267
11-27. Operations of RELT, CMDT, RELD and CMDD .......ccccciiiiiiiiiieiieeeee e 268
11-28. OpPeration Of ACKT .. e e e e e e e e 268
11-29. Operation Of ACKE ...ttt s e e s 269
11-30. Operation Of ACKD ......eeii ettt e e e s be e e e neee s 270
11-31. Operation Of BSYE ... 271
11-32. Setting of CSIMO Register (Transmission/Reception Enabled) ...........ccccceevveeen.. 273
11-33. Address Transfer from Master to Slave DeviCe.......ccoooeeriiiiiiiiiiiiieeceee e, 274
11-34. Command Transfer from Master to Slave Device ........cccccevviiiiiiiiiiicie e 274
11-35. Data Transfer from Master to Slave DeViCe .......ccocoueiiiiiiiiieiiiie e 275
11-36. Data Transfer from Slave to Master DevViCe ........cocoeriiiiiiiiiiiiiieeee e 275
11-37. Example of System Configuration in SBI Mode ........c.coveiiiiiiiiiiiiieee e, 276
11-38. Setting of CSIMO Register (Wake-Up FUNCHON) ....ooouiiiiiiiiiiieiee e 277
12-1. Block Diagram of Clock Synchronous Serial Interface (with Pin Switching Function) ....... 281
12-2. Port 10 Mode Control Register FOrmat .........ooociiiiiiiiiiicee e 282
12-3. Port 10 Mode Register FOrmat .......ccuveeiiiiiiie e 283
12-4. Setting of CSIM1 Register (Pin SWitChing) .....cccoovviiiiiiiie e 285
12-5. Setting of CSIM1 Register (Serial CloCK) ......coociiiiiiiiiiiiiiiee e 287
12-6. Block Diagram of Baud Rate Generator ..........ccceeiieeiiiei e 289
12-7. Timer Control Register 2 FOrmat ..o 291
12-8. Example of System Configuration in the 3-Wire Serial I/O Mode ........ccccoeeenneen. 292
12-9. Timing of 3-Wire Serial 1/O MO ........cooiuiiiiiiiii e 293
12-10. Setting of CSIM1 Register (Start Bit for 3-Wire Serial I/O Mode) ........ccccevevernee. 294
12-11. Timing of 3-Wire Serial I/O Mode (TranSmiSSiONn) ........ccceereeeiiieriniiee e 295
12-12. Setting of CSIM1 Register (Transmission Enabled) ..........cccocoiiiiiiiiiiiiniiee 296
12-13. Timing of 3-Wire Serial I/0 Mode (ReCeption) .......cccoeviieiieiiiiiiiee e 297

- Xix —



LIST OF FIGURES (6/7)

Fig. No. Title Page
12-14. Setting of CSIM1 Register (Reception Enabled) ..........ccoveiiiiiiiiiiiiniiiceee 298
12-15. Timing of 3-Wire Serial I/O Mode (Transmission and Reception) .........ccccevueeens 300
12-16. Setting of CSIM1 Register (Transmission and Reception Enabled) ..................... 301
13-1. Block Diagram of the PWM Unit ..o e 303
13-2. Format of PWM Control REQISTEr ......ueviiiiiieeeeeee e 304
13-3. Operation of PWM Output Function (High-Active Setting) .......cccccoviiiiiiiiennne 305
14-1. Block Diagram of the Watchdog TIMer .....ocueeiiiiiiiiiee e 307
14-2. Format of the Watchdog Timer Mode Register ........cccoveiiiiiiiiiiiiiceec e 309
15-1. Format of the Interrupt Control RegiSters ... iiiiiei i 321
15-2. Format of the Interrupt Mask Flag Registers ........ococeiiiiiiiiiiiiiii e 324
15-3. Format of the Interrupt Mode Control Register........cocoiiiiiiiiiiie e 326
15-4. Format of the In-service Priority RegiSter ........oooviiiieiiii e 327
15-5. Format of the Program Status Word (PSWL) ......coooiiiiiii e 328
15-6. Nonmaskable Interrupt Request Acknowledgement..........cccceviiiiiieiiiiiciiee e, 330
15-7. Interrupt Acknowledgement AIGOrithm ......c.oooiiiiiiii e 334
15-8. Context Switching Operation in Response to Interrupt Request ........cccceieene. 335
15-9. Format of the RETCS INSrUCHION ....coiiiiiiiiiieee e 336
15-10. Return Operation from Interrupt Using Context Switching Function by RETCS

T 1S 1 U L] 1o o USRS 336
15-11. Operation Example When Other Interrupt Requests are Generated

during INterrupt SEIVICING ..eeeei i 338
15-12. Operation Example of Simultaneously Generated Interrupt Requests ................. 341
15-183. Level 3 Interrupt Acknowledgement Due to IMC Register Setting ..........cccceeeeee. 342
15-14. Context Switching Operation by the BRKCS Instruction Execution ..................... 344
15-15. Format of the RETCSB INStrUCHON ......eeiiiiiiiie e 345
15-16. Restoring from Software Interrupt by BRKCS Instruction

(RETCSB Instruction Operation) .....c..eeeeiiiiieeeeeieee e 346
15-17. Difference between Vectored Interrupt and Macro Service Servicing ................. 347
15-18. Sample Sequence of Macro Service ProCessing .....cccoevceeeiieeeiiiie e 350
15-19. Operation when Macro Service ComPletes ....oocvvvviiiiiiiiiiie e 352
15-20. Basic Structure of a Macro Service Control Word ........cccoooeeiiiiiiiiieniee e 353
15-21. Macro Service Control Word FOrmat .......cceoe i 354
16-1. Transition Diagram of the Standby Modes .......ccoceeiiiiiiiiie e 369
16-2. STBC Register Write INSTrUCION ......cooiuiiiiiii e 370
16-3. Format of the Standby Control RegiSter .........eviiiiiiiei e 371
16-4. Format of the Watchdog Timer Mode Register ........cccoveiiiiiiiiiiiiieee e 377
16-5. Operations after STOP Mode is Released (1) ....ccoveiieiiiieniiiie e 378
16-6. Operations after STOP Mode is Released (2) ...cccveeeviiieeeiiiiiiiie e 379
16-7. Operations after STOP Mode is Released (3) .....cceeiiieeiiiiriiiiieiee e 380



LIST OF FIGURES (7/7)

Fig. No. Title Page
16-8. Operations after STOP Mode is Released (4) .....cceeieeeiiieriiiieeiiee e 381
16-9. Releasing the STOP Mode by NMI INPUL ....oooiiiiiiiiiie e 383
17-1. Acceptance of the RESET Signal .......oooiiiiiiiiiiiiie et 385
17-2. Reset Operation at POWEI -0 .........oiiiiiiiiii et 386
18-1. Memory Map for Expansion Mode (for uPD78356 When an External 8-bit bus

1JES] o1 Ted 1 1= To ) ISR 391
18-2. Memory Map for Expansion Mode (for uPD78356 When an External 16-Bit Bus

EJES] o1 Ted 1 1= To ) USSR 392
18-3. Memory Map of the UPD78355 ... 393
18-4. Format of the Memory Expansion Mode Register........cccuviiiiiiiiieiiiiieee e, 395
18-5. Format of the Programmable Wait Control Register ........ccocoviviiiiiiiiiiiciiee 397
18-6. Read Operation (with an 8-Bit BUS) ......ccoccuiiiiiiiiiieei e 399
18-7. Write Operation (with an 8-Bit BUS) ....ocuviiiiiiiie e 400
18-8. Read Operation (When an Even Address is Accessed with a 16-Bit Bus) .......... 400
18-9. Write Operation (When an Even Address is Accessed with a 16-Bit Bus) .......... 401
18-10. Read Operation (When an Odd Address is Accessed with a 16-Bit Bus) ........... 401
18-11. Write Operation (When an Odd Address is Accessed with a 16-Bit Bus)............ 402
19-1. Memory Map (in the pPD78P356 Programming Mode) ......ccceevvivieiiiniiiieeeeee, 403
19-2. Flowchart of Procedure for Writing (Page Program Mode) .........ccccooceiiiiiiininnnne 406
19-3. Timing Chart of PROM Write and Verify Operation (Page Program Mode)......... 407
19-4. Write Operation Flowchart (Byte Program Mode) ........cceeeeiiiiiiiiiiiiiiieeiiieeeees 409
19-5. Timing Chart of PROM Write and Verify Operation (Byte Program Mode).......... 410
19-6. PROM Read Timing Chart .......cooouiiiiieiee e 411
21-1. Concept of Memory Access in Op-Code Fetch ... 437
21-2. Concept of Memory Access in Data ACCESS .....ccociieiiiieiiiiie et 440
22-1. Examples of Buffer Amplifier Connection ...........ccocoeiiiieiiiii e 455

— XXi —



LIST OF TABLES (1/3)

Table No. Title Page
1-1. Differences between the uPD78355, uPD78356, and uPD78P356 ..................... 12
2-1. POrt Pin FUNCHONS ... e 15
2-2. NON-POrt PiN FUNCHONS ...eiiiiiieiiee e 17
2-3. Pin Functions for PROM Programming Mode .........ccccoviiiiiiiiiiiieniiee e 20
2-4. Input/Output Circuits of Each Pin and Connection of Unused Pins ..................... 32
3-1. VECTOr TaDIE AN ..o 37
3-2. Operations when Word Accessing in the Internal RAM Area ......cccccovivieeeriiineenn. 39
3-3. General Register Configuration .........oooeee i 52
3-4. Special FUNCtion REGISTErS ....ouuiiiiiiiiii e 55
5-1. Port Functions and Alternate Functions of the Ports ... 78
5-2. Operation of Port 4 and Port 5 (UPD78356) ......ccceeeiiiieiiiieeiee e 82
5-3. uPD78356 Port 9 Operation (External 8-bit BUS) .......ccuvveiiiiiiiiiiiiiiieec e 83
5-4. uPD78356 Port 9 Operation (External 16-bit BUS) .....ceeeiiieiiiiiiiiieee e, 83
7-1. Components of the Real-Time Pulse Unit (RPU) ......occuiiiiiiiiieeieceeee 101
7-2. Interrupt Request Signals from 16-Bit Compare Registers .......ccccocviiiiiiiiennnn. 104
7-3. Interrupt Request Signal from the 10-Bit Compare Register .........ococeeriiiiiiieenen 104
7-4. Functions of Timer Unit Mode RegiSters ... 106
7-5. Functions of Timer Control REQISters ........c.ooiiiiiiiiiiie e 109
7-6. Functions of Timer Output Control RegiSters .........cccoiieeiiiir e 114
7-7. Timer Outputs and Trigger SIGNaAIS ....cooo i 114
7-8. Function of the Timer Overflow Status Register .......cocoooiiiiiiiiiiie 119
7-9. Functions of External Interrupt Mode Registers ........coooiiiiiiiiiiiiieee e 121
7-10. Function of the Noise Protection Control Register .......cccooieiiiiiiiiiiiieee e, 123
7-11. Interrupt Request Signals from 16-Bit Compare Registers for Timer 0 (TMO0) .... 125
7-12. Operating Modes for Each Timer Output Pin of Timer 0 (TMO) ....cccceeiieeiiieeennen. 125
7-13. Capture Trigger Signals for 16-Bit Capture Registers for Timer 0 (TMO) ............ 128
7-14. Interrupt Request Signals from 16-Bit Compare Registers for Timer 1 (TM1) .... 131
7-15. Operating Modes for Each Timer Output Pin of Timer 1 (TM1) ...occciiiiiiiennnn. 131
7-16. Interrupt Request Signals from 16-Bit Compare Registers for Timer 2 (TM2) .... 135
7-17. Operating Modes for Each Timer Output Pin of Timer 2 (TM2) .....cccooieiiiieennnnn. 135
7-18. Interrupt Request Signals from 16-Bit Compare Registers for Timer 3 (TM3) .... 139
7-19. Capture Trigger Signals for 16-Bit Capture Registers for Timer 3 (TM3) ............ 141
7-20. Interrupt Request Signals from 10-Bit Compare Registers for Timer 4 (TM4) .. 143
7-21. Interrupt Request Signals from 16-Bit Compare Registers for the Up/Down Counter

(UD ) ettt ettt e e 145
7-22. Operating Mode for the Up/Down Counter (UDC) ......cceeiiieiiiiiiinieeeiee e 148
7-23. Timer Output Pins and Toggle Signals .......coociiiiiiiiiieieeee e 152

— XxXii —



LIST OF TABLES (2/3)

Table No. Title Page
7-24. Timer Output Pins and Set and Reset Signals........cooceeeiiiiiiiiiiiieeee e, 152
7-25. Data of RTPHn and RTPLn (n =0 to 7) to Be Read ......cooceeeviiiiiiecieiee 158
8-1. Analog Input Pins 10 Be Selected .......oooiiiiiiiiiieie e 165
8-2. CS Bit Manipulation and A/D Conversion in the A/D Trigger Mode ..........ccec...... 166
8-3. CS Bit Manipulation and A/D Conversion in the Timer Trigger Mode or

External Trigger MOE .......ccuueiiiiie e 166
8-4. A/D CONVEISION TIME ..ttt ettt ettt bb e e nbe e e s nae e e sneeeesaneeas 168
8-5. Trigger Mode for the ANIO t0 ANI3 PiNS ....oooiiiiiiiiie e 168
10-1. Baud Rate Setting Examples (Asynchronous Serial Interface) ........cccccovieeennenn. 226
10-2. Causes of RECEPLION EITOIS ..ot ee e 233
11-1 Signals Used in SBI MOE ........coiiiiiiiiiie it 264
13-1. PWM Signal Repetition FreqUeNCIES .......ccuiiiiiiiiiiii e 303
15-1. Interrupt Request Handling ......ooooeeeiiiiie e 311
15-2. INTEITUPT SOUICES ... ettt e e e neeas 312
15-3. Interrupt Control REGISTErS .....coiiiiiiie e e 317
15-4. Interrupt Control Register Flags for the Interrupt Request Signals ...................... 318
15-5. Multiple-interrupt SErVICING ......coi i e 337
15-6. Interrupt for Which Macro Service Can be Used........cccccoviiiiiiiiiiiic e 348
15-7. Classification of Macro Service MOUES ........coeeiiiiiiiic i 355
15-8. Counter Mode Operation Specification ..........ccoooeiiiiii i 356
15-9. Specification of Block Transfer Mode Operation .........cccccceiieieiiiiiiiiee e 357
15-10. Specification of Block Transfer Mode (with a Memory Pointer) Operation .......... 359
15-11. List of Instructions with which Interrupt Requests may not be Acknowledged .... 365
16-1. Operation States in the HALT MOE ......cocoiiiiiiiiiiiiieeeee e 372
16-2. Acceptance of Interrupts Generated during Interrupt Handling ........ccccococeeeieens 373
16-3. Operations after the HALT Mode is Released by an Interrupt Request............... 374
16-4. Releasing the HALT Mode by a Macro Service Request .......cccocoeveiiiieneennnee, 374
16-5. Operation States in the STOP MOdE .......coiiiiiiiiiiiie e 375
16-6. Release of STOP Mode and Operations after Release ..........ccococeiieiiieienienene 382
17-1. Hardware Statuses after ReSet ......cooiiiiiiiiii e 387
18-1. Assigning Functions to Pins (for uPD78356 When an External 8-Bit Bus is Specified) .... 389
18-2. Operation of Port 5 (Expansion MOdE) ........ceeeiiiiiniie i 390
18-3. Assigning Functions to Pins (for uPD78356 When an External 16-Bit Bus is

SPECITIEA) 1ttt 392
18-4. Status after PWC Register RESEet.......oociiiiiiiiiiie e 396

— xxiii —



LIST OF TABLES (3/3)

Table No. Title Page
19-1. Functions of Pins in the Programming Mode .........ccccooiiiiiiniii e 404
19-2. Operating Modes for Programming on PROM ........ccocoiiiiiiiiiiiiiee e 404
20-1. Operand Identifier and DeSCrPLION .......c.eeiiiiiiiiii e 414
20-2. Absolute Names and Their Corresponding Function Names of an 8-bit Register .............. 415
20-3. Absolute Names and Their Corresponding Function Names of a 16-bit Register .............. 415
20-4. Notational Symbols in Flag Operation Field ..., 417
21-1. The Number of Clocks Registered for Op-code Fetch ..., 436
21-2. Bus Control Signals in Op-Code FetCh ... 438
21-3. Number of Clocks Required for Data ACCESS ......coiieiiiiiiiiiiiieeiiee e 439
21-4. Bus Control Signals in Data Access (When Specified External 8-bit Bus) .......... 441
21-5. Bus Control Signals in Data Access (When Specified External 16-bit Bus) ........ 442
21-6. Number of saddr Accesses by INSTrUCioN .........coooeiiiiiiiiiii e 445
21-7. Number of sfr Accesses by an INStruction ... 448

— Xxiv —



CHAPTER 1 GENERAL

The pPD78356 subseries products are products of the 16-bit single-chip microcontroller 78K/Ill series. They
contain a 16-bit high-speed, high-performance CPU.
The pPD78356 subseries has the following 12 models.

» Standard products : pPD78355, 78356, 78P356
+ Special products : pPD78355 (A)Nete, 78355 (A1)Note, 78355 (A2)Note, 78356 (A), 78356 (A1)Note, 78356 (A2)Note,
78P356 (A), 78P356 (A1)Note, 78P356 (A2)Nete

Note Under development

The uPD78356 series contains a data bus whose width can be switched from 8 bits to 16 bits, and vice versa (bus
sizing function).

The uPD78356 series also contains an ultrahigh-speed A/D converter and high-speed D/A converter, which are
required in motor control, a real-time pulse unit, which controls pulses in real time, and large memory. Because the
product-sum instruction is added, the uPD78356 series can be used in many field as high-speed, high-performance
CPU.

The pPD78355 is a ROM-less version of the pPD78356.

The uPD78P356 is produced by replacing the internal mask ROM of the pPD78356 with a one-time PROM or
EPROM. One-time PROM versions, in which data can be written once are ideally suited for small-scale production
of many different products, and rapid development and time-to-market of a new product. EPROM products, to which
programs can be re-written after previously written programs have been erased, are suited for system evaluation.

The pPD78355 (A), 78355 (A1), 78355 (A2), 78356 (A), 78356 (A1), 78356 (A2), 78P356 (A), 78P356 (A1),
78P356 (A2) are “special” quality grade versions of the pPD78355, 78356 and 78P356, respectively.
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1.1

Features

16-bit internal architecture, 16- or 8-bit external data bus
High-speed data processing using the pipeline control system and high-speed operation clock
Minimum instruction execution time: 125 ns
(internal clock frequency: 16 MHz, external clock frequency: 32 MHz)
115 instruction sets suited for control applications (WPD78322 upward compatible)
— 16-bit arithmetic/logical instruction
— Multiply/divide instruction (16 bits x 16 bits, 32 bits + 16 bits)
— Signed multiply instruction
— Product-sum instruction (16 bits x 16 bits + 32 bits)
— Correlation instruction
— String instruction
— Bit manipulation instruction and so on
Various peripheral hardware
— Real-time pulse unit
— Ultrahigh-speed 10-bit resolution A/D converter: 8 channels
(A/D conversion time is about 2 ps: Operation with an external frequency of 32 MHz)
— 8-bit resolution D/A converter: 2 channels
— 8/10/12-bit resolution variable PWM signal output function: 2 channels
Discrete serial interfaces: 3 channels
— UART
— Synchronous serial interface/SBI
— Synchronous serial interface (with pin switching function)
On-chip high-speed interrupt controller
— A 4-level priority can be specified.
— One interrupt processing mode can be selected out of three types:
(vectored interrupt function, macro service function, and context switching function.)
Internal memory: ROM 48 Kbytes (uWPD78356)
Not provided (uUPD78355)
PROM 48 Kbytes (uPD78P356)
RAM 2 Kbytes
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1.2 Applications
[Standard products]
» High-speed servo control for hard disk drive or floppy disk drive
« Automatic focusing for camcoder or single-lens reflex camera

» Motor control in factory automation field

[Special products]
» Car electrical control

1.3 Ordering Information and Quality Grade
1.3.1 Standard products

(1) Ordering information

Part number Package Internal ROM
pPD78355GC-7EA 100-pin plastic QFP (14 x 14 mm) Not provided O
pPD78355GD-5BBNe 120-pin plastic QFP (28 x 28 mm) Not provided
pPD78356GC-xxx-7EA 100-pin plastic QFP (14 x 14 mm) Mask ROM O
pPD78356GD-xxx-5BB 120-pin plastic QFP (28 x 28 mm) Mask ROM O
pPD78P356GC-7EA 100-pin plastic QFP (14 x 14 mm) One-time PROM 0
pPD78P356GD-5BB 120-pin plastic QFP (28 x 28 mm) One-time PROM 0

HPD78P356KP-SNote 120-pin ceramic WQFN EPROM

Note Under development

Remark xxx indicates ROM code suffix.

(2) Quality grade
Standard

Please refer to “Quality grade on NEC Semiconductor Devices” (Document number IEI-1209) published by NEC Corporation
to know the specification of quality grade on the devices and its recommended applications.
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1.3.2 Special products

(1) Ordering information

Part number

Package

Internal ROM

pPD78355GD(A)-5BBNete
pPD78355GD(A1)-5BBNet
pnPD78355GD(A2)-5BBNte
pPD78356GD(A)-xxx-5BB
pPD78356GD(A1)-xxx-5BBNete
pPD78356GD(A2)-xxx-5BBNete
uPD78P356GD(A)-5BB
uPD78P356GD(A1)-5BBNete
nPD78P356GD(A2)-5BBNete

Note Under development

120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)
120-pin plastic QFP (28 x 28 mm)

Remark: xxx indicates ROM code suffix.

(2) Quality grade
Special

Not provided
Not provided
Not provided
Mask ROM
Mask ROM
Mask ROM
One-time PROM
One-time PROM
One-time PROM

Please refer to “Quality grade on NEC Semiconductor Devices” (Document number 1EI-1209) published by NEC Corporation
to know the specification of quality grade on the devices and its recommended applications.
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1.4 Pin Configuration (Top View)
1.4.1 pPD78355 normal operation mode
(1) 100-pin plastic QFP (14 x 14 mm)
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(2) 120-pin plastic QFP (28 x 28 mm), 120-pin ceramic WQFN
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P00 to P07 : Port0 S100, SI10 : .

Serial input
P10 to P17 : Port 1 Si11 :
P20 to P27 . Port 2 S0O00, SO10 : } )

Serial output
P30 to P37 : Port 3 SO11 :
P40 to P47 : Port 4 SBO, SB1 : Serial bus
P50 to P57 : Port5 SCKO00, SCK10 : ,

_— Serial clock
P70 to P77 : Port7 SCK11 :
P80 to P87 : Port8 PWMO, PWM1  : Pulse width modulation output
P90 to P93 : Port9 WDTO : Watchdog timer output
P100 to P107 : Port 10 MODEO, MODE1 : Mode
RTPO to RTP7  : Realtime port ADO to AD15 . Address/data bus
NMI : Nonmaskable interrupt ASTB . Address strobe
INTPO to INTP4 : Interrupt from peripherals RD : Read strobe
TOO00 to TO05 LWR : Low-address write strobe
TO10, TO11 : 1TTimer output HWR . High-address write strobe
TO20, TO21 WAIT : Wait
TCLRO to TCLR2 : . . CLKOUT . Clock output
Timer clear input P

TCLRUD RESET . Reset
TIO, TH : Timer input X1, X2 : Crystal
TIUD : Count pulse input AVbb : Analog Vop
TCUD : Control pulse input AVss : Analog Vss
ANIO to ANI7 : Analog input AVreri to AVRers : Analog reference voltage
ADTRGO to ADTRG3: A/D trigger input Vop . Power supply
ANOO, ANO1 : Analog output Vss : Ground
TxD : Transmit data NC : Non-connection
RxD . Receive data
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1.4.2 PROM programming mode (only uyPD78P356: MODEO/Vrr = +5 V, MODE1 = G, P21 = G, RESET = G)

(1) 100-pin plastic QFP (14 x 14 mm)

—

8 /—%‘G‘O‘O/—/%E >%
@)

ARV ARERTRRIRAARAA

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
75|<+—CO RESET

} (Open)
Vss
Vop

—

a
Cf

D2 Q= 1 74—0O
D3 Q=] 2 73—0O
D4 Q=] 3 72—0
D6 = o] & mo v
|t
D7 Q= 6 Zg O
A8 O——] 7 O
A10 O——| 8 68 P21
A1 O——»] 9 67[<+—CO A9
A12 O——{ 10 1'=U gg O
A13 O——| 11 3
Ald O] 12 3 2‘3‘40:
A15 O—»] 13 ] 62 - (L)
A16 O—»] 14 8 61
MODE1 O—{ 15 o] 60 C
MODEO/Vre O—»] 16 N O
Vss O— 17 m 59—0
>
Voo O— 18 58 O }(Open)
O—— 19 57—O
(Open){ O 20 56——O
@) O— 21 2240 @)
— 22 O
O—23 53—O
Ly o0— 24 5240 L
O—2 11—

26 2728 29 30 31 32 33 34 3536 37 38 39 40 41 42 43 44 4546 47 48 49 50

WML

ezx¥23I2es—— Ugag/vﬁfﬁ

= Vv S

Caution Symbols in parentheses denote processing for pins not used in the PROM programming

mode.
L : Connect these pins separately to the Vss pins through resistors.
G : To be connected to the Vss pin.

Open : Nothing should be connected on these pins.
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(2) 120-pin plastic QFP (28 x 28 mm), 120-pin ceramic WQFN

&
>
T @
- [aya)
= ’“80%00880095—’3 S el N
CZEZ2Z2>5>522CCCZIACIIICZO0O00N00A0
TfTT?TTT??T?TTTTT?TTTT?T?O????
120119118117116115114113112111110109108107106105104103102101100 99 98 97 96 95 94 93 92 91
90 |[«—»(O D1
A0 O—| 1 O 89 [«—»(O Do
A2 O—{ 3 87 ——o0O
A3 O— 4 86 |— O NC
A4 O— 5 85 —O
ﬁg O—> 3 84+—0O }(L)
O—» 8l — 0O
A7 O— 8 82 [«——O PGM
(L){ OoO—°9 81 <—Oﬁ
O——10 80 [——O NC
NC%*}; T 79 |l«—O CE
bl O— S5 ] -
) o 5% l—o (Y
O—15 P 75
NC O— 16 S T 40:
Vss O—— 17 3 8 O NC
Voo O—— 18 h & s
NG O—|19 D 72 O lw
L/ O——20 @ 71 —-a0
i g B O
— {22
NC 8 23 68 ——O Vop
@{ 3% 67| O ves
— 125 66 —O (G)
(L){ § gg gi — O } Open
NC O——28 63 —O Vss
L) O—29 62— Vop
O 30 61— ONC
IIIIIIIIIMIEMIZLM%ImmIwiijizzm
0 O 2 5 OO O
5 & g2k a2 3 2 3 |2z 22
= 85 8 i

Note Under development

Caution Symbols in parentheses denote processing for pins not used in the PROM programming

mode.
L : Connect these pins separately to the Vss pins through resistors.
G : To be connected to the Vss pin.

Open : Nothing should be connected on these pins.

A0 to A16 . Address bus MODEO, MODEH1 :
DO to D7 : Data bus P21 : Programming mode set
CE : Chip enable RESET
OE : Output enable Vop : Power supply
PGM : Programming mode Vss : Ground
Vep : Programming power supply



ol

o EXU ROMM'  Peripheral RAM BCU -
_ L~ CLKOUT
NMI ——=|  PROGRAMMABLE Main RAM -« X1 ™
INTERRUPT - X2___ e
INTP CONTROLLER GENERAL < RESET =
5 REGISTERS - L~ ASTB o
128x 8 48K X 8 SYSTEM |  _RD >
3 X CONTROL WR Q
DATA L = HWR Y
10 MEMORY & -« WAIT 3
TO <~ 128 x 8 BUS < MODE1
Note 3
4 1790 %8 comreoL [~ MoDEONVe:
TCLR ——4» T> “@ ADS8 to AD15
TIMER/COUNTER UNIT 8
o 2 |(REALTIME PULSE UNIT) > ‘ ‘ "8 >ADO to AD7
— MICRO PREFETCH 4" 97 Ao to A16
TIUD SEQUENCE CONTROL °
CONTROL DO to D7
TCUD —— MICRO ROM Eooee? ) PGM Note 3 2
3 ~—OE o
2
SO 4% I(.;n)
SO/SB0 <-—» SERIAL E
2 INTERFACE S
Sl —— (SB) > =
(UART)
SISB1 =——> AD D/A WM WATCHDOG PORT
. CONVERTER | |CONVERTER TIMER
RxD — =]
H £ N n nN
REALTIME OUTPUT z 5222z z 2 2 S (a3 33J3383 T332
RTP< 8| popt | | 2 J2¢8 O 3 2 E ©
o
L < <
g 3
Notes 1. The uPD78355 does not contain ROM.
The uPD78P356 contains 48-Kbyte PROM.
2. Only the uyPD78P356 contains ECC circuit.

3. Signals for the PROM programming mode in the uPD78P356.
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1.6 Function Overview

ltem

Program

puPD78355 uPD78356 uPD78P356

Minimum instruction execution
time

125 ns (internal clock: 16 MHz operation, external clock: 32 MHz
operation)

Internal memory ROM - 48 Kbytes -
PROM - - 48 Kbytes
RAM 2 Kbytes

Memory space

64 Kbytes (can externally be extended)

General register

8 bits x 16 x 8 banks

Number of basic instructions

115

Instruction set

» 16-bit transfer or arithmetic/logical operation

» Multiply/divide operation (16 bits x 16 bits, 32 bits + 16 bits)
» Bit manipulate

« String

* Product-sum operation (16 bits x 16 bits + 32 bits)

« Correlation operation

I/O line Input

9 (Shared for analog input: 8)

I/0

48 | 67

Real-time pulse unit

» 16-bit timer x 5

» 10-bit timer x 1

» 16-bit compare register x 10

» 10-bit compare register x 1

» 16-bit capture/compare register x 5
e Timer output x 10

Real-time output port

Pulse outputs synchronized with real-time pulse unit: 8

PWM unit

8/10/12-bit resolution variable PWM outputs: 2 channels

A/D converter

10-bit resolution: 8 channels

D/A converter

8-bit resolution: 2 channels

Serial interface

Serial interface with a dedicated baud rate generator
UART: 1
Clock synchronous serial interface/SBI: 1
Clock synchronous serial interface (with pin switching function): 1

Interrupt function

External sources: 5, Internal sources: 25 (including 5 external sources)

A 4-level priority can be specified by software.

» Oneinterrupt processing mode can be selected out of three types: (vectored
interrupt function, macro service function, and context switching function.)

Bus sizing function

8 bits or 16 bits external data bus width can be selected.

ECC circuit Not provided Provided
Package Without * 100-pin plastic QFP (14 x 14 mm) (only standard products)

a window | ¢ 120-pin plastic QFP (28 x 28 mm)

With a - 120-pin ceramic

window WQFN (only standard products)
Others » Watchdog timer function

Standby function (HALT/STOP)

11
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1.7 Differences between the uPD78355, uPD78356, and uPD78P356

The difference between the pPD78356 and uPD78355 is that the uPD78356 has an on-chip mask ROM while the
uPD78355 does not.

The uPD78356 operates in the same way as the uPD78355 when the level of the MODEDO pin is held high at all
times (ROM-less mode).

The puPD78P356 is a pPD78356 with its internal mask ROM replaced with a one-time PROM or EPROM. The
functions of the uPD78P356 other than the PROM specifications such as the write/verify function are the same as

for the pyPD78356.

Table 1-1 lists the differences between the uyPD78355, uPD78356, and uPD78P356.

Table 1-1. Differences between the pPD78355, uPD78356, and uPD78P356

o Part No. uPD78355 UPD78356 UPD78P356
Internal memory ROM Not provided. 48 Kbytes 48 Kbytes (PROM)
RAM 2 Kbytes
1/O line Input 9 (Shared analog input: 8)
1/0 48 67

Port 4 (P40 to P47)

Always functions as the
lower-order bits of the
multiplexed address/data
bus.

Canbe specified as input or output in 8-bit units. Functions
as the power-order bits of the multiplexed address/data
bus (ADO to AD7) in the external memory expansion
mode.

Port 5 (P50 to P57)

Always functions as the
higher-order bits of the
multiplexed address/data
bus.

Canbe specified asinput or output in 1-bit units. Functions
as the higher-order bits of the multiplexed address/data
bus (AD8 to AD15) in the external memory expansion
modeNete,

Port 9 (P90 to P93)

P90 always functions as RD
strobe signal output, P91
as LWR strobe output, and
P92 as HWR strobe output.
P93 functions as I/O port.

Can be specified as input or output in 1-bit units. P90
functions as RD strobe signal output, P91 as LWR strobe
output, and P92 as HWR strobe output in the external
memory expansion mode. P93 functions as I/O port.

Memory expansion mode register (MM)

Always in the external
memory expansion mode.

Specifies input or output for port 4 in 8-bit units. Specifies
the memory expansion widths for ports 4 and 5 in the
external memory expansion mode.

Port 5 mode register (PM5)

Not provided.

Specifies input or output for port 5 in 1-bit units.

MODEO and MODET1 settings

» With 8-bit external bus
MODEO = MODE1 = HL

« With 16-bit external bus
MODEO = MODE1 = HH

* In the normal operation
mode
MODEO = MODE1 = LL

+ In the ROM-less mode .
(with 8-bit external bus)
MODEO = MODE1 = HL

+ In the ROM-less mode .
(with 16-bit external bus)
MODEO = MODE1 = HH

* In the normal operation
mode

MODEO = MODE1 = LL
In the programming mode
(with 8-bit external bus)
MODEO = MODE1 = HL
In the ROM-less mode
(with 16-bit external bus)
MODEO = MODE1 = HH

ECC circuit Not provided Provided
Package Without * 100-pin plastic QFP (14 x 14 mm)
a window | ¢ 120-pin plastic QFP (28 x 28 mm)
With a 120-pin ceramic WQFN
window
Note Which pins are used as an address bus depends upon the size of external memory (set by the memory

expansion mode register.) (See CHAPTER 18.)

12
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1.8 Example of System Configuration

Hard-disk servo control system

pPD78356
] ‘.
Sector start ' TCLRoO !
eclor sta TMO (16 bits) |
signal i |
: |
I
' |
| cMoo - (= VCMriver
I -
I CMO1 D/A :
I converter :
2ch
: o0 (@ch) —@—» Gain control
I
: CCo1 :
I
I
| l y :
' |
' |
' |
' Trigger L ()—» Spindle motor start
4,67 : control
I 10-bit 1/0
-0 ; .
Servo burst I A/D Spindle motor start
4><P7 converter —Q—» pulse
(8 ch) i

TM3 (16 bits)
12-bit

PWM |—CO—> Spindle motor driver
Speed of the spindle W cC30 (2 ch)
motor

Phase of the spindle INTP4 cCat

motor

Macro service function

ROM RAM
(48 Kbytes) (2 Kbytes)

13
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

2.1.1 Normal operating mode

(1) Port pins

Table 2-1. Port Pin Functions (1/2)

Pin 110 Function Alternate function
P00 I/0 Port 0. RTPO/ADTRGO
PO1 8-bit 1/O port. RTP1/ADTRGH
Can be specified as input or output in 1-bit units.
P02 RTP2/ADTRG2
P03 RTP3/ADTRG3
P04 to P07 RTP4 to RTP7
P10 to P17 110 Port 1. -
8-bit I/O port.
Can be specified as input or output in 1-bit units.
P20 | Port 2. NMI
P21 o | 8bit O port. INTPO/TO04
oo Can be specified as input or output in 1-bit units. INTP1/TO05
(P20/NMl is excluded.)
P23 INTP2
P24 INTP3
P25 INTP4
P26 TCLR2/TO21
P27 TO20
P30 I/0 Port 3. TxD
P31 8-bit I/0 port. RxD
Can be specified as input or output in 1-bit units.
P32 S000/SB0O
P33 S100/SB1
P34 SCKO00
P35 TCLR1
P36 TH/TO11
P37 TO10

15
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Table 2-1. Port Pin Functions (1/2)

Pin I/0 Function Alternate function
P40 to P47Note | /O Port 4. ADO to AD7
8-bit I/0 port.
Can be specified as input or output in 8-bit units.
P50 to P57Note | /O | Port 5. ADS to AD15
8-bit I/O port.
Can be specified as input or output in 1-bit units.
P70 to P77 | Port 7. ANIO to ANI7
Port used only for 8-bit input.
P80 I/0 Port 8. TCLRO
Can be specified as input or output in 1-bit units.
P82 TO00
P83 TOO1
P84 TO02
P85 TCLRUD
P86 PWMO
P87 PWM1
pgQNote /O | Port 9. RD
P91Note 4‘b|t I/O pOI’t LWR
Can be specified as input or output in 1-bit units. —
pg2Note HWR
P93 -
P100 I/0 Port 10. SO10
P101 8-bit I/O port. S0
Can be specified as input or output in 1-bit units.
P102 SCK10
P103 SO11
P104 Si11
P105 SCK11
P106 TIUD
P107 TCUD

Note Does not function as a port for the uPD78355 (Pin P92 does not function only when the external 16-bit
bus is specified).

16
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(2) Non-port pins

Table 2-2. Non-port Pin Functions (1/3)

Pin I/0 Function Alternate function
RTPO (0] Outputs a pulse in real time as triggered by a trigger signal sent from P0OO/ADTRGO
RTP1 the real-time pulse unit. PO1/ADTRGH
RTP2 P02/ADTRG2
RTP3 P03/ADTRG3

RTP4 to RTP7 P04 to P07

NMI | Nonmaskable interrupt request input P20
INTPO External interrupt request input P21/TO04
INTP1 P22/TO05
INTP2 P23
INTP3 P24
INTP4 P25

TIO | External count clock input to timer 0 P81/TO03

TH External count clock input to timer 1 P36/TO11
TIUD External count clock input to the up/down counter P106
TCUD Input for the control signal to determine whether the up/down P107

counter counts up or down.
TCLRO Clear signal input to the real-time pulse unit P80
TCLR1 P35
TCLR2 P26/TO21
TCLRUD P85
TOO00 (0] Timer output from the real-time pulse unit (RPU) P82
TOO1 P83
TO02 P84
TOO03 P81/TIO
TO04 P21/INTPO
TOO05 P22/INTP1
TO10 P37
TO11 P36/TI1
TO20 P27
TO21 P26/TCLR2
ANIO to ANI7 | Analog input to the A/D converter P70 to P77
ADTRGO External trigger signal input to the A/D converter POO/RTPO
ADTRGH1 PO1/RTP1
ADTRG2 P02/RTP2
ADTRG3 P03/RTP3

17
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Table 2-2. Non-port Pin Functions (2/3)

Pin I/0 Function Alternate function
ANOO (0] Analog output from the D/A converter -
ANOH1 -

TxD O Serial data output from the asynchronous serial interface P30

RxD | Serial data input to the asynchronous serial interface P31
SCKO00 I/0 Serial clock 1/O for the clock synchronous serial interface P34
SCK10 P102
SCK11 P105

SI100 | Serial data input in the 3-wire mode of the clock synchronous serial P33/SB1

SI110 interface P101

SI11 P104
SO00 (0] Serial data output in the 3-wire mode of the clock synchronous serial P32/SB0
S0O10 interface P100
SO11 P103

SBO I/0 Serial data 1/0 in the SBI mode of the clock synchronous serial P32/SO00

SBf interface P33/S100
PWMO (0] PWM signal output P86
PWM1 P87
WDTO O Output for the signal which indicates the watchdog timer overflowed. -

(A nonmaskable interrupt is generated.)

ADO to AD7 I/0 Lower-order bits of the multiplexed address/data bus used when P40 to P47
external memory is expanded

ADS8 to AD15 Higher-order bits of the multiplexed address/data bus used when P50 to P57
external memory is expanded

ASTB (0] Output for the timing signal used in externally latching address -

information output from the ADO to AD15 pins, in order to access the
external memory

RD Read strobe signal output to the external memory P90

LWR Write strobe signal output to the low-order 8 bits in the external P91

memory

HWR Write strobe signal output to the high-order 8 bits in the external P92

memory
WAIT | Input for the control signal which causes wait in the bus cycle -
MODEO | Input for the control signal which sets the operation mode. Normally, -
MODE1 both MODEO and MODET1 are directly connected to the Vss pin.

18
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Table 2-2. Non-port Pin Functions (3/3)

Pin I/0 Function Alternate function
CLKOUT (0] System clock output -
RESET | System reset input -
X1 | Crystal input pin for the system clock. When a clock signal is provided -
X2 _ externally, input to the X1 pin and the X2 pin should be left open.
AVREF1 | A/D converter reference voltage input -
AVREF2 D/A converter reference voltage input -
AVREF3 -
AVpp - Analog power supply for the A/D converter -
AVss - Ground for the A/D converter -
Vop - Positive power supply -
Vss - Ground -
NC - Not internally connected. Connect the NC pin to the Vss pin (can also -
be left open).
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2.1.2 PROM programming mode (only for the yPD78P356: MODEO/Vrr = H, MODE1 =L, P21 = L,

RESET = L)
Table 2-3. Pin Functions for PROM Programming Mode
Pin I/0 Function
MODEO/Vrr | Power supply pin for setting the yPD78P356 to a PROM
programming mode and for writing a program
MODEH1 Setting the uyPD78P356 to a PROM programming mode
P21
RESET
A0 to A16 Address bus

DO to D7 I/10 Data bus

PGM | Program input

CE PROM enable input
OE Read strobe to PROM
Vop - Positive power supply
Vss Ground

Caution Connect the MODEO/Ver, MODE1, P21, and RESET pins to Vop or Vss
directly.

20
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2.2 Pin Functions

2.2.1 Normal operation mode

(1)

(2)

P00 to P07 (Port 0) ... 3-state input/output

Port 0 is an 8-bit I/O port. Port 0 functions not only as a general I/O port, but also as a real-time output port
or an external trigger input for the A/D converter.

By setting the port 0 mode control register (PMCO0), each bit of port 0 can be placed in one of the operating
modes described below. (See 5.2.)

(a) Port mode
Port 0 functions as an 8-bit general 1/0O port.
By setting the port 0 mode register (PM0), each bit of port 0 can be separately specified as an input port
or output port.

(b) Control mode
Port 0 functions as the control pins described below.

(i) RTPO to RTP7
These pins function as a real-time output port.
(ii) ADTRGO to ADTRG3
These pins function as an external trigger input for the A/D converter.

Caution: When the RESET signal is input, all the pins of port 0 are set to the input mode (output high-
impedance). At this time, the contents of the output latch are undefined.

P10 to P17 (Port 1) ... 3-state input/output

Port 1 is an 8-bit /0 port. Port 1 functions as a general I/O port.

By setting the port 1 mode register (PM1), each bit of port 1 can be separately specified as an input port or
output port.

Caution When the RESET signal is input, all the pins of port 1 are set to the input mode (output high-
impedance). At this time, the contents of the output latch are undefined.

21



CHAPTER 2 PIN FUNCTIONS

(3) P20 to P27 (Port 2) ... 3-state input/output
Port 2 is an 8-bit I/O port. Note, however, that only P20/NMI is dedicated to input. Port 2 functions not only
as a general I/O port, but also as control pins.
By setting the port 2 mode control register (PMC2), each bit of port 2 can be placed in one of the operating
modes described below. (See 5.2.)

(a) Port mode
Port 2 functions as an 8-bit general I/O port.
By setting the port 2 mode register (PM2), each bit of port 2 can be separately specified as an input port
or output port. However, note that only P20 is dedicated to input.

(b) Control mode
Port 2 functions as the control pins described below.

(i) NMI
This pin functions as an input pin for an edge detection external nonmaskable interrupt request.
(ii) INTPO to INTP4
These pins function as input pins for an edge detection external interrupt request.
(iii) TO04, TO05, TO20, TO21
These pins function as output pins for timer output from the real-time pulse unit.
(iv) TCLR2
This pin functions as an input pin for inputting a clear signal to the real-time pulse unit.

Caution When the RESET signal is input, all the pins of port 2 are set to the input mode (output high-
impedance). At this time, the contents of the output latch are undefined.
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(4) P30 to P37 (Port 3) ... 3-state input/output
Port 3 is an 8-bit I/0 port. Port 3 functions not only as a general 1/O port, but also as control pins.
By setting the port 3 mode control register (PMC3), each bit of port 3 can be placed in one of the operating
modes described below. (See 5.2.)

(a)

(b)

Port mode

Port 3 functions as an 8-bit general I/O port.

By setting the port 3 mode register (PM3), each bit of port 3 can be separately specified as an input port
or output port.

Control mode
Port 3 functions as the control pins described below.

(i) RxD, TxD
These pins function as 1/O pins for serial data transferred via the asynchronous serial interface
(UART).
(ii) SO00/SBO, SI100/SB1
These pins function as I/O pins for serial data transferred via the clock synchronous serial interface.
(i) SCK00
This pin functions as an I/O pin for a serial clock signal transferred via the clock synchronous serial
interface.
(iv) TO10, TO11
These pins function as output pins for timer output from the real-time pulse unit.
(v) TH
This pin functions as an input pin for inputting an external count clock signal to timer 1 (TM1) of the
real-time pulse unit.
(vi) TCLR1
This pin functions as an input pin for inputting a clear signal to the real-time pulse unit.

Caution When the RESET signal is input, all the pins of port 3 are set to the input mode (output high-

impedance). At this time, the contents of the output latch are undefined.
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(5) P40 to P47 (Port 4) ... 3-state input/output

24

The function of port 4 is different for the uPD78355, uPD78356, and uPD78P356.

(a) uPD78355
Port 4 is placed in the external memory expansion mode at all times. When an external 8-bit bus is
specified, port 4 always functions as an 8-bit address/data bus (ADO to AD7). When an external 16-bit
bus is specified, port 4 always functions as the lower 8-bit address/data bus (ADO to AD7). Port 4 does
not function as a port.

(b) ©PD78356, UPD78P356 (with the MODEO and MODE1 pins set low)
Port 4 is an 8-bit I/0 port. Port 4 functions not only as a general I/O port, but also as an address/data
bus.
By setting the memory expansion mode register (MM), port 4 can be placed in one of the operating modes
described below. (See CHAPTER 18.)

(i) Port mode
Port 4 functions as an 8-bit general I/O port.
By setting the memory expansion mode register (MM), port 4 can be specified as an 8-bit input port
or an 8-bit output port.

(ii) External memory expansion mode
Port 4 functions as an address/data bus (ADO to AD7) for accessing external memory. When an
external 8-bit bus is specified, port 4 functions as an 8-bit address/data bus. When an external 16-
bit bus is specified, port 4 functions as the lower 8-bit address/data bus. In this case, the value of
the port 4 register has no effect.

Caution When the RESET signal is input, all the pins of port 4 are set to the input mode (output high-
impedance) regardless of whether the port mode or external memory expansion mode is set.
At this time, the contents of the output latch are undefined.
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(6) P50 to P57 (Port 5) ... 3-state input/output
The function of port 5 is different for the uPD78355, uPD78356, and uPD78P356.

(a) uPD78355
Port 5 is placed in the external memory expansion mode at all times. When an external 8-bit bus is
specified, port 5 always functions as an 8-bit address/data bus (AD8 to AD15). When an external 16-
bit bus is specified, port 5 always functions as the higher 8-bit address/data bus (AD8 to AD15). Port
5 does not function as a port.

(b) 1PD78356, UPD78P356 (with the MODEO and MODE1 pins made low)
Port 5 is an 8-bit I/0 port. Port 5 functions not only as a general I/O port, but also as an address/data
bus.
By setting the memory expansion mode register (MM), port 5 can be placed in one of the operating modes
described below. (See CHAPTER 18.)

(i) Port mode
Port 5 functions as a 2-bit, 4-bit, or 8-bit general 1/0O port.
By setting the port 5 mode register (PM5), each bit of port 5 can be separately specified as an input
port or output port.

(ii) External memory expansion mode
Port 5 functions as an address/data bus (AD8 to AD15) for accessing external memory. When an
external 8-bit bus is specified, port 5 functions as an 8-bit address/data bus. When an external 16-
bit bus is specified, port 5 functions as the higher 8-bit address/data bus. In this case, the value of
the port 5 register has no effect.
P50 to P57 can be specified for address output stepwise according to the size of external expansion
memory. (Any remaining pins can be used for a general 1/O port.)

Caution When the RESET signal is input, all the pins of port 5 are set to the input mode (output high-

impedance) regardless of whether the port mode or external memory expansion mode is set.
At this time, the contents of the output latch are undefined.
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)

(8)

P70 to P77 (Port 7) ... Input
Port 7 is an 8-bit special input port. Port 7 functions not only as a general input port, but also as an analog
signal input for the A/D converter.

(a) Port mode
Port 7 is placed in the control mode at all times. However, by executing a read instruction for port 7, the
state of each pin can be read.

(b) Control mode
Port 7 functions as input pins (ANIO to ANI7) for inputting an analog signal to the A/D converter.

P80 to P87 (Port 8) ... 3-state input/output

Port 8 is an 8-bit I/O port. Port 8 functions not only as a general I/O port, but also as PWM output pins or
control pins for the real-time pulse unit.

By setting the port 8 mode control register (PMC8), each bit of port 8 can be placed in one of the operating
modes described below. (See 5.2.)

(a) Port mode
Port 8 functions as an 8-bit general I/O port.
By setting the port 8 mode register (PM8), each bit of port 8 can be separately specified as an input port
or output port.

(b) Control mode
Port 8 functions as the control pins described below.

(i) TOO00, TOO1, TO02, TOO03
These pins function as output pins for timer output from the real-time pulse unit.
(i) TIO
This pin functions as an input pin for inputting an external count clock signal to timer 0 (TMO) of the
real-time pulse unit.
(iii) TCLRO, TCLRUD
These pins function as input pins for inputting a clear signal to the real-time pulse unit.
(iv) PWMO, PWM1
These pins function as PWM signal output pins.

Caution When the RESET signal is input, all the pins of port 8 are set to the input mode (output high-
impedance). At this time, the contents of the output latch are undefined.
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(9) P90 to P93 (Port 9) ... 3-state input/output
The function of port 9 is different for the uPD78355, uPD78356, and uPD78P356.

(a)

(b)

UPD78355

The P90 and P91 pins are placed in the external memory expansion mode at all times, and always function
as the RD and LWR pins. P90 and P91 do not function as a port.

The P92 pin functions as a port when an external 8-bit bus is specified. P92 functions as the HWR pin
when an external 16-bit bus is specified. When P92 functions as the HWR pin, it does not have the port
function.

The P93 pin functions as a general I/O port. By setting the port 9 mode register (PM9), P93 can be specified
as an input port or output port.

HuPD78356, uPD78P356 (with the MODEO and MODE1 pins made low)

Port 9 is a 4-bit I/O port. Port 9 functions not only as a general I/O port, but also as control signal output
pins for external memory.

By setting the memory expansion mode register (MM) and programmable wait control register (PWC),
port 9 can be placed in one of the operating modes described below. (See CHAPTER 18.)

(i) Port mode
Port 9 functions as a 4-bit general 1/O port.
By setting the port 9 mode register (PM9), each bit of port 9 can be specified as an input port or output
port.
(ii) External memory expansion mode
Port 9 functions as control signal output pins for external memory.

<1> RD
This pin is the lead signal output pin for external memory.
<2> LWR
This pin is the 8-bit write signal output pin for external memory. When an external 16-bit bus
is specified, this pin functions as the lower 8-bit write signal output pin for external memory.
<3> HWR
When an external 16-bit bus is specified, this pin functions as the higher 8-bit write signal output
pin for external memory.

Caution When the RESET signal is input, all the pins of port 9 are set to the input mode (output high-

impedance) regardless of whether the port mode or external memory expansion mode is set.
At this time, the contents of the output latch are undefined.
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(10)

(11)

(12)

28

P100 to P107 (Port 10) ... 3-state input/output

Port 10 is an 8-bit I/O port. Port 10 functions not only as a general I/O port, but also as control pins.

By setting the port 10 mode control register (PMC10), each bit of port 10 can be placed in one of the operating
modes described below. (See 5.2.)

(a) Port mode
Port 10 functions as an 8-bit general I/O port.
By setting the port 10 mode register (PM10), each bit of port 10 can be separately specified as an input
port or output port.

(b) Control mode
Port 10 functions as the control pins described below.

(i) so1o0, S0, SO11, SI11
These pins function as I/O pins for serial data transferred via the clock synchronous serial interface
(with the pin switch function).
(ii) SCKO00, SCK11
These pins function as I/O pins for a serial clock signal transferred via the clock synchronous serial
interface (with the pin switch function).
(iii) TIUD
This pin functions as an input pin for inputting a count clock signal to the up/down counter (UDC).
(iv) TCUD
This pin functions as an input pin for inputting a count operation switch control signal to the up/down
counter (UDC).

Caution When the RESET signal is input, all the pins of port 10 are set to the input mode (output high-
impedance). At this time, the contents of the output latch are undefined.

ASTB (Address strobe) ... Output
This pin functions as an output pin for outputting a timing signal used to access external expansion memory.
This port is used to latch an address output externally on the P40/ADO to P47/AD7 pins.

WAIT (Wait) ... Input
This pin functions as an input pin for inputting a control signal used to cause the bus cycle to wait. While the
low-level signal is input to the WAIT pin, the bus cycle is extended. Then, a device with a low-speed access

capability can be connected.
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(13) MODEO, MODE1 (Mode) ... Input
These pins function as input pins for inputting a control signal used to specify an operating mode. As indicated
in the table below, the setting of these pins is different for the uPD78355, uPD78356, and uPD78P356. The
levels of the MODEO and MODE1 pins cannot be changed during operation.

PD78355

PD78356

LPD78P356

» External 8-bit bus
MODEO = MODE1 = HL

« External 16-bit bus
MODEO = MODE1 = HH

* Normal operation mode
MODEO = MODE1 = LL

* ROM-less mode
(External 8-bit bus)
MODEO = MODE1 = HL

* ROM-less mode
(External 16-bit bus)
MODEO = MODE1 = HH

* Normal operation mode
MODEO = MODE1 = LL

* Programming mode
(External 8-bit bus)
MODEO = MODE1 = HL

* ROM-less mode
(External 16-bit bus)
MODEO = MODE1 = HH

Cautions 1. Be sure to connect the MODEO and MODE1 pins to Vob or Vss directly.
2. Do not set settings other than the above to the MODEO and MODE1 pins.

(14) RESET (Reset) ... Input
This pin is the system reset input pin and is low-level active.

(15) CLKOUT (Clock output) ... Output
This pin is the system clock output pin.

(16) X1, X2 (Crystal)

These pins are used to connect a crystal resonator used for system clock generation.
An external clock, when used, is input to the X1 pin (the X2 pin is left open).

(17) WDTO (Watchdog timer output) ... Output
This pin is used to output a signal indicating that the watchdog timer has generated a nonmaskable interrupt.

(18) ANOO, ANO1 (Analog output) ... Output
D/A converter analog output pins

(19) AVrer1 (Analog reference voltage) ... Input
Reference voltage input pin used with the A/D converter

(20) AVrer2, AVrers (Analog reference voltage) ... Input

Reference voltage input pins used with the D/A converter
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(21)

(22)

(23)

(24)

(25)

30

AVob (Analog Vbb)
A/D converter power supply pin

AVss (Analog Vss)
A/D converter GND pin

Vop (Power supply)
Positive power supply pin

Vss (Ground)
Ground potential pin

NC (Non-connection)
This pin is not internally connected. Connect this pin to Vss. (This pin can also be left open.)
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2.2.2 PROM programming mode (only for the /PD78P356)

1)

(2)

©)

(4)

(5)

(6)

(7

(8)

9)

MODEO, MODE1, P21, RESET ... Input

Input pin that sets the uPD78P356 in the PROM programming mode.

When MODEQO is set to H, MODET is set to L, P21 is set to L, and RESET is set to L, the uPD78P356 enters
the PROM programming mode.

AO to A16 (Address bus) ... Input
Address bus that selects internal PROM address (0000H to BFFFH).

DO to D7 (Data bus) ... Input/output
Data bus. Programs are written in or read from the internal PROM via this bus.

PGM (Programming mode) ... Input

Input pin for the operation mode control signal of the internal PROM.
When this signal is active, it enables writing to the internal PROM.
When this signal is inactive, it enables reading from the internal PROM.

CE (Chip enable) ... Input

This pin inputs the enable signal from the internal PROM.

When CE = H, OE = H, and PGM = L, a single-page (four-byte) program can be written in 1-byte units.
When CE =L, OE =H, and PGM = L, a single-byte program can be written in 1-byte units.

Setting OE to L when CE = L enables the contents of PROM to be read.

OE (Output enable) ... Input

This pin inputs the read strobe signal into the internal PROM.

When CE = L, activate this signal. Then the contents of the PROM selected by A0 to A16 is read on to DO
to D7 in 1-byte units.

Ver (Programming power supply)

Power supply pin for program writing.

When Vep =12.5 V, OE = H, and CE = L, programs on DO to D7 are written into the internal PROM selected
by A0 to A16.

Vop (Power supply)
Positive power supply pin

Vss (Ground)
Ground potential pin
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2.3 Input/Output Circuits and Connection of Unused Pins

Table 2-4 shows the input or output circuit type of each pin and connections of unused pins. Fig. 2-1 shows input
and output circuits.

Table 2-4. Input/Output Circuits of Each Pin and Connection of Unused Pins (1/2)

Pin I/O circuit type Recommended connection method

POO/RTPO/ADTRGO to PO3/RTP3/ADTRG3 8-A Input state : Each pin is connected to the Voo or

PO4/RTP4 to PO7/RTP7 5-A Vss pin via a separate resistor.
Output state : Open

P10 to P17

P20/NMI 2 Connected to the Vss pin.

P21/INTPO/TO04 8-A Input state : Each pin is connected to the Voo or

P22/INTP1/TO05 Vss pin via a separate resistor.
Output state : Open

P23/INTP2
P24/INTP3
P25/INTP4
P26/TCLR2/TO21
P27/TO20
P30/TxD 5-A

P31/RxD
P32/SO00/SB0 10-A
P33/S100/SB1
P34/SCK00 8-A
P35/TCLR

P36/TI1/TO11
P37/TO10 5-A
P40/ADO to P47/AD7

P50/AD8 to P57/AD15

P70/ANIO to P77/ANI7 9 Connected to the Vss pin.

P80/TCLRO 8-A Input state : Each pin is connected to the Voo or
P81/TI0/TO03 Vss pin via a separate resistor.
82/ TO00 A Output state : Open

P83/TOO01

P84/TO02

P85/TCLRUD 8-A

P86/PWMO 5-A

P87/PWM1
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Table 2-4. Input/Output Circuits of Each Pin and Connection of Unused Pins (2/2)

Pin I/O circuit type Recommended connection method
P90/RD 5-A Input state : Each pin is connected to the Voo or
P91/LWR Vss pin via a separate resistor.
92/ FTWR Output state : Open
P93
P100/SO10
P101/SI10 8-A
P102/SCK10
P103/SO11 5-A
P104/SI11 8-A
P105/SCK11
P106/TIUD
P107/TCUD
ANOO, ANO1 12 Open
ASTB 4
CLKOUT 3
WDTO 19 Connected to the Vss pin.
WAIT 1 Connected to the Voo pin.
MODEO, MODE1 1 -
RESET 2

AVRer1 to AVRers, AVss

AVbD

NC

Connected to the Vss pin.

Connected to the Voo pin.

Connected to the Vss pin (or open).
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Fig. 2-1. Input/Output Circuits of Each Pin

Type 1 Voo Type 8-A Voo
pullup }>o—| P-ch
enable
Igli, Vob
data P-ch

IN/OUT
output qu:)»ﬂ
disable

Type 2
IN Type 9
Comparator
P- ch
IN O—
N- ch
Schmitt-triggered input with hysteresis characteristics Vier
(Threshold voltage)
Type 3 Vop
input
P-ch enable
ouT
| Type 10-A
N-ch Voo
pullup DO | N
enable P-ch
Vob
Type 4 Voo data 1 { p—1pFP<h
data IN/OUT
j:)o—l P-ch open-drain N-ch
ouT output
disable
- T
output N-ch o<}
disable
Type 12
Push-pull output which can output high-impedance

(Both the positive and negative channels are off.)

Analog output P-ch | 1 o OUT

Type 5-A Vo voltage N-ch y
pullup }>o—| P-ch
enable
Type 19
data P—ch ouT

i IN/OUT
output 4| N-ch
disable

input 9

enable
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3.1 Memory Space

The uPD78356 allows access to a memory space of up to 64 Kbytes (see Fig. 3-1). The MODEO and MODEH1
pins of the uPD78356 allow the user to choose between internal ROM access and external memory access (ROM-
less mode).

The method of program memory mapping varies from one product to another. However, the same data memory
mapping is input to all products.

(1

(2)

(3)

uPD78355 (MODEO and MODE1 = HL or HH)

Program memory is mapped to external memory (63232 bytes: 0000H to F6FFH). This area can be shared
with data memory.

Data memory is mapped to internal RAM (2048 bytes: F700H to FEFFH).

When an external 8-bit bus is used, set MODEO and MODE1 to HL. When an external 16-bit bus is used,
set MODEO and MODET1 to HH.

uPD78356 (MODEO and MODE1 = LL)

Program memory is mapped to internal ROM (49152 bytes: 0000H to BFFFH) and external memory (14080
bytes: CO00H to F6FFH). External memory is accessed in the external memory expansion mode. The external
memory mapping area can be shared with data memory.

Data memory is mapped to internal RAM (2048 bytes: F700H to FEFFH).

Usually, set MODEO and MODET1 to LL. To set the ROM-less mode, set MODEO and MODE1 to HL when
an 8-bit external bus is used, and set MODEO and MODE1 to HH when a 16-bit external bus is used.

UPD78P356 (MODEO and MODE1 = LL)

Program memory is mapped to internal PROM (49152 bytes: 0000H to BFFFH) and external memory (14080
bytes: CO00H to F6FFH). External memory is accessed in the external memory expansion mode. The external
memory mapping area can be shared with data memory.

Data memory is mapped to internal RAM (2048 bytes: F700H to FEFFH).

Usually, set MODEO and MODET1 to LL. To set the programming mode, set MODEO and MODE1 to HL. To
set the ROM-less mode, set MODEO and MODE1 to HH when a 16-bit external bus is used.
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3.1.1 Vector table area

Interrupt requests from peripheral hardware, reset inputs, external interrupt requests, and branch addresses
interrupted by a break instruction are stored in the 64-byte area from 0000H to 003FH.

When an interrupt request is issued, the contents of each vector table are set to the program counter (PC) before
branching. The contents of the even addresses are set to eight low-order bits of the PC and the contents of the odd
addresses are set to the eight high-order bits.

When the TPF bit of the CPU control word (CCW) is set, the internal ROM area 8002H to 803FH, instead of the
area 0002H to 003FH, is used as an interrupt vector table.

Table 3-1. Vector Table Area (1/2)

Interrupt source Vector table address
Interrupt request Interrupt source/unit TPF=0 | TPF =1

RESET RESET pin input 0000H

NMI NMI pin input 0002H 8002H
INTWDT Watchdog timer 0004H 8004H
INTOVO Real-time pulse unit 0006H 8006H
INTOV3 0008H 8008H
INTPO/INTCCO0 INTPO Pin input/real-time pulse unit 000AH 800AH
INTP1/INTCCO1 INTP1 Pin input/real-time pulse unit 000CH 800CH
INTP2/INTCCO02 INTP2 Pin input/real-time pulse unit 000EH 800EH
INTP3/INTCC30 INTP3 Pin input/real-time pulse unit 0010H 8010H
INTP4/INTCC31 INTP4 Pin input/real-time pulse unit 0012H 8012H
INTCMO00 Real-time pulse unit 0014H 8014H
INTCMO1 0016H 8016H
INTCMO02 0018H 8018H
INTCMO03 001AH 801AH
INTCM10 001CH 801CH
INTCM11 001EH 801EH
INTCM20 0020H 8020H
INTCM21 0022H 8022H
INTCM40 0024H 8024H
INTCMUDO 0026H 8026H
INTCMUDH1 0028H 8028H
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Table 3-1. Vector Table Area (2/2)

Interrupt source Vector table address
Interrupt request Interrupt source/unit TPF=0 | TPF =1
INTSER Asynchronous serial interface 002AH 802AH
INTSR 002CH 802CH
INTST 002EH 802EH
INTCSIO Clock synchronous serial interface 0030H 8030H
INTCSIH 0032H 8032H
INTAD A/D converter 0034H 8034H
Op-code trap - 003CH
BRK instruction - 003EH

3.1.2 CALLT instruction table area

Thirty-two tables of the address called by a single-byte call instruction (CALLT) can be stored in the 64-byte area
from 0040H to 007FH. This area is the CALLT table area.

When the TPF bit of the CPU control word (CCW) is set, the internal ROM area 8040H to 807FH, instead of the
area 0040H to 007FH, is used as a CALLT instruction table.

3.1.3 CALLF instruction entry area
A subroutine can be directly called for the area 0800H to OFFFH by using a double-byte call instruction (CALLF).

3.1.4 Internal RAM area
2048-byte RAM is built into the area F700H to FEFFH.
This area consists of the following two components:

» Peripheral RAM : F700H to FDFFH (1792 bytes)
* Main RAM : FEOOH to FEFFH (256 bytes)

High-speed access to the main RAM is possible.

Macro service control words are mapped in the 46-byte area from FEO6H to FE35H in the main RAM area. General
registers are mapped in the 128-byte area from FE80H to FEFFH in the main RAM area. The general registers consist
of eight banks.

Cautions 1. When implementing word access (includes stack manipulation) to the main RAM area (FEOOH
to FEFFH), the access operation performed depends on whether the selected reference
address is even or odd. (See Table 3-2.)
If both even and odd addresses are accessed, incorrect operations will be performed.
Therefore, select only even reference addresses. (See Examples 1 and 2.) When executing
the 16-bit data transfer instruction, select only even addresses by operand. If odd addresses
are specified, errors will generate in the assembler package (RA78K/III).

2. Do not perform word access in both the peripheral RAM area and main RAM area. (See

Example 3.)
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Table 3-2. Operations when Word Accessing in the Internal RAM Area

Reference address (n)
Even Odd
Access area
Main RAM O X
Peripheral RAM O @]

Remark O: Accesses n address and n + 1 address
X . Accesses n address and n — 1 address

Examples 1 to 5 are examples of word accesses in the internal RAM area.
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Examples 1. When writing/reading word data in/from even addresses (FE20H) in the main RAM area:
When the word data is written in even addresses (address n) in the main RAM area, the low-order
8 bits of the word data are written in the even address (address n) and the high-order 8 bits are
written in the high-order odd address (address n + 1).
When the word data is read from the even address of the main RAM area (address n), the word

data is read from address n and address n + 1.

MOVW
MOVW
MOVW

AX, #1234H
OFE20H, AX; Word data is written in FE20H
AX, OFE20H; Word data is read from FE20H

15 87

AX 12H

34H

FE21H 12H -
(n+1)

FE20H 3aH |

(n)

n : Reference address

2. When writing/reading word data in/from odd addresses (FE21H) in the main RAM area:
When the word data is written in odd addresses in the main RAM area, the high-order 8 bits of the
word data are written in the odd address (address n) and the low-order 8 bits are written in the low-

order even address (address n — 1).
When the word data is read from the odd address of the main RAM area (address n), the word data

is read from address n and address n — 1.

MOVW
MOVW
MOVW
MOVW

40

AX, #1234H

DE, #OFE21H

[DE], AX; Word data is written in FE21H
AX, [DE]; Word data is read from FE21H

15 87
AX 12H 34H
A A
7 0
FE22H
(n+1)
FE21H i |
(n)
FE20H 34H B
(n—=1)

n : Reference address
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Examples 3. When writing/reading word data in/from both the peripheral RAM area and main RAM area:
When the word data is written in both the peripheral RAM area and main RAM area, as it will be
written in addresses separated by distance 256 bytes, incorrect operations will be performed.
The word data is read from the last address (FDFFH) of the peripheral RAM area, it is read from
FEFEH and FEFFH that are separated by distance 256 bytes.

MOVW AX, #1234H
MOVW DE, #0FDFFH
MOVW [DE], AX; Word data is written in the peripheral RAM (FDFFH)

MOVW DE, #0FDFFH
MOVW AX, [DE]; Word data is read from the peripheral RAM (FDFFH)

(In Writing)
15 87 0
AX 12H 34H
7 0
FEFFH 12H -
FEFEH 34H
Main RAM ' '
(256 x 8) : :
FEOOH T —
FDFFH 34H <
Peripheral RAM
(In Reading)
15 87 0
AX 56H 78H
Y
7 0
FEFFH 56H
FEFEH 78H
Main RAM ' '
(256 X 8) ' '
{ FEOOH
FDFFH B4H e :

Peripheral RAM
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Examples 4. When writing/reading word data in/from even addresses (FDOOH) in the peripheral RAM area:
When the word data is written in even addresses in the peripheral RAM area, the low-order 8 bits
of the word data area written in the even address (address n) and the high-order 8 bits are written
in the high-order odd address (address n + 1).

When the word data is read from the even address of the peripheral RAM area (address n), the word
data is read from address n and address n + 1.

MOVW AX, #1234H

MOVW DE, #0FDOOH

MOVW [DE], AX; Word data is written in FDOOH
MOVW AX, [DE]; Word data is read from FDOOH

15 87 0
AX 12H 34H

FDO1H
12H -
(n+1)

FDOOH|  g4p -

n : Reference address

5. When writing/reading word data in/from odd addresses (FDO1H) in the peripheral RAM area:
When the word data is written in odd addresses in the peripheral RAM area, the low-order 8 bits
of the word data are written in the odd address (address n) and the high-order 8 bits are written
in the high-order even address (address n + 1).

When the word data is read from the odd address of the peripheral RAM area (address n), the word
data is read from address n and address n + 1.

MOVW AX, #1234H

MOVW DE, #0FDO1H

MOVW [DE], AX; Word data is written in FDO1H
MOVW AX, [DE]; Word data is read from FDO1H

15 87 0
AX 12H 34H

FDO2H
12H
(n+1)

FDOTH 34H
(n)

n : Reference address
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3.1.5 Special function register area
Registers having special functions, such as mode and control registers for the peripheral hardware, are mapped
in the area from FFOOH to FFFFH.

Caution Unmapped addresses of the special function register cannot be accessed (except the external
access area).

3.1.6 External memory area

The uPD78356 can expand an external memory (ROM or RAM) step by step to up to 14 Kbytes (CO00H to F6FFH).

The uPD78355 can connect an external memory (ROM or RAM) in the 64-Kbyte area (0000H to F6FFH).

To access an external memory, the pins P40/AD0 to P47/AD7 (address/data bus), P50/AD8 to P57/AD15 (address/
data bus), RD, HWR, LWR, and ASTB are used. An external access area is mapped in the 16-byte area from FFDOH
to FFDFH of the special function register (SFR) area. SFR addressing can access an external memory in this area.

Caution Pins P50/AD8 to P57/AD15 function as address buses when 8-bit external buses are specified.
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3.2 Processor Registers

There are three groups of registers: a control register group consisting of an 8-bit register and three 16-bit registers,
a general register group consisting of eight banks, each of which consists of sixteen 8-bit registers, and a special
function register group consisting of registers having special functions such as I/O mode registers for the peripheral
hardware.

Fig. 3-2. Register Configuration

Control register

15 0
PC
PSW
SP
7 0
CCW
General register
7 07 0
1 . 1 .
1 |
1 |
1 l
1 1
1 1
R1 RO
R3 R2
R5 R4
R7 R6
R9 R8
R11 R10
R13 R12 i
R15 R14 [H

Special function register

7 07 0
SFR255 SFR254
SFR253 SFR252
SFR251 SFR250
SFR249 SFR248
SFR1 SFRO

Remark The CCW of the control register group is mapped in the special function register (SFR) area.
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3.2.1 Control registers

The control register group controls the program sequence, status, and stack memory and modifies operand
addressing.

This group consists of an 8-bit register and three 16-bit registers.

(1) Program counter (PC)
The program counter is a 16-bit register which holds address information of the program to be executed next.
The PC operates as follows:

« In normal operation

Automatically incremented according to the number of bytes of the instruction to be fetched.
« When a branch instruction is executed

The contents of the immediate data or register are set.

Input to the RESET pin sets the data in the reset vector table at 0000H and 0001H in the PC and makes a
branch.
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(2) Program status word (PSW)

46

The program status word (PSW) is a 16-bit register consisting of flags set or reset according to the result of
executing an instruction.

Read and write operations are performed by the eight high-order bits (PSWH) or eight low-order bits (PSWL).
Flags are operated by the bit manipulation instructions.

When an interrupt request is issued and when a BRK instruction is executed, the contents of the PSW is
automatically saved in the stack. When an RETI or RETB instruction is executed, the contents are
automatically restored.

Input to the RESET pin resets all bits.

Fig. 3-3. Format of Program Status Word

Symbol 7 6 5 4 3 2 1 0

PSWH| UF |RBS2|RBS1|RBSO| 0 0 0 0
7 6 5 4 3 2 1 0

PswL| S z |rRss| Aac | IE | PV | 0 | cY

UF . User flag

RBSO0 to RBS2 : Register bank selection flag

S : Sign flag (MSB after arithmetic/logical operation)
Z : Zero flag

RSS : Register set selection flag

AC : Auxiliary carry flag

IE : Interrupt request enable flag

P/V . Parity/overflow flag

CY : Carry flag

The flags are explained below.

(a) User flag (UF)
This flag controls the program. The flag is set or reset on the user program.

(b) Register bank selection flag (RBS0 to RBS2)
This 3-bit flag selects one of eight register banks (register bank 0 to register bank 7).

(c) Sign flag (S)
The sign flag indicates that the most significant bit after an arithmetic/logical operation is 1.
This flag is set when the most significant bit after the operation is 1. Otherwise, this flag is reset.
This flag can be tested with a conditional branch instruction.
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(d) Zero flag (2Z)

(e)

The zero flag indicates that the result of an arithmetic/logical operation is 0.
This flag is set when the result is 0. Otherwise, this flag is reset.
This flag can be tested with a conditional branch instruction.

Register set selection flag (RSS)

This flag specifies general registers (8 bits each) functioning as X, A, C, and B and general register pairs
(16 bits each) functioning as AX and BC.

The RSS flag values correspond to function names and absolute names enclosed in parentheses as
follows. (See Table 3-3.)

- RSS =0
X (RO), A (R1), C (R2), B (R3), AX (PR0), and BC (RP1)

- RSS =1
X (R4), A (R5), C(R6), B (R7), AX (RP2), and BC (RP3)

To set or reset the RSS flag, be sure to specify an RSS pseudo instruction just before or immediately
after the instruction for setting or resetting the RSS flag as shown in the example below:

<Example of a program>

» To set the RSS flag (RSS = 0)
RSS 0 ; RSS pseudo instruction
CLR1 PSWL.5
MOV B, A ; Corresponds to MOV R3, R1.

» To reset the RSS flag (RSS = 1)
RSS 1 ; RSS pseudo instruction
SET1 PSWL.5
MOV B, A ; Corresponds to MOV R7, R5.

Switching the RSS flag between the values has the same effect as using two register sets. Registers

and register pairs not specified by the RSS flag can be accessed by specifying the absolute names in
the program.
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()

(9)

(h)

Auxiliary carry flag (AC)

The auxiliary carry flag is used for decimal adjustment and indicates that an underflow or overflow has
occurred for bit 3.

This flag is set when the result of executing an arithmetic/logical instruction generates a carry of bit 3
(overflow) or a borrow into bit 3 (underflow). Otherwise, this flag is reset.

This flag can be tested with a conditional branch instruction.

Interrupt request enable flag (IE)

This flag enables or disables an interrupt request.

Executing an El instruction sets this flag. Executing a DI instruction or receiving an interrupt resets this
flag.

Parity/overflow flag (P/V)
The P/V flag can be tested with a conditional branch instruction.
When an arithmetic/logical instruction is executed, this flag operates as follows:

- Parity flag operation
This flag is set if the number of set bits as the result of executing a logical instruction is an even number.
Otherwise, this flag is reset. The parity flag depends on only the eight low-order bits of the logical
operation result regardless whether the logical operation is performed in 8-bit units or 16-bit units.

- Overflow flag operation
This flag is set if the result of executing an arithmetic instruction exceeds the two’s complement range.
Otherwise, the flag is reset.
For example, the two’s complement range for 8-bit arithmetic operation is from 80H (-128) to 7FH
(+127). Theflagis set if the result exceeds this range. The flag is reset if the result is within this range.

Example: The overflow flag operates as follows while executing an 8-bit add instruction.
When 78H (+120) is added to 69H (+105), the result is E1H (+225). The P/V flag is then set

because the result exceeds the upper limit of the two’s complementrange. E1H is represented
as —31 in two’s complement.

78H (+120) = 0111 1000

+)69H (+105) = +) 0110 1001
0 11100001 = -31 PN =1
1
C

When the following two negative numbers are added, the P/V flag is reset because the result
is within the two’s complement range.

FBH (-5) = 1111 1011
+) FOH (-16) = +)1111 0000
1 11101011 = 21 PN =0

N
C
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(i) Carry flag (CY)
The carry flag indicates that an overflow or underflow has occurred in an arithmetic/logical operation.
This flag is set when an arithmetic/logical operation results in a carry (overflow) or a borrow (underflow)
for bit 7. In word operations, this flag is set when a carry (overflow) or borrow (underflow) occurs for bit
15. Otherwise, this flag is reset.
This flag can be tested with a conditional branch instruction. This flag also functions as a bit accumulator
when a bit manipulation instruction is executed.
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(3)

(4)
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Stack pointer (SP)

The stack pointer (SP) is a 16-bit register which holds the first address of the memory stack area (LIFO format).
The SP is manipulated by a dedicated instruction (Stack manipulation instruction).

The stack pointer is decremented before data is written (saved) into the stack memory, and is incremented
after data is read (restored) from the stack memory.

As input to the RESET pin causes the SP to become undefined, the SP must be set before calling a subroutine.

Caution When executing word access to the main RAM area (FEOOH to FEFFH), only even address
can be specified using operand.

CPU control word (CCW)

The CPU control word (CCW) is an 8-bit register which consists of flags related to CPU control.

The CCW is mapped in the special function register area (FFC1H) and can be controlled by the software.
Input to the RESET pin resets all bits.

Fig. 3-4. Format of CPU Control Word

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

CCW 0 0 0 0 0 0 TPF 0 FFC1H 00H R/wW

TPF: Table position flag

The table position flag (TPF) specifies the location of a vector table referenced by a CALLT instruction or
interrupt request. The TPF flag switches the vector table location as follows:

* TPF = 0 (reset)
0000H to 007FH

* TPF =1 (set)
8000H to 807FH

Caution The vector tables for the RESET input, BRK instruction, and op-code trap interrupt are fixed
to 0000H, 003EH, and 003CH, respectively. They are not affected by the TPF.
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3.2.2 General registers
The 128-byte general register group which consists of eight banks is mapped in the specific area (FE80H to FEFFH)
of the internal RAM space. Each bank consists of sixteen 8-bit general registers.

Fig. 3-5. Manipulation Bits of General Registers

8-bit 16-bit
FEFEH manipulation manipulation
RBNKO R15 R14 (FH) RP7 (EH)
RBNK1 R13 R12 (DH) RP6 (CH)
RBNK2 R11 R10 (BH) RP5 (AH)
RBNK3 R9 R8 (9H) RP4 (gH)
RBNK4 R7 R6 (7H) RP3 (6H)
RBNKS R5 R4 (5H) RP2 (4H)
RBNK6 R3 R2 (3H) RP1 (2H)
FEgOH RBNK?7 R1 RO (1H) RPO (0H)
7 07 0 15 0

A pair of 8-bit registers can function as a 16-bit register pair (RP0 to RP7).

A function name listed in Table 3-3, as well as an absolute name, is assigned to each 8-bit register (16 registers).
The Xregister functions as the low-order bits of a 16-bit accumulator. The A register functions as an 8-bit accumulator
or the high-order bits of a 16-bit accumulator. The B and C registers function as a counter. The DE, HL, VP, and
UP registers, in a pair, function as an addressregister. The VP register functions as a base register and the UP register
functions as a user stack pointer.

The value of the register set selection flag (RSS) in the program status word (PSW) changes the register having
a specific function, as shown in Table 3-3.

If the program has been coded with the function names, operating the RSS flag has the same effect as using two
sets of registers (X, A, B, C, AX, and BC). A register not specified by the RSS flag can be accessed by writing the
absolute name in a program. When the RSS flag is 0, for example, register R4 can be accessed by specifying the
absolute name, that is, R4 in the program.

The uPD78356 can implement two types of addressing: implied addressing and register addressing. Implied
addressing is performed as process data addressing by a function name which places much importance on the specific
function of each register. Register addressing is performed by an absolute name which aims to create a program
which is easy to describe and which performs less data transfer, enabling high-speed data processing.
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Table 3-3. General Register Configuration

(a) Correspondence between absolute names and function names for 8-bit registers

Absolute name Function name
RSS =0 RSS =1

RO X
R1 A
R2 C
R3 B
R4 X
R5 A
R6 C
R7 B
R8 VPL VPL
R9 VPH VPH
R10 UPL UPL
R11 UPH UPH
R12 E E
R13 D D
R14 L L
R15 H H

(b) Correspondence between absolute hames and function names for 16-bit register pairs

Absolute name Function name
RSS =0 RSS = 1
RPO AX
RP1 BC
RP2 AX
RP3 BG
RP4 VP VP
RP5 UP Up
RP6 DE DE
RP7 HL HL
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3.2.3 Special function registers (SFRs)

Unlike the general registers, the special function registers (SFRs) have special functions. The SFRs are assigned
to the memory space at addresses FFOOH to FFFFH, namely, a 256-byte special function register area.

Short direct addressing is available for a 32-byte area at addresses FFOOH to FF1FH. Data in the SFRs assigned
to this area can be processed in fewer clock cycles because the word length of the SFRs in the area is less than that
of the SFRs in other areas. These assigned SFRs consist of capture, compare, and port registers, and they are
frequently accessed.

The 16-byte area at addresses FFDOH to FFDFH is used to access the external storage medium by SFR
addressing. Instructions in short word length enable access to external memory or bit manipulation in the external
device.

The SFRs can be manipulated by arithmetic/logical instructions, transfer instructions, bit manipulation instructions,
or suchlike in the same way as general registers. The manipulatable bit units (1, 8, or 16 bit units) vary according
to SFR. (See Table 3-4.)

The following describes the methods for specifying SFRs corresponding to manipulatable bit units:

- Bit manipulation
Specify the abbreviation for the operand (sfr.bit) of a bit manipulation instruction. The SFR can also be
addressed.

- 8-bit manipulation
Specify the abbreviation for the operand (sfr) of an 8-bit manipulation instruction. The SFR can also be
addressed.

« 16-bit manipulation
Specify the abbreviation for the operand (sfrp) of a 16-bit manipulation instruction. A 16-bit SFR is assigned
to atwo-byte area at consecutive even and odd addresses. Specify an even address when addressing the SFR.
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Table 3-4 lists the special function registers (SFRs). The items in Table 3-4 mean:

» Abbreviation ........c.......... A symbol indicating the address of a incorporated SFR. This can be specified in the
operand field of an instruction.
Reserved word in the NEC assembler (RA78K/III).
Can be used as sfr variables in the C compiler (CC78K/Ill) using the #pragma sfr
instruction.

e R/W Indicates whether data can be read from the special function register and/or data can
be written into the register.
R/W : Can be read and written.
R : Can be readNote,
W : Can be written.

* Manipulatable bit unit .... Indicates the unit of bits (1, 8, or 16) when manipulating the special function register
(indicated by O).
The SFR which can be manipulated in 16-bit units can be specified in the sfrp operand.
An even address is specified for the address specification.
The SFR which can be manipulated in 1-bit units can be specified by a bit manipulation
instruction.

* When reset.....cccocveennnen. Indicates the status of each register when the RESET is input.

Note Read-only register. The bits of the register can be tested.

Cautions 1. Write 0 or 1 into any SFR bit correctly whenever it is predetermined to be so.
2. Do not write data into the register which is only used for data reading. Writing data into such
registers may result in an error.
3. The SFRarea (FFOOH to FFFFH) addresses to which a special function register is not assigned
cannot be accessed (except the external access area). Accessing these addresses may result
in an error.
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Table 3-4. Special Function Registers (1/6)

Manipulation bit unit
Address Special function register (SFR) name Abbreviation R/W ] 5 16 At resetting
FFOOH | Port 0 PO R/W (©) — | Undefined
FFO1H | Port 1 P1 O O -
FFO2H | Port 2 P2 R/wNote 1| @) -
FFO3H | Port 3 P3 R/W O O -
FFO4H | Port 4 p4Note 2 ) O -
FFOSH | Port 5 p5Note 2 O O -
FFO7H | Port 7 P7 R O O -
FFO8H | Port 8 P8 R/W O O -
FFO9H | Port 9 P9 © 1 O | -
FFOAH | Port 10 P10 O O -
FF10H | Capture/compare register 00 CCo00 - - O
FF11H
FF12H | Capture/compare register 01 CCo1 - - O
FF13H
FF14H | Capture/compare register 02 CCo02 - - O
FF15H
FF16H | Capture/compare register 30 CC30 - - O
FF17H
FF18H | Capture/compare register 31 CC31 - - O
FF19H
FF1AH | Compare register 00 CMO00 - - O
FF1BH
FF1CH | Compare register 01 CMO01 - - O
FF1DH
FF1EH | Compare register 02 CM02 - - O
FF1FH
FF20H | Port 0 mode register PMO (©) O - FFH
FF21H | Port 1 mode register PM1 O O -
FF22H | Port 2 mode register PM2Note 3 O O -
FF23H | Port 3 mode register PM3 O O -
FF25H | Port 5 mode register PM5Note 2 O O -
FF28H | Port 8 mode register PM8 O O -
FF29H | Port 9 mode register PM9 O O - OFH
FF2AH | Port 10 mode register PM10 O O - FFH

Notes 1. Bit 0 : Read-only
2. Not provided for uPD78355.
3. Bit 0 is fixed at “1”.

55



CHAPTER 3 CPU ARCHITECTURE

Table 3-4. Special Function Registers (2/6)

Address Special function register (SFR) name Abbreviation R/W M1anipu|at;on bit U;It At resetting
FF30H | Timer register 0 TMO R - - O 0000H
FF31H
FF32H | Timer register 1 T™1 - - O
FF33H
FF34H | Timer register 2 T™2 - - O
FF35H
FF36H | Timer register 3 T™M3 - - O
FF37H
FF38H | Timer register 4 T™M4 - - O
FF39H
FF3AH | Presettable up/down counter register ubC R/W - - O
FF3BH
FF3CH | External interrupt mode register 0 INTMO O O - 00H
FF3DH | External interrupt mode register 1 INTM1 O O -

FF40H | Port 0 mode control register PMCO O O -
FF42H | Port 2 mode control register PMC2Note O O - 01H
FF43H | Port 3 mode control register PMC3 O O - O0H
FF44H | Pull-up resistor option register L PUOL O O -
FF45H | Pull-up resistor option register H PUOH O O -
FF48H | Port 8 mode control register PMC8 O O -

FF4AH | Port 10 mode control register PMC10 O O -

FF50H | Compare register 03 CMO03 - - O Undefined
FF51H

FF52H | Compare register 10 CM10 - - O

FF53H

FF54H | Compare register 11 CM11 - - O

FF55H

FF56H | Compare register 20 CM20 - - O

FF57H

FF58H | Compare register 21 CcMm21 - - O

FF59H

FF5AH | Compare register 40 CM40 - - O
FF5BH

Note Bit 0 is fixed at “1”.
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Table 3-4. Special Function Registers (3/6)

Address Special function register (SFR) name Abbreviation R/W M1anipu|at;on bit u1r;|t At resetting
FF5CH | Up/down counter compare register 0 CMUDO R/W - - O Undefined
FF5DH
FF5EH | Up/down counter compare register 1 CMUD1 - - O
FF5FH
FF60H | Real-time output port register L RTPL O O -
FF61H | Real-time output port register H RTPH O O -
FF62H | Port read control register PRDC O O - 00H
FF63H | Real-time output port mode register RTPM O O -
FF68H | A/D converter mode register 0 ADMO O O -
FF69H | A/D converter mode register 1 ADM1 O O - 07H
FF6AH | D/A conversion data setting register 0 DACSO0 O O - O0H
FF6BH | D/A conversion data setting register 1 DACSH O O -
FF6AH | D/A conversion data setting register DACS - - O 0000H
FF6BH
FF70H | Timer unit mode register 0 TUMO O O - O0H
FF71H | Timer unit mode register 1 TUM1 O O -
FF72H | Timer unit mode register 2 TUM2 O O -
FF73H | Timer unit mode register 3 TUM3 O O -
FF74H | Timer control register 0 TMCO O O -
FF75H | Timer control register 1 TMCH O O -
FF76H | Timer control register 2 TMC2 O O - 04H
FF77H | Up/down counter control register ubcce O O - 00H
FF78H | Timer output control register 0 TOCO O O -
FF79H | Timer output control register 1 TOCH O O -
FF7AH | Timer output control register 2 TOC2 O O -
FF7BH | Timer overflow status register TOVS R/WNote O O -
FF7CH | Noise protection control register NPC R/W O O -
FF80H | Clock synchronous serial interface mode register 0 CSIMO O O -
Note Bits7 and 6 : Always 0
Bits 5, 4, 2 and 1 : Read/write
Bits 3 and 0 : Read-only
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Table 3-4. Special Function Registers (4/6)

Manipulation bit unit
Address Special function register (SFR) name Abbreviation R/W ] s 16 At resetting
FF82H | Serial bus interface control register SBIC R/wnNote O - 00H
FF86H | Serial I/O shift register 0 SI00 R/W O O - Undefined
FF88H | Asynchronous serial interface mode register ASIM O O - 80H
FF8AH | Asynchronous serial interface status register ASIS R O O - 00H
FF8CH | Serial reception buffer . UART RXB - O - Undefined
FF8EH | Serial transmission shift register : UART TXS W - O -
FF90H | Clock synchronous serial interface mode register 1 CSIM1 R/W O O - 00H
FF96H | Serial I/O shift register 1 SI01 O O - Undefined
FFAOH | PWM control register PWMC O O - 00H
FFA2H | PWM buffer register OL PWMOL O O - Undefined
FFA2H | PWM buffer register 0 PWMO - - O
FFA3H
FFA4H | PWM buffer register 1L PWM1L O O -
FFA4H | PWM buffer register 1 PWM1 - O
FFA5H
FFA8H | In-service priority register ISPR R O O - 00H
FFAAH | Interrupt mode control register IMC R/W O O - 80H
FFACH | Interrupt mask flag register MKOL O O - FFH
FFACH | Interrupt mask flag register MKO - - O FFFFH
FFADH
FFADH | Interrupt mask flag register MKOH O O - FFH
FFAEH | Interrupt mask flag register MK1L O O -
FFAEH | Interrupt mask flag register MK1 - - O 00FFH
FFAFH
FFBOH | A/D conversion result register 0 ADCRO R - - O Undefined
FFB1H
FFB1H | A/D conversion result register OH ADCROH - O -
FFB2H | A/D conversion result register 1 ADCR1 - - O
FFB3H
FFB3H | A/D conversion result register 1H ADCR1H - O -

Note Bits7 and5 : Read/write
Bits 6, 3 and 2: Read-only
Bits 4, 1 and 0: Write-only
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Table 3-4. Special Function Registers (5/6)

Address Special function register (SFR) name Abbreviation R/W M1anipu|at;on ot U;It At resetting

FFB4H | A/D conversion result register 2 ADCR2 R - - O Undefined

FFB5H

FFB5H | A/D conversion result register 2H ADCR2H - O -

FFB6H | A/D conversion result register 3 ADCR3 - - O

FFB7H

FFB7H | A/D conversion result register 3H ADCR3H - O -

FFB8H | A/D conversion result register 4 ADCR4 - - O

FFB9H

FFB9H | A/D conversion result register 4H ADCR4H - O -

FFBAH | A/D conversion result register 5 ADCR5 - - O

FFBBH

FFBBH | A/D conversion result register 5H ADCR5H - O -

FFBCH | A/D conversion result register 6 ADCR6 - - O

FFBDH

FFBDH | A/D conversion result register 6H ADCR6H - O -

FFBEH | A/D conversion result register 7 ADCR7 - - O

FFBFH

FFBFH | A/D conversion result register 7H ADCR7H - O -

FFCOH | Standby control register STBCNote 1 R/W - O — /0000 x 000B

FFC1H | CPU control word CCW O O - 00H

FFC2H | Watchdog timer mode register WDMNote 1 - O -

FFC4H | Memory expansion mode register MM O O -

FFC6H | Programmable wait control register PWC - - O | COAAHNote 2

FFC7H

FFDOH | External SFR area - O O - Undefined
to

FFDFH

FFEOH | Interrupt control register (INTOV0) OVICO O O - 43H

FFE1H | Interrupt control register (INTOV3) OVIC3 O O -

FFE2H | Interrupt control register (INTPO/INTCCO00) PICO O O -

FFE3H | Interrupt control register (INTP1/INTCCO1) PIC1 O O -

FFE4H | Interrupt control register (INTP2/INTCC02) PIC2 O O -

FFE5H | Interrupt control register (INTP3/INTCC30) PIC3 O O -

FFEGH | Interrupt control register (INTP4/INTCC31) PIC4 O O -

FFE7H | Interrupt control register (INTCMOO) CMIC00 O O -

FFE8H | Interrupt control register (INTCMO1) CMICO1 O O -

FFE9H | Interrupt control register (INTCM02) CMIC02 O O -

Notes 1. Writable only by special instructions
2. Becomes CFAAH only in the ROM-less mode of the external 16-bit bus (MODEO, 1 = HH).
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Table 3-4. Special Function Registers (6/6)

Address Special function register (SFR) name Abbreviation R/W M1anipu|at;on bit u1r;|t At resetting
FFEAH | Interrupt control register (INTCMO03) CMICO03 R/W O - 43H
FFEBH | Interrupt control register (INTCM10) CMIC10 O O -

FFECH | Interrupt control register (INTCM11) CMIC11 O O -

FFEDH | Interrupt control register (INTCM20) CMIC20 O O -

FFEEH | Interrupt control register (INTCM21) CMIC21 O O -

FFEFH | Interrupt control register (INTCM40) CMIC40 O O -

FFFOH | Interrupt control register (INTCMUDO) CMICUDO O O -

FFF1H | Interrupt control register (INTCMUD1) CMICUD1 O O -

FFF2H | Interrupt control register (INTSER) SERIC O O -

FFF3H | Interrupt control register (INTSR) SRIC O O -

FFF4H | Interrupt control register (INTST) STIC O O -

FFF5H | Interrupt control register (INTCSIO) CslIco O O -

FFF6H | Interrupt control register (INTCSI1) CSIICH O O -

FFF7H | Interrupt control register (INTAD) ADIC O O -
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3.3 Data Memory Addressing

Various addressing modes are provided for the uPD78356 to improve memory operability or to enable the use
of a high-level language. Special addressing is applicable, in particular, to the space of data memory from F700H
to FFFFH according to each function of the special function register (SFR) group and general register group.

Fig. 3-6 shows the addressing space of data memory.

Fig. 3-6. Addressing Space of Data Memory

FFFFH * "
Special function _
registers (SFRs) SFR addressing

FF20H
FF1FH

FFOOH Y
FEFFH A

General registers Register addressing Short direct
FE8OH S addressing
FE7FH

Main RAM

FE20H
FE1FH

Direct addressing
FEOOH Register indirect addressing
FDFFH Based addressing
; Based indexed addressing
Peripheral RAM
eriphera Based indexed addressing
(with displacement)

F700H
F6FFH

)
(

Nt External memory

)
148

CO00H
BFFFH

)
))
(4 S

\A Internal ROMNete

0000H Y

Note In the ROM-less mode of the uPD78355 or uPD78356, data memory is used as external memory.

Caution When executing word access (including stack manipulation) to the main RAM area (FEOOH to
FEFFH), only even address can be specified using operand.
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3.3.1 General-register addressing
(1) Implied addressing
The instruction automatically addresses the register that functions as an accumulator (A or AX) or loop counter
(B or C) assigned to the general-register area.
Coding example: MULU r
If the value stored in register B is used as a multiplier for a multiply instruction of 8 bits
by 8 bits, code the following:

MULU B; AX<-AxB

The instruction performs multiply operation between the accumulator (register A) and
register B and stores the result in the 16-bit accumulator (register AX).
(2) Register addressing
The instruction directly addresses the desired registers.
Coding example: ADD r,r
To specify registers D and E storing the target values for the 8-bit add instruction, code

the following:

ADD D,E;D<-D+E
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3.3.2 Short direct addressing

This addressing is used for accessing the internal RAM area at addresses FE20H to FEFFH and the SFR area
at addresses FFOOH to FF1FH. Short direct addressing enables high-speed access to these areas by a short
instruction code.

Specify an even address when manipulating 16-bit data.

Coding example: ADD A, saddr

If one target value of the 8-bit add instruction is already stored in the location at address
FE80H in internal data memory, code the following:

ADD A, OFE80H; A <- A + (FE80H)

3.3.3 Special function register (SFR) addressing
This addressing is used for manipulating SFRs mapped in the SFR area at addresses FFOOH to FFFFH.

Coding example: MOV A, sfr
If a special function register is specified as a transfer source for port 0 in the SFR area, code

the following 8-bit transfer instruction:

MOV A, PO; A <- PO
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4.1 Execution Unit

The execution unit (EXU) controls address calculation, arithmetic/logical operations, and data transfer by a
microprogram.
The EXU contains a 256-byte main RAM. Eight register banks are addressed to the main RAM in the EXU.

4.2 Bus Control Unit

The bus control unit (BCU) activates a required bus cycle according to the physical address obtained from the
execution unit (EXU). When the EXU does not issue a bus cycle activation request, the BCU generates an address
required for prefetching an instruction. The prefetched instruction code is fetched into the instruction queue.

8-bit or 16-bit external data bus can be used (bus sizing function).

The number of bytes held in the instruction queue depends on the area from which the instruction is fetched.

» Fetched from internal memoryNete . _........ 5 bytes
» Fetched from external memory ............... 3 bytes

Note Internal memory: Internal ROM (only in the uPD78356 and uPD78P356), peripheral RAM
4.3 Program Memory and Data Memory
The uPD78356 and uPD78P356 contain a 48-Kbyte program memory (ROM) and a 2048-byte data memory (RAM).

The uPD78355 contains only a 2048-byte data memory (RAM). It does not have a ROM.

The 2048-byte data memory consists of 256-byte main RAM contained in the EXU and 1792-byte is peripheral
RAM.
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4.4 Ports

As indicated below, the ports have function as control pins as well as general ports.

Port name I/0 Multiple functions available

Port 0 8-bit I/O | General port | Real-time output port, external trigger input for the A/D converter

Port 1 8-bit 1/0 -

Port 2 8-bit 1/0 External interrupt input, RPU capture trigger input, clear signal input
and timer output

Port 3 8-bit I/0 Serial interface 1/0, RPU count pulse input, clear signal input and timer
output

Port 4 8-bit I/O Address/data bus (ADO to AD7)

Port 5 8-bit I/O Address/data bus (AD8 to AD15)

Port 7 8-bit input Analog input for the A/D converter

Port 8 8-bit I/O RPU count pulse input, clear signal input and timer output, PWM signal
output

Port 9 4-bit I/0O External access control signal output

Port 10 8-bit I/0 Serial interface I/O, RPU count pulse input

Remark RPU: Real-time pulse unit

4.5 Real-Time Pulse Unit

The real-time pulse unit (RPU) consists of the following hardware.

» Five 16-bit timers

* One 10-bit timer

» Ten 16-bit compare registers

* One 10-bit compare register

» Five 16-bit capture/compare registers
e Ten Timer outputs

The RPU can measure a pulse width and frequency and output a programmable pulse.
It also can control the output timing of the real-time output port.
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4.6 Real-Time Output Port

The real-time output port (RTP) can control the output timing of the port by the signal from the RPU as a trigger
pulse. The port can be used in 1-bit units. This port is also used as port 0 and can output 8 real-time pulses.

4.7 A/D Converter

This converter is a 10-bit very high-speed high-resolution A/D converter having 8 analog input pins. The A/D
converter uses the serial-parallel conversion system.

4.8 D/A Converter

Two D/A converters of 8-bit resolution voltage output are contained. The converter uses the resistor string system
for conversion.

4.9 Serial Interfaces

Three independent serial interfaces are provided as listed below, and a baud rate generator common to the three
interfaces is incorporated. The two clock synchronous serial interfaces have the operating modes indicated below.

» Asynchronous serial interface (UART)

» Synchronous serial interface
— Serial bus interface (SBI) mode
— Three-wire serial /0 mode

» Synchronous serial interface (with pin switching function)
— Three-wire serial /0 mode

4.10 PWM Output Unit

The uPD78356 has two PWM signal outputs of 8/10/12-bit resolution. By externally connecting a low-pass filter,
a PWM output can be used as a digital-to-analog conversion output. The PWM outputs are most suitable, for example,
for a control signal for the actuator of a motor.

4.11 Watchdog Timer

The watchdog timer is a free-running counter with a nonmaskable interrupt function designed to prevent crashes
or deadlocks. A program error can be detected when a watchdog timer overflow interrupt (INTWDT) is generated
or when the watchdog timer output pin (WDTO) goes low. By connecting this output to the RESET pin, abnormal
application system operation caused by a program error can be prevented.

4.12 Interrupt Controller
The interrupt controller processes various interrupt requests (NMI and INTPO to INTP4) issued from peripheral

hardware and external device with the vectored interrupt, macro service, or context switching. The interrupt controller
also allows programmable specification of the 4-level interrupt priority by software.
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5.1 Hardware Configuration

As shown in Fig. 5-1, three-state bidirectional ports are basically used for the ports of the uPD78356. (P20 of port
2 and port 7 are used only for input.)

ARESET input signal sets each bit of a port mode register to 1, specifying the port as an input port. All port pins
go into the high-impedance state. The contents of the output latch become undefined by a RESET input signal.

Before specifying the port as an output port, set data in the output latch.

Caution For the PD78355 and for the (/PD78356 and [/PD78P356 in the ROM-less mode, ports 4, 5, and
9 (low-order 3 bits) do not function as ports. For details, see 5.2.
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Fig. 5-1. Basic I/O Port Configuration

WRem
Note 1
i‘ »| EPMXn
~ latch
WRPprorT
Output '
~ © PXn pin
2 o X=0103,5,8t010
§ Output n: Number of bits in a portNete 2
E RDour buffer
2
£
RDN
/-\/

Notes 1. PMXn latch: Bit n in the port mode register PMX (X =0 to 3, 5, 8 to 10)
2. WhenX=0,1,3t05,8,10,n=0to 7
When X=2,n=11t07
When X =9,n=010 3

Remarks 1. P20 of port 2 is used only for input. Port 7 is used only for input.
2. Port 4 can be specified as an input or output port by the memory expansion mode register (MM).
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(1) When a port is specified as an output port
The output latch is enabled, and a transfer instruction can transfer data between the output latch and

accumulator.
The contents of the output latch can be set or reset bit by bit. Data once written to the output latch are held

until another instruction is executed to operate the port.
When a port specified as an output port is read using an instruction such as a transfer instruction, the contents

of the output latch are read.

Fig. 5-2. Port Specified as an Output Port

WRProrT
Output |
O - © PXn

latch | X=0105,81010
o n: Number of bits in a portNet®
a
= RDour
IS
9 (L\
c

u I

Note WhenX=0,1,3105,8,10,n=0to7
When X=2,n=1to7
When X=9,n=010 3

Remark P20 of port 2 is used only for input.
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(2) When a port is specified as an input port

72

The levels of the port pins can be loaded into the accumulator with a transfer instruction. Even when the port
is specified as an input port, writing to the output latch is possible. Data transferred from the accumulator
with a transfer instruction are all stored in the output latch, regardless of whether the port is specified as an
input port or output port.

However, the data is not output to the port pins because the output buffer for the bits have become high-
impedance. (When the bits specified as an input are switched to an output port, the contents of the output
latch are output to the port pins.)

The contents of the output latch of the bits specified as an input port cannot be loaded into the accumulator.
(See Fig. 5-3.)

Fig. 5-3. Port Specified as an Input Port

/\/
WRpProrT
fl\ Output
o latch © PXn
X=0to5,7t010
" n: Number of bits in a portNet
a
©
£
2
=
RDin
: <<
/\/

Note WhenX=01t05,7,8,10,n=0to7
When X=9,n=010 3
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(3) When a port is specified for control signal input or output
Ports 0, 2, 3, 8, and 10 can be used for control signal input or output on a bit-by-bit basis by setting the desired
bit(s) of the port mode control registers (PMC0, PMC2, PMC3, PMC8, and PMC10) to 1. In this case, the
settings of the port mode registers (PM0, PM2, PM3, PM8, and PM10) have no effect.
When a pin or pins are used for a control signal, the state of the control signal can be checked by executing
a port read instruction.

Fig. 5-4. When the Control Is Specified

Control (input) *+—————

Control | © PXn
(output) I X=0,2,3,810
n=0to7
PMXn =0
é

PMXn =1

RD
Internal /i“\
\

bus

(a) When a port is specified for control signal output
The pin state of a control signal can be read by executing a port read instruction when the desired bit
of the port mode register is set to 1.
The state of an internal control signal can be read by executing a port read instruction when the desired
bit of the port mode register is reset to 0.

(b) When a port is specified for control signal input
The pin state of a control signal can be read by executing a port read instruction only when the desired
bit of the port mode register is set to 1.

Caution The pin functioning as an input pin in the control mode may not operate correctly if the
desired bit of the port mode control register is rewritten during the operation. Therefore
writing to the port mode control register should be executed at initial settings of the
system.
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(4) Port output data check function
The uPD78356 has a function that enables pin state to be read in the port output mode so that application
system reliability can be improved (pin access mode). With this function, output data and actual pin state can
be checked as required. If a mismatch is found, an action such as replacement with another system can be

taken.

Before pin state can be read, bit 0 of the port read control register (PRDC) must be set to 1.
A RESET input signal sets register PRDC to 00H.

Fig. 5-5. Port Read Control Register Format

0 Address Whenreset R/W

3 2
PRDC| 0 0 0 0 0 0 PRDCO| FF62H 00H R/W
PRDCO| Operation mode
0 Normal mode
1 Pin access mode

Example: HA sample program is given below which checks output data to port 0 (P0), port 1 (P1), and port
3 (P3) by using the pin access mode.

TEST: DI
MOV
MOV
MOV
MOV
SET1
CMP
BNE
CMP
BNE
CMP
BNE
CLR1
El
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A#5AH
PO,A
P1,A
P3,A
PRDC.0
A,PO
$ERRO
A,P1
$ERR1
A,P3
$ERR3
PRDC.0

; Disables interrupt
; Test data = 5AH
; Sets 5AH in output latch

; Sets pin access mode (sets PRDC)
; Compares pin level with output latch contents
; Performs error processing if mismatch occurs

; Normal mode (resets PRDC)
; Enables interrupt




CHAPTER 5 PORT FUNCTIONS

Cautions 1. In the pin access mode (PRDCO = 1), no bit manipulation instruction for a port operates
normally. After a port check is completed, be sure to reset the mode to the normal mode
(PRDCO = 0).

2. If an interrupt occurs in the pin access mode, a bit manipulation instruction may be
executed in the same mode. This will cause an error. Before starting a check, be sure
to set the DI state.

In addition, do not use macro services that manipulate ports.

3. Nonmaskable interrupts are unavoidable. So, the following provisions should be made

in the program as required:

- The nonmaskable interrupt routine is to perform no port manipulation.
« The level of PRDC.0 is to be saved at the start of the nonmaskable interrupt routine,
then is restored when control is returned.

When PRDC.0 is set to 1, the switch enclosed in dotted lines in the figure below is connected to the pin and
the pin state is read. If a bit manipulation instruction is executed in this state, the pin state is read and a bit
operation is executed. This may adversely affect the contents of the output latch.

When PRDC.0 is reset to 0, the system enters the normal mode.

Fig. 5-6. Control (Output Port Specified)

WRPpoRT
~_, |
O PX
/ Output I n
latch
(2]
>
° RDout
g l PRDC.0 =0
Iy —————
= 1 1
= 1 1
(N [ 1 i
/ | ! !
~ Ef

PRDC.0 =1
In addition, instructions (CHKL, CHKLA) dedicated to frequent port state checking are available. By

EXCLUSIVE ORing, these instructions compare the pin state with the contents of the output latch (in the port
mode) or the pin state with the level of the internal control output signal (in the control mode).
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Example: A sample program is given below which checks pin state and the contents of an output latch using

the CHKL or CHKLA instruction.

TEST: SET1
CHKL
BNE

ERR1: CHKLA
BT
BT

BT
BR

P0.3
PO
$ERR1

PO
A.7,$BIT07
A.6,$BIT06

A.1,$BITO1
$BITOO

Sets bit 3 of port 0

Checks port 0

Branches to error processing (ERR1) if mismatch with
output latch contents occurs

Check incorrect bits
Bit 7?
Bit 6?

Bit 1?
Bit 0 is incorrect if all above bits are correct.

Cautions 1. Use the CHKL or CHKLA instruction only when the PRDCO bit of the PRDC register is set
to 0 (normal mode).
2. Concerning the I/0 port pin, the check result of the pin which is set to input port mode
will always be the same between the CHKL and CHKLA instructions regardless of the
setting of the port mode/control mode. Concerning the input dedicated ports, the input
pin level will always be read by the CHKL and CHKLA instructions because there is no
latch. Therefore, for the input dedicated ports, the CHKL and CHKLA instructions are
essentially ineffective.
3. Setcontrol output pinstothe input mode before executing the CHKL or CHKLA instruction
to check the output level of the pin of a port where control and port output pins are used
together. (The output level of a control pin cannot be checked with the CHKL or CHKLA
instruction because the output level varies asynchronously.)
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5.2 Functions of the Ports

The uPD78356 is provided with the ports shown in Fig. 5-7, which enable various types of control.

Fig. 5-7. Port Configuration

<— | P00 P50 |*————>
- -
- -
- -
- -
- -
- | P07 P57 |+————>
- | P10

-

B E——

Port 7

Pot1d = g P70 to P77 8
-

-
- | P17

P80 |-
—F—F | P20 B —
- -
- -
- -,  Ports8

Port2< . -
- -
- P87 |-——
- »| P27

PO |«——
- -
- P30 -,  Port9
- P93 |*+—— >
-

Port34 P100 |*=————>
- -
- -

B E— -
P37 - o ( Port10
-
-
P107 |[*———
Port 4 8 P40 to P47
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5.2.1 1/0O port functions and alternate functions

Table 5-1 lists the function of each port. Each port functions as an I/0O port and also functions as 1/O pins for internal

hardware.

Table 5-1. Port Functions and Alternate Functions of the Ports

Port name Port function

Alternate function

Port 0 8-bit I/O port.

Specifiable as input or output in 1-bit units.

Real-time output port (RTP) or external trigger input
for A/D converter in control mode

Port 1 8-bit I/O port.

Specifiable as input or output in 1-bit units.

Port 2 8-bit I/O port.

(P20 is excluded.)

Specifiable as input or output in 1-bit units.

Capture trigger input, clear signal input, or timer
output for real-time pulse unit (RPU), or external
interrupt input in control mode

Port 3 8-bit 1/0 port.

Specifiable as input or output in 1-bit units.

Count pulse input, clear signal input, or timer output
for real-time pulse unit (RPU), or /O for serial interface
(UART, CSI) in control mode

Port 4 8-bit I/0 port.

Specifiable as input or output in 8-bit units.

Address/databus (AD0to AD7) for memory expansion

Port 5 8-bit I/O port.

Specifiable as input or output in 1-bit units.

Address/databus (AD8to AD15) for memory expansion

Port 7 Port used only for 8-bit input.

Analog input for A/D converter in control mode

Port 8 8-bit I/O port.

Specifiable as input or output in 1-bit units.

Count pulse input, clear signal input, or timer output
for real-time pulse unit (RPU), or PWM signal output
in control mode

Port 9 4-bit 1/O port.

Specifiable as input or output in 1-bit units.

Control signal output for memory expansion

Port 10 8-bit 1/0O port.

Specifiable as input or output in 1-bit units.

Count pulse input for real-time pulse unit (RPU) or I/O
for serial interface in control mode
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5.2.2 1/0 mode setting

(1) Portn(n=0t0 3,5, 8,9, 10)
The I/O mode of each port is set in 1-bit units with a port mode register (PM). (See Fig. 5-8 to 5-15.) Each
pin of a port functions as an input or output port, depending on the setting of the corresponding bit of the PM
register. It is an input port when the bit is one, and an output port when the bit is zero. Bit 0 of the port 2
mode register (PM2) is always one.
The contents of each PM register are specified by an 8-bit manipulation instruction.

(2) Port7
Port 7 functions only as input port. Port 7 has no port mode register.

(3) Port4
The 1/0 mode of port 4 only is set with the memory expansion mode register (MM) in 8-bit units. (See Fig.
5-21))
Register MM is set with a bit or 8-bit manipulation instruction.

Fig. 5-8 to 5-15 show the format of each port mode instruction register.

Fig. 5-8. Format of the Port 0 Mode Register

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

PMO |PM07 |PM06 | PMO5 | PMO4 | PMO3 | PM02| PMO1 | PMOO| ~ FF20H FFH RIW
\ \ \ \ \ \ \ !

PMOn 1/0 mode of the POn pin (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Fig. 5-9. Format of the Port 1 Mode Register

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

PM1 |PM17|PM16 |PM15|PM14|PM13 | PM12|PM11|PM10| FF21H FFH R/W
\ \ \ \ \ \ \ !

PM1n 1/0O mode of the P1n pin (n=010 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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Fig. 5-10. Format of the Port 2 Mode Register

Symbol - 6 5 4 3 P 1 0 Address Whenreset R/W
PM2 |PM27 |PM26 | PM25 | PM24 | PM23 | PM22 | PM21| 1 FF22H FFH R/W
\ ! ! ! ! |
PM2n I/0O mode of the P2n pin (n=1107)

Output mode (output buffer on)

Input mode (output buffer off)

Caution Bit 0 of the port 2 mode register is always one.

Fig. 5-11. Format of the Port 3 Mode Register

Symbol 5 6 5 4 3 > 1 0 Address Whenreset R/W
PM3 |PM37|PM36 | PM35| PM34 | PM33 | PM32 | PM31 |[PM30| FF23H FFH R/W
\ \ \ \ \ \ \ |
PM3n I/0 mode of the P3n pin (n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Fig. 5-12. Format of the Port 5 Mode Register
Symbol 5 6 5 4 3 > 1 0 Address Whenreset R/W
PM5 |PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 |[PM50|  FF25H FFH R/W
\ \ \ \ \ \ \ |
PM5n I/0 mode of the P5n pin (n =0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Fig. 5-13. Format of the Port 8 Mode Register
Symbol 7 6 5 4 3 2 1 0 Address Whenreset R/W
PM8 |PM87|PM86 | PM85| PM84 | PM83 | PM82 | PM81 |[PM80| FF28H FFH R/W
\ \ \ \ \ \ \ |
PM8n 1/0O mode of the P8n pin (n=0to 7)

Output mode (output buffer on)

Input mode (output buffer off)
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Fig. 5-14. Format of the Port 9 Mode Register

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

PM9 0 0 0 0 |PM93|PM92|PM91|PM90| FF29H OFH R/wW

PM9n 1/0 mode of the P9n pin (n =0 to 3)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Fig. 5-15. Format of the Port 10 Mode Register

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

PM10 |PM107 [PM106| PM105|PM104 | PM103| PM102|PM101|PM100 FF2AH FFH R/W
\ \ \ \ \ \ \ !

PM10n 1/0 mode of the P10n pin (n =0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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5.2

.3 Control mode setting

(1) Portn(n=0, 2,3, 8,10)

The control mode of each port is set in 1-bit units with a port mode control register (PMC). (See Fig. 5-16
to 5-20.)

Each pin of port n functions as a control pin when the corresponding bit of the PMC register is setto 1. In
this case, the previous states of the port and the set value in the PMC register have no effect.

The contents of each PMC register are specified by an 8-bit manipulation instruction.

(2) Port7

The pins of port 7 are always set in the control mode. Port 7 has no port mode control register.
The pin state of each port can be read by executing a port read instruction.

(3) Port 4 and port 5

(a) uPD78356
The control mode is set according to the contents of the memory expansion mode register (MM) (see Fig.
5-21). As shown in Table 5-2, the operations of ports 4 and 5 depend on the expansion mode of the MM
register. When the MM register is in the expansion mode, port 4 functions as an address/data bus and
some bits of port 5 function as address bus.
When data is written or verified for the yPD78P356 in the PROM programming mode, port 4 functions
as an 1/O port for the data.
The contents of the MM register are specified by a bit manipulation instruction or an 8-bit manipulation
instruction.

Table 5-2. Operation of Port 4 and Port 5 (UPD78356)

Operation of port 4 Operation of port 5
P40 to P47 P50 | P51 | P52 | P53 | P54 | P55 | P56 | P57

Setting of MM register

Port mode Input port General 1/0 port
(single chip mode) Output port
Expansion | 256-byte expansion | Address/data bus
mode 4-Kbyte expansion AD8 | AD9 |AD10 |AD11 General 1/0 port
16-Kbyte expansion AD12 | AD13 | General I/O port
Full expansion AD14 | AD15
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(b) 1PD78355
The ports operate as described below. One pin of the port does not function as a port.

* Port 4 : Lower address/data bus (ADO to AD7)
» Port 5: Higher address/data bus (AD8 to AD15)

This also applies when the uPD78356 is used in the ROM-less mode.

(4) Port9 0
The control mode is set according to the contents of the memory expansion mode register (MM).

(a) |PD78356

(i) External 8-bit bus
Port 9 operates as indicated in Table 5-3.
When the expansion mode is set, the P90 and P91 pins function as the RD and LWR pins,
respectively, and the P92 and P93 pins function as ports. When the uPD78356 is placed in the ROM-
less mode, the P90 and P91 pins function as the RD and LWR pins, respectively, and P92 and P93
pins as ports at all times. In this case, the MMO to MM2 bits have no effect.

Table 5-3. pPD78356 Port 9 Operation (External 8-bit Bus)

Setting of MM register Operation of port 9
MMO to MM2 P90 P91 P92 P93
Port mode General-purpose port
Expansion mode RD LWR General-purpose port

(ii) External 16-bit bus
Port 9 operates as indicated in Table 5-4.
When the expansion mode is set, the P90, P91, and P92 pins function as the RD, LWR, and HWR
pins respectively, and the P93 pin function as a port. When the pPD78356 is placed in the ROM-
less mode, the P90, P91, and P92 pins function as the RD, LWR, and HWR pins, respectively, and
P93 pin as ports at all times. In this case the bits MMO to MM2 cannot be set.

Table 5-4. UPD78356 Port 9 Operation (External 16-bit Bus)

Setting of MM register Operation of port 9
MMO to MM2 P90 P91 P92 P93
Port mode General-purpose port
Expansion mode RD LWR HWR General-
purpose port
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(b) PD78355

(i) External 8-bit bus
The P90 and P91 pins function as the RD and LWR pins, respectively, and the P92 and P93 pins
function as ports at all times. The lower three bits (MMO to MM2) of the MM register cannot be set.

(ii) External 16-bit bus
The P90, P91, and P92 pins function as the RD, LWR, and HWR pins, respectively, and the P93 pin
as a port. The lower three bits (MMO to MM2) of the MM register cannot be set.

Fig. 5-16. Format of the Port 0 Mode Control Register

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

PMCO|PMC07 |PMC06|PMCO5|PMCO4| PMC03 | PMC02|PMCO1|PMCO0|  FF40H 00H R/W
\ \ \ ! \ \ \ !

PMCOn Control mode of the POn pin (n = 0 to 3)

0 1/0 port mode

1 Real-time output port mode/ADTRG input mode™°te

PMCOn Control mode of the POn pin (n =4 to 7)

0 1/0O port mode

1 Real-time output port mode

Note Pins P00 to P03 function as external trigger input pins (ADTRGO to ADTRGS3) of the A/D converter
when the TRG bit 2 of the A/D converter mode register 1 (ADM1) is “1”. (See Fig. 8-4.)
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Fig. 5-17. Format of the Port 2 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address Whenreset R/W
PMC2|PMC27 | PMC26 | PMC25 | PMC24 | PMC23 | PMC22 | PMC21| 1 FF42H 01H R/W
PMC21 Control mode of the P21 pin

0 1/0 port mode
1 INTPO input mode/TO04 output modeNete !

PMC22 Control mode of the P22 pin

0 1/0O port mode
1 INTP1 input mode/TOO05 input modeN°te !

PMC23 Control mode of the P23 pin

0 1/0O port mode

1 INTP2 input mode

PMC24 Control mode of the P24 pin

0 1/0 port mode
1 INTP3 input mode

PMC25 Control mode of the P25 pin

0 1/0 port mode
1 INTP4 input mode

PMC26 Control mode of the P26 pin

0 1/0O port mode
1 TCLR2 input mode/TO21 output modeN°te 2

PMC27 Control mode of the P27 pin
0 1/0 port mode

1 TO20 output mode

Notes 1. Asexternalinterrupt (INTPO, INTP1) will be generated even if pins P21 and P22 are used as timer
outputs (TO04, TO05), mask the interrupt. (See Fig. 15-1.) When not using them as timer outputs,
disable the timer outputs using the TOC1 register. The pins will become high-impedance. (See
Fig. 7-11.)

2. When using pin P26 as a timer output (TO21), disable the external clear input using the TUM1
register. (See Fig. 7-3.)

Caution Bit 0 of the port 2 mode control register is always one.
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Fig. 5-18. Format of the Port 3 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address Whenreset R/W
PMC3|PMC37 | PMC36 | PMC35 | PMC34 | PMC33 | PMC32 |PMC31 |PMC30| FF43H 00H R/W

PMC30 Control mode of the P30 pin
0 I/O port mode
1 TxD output mode

PMC31 Control mode of the P31 pin
0 I/0 port mode
1 RxD input mode

PMC32 Control mode of the P32 pin
0 I/0 port mode
1 SBO0 1/0 mode/SO00 output mode

PMC33 Control mode of the P33 pin
0 I/O port mode
1 SB1 1/0O mode/SI00 input mode

PMC34 Control mode of the P34 pin
0 I/0O port mode
1 SCKO00 1/0 mode

PMC35 Control mode of the P35 pin
0 I/0 port mode
1 TCLR1 input mode

PMC36 Control mode of the P36 pin
0 I/O port mode
1 TH input mode/TO11 output mode

PMC37 Control mode of the P37 pin
0 I/0O port mode

TO10 output mode
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Fig. 5-19. Format of the Port 8 Mode Control Register

Symbol 7 6 5 4 3 D) 1 0 Address Whenreset R/W
PMC8|PMC87 | PMC86 | PMC85 | PMC84 | PMC83 | PMC82 | PMC81 |PMC80| FF48H 00H R/W
PMC80 Control mode of the P80 pin

0 1/O port mode
1 TCLRO input mode

PMC81 Control mode of the P81 pin

0 1/O port mode
1 TI0 input mode/TOO03 output modeN°t®

PMC82| Control mode of the P82 pin

0 1/O port mode

1 TOO00 output mode

PMC83 Control mode of the P83 pin

0 1/O port mode

1 TOO01 output mode

PMC84 Control mode of the P84 pin

0 1/O port mode
1 TOO02 output mode

PMC85 Control mode of the P85 pin

0 1/O port mode
1 TCLRUD input mode

PMC86 Control mode of the P86 pin

0 1/O port mode
1 PWMO output mode

PMC87 Control mode of the P87 pin

0 1/0O port mode
1 PWM1 output mode

Note When not using pin P81 as the timer output (TO03), disable the timer output using the TOCO register.
The pin will become high-impedance. (See Fig. 7-10.) When not using as the TI0 input, disable the
external clock input using the TMCO register. (See Fig. 7-6.)
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Fig. 5-20. Format of the Port 10 Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address Whenreset R/W
PMC10[PMC107|PMC106/PMC105{PMC104|PMC103|PMC102|PMC101|PMC100] FF4AH 00H R/W

PMC100 Control mode of the P100 pin
0 I/O port mode
1 SO10 input mode

PMC101 Control mode of the P101 pin
0 I/O port mode
1 SI10 input mode

PMC102 Control mode of the P102 pin
0 I/0 port mode
1 SCK10 I/0 mode

PMC103 Control mode of the P103 pin
0 I/O port mode
1 SO11 output mode

PMC104 Control mode of the P104 pin
0 I/O port mode
1 SI11 input mode

PMC105 Control mode of the P105 pin
0 I/0O port mode
1 SCK11 1/0 mode

PMC106 Control mode of the P106 pin
0 I/O port mode
1 TIUD input mode

PMC107 Control mode of the P107 pin
0 I/O port mode
1 TCUD input mode
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Fig. 5-21. Format of the Memory Expansion Mode Register

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

MM 0 MM6 | MM5 0 MM3 | MM2 | MM1 | MMO FFC4H 00H R/W
L L [ |
MM2| MM1 | MMO | Operation modes of the P40 to P47 and P50 to P57 pins
) P40 to 47: Input port
S A f;?g'e P50 to 57: Port mode
0 0 1 mode mode | P40 to 47: Output port
P50 to 57: Port mode
0 1 0 Not to be set
0 1 1 256 P40 to 47: Expansion mode
bytes | P50 to 57: Port mode
Expan-| -
1 0 o | sion 4 P40 to 47, P50 to P53: Expansion mode
mode Kbytes | P54 to 57: Port mode
1 0 1 16 P40 to 47, P50 to P55: Expansion mode
Kbytes | P56 to 57: Port mode
1 1 0 Not to be set
Expan- [Full
1 1 1 |sion  |Expansion| P40 to 47, P50 to P57: Expansion mode
mode _mode

MM3 | Internal RAM capacity

0 2 Kbytes
1 1 Kbyte
MM6 | MM5 | Internal ROM capacity
0 0 48 Kbytes
0 1 32 Kbytes
1 0 24 Kbytes
1 1 16 Kbytes

Cautions 1. Be sure to write 0 in bits 4 and 7. If 1 is written in these bits, operation will not be normal.
2. Invalid combinations are specified as “Not to be set” in Fig. 5-21. Never write these
combinations.
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5.2.4 Pull-up resistor specification
Each pin of ports 0 to 5 and ports 8 to 10 of the uPD78356 has an on-chip, pull-up resistor specifiable by software.
(However, this does not apply to the P20 pin.)

(1) Ports 0 to 3, and ports 8 to 10
Whether to use an on-chip, pull-up resistor can be specified for each pin separately with the pull-up resistor
option registers (PUOL, PUOH) and port mode register (PM).
When the PUO bit corresponding to a port is set to 1, the on-chip, pull-up resistor of a pin specified as an
input port with the PM register is enabled.

(2) Port4
The use of an on-chip, pull-up resistor is enabled only in the normal operation mode. The use of the on-chip,
pull-up resistor of a pin is enabled when the PUO4 bit of the PUOL register is set to 1, and the pin is specified
as an input port with the memory expansion mode register (MM).

(3) Port5
The use of an on-chip, pull-up resistor is enabled only in the normal operation mode. The use of the on-chip,
pull-up resistor of a pin is enabled when the PUO5 bit of the PUOL register is set to 1, and the pin is specified
as an input port with the memory expansion mode register (MM) and port 5 mode register (PM5).

The use of the on-chip, pull-up resistor of a pin is also enabled when the pin is specified as a control pin with the
port mode control register (PMC). So, when the on-chip, pull-up resistor of a control pin is not to be used, set the
value of the corresponding bit of the PM register to 0 (output mode) or set the corresponding PUO bit to 0.

Caution In (/PD78356 emulation using the IE-78350-R, the use of the on-chip, pull-up resistors of port 1,
4,5, or9is disabled even if the PUO1, PUO4, PUO5, or PUO9 bit of the PUOL and PUOH registers
is set to 1. When using a pull-up resistor, first set the corresponding bit to 1 to use software
common to the IE-78350-R and (/PD78356, then externally attach a pull-up resistor.
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Fig. 5-22. Format of Pull-up Resistor Option Register L

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

PUOL| O 0 |PUO5|PUO4|PUO3|PUO2 | PUO1|PUOO| FF44H 00H R/W

PUON Pull-up resistor of port n (n =0 to 5)

0 Not to be used on port n

1 To be used on port n

Fig. 5-23. Format of Pull-up Resistor Option Register H

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

PUOH| 0 0 0 0 0 |PUO10 | PUO9|PUO8| FF45H 00H R/IW

PUON Pull-up resistor of port n (n = 8 to 10)

0 Not to be used on port n

1 To be used on port n

91



[MEMO]

92



CHAPTER 6 CLOCK GENERATOR

The clock generator generates and controls an internal system clock (CLK) supplied to the CPU. The clock
generator is configured as shown in Fig. 6-1.

Fig. 6-1. Block Diagram of the Clock Generator

Frequency
X1 divider
System fxx or fx fok Internal system
— clock o 1o T
generator clock (CLK)
X2
STOP mode

Remarks 1. fxx : Crystal oscillator frequency
2. fx : External clock frequency
3. fock @ Internal system clock frequency

The system clock generator generates a clock signal with a crystal resonator connected to the X1 and X2 pins.
The system clock generator stops oscillation when it is set to the standby mode (STOP mode). (See CHAPTER 16.)
An external clock can be applied. In this case, a clock signal is to be applied to the X1 pin. The X2 pin is left

open.
The frequency divider divides system clock generator output (fxx for the crystal oscillator or fx for an external clock)

by two to produce an internal system clock (fcLk).

Caution When using an external clock, do not set the STP bit of the standby control register (STBC) to
1.
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Fig. 6-2. External Circuitry of the System Clock Generator

(a) Crystal oscillator (b) External clock
HPD78356 HPD78356
"""""" |T T T  Ixe Open| x2
—

S

94

' External |>O
H _; ________________________ Vss clock X1

Cautions 1. When using the system clock oscillator, run wires in areas enclosed with broken lines of Fig.
6-2 according to the following rules to avoid effects such as stray capacitance:

* Minimize the wiring.

» Never cause the wires to cross other signal lines or run near a line carrying a large varying
current.

- Cause the grounding point of the capacitor of the oscillator to have the same potential as
Vss. Never connect the capacitor to a ground pattern carrying a large current.

- Never extract a signal from the oscillator.

2. When applying external clocks, do not connect a wire or a similar capacitive load to the X2
pin.

Fig. 6-3 shows examples of wrong resonator connection circuitry.
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(a) Connection

Fig. 6-3. Examples of Wrong Resonator Connection Circuitry

circuit wiring is too long. (b) There is another signal line crossing.

o |
= = LJ
L 777

(c) A high varyi
line.

ng current flows near a signal (d) Acurrentflows overthe ground line of the generator

circuit.
(The potentials of points A, B, and C change.)

Voo

Vss

Large
current

X1 Vss

S

o

S

Al 8l c

ez i -
(e) A signal is extracted.
X1 X2 Vss
-

T

77
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CHAPTER 7 REAL-TIME PULSE UNIT (RPU)

The RPU can output programmable pulses, measure pulse intervals and frequencies, generate trigger signals for
the A/D converter, and function as a baud rate generator for the serial interface.

The RPU consists of four 16-bit timers (timers 0 to 3), one 10-bit timer (timer 4), and one 16-bit up/down counter.

The timers and up/down counter have the following features:

e Timer O ...... Generates trigger signals for the A/D converter. Up to four inputs are available for sampling and
conversion timing in the A/D converter.

* Timers0to2...... Allow various pulse outputs such as toggle output and set/reset output.

» Timers 0 and 3 and up/down counter....... Generate overflow interrupts.

e Timers 1 and 2...... Control the output timing of a real-time output port.

e Timer 4 ...... Specifies the baud rate for the serial interface.

* Up/down counter........ Software can toggle between incrementing and decrementing the counter. One of four
operating modes can be selected to count external clock pulses. The counter is thus
available for many applications.

Remark Toggle output and set/reset (SR) output

» Toggle output : A trigger signal inverts the state of this pulse output.
The uPD78356 uses a match signal from a compare register as the trigger signal.
* SR output 1 Asettrigger signal sets this pulse outputto 1. Aresettrigger signal resets this pulse
output to 0.

The uPD78356 uses match signals from different compare registers as the set and
reset trigger signals. Set and reset timings can be separately specified.
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7.1 Configuration

Fig. 7-1 shows the block diagram of the RPU. Table 7-1 lists hardware components of the timers and counter in
the RPU.

Fig. 7-1. Block Diagram of the Real-Time Pulse Unit (RPU) (1/3)

Timer 0
Clear
TCLRO
Start/stop
CEO —l
foud2 — 5 || T™MO INTOVO
fo/d —= S
fo/8 —»|
TIO —~| @ 16 INTCMO0
—
PRM0O —— Moo ——©) TO00
PRMO1 S
R
[ INTCMO1
CcMo1 [1] © Toof
INTCCO0
—
INTPO —] CCo0 ——©) TO04
S
R
[ INTCCO1
INTP1 —= ccot
[T] © TO05
INTP2 —= CCo2 INTCCO02
INTCM02
—
CM02 ——© T002
S
Hi
INTCMO03
CMo3 |
[] © TO03
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Fig. 7-1. Block Diagram of the Real-Time Pulse Unit (RPU) (2/3)

Timer 1
Clear
TCLR1
CE1 Start/stop
fok/d — =
fo/8 —| B ™1
fok/16 —= %
TH ] @ 16 INTCM10
+T
PRM10 —— .
cM10 —(:) TO10
PRM11 S
R
J INTCM11
CM11
m © TO11
Timer 2
Clear
TCLR2
CE2 Start/stop
fok/d —= =
fok/8 — % M2
fo/16 —| <
for/32 —=| O 16 INTCM20
+T
PRM20 — .
CM20 4(:) TO20
PRM21 S
R
J INTCM21
CM21 ¢
(7] © TO21
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Fig. 7-1. Block Diagram of the Real-Time Pulse Unit (RPU) (3/3)

Timer 3
Clear
CE3 Start/stop
et 5 e ™3 INTOV3
fo/16 —»=| <
fok/32 —=| @
16
PRM30 ——
PRM31
INTP3 —= CC30 INTCC30
INTP4 —» CC3t INTCC31
Timer 4
Clear
4 Start/stop
fox  —= 5 || ™4
fox/d —= G
fok/16 — %
fok/32 —»| @ 10
PRM40 —— CM40 INTCM40
PRM41
Up/down counter
Clear
TCLRUD
Start/stop
CEUD ﬁ
fo/d —= | | uDC OVFUD (overflow bit)
fok/8  — g UDFUD (underflow bit)
fok/16 — o
f o 16 ‘16 Preset
TIUD —  Up/down
TCUD — | detector CMUDO INTCMUDO
PRMUDO CMUD1 INTCMUDT1
PRMUD1
I/E
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Table 7-1. Components of the Real-Time Pulse Unit (RPU)

_ _ Match interrupt Capture Nur_nber _
Timer Count clock Register from compare trigger of timer | Timer clear
register outputs
Timer 0 |16-bit timer feLk/2 16-bit compare register (CM00) INTCMOQQNete 1 - 6 TCLRO
(TMO) fowk/4 16-bit compare register (CMO01) INTCMQ1Note 1 - INTCMO02
fcLk/8 16-bit compare register (CM02) INTCMO02 -
Input to the TIO pin | 16-bit compare register (CM03) INTCMO03 -
16-bit capture/compare register (CC00) | INTCCOQNete® | INTPO
16-bit capture/compare register (CC01) | INTCCO1Nete? | INTPA1
16-bit capture/compare register (CC02) INTCC02 |INTP2
Timer 1 |16-bit timer feLk/4 16-bit compare register (CM10) INTCM10 - 2 TCLR1
(TM1) fcLk/8 16-bit compare register (CM11) INTCM11 - INTCM10
fclk/16
Input to the TI1 pin
Timer 2 |16-bit timer feLk/4 16-bit compare register (CM20) INTCM20 - 2 TCLR2
(TM2) fcLk/8 16-bit compare register (CM21) INTCM21 - INTCM20
fclk/16
fek/32
Timer 3 |16-bit timer feLk/4 16-bit capture/compare register (CC30) - INTP3 - INTCC30
(TM3) fcLk/8 16-bit capture/compare register (CC31) - INTP4
fcLk/16
fcLk/32
Timer [10-bit timer fork 10-bit compare register (CM40) INTCM40 - - INTCM40
4Note 2 (TM4) fowk/4
fclk/16
fek/32
Up/down | 16-bit up/ feLk/4 16-bit compare register (CMUDO) INTCMUDO - - TCLRUD
counter | down fcLk/8 16-bit compare register (CMUD1) INTCMUD1 - INTCMUDO
counter fcLk/16
(UDC) | Input to the TIUD pin

Notes 1. Used also as a sampling trigger signal for the A/D converter.

2. Used also as a baud rate generator for the serial interface.

Remarks 1. fcik: Internal system clock
2. INTPn (n = 0 to 4): External interrupt
3. TMO, TM3, and the UDC have overflow interrupt functions.

The following sections describe the functions of the timers, compare registers, and capture/compare registers.
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7.1.1 TMO

TMO is a 16-bit timer/event counter. The timer can also be used as a one-shot timer.

TMO counts internal clock pulses (fcuk/2, fcLk/4, or fcik/8) or external events applied to the TI0 pin. The PRMO01
and PRMOO bits of timer control register 0 (TMCO) selects one of the three internal clock pulses or the external event.

The CEO bit of timer control register 0 (TMCO) specifies whether the counting of TMO is enabled or disabled.

When counting causes TMO to overflow, an overflow interrupt (INTOVO0) occurs, and the overflow bit (OVFO) is
setto 1.

TMO is cleared by an external clear input (TCLRO) or a match interrupt (INTCMO02) from the compare register
(CM02).

When the counter stops or a RESET signal is input, all the bits of TMO are cleared to 0.

7.1.2 TM1

TM1 is a 16-bit timer/event counter.

TM1 counts internal clock pulses (fcLk/4, fcLk/8, or fcLk/16) or external events applied to the TI1 pin. The PRM11
and PRM10 bits of timer control register 0 (TMCO) selects one of the three internal clock pulses or the external event.

The CE1 bit of timer control register 0 (TMCO) specifies whether the counting of TM1 is enabled or disabled.

When counting causes TM1 to overflow, the overflow bit (OVF1) is set to 1.

TM1 is cleared by an external clear input (TCLR1) or a match interrupt (INTCM10) from the compare register
(CM10).

When the counter stops or a RESET signal is input, all the bits of TM1 are cleared to 0.

7.1.3 TM2

TM2 is a 16-bit interval timer.

TM2 counts internal clock pulses (fcLk/4, fcLk/8, fcik/16, or fck/32). The PRM21 and PRM20 bits of timer control
register 1 (TMC1) specify which clock is counted.

The CE2 bit of timer control register 1 (TMC1) specifies whether the counting of TM2 is enabled or disabled.

When counting causes TM2 to overflow, the overflow bit (OVF2) is set to 1.

TM2 is cleared by an external clear input (TCLR2) or a match interrupt (INTCM20) from the compare register
(CM20).

When the counter stops or a RESET signal is input, all the bits of TM2 are cleared to 0.
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7.1.4 TM3

TMS3 is a 16-bit interval timer.

TM3 counts internal clock pulses (fcLk/4, fcik/8, fck/16, or fck/32). The PRM31 and PRMB3O0 bits of timer control
register 1 (TMC1) specify which clock is counted.

The CE3 bit of timer control register 1 (TMC1) specifies whether the counting of TM3 is enabled or disabled.

When counting causes TM3 to overflow, an overflow interrupt (INTOV3) occurs, and the overflow bit (OVF3) is
setto 1.

TM3 is cleared by a match interrupt (INTCC30) from the capture/compare register (CC30).

When the counter stops or a RESET signal is input, all the bits of TM3 are cleared to 0.

7.1.5 TM4
TM4 is a 10-bit interval timer. TM4 can also be used as a baud rate generator for the serial interface.
TM4 counts internal clock pulses (fcik, fcik/4, fcik/16, or fck/32). The PRM41 and PRM40 bits of timer control
register 2 (TMC2) specify which clock is counted.
The CE4 bit of timer control register 2 (TMC2) specifies whether the counting of TM3 is enabled or disabled.
TM4 is cleared by a match interrupt (INTCM40) from the compare register (CM40).
When the counter stops or a RESET signal is input, all the bits of TM4 are cleared to 0.

7.1.6 UDC

The UDC is a 16-bit up/down counter.

The UDC counts internal clock pulses (fcLk/4, fcLk/8, or fcLk/16) or increments or decrements the number of external
events input from the TIUD pin.

The PRMUD1, PRMUDO, and I/E bits of the up/down counter control register (UDCC) specify whether one of the
clocks is counted or the number of external events is incremented or decremented.

The CEUD bit of the UDCC specifies whether the counting of the UDC is enabled or disabled.

When counting causes the UDC to overflow or underflow, the overflow bit (OVFUD) or underflow bit (UDFUD) is
set to 1.

The UDC is cleared by an external clear input (TCLRUD) or a match interrupt (INTCMUDO) from the compare
register (CMUDO).

When the counter stops or a RESET signal is input, all the bits of the UDC are cleared to 0.
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7.1.7 Compare registers

A compare register compares the contents of the corresponding timer with the data held in the compare register
at all times, and generates an interrupt request signal when they match.

See Table 7-1 for detailed information about the configuration of the timers and compare registers and the
correspondence between the compare registers and interrupt sources.

The contents of each compare register become undefined after RESET signal is input.

(1) 16-bit compare registers (CM00 to CM03, CM10, CM11, CM20, CM21, CMUDO, and CMUD1)
As shown in Fig. 7-1, 16-bit compare registers are connected to TMO to TM2 and the UDC.
Compare registers connected to TMO to TM2 have timer output functions. Each compare register inverts the
corresponding timer output when a match interrupt occurs (toggle output operation). CM00 and CM01, CM02
and CM03, CM10 and CM11, and CM20 and CM21 can be used to set or reset output (set or reset output
operation).

Table 7-2. Interrupt Request Signals from 16-Bit Compare Registers

Compare register Interrupt request signal
CMO00 INTCMO0
CMO01 INTCMO1
CMo2 INTCMO02
CMO03 INTCMO03
CM10 INTCM10
CM11 INTCM11
CM20 INTCM20
CM21 INTCM21

CMUDO INTCMUDO
CMUD1 INTCMUDH1

(2) 10-bit compare register (CM40)
As shown in Fig. 7-1, a 10-bit compare register is connected to TM4. A match signal from CM40 can be used
as a baud rate input for the serial interface.

Table 7-3. Interrupt Request Signal from the 10-Bit Compare Register

Compare register Interrupt request signal

CM40 INTCM40
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7.1.8 Capture/compare registers (CC00 to CC02, CC30, and CC31)
The capture/compare registers are 16-bit registers that function either as a capture or compare register. Control
registers specify whether the capture/compare register functions as a capture or compare register.

(1) When a capture/compare register functions as a capture register
The capture/compare register takes in (captures) the contents of each timer when a capture trigger signal
occurs. As a capture trigger, an external interrupt (INTPn: n = 0 to 4) can be used.
See Table 7-1 for the correspondence between the registers and capture triggers.
The occurrence of a capture trigger also means the occurrence of an interrupt. By using a capture register,
the pulse width and period of externally applied pulses can be easily measured.

(2) When a capture/compare register functions as a compare register
The capture/compare register generates an interrupt based on a match between the timer and register values.
When CCO00 or CCO1 is used as a compare register, the register either inverts the corresponding timer output
when a match interrupt occurs (toggle output operation) or sets or resets output (set or reset output operation).

The interrupt source depends on whether the capture register function or compare register function is selected.
When the capture register function is selected, the corresponding external interrupt capture trigger is selected. When
the compare register function is selected, the corresponding match interrupt is selected.

The contents of each capture/compare register become undefined after RESET signal is input.

Caution Whenthe compareregisterfunctionis selected, interrupt generation based on the corresponding
external interrupt (capture trigger signal) is impossible.
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7.2 Control Registers
The following six types of control registers specify the operation of the real-time pulse unit (RPU):

» Timer unit mode registers (TUMO to TUMS3)

» Timer control registers (TMCO to TMC2, and UDCC)
» Timer output control registers (TOCO to TOC2)

» Timer overflow status register (TOVS)

» External interrupt mode registers (INTMO and INTM1)
* Noise protection control register (NPC)

The following sections describe the control registers.

7.2.1 Timer unit mode registers (TUMO to TUM3)
Timer unit mode registers (TUMO to TUMS3) are 8-bit registers. Table 7-4 lists their functions.

Table 7-4. Functions of Timer Unit Mode Registers

Register Symbol Function

Timer unit mode register 0 TUMO Specifies the operating mode for capture/compare registers (CC00
to CC02, CC30, and CC31) and the output mode for timer output
pins (TO00, TO02, and TOO04).

Timer unit mode register 1 TUM1 Specifies whether to enable or disable clear signals (TCLRO,
TCLR1, TCLR2, and TCLRUD) input to the RPU, and controls the
operation of TMO after a TMO overflow and one-shot operation.

Timer unit mode register 2 TUM2 Specifies edges of external clock inputs (TI0, TI1, and TIUD).

Timer unit mode register 3 TUM3 Specifies edges of clear signals input to the RPU (TCLRO, TCLR1,
TCLR2, and TCLRUD).

Fig. 7-2 to 7-5 show the formats of TUMO to TUM3.

Data can be read from or written into TUMO to TUMS by a bit manipulation instructions or 8-bit manipulation
instruction.

A RESET input signal sets TUMO to TUM3 to 00H.
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Fig. 7-2. Format of Timer Unit Mode Register 0

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

TUMO [TOMO4|TOM02 TOM00|CMS31|{CMS30|CMS02|CMS01|{CMS00|  FF70H 00H RIW
\ ! \ \ \ \ !

Operating mode for a capture/compare
register (CCmn)(m =0, 3,n=0102)

CMSmn

0 Capture mode

1 Compare mode

Output mode for a timer output pin

TOMON| - 760n) (n = 0, 2, 4)

0 | Toggle output mode

1 Set/reset output mode

Caution Before changing the timer output mode (setting of the TOM00, TOM02, or TOMO04 bit), disable

the timer output for the corresponding timer output pin.

Fig. 7-3. Format of Timer Unit Mode Register 1

Symbol 7 6 5 4 3 2 <1> 0 Address  When reset R/W
TUM1 0 |ECLRUD| O |[ECLR2| 0 |ECLR1| OST |ECLRO| FF71H 00H R/W
\ \ \ | |
ECLRn A clear operation by a TCLRn pin input

(n=0to2, UD)

A clear operation by an external input is
0 | disabled.

A clear operation by an external input is
enabled.

OST Operation of TMO in the free-running mode

TMO continues counting after a
TMO overflow occurs. (Normal mode)

1 TMO is cleared and stops counting after a
TMO overflow occurs. TMO holds 0000H.
Then it restarts being incremented when
the CEO bit is set to 1 or when TMO is
cleared (the specified edge of TCLRO is
input). (One-shot mode)

Caution Timer output (TO21) is impossible when a clear operation by a TCLR2 pin input is enabled.
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Fig. 7-4. Format of Timer Unit Mode Register 2

Symbol 7 6 5 4 3 2 1 0 Address  Whenreset R/W
TUM2 [TESUD1TESUDO] 0 0 |TES11|TES10|TESO1|TES00| FF72H 00H R/W
| \

LH | |

‘ TESNn1|TESnO

Active edge of the TIn pin
(n=0,1,UD)

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

Caution When the operating mode for the UDC is specified as mode 4 (by the UDCC register), the
specification of an edge for the TIUD pin (settings of the TESUDO and TESUD1 bits) becomes

ineffective.
Fig. 7-5. Format of Timer Unit Mode Register 3
Symbol 7 6 5 4 3 2 1 0 Address  Whenreset R/W
TUM3 |CESUD1|CESUDO|CES21|CES20|CES11|CES10|CESO01|CES00| FF73H 00H R/W

| | | |
‘ . Active edge of the TCLRn pin
CESn1|CESN0| (n=0to2, UD)

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges
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7.2.2 Timer Control Registers (TMCO to TMC2 and the UDCC)
Timer control registers are 8-bit registers. Table 7-5 lists their functions.

Table 7-5. Functions of Timer Control Registers

Register Symbol Function
Timer control register 0 TMCO Controls counting of TMO and TM1.
Timer control register 1 TMCAH Controls counting of TM2 and TM3.
Timer control register 2 TMC2 Controls counting of TM4.
Up/down counter control register| UDCC Controls the counting of the UDC.

Fig. 7-6 to 7-9 show the formats of TMCO to TMC2 and the UDCC.

Data can be read from or written into TMCO to TMC2 and the UDCC by a bit manipulation instruction or 8-bit
manipulation instruction.

A RESET input signal sets TMCO to TMC2 and the UDCC to 00H.
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Fig. 7-6. Format of Timer Control Register 0

Symbol <7> 6 5 4 <3> 2 1 0 Address  When reset R/W
TMCO| CE1 | CLR1 |PRM11|PRM10| CEO | CLRO |PRMO01|PRMOO| FF74H 00H R/W
L] L]

PRMO1|PRMO00 Count clock (Hz) to TMO

0 0 fok/2

0 1 foLk/4

1 0 foLk/8
1 1 External clock (T10 input)
CLRO Operating mode for TMO

0 Free-running mode

1 Interval timer mode

CEO Control of TMO operation

0 TMO is cleared and stops counting.

1 TMO counts pulses or events.

PRM11|PRM10 Count clock (Hz) to TM1

0 0 fox/4

0 1 foLk/8

1 0 fck/16
1 1 External clock (TI1 input)
CLR1 Operating mode of TM1

0 Free-running mode

1 Interval timer mode

CEH Control of TM1 operation

0 TM1 is cleared and stops counting.

1 TM1 counts pulses or events.

Caution Timer output (TO03) is impossible when the input of an external count clock to TMO (TIO) is
specified. Timer output (TO11) is impossible when the input of an external count clock to TM1
(TI) is specified.

Remark fcik: Internal system clock
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Fig. 7-7. Format of Timer Control Register 1

Symbol <7> 6 5 4 <3> 2 1 0 Address  When reset R/W
TMC1| CE3 | CLR3 |PRM31|PRM30| CE2 | CLR2 |PRM21|PRM20| FF75H 00H R/W
L | L |

PRM21|PRM20 Count clock (Hz) to TM2
0 0 fewk/4
0 1 ferk/8
1 0 fck/16
1 1 foLk/32

CLR2 Operating mode for TM2
0 Free-running mode
1 Interval timer mode

CE2 Control of TM2 operation

0 TM2 is cleared and stops counting.
1 TM2 counts pulses.

PRM31|PRM30 Count clock (Hz) to TM3
0 0 foLk/4
0 1 foLk/8
1 0 fck/16
1 1 fo/32

CLR3 Operating mode for TM3
0 Free-running mode
1 Interval timer mode

CES3 Control of TM3 operation

0 TM3 is cleared and stops counting.

Remark fcik: Internal system clock

TMS3 counts pulses.
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Symbol
TMC2

Fig. 7-8. Format of Timer Control Register 2

7 6 4 <3> 1 0 Address  When reset R/W
0 0 0 CE4 PRM41/PRM40| FF76H 04H R/W
L |
PRM41|PRM40 Count clock (Hz) to TM4
0 0 fork
0 1 foLk/4
1 0 fek/16
1 1 fok/32
CE4 Control of TM4 operation
0 TM4 is cleared and stops counting.
1 TM4 counts pulses.

Remark fcik: Internal system clock
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Symbol <7>

Fig. 7-9. Format of the Up/Down Counter Control Register

6 5

4

3

2

1

0

UDCC| CEUD

ENMD |PRMUDA1

PRMUDO

ub

IVE

0

0

Address  Whenreset R/W
FF77H O00OH R/W

Whether the UDC is incremented or

up decremented

0 The UDC is incremented.

1 The UDC is decremented.

_ Whether the UDC
PRMUD1|PRMUDO| I/E | Count clock | incremented or
decremented

0 0 0 | fex/4 Specified by

setting of U/D

0 1 0 | fck/8 bit

1 0 0 |fcx/16

1 1 0 Not to be set

0 0 1 TIUD Mode 1

(external

0 1 1 clock) Mode 2

1 0 1 Mode 3

1 1 1 Mode 4

ENMD Clearing or presetting the UDC by using
the compare register (CMUDO)

0 Disabled. (Normal mode)

Enabled. If the contents of the CMUDO
register match the contents of the UDC,

1 the UDC is cleared when the next count
clock pulse is input. When the UDC
underflows, the CMUDO register is preset.
(Up/down modulo mode)

CEUD Control of the UDC operation
0 The UDC is cleared and stops counting.

The UDC counts pulses or events.

Caution When the operating mode for the UDC is specified as mode 4, the specification of an edge for
the TIUD pin (by the TUM2 register) becomes ineffective.

Remarks 1. fcik: Internal system clock

2. Operating mode for the up/down counter (For details, see 7.3.6.)

Mode 1 The UDC is decremented when the input to the TCUD pin is high.
The UDC is incremented when the input to the TCUD pin is low.

Mode 2 The UDC is incremented when the specified edge of a TIUD input is detected.
The UDC is decremented when the rising edge of a TCUD input is detected.

Mode 3 Whether the UDC is incremented or decremented is automatically determined according to the TCUD
input state when the specified edge of the TIUD input is detected.

Mode 4 Whether the UDC is incremented or decremented is automatically determined when the rising and
falling edges of the TIUD input and the rising and falling edges of the TCUD input are detected.
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7.2.3 Timer output control registers (TOCO to TOC2)
Timer output control registers (TOCO to TOC2) are 8-bit registers. Table 7-6 lists their functions.

Table 7-6. Functions of Timer Output Control Registers

Register Symbol Function

Timer output control register 0 TOCO Specifies the active level for timer output pins, TO00, TO01, TO02,
and TOO03, and whether the timer output is enabled or disabled for
these pins.

Timer output control register 1 TOCH Specifies the active level for timer output pins. TO04, TO05, TO10,
and TO11, and whether the timer output is enabled or disabled for
these pins.

Timer output control register 2 TOC2 Specifies the active level for timer output pins, TO20 and TO21,
and whether the timer output is enabled or disabled for these pins.
Also specifies the output mode for timer output pins, TO10 and
TO20.

Fig. 7-10 to 7-12 show the formats of TOCO to TOC2.

Data can be read from or written into TOCO to TOC2 by a bit manipulation instruction or 8-bit manipulation
instruction.

A RESET input signal sets TOCO to TOC2 to 00H.

Table 7-7. Timer Outputs and Trigger Signals

Timer output pin | Toggle output mode Set and reset output modes
Set trigger Reset trigger

TOO00 INTCMOO INTCMOO0 INTCMO1
TOO1 INTCMO1 - -
TOO02 INTCMO2 INTCMO02 INTCMO03
TOO03 INTCMO03 - -
TO04 INTCCO00 INTCCO00 INTCCO1
TOO05 INTCCO1 - -
TO10 INTCM10 INTCM10 INTCM11
TO11 INTCM11 - -
TO20 INTCM20 INTCM20 INTCM21
TO21 INTCM21 - -
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Fig. 7-10. Format of Timer Output Control Register 0

Symbol <7> 6 <5> 4 <3> 2 <1> 0

TOCO [ENTOO03| ALVO3 |[ENTO02| ALVO2 |ENTOO01| ALVO1 |[ENTO00| ALVOO

Address  When reset R/W

FF78H

00H R/W

_

ALV00

Active level for the TOO0O0 pin

Low level

High level

ENTO00

Operation of the TO00 pin

The timer output is disabled. (ALVOO is output.)

The timer output is enabled.

ALVO1 Active level for the TOO01 pin
0 Low level
1 High level
ENTOO01 Operation of the TOO01 pin
0 The timer output is disabled. (ALVO01 is output.)
1 The timer output is enabled.
ALVO02 Active level for the TO02 pin
0 Low level
1 High level
ENTO02 Operation of the TO02 pin
0 The timer output is disabled. (ALV02 is output.)
1 The timer output is enabled.
ALVO03 Active level for the TO03 pin
0 Low level
1 High level
ENTO03 Operation of the TOO03 pin
0 TI0 input modeNete

1

Timer output mode.

Note Ifthe ENTOO03bitis resetto 0 whenthe PMC81 bit of the PMC8 registeris 1, the state of TO03 pin becomes

high-impedance.

Caution Before changing the active state (setting of the ALV00, ALV01, ALV02, or ALV03 bit), disable the

timer output for the corresponding timer output

pin.
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Fig. 7-11. Format of Timer Output Control Register 1

Symbol  <7> 6 <5> 4 <3> 2 <1> 0 Address  When reset R/W
TOC1 [ENTO11|ALV11 |[ENTO10| ALV10 |ENTOO05 | ALVO5 | ENTO04| ALVO4| FF79H 00H R/W

L ALVO04 Active level for the TO04 pin

0 Low level

1 High level

ENTO04 Operation of the TO04 pin

0 INTPO input modeNete !

1 Timer output mode

ALV05 Active level for the TOO05 pin

0 Low level

1 High level

ENTO05 Operation of the TOO05 pin

0 INTP1 input modeNete2

1 Timer output mode

ALV10 Active level for the TO10 pin

0 Low level

1 High level

ENTO10 Operation of the TO10 pin

0 The timer output is disabled. (ALV10 is output.)

1 The timer output is enabled.

ALV11 Active level for the TO11 pin

0 Low level

1 High level

ENTO11 Operation of the TO11 pin

0 The timer output is disabled. (ALV11 is output.)

1 The timer output is enabled.

Notes 1. If the ENTOO04 bit is reset to 0 when the PMC21 bit of the PMC2 register is 1, the state of TO04 pin
becomes high-impedance.

2. If the ENTOO5 bit is reset to 0 when the PMC22 bit of the PMC2 register is 1, the state of TO05 pin
becomes high-impedance.
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Cautions 1. Before changing the active level (setting of the ALV04, ALV05, ALV10, or ALV11 bit), disable

the timer output for the corresponding timer output pin.
2. When the timer outputs for the TO04 and TOO05 pins are disabled, external interrupt request
inputs (INTPO and INTP1) are assumed for these pins.
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Fig. 7-12. Format of Timer Output Control Register 2

Symbol 7 6 5 4 <3> 2 <1> 0 Address  When reset R/W
TOC2 |TOM20 |[TOM10| O 0 |[ENTO21|ALV21 |ENTO20|ALV20| FF7AH 00H R/W

L ALV20 Active level for the TO20 pin

0 Low level

1 High level

ENTO20 Operation of the TO20 pin

0 The timer output is disabled. (ALV20 is output.)

1 The timer output is enabled

ALV21 Active level for the TO21 pin

0 Low level

1 High level

ENTO21 Operation of the TO21 pin

0 TCLR2 input modeN°t

1 Timer output mode

TOM10 Output mode for the TO10 pin

0 Toggle output mode

1 Set/reset output mode

TOM20 Output mode for the TO20 pin

0 Toggle output mode

1 Set/reset output mode

Note Ifthe ENTO21 bitis resetto 0 when the PMC26 bit of the PMC2 register is 1, the state of TO21 pin becomes
high-impedance.

Caution Before changing the active level (setting of the ALV20 or ALV21 bit) and the timer output mode
(setting of the TOM10 or TOM20 bit), disable the timer output for the corresponding timer output

pin.
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7.2.4 Timer overflow status register (TOVS)
The timer overflow status register is an 8-bit register. Table 7-8 lists its function.

Table 7-8. Function of the Timer Overflow Status Register

Register Symbol Function

Timer overflow status register TOVS Stores the overflow state of TMO to TM3 and the overflow or
underflow state of the UDC.

Fig. 7-13 shows the format of the TOVS.
Data can be read from or written into the TOVS by a bit manipulation instruction or 8-bit manipulation instruction.
A RESET input signal sets the TOVS to 00H.

119



CHAPTER 7 REAL-TIME PULSE UNIT (RPU)

Fig. 7-13. Format of the Timer Overflow Status Register

Symbol 7 6 5 4 3 2 1 0 Address  When reset R/W
TOVS 0 0 UDFUD|OVFUD| OVF3 | OVF2 | OVF1 | OVF0 | FF7BH 00H Note
L
R
OVFO0 TMO overflow flag
0 TMO does not overflow.
1 TMO overflows.
R/W
OVFn TMn overflow flag (n =1, 2)
0 TMn does not overflow.
1 TMn overflow.
R
OVF3 TMS overflow flag
0 TM3 does not overflow.
1 TM3 overflows.
R/W
OVFUD UDC overflow flag
0 The UDC does not overflow.
1 The UDC overflows.
R/W
UDFUD UDC underflow flag
0 The UDC does not underflow.
1 The UDC underflows.

Note Each read/write bit functions as a read or write bit independently.

Caution Eachflagofthe TOVSisresetinadifferentway. Only software canresetthe OVF1, OVF2, OVFUD,
and UDFUD bits. Reset these flags after testing them.
The OVFO0 and OVF3 bits are read-only bits. These flags are cleared to 0 when the interrupt
request flags (OVIF0 and OVIF3) of the interrupt control registers (OVIC0 and OVIC3) are reset
to 0 or TMO and TM3 overflow interrupts (INTOVO and INTOV3) are acknowledged.
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7.2.5 External interrupt mode registers (INTMO and INTM1)
External interrupt mode registers (INTMO and INTM1) are 8-bit registers. Table 7-9 lists their functions.

Table 7-9. Functions of External Interrupt Mode Registers

Register

Symbol Function

External interrupt mode register 0 INTMO Specifies the edges for the NMI and INTPO to INTP2 pins.

External interrupt mode register 1 INTM1 Specifies the edges for the INTP3 and INTP4 pins.

Fig. 7-14 and 7-15 show the formats of INTMO and INTM1.
Data can be read from or written into INTMO and INTM1 by a bit manipulation instruction or 8-bit manipulation

instruction.
A RESET input signal sets INTMO and INTM1 to 00H.

Fig. 7-14. Format of External Interrupt Mode Register 0

Symbol 7 6 5 4 3 2 1 0 Address  When reset R/W
INTMO | ES21 | ES20 | ES11 | ES10 | ESO1 | ES00 0 ESNO | FF3CH 00H R/W
L | \ | L
ESNO Active edge of the NMI pin

0 Falling edge

1 Rising edge

ESn1 | ESnO |Active edge of the INTPn pin (n =010 2)

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges
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Fig. 7-15. Format of External Interrupt Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address  Whenreset R/W
INTM1 0 0 0 0 ES41 | ES40 | ES31 | ES30 | FF3DH 00H R/W
\ | \ |
\—|—1— ESn1 | ESnO0 | Active edge of the INTPn pin (n =3, 4)
0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges
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7.2.6 Noise protection control register (NPC)

The noise protection control register (NPC) is an 8-bit register. Table 7-10 lists its function.

When the input time is less than the noise elimination time specified by the NPC, the input is assumed to be noise
and ignored.

Sampling is performed every two clock pulses.

Table 7-10. Function of the Noise Protection Control Register

Register Symbol Function

Noise protection control register NPC Specifies the digital noise elimination time by sampling clock
pulses on the pins for inputting external count clock pulses to TMO
to TM2 and the UDC (TI0, TI1, TIUD, and TCUD) and on the pins
forinputting clear signals (TCLRO, TCLR1, TCLR2, and TCLRUD).

Fig. 7-16 shows the format of the NPC.
Data can be read from or written into NPC by a bit manipulation instruction or 8-bit manipulation instruction.
A RESET input signal sets the NPC to 00H.

Fig. 7-16. Format of the Noise Protection Control Register

Symbol 7 6 5 4 3 2 1 0 Address  When reset R/W
NPC |NRUD |NCUD | NIUD | NR2 | NR1 NI NRO | NIO FF7CH O00H R/W
For TIO
For
TCLRO
For TH
For TCLR1
For TCLR2
For TIUD
For TCUD
For TCLRUD
Nxx Noise elimination time

0 4 clock pulses (250 ns at fcik = 16 MHz)

1 16 clock pulses (1 ps at fek = 16 MHz)

Caution Before changing the noise elimination time (the setting of the NI0, NRO, NI1, NR1, NR2, NIUD,
NCUD, or NRUD bit), disable the counting of the corresponding timer.

Remark fcik: Internal system clock
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7.3 Operation

7.3.1 Timer 0 (TMO)

(1) Basic operation of timer 0 (TMO)

124

TMO functions as a 16-bitinterval timer, free-running timer, or event counter for external signals. Timer control
register 0 (TMCO) specifies the operating mode for TMO.

TMO counts internal clock pulses (fcLk/2, fcLk/4, or fcLk/8) or external clock pulses (TI0 pin input), according
to the specification by the PRM01 and PRMOO bits of the TMCO register. The specification of an external clock
as a count clock enables TMO to function as an event counter.

If TMO overflows while counting clock pulses, an overflow interrupt (INTOVO0) occurs, and the OVFO bit of the
timer overflow status register (TOVS) is set to 1.

When the preset value of the compare register (CM02) matches the value counted by TMO, the contents of
TMO, which functions as an interval timer, are cleared, and a match interrupt (INTCMO02) occurs. Regardless
of how TMO operates, the external clear input (TCLRO) can clear the contents of TMO.

When TMO functions as a free-running timer, it can be used as a one-shot timer. In this case, timer unit mode
register 1 (TUM1) specifies the operation of TMO.

The CEO bit of the TMCO register specifies whether counting is enabled (see Fig. 7-17).

When software sets the CEO bit to 1, TMO starts counting. Even if software sets the CEO bit to 1 with the bit
already set to 1, TMO continues counting.

When the CEO bit is reset to 0, TMO is cleared and stops counting.

A RESET input signal clears all the bits of TMO0, stopping the counting of TMO.

Fig. 7-17. Basic Operation of Timer 0 (TMO)

Count clock | | | | | | |_| |_| |_| |_| |_|
(>
TMO  0000H XOOO1H><OOO2H><0003H>< XFBFFHXOOOOHXOOOOHXOOO1HXOOOZHX
AN AN

I~

A
TMO starts being T™MO T™MO0
incremented. operation  restarts being
CEOQO =-— 1 is disabled. incremented.

CEO =—— 0 CE0O = 1

Caution If bit 1 (PMC81) of the port 8 mode control register (PMC8) is rewritten from 0 to 1 or 1 to
0, when the count clock to timer 0 (TMO) is specified as the external clock (TIO input) to
perform count operations, TMO may count up. Therefore, rewrite the PMC81 bit after
stopping the TMO count operations.
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(2) Comparing values
The value counted by TMO is compared with the value held in a compare register.
When the value counted by TMO matches the value set in the compare register, a match signal is sent to an
output control circuit. When the match signal is generated, the states of timer output pins (TO00 to TOQ05)
are changed, and an interrupt request signal is generated. A match interrupt (INTCMO02) from the compare
register (CM02) clears TMO.
When the CLRO bit of timer control register 0 (TMCO) is reset to 0, TMO is set to the free-running timer mode.
When the bit is set to 1, TMO is set to the interval timer mode.

Table 7-11. Interrupt Request Signals from 16-Bit Compare Registers for Timer 0 (TMO)

Compare register Interrupt request signal
CMO00 INTCMO0
CMo01 INTCMO1
CMo2 INTCMO02
CMO03 INTCMO03
CCOQNote INTCCO0
CCOQ{Note INTCCO1
CCQ2Note INTCCO02

Note These registers are also used as capture registers. Timer unit mode register 0 (TUMO) specifies
whether they are used as capture or compare registers.

TMO has six timer output pins (TO00 to TO05). Table 7-12 lists the operating modes for each pin. For details,
see 7.4.

Table 7-12. Operating Modes for Each Timer Output Pin of Timer 0 (TMO)

Timer output pin | Output operation mode Operating mode specified by
TOO00 Toggle | Set orreset | TOMOO bit of the TUMO register
TOO1 Toggle - -

TO02 Toggle | Set orreset | TOMO2 bit of the TUMO register
TOO03 Toggle - -
TOO04 Toggle | Set orreset | TOMO3 bit of the TUMO register
TOO05 Toggle - -
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When an overflow is detected in the free-running timer mode, the contents of TMO are cleared.

Fig. 7-18. Example of Comparison for TMO in the Free-Running Timer Mode

FFFFH FFFFH

| |
| |
| |
| |
| |
| |
TMO i i i i i
(count) ! ! ! ! !
- [ Cowo- 1 Toveo- 1 |
| | - | | - |
.TMO starts being 1 1 (overflow) 1 1 (overflow) |
Interrupt |ncrenlgnted. [ ! [ ! [
request CEO 1 _| | _| | _|
(INTCMO00) } }
| : | : |
| | | | |
| | | | |
TOO00 pin | | | | |
ENTO00 =— 1
ALVOO =— 1
TOMOO =1
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When TMO is set to the interval timer mode, the value counted by TMO is compared with the value of the
compare register (CM02). When the values match, TMO is cleared to 0 at the next count clock. This enables
TMO to function as an interval timer having a count clock period equal to the value set in the CM02 register.

Fig. 7-19. Example of Comparison for TMO in the Interval Timer Mode

T™MO

Value of CM03
(count)

Value of CM03

A

TMO starts being
incremented.
CE0 =— 1

Interrupt request | |
(INTCMO03)

Interrupt request
(INTCMO02)

TOO02 pin
ENTOO02 =— 1
ALV02 =1

TOM02 —=—1

Remark n : Value of the CMO02 register
t : Interval time = (n + 1) x count clock period

Caution When 00H is set in the CMO02 register in the interval timer mode, TMO performs interval
operation at each count clock input.
The interval time at the first match is different from that at the second or subsequent
matches.

« Time until the first match ... Value ofthe CM02register x count
clock period

- Time until the second match or subsequent matches... (Value of the CM02 register + 1)
x count clock period
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(3) Capturing a value
The value counted by TMO is sent to and held in (captured by) a capture register in synchronization with an
external trigger signal. The specified edges detected at the external interrupt request input pin are used as
external triggers (capture triggers). In synchronization with a capture trigger, the value counted by TMO is
capturedinthe capture register. The capture register holds the value until the next capture trigger is generated.

Table 7-13. Capture Trigger Signals for 16-Bit Capture Registers for Timer 0 (TMO)

Capture register Capture trigger
CCOQNote INTPO
CCQ{Note INTP1
CCQ2Note INTP2

Note These registers are also used as compare registers. Timer unit mode register 0 (TUMO) specifies
whether they are used as capture or compare registers.

External interrupt mode register 0 (INTMO) specifies whether the rising edge, falling edge, or both are used

as a capture trigger.
When both the rising edge and falling edge are used as a capture trigger, the width of an external input pulse

can be measured. When either of the two edges is used as a capture trigger, the input pulse period can be

measured.
Fig. 7-20. Example of Capture for Timer 0 (TMO)
FFFFH
T™MO
(count) )] ‘
A . | ovFo=—1 |
TMO starts being \ (overflow) \
incremented. | | |
CE0 =— 1 ! ! !
Interrupt request
(INTPO) ‘ \
Capture request X X X
(CCO0) DO D1 D2

Remark Dn (n=0, 1, 2, ...): Value counted by TMO
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(4) One-shot operation
When the OST bit of timer unit mode register 1 (TUM1) is set to 1 in the free-running timer mode, timer 0 (TMO)
is put in the one-shot operation mode.
When counting causes TMO timer to overflow in the one-shot operation mode, an overflow interrupt (INTOV0)
occurs and TMO stops counting. In this case, TMO is cleared to 0000H and the CEO bit of timer control register
0 (TMCQO) is set to 1.
When the CEQ bitis setto 1 again or an external clear signal (TCLRO) is input in the standby state, TMO restarts
counting. When counting causes TMO to overflow, TMO stops counting and enters the standby state again.

Fig. 7-21. Example of One-Shot Operation (When Timer 0 (TMO) Is Started by TCLRO Input)

FFFFH

OVFQ =— 1 |
(overflow) |
|
|

TMO starts being
incremented.
CEQ =— 1

TCLRO l_l

Interrupt request
(INTCMO00)
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7.3.2 Timer 1 (TM1)

(1) Basic operation of timer 1 (TM1)
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TM1 functions as a 16-bitinterval timer, free-running timer, or event counter for external signals. Timer control
register 0 (TMCO) specifies the operating mode for TM1.

TM1 counts internal clock pulses (fcik/4, fcLk/8, or fcik/16) or external clock pulses (TI1 pin input), according
to the specification by the PRM11 and PRM10 bits of the TMCO register. The specification of an external clock
as a count clock enables TM1 to function as an event counter.

If TM1 overflows while counting clock pulses, the OVF1 bit of the timer overflow status register (TOVS) is set
to 1.

When the preset value of the compare register (CM10) matches the value counted by TM1, the contents of
TM1, which functions as an interval timer, are cleared, and a match interrupt (INTCM10) occurs. Regardless
of how TM1 operates, the external clear input (TCLR1) can clear the contents of TM1.

The CE1 bit of the TMCO register specifies whether counting is enabled (see Fig. 7-22).

When software sets the CE1 bit to 1, TM1 starts counting. Even if software sets the CE1 bit to 1 with the bit
already set to 1, TM1 continues counting.

When the CE1 bit is reset to 0, TM1 is cleared and stops counting.

A RESET input signal clears all the bits of TM1, stopping the counting of TM1.

Fig. 7-22. Basic Operation of Timer 1 (TM1)

Count
clock (
)
TM1  0000H X0001H><0002H><0003H >< XFBFFHXOOOOHXOOOOHXOOO1H><0002H><
A VAN A

TM1 starts being T™M1 T™1
incremented. operation restarts being
CE1 =— 1 is disabled. incremented.

CE1 =—— 0 CE1 = 1

Caution If bit 6 (PMC36) of the port 3 mode control register (PMC3) is rewritten from 0 to 1 or 1 to
0, when the count clock to timer 1 (TM1) is specified as the external clock (TI1 input) to
perform count operations, TM1 may count up. Therefore, rewrite the PMC36 bit after
stopping the TM1 count operations.




CHAPTER 7 REAL-TIME PULSE UNIT (RPU)

(2) Comparing values
The value counted by TM1 is compared with the value held in a compare register.
When the value counted by TM1 matches the value set in the compare register, a match signal is sent to an
output control circuit. When the match signal is generated, the states of timer output pins (TO10 and TO11)
are changed, and an interrupt request signal is generated. A match interrupt (INTCM10) from the compare
register (CM10) clears TM1.
When the CLR1 bit of timer control register 0 (TMCO) is reset to 0, TM1 is set to the free-running timer mode.
When CLR1 is set to 1, TM1 is set to the interval timer mode.

Table 7-14. Interrupt Request Signals from 16-Bit Compare Registers for Timer 1 (TM1)

Compare register Interrupt request signal
CM10 INTCM10
CM11 INTCM11

TM1 has two timer output pins (TO10and TO11). Table 7-15 lists the operating modes for each pin. For details,
see 7.4.

Table 7-15. Operating Modes for Each Timer Output Pin of Timer 1 (TM1)

Timer output pin | Output operation mode Operating mode specified by
TO10 Toggle | Setorreset | TOM10 bit of the TOC2 register
TO11 Toggle - -
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When an overflow is detected in the free-running timer mode, the contents of TM1 are cleared.

Fig. 7-23. Example of Comparison for Timer 1 (TM1) in the Free-Running Timer Mode

FFFFH FEFFH

! {
! |
! |
! I
! I
1 1
™1 | 1 1 1 1
(count) 1 | ! ! !
0 T J L L L
o ‘ | OVF1 =1 | L OVF1 = 1 |
TM1 starts being | ! ! ! !
incremented. \ ! (overflow) ! ! (overflow) !
Interrupt CE1 = 1 | |
request ! !
(INTCM10) —| ! —| ! —|
| j ! ! !
I | | | !
I | | | !
TO10 pin | ‘ [ \ |
ENTO10 = 1 —
ALV10 =— 1
TOM10 =—1
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When TM1 is set to the interval timer mode, the value counted by TM1 is compared with the value of the
compare register (CM10). When the values match, TM1 is cleared to 0 at the next count clock. This enables
TM1 to function as an interval timer having a count clock period equal to the value set in the CM10 register.

Fig. 7-24. Example of Comparison for Timer 1 (TM1) in the Interval Timer Mode

™1

Value of CM11
(count)

AN
TM1 starts being
incremented.
CE1 =— 1

Interrupt request | |
(INTCM11)

Interrupt request
(INTCM10)

TO10 pin
ENTO10 =— 1
ALV10 =1

TOM10 =—1

Remark n : Value of the CM10 register
t : Interval time = (n + 1) x count clock period

Caution When 00H is set in the CM10 register in the interval timer mode, TM1 performs interval
operation at each count clock input.

The interval time at the first match is different from that at the second or a subsequent match.

« Time until the first match ......cccoccriimniciir e Value ofthe CM10register x count
clock period

« Time until the second match or a subsequent match ... (Value of the CM10 register + 1)
x count clock period
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7.3.3 Timer 2 (TM2)

(1) Basic operation of timer 2 (TM2)
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TM2 functions as a 16-bit interval timer or free-running timer. Timer control register 1 (TMC1) specifies the
operating mode for TM2.

TM2 counts internal clock pulses (fcLk/4, fcLk/8, fcLk/16, or fck/32), according to the specification by the PRM21
and PRM20 bits of the TMC1 register.

If TM2 overflows while counting clock pulses, the OVF2 bit of the timer overflow status register (TOVS) is set
to 1.

When the preset value of the compare register (CM20) matches the value counted by TM2, the contents of
TM2, which functions as an interval timer, are cleared, and a match interrupt (INTCM20) occurs. Regardless
of how TM2 operates, the external clear input (TCLR2) can clear the contents of TM2.

The CE2 bit of the TMC1 register specifies whether counting is enabled (see Fig. 7-25).

When software sets the CE2 bit to 1, TM2 starts counting. Even if software sets the CE2 bit to 1 with the bit
already set to 1, TM2 continues counting.

When the CE2 bit is reset to 0, TM2 is cleared and stops counting.

A RESET input signal clears all the bits of TM2, stopping the counting of TM2.

Fig. 7-25. Basic Operation of Timer 2 (TM2)

Count clock J_| |_|_%J_| |_| |_| |_| |_| |_|
5
5
TM2  0000H XOOO1HX0002H><0003H>QD<FBFFH><OOOOHXOOOOHXOOO1HXOOOZHX
A A )
M2

A
TMO starts being ™2 T
incremented. operation  restarts being
CE2 = 1 is disabled. incremented.

CE2 =—— 0 CE2 = 1

Caution If bit 6 (PMC26) of the port 2 mode control register (PMC2) is rewritten from 0 to 1 or 1 to
0 when clear operations is enabled using pin TCLR2, TM2 may be cleared.
Therefore, rewrite the PMC26 bit after stopping the TM2 count operation.
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(2) Comparing values
The value counted by TM2 is compared with the value held in a compare register.
When the value counted by TM2 matches the value set in the compare register, a match signal is sent to an
output control circuit. When the match signal is generated, the states of timer output pins (TO20 and TO21)
are changed, and an interrupt request signal is generated. A match interrupt (INTCM20) from the compare
register (CM20) clears TM2.
When the CLR2 bit of timer control register 1 (TMC1) is reset to 0, TM2 is set to the free-running timer mode.
When CLR2 is set to 1, TM2 is set to the interval timer mode.

Table 7-16. Interrupt Request Signals from 16-Bit Compare Registers for Timer 2 (TM2)

Compare register Interrupt request signal
CM20 INTCM20
CM21 INTCM21

TM2 has two timer output pins (TO20 and TO21). Table 7-17 lists the operating modes for each pin. For details,
see 7.4.

Table 7-17. Operating Modes for Each Timer Output Pin of Timer 2 (TM2)

Timer output pin | Output operation mode Operating mode specified by
TO20 Toggle | Setorreset | TOM20 bit of the TOC2 register
TO21 Toggle - -
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When an overflow is detected in the free-running timer mode, the contents of TM2 are cleared.

Fig. 7-26. Example of Comparison for Timer 2 (TM2) in the Free-Running Timer Mode

FFFFH FEFFH

| 1
| |
| |
| |
| |
| |
.y i i i i i
2 | | | |
(count) i i i | 1
0 =< T 1 T T 1
TMO starts being | | OVszf L | OVszr T
Interrupt incremented. | . (overflow) | (overflow) |
| |
request CE2 1 ! !
(INTCM20) | 1
| | | | |
| | | | |
TO20 pin | | | | |
ENTO20 = 1
ALV20 =— 1
TOM20 =—1
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When TM2 is set to the interval timer mode, the value counted by TM2 is compared with the value of the
compare register (CM20). When the values match, TM2 is cleared to 0 at the next count clock. This enables
TM2 to function as an interval timer having a count clock period equal to the value set in the CM20 register.

Fig. 7-27. Example of Comparison for Timer 2 (TM2) in the Interval Timer Mode

TM2
(count)

A

TM2 starts being
incremented.
CE2 =— 1

Interrupt request | |
(INTCM21)

Interrupt request
(INTCM20)

TO20 pin
ENTO20 =— 1
ALV20 = 1

TOM20 =1

Remark n : Value of the CM20 register
t : Interval time = (n + 1) x count clock period

Caution When 00H is set in the CM20 register in the interval timer mode, TM2 performs interval
operation at each count clock input.
The interval time at the first match is different from that at the second or a subsequent match.

« Time until the first match ... Value ofthe CM20 register x count
clock period

« Time until the second match or a subsequent match ... (Value of the CM20 register + 1)
x count clock period
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7.3.4 Timer 3 (TM3)

(1) Basic operation of timer 3 (TM3)
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TMS functions as a 16-bit interval timer or free-running timer. Timer control register 1 (TMC1) specifies the
operating mode for TM3.

TMS counts internal clock pulses (fcLk/4, fcLk/8, fcLk/16 or fcLk/32), according to the specification by the PRM31
and PRM30 bits of the TMC1 register.

If TM3 overflows while counting clock pulses, an overflow interrupt (INTOV3) occurs, and the OVF3 bit of the
timer overflow status register (TOVS) is set to 1.

When the preset value of the compare register (CC30) matches the value counted by TM3, the contents of
TM3, which functions as an interval timer, are cleared, and a match interrupt (INTCM30) occurs.

The CE3 bit of the TMC1 register specifies whether counting is enabled (see Fig. 7-28).

When software sets the CE3 bit to 1, TM3 starts counting. Even if software sets the CE3 bit to 1 with the bit
already set to 1, TM3 continues counting.

When the CES3 bit is reset to 0, TM3 is cleared and stops counting.

A RESET input signal clears all the bits of TM3, stopping the counting of TM3.

Fig. 7-28. Basic Operation of Timer 3 (TM3)

Count clock J_| |_|_%J_| |_| |_| |_| |_| |_|
5
(
T™M3 0000H XOOO1H><0002H><0003H>QD<FBFFHXOOOOH><OOOOHXOOO1HXOOOZHX :
VAN AN )

A
TM3 starts TM3 TM3
being operation  restarts being
incremented. is disabled. incremented.
CE3 = 1 CE3 =— 0 CE3 = 1
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(2) Comparing values
The value counted by TM3 is compared with the value held in a compare register.
When the value counted by TM3 matches the value set in the compare register, an interrupt request signal
is generated. A match interrupt (INTCC30) from the compare register (CC30) clears TM3.
When the CLR3 bit of timer control register 1 (TMC1) is reset to 0, TM3 is set to the free-running timer mode.
When CLR3 is set to 1, TM3 is set to the interval timer mode.

Table 7-18. Interrupt Request Signals from 16-Bit Compare Registers for Timer 3 (TM3)

Compare register Interrupt request signal
CC3(QNote INTCC30
CC31Note INTCC31

Note These registers are also used as capture registers. Timer unit mode register 0 (TUMO) specifies
whether they are used as capture or compare registers.

When an overflow is detected, the contents of TM3 in the free-running timer mode are cleared to 0.

Fig. 7-29. Example of Comparison for Timer 3 (TM3) in the Free-Running Timer Mode

FFFFH FFFFH

| |
| |
| |
| |
| |
| |
T™3 | | | | |
| |
(count) | | | | 1
0 = 1o 4‘ A L : ,,,,,
| | | | |
L ;. OVF3 = 1 | , OVF3 = 1 |
TMS starts being | ' (overflow) | ! (overflow) |
Interrupt incremented. | ! | ! ‘
request CE3 =1 ! !
(INTCC30) | |
| |
| |
| |
| |
Interrupt
request
(INTCC31)
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When TM3 is set to the interval timer mode, the value counted by TM3 is compared with the value of the
compare register (CC30). When the values match, TM3 is cleared to 0 at the next count clock. This enables
TMB3 to function as an interval timer having a count clock period equal to the value set in the CC30 register.

Fig. 7-30. Example of Comparison for Timer 3 (TM3) in the Interval Timer Mode

A
TM8 starts being Clear Clear
incremented. ! !
CE3 =1 ! !

Interrupt request |_| '_l
(INTCC30)

Remark n : Value of the CC30 register
t : Interval time = (n + 1) x count clock period

Caution When 00H is set in the CC30 register in the interval timer mode, TM3 performs interval
operation at each count clock input.
The interval time at the first match is different from that at the second or a subsequent match.

» Time until the first match .......cccocvcmiiirniicincas Value of the CC30register x count
clock period

- Time until the second match or a subsequent match .... (Value of the CC30 register + 1)
x count clock period
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(3) Capturing a value
The value counted by TM3 is sent to and held in (captured by) a capture register in synchronization with an
external trigger signal. The specified edges detected at the external interrupt request input pin are used as
external triggers (capture triggers). In synchronization with a capture trigger, the value counted by TM3 is
capturedinthe capture register. The capture register holds the value until the next capture trigger is generated.

Table 7-19. Capture Trigger Signals for 16-Bit Capture Registers for Timer 3 (TM3)

Capture register Capture trigger signal
CC3(QNote INTP3
CC31Note INTP4

Note These registers are also used as compare registers. Timer unit mode register 0 (TUMO) specifies
whether they are used as capture or compare registers.

External interrupt mode register 1 (INTM1) specifies whether the rising edge, falling edge, or both are used
as a capture trigger.

When both the rising edge and falling edge are used as a capture trigger, the width of an external input pulse
can be measured. When either of the two edges is used as a capture trigger, the input pulse period can be

measured.
Fig. 7-31. Example of Capture for Timer 3 (TM3)
FFFFH
TM3
(count) ‘
|
TM8 starts being \
incremented. (overflow) i
CE3 =— 1 !
Interrupt request
(INTP3)
Capture request X X X
(CC30) Do D1 D2

Remark Dn (n=0,1, 2, ...): Value counted by TM3
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7.3.5 Timer 4 (TM4)

(1) Basic operation of timer 4 (TM4)
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TM4 functions as a 10-bit interval timer.

TM4 counts internal clock pulses (fcik, fcik/4, feik/16 or fck/32), according to the specification by the PRM41
and PRM40 bits of the TMC2 register.

When the preset value of the compare register (CM40) matches the value counted by TM4, the contents of
TM4 are cleared, and a match interrupt (INTCM40) occurs.

The CE4 bit of the TMC2 register determines whether counting is enabled (see Fig. 7-32).

When software sets the CE4 bit to 1, TM4 starts counting. Even if software sets the CE4 bit to 1 with the bit
already set to 1, TM4 continues counting.

When the CE4 bit is reset to 0, TM4 is cleared and stops counting.

A RESET input signal clears all the bits of TM4, stopping the counting of TM4.

Fig. 7-32. Basic Operation of Timer 4 (TM4)

Count clock | | | | | | |_| |_| |_| |_| |_|
(>
TM4  0000H X0001H><0002H><0003H>< X02FFH><0000H><0000H><0001HXOOOZHX
A AN
™

A
TM4 starts being 4 T™M4
incremented. operation  restarts being
CE4 - 1 is disabled. incremented.

CE4 =—— 0 CE4 = 1
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(2) Comparing values

The value counted by TM4 is compared with the value held in a compare register.
When the value counted by TM4 matches the value set in the compare register, an interrupt request signal
is generated. A match interrupt (INTCM40) from the compare register (CM40) clears TM4.

Table 7-20. Interrupt Request Signals from 10-Bit Compare Registers for Timer 4 (TM4)

Compare register

Interrupt request signal

CM40

INTCM40

The value counted by TM4 is always compared with the value held in the CM40 compare register. When the
values match, TM4 is cleared to 0 at the next count clock. This enables TM4 to function as an interval timer
having a count clock period equal to the value set in the CM40 register.

Fig. 7-33. Example of Comparison for Timer 4 (TM4) in the Interval Timer Mode

TM4 starts being
incremented.
CE4 = 1

Interrupt request

(INTCM40)

Remark n : Value of the CM40 register

t : Interval time = (n + 1) x count clock period

Caution When 00H is set in the CMA40 register in the interval timer mode, TM4 performs interval

operation at each count clock input.

The interval time at the first match is different from that at the second or a subsequent match.

« Time until the first match

..................................... Value of the CM40 register x count

clock period

« Time until the second match or a subsequent match .... (Value of the CM40 register + 1)

x count clock period
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7.3.6 Up/down counter (UDC)

(1) Basic operation of the up/down counter (UDC)
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The UDC functions as a 16-bit interval timer, free-running timer, or event counter for external signals. The
up/down counter control register (UDCC) specifies the operating mode for the UDC.

The UDC counts internal clock pulses (fcik/4, fcik/8, or fcik/16) or increments or decrements the number of
external events input from the TIUD pin. The PRMUD1 and PRMUDO bits of the UDCC specify whether one
of the clocks is counted or the number of external events is incremented or decremented.

The U/D bit of the UDCC specifies whether the UDC is incremented or decremented. However, specifying
a count clock as an external clock enables external pins (the TIUD and TCUD pin inputs) to specify whether
the UDC is incremented or decremented.

When counting causes the UDC to overflow, the OVFUD bit of the timer overflow status register (TOVS) is
setto 1.

When counting causes the UDC to underflow, the UDFUD bit of the TOVS is set to 1.

When the UDC functions as an interval timer and the preset value of the compare register (CMUDOQ) matches
the value counted by the UDC, the UDC is cleared, and a match interrupt (INTCMUDO) occurs. Regardless
of how the UDC operates, the external clear input (TCLRUD) can clear the contents of the UDC.

The CEUD bit of the UDCC specifies whether counting is enabled (see Fig. 7-34).

When software sets the CEUD bit to 1, the UDC starts counting. Even if software sets the CEUD bit to 1 with
the bit already set to 1, the UDC continues counting.

When the CEUD bit is reset to 0, the UDC is cleared and stops counting.

A RESET input signal clears all the bits of the UDC, stopping the counting of the UDC.

Fig. 7-34. Basic Operation of the Up/Down Counter (UDC)

Count clock | | | | | | |_| |_| |_| |_| |_|
(>
UbDC  0000H XOOO1HX0002H><0003HX ><FBFFHXOOOOHXOOOOHXOOO1H><0002H><
VAN A VAN

The UDC starts The UDC The UDC
being incremented. operation restarts being
CEUD = 1 is disabled. incremented.

CEUD =— 0 CEUD =1




CHAPTER 7 REAL-TIME PULSE UNIT (RPU)

(2) Comparing values
The value counted by the UDC is compared with the value held in a compare register.
When the value counted by the UDC matches the value set in the compare register, an interrupt request signal
is generated. A match interrupt (INTCMUDO) from the compare register (CMUDO) clears the UDC.
When the ENMD bit of the up/down counter control (UDCC) register is reset to 0, the UDC counts in the normal
mode. When ENMD is set to 1, the UDC counts in the up/down modulo mode.

Table 7-21. Interrupt Request Signals from 16-Bit Compare Registers for the Up/Down Counter (UDC)

Compare register Interrupt request signal
CMUDO INTCMUDO
CMUD1 INTCMUD1
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When the UDC overflows or underflows while being incremented or decremented in the normal mode, it is
cleared to 0. This enables the UDC to function as a free running timer.

Fig. 7-35. Example of Comparison for the Up/Down Counter (UDC) in the Normal Mode

(1) When the UDC is incremented

ubC
(count)

A -
The UDC OVFUD !

starts being
incremented.
Interrupt request CEUD =— 1
(INTCMUDO)

Interrupt request
(INTCMUD1)

(2) When the UDC is decremented

FFFFH FFFFH

ubC
(count)

The UDC
starts being
incremented. |_|

—~ C
o
T
[
W)
t

Interrupt request CEUD =— 1
(INTCMUDO)

Interrupt request
(INTCMUD1)
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When the UDC is incremented in the up/down modulo mode, the value counted by the UDC is compared with
the value held in the CMUDO compare register. When the values match, the UDC is cleared to 0 at the next
count clock. When the UDC underflows while being decremented, the UDC is preset to the value held in the
CMUDO register.

This enables the UDC to function as an interval timer or up/down counter having a count clock period equal
to the value set in the CMUDO register.

Fig. 7-36. Example of Comparison for the Up/Down Counter (UDC) in the Up/Down Modulo Mode

(1) When the UDC is incremented

CMUDO CMUDoO

uDC
(count)
0—2A A A
The UDC starts Clear Clear
being incremented. (OVFUD =—1 (OVFUD =— 1
CEUD =— 1 overflow) overflow)
(2) When the UDC is decremented
CMUDO CMUDO CMUDO

ubC
(count)
0—X A A
The UDC starts Preset Preset
being incremented. (UDFUD =—1 (UDFUD =—1
CEUD =— 1 underflow) underflow)
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(3) Incrementing or decrementing the UDC

Specifying a count clock as an external clock for the UDC enables the external count clock input (the TIUD
pin) and counting control signal input (the TCUD pin) to specify whether the UDC is incremented or
decremented. The PRMUD1 and PRMUDO bits of the up/down counter control register (UDCC) specify one
of modes 1 to 4 as the operating mode for the UDC.

Table 7-22. Operating Mode for the Up/Down Counter (UDC)

UDCGC register Operating
- Operation of the UDC
PRMUD1 | PRMUDO I’E mode

0 0 1 Mode 1 | The UDC is decremented when the input on the TCUD pin is high.
The UDC is incremented when the input on the TCUD pin is low.

0 1 1 Mode 2 | The UDC is incremented when the specified edge of a TIUD input
is detected.

The UDC is decremented when the rising edge of a TCUD input
is detected.

1 0 1 Mode 3 | Whether the UDC is incremented or decremented is automatically
determined according to the TCUD input level when the specified
edge of the TIUD input is detected.

1 1 1 Mode 4 | Whether the UDC is incremented or decremented is automatically

determined when both the rising edge and falling edge of the TIUD
input and both the rising edge and falling edge of the TCUD input
are detected.

Caution Specifying mode 4 as the operating mode for the UDC invalidates the edges for specified
by timer unit mode register 2 (TUM2) for the TIUD pin.

(a) Mode 1 (PRMUD1 = 0, PRMUDO = 0)

While the TCUD pinis kept high in this mode, the UDC is decremented the number of external count clocks
by one each time an external count clock is input from the TIUD pin. While the TCUD pin is kept low,
the UDC is incremented the number of external count clocks.

Fig. 7-37 shows how the UDC operates when the edge for the TIUD pin is specified as a rising edge by
the TUM2 register.
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Fig. 7-37. Example of the Up/Down Counter (UDC) Operation in Mode 1
When the Active Edge for the TIUD Pin Is Specified to a Rising Edge

TIUD input ||||||||||||||||||||

TCUD input I

‘

The UDC is
decremented. !

‘ The UDC is
incremented.

UDC 0008H X 0007HX 0006H X 0005H X 0004+ 0005H X 0006H X 0007H X0008H X0009H X 000AH
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(b) Mode 2 (PRMUD1 = 0, PRMUDO = 1)
In this mode, the UDC is incremented on the specified edge of an input to the TIUD pin (specified by timer
unit mode register 2 (TUM2)). The UDC is decremented on the rising edge of an input to the TCUD pin.
If count clock pulses are simultaneously input to the TIUD and TCUD pins, the UDC does not count pulses,
but holds the previous value.
Fig. 7-38 shows how the UDC operates when the edge for the TIUD pin is specified as a rising edge.

Fig. 7-38. Example of the Up/Down Counter (UDC) Operation in Mode 2
(When the Active Edge for the TIUD Pin Is Specified to a Rising Edge)

TIUD input f|f|f|f|f|

TCUD input | | | | | | | |

The UDC is The UDC holds The UDC is The UDC holds

| incremented. | the count. | decremented._| the count.
\ \ ol \

ubC OOOOHX0001 HX0002HXOOOSHXOOOSHXOOO3HXOOO2HXOOO1 H

The UDC starts
being incremented.
CEUD =— 1
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(c) Mode 3 (PRMUD1 =1, PRMUDO = 0)
In this mode, signals 90 degrees out of phase (such as outputs of the shaft encoder for the servo motor)
are input to the TIUD and TCUD pins to use them as count clock pulses.
The UDC automatically toggles between incrementing and decrementing by detecting a relative phase
advance or delay between these two signals.
When the signals 90 degrees out of phase are input to the TIUD and TCUD pins, the UDC samples the
level of the signal on the TCUD pin on the specified edge of an input to the TIUD pin.
When the sampled level of the signal on the TCUD pin is low, the UDC is decremented on the specified
edge of an input to the TIUD pin.
When the sampled level of the signal on the TCUD pin is high, the UDC is incremented on the specified
edge of an input to the TIUD pin.
Fig. 7-39 shows the operation of the UDC when an edge of the signal on the TIUD pin is specified as a
rising edge.

Fig. 7-39. Example of the Up/Down Counter (UDC) Operation in Mode 3
(When the Active Edge for the TIUD Pin Is Specified to a Rising Edge)

(1) When the UDC is decremented

TIUD input

TCUD input

uDc X 0000H X FFFFH X FFFEHX FFFDHX FFFCH

| The UDC is decremented.
\

(2) When the UDC is incremented

TIUD input
TCUDinputJ
ubcC X 0000H X 0001H X 0002H X 0003H X 0004H

The UDC is incremented.
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(d) Mode 4 (PRMUD1 = 1, PRMUDO = 1)
As with mode 3, in mode 4, signals 90 degrees out of phase (such as outputs of the shaft encoder for
the servo motor) are input to the TIUD and TCUD pins to use them as count clock pulses.
When the signals 90 degrees out of phase are input to the TIUD and TCUD pins, the UDC automatically
toggles between incrementing and decrementing at the timing as shown in Fig. 7-40.
In mode 4, the UDC is incremented or decremented on both the rising and falling edges of the out-of-
phase signals. The UDC is incremented or decremented four times per cycle of input signals. (The UDC
is called a four-times counter.)

Caution Specifying mode 4 as the operating mode for the UDC invalidates edges specified for
the TIUD pin by timer unit mode register 2 (TUM2).

Fig. 7-40. Example of the Up/Down Counter (UDC) Operation in Mode 4

<~———— The UDC is incremented. 4>‘ ‘<— The UDC is decremented. —

TIUD input

TCUD input

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
00006060 00E30000000¢
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7.4 Timer Output Function

Toggle modes or set or reset modes can be specified for outputs on the TO00, TO02, TO04, TO10, and TO20
pins. Only toggle modes can be specified for outputs on the TO01, TO03, TO05, TO11, and TO21 pins.

Registers TOCO to TOC2 specify the outputs of timers (specification of active levels, specification of whether the
outputs are enabled or disabled, and selection of a toggle mode or set or reset mode).

Tables 7-23 and 7-24 list the correspondence between timer output pins and control signals. Fig. 7-41 is a block
diagram of timer output for timers TMO, TM1, and TM2.

Table 7-23. Timer Output Pins and Toggle Signals

Timer output pin Toggle output
TOO00 INTCMO0
TOO1 INTCMO1
TO02 INTCMO02
TOO03 INTCMO03
TO04 INTCCO00
TOO05 INTCCO1
TO10 INTCM10
TO11 INTCM11
TO20 INTCM20
TO21 INTCM21

Table 7-24. Timer Output Pins and Set and Reset Signals

Timer output pin Set signal Reset signal
TOO00 INTCMOO INTCMO1
TO02 INTCMO02 INTCMO03
TO04 INTCCO0 INTCCO1
TO10 INTCM10 INTCM11
TO20 INTCM20 INTCM21

Caution If the output level is changed when timer output has been enabled by pins TO04 and TOO05, the
interrupt request flag (P1C0.7, PIC1.7) will be set (1). Therefore, when using as the timer output,
preset the interrupt mask flag (PIC0.6, PIC1.6) to “1” to set the interrupt mask state.
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Fig. 7-41. Block Diagrams of Timer Output (TMO, TM1, TM2) (1/2)

Timer 0 (TMO)

T Q
5
% L ©T000
INTCMOO S 2
Q
R
INTCMO1 T Q © TOO1
T Q
S
% L ©T004
INTCCO00 S %2
Q
R
INTCCO1 T Q © TO05
T Q
g
% L ©T002
INTCMO02 S @
Q
R
INTCMO3 T Q © TOO03
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Timer 1 (TM1)

Timer 2 (TM2)
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Fig. 7-41. Block Diagrams of Timer Output (TMO, TM1, TM2) (2/2)

T Q
S
% L ©T010
INTCM10 s »
Q
R
INTCM1 1 T Qq o TO1
T Q
S
% L ©®T020
INTCM20 S »
Q
R
INTCM21 T Q © TO21
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7.5 Real-Time Output Function

The real-time output port (RTP) outputs data held in the buffer registers in phase with a trigger signal from the
real-time pulse unit (RPU).

Software can specify the combination of real-time output port registers (RTPH and RTPL) and output pins. This
allows multi-channel synchronous pulse output to be controlled easily.

7.5.1 Configuration
The RTP multiplexes signals to port 0 (P0). The RTP has the following three registers to control the output status:

» Real-time output port mode register (RTPM)
» Real-time output port register H (RTPH)
» Real-time output port register L (RTPL)

The real-time outputis changed by a trigger signal specified by the TRH1, TRHO, TRL1, and TRLO bits of the RTPM.
The signal to be output by the RPU or a software trigger can be specified as a trigger signal.

Fig. 7-42. Block Diagram of the Real-Time Output Port

2 Internal bus 2

il U U

i Real-time
Real-time output
port mode register | OutPut port RTPH RTPL
registers

INTCM10 (from the RPU)—

INTCM11 (from the RPU)—|  Output trigger
INTCM20 (from the RPU)—|  control circuit T
Software trigger —

Output latch (PO

Te8aeE

P07 P06 P05 P04 P03 P02P01 POO

155



CHAPTER 7 REAL-TIME PULSE UNIT (RPU)

7.5.2 Control registers

(1) Real-time output port mode register (RTPM)
This register is an 8-bit register that specifies the operating mode for the real-time output port.
Fig. 7-43 shows the format of the RTPM.
Data can be read from or written into the RTPM by a bit manipulation instruction or 8-bit manipulation
instruction.
A RESET input signal sets the RTPM to 00H.

Fig. 7-43. Format of the Real-Time Output Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  When reset R/W
RTPM| TRH1 | TRHO | TRL1 | TRLO 0 |RCM2|RCM1|RCMO| FF63H 00H R/W
L L | L 1

Port 0 output bits for the
real-time output port
RCM2|RCM1|RCMO| registers (RTPH and RTPL)

RTPH RTPL
0 0 0 P07 to P00 -
0 0 1 P07 to PO1 P00
0 1 0 P07 to P02 P01, POO
0 1 1 P07 to P03 P02 to P00
1 0 0 P07 to P04 | P03 to P00
1 0 1
1 1 0 Setting prohibited

Trigger signal for real-time output
TRL1 | TRLO
port register L (RTPL)

0 0 INTCM10

0 1 INTCM11
1 0 INTCM20
1 1 Software trigger

Trigger signal for real-time output
TRH1 | TRH
0 port register H (RTPH)

0 0 INTCM10

0 1 INTCM11

1 0 INTCM20

1 1 Software trigger
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(2

(3)

Real-time output port register H (RTPH)

This register is an 8-bit register that stores the upper half of the output data of the real-time output port.
Write data is output to the pins connected to the RTPH according to the setting of the corresponding bit of
the real-time output port mode register (RTPM).

When a signal output by the real-time pulse unit (RPU) is specified as an output trigger to the real-time output
port, the data written in the RTPH is output to the pins in phase with the trigger signal. When a software trigger
is specified as a trigger signal, the data written in the RTPH is output to the pins.

Data can be read from or written into the RTPH by a bit manipulation instruction or 8-bit manipulation
instruction.

The contents of the RTPH become undefined after RESET signal is input.

Real-time output port register L (RTPL)

This register is an 8-bit register that stores the lower half of the output data of the real-time output port.
Write data is output to the pins connected to the RTPL according to the setting of the corresponding bit of
the real-time output port mode register (RTPM).

When a signal output by the real-time pulse unit (RPU) is specified as an output trigger to the real-time output
port, the data written in the RTPL is output to the pins in phase with the trigger signal. When a software trigger
is specified as a trigger signal, the data written in the RTPL is output to the pins.

Data can be read from or written into the RTPL by a bit manipulation instruction or 8-bit manipulation instruction.
The contents of the RTPL become undefined after RESET signal is input.
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The real-time output port registers (RTPH and RTPL) are read regardless of the settings of the port 0 mode
register (PM0) and port 0 mode control register (PMCO0). Read data varies according to the settings of RCMO0
to RCM2 as shown in Table 7-25.

Table 7-25. Data of RTPHn and RTPLn (n = 0 to 7) to Be Read

RTPH contents to be read RTPL contents to be read
RCM2 | RCM1 | RCMO

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
0 0 0 RTPH 0
0 0 1 RTPH 0 0 RTPL
0 1 0 RTPH 0 0 RTPL
0 1 1 RTPH 0 0 RTPL
1 0 0 RTPH 0 0 RTPL
Settings other than Setting prohibited

those above

Caution 0is always read when the RTPM register specifies data of the RTPH and RTPL registers that
is not connected to any pin.

7.5.3 Operation

To specify the function of port 0 (PO) for the real-time output port, set the corresponding bit of the port 0 mode
control register (PMCO) to 1 and the TRG2 bit of A/D converter mode register 1 (ADM1) to 0.

The real-time output port mode register (RTPM) is used to specify the connection of the real-time output port
registers (RTPH and RTPL) with the output pins (P00 to P07) and output triggers.

When a signal output by the real-time pulse unit (RPU) is specified as an output trigger, the data written in the
real-time output port registers (RTPH and RTPL) is automatically output to the port in phase with the trigger signal.

When a software trigger is specified as a trigger signal, the output of the port is changed on the timing of writing
data in the RTPH and RTPL.

Caution When a software trigger is specified as an output trigger to the real-time output port, the contents

of the RTPH and RTPL are output to the pins. Before specifying a software trigger, write data
in the RTPH and RTPL.
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The uPD78356 contains an ultrahigh-speed, high-resolution 10-bit analog/digital (A/D) converter. The A/D
converter has eight analog input pins (ANIO to ANI7) and eight 10-bit A/D conversion result registers (ADCRs) that
store conversion results.

The converter uses the serial-parallel conversion system and stores conversion results in ADCRs. This system
allows ultrahigh-speed, high-precision conversion (conversion time: approx. 2 us at an external clock speed of 32
MHz).

Either of the following two conversion modes can be specified for the A/D converter. Software specifies the
operating mode for the A/D converter with the A/D converter mode register 0 (ADMO), enabling the A/D conversion
suitable for an application system to be selected.

« Select mode
The converter converts a single analog input data item.

- Scan mode
The converter converts multiple analog input data items.

In each operating mode, the converter stores conversion results in ADCRs each time it terminates A/D conversion.
Upon completion of A/D conversion, an A/D conversion termination interrupt (INTAD) occurs. The interrupt enables
a macro service, such as automatic data transfer, to be started by hardware.

Any one of the following three conversion timing triggers can be specified for the A/D converter. Software specifies
a conversion trigger with the A/D converter mode register 1 (ADM1), enabling the fine timing control suitable for an
application system to be selected.

- A/D trigger mode
A/D conversion is started by setting the CS bit of the ADMO register to 1.

- Timer trigger mode
A/D conversion is started by a trigger signal output by the real-time pulse unit (RPU).

- External trigger mode
A/D conversion is started by the input of external triggers (ADTRGO to ADTRG3).

Caution The A/D trigger mode, timer trigger mode, or external trigger mode can be specified for each pin
ANIO to ANI3. However, the A/D trigger mode is always specified for the ANI4 to ANI7 pins.
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8.1 Configuration

Fig. 8-1 shows the block diagram of the A/D converter. Fig. 8-2 lists the operating modes and trigger modes for
the A/D converter.

The four high-order channels (ANI4 to ANI7) of the analog inputs for the A/D converter are always used in the A/
D trigger mode. The A/D trigger mode, timer trigger mode, or external trigger mode, however, can be specified for
each of the four low-order channels (ANIO to ANI3). Trigger modes are selected by software.

Fig. 8-1. Block Diagram of the A/D Converter

ANIO O— Sample-and-hold
circuit
ANI1 O—> e it ‘
ANI2 O—— = : 3 : - “
ANI3 o—» £ | \O—fﬁ E.s 0 AVoo
5 I I o © [*—OAVrer
e o §- 47 l : g-g % —O AVss
ANI5 O— T ‘ Oc o
ANI6 O——>
ANI7 O—> 9 ‘ 0
SAR(10)
INTCMOO ——»] 10
INTCMO1 ——
INTCCO0 —™
INTCCO1 ——* v
Controller 9 0
ADTRGO —» ADCRO
ADTRG1 —— ADCR1
ADTRG2 —* ADCR2
ADTRG3 —* ADCRS3
ADCR4
ﬁ ﬁ ADCR5
ADCR®6
ADMO(8 ADM1(8) ADGR7

50 L

Internal bus \
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(1)

(2)

(3)

4)

(%)

(6)

()

Input circuit
The input circuit selects an analog input and sends the analog input to the sample-and-hold circuit according
to the operating mode and trigger mode specified by A/D converter mode registers 0 and 1 (ADMO and ADM1).

Sample-and-hold circuit

The sample-and-hold circuit samples each of the analog inputs successively received from the input circuit
and sends them to the comparator. The sample-and-hold circuit, however, holds analog input being converted
to digital data.

Comparator
The comparator compares the analog input voltage with the output voltage of the D/A converter to determine
whether the voltages are the same.

D/A converter
The D/A converter outputs the voltage that matches the analog input voltage.
The successive approximation register (SAR) controls the output voltage of the D/A converter.

Successive approximation register (SAR)

SARis a 10-bit register for specifying the data to control the output voltage of the D/A converter to be compared
with the analog input voltage.

Upon completion of A/D conversion, the contents of SAR (conversion result) are stored in the A/D conversion
result register (ADCR). When all the specified A/D conversions are terminated, an A/D conversion termination
interrupt (INTAD) occurs.

Controller

The controller selects an analog input, generates the operation timing signal for the sample-and-hold circuit,
and controls a conversion trigger according to the operating mode and trigger mode specified by ADMO and
ADM1.

ANIO to ANI7 pins
The ANIO to ANI7 pins are the eight channels of the analog input pins to the A/D converter.

Caution Apply the reference voltage to the ANIO to ANI7 pins. If a voltage in the range of Vop to Vss
inclusive (even in the range of the absolute maximum ratings) is applied to these pins, the
converted values of the channels are undefined, and the converted values of other channels
may also be affected.
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(8) AVReF1 pin
This pin is used to input the reference voltage of the A/D converter.
The signals inputto the ANIO to ANI7 pins are converted to digital signals based on the voltage applied between
AVRert1 and AVss.

(9) AVss pin
This pin is the ground pin of the A/D converter. Input the Vss level to the AVss pin.

(10) AVop pin
Input the Vop level to the AVop pin.
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Fig. 8-2. Operating Modes and Trigger Modes for the A/D Converter

(1) A/D trigger mode

One-buffer mode

Select mode
A/D trigger mode Four-buffer mode
Scan mode
(2) Timer trigger mode
One-trigger mode
One-buffer mode
Four-trigger mode
— Select mode
— One-trigger mode
Four-buffer mode ——
Timer trigger mode —— L Four-trigger mode
— One-trigger mode
— Scan mode
— Four-trigger mode
(3) External trigger mode
— One-trigger mode
One-buffer mode —
— Four-trigger mode
— Select mode
— One-trigger mode
Four-buffer mode ——
External trigger mode — L Four-trigger mode
— One-trigger mode
— Scan mode

— Four-trigger mode
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8.2 A/D Converter Mode Register 0 (ADMO)

A/D converter mode register 0 (ADMO) is an 8-bit register that selects analog input pins for the A/D converter,
specifies the operating mode for the A/D converter, specifies the buffer mode, and controls the operation of the
A/D converter.

Data can be read from or written into ADMO with a bit manipulation instruction or 8-bit manipulation instruction.
When datais written into ADMO during A/D conversion, A/D conversion s initialized and carried out from the beginning.

When a RESET signal is input, ADMO is set to 00H.

Fig. 8-3 shows the format of ADMO.

Fig. 8-3. Format of A/D Converter Mode Register 0 (ADMO)

Symbol <7> 6 5 4 3 2 1 0 Address When reset R/W

ADMO | CS 0 BS | MS 0 |ANIS2|ANIS1|ANISO| FF68H 00H R/wW

]

Select Scan mode
ANIS2|ANIST ANISO mode | A/D trigger | Timer/external
mode trigger mode
0 0 0 | ANIO ANIO 1
0 0 1 ANI1 | ANIO, ANI1 2
0 1 0 | ANI2 | ANIO to ANI2 3
0 1 1 ANI3 | ANIO to ANI3 4

1 0 0 | ANI4 | ANIO to ANI4| ANIO to ANI4

0 1 ANI5 | ANIO to ANI5| ANIO to ANI5
1 1 0 | ANI6 | ANIO to ANI6| ANIO to ANI6
1 1 1 | ANI7 | ANIO to ANI7| ANIO to ANI7

MS A/D conversion mode

0 Scan mode

1 Select mode

BS Buffer mode in the select mode

0 One-buffer mode

1 Four-buffer mode

CS Control of A/D conversion

0 A/D conversion is stopped.

1 A/D conversion is started.
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The following describes each bit of ADMO.
(1) ANISO to ANIS2 bits (bits 0 to 2)
These bits select an analog input pin (ANIO to ANI7) for A/D conversion.

Each of these bits specifies a pin corresponding to the operating mode for the A/D converter.

Table 8-1. Analog Input Pins to Be Selected

Scan mode
ANIS2 | ANIS1 | ANISO | Select mode . Timer trigger mode or
A/D trigger mode external trigger mode
0 0 0 ANIO ANIO 1
0 0 1 AN ANIO, AN 2
0 1 0 ANI2 ANIO to ANI2 3
0 1 1 ANI3 ANIO to ANI3 4
1 0 0 ANI4 ANIO to ANI4 ANIO to ANI4
1 0 1 ANI5 ANIO to ANI5 ANIO to ANI5
1 1 0 ANI6 ANIO to ANI6 ANIO to ANI6
1 1 1 ANI7 ANIO to ANI7 ANIO to ANI7

Caution The order in which the ANIO to ANI3 bits are scanned is specified according to the order in
which the match signals from compare registers or external trigger signals are generated
in the timer trigger mode or external trigger mode for the scan mode. As a result, the ANISO
to ANIS2 bits specify no analog input pin, they specify the number of trigger inputs.

(2) MS bit (bit 4)
The MS bit specifies the operating mode for the A/D converter such as the scan or select mode.

* When the MS bit is set to 0, the scan mode is specified.
» When the MS bit is set to 1, the select mode is specified.

(3) BS bit (bit 5)
The BS bit specifies a buffer mode for A/D conversion in the select mode.

* When the BS bit is set to 0, the one-buffer mode is specified.
* When the BS bit is set to 1, the four-buffer mode is specified.
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(4) CS bit (bit 7)

166

Manipulation of the CS bit varies according to the trigger mode of the A/D converter.

The CS bit enables or disables A/D conversion. Setting the CS bit to 1 starts A/D conversion.

Upon completion of A/D conversion, the CS bit is reset to 0. The CS bit is therefore used to check the state
of A/D conversion.

In the timer trigger mode or external trigger mode, A/D conversion is possible regardless of the setting of the
CS bit.

When the CS bit is 0, the input of a trigger signal from the real-time pulse unit (RPU) or external unit sets the
CS bit to 1. Upon completion of A/D conversion for the channels specified by ADMO, the CS bit is reset to
0.

Table 8-2 shows the state of A/D conversion in the A/D trigger mode. Table 8-3 shows the state of A/D
conversion in the timer trigger mode or external trigger mode.

Table 8-2. CS Bit Manipulation and A/D Conversion in the A/D Trigger Mode

Setting of the CS bit

CS bit manipulation
0 1
Write A/D conversion is disabled. | A/D conversion is started.
Read A/D conversion stop state | A/D conversion start state

Table 8-3. CS Bit Manipulation and A/D Conversion in the Timer
Trigger Mode or External Trigger Mode

Setting of the CS bit
0 1

CS bit manipulation

Read Trigger standby state A/D conversion start state
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8.3 A/D Converter Mode Register 1 (ADM1)

A/D converter mode register 1 (ADM1) is an 8-bit register that specifies the conversion time, the trigger mode of
the A/D converter, and an edge in the external trigger mode.

Data can be read from or written into ADM1 with a bit manipulation instruction or 8-bit manipulation instruction.
When data is written in ADM1 during A/D conversion, A/D conversion is initialized and carried out from the beginning.

When a RESET signal is input, ADM1 is set to 07H.

Fig. 8-4 shows the format of ADM1.

Fig. 8-4. Format of A/D Converter Mode Register 1 (ADM1)

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

ADM1 | EDG |TRG2|TRG1|TRGO| O FR2 | FR1 | FRO FF69H 07H R/W
L] L]
Number Conversion time (us)
FR2 | FR1 | FRO 8fe|<':soi(r)]r_1 fok = fok = fok =
clocks |16.0 MHz|12.5 MHz| 8.0 MHz
0 0 0 8 Setting prohibited
0 0 1 16 2.0
0 1 0 20 Setting prohibited 25
0 1 1 24 3.0
10| o 28 SRS | 224 | 35
1 0 1 32 2.0 2.56 4.0
1 1 0 64 4.0 5.12 8.0
1 1 1 128 8.0 10.24 16.0
[TRG2|TRG1|TRGO) Trigger mode
0 0 0

A/D trigger mode

One-trigger mode

0
0 1 0 Timer trigger
0 | 1 1 | mode Four-trigger mode

1 0 0 | External trigger One-trigger mode

1 0 1 | mode Four-trigger mode

Settings other

than the above Setting prohibited

EDG Edge of an external input signal in the external
trigger mode

0 Falling edge

1 Rising edge

Remark fcik: Internal system clock
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The following describes each bit of ADM1.
(1) FRO to FR2 bits (bits 0 to 2)
These bits specify the conversion time for the A/D converter.

Each of these bits specifies an appropriate A/D conversion time when the oscillator frequency is changed.

Table 8-4. A/D Conversion Time

Number of Conversion time (us)
FR2 | FR1 | FRO .
conversion clocks | fex = 16.0 MHz | fok 12.5 MHz fok = 8.0 MHz

0 0 0 8 Setting prohibited

0 0 1 16 Setting prohibited 2.0
0 1 0 20 25
0 1 1 24 3.0
1 0 0 28 Setting prohibited 2.24 3.5
1 0 1 32 2.0 2.56 4.0
1 1 0 64 4.0 5.12 8.0
1 1 1 128 8.0 10.24 16.0

(2) TRGO to TRG2 bits (bits 4 to 6)
These bits specify a trigger mode for the four low-order channels of the analog input pins (ANIO to ANI3).

Table 8-5. Trigger Mode for the ANIO to ANI3 Pins

TRG2 | TRG1 |TRGO Trigger mode Number of triggers

0 0 0 A/D trigger mode -
0 0 1

0 1 0 Timer trigger mode 1
0 1 1 4
1 0 0 External trigger mode 1
1 0 1 4
1 1 0 Setting prohibited -
1 1 1

(3) EDG bit (bit 7)
This bit specifies the edge (falling or rising) of a trigger signal input from the external unit to the ADTRGO to
ADTRGS pins in the external trigger mode.

* When the EDG bit is 0, the falling edge is specified.
» When the EDG bit is 1, the rising edge is specified.
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8.4 A/D Conversion Result Registers (ADCRs)

The uPD78356 has eight 10-bit A/D conversion result registers (ADCRs).
The contents of each ADCR can only be read separately with 16-bit or 8-bit manipulation instruction.
The A/D conversion results are read from the ADCRs in either of the following two ways:

(1) Word access (16-bit manipulation instruction execution)
Effective word data is read from the low-order 10 bits of an ADCR.
Os are always read from the high-order six bits.
Fig. 8-5 shows the word access to ADCRs.

Fig. 8-5. Word Access to ADCRs

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 R/W
ADCRn 0 0 0 0 0 0 | AD9| AD8| AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO R
(n=0t07)

Symbol Address When reset

ADCRO FFBOH Undefined

ADCR1 FFB2H

ADCR2 FFB4H

ADCR3 FFB6H

ADCR4 FFB8H

ADCR5 FFBAH

ADCR6 FFBCH

ADCR7 FFBEH

Remark ADO to AD9: A/D conversion result
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(2) Byte access (8-bit manipulation instruction execution)
Data is read from the high-order eight bits of a 10-bit ADCR.
Fig. 8-6 shows the byte access to ADCRs.

Fig. 8-6. Byte Access to ADCRs

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

ADCRnH |AD9|AD8| AD7 | AD6| AD5 | AD4 | AD3 | AD2 R

(n=0to7)
Symbol Address When reset
ADCROH FFB1H Undefined
ADCR1H FFB3H
ADCR2H FFB5H
ADCR3H FFB7H
ADCR4H FFB9H
ADCR5H FFBBH
ADCR6H FFBDH
ADCR7H FFBFH

Remark AD2 to AD9: A/D conversion result (high-order eight bits of a 10-bit)
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8.5 Operation

Only the A/D trigger mode can be specified for the higher four channels (ANI4 to ANI7) of the analog inputs for
the A/D converter. However, the A/D trigger mode, timer trigger mode, or external trigger mode can be specified for
each of the lower four channels (ANIO to ANI3).

Unless otherwise specified, the explanation of the lower four channels (ANIO to ANI3) below also applies to the
higher four channels.

8.5.1 Basic operation of the A/D converter
The A/D converter operates as follows.

(1) An analog input is selected and an operating mode and trigger mode are specified with A/D converter mode
registers 0 and 1 (ADMO and ADM1). A/D conversion then starts when the CS bit is set to 1.

(2) The comparator compares the analog input voltage with the voltage applied by the D/A converter.

(3) Upon completion of 10-bit comparison, the effective digital value is held in the Successive Approximation
Register (SAR), and the value is sent to and held in the A/D conversion result register (ADCR).
When A/D conversion is completed the number of times specified by ADMO0, an A/D conversion termination
interrupt (INTAD) occurs. The interrupt must be handled with a vectored interrupt or macro service function
(see 15.8).
Fig. 8-7 shows an example of the operation of the A/D converter when it converts the ANIO to ANI2 pin inputs
to digital data in the A/D trigger mode.

Caution Do not apply a voltage out of the range of AVss to AVop to the pins used as the input pins
of the A/D converter.

Fig. 8-7. Basic Operation of the A/D Converter (A/D Trigger Mode: ANIO to ANI2)

AD ANIO AN ANI2
conversion
~ ‘
CS=-1 ‘
|
|
ADCR >< ANI0 >< AN >< ANI2 >< ————————————————
ADCRO ADCR1 ADCR2

INTAD | l |q

Interrupt accepted
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A/D conversion is started in synchronization with a trigger signal output by the real-time pulse unit (RPU) (timer
trigger mode) or in synchronization with a trigger signal input from the external unit (external trigger mode).

When software specifies the timer trigger mode or external trigger mode of the scan mode in the TRGO to TRG2
bits of ADM1, a trigger signal enters a standby state. The first trigger signal starts A/D conversion. Upon completion
of the conversion operation, the next trigger signal enters the standby state. When A/D conversion is completed the
number of times specified by ADMO0, an A/D conversion termination interrupt (INTAD) occurs.

Fig. 8-8 shows an example of A/D conversion in the four-trigger mode of the external trigger mode.

When data is written in ADM0 and ADM1 during A/D conversion, A/D conversion is initialized and started from
the beginning.

Fig. 8-9 shows an example of writing data in ADMO during A/D conversion of the ANIO to ANI2 pin inputs in the
A/D trigger mode.

When a RESET signal is input, the contents of each ADCR become undefined.

Fig. 8-8. A/D Conversion in Synchronization with a Trigger Signal
(External Trigger Mode: Four-Trigger Mode)

External trigger
signal

ADTRGO ADTRG1 ADTRG2 ADTRG3

A/D

. ANIO AN ANI2 ANI3
conversion

e
ADGR ~--—-—- - >< ANIO >< AN >< ANI2 >< ANI3 ><

ADCRO ADCR1 ADCR2 ADCR3

INTAD | \ I/)

J

Interrupt accepted
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Fig. 8-9 Rewriting Data in ADM during A/D Conversion (A/D Trigger Mode: ANIO to ANI2)

A/D

. ANIO AN ANI2 ANIO AN ANI2
conversion

YAN A |
CS=1 CS=1 :
|
3
ADCR >< ANIO >< ANI1 >< ANIO >< ANI1 >< ANI2 ><

ADCRO ADCRH1 ADCRO ADCR13 ADCR2

INTAD m
J/

Interrupt accepted

If the port 0 mode control register (PMCO) is rewritten during A/D conversion in the external trigger mode of the
A/D converter, the external trigger edge is generated and the conversion operation is stopped and the result of the
stopped A/D conversion will be undefined. But the number of inputs will be counted and A/D conversion will continue
to be performed in accordance with the new trigger.

Fig. 8-10 shows an example of manipulation performed when data is rewritten in the PMCO register during
A/D conversion in the external trigger mode (4 trigger mode).

Fig. 8-10. Rewriting Data in PMCO during A/D Conversion (A/D Trigger Mode: Four-Trigger Mode)
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Caution If conversionresults are programmed to branch off only when certain values are setin branching
processes directly using the A/D conversion results, the conversion results will not become the
values due to the effects of conversion differences, and may not branch to the specified routine.
Therefore create programs in which conversion results branch when it ranges with the total
difference width.

The following shows examples of programs where specific processes are performed when the analog input
voltage input to pin ANIO is ;—AVREFL

<Wrong example>
CMPW  ADCRO, #01FFH
BNE SUNMATCH
1T<1> Process when the A/D conversion result is 1TFFH

UNMATCH:

%<2> Process when the A/D conversion results is other than 1FFH

If the conversion result does not become 1FFH due to conversion difference, it cannot branch to <1>.

U

<Correct example>
CMPW  ADCRO, #0201H
BGT $SUNMATCH
CMPW  ADCRO, #01FCH
BLT $SUNMATCH
%<1> Process when the A/D conversion result is 1FCH to 201H
UNMATCH:
% <2> Process when the A/D conversion results is outside the above range

When the conversion result is in the 1FCH to 201H range, it is determined that the ;—AVREH analog voltage has
been input and the processing is executed.
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8.5.2 Operating mode for the A/D converter
Either of the following two modes can be selected as the operating mode of the A/D converter. An operating mode
is selected with A/D converter mode register 0 (ADMO0). Setting the CS bit of ADMO to 1 starts A/D conversion.

» Select mode
* Scan mode

(1) Select mode
The select mode performs an A/D conversion of one analog input (ANIn: n = 0 to 7) selected with ADMO.
The conversion result is stored in the A/D conversion result register (ADCRn: n = 0 to 7) corresponding to
the analog input.
The select mode has the following two modes for storing the A/D conversion result in the registers:

¢ One-buffer mode
« Four-buffer mode

(a) One-buffer mode
One A/D conversion is performed for one analog input, then the result is stored in one A/D conversion
result register. In this case, an analog input corresponds to an A/D conversion result register on a one-
to-one basis.
An A/D conversion termination interrupt (INTAD) occurs each time an A/D conversion is performed to
indicate that the A/D conversion has been completed.

Fig. 8-11. A/D Conversion in the Select Mode (One-Buffer Mode)

A/D conversion

Analog input pins result registers
ANl O ADCRO
AN O ADCRH
|:> ANI2 ADCR2
ANIZ O / ADCR3
A/D [
ANIE O ADCR4
ANS O ADCR5
ANie O ADCRG
ANIZ O ADCRY
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(b) Four-buffer mode
Four A/D conversions are performed for one analog input, then the results are stored in four A/D
conversion result registers (ADCRO to ADCR3).
An A/D conversion termination interrupt (INTAD) occurs upon completion of four A/D conversions.
This mode is useful for finding the average of A/D conversions.

Fig. 8-12. A/D Conversion in the Select Mode (Four-Buffer Mode)

A/D conversion

Analog input pins result registers
ANIO O ADCRO
AN O ADCR1
ANE2 O ADCR2
ANI3 O ADCR3
A/D
AN O ADCR4
ANIS O ADCR5
:> ANIS ADCR6
ANI7 O ADCR?

(2) Scan mode

176

To perform A/D conversion, the scan mode sequentially selects analog inputs on the ANIO pin for the analog
input pin specified by ADMO0. The results of A/D conversions are stored in the A/D conversion result registers
corresponding to the analog inputs on a one-to-one basis. An A/D conversion termination interrupt (INTAD)
occurs upon completion of A/D conversion of the specified analog inputs.

This mode is useful for monitoring multiple analog inputs.

Fig. 8-13. A/D Conversion in the Scan Mode

A/D conversion

Analog input pins result registers
ANIO ADCRO
ANI1T O ADCR1
AN2 O ADCR2
ANI3 O ADCR3
A/D
AN O ADCR4
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8.5.3 Trigger modes for the A/D converter

The trigger modes are classified into the following three modes. Each mode is used as a timing trigger to start
A/D conversion. One of these trigger modes and an A/D conversion time are specified with A/D converter mode
register 1 (ADM1).

The A/D trigger mode is always specified for the higher four channels (ANI4 to ANI7) of the analog inputs for the
A/D converter. However, the A/D trigger mode, timer trigger mode, or external trigger mode can be specified for each
of the lower four channels (ANIO to ANI3).

» A/D trigger mode

» Timer trigger mode
» External trigger mode

Fig. 8-14. Operating Modes and Trigger Modes for the A/D Converter

(1) A/D trigger mode

One-buffer mode

Select mode
A/D trigger mode Four-buffer mode
Scan mode
(2) Timer trigger mode
— One-trigger mode
One-buffer mode —
— Four-trigger mode
— Select mode
— One-trigger mode
Four-buffer mode —
Timer trigger mode —— " Four-trigger mode
— One-trigger mode
— Scan mode

— Four-trigger mode
(3) External trigger mode
One-trigger mode

One-buffer mode

Four-trigger mode

— Select mode
— One-trigger mode
Four-buffer mode ——
External trigger mode — — Four-trigger mode
— One-trigger mode
— Scan mode

— Four-trigger mode
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(1) A/D trigger mode

178

Writing data in A/D converter mode register 0 (ADMO) starts A/D conversion. A/D conversion can be
synchronized using software.

(a) Select mode
The select mode performs the A/D conversion of one analog input (ANIn: n =0 to 7) selected with ADMO.
The conversion result is stored in the A/D conversion result register (ADCRn: n =0 to 7) corresponding
to the analog input.
The select mode has the following two modes (one-buffer mode and four-buffer mode) for storing the A/
D conversion result in the registers.

(i) One-buffer mode
One A/D conversion is performed for one analog input, then the result is stored in one A/D conversion
result register. In this case, an analog input corresponds to an A/D conversion result register on a
one-to-one basis.
An INTAD interrupt occurs each time an A/D conversion is performed, then the A/D conversion is
terminated (CS = 0).
Writing data in ADMO restarts A/D conversion.
This mode is useful for reading the A/D conversion result each time an A/D conversion is performed.

Analog input A/D conversion result register

ANIn -> ADCRn
Remark n=0to7

Fig. 8-15. Example 1 of A/D Conversion in the A/D Trigger Mode
(Select Mode, One-Buffer Mode, ANIn)

ANIn ANIn
A/D

conversion

INTAD

Storage
in AD%R ADCRn ADCRn

CS bit

Remark n=0to7
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(ii) Four-buffer mode
Four A/D conversions are performed for one analog input, then the results are stored in four A/D
conversion result registers (ADCRO to ADCR3).
An A/D conversion termination interrupt (INTAD) occurs upon completion of four A/D conversions,
then the A/D conversion is terminated (CS = 0).
Writing data in ADMO restarts A/D conversion.
This mode is useful for finding the average of A/D conversion results.

Analog input A/D conversion result register
ANIn -> ADCRO
ANIn -> ADCR1
ANIn -> ADCR2
ANIn -> ADCRS3

Remark n=0to7

Fig. 8-16. Example 2 of A/D Conversion in the A/D Trigger Mode
(Select Mode, Four-Buffer Mode, ANIn)

A/D ANIn  ANIn ANIn ANIn ANIn  ANIn ANIn ANIn
conversion
INTAD T T
Storage
in ADCRs ADCRO|ADCR1|ADCR2|ADCR3 ADCRO|ADCR1|ADCR2|ADCR3
CS bit

Remark n=0to7
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(b) Scan mode
To perform A/D conversion, the scan mode sequentially selects analog inputs on the ANIO pin to the analog
input pin (ANIn: n =0 to 7) specified by ADMO. The results of A/D conversions are stored in the A/D
conversion result registers corresponding to the analog inputs (ADCRn: n = 0 to 7).
An A/D conversion termination interrupt (INTAD) occurs upon completion of A/D conversion of the
specified analog inputs (CS = 0).
Writing data in ADMO restarts A/D conversion.
This mode is useful for monitoring multiple analog inputs.

Analog input A/D conversion result register
ANIO -> ADCRO
ANIn -> ADCRn

Remark n=0to7

Fig. 8-17. Example 3 of A/D Conversion in the A/D Trigger Mode (Scan Mode, ANIO to ANI7)
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(2) Timer trigger mode
A/D conversion of analog inputs (ANIO to ANI3) is performed at the timing specified by compare registers of
the real-time pulse unit (RPU).
The occurrence of match interrupts from four compare registers (CM00, CM01, CC00, and CC01) connected
to timer 0 (TMO) outputs analog input conversion start signals.
The setting of timer unit mode register 1 (TUM1) specifies whether A/D conversion is terminated after a single
A/D conversion (one-shot mode) or is repeated (loop mode).

Cautions 1. Before specifying the timer trigger mode, specify that the capture/compare registers
(CCO00 and CCO01) function as a compare register.
2. The timer trigger mode is effective for ANIO to ANI3 analog inputs only.

(a) Select mode
An analog input (ANIn: n = 0 to 3) specified by A/D converter mode register 0 (ADMO) is converted to
digital data. The conversion result is stored in an A/D conversion result register (ADCRn: n = 0 to 3)
corresponding to the analog input.
The select mode has the following two modes (one-buffer mode and four-buffer mode) for storing the A/
D conversion result in the registers.

(i) One-buffer mode
One A/D conversion is performed for one analog input, then the result is stored in one A/D conversion
result register. In this case, an analog input corresponds to an A/D conversion result register on a
one-to-one basis.
The one-buffer mode has the following two modes (one-trigger mode and four-trigger mode)
corresponding to the number of triggers.
This mode is useful for reading the A/D conversion result each time an A/D conversion is performed.

181



CHAPTER 8 A/D CONVERTER

182

<1> One-trigger mode

Fig. 8-18.

When a trigger signal (match interrupt (INTCMOO)) is input, one A/D conversion is performed
for one analog input, then the result is stored in one A/D conversion result register.

An INTAD interrupt occurs each time an A/D conversion is performed, then the A/D conversion
is terminated (CS = 0).

When timer 0 is in the one-shot mode, A/D conversion is terminated after a single A/D
conversion. To restart A/D conversion, timer 0 must be restarted. When timer 0 is in the loop
mode, A/D conversion is repeated each time an INTCMOO interrupt occurs.

Trigger signal  Analog input A/D conversion result register

INTCMO0 ANIn -> ADCRn

Remark n=0to 3

Example 1 of A/D Conversion in the Timer Trigger Mode
(Select Mode, One-Buffer Mode, One-Trigger Mode, Timer One-Shot Mode, ANIn)

Timer
operation
A T A
The timer The timer

Timer  starts INTCMO0O starts INTCMO0O
trigger  counting. counting.

A/D
conversion

INTAD

Storage
in ADCR

CS bit

Remark n=01t03

Caution When the next trigger signal is input during A/D conversion, the conversion is stopped and
an A/D conversion corresponding to the new trigger signal is performed. The result of the
stopped A/D conversion is undefined.




CHAPTER 8 A/D CONVERTER

Fig. 8-19. Example 2 of A/D Conversion in the Timer Trigger Mode
(Select Mode, One-Buffer Mode, One-Trigger Mode, Timer Loop Mode, ANIn)

Timer
operation T T
A
) The timer
Timer  gians INTCMOO INTCMOO
trigger  counting.
A/D
conversion
INTAD
Storage
in ADCR
CS bit

Remark n=01t0 3

Caution When the next trigger signal is input during A/D conversion, the conversion is stopped and
an A/D conversion corresponding to the new trigger signal is performed. The result of the
stopped A/D conversion is undefined.
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<2> Four-trigger mode
When four trigger signals (four match interrupts (INTCMO0O, INTCMO01, INTCCO00, and INTCCO01))
are input, an analog input is converted to digital data four times, and the result is stored in one
A/D conversion result register.
Each time an A/D conversion is performed, an INTAD interrupt occurs, and the CS bit is reset
to 0.
The result of a single A/D conversion is held in the A/D conversion result register until the next
A/D conversion is terminated. The conversion result must be loaded into memory when an
INTAD interrupt occurs upon completion of the single A/D conversion.
When timer 0 is in the one-shot mode and A/D conversion is performed four times, A/D
conversion is terminated. Timer 0 need be restarted to restart A/D conversion. When the first
match interrupt occurs after timer 0 is started, the CS bit is set to 1 to start A/D conversion.
WhentimerQisinthe loop mode, A/D conversion is repeated each time a match interrupt occurs.
Match interrupts may occur in any order.

Trigger signal  Analog input A/D conversion result register
INTCMO0 ANIn -> ADCRn
INTCMO1 ANIn -> ADCRn
INTCCO00 ANIn -> ADCRn
INTCCO1 ANIn -> ADCRn

Remark n=0to 3
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Fig. 8-20. Example 3 of A/D Conversion in the Timer Trigger Mode
(Select Mode, One-Buffer Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIn)

Timer
operation

x
Timer The timer
trigger starts INTCMO00

counting.

T T T a |

INTCMO INTCCO0 INTCCO1 e imer /NTcmoo

counting.

A/D
conversion

ANIn ANIn ANIn ANIn ANIn

INTAD

Storage
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CS bit

Remark n=01t0 3

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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Fig. 8-21. Example 4 of A/D Conversion in the Timer Trigger Mode
(Select Mode, One-Buffer Mode, Four-Trigger Mode, Timer Loop Mode, ANIn)
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Remark n=01t0 3

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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(ii) Four-buffer mode
Four A/D conversions are performed for one analog input, then the results are stored in four A/D
conversion result registers (ADCRO to ADCRS3).
The four-buffer mode has the following two modes (one-trigger mode and four-trigger mode)
corresponding to the number of triggers.
This mode is useful for finding the average of A/D conversion results.

<1> One-trigger mode
When a trigger signal (match interrupt (INTCMOO)) is input, four A/D conversions are performed
for one analog input, then the results are stored in four A/D conversion result registers.
Upon completion of the four A/D conversions, an INTAD interrupt occurs and the A/D conversions
are terminated (CS = 0).
A/D conversion is repeated each time an INTCMOO interrupt occurs.

Trigger signal  Analog input A/D conversion result register
INTCMO00 ANIn -> ADCRO
INTCMO0 ANIn -> ADCR1
INTCMO00 ANIn -> ADCR2
INTCMO00 ANIn -> ADCRS3

Remark n=0to 3
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Fig. 8-22. Example 5 of A/D Conversion in the Timer Trigger Mode
(Select Mode, Four-Buffer Mode, One-Trigger Mode, Timer Loop Mode, ANIn)
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Remark n=01t0 3

Caution Inthe one-shot mode for timer 0, only a single INTCMOO interrupt occurs. No A/D conversion
is therefore terminated. To prevent this, be sure to put timer 0 in the loop mode.
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<2> Four-trigger mode
When four trigger signals (four match interrupts (INTCMO0O, INTCMO01, INTCCO00, and INTCCO01))
are input, four A/D conversions are performed for one analog input, and the results are stored
in four A/D conversion result registers.
Upon completion of the four A/D conversions, an INTAD interrupt occurs, and A/D conversion
is terminated (CS = 0).
When timer 0 is in the one-shot mode and four A/D conversions are performed, A/D conversion
is terminated. Timer 0 need be restarted to restart A/D conversion. When timer 0 is in the loop
mode, A/D conversion is repeated each time a match interrupt occurs.
Match interrupts may occur in any order.

Trigger signal  Analog input A/D conversion result register
INTCMO00 ANIn -> ADCRO
INTCMO1 ANIn -> ADCR1
INTCCO00 ANIn -> ADCR2
INTCCO1 ANIn -> ADCRS3

Remark n=0to 3
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Fig. 8-23. Example 6 of A/D Conversion in the Timer Trigger Mode (Select Mode,
Four-Buffer Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIn)
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Remark n=01t03

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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Fig. 8-24. Example 7 of A/D Conversion in the Timer Trigger Mode
(Select Mode, Four-Buffer Mode, Four-Trigger Mode, Timer Loop Mode, ANIn)

B - -

i The i
e stats /INTCMoO [ INTCMo1 [ INTCCOO INTCCO"

counting.

INTCMO00

ANIn ANIn ANIn ANIn ANIn

A/D
conversion

INTAD

Storage

- ADGRS |ADCRq |ADCRﬂ |ADCR4

CS bit

Remark n=01t0 3

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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(b) Scan mode
To perform A/D conversion, the scan mode sequentially selects analog inputs on the ANIO pin to the analog
input pin (ANIn: n = 0 to 7) specified by ADMO.
A/D conversion is performed for the lower four channels of analog inputs (ANIO to ANI3) the specified
number of times. When the real-time pulse unit (RPU) outputs a trigger signal, A/D conversion is
performed for all four analog inputs starting with the first analog input on the ANIO pin.
When ADMO specifies that the lower four channels of analog inputs (ANIO to ANI3) are scanned and
A/D conversion is performed the specified number of times, an INTAD interrupt occurs and A/D conversion
is terminated.
When ADMO specifies that the higher four and lower four channels of analog inputs (ANI4 to ANI7) are
scanned, the A/D converter enters the A/D trigger mode upon completion of A/D conversion for the lower
four channels, then A/D conversion is performed for the remaining higher four channels.
The conversion results are stored in the A/D conversion result registers (ADCRn: n=0to 7) corresponding
to the analog inputs.
Upon completion of A/D conversion for all the specified analog inputs, an INTAD interrupt occurs and A/
D conversion is terminated (CS = 0).
The scan mode has the following two modes (one-trigger mode and four-trigger mode) corresponding to
the number of triggers.
This mode is useful for monitoring multiple analog inputs at all times.

(i) One-trigger mode
When a trigger signal (match interrupt (INTCMO0O0)) is input, four A/D conversions are performed for
the lower analog inputs (ANI0 to ANI3), then the A/D converter enters the A/D trigger mode to continue
A/D conversion.
The analog inputs correspond to the A/D conversion result registers on a one-to-one basis.
Upon completion of all the specified A/D conversions, an INTAD interrupt occurs to terminate A/D
conversion (CS = 0).
When an INTCMOO interrupt occurs upon completion of all the specified A/D conversions, however,
A/D conversion is restarted.

Trigger signal Analog input A/D conversion result register
INTCMO00 ANIO -> ADCRO
INTCMO00 ANN -> ADCR1
INTCMO00 ANI2 -> ADCR2
INTCMO00 ANI3 -> ADCRS3
(A/D trigger mode) ANI4 -> ADCR4
(A/D trigger mode) ANI5 -> ADCR5
(A/D trigger mode) ANI6 -> ADCR6
(A/D trigger mode) ANI7 -> ADCR7
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Fig. 8-25. Example 8 of A/D Conversion in the Timer Trigger Mode
(Scan Mode, One-Trigger Mode, Timer Loop Mode, ANIO to ANI7)
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conversion
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Cautions 1. In the one-shot mode for timer 0, only a single INTCMOO interrupt occurs. No A/D
conversion is therefore terminated. To prevent this, be sure to put timer 0 in the loop
mode.

2. When an INTCMOO interrupt occurs during A/D conversion of the analog inputs in the
higher four channels (ANI4 to ANI7), the conversion is stopped and the ANIO channel and
subsequent channels are scanned again. The results of the stopped A/D conversions are
undefined.
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(ii) Four-trigger mode
When four trigger signals (four match interrupts (INTCMO0O, INTCMO01, INTCCO00, and INTCCO01)) are
input, four A/D conversions are performed for the low-order analog inputs (ANIO to ANI3), then the
A/D converter enters the A/D trigger mode to continue A/D conversion.
The analog inputs correspond to the A/D conversion result registers on a one-to-one basis.
Upon completion of all the specified A/D conversions, an INTAD interrupt occurs and A/D conversion
is terminated (CS = 0).
When timer 0 is in the one-shot mode and all the specified A/D conversions are performed, A/D
conversion is terminated. Timer 0 need be restarted to restart A/D conversion. When timer 0 is in
the loop mode and all the specified A/D conversions are performed, a match interrupt occurs and
A/D conversion is restarted.
Match interrupts may occur in any order. Because trigger signals correspond to analog inputs on
a one-to-one basis, however, the order in which the compare registers generate match signals
determines the order in which the analog inputs are scanned.

Trigger signal Analog input A/D conversion result register
INTCMO00 ANIO -> ADCRO
INTCMO1 ANH -> ADCR1
INTCCO00 ANI2 -> ADCR2
INTCCO1 ANI3 -> ADCRS3
(A/D trigger mode) ANI4 -> ADCR4
(A/D trigger mode) ANI5 -> ADCR5
(A/D trigger mode) ANI6 -> ADCR6
(A/D trigger mode) ANI7 -> ADCR7
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Fig. 8-26. Example 9 of A/D Conversion in the Timer Trigger Mode
(Scan Mode, Four-Trigger Mode, Timer One-Shot Mode, ANIO to ANI7)
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Fig. 8-27. Example 10 of A/D Conversion in the Timer Trigger Mode
(Scan Mode, Four-Trigger Mode, Timer Loop Mode, ANIO to ANI7)
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Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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(3) External trigger mode

196

A/D conversion is performed for analog inputs (ANIO to ANI3) at the timing of external trigger inputs (ADTRGO
to ADTRGS3).

The external trigger inputs (ADTRGO to ADTRGS3) are also used as port 0 (P00 to P03). To set port 0 to the
external trigger input mode, set the corresponding bit of the port 0 mode control register (PMCO0) to set (1).
A/D converter mode register 1 (ADM1) specifies either a four-trigger mode using the ADTRGO to ADTRG3
pins or a one-trigger mode using the ADTRGO pin only.

Cautions 1. The external trigger mode is effective for analog inputs ANIO to ANI3 only.
2. External triggers may be generated when bits 0 to 3 (PMCO00 to PMCO03) of the PMCO
register are rewritten from 0 to 1 or 1 to 0 during A/D conversion in the external trigger
mode. Therefore, rewrite these bits after stopping the operations of the A/D converter.

(a) Select mode
A/D conversion is performed for a single analog input (ANIn: n =0 to 3) specified by A/D converter mode
register 0 (ADMO0). The conversion result is stored in the A/D conversion result register (ADCRn: n =
0 to 3) corresponding to the analog input.
The select mode has the following two modes (one-buffer mode and four-buffer mode) for storing the A/
D conversion result in the registers.

(i) One-buffer mode
One A/D conversion is performed for one analog input, then the result is stored in one A/D conversion
result register. In this case, an analog input corresponds to an A/D conversion result register on a
one-to-one basis.
The one-buffer mode has the following two modes (one-trigger mode and four-trigger mode)
corresponding to the number of triggers.
This mode is useful for reading the A/D conversion result each time an A/D conversion is performed.
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<1> One-trigger mode
When a trigger signal (external trigger input (ADTRGO)) is input, one A/D conversion is
performed for one analog input, then the result is stored in one A/D conversion result register.
An INTAD interrupt occurs each time an A/D conversion is performed, then the A/D conversion
is terminated (CS = 0).
A/D conversion is repeated each time the ADTRGO signal is input.

Trigger signal  Analog input A/D conversion result register

ADTRGO ANIn -> ADCRn

Remark n=0to 3

Fig. 8-28. Example 1 of A/D Conversion in the External Trigger Mode
(Select Mode, One-Buffer Mode, One-Trigger Mode, ANIn)

External
trigger

A/D
conversion

INTAD

Storage
in ADCRs

CS bit

Remark n=01t0 3

Caution When the next trigger signal is input during A/D conversion, the conversion is stopped and
an A/D conversion corresponding to the new trigger signal is performed. The result of the
stopped A/D conversion is undefined.

<2> Four-trigger mode
When four external trigger signals (ADTRGO to ADTRGS3) are input, four A/D conversions are
performed for one analog input, and the result is stored in one A/D conversion result register.
Each time an A/D conversion is performed, an INTAD interrupt occurs, and the CS bit is reset
to 0. A/D conversion is terminated when four A/D conversions have been completed.
The result of a single A/D conversion is held in the A/D conversion result register until the next
A/D conversion is terminated. The conversion result must be loaded into memory when an
INTAD interrupt occurs upon completion of the single A/D conversion.
A/D conversion is repeated each time an external trigger signal is input.
External trigger signals may be generated in any order.
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Trigger signal  Analog input A/D conversion result register
ADTRGO ANIn -> ADCRn
ADTRG1 ANIn -> ADCRn
ADTRG2 ANIn -> ADCRn
ADTRGS3 ANIn -> ADCRn

Remark n=0to 3

Fig. 8-29. Example 2 of A/D Conversion in the External Trigger Mode
(Select Mode, One-Buffer Mode, Four-Trigger Mode, ANIn)

External T T T T
trigger

ADTRGO ADTRG1 ADTRG2 ADTRG3

A/D ANIn ANIn ANIn ANIn
conversion

INTAD

-S%%GR ADCRn ADCRn ADCRnN ADCRn
n
CS bit

Remark n=0to 3

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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(ii) Four-buffer mode
Four A/D conversions are performed for one analog input, then the results are stored in four A/D
conversion result registers (ADCRO to ADCRS3).
The four-buffer mode has the following two modes (one-trigger mode and four-trigger mode)
corresponding to the number of triggers.
This mode is useful for finding the average of A/D conversion results.

<1> One-trigger mode
When an external trigger signal (ADTRGO) is input, four A/D conversions are performed for one
analog input, then the results are stored in four A/D conversion result registers.
Upon completion of the four A/D conversions, an INTAD interrupt occurs and the A/D conversions
are terminated (CS = 0).
A/D conversion is repeated each time an ADTRGO signal is input.

Trigger signal  Analog input A/D conversion result register
ADTRGO ANIn -> ADCRO
ADTRGO ANIn -> ADCR1
ADTRGO ANIn -> ADCR2
ADTRGO ANIn -> ADCRS3

Remark n=0to 3

Fig. 8-30. Example 3 of A/D Conversion in the External Trigger Mode
(Select Mode, Four-Buffer Mode, One-Trigger Mode, ANIn)

External T
trigger
ADTRGO ADTRGO ADTRGO ADTRGO ADTRGO
AD ANIn ANIn ANIn ANIn ANIn
conversion

INTAD
Storage ADCRO ADCR ADCR2
Storage [pocr] - [aocrd
CS bit I

Remark n=01t0 3
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<2> Four-trigger mode
When four trigger signals (ADTRGO to ADTRG3)) are input, four A/D conversions are performed
for one analog input, and the results are stored in four A/D conversion result registers.
Upon completion of the four A/D conversions, an INTAD interrupt occurs, and A/D conversion
is terminated (CS = 0).
A/D conversion is repeated each time an external trigger signal is input.
External trigger signals may be generated in any order.

Trigger signal  Analog input A/D conversion result register
ADTRGO ANIn -> ADCRO
ADTRGH1 ANIn -> ADCR1
ADTRG2 ANIn -> ADCR2
ADTRGS ANIn -> ADCRS3

Remark n=0to 3

Fig. 8-31. Example 4 of A/D Conversion in the External Trigger Mode
(Select Mode, Four-Buffer Mode, Four-Trigger Mode, ANIn)

¢ r T T T

trigger ADTRGO ADTRG1 ADTRG2 ADTRG3 ADTRGO

A/D

. ANIn
conversion
INTAD
Storage
in ADCRs ADCRO
CS bit

Remark n=01t03

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.
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(b) Scan mode
To perform A/D conversion, the scan mode sequentially selects analog inputs on the ANIO pin to the analog
input pin (ANIn: n = 0 to 7) specified by ADMO.
A/D conversion is performed for the lower four channels of analog inputs (ANIO to ANI3) the specified
number of times.
When ADMO specifies that the lower four channels of analog inputs (ANIO to ANI3) are scanned and
A/D conversion is performed the specified number of times, an INTAD interrupt occurs and A/D conversion
is terminated.
When ADMO specifies that the higher four and lower four channels of analog inputs (ANIO to ANI7) are
scanned, the A/D converter enters the A/D trigger mode on completion of conversion for the lower four
channels, then A/D conversion is performed for the remaining higher four channels.
The conversion results are stored in the A/D conversion result registers (ADCRn: n=0to 7) corresponding
to the analog inputs.
Upon completion of A/D conversion of all the specified analog inputs, an INTAD interrupt occurs and
A/D conversion is terminated (CS = 0).
The scan mode has the following two modes (one-trigger mode and four-trigger mode) corresponding to
the number of triggers.
This mode is useful for monitoring multiple analog inputs.
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()

External
trigger

A/D
conversion

INTAD

Storage
in ADCRs

CS bit

One-trigger mode

When an external trigger signal (ADTRGO) is input, four A/D conversions are performed for the low-
order analog inputs (ANIO to ANI3), then the A/D converter enters the A/D trigger mode to continue
A/D conversion.

The analog inputs correspond to the A/D conversion result registers on a one-to-one basis.

Upon completion of all the specified A/D conversions, an INTAD interrupt occurs and A/D conversion
is terminated (CS = 0).

When an ADTRGO signal is input upon completion of all the specified A/D conversions, A/D
conversion is restarted.

Trigger signal Analog input A/D conversion result register
ADTRGO ANIO -> ADCRO
ADTRGO ANN -> ADCR1
ADTRGO ANI2 -> ADCR2
ADTRGO ANI3 -> ADCRS3
(A/D trigger mode) ANI4 -> ADCR4
(A/D trigger mode) ANI5 -> ADCR5
(A/D trigger mode) ANI6 -> ADCR®6
(A/D trigger mode) ANI7 -> ADCR7

Fig. 8-32. Example 5 of A/D Conversion in the External Trigger Mode
(Scan Mode, One-Trigger Mode, ANIO to ANI7)

T o T

ADTRGO [ADTRGO [ADTRGO [ADTRGO ADTRGO
ﬂ\LIO ﬂ\LH ﬂ\il2 ﬂ\li?) A4N|i1 ANI5 ANI6 ANI7 ANIO
|aocRro| |ancRif |aocRe| [AncRa |acrafancrsfancrsfancry]

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped

and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When an ADTRGO signal is input during A/D conversion of the analog inputs in the higher
four channels (ANI4 to ANI7), the conversion is stopped and the ANIO channel and
subsequent channels are scanned again. The results of the stopped A/D conversions are
undefined.
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(ii) Four-trigger mode
When four trigger signals (ADTRGO to ADTRGS3) are input, four A/D conversions are performed for
the low-order analog inputs (ANIO to ANI3), then the A/D converter enters the A/D trigger mode to
continue A/D conversion.
The analog inputs correspond to the A/D conversion result registers on a one-to-one basis.
Upon completion of all the specified A/D conversions, an INTAD interrupt occurs and A/D conversion
is terminated (CS = 0).
When an external trigger signal is input after all the specified A/D conversions are performed, A/D
conversion is restarted.
External trigger signals may be generated in any order. Because external trigger signals correspond
to analog inputs on a one-to-one basis, however, the order in which the external trigger signals are
input determines the order in which the analog inputs are scanned.

Trigger signal Analog input A/D conversion result register
ADTRGO ANIO -> ADCRO
ADTRG1 ANH -> ADCR1
ADTRG2 ANI2 -> ADCR2
ADTRGS ANI3 -> ADCRS3
(A/D trigger mode) ANI4 -> ADCR4
(A/D trigger mode) ANI5 -> ADCR5
(A/D trigger mode) ANI6 -> ADCR6
(A/D trigger mode) ANI7 -> ADCR7
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Fig. 8-33. Example 6 of A/D Conversion in the External Trigger Mode
(Scan Mode, Four-Trigger Mode, ANIO to ANI7)

Eemal | P T

trigger ADTRGO [ADTRG1 [ADTRG2 [ADTRG3 ADTRGO
A/D . ANIO ﬂ\LH ANI2 ﬂ\LIS ANI4 ANI5 ANI6 ANI7 ﬂ\LIO
conversion ﬁ
ﬁ\tCXSgCeRs |apcRro| |aocRi| |ancre| |ancRs)| |ancre]apcrs|apcrsfancr?
CS bit

Cautions 1. When the next trigger signal is input during A/D conversion, the conversion is stopped
and an A/D conversion corresponding to the new trigger signal is performed. The result
of the stopped A/D conversion is undefined.

2. When several triggers are input simultaneously, the analog input of the analog input pin
(ANIn) with the smallest number is converted. The other input triggers are ignored and
the number of triggers is not counted. Therefore, the INTAD interrupt is not generated
and A/D conversion results will be undefined.

3. When the ADTRGO to ADTRG3 signals are input during A/D conversion of analog inputs
inthe higher four channels (ANI4 to ANI7), the conversion is stopped and the ANIO channel
and subsequent channels are scanned again. The results of the stopped A/D conversions
are undefined.
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8.6 Glossary for A/D Converter Characteristics Graphs

This glossary contains definition of terms used in explaining A/D converter characteristics graphs.

(1) Resolution
A ratio of an acceptable minimum analog input voltage, that is, an analog input to a 1-bit digital output is called
1 LSB (least significant bit). The ratio of one LSB to the full scale is represented in %FSR (full-scale range).

For 10 bits,

1LSB = 1/210 = 1/1024
= 0.0098 %FSR

Accuracy is not related to resolution, but depends on a combined error.

(2) Combined error
The combined error represents the maximum difference between an actual value and a theoretical value.
The combined error represents the error caused by combining any two of these errors: a zero-scale error,
full-scale error, and non-linearity error.
The combined error in the characteristics graph contains no quantization error.

(3) Quantization error
Thisis an error generated during analog-to-digital conversion. It occurs because an analog-to-digital converter
can be no more accurate than +1/2 LSB because of its resolution.
The combined error, zero-scale error, full-scale error, and non-linearity error in the characteristics graphs
contain no quantization error.
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Fig. 8-34. Combined Error Fig. 8-35. Quantization Error
1o 11
)/
Ideal /
straight //
line
/
S = 3 I~ ‘
% Combined s ’
= (=]
o error a vz Quantization
1/2 LSB*: error
/4: = 1/2LSB
1
/ /
/ /
)/ )/
0----0 00 )
0 VRer 0 VRer
Analog input Analog input
(4) Zero-scale error
The zero-scale error represents the difference between the actual analog input voltage and theoretical analog
input voltage (1/2 LSB) when the digital output varies from Q-------- 000 to Q-+ 001. When the actual value
is greater than the theoretical value, the zero-scale error represents the difference between the actual analog
input voltage and theoretical analog input voltage (3/2 LSB) when the digital output varies from Q=== 001
tO O ......... 01 O
(5) Full-scale error
The full-scale error represents the difference between the actual analog input voltage and theoretical analog
input voltage (full-scale minus 3/2 LSB) when the digital output varies from 1-------- 110 to 1-eeeeeees 111.
(6) Non-linearity error

The non-linearity error indicates that the conversion characteristics does not form an ideal straight line. The

non-linearity error represents the maximum difference between the actual and ideal values when the zero-
scale and full-scale errors are 0.
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Digital output (low-order 3 bits)

Fig. 8-36. Zero-Scale Error
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Digital output (low-order 3 bits)

Fig. 8-37. Full-Scale Error
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Fig. 8-38. Non-linearity Error
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(7) Conversion time
Represents the time required until digital output is obtained after analog input voltage is applied.
The conversion time in the characteristics tables includes sampling time.

(8) Sampling time
Time required for the sample-and-hold circuit to accept the analog voltage while an analog switch is on.

~— Sampling time —

- Conversion time >
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The yPD78356 contains two 8-bit voltage output digital/analog (D/A) converters. The converters convert digital
inputs using a resistor string system.

9.1 Configuration
Fig. 9-1 shows the configuration of a D/A converter.

Fig. 9-1. Block Diagram of a D/A Converter (n = 0, 1)

1
AVrer2 O :
1
1
1
1
1
1
1
s
3
< L 0
o] . ANOnN
5 (n=0,1)
© 1
= 1
1
1
1
1
1
AVRers O 1
1
1
1
—————— 4
RESET
DACSn
(n=0,1)
8

( Internal bus )
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(1) D/A converted data coefficient register (DACSn: n=0or 1)
DACSn sets the voltage output to the ANOn pin (n = 0 or 1). Byte access or word access to the register is
possible. The voltage output to the ANOn pin is calculated by the following formula:
AVREF2 — AVREF3

ANOn = —— — x DACSn + AVRrers [V]
256

When a RESET signal is input, DACSn is set to 00H.

(2) Resistor string
In the D/A converter, 256 resistors with the same resistance are serially connected. The resistors at the ends
of the resistor string are connected to the AVRrer2 and AVrers pins, respectively. The uPD78356 contains two
resistor strings one for the ANOO pin, and one for the ANO1 pin.

(3) Tap selector
The tap selector selects one of 256 taps of the resistor string according to the value of DACSn and connects
the selected tap with the ANOn pin.
When the RESET signal input is low (0), no tap is connected to the ANOn pin, namely the output is set to high-
impedance state.

9.2 Operation of the D/A Converters

As soon as a value is written in the D/A converted data coefficient register (DACSn: n =0 or 1), an analog voltage
corresponding to the written value is output to the ANOn pin (n =0 or 1). The output voltage is held until a new value
is written in DACSn (n =0 or 1).

The voltage output to the ANOnN pin is calculated by the following formula:

ANOR = AVREF2 = AVRERS | 1) 58 + AVrers [V]

256

While the RESET signal input is low, the ANOn output is in high-impedance state and the contents of the DACSn
is 00H. After the RESET signal input is released, the ANOn pin outputs the voltage whose level is the same as the
AVREF3 pin.
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9.3 Cautions

(1) The ANOn pin (n = 0 or 1) cannot source a current due to the high output impedance of the D/A converters.
When connecting a load with a low input impedance, insert a buffer amplifier between the load and ANOn
pin. Keep the wire to the buffer amplifier or load as short as possible (because the output impedance is high).
If this is impossible, surround the wire with the ground pattern.

(2) The output voltage of each D/A converter changes step by step. In general, use the signal output from a
D/A converter after passing it through a low-pass filter.

(3) The D/A converters contained in the yPD78356 have high-impedance output while the RESET signal input
is low. Arrange the load circuit so that it can accept high-impedance input.

Fig. 9-2. Examples of Buffer Amplifier Connection

(a) Inverting amplifier

UPD78356 G

Rz

R
ANON [—"VWNv——¢

« The input impedance of the buffer
amplifier is equal to R1 + Ra.

(b) Voltage follower

pPD78356

ANOn

Ri1 C

* The input impedance of the buffer
amplifier is equal to Ri.

» Be sure to connect Ri. Otherwise, the
output becomes undefined while the
RESET signal is asserted.

(4) After a reset is released, the D/A converter outputs the voltage whose level is the same as the AVRrer3 pin.

Arrange the D/A converter output so that the converter outputs the same voltage as the voltage on the AVRers
pin.
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CHAPTER 10 ASYNCHRONOUS SERIAL INTERFACE

The uPD78356 contains the universal asynchronous receiver transmitter (UART) that serves as an asynchronous
serial interface. The interface transmits and receives 1-byte serial data following a start bit. Full-duplex operation
is possible. In addition, the baud rate generator provided in the uPD78356 allows communication at a wide range

of baud rates.
The interface operates independently of clock synchronous serial interfaces with and without the pin switching

function.
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10.1 Configuration of Asynchronous Serial Interface

The asynchronous serial interface is controlled by the asynchronous serial interface mode register (ASIM)
and asynchronous serial interface status register (ASIS). Received datais retained in the receive buffer (RXB),
and data to be transmitted is written in the shift register for transmission (TXS).

Fig. 10-1 shows the configuration of the asynchronous serial interface.

(1)

(2

(3)

4

214

Asynchronous serial interface mode register (ASIM)

The ASIM register is an 8-bit register that controls the asynchronous serial interface operation.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions.
When the RESET signal is input, the ASIM register is set to 80H.

Asynchronous Serial Interface Status Register (ASIS)

The ASIS register is an aggregate of flags that indicate the presence of an error in received data. If an error
is detected in one portion of the received data, the flag associated with that portion is set to 1. The flag is
reset to 0 when data is read from the receive buffer (RXB) or the next data portion is received. (If the newly
received data has an error, then the flag associated with that portion is set to 1.)

Only data writing is possible with 8-bit and single-bit manipulation instructions.

When the RESET signal is input, the ASIS register is set to 00H.

Parity check for reception control
Reception control is executed according to the contents of the ASIM register. Received data is checked for
parity errors. If an error is detected, the value corresponding to the error is set in the ASIS register.

Shift register for reception

The shift register for reception converts the serial data received at the RxD pin to parallel data. Data is
transferred to the receive buffer each time one byte of data has been received by the register.

Note that the shift register for reception is not subject to direct control by the CPU.
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(%)

(6)

)

(8)

ASIS
TXS AN
RxD » Note 2 PE|FE [OVE Note 4

Receive buffer (RXB)

The receive buffer (RXB) retains data received from the shift register in 1-byte blocks.

When the data length is seven bits, received data is transferred to bits 0 to 6 of the RXB and 0 is always set
in the MSB section.

Only data writing is possible with 8-bit manipulation instructions. When the RESET signal is input, the contents
of the buffer become undefined.

Shift register for transmission (TXS)

The shift register for transmission (TXS) sets the data to be transmitted. The data written in this register is
transmitted as serial data.

When the data length is seven bits, bits 0 to 6 of the TXS are to be transmitted. When data is written in the
TXS, transmission begins. Data must not be written in the TXS during transmission.

Only data writing is possible with 8-bit manipulation instructions. When the RESET signal is input, the contents
of the TXS become undefined.

Parity bit addition for transmission control
Transmission control is executed by automatically adding a start, parity or stop bit to the data written in the

TXS register. Which bit is added depends on the contents of the ASIM register.

Selector
The selector selects the clock source for baud rate generation.

Fig. 10-1. Block Diagram of the Asynchronous Serial Interface

S Internal bus S
PN PN
ASIM
RXB| Note 1 RXE|PS1|PS0| CL | SL|SCK
e |

Note 3 ] INTSER| Note 5 | |INTST
— INTSR T
1 1 Y Output from
16 16 transmission and
| 1 reception baud

rate generator

Selector

<—fcLk

Notes 1. Receive buffer

2. Shift register for reception

3. Parity check for reception control
4. Shift register for transmission

5

. Parity bit addition for transmission control
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10.2 Setting Pins for Serial Transmission

The RxD and TxD pins, which are also used as general purpose ports, must be set to the control mode
before beginning serial transmission.

(1) Setting pins for serial transmission
In the asynchronous serial interface, the TxD pin is used for data transmission and the RxD pin for data
reception. These pins also serve as general purpose ports P30 and P31, respectively. Therefore, before
beginning serial transmission, these pins must be set to the control mode in the port 3 mode control register
(PMC3).

Fig. 10-2. Port 3 Mode Control Register Format

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

PMC3 |PMC37|PMC36|PMC35|PMC34(PMC33|PMC32||PMC31|PMC30|] FF43H 00H R/W

L PMC30 Control mode setting for P30 pin
0 I/O port mode

1 TxD output mode

PMC31 Control mode setting for P31 pin
0 I/0 port mode

1 RxD input mode

PMC32 Control mode setting for P32 pin
0 1/O port mode

1 SBO input and output mode/SO00 output mode

PMC33 Control mode setting for P33 pin
0 1/O port mode
1 SB1 input and output mode/SI00 input mode

PMC34 Control mode setting for P34 pin
0 I/O port mode
1 SCKOO0 input and output mode

PMC35 Control mode setting for P35 pin
0 1/O port mode
1 TCLR1 input mode

PMC36 Control mode setting for P36 pin
0 1/0O port mode

1 TI1 input mode/TO11 output mode

PMC37 Control mode setting for P37 pin
0 1/O port mode
1 TO10 output mode
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(2) Reading pin levels
When port 3 (P3) has been set to the control mode using the port 3 mode control register (PMC3), the read
instructions of P3 can read the following information:

(a) TxD/P30 pin
* When bit 0 of the port 3 mode register (PM3) is set to 1, the TxD pin level can be read.
* When bit 0 of the port 3 mode register (PM3) is set to 0 (reset), the level of the internal transmitted data

can be read.

(b) RxD/P31 pin
« The RxD pin level can be read only when bit 1 of the PM3 is set to 1.

Reading pin levels allows pins checks, including the TxD pin check for collision.
Writing data in P3 does not change the TxD or RxD pin level. (Data is written in the P3 output buffer.)

Fig. 10-3. Port 3 Mode Register Format

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

PM3 [PM37 |PM36 |PM35|PM34|PM33 |PM32 [|PM31|PM30|| FF23H FFH R/W

PM3n I/0 mode setting for P3n pin (n =0 to 7)

0 Output mode (Output buffer is on.)

1 Input mode (Output buffer is off.)
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10.3 Setting Data Format

The character bit length, parity bit selection, and stop bit length can be set using the asynchronous serial
interface mode register (ASIM).

(1) Setting data format
The transmit and receive data consists of a start bit, character bits, a parity bit, and a stop bit or bits per data
frame, as shown in Fig. 10-4.
The character bit length, parity bit selection, and stop bit length can be set using the ASIM register (see Fig.

10-5).
Fig. 10-4. Data Format of the Asynchronous Serial Interface
f 1 data frame -
Start Parity .
bit DO D1 D2 D3 D4 D5 D6 D7 bit Stop bit
« Start bit ... 1 bit
» Characters bits ... 7 or 8 bits
» Parity bit ... Even parity/odd parity/zero parity/no parity
» Stop bits ... 1 or 2 bits

(2) Zero parity - useful option for starting up the system
The uPD78356 includes zero parity in the parity options it offers for the asynchronous serial interface.
When zero parity is selected, a 0 is added to the serial data to be transmitted. When receiving, data is accepted
regardless of the status of the parity bit, and parity errors never occur.
Zero parity is useful in performing serial transmission in a situation, like system start-up, where a specific data
format is yet to be defined.
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Fig. 10-5. Setting of ASIM Register (Data Format)

Symbol 7 <6> 5 4 3 2 1 0 Address When reset R/W

ASIM 1 RXE || PS1 | PSO | CL SL 0 SCK FF88H 80H R/W
SCK Setting of serial clock
0 Internal baud rate generator output
1 Internal clock fcik
SL Setting of stop bit length
0 1 bit
1 2 bits
CL Setting of character length
0 7 bits
1 8 bits
PS1 PSO Setting of parity bit
0 0 No parity
0 1 Transmission: A 0 will be added as a parity bit.
Reception  : A parity error will not be detected.
1 0 | Odd parity
1 1 Even parity
RXE Reception status

0 Reception disabled

1 Reception enable

Remark fcik: Internal system clock
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10.4 Setting Baud Rate

Either the baud rate generator output or the internal clock fcLk can be selected as the serial clock. The
baud rate generator output can be set at any desired baud rate, independently of the operation clock
frequency.

(1) Baud rate equal to serial clock/16
In the asynchronous serial interface, the signals on the RxD pin are sampled by the clock whose frequency
is 1/16 of the serial clock specified in the asynchronous serial interface mode register (ASIM).

(2) Selecting serial clock
The SCK bit of the ASIM register is used for serial clock selection. (See Fig. 10-6.)
Selecting the internal system clock fcik sets the baud rate at fcik/16. Therefore, when the internal system
clock is 16 MHz, the baud rate is 1 Mbps.

Remark The baud rate generator is also used for clock synchronous serial interfaces with and without the
pin switching function. (See 11.3 and 12.4.)
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Fig. 10-6. Setting of ASIM Register (Serial Clock)

Symbol 7 <6> 5 4 3 2 1 0 Address When reset R/W

ASIM 1 RXE | PS1 | PSO | CL SL 0 SCK FF88H 80H R/wW
SCK Setting of serial clock
0 Internal baud rate generator output
1 Internal clock feik
SL Setting of stop bit length
0 1 bit
1 2 bits
CL Setting of character length
0 7 bits
1 8 bits
PS1 PSO Setting of parity bit
0 0 | No parity
0 1 Transmission: A 0 will be added as a parity bit.
Reception  : A parity error will not be detected.
1 0 | Odd parity
1 1 Even parity
RXE Reception status

0 Reception disabled

1 Reception enabled

Remark fcik: Internal system clock
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10.4.1

Configuration of baud rate generator

The baud rate generator uses timer 4 (TM4) in the real-time pulse unit (RPU). The TMC2 register and the
10-bit compare register (CM40) control this generator.

Fig.

(1)

(2

(3

4)
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10-7 shows the configuration of the baud rate generator.

Timer control register 2 (TMC2)

TMC2 is an 8-bit register used for TM4 count clock selection and baud rate generator operation control.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions.

When the RESET signal is input, TMC2 is set to 00H.

Fig. 10-8 shows the TMC2 register format.

Selector
The selector selects the count clock of the 10-bit timer (TM4) according to the contents of the TMC2 register.

10-bit timer (TM4)

TM4 is a 10-bit timer that counts the count clocks selected by the selector.

When a matching signal is issued by the CM40 register, this timer is cleared to zero at the next count clock.
The TMC2 register controls the start and end of counting.

Only data reading is possible with 16-bit manipulation instructions.

10-bit compare register (CM40)

CM40 compares its data against the contents of TM4 and, when they match, issues a matching signal. TM4
is cleared to zero in response to the matching signal.

The signal output by the baud rate generator has a frequency 1/2 of the matching signal frequency.

Both data reading and writing are possible with 16-bit manipulation instructions.

When the RESET signal is input, the contents of CM40 become undefined.
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Fig. 10-7. Block Diagram of Baud Rate Generator
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10.4.2 Setting a desired baud rate

Any desired baud rate can be selected for the serial clock by setting the timer control register 2 (TMC2)
and 10-bit compare register (CM40).

(1)

(2)

©)
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Baud rate equal to serial clock/16
In the asynchronous serial interface, the signals on the RxD pin are sampled by the clock whose frequency
is 1/16 of the serial clock specified in the asynchronous serial interface mode register (ASIM).

Setting a desired baud rate
The baud rate to be set can be obtained by the equation below. Setthe CM40 register and TM4 counter values
for the desired baud rate, then start the operation of the baud rate generator.

Equation to obtain baud rate

f 1 1 1
Baud rate (bps) = % X

fck @ Internal system clock (external oscillator frequency fosc/2)
m : Value set in CM40 (0 to 1023)
n : Value corresponding to TMC2 value (0, 2, 4, 5)

Table 10-1 shows baud rate setting examples.

Baud rate difference
In the asynchronous serial interface, the RxD pin signals are sampled in synchronization with the start bit.
If the difference between the receiving and transmission baud rates becomes greater than the value shown
below, the start and stop bits are forced out of synchronization by more than 0.5 bits, degrading transmission
quality.

0.5 bits 0.5 bits

Maximum tolerance = = - - =41%
Length of 1 data frame 12 bits maximum




CHAPTER 10 ASYNCHRONOUS SERIAL INTERFZ

Symbol

TMC2

Fig. 10-8. Timer Control Register 2 Format

7 6 5 4 <3> 2

1 0

0 0 0 0 CE4 1

PRM41|PRM40

L]

Address When reset R/W
FF76H 04H R/W

Remark fcik: Internal system clock

PRM41|PRM40 Setting of count clock (Hz) in TM4
0 0 fork
0 1 fewk/4
1 0 fck/16
1 1 fok/32
CE4 TM4 operation control

0 Clear and halt

1 Count
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10.5 Transmitting Data

Writing data to the shift register for transmission (TXS) activates transmission. The next block of data is
written to the register in response to the transmission completion interrupt (INTST).

(1)

(2)

Transmitting data

The asynchronous serial interface of the yPD78356 always permits data transmission. Transmission is
activated by writing data to the shift register for transmission (TXS). The start, parity and stop bits are
automatically added.

As transmission proceeds, data is shifted in the TXS register. When the register becomes empty, the
transmission completion interrupt (INTST) occurs.

Transmission is halted unless the next block of data is written to the register.

Writing data to the TXS register

The transmission rate can be affected if the next block of data is not written to the TXS register immediately
after transmitting the current register data.

The use of the block transfer (BLKTRS) mode of the macro service is recommended in writing transmission
data to the TXS register. The macro service is immediately activated whenever INTST occurs, regardless
of the priority. This ensures a higher transmission rate.

Cautions 1. Usually, the transmission completion interrupt (INTST) occurs whenever the TXS register
becomes empty. However, even when the RESET signal is input and the TXS becomes
empty, INTST does not occur.

2. Data written to the TXS register during transmission (before INTST occurs) is regarded
as invalid.
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228

Fig. 10-9. Transmission Completion Interrupt Timing for Asynchronous Serial Interface

(a) Stop bit length: 1

TxD / DO X D1 X D2 X}{X D6 X D7 XParity STOPI
(Output) \

START

INTST —|

(b) Stop bit length: 2

! [
TxD / DO X D1 X D2 X}S:X D6 X D7 XParity/ STOP
(Output) \ ‘

START

INTST |_|

Remark INTST... Vector table address: 002EH (TPF = 0), 802EH (TPF = 1)
Macro service control word address: FE2EH

Caution Usually, the transmission completion interrupt (INTST) occurs whenever the TXS register

becomes empty. However, even when the RESET signal is input and the TXS becomes
empty, INTST does not occur.
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10.6 Receiving Data

When reception is enabled, sampling starts on the RxD pin. Upon detection of a start bit, data reception
begins. The reception completion interrupt (INTSR) occurs each time one frame of data has been received.
Usually, the receive buffer (RXB) transfers the received data to the memory in response to this interrupt.

(1) Receiving data
Reception is enabled by setting the RXE bit of the asynchronous serial interface mode register (ASIM) to 1.
Once reception is enabled, signal sampling starts on the RxD pin using the serial clock specified in the ASIM
register.
When the input to the RxD pin becomes low, the divide-by-16 counter starts counting. When the counter has
counted to eight, the start timing signal for data sampling is issued. The start timing signal is sampled at the
RxD pin. When the start timing signal is low, it is recognized as the start bit and the counter is initialized and
resumes counting for data sampling. When character data and parity and stop bits are detected following
the start bit, the process of receiving one frame of data is completed.
Upon completion of the process of receiving one frame of data, the shift register for reception transfers the
received data to the receive buffer (RXB). As a result, a reception completion interrupt (INTSR) occurs.
If an error occurs during data reception, the data associated with that error is transferred to the RXB. Then,
INTSR and a reception error interrupt (INTSER) are issued at the same time.
Resetting the RXE bit to 0 during data reception immediately halts the reception process. However, the
contents of the RXB and the asynchronous serial interface status register (ASIS) remain unchanged, and
INTSR and INTSER do not occur.

Fig. 10-10. Reception Completion Interrupt Timing for Asynchronous Serial Interface

\ STOP
Z{xD Y / DO X D1 X D2 X}[X D6 X D7 XParity
npu

START
INTSR |_|

Remark INTSR ... Vector table address: 002CH (TPF = 0), 802CH (TPF = 1)
Macro service control word address: FE2CH
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Fig. 10-11. Setting of ASIM Register (Reception Enabled)

Symbol 7 <6> 5 4 3 2 1 0 Address When reset R/W

ASIM 1 RXE|| PS1 | PSO | CL | SL 0 | SCK| FF88H 80H R/W
SCK Setting of serial clock
0 Internal baud rate generator output
1 Internal clock fcik
SL Setting of stop bit length
0 1 bit
1 2 bits
CL Setting of character length
0 7 bits
1 8 bits
PS1 PSO0 Setting of parity bit
0 0 No parity
0 1 Transmission: A 0 will be added as a parity bit.
Reception  : A parity error will not be detected.
1 0 | Odd parity
1 1 Even parity
RXE Reception status
0 Reception disabled
1 Reception enabled

Remark fcik: Internal system clock

(2) Transferring receive buffer (RXB) data to memory
If the data stored in the receive buffer (RXB) is not transferred to memory before the reception of the next
data block is completed, an overrun error occurs.
The use of the block transfer mode (BLKTRS) of the macro service is recommended in transferring received
data to memory. The macro service is immediately activated whenever INTSR occurs, regardless of the
priority. This ensures that the RXB data is transferred to memory before the reception of the next data block
is completed.

Caution In the event of a reception error, be sure to read the RXB data. Otherwise, an overrun error
occurs when the next data block is received, leading to an endless error condition.
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10.7 Transmitting/Receiving Data Using the Macro Service U

When transmitting data using the macro service, two vectored interrupt requests occur while only one
vectored interrupt request occurs during reception.

- Transmitting/receiving using the macro service
Transmission is started by writing data to the shift register for transmission (TXS). If transmission is executed
using the macro service, data is written to TXS for the set number of times and then transmitted. The macro
service processing to write the following data is executed by the transmission completion interrupt (INTST)
occurring after the completion of the transmission. When the last data is written to TXS, the macro service is
completed (MSC = 0), and a vectored interrupt request occurs (Fig. 10-12 <1>).
Upon the completion of the process of transferring one frame of data, INTST occurs and a vectored interrupt
request occurs again (Fig. 10-12 <2>).
Therefore, if the macro service is started by the INTST, two vectored interrupts may occur by the single interrupt
request (INTST in this case).
On the other hand, during reception no more than one vectored interrupt requests occurs. In case of reception,
only one vectored interrupt request occurs upon the completion of the macro service because the macro service
processing is excuted to transfer the received data to memory by reception completion interrupt (INTSR)
occurring after the completion of reception.
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Fig. 10-12. Transmitting/Receiving Data Using the Macro Service

(a) Transmission operation

( Main routine

El

Macro service request _,, ‘
(INTST)

Last macro service request _,,
(INTST)

Transmission completion interrupt _.
(INTST)

(b) Reception operation

( Main routine

El
Macro service request _,,
(INTSR)

Last macro service request _,,
(INTSR)
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Handling macro service

An interrupt request is generated after the
completion of macro service (MSC = 0)
and accepted.

Vectored interrupt request handling
by macro service completion...<1>

Handling macro service

Vectored interrupt handling
by UART transmission completion...<2>

Handling macro service

An interrupt request is generated after the
completion of macro service (MSC = 0)
and accepted.

Handling macro service

Vectored interrupt handling
by macro service completion
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10.8 Handling Reception Error

When a reception error has occurred, the user can find out what type of error it was by reading the data
stored in the asynchronous serial interface status register (ASIS).

- Three types of reception errors
Three types of reception errors can occur during data reception: a parity error, framing error, and overrun error.
If areception error occurs, an error flag is setin the ASIS register and, at the same time, areception error interrupt
(INTSER) occurs. Table 10-2 lists the cause of each reception error.
By reading the ASIS register data during the INTSER process, the user can find out what type of reception error
occurred. (See Fig. 10-14.)
The ASIS register is reset to 0 either by reading the RXB data or by transmitting the next data block. (If the
next data block is erroneous, the error flag corresponding to that data block is set.)

Table 10-2. Causes of Reception Errors

Reception error Cause

Parity error The parity bit specified before transmission does not match the parity bit detected
in received data.

Framing error The stop bit is not detected.

Overrun error The reception of the next data block is completed before reading the RXB data.

Fig. 10-13. Reception Error Timing

\ STOP
(F:;:Eut) / DO X D1 X D2 X}S:X D6 X D7 XParity

START

INTSR

INTSER

Remarks 1. INTSR ... Vector table address: 002CH (TPF = 0), 802CH (TPF = 1)
Macro service control word address: FE2CH

2. INTSER ..Vector table address: 002AH (TPF = 0), 802AH (TPF = 1)
Macro service control word address: FE2AH

233



CHAPTER 10 ASYNCHRONOUS SERIAL INTERFACE

Fig. 10-14. ASIS Register Format

Symbol 7 6 5 4 3 <2> <1> <0> Address When reset R/W

ASIS 0 0 0 0 0 PE FE | OVE|| FF8AH 00H R

Overrun error flag

Reception of the next data block is completed

1 before reading data from the receive buffer.

Framing error flag

1 The stop bit is not detected.

Parity error flag

The parity in the transmitted data does not match
the parity in the received data.

1

Cautions 1. The ASIS register is reset to 0 when the RXB buffer is read or the next data block is
received. To find out about the error, be sure to read the ASIS register before reading
the RXB buffer.

In the case that the received data is transmitted to the memory by macro service, the
reception buffer (RxB) is incidentally read out when receiving the serial data, and the ASIS
registerisresetto 0. Therefore, before using macro service, make sure this will not affect
performance.

The error occurrence can be known when the reception error interrupt request flag
(SERIF) is set to 1, or when the reception error interrupt (INTSER) is acknowledged.

2. In the event of a reception error, be sure to read the RXB data. Otherwise, an overrun
error occurs when the next data block is received, leading to an endless error condition.
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The uPD78356 provides a clock synchronous serial interface. This interface operates in two modes: 3-wire serial
I/O mode and serial bus interface (SBI) mode. This makes the interface capable of responding to a wide range of
applications.

This interface operates independently of the asynchronous serial interface and the clock synchronous serial
interface with the pin switching function.
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11.1 Configuration of Clock Synchronous Serial Interface

The clock synchronous serial interface is controlled by the clock synchronous serial interface mode
register 0 (CSIMO) and serial bus interface control register (SBIC). Data transmitted and received can be
written to and read from the shift register (SIO0) register.

(1)

(2)

(3)
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Clock synchronous serial interface mode register 0 (CSIMO0)

The CSIMO register is an 8-bit register that controls the operation of the clock synchronous serial interface.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions.

When the RESET signal is input, CSIMO is set to 00H.

Serial bus interface control register (SBIC)

The SBIC register contains eight bits that control the serial bus status and indicate the status of data input
from the serial bus. This register can be used in the SBI mode only (it cannot be used in the 3-wire serial
I/O mode).

Both 8-bit and single-bit manipulation instructions are used to operate the register. Data reading and writing
may or may not be possible, depending on the bit. When a bit for which only data write is allowed is read,
0 is returned.

When the RESET signal is input, the SBIC register is set to 00H.

The ACKD, CMDD and RELD flags are cleared to zero when data transmission and reception is prohibited
(the CTXEO and CRXEO bits are both set to 0).

Shift register (SI00)

The SIOO0 register is an 8-bit register that converts serial data to parallel data and vice versa. The register
is used for both transmitting and receiving data.

Data is shifted in (received) or shifted out (transmitted) from the MSB or LSB side.

The transmitting and receiving of data is actually performed by writing data to and reading data from the SIO0
register.

For data writing and reading, 8-bit manipulation instructions are used.

When the RESET signal is input, the contents of SIO0 become undefined.
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4)

(%)

(6)

()

(8)

)

SO latch
The SO latch maintains the level of the signal output on the SO00/SBO0 pin. Inthe SBI mode, this can be directly
controlled using software.

Serial clock selector
This selector selects the serial clock to be used.

Serial clock control circuit
This control circuit controls the supply of the serial clock to the shift register. When an internal clock is being
used, it also controls the clock output to the SCKO0O0 pin.

Serial clock counter
This counter counts serial clocks being output and input during data transmission and reception to check
whether 8-bit data has been transmitted and received.

Interrupt signal generation control circuit

This control circuit controls whether to make an interrupt request when the serial clock counter has counted
eight serial clocks. In the 3-wire serial I/O mode, an interrupt request is made each time eight serial clocks
have been counted. In the SBI mode, the request is made if the preset conditions are met.

Busy/acknowledge signal detection circuit and bus release/command/acknowledge signal detection
circuit

These circuits output and detect signals in the SBI mode. In the 3-wire serial I/O mode, these circuits are
not used.
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Fig. 11-1. Block Diagram of Clock Synchronous Serial Interface

S Internal bus
8 8
8
CSIMO |CTXE0 |CRXE0 |WUPO |MOD02 |MODO01|{MOD00 [CLS01|CLS00 SBIC |BSYE |ACKD |ACKE | ACKT |CMDD | RELD |CMDT | RELT
o T I
- ——RELT
MODO1 — oMDT
MOD02 7 0 YV
SI00/SB1 (:)—% =
g Shift register 0 D Q SO latch
2 L/ (SI00)
S000/SB0 (O) M 4! T f
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3 Note 1 < >
[
(2]
MODO1
MODO02 ?
MODO1 ;
> Note 2
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SCK00 (O)— Ilb ~{Serial clockl——»)  Note3 = INTCSIO
~——Baud rate generator (TM4)
Serial clock g f+—fows
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control circuit % fouk/32
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Notes 1. Busy/acknowledge signal detection circuit

2. Bus release/command/acknowledge signal detection circuit

3. Interrupt signal generation control circuit
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11.2 Setting Pins for Serial Transmission

The SO00/SBO, SI00/SB1, and SCKO00 pins, which are also used as general purpose ports, must be set to

the control mode before beginning serial transmission.

(1) Setting pins for serial transmission

The clock synchronous serial interface uses the SO00/SBO0, SI00/SB1, and SCKO0O0 pins. These pins also serve
as general purpose ports P32, P33 and P34, respectively. Therefore, before beginning serial transmission,

these pins must be set to the control mode in the port 3 mode control register (PMC3).

Fig. 11-2. Port 3 Mode Control Register Format

Symbol 7 6 5 4 3 > 1 0 Address When reset R/W

PMC3 |PMC37 | PMC36 | PMC35 | PMC34 | PMC33 |PMC32||PMC31 |PMC30| FF43H 00H R/W

L PMC30 Control mode setting for P30 pin

0 1/O port mode

1 TxD output mode

PMC31 Control mode setting for P31 pin

0 1/O port mode

1 RxD input mode

PMC32 Control mode setting for P32 pin

0 1/O port mode

1 SBO0 input and output mode/SO00 output mode

PMC33 Control mode setting for P33 pin

0 1/O port mode

1 SB1 input and output mode/SI00 input mode

PMC34 Control mode setting for P34 pin

0 1/O port mode

1 SCKO00 I/0 mode

PMC35 Control mode setting for P35 pin

0 1/0O port mode

1 TCLR1 input mode

PMC36 Control mode setting for P36 pin

0 1/O port mode

1 TH input mode/TO11 output mode

PMC37 Control mode setting for P37 pin

0 1/O port mode

1 TO10 output mode
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(2) Reading pin levels
When port 3 (P3) has been set to the control mode in the port 3 mode control register (PMC3), the read
instructions of P3 can read the following information:

(a) When a bit of the port 3 mode register (PM3) is set to 1
» The corresponding pin level can be read.

(b) When a bit of the PM3 is set to 0 (reset)
» The level of the internal signal can be read.

Reading pin levels allows pins checks, including the check for serial bus contention.
Writing data in P3 does not change any pin level. (Data is written in the P3 output buffer.)

Fig. 11-3. Port 3 Mode Register Format

Symbol 7 6 5 4 3 5 1 0 Address When reset R/W
PM3 [PM37 | PM36 | PM35 | PM34| PM33 | PM32|| PM31 | PM30|  FF23H FFH R/W
PM3n 1/0 mode setting for P3n pin (n = 0to 7)
0 Output mode (Output buffer is on.)
1 Input mode (Output buffer is off.)
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11.3 Setting Baud Rate

The baud rate generator output, internal clock fcLk/8 or fcLk/32, or the external clock can be selected as
the serial clock. The baud rate generator output can be set at any desired baud rate, independently of the
operation clock frequency.

(1) Baud rate equal to serial clock
In the clock synchronous serial interface, received data is sampled at the rising edge of the serial clock, which
means the frequency of the serial clock is equal to the baud rate.

(2) Selecting serial clock
The serial clock can be selected using the CLS01 and CLS00 bits of the clock synchronous serial interface
mode register 0 (CSIMO).
When an external clock is selected, the SCK00 pin is used for the input of the serial clock from the device
with which communication is being performed.
With the 16-MHz internal system clock, fcLk/8 provides a baud rate of 2 Mbps and fcLk/32 provides a baud
rate of 500 Kbps.

Remark The baud rate generator is also used for the asynchronous serial interface and the clock
synchronous serial interface with the pin switching function. (See 10.4 and 12.4.)

241



CHAPTER 11 CLOCK SYNCHRONOUS SERIAL INTERFACE

Fig. 11-4. Setting of CSIMO Register (Serial Clock)

Symbol 7> <65 <B> <4> 3 2 1 0 Address When reset R/W
CSIMO | CTXEO | CRXEO | WUPO | MODO02 | MODO1 |MODO00 || CLS01 | CLS00|| FF80H 00H R/W
\ | \ |
CLS01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fok/32
1 1 foLk/8
MODO1 | MODOO | Operation mode | Start bit yiﬁsmber o Pin name
0 0 wi ; MSB S000/SBO,
f'(;" Ire serial 3 |Sloo/sBt,
0 1 | VO mode LSB SCK00
SO00/SBO,
(or SI00/
1 0 SBI mode MSB 2 SB1),
SCKO00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO pin is used.
(S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
Caution Do not switch serial clocks during data transmission. Since the switching is performed

asynchronously with the serial clock being supplied, doing this during data transmission
can produces a serial clock of undefined frequency.
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11.3.1 Configuration of baud rate generator

The baud rate generator uses timer 4 (TM4) in the real-time pulse unit (RPU), and is controlled by the timer
control register 2 (TMC2) and 10-bit compare register (CM40).

Fig. 11-5 shows the configuration of the baud rate generator.

(1)

(2

(3

4

Timer control register 2 (TMC2)

TMC2 is an 8-bit register used for TM4 count clock selection and baud rate generator operation control.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions.

When the RESET signal is input, TMC2 is set to 00H.

Fig. 11-6 shows the TMC2 register format.

Selector
The selector selects the count clock of the 10-bit timer (TM4) according to the contents of the TMC2 register.

10-bit timer (TM4)

TM4 is a 10-bit timer that counts the count clocks selected by the selector.

When a matching signal is issued by the CM40 register, this timer is cleared to zero at the next count clock.
The TMC2 register controls the start and end of counting.

Only data reading is possible with 16-bit manipulation instructions.

10-bit compare register (CM40)

CM40 compares its data against the contents of TM4 and, when they match, issues a matching signal. TM4
is cleared to zero in response to the matching signal.

The signal output by the baud rate generator, has a frequency 1/2 of the matching signal frequency.

Both data reading and writing are possible with 16-bit manipulation instructions.

When the RESET signal is input, the contents of CM40 become undefined.
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Fig. 11-5. Block Diagram of Baud Rate Generator

Internal bus

CM40

TMC2

1] Match \_~

Clear

™4

—

Selector [

Baud rate generator

Serial interface -«—— output for transmission

| and reception

Baud rate generator
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11.3.2 Setting a desired baud rate

Any desired baud rate can be selected for the serial clock by setting the timer control register 2 (TMC2)
and 10-bit compare register (CM40).

(1) Baud rate equal to serial clock
In the clock synchronous serial interface, received data is sampled at the rising edge of the serial clock, which

means the frequency of the serial clock is equal to the baud rate.

(2) Setting a desired baud rate
The baud rate to be set can be obtained by the equation below. Setthe CM40 register and TM4 counter values

for the desired baud rate, then start the operation of the baud rate generator.
Equation to obtain baud rate

foLk « 1
2n (m+1)

X

N | =

Baud rate (bps) =
fck @ Internal system clock (external oscillator frequency fosc/2)

m : Value set in CM40 (0 to 1023)
n : Value corresponding to TMC2 value (0, 2, 4, 5)
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Fig. 11-6. Timer Control Register 2 Format

Symbol 7

»
[6)]
A
A

[
\%

N

Address

1 0

T™MC2| 0 0 0 0 CE4| 1

PRM41|PRM40|| FF76H

When reset R/W

04H R/W

Remark fcik: Internal system clock
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L]
PRM41/PRM40 Setting of count clock (Hz) in TM4
0 0 foik
0 1 fok/4
1 0 fok/16
1 1 fowk/32
CE4 TM4 operation control
0 Clear and halt
1 Count
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11.4 Two Operation Modes of Clock Synchronous Serial Interface

Using the 3-wire serial /O mode is advantageous when communicating with a device having a conventional
clock synchronous serial interface.

The serial bus interface (SBI) mode is an innovation of NEC that allows communication with multiple
devices via two lines.

The uPD78356 operates in the following two modes:

(1) Three-wire serial /0O mode
In the 3-wire serial I/O mode, 8-bit data communication is carried out using three lines: serial clock (ﬁ),
serial input (Sl), and serial output (SO). Using this mode is advantageous when connecting to a peripheral
I/0 device having a conventional clock synchronous serial interface or a display controller.

To connect more than one device, another line is required for handshaking.

Fig. 11-7. Example of System Configuration in the 3-Wire Serial 1/0 Mode

(3-wire serial /O ~«———————— 3-wire serial I/O)

Master CPU Slave CPU
SCK = SCK
SO =Sl
Sl SO
Port (Interrupt) = Port
Port »| Interrupt (Port)
Handshake
line
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(2) Serial bus interface (SBI) mode

248

The SBI mode, which conforms to NEC'’s serial bus format, allows communication with multiple devices via
two lines: serial clock (SCK) and serial data bus (SBO or SB1).

Inthe SBI mode, information called “address,” “command,” and “data” is output on the serial data bus. Address
is used to select devices for serial communication; command gives instructions to the devices; and data is
the actual data to be transmitted.

The use of the SBI mode eliminates the need for the handshake line that is necessary when connecting multiple
devices through the conventional clock synchronous serial interface, thus ensuring more effective use of I/
O ports and reduced software load.

Since the serial data bus pins (SB0 and SB1) employ an open drain configuration for output in the SBI mode,
the serial data bus line is provided in a wired OR state and therefore requires a pull-up resistor.

Fig. 11-8. Example of System Configuration in the SBI Mode

Master CPU gVDD Slave CPU1

SCK SCK
SBO SBO

Slave CPU2

+— SCK
SBO

Slave CPUn

—SCK
SBO
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11.5 Setting 3-Wire Serial 1/0 Mode

The 3-wire serial I/O mode is set using the clock synchronous serial interface mode register 0 (CSIMO).
Since this mode allows the selection of the start bit (MSB or LSB), communication can be performed with
a variety of devices.

(1) Setting 3-wire serial /0 mode
The 3-wire serial I/O mode is set using the MODO1 and MODOO bits of the CSIMO register (see Fig. 11-10).
Since this mode allows the selection of the start bit (MSB or LSB), communication can be performed with a
variety of devices.

(2) Operation timing in 3-wire serial I/O mode
In the 3-wire serial /0 mode, data is transmitted and received in blocks of eight bits, with either the MSB or
LSB as the start bit (specified in the CSIMO register). The eight-bit data block is transferred bit by bit in
synchronization with the serial clock.
Transmitted data is output in synchronization with the falling edge of the SCKO00 signal. Received data is
sampled at the rising edge of the SCK00 signal. At the rising edge of the 8th SCK00 signal, interrupt request
INTCSIO is generated.
When the internal clock is used as the SCKOO signal, the output is halted at the rising edge of the 8th SCK00
signal. The SCKO00 pin maintains the high level until the transmission or reception of the next data block is
activated.

Fig. 11-9. Timing of 3-Wire Serial /O Mode

SI100

]

' .

: Generation of
! serial transfer
i
|
|

completion interrupt

INTCSIO

Data transfer starts in synchronization with
the falling edge of SCK00

Execution of SIO0 write instruction
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Fig. 11-10. Setting of CSIMO Register (3-Wire Serial I/0 Mode)

Symbol 7> <65 <5> <d> 3 2 1 0 Address When reset R/W
CSIMO | CTXEO | CRXEO | WUPO |MODO02| MOD01{MOD00|| CLSO01 | CLS00 | FF80H 00H R/W
\ | \ |
CLSO01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fok/32
1 1 fok/8
MODO1 | MODOO | Operation mode | Start bit | NUTPer ©f | pin name
0 0 Wi ; MSB S000/SBO,
?S‘”re serial 3 [SI00/SBt,
0 1 [ VO mode LSB SCK00
S0O00/SBO,
(or Sloo/
1 0 SBI mode MSB 2 SB1),
SCKO00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO0 pin is used.
(S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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11.5.1 Transmitting data in 3-wire serial /O mode

Writing data in the shift register (SIO0) after enabling transmission in the clock synchronous serial
interface mode register 0 (CSIMO) activates transmission.

(1) Activating transmission
Transmission is activated by setting the CTXEO bit of the CSIMO register to 1 (set the CRXEO bit to 0) and
then writing transmission data to the SIO0 register. The block transfer (BLKTRS) mode of the macro service
is useful in writing data to the SIOO0 register.
While the CTXEO bit is reset to 0, the output of the SO00 pin remains in the high-impedance state.

(2) Transmitting data in synchronization with the serial clock
(a) When an internal clock is selected as the serial clock
Once transmission is activated, the SCKO00 pin starts the output of the serial clock. The SIOO0 register
then sequentially transfers data to the SO00 pin in synchronization with the falling edge of the serial clock.
(b) When an external clock is selected as the serial clock
Upon the activation of transmission, data is sequentially transmitted from SIO0 to the SO00 pin in
synchronization with the falling edge of the serial clock that is input to the SCK00 pin. When transmission
is not activated, sending the serial clock to the SCKO00 pin does not cause the SIOO0 register to transfer
data and the output level of the SO00 pin does not change.

Fig. 11-11. Timing of 3-Wire Serial /0 Mode (Transmission)

SCKO00

SI00

S000

INTCSIO

Generation of
serial transfer
completion interrupt

L

Data transfer starts in synchronization with
the falling edge of SCK00

Execution of SIO0 write instruction
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Fig. 11-12. Setting of CSIMO Register (Transmission Enabled)

Symbol 7> <65 <B5> <4> 3 > 1 0 Address When reset R/W
CSIMO ||CTXEO|| CRXEO | WUPO |MODO02 | MODO01 |MODO0O0 | CLSO01 | CLS00 | FF80H 00H R/W
CLS01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 feLk/32
1 1 foLk/8
MODO1 | MODOO | Operation mode | Start bit | N4TPe" ©f | pin name
0 0 Wi ; MSB S0O00/SBO,
%" re Ze”a' 3 |Sloo/sBt,
0 1 moae LSB SCK00
SO00/SBO,
(or SI00/
1 0 SBI mode MSB 2 SB1),
SCK00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO pin is used.
(S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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11.5.2 Receiving data in 3-wire serial /O mode

Reception is activated by setting the CRXEO bit of the clock synchronous serial interface mode register
0 (CSIMO) to 1 (reception enabled) (when CTXEO = 0) or, when reception is already enabled, by reading data
from the shift register (S100).

(1) Activating reception
Reception can be activated in the following two ways:
<1> When CTXEO bit is 0, change the setting of the CRXEQ bit of the CSIMO register from 0 (reception
disabled) to 1 (reception enabled).

<2> When the CRXEOQ bit is already set to 1, read data from the SIOO register.

The block transfer (BLKTRS) mode of the macro service is useful in reading received data from the SIO0
register. Attempting to set the CRXEO bit to 1 when it is already set to 1 does not activate reception.
Furthermore, attempting to set the CRXEO bit to 1 from 0 when CTXEO bit is 1 does not activate reception.

(2) Receiving data in synchronization with the serial clock

(a) When an internal clock is selected as the serial clock
Once reception is activated, the SCK00 pin starts the output of the serial clock. The data is sequentially
read from the SI00 pin to SIO0 in synchronization with the rising edge of the serial clock.

(b) When an external clock is selected as the serial clock
Once reception is activated, the data is sequentially read from the SI00 pin to SIOO0 in synchronization
with the rising edge of the serial clock input to the SCKO00 pin. When reception is not activated, inputting
the serial clock to the SCKO00 pin does not cause the SIOO0 register to transfer the data.

Fig. 11-13. Timing of 3-Wire Serial I/O Mode (Reception)

SCK00

SI00

SO00

INTCSIO

Generation of
serial transfer
completion interrupt

Data transfer starts in synchronization with
the falling edge of SCKO00

Execution of SIO0 read instruction
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Fig. 11-14. Setting of CSIMO Register (Reception Enabled)

Symbol 7>  <6> <B> <4 3 2 1 0 Address When reset R/W

CSIMO | CTXEO ||CRXE0|| WUPO |MOD02 | MODO1 MOD00 | CLSO01 | CLS00 | FF80H 00H R/W

CLSO01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fok/32
1 1 fok/8
MODO1 | MODOO | Operation mode | Start bit | Hum®" ©f | pin name
0 0 Wi ; MSB S000/SBO,
?g‘re serial 3 |sloo/sB,
0 1 /O mode LSB SCK00
S0O00/SBO,
(or SI00/
1 0 SBI mode MSB 2 SBY).
SCKO00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception

SO00/SBO0 pin is used.

0 (S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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11.5.3 Transmitting and receiving data in 3-wire serial I/O mode

Enabling both transmission and reception using the clock synchronous serial interface mode register 0
(CSIMO) allows the two operations to be performed simultaneously.

(1) Activating transmission and reception
Transmission and reception can be performed simultaneously when the CTXEO and CRXEO bits of the CSIMO0
register are both set to 1.
The transmission and reception can be activated by writing the transmitted data to the shift register 0 (S100)
when both the CTXEQ and CRXEO bits of the CSIMO register become 1 (transmission/reception enable state).
Attempting to set the CRXEQO bit to 1 when it is already set to 1 does not activate transmission or reception.

(2) Transmitting and receiving data in synchronization with the serial clock

(a) When an internal clock is selected as the serial clock
Once transmission and reception are activated, the SCK0O0 pin starts the output of the serial clock. The
SI00 register then sequentially transfers data to the SO00 pin in synchronization with the falling edge
of the serial clock. Atthe same time, data is sequentially read from the SI00 pin to SIOO0 in synchronization
with the rising edge of the serial clock.

(b) When an external clock is selected as the serial clock
Upon the activation of transmission and reception, data is sequentially transmitted from SIO0 to the SO00
pin in synchronization with the falling edge of the serial clock that is input to the SCK00 pin. At the same
time, data is sequentially read from the SI00 pin to SIOO0 in synchronization with the rising edge of the
serial clock. When transmission and reception are not activated, sending the serial clock to the SCK00
pin does not cause the SIOO0 register to transfer data and the output level of the SO00 pin does not change.
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SCKO00

SI00

SO00

INTCSIO

Generation of
serial transfer
completion interrupt

L

Data transfer starts in synchronization with
the falling edge of SCK00

Execution of SIO0 write instruction

Remark INTCSIO ... Vector table address: 0030H (TPF = 0), 8030H (TPF = 1)
Macro service control word address: FE30H
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Fig. 11-16. Setting of CSIMO Register (Transmission and Reception Enabled)

Symbol 7> <65 <5> <4> 3 > 1 0 Address When reset R/wW
CSIMO ||CTXEO|CRXEO|| WUPO |MODO02 | MODO01 |MODO0O0 | CLSO01 | CLS00| FF80H 00H R/W
| | | |
CLS01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 fo/32
1 1 foLk/8
MODO1 | MODOO | Operation mode | Start bit | MumPer of |pin name
0 0 o ' MSB S000/SBO,
3-wire serial 3 SI00/SB1,
0 1 1/0O mode LSB SCKO00
SO00/SBO,
(or SI00/
1 0 SBI mode MSB 2 SB1).
SCKo00
1 1 Setting prohibited
MODO02 Setting of pin for transmission and reception
0 SO00/SBO0 pin is used.

(S100/SB1 pin goes to high-impedance state.)

SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)

WUPO Wake-up function control

0 Interrupt request signal is generated for each serial
transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception

0 Disabled (When serial clock is input, a 0 is input in the
shift register.)

1 Enabled

CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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11.5.4 Action taken when shift operation is not in phase with serial clock

The synchronization of the shift operation with the serial clock can be restored by disabling both
transmission and reception.

258

Action taken when shift operation is not in phase with serial clock

When an external clock is being used as the serial clock, a mismatch between the number of serial clock pulses
and the shift operation can occur (for example because of noise). When this happens, disable both transmission
and reception by setting the CTXEO and CRXEQ bits to 0 (reset). This initializes the serial clock counter. Then,
enable transmission or reception, and the first pulse input will be treated as the first serial clock. Based on this
first clock, the synchronization between the shift operation and serial clock is restored.
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11.6 Setting SBI Mode

In the serial bus interface (SBI) mode, a serial bus is configured with two lines: SCK and SBO (or SB1).
This type of configuration reduces the number of ports and the software load.

« Setting SBI mode
The SBI mode can be set using the MOD02, MODO01, and MODOO bits of the clock synchronous serial interface
mode register 0 (CSIMO).
In the SBI mode, either the SB0O or SB1 pin can be selected as the 1/O pin for serial data. As a result, one of
two different serial bus configurations can be selected.

Fig. 11-17. Example of System Configuration in SBI Mode

Master CPU gVDD Slave CPU1

SCK SCK
SBO SBO

Slave CPU2

+— SCK
SBO

Slave CPUn

—SCK
SBO

Cautions 1. Since the serial data bus pins (SB0 and SB1) employ an open drain configuration for
output in the SBI mode, the serial data bus line is provided in a wired OR state and
therefore requires a pull-up resistor.

2. To switch between the master and slave CPUs, a pull-up resistor is also needed for the
SCK line. This is because the SCK input/output switching is performed in the master and
slave CPUs asynchronously.
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Fig. 11-18. Setting of CSIMO Register (SBI Mode)

Symbol 7>  <6> <5> <4> 3 > 1 0 Address When reset R/W

CSIMO | CTXEO | CRXEO | WUPO ||MOD02| MODO01 |MODO00|| CLSO01 | CLS00 | FF80H 00H R/W

CLSO01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 foLk/32
1 1 fek/8
MODO1 | MODOO | Operation mode | Start bit | NuTPe" ©f | pin name
0 0 Wi ; MSB S000/SBO,
f; C\)/\nre Zerlal 3 |SIoo/SB,
0 1 moce LSB SCK00
SO00/SBO,
(or S100/
1 0 SBI mode MSB 2 SBY),
SCKO00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO pin is used.
(S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEO Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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11.6.1 SBI data format

In the SBI mode, various control signals are defined using different combinations of the serial clock line
(SCK) and the serial data bus (SBO or SB1).

(1) Control signals used in SBI mode
In the SBI mode, the following eight control signals are defined using different combinations of two lines (SCK
and SBO or SB1):

<1> Bus release signal (REL)
The master CPU sends this signal to the slave CPU to notify that an address is to be transmitted from

master to slave. The slave CPU has a built-in hardware component to detect the REL signal.

Fig. 11-19. Bus Release Signal

<2> Command signal (CMD)
The master CPU sends this signal to the slave CPU to notify that an address or command is to be sent
from master to slave. The slave CPU has a built-in hardware component to detect the CMD signal.

Fig. 11-20. Command Signal

,,,,,,,,,,
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<3> Address
This is an 8-bit data section that follows the REL and CMD signals. The master CPU selects the slave
signal using this address. The slave CPU compares the received address with its own address and, when
they match, performs communication.

Fig. 11-21. Address

SCK 1 2 3 4 5 6 7 8

sso | I ]~ / A7 X A6 X A5 X A4 X A3 X A2 X A1 X A0

Address
Bus release signal

Command signal

<4> Command
This 8-bit data section is transferred after the CMD signal when the REL signal is not output. The use
of the command can be defined freely.

Fig. 11-22. Command

SCK L 12l 18] 1a] 15l 16l 17 18]
SBO /C7 X C6 X C5XC4XC3XC2XC1XCo

_h
/ Command

Command signal

<5> Data
The master CPU outputs this 8-bit data section without the REL and CMD signals.

Fig. 11-23. Data

SCK 11 2] 3] |4l 5] |el [7] |8
SBO \ D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Data
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<6> Acknowledge signal (ACK)
This signal indicates the reception of data. The master CPU has a built-in hardware component to detect
the ACK signal. If the ACK signal is not returned, the master CPU judges that the transmitted data has
not been properly received by the slave CPU.
Fig. 11-24. Acknowledge Signal

(When output synchronously with the 11th clock of SCK)

SCK 8 9 10] [11

sso _ X X X A X X A/ \ACK;

(When output synchronously with the 9th clock of SCK)

.....

80 X X OO ek

<7> Busy signal (M)
The slave CPU sends this signal to the master CPU to notify that it is in the process of preparing to transmit
and receive data. While the master CPU is sending the BUSY signal, the master CPU continues with
the serial clock output but does not transfer data.

<8> Ready signal (READY)
The slave CPU sends this signal to the master CPU to indicate that it is ready to transmit and receive

data.

Fig. 11-25. Busy Signal and Ready Signal

sk |8 lel LT L LT 1L
SBO x \ACK.," BUSY / READY

(2) Data frame structure in SBI mode
In the SBI mode, one frame of serial data is configured as follows:

(REL) + (CMD) + 8-bit data section + ACK + (BUSY)
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11.6.

2 Controlling and detecting the serial bus status

The status of the serial bus can be controlled and detected using the serial bus interface control register
(SBIC).
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Controlling and detecting the serial bus status

In the SBI mode, the SBIC register is used to control and detect the serial bus status.

The SBIC register is an 8-bit register that consists of bits to control the bus status and flags to indicate the status
of input data from the serial bus.

Both read and write operations are possible, however, with 8-bit and single-bit manipulation instructions. Notice
that some of the bits are read-only or write-only. Reading a write-only bit results in the return of a 0.

When the RESET signal is input, the SBIC register is set to 00H.

Fig. 11-26 shows the format of the SBIC register.

Fig. 11-27 to 11-31 show the operation of each bit.

Although the explanations given in the following figures assume the use of the SBO pin for serial data input and
output, the same bit operations are performed when using the SB1 pin.
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Fig. 11-26. Format of Serial Bus Interface Control Register

Address When reset
Symbol <7> <6> <55 <4> <B> <2 <1>  <0>
SBIC||BSYE|ACKD|ACKE | ACKT |CMDD|RELD |CMDT|RELT|| FF82H 00H
RELT ) )
W Bus release signal (REL) of trigger output control
0 Not output
1 Output
CMDT , ,
W Command signal (CMD) of trigger output control
0 Not output
1 Output
RELD
= Bus release signal (REL) of detection
0 Not detected
Detected
1 (The serial bus changes its level from low to high
while SCK remains at high level.)
CMDD . .
R Command signal (CMD) of detection
0 Not detected
Detected

1 (The serial bus changes its level from high to low
while SCK remains at high level.)

ACKT . T .
Acknowledge signal (ACK) of trigger output control
W
0 Not output
1 Output
ACKE I
Acknowledge signal (ACK) of automatic output control
R/W
0 Disabled
1 Enabled
ACKD . S )
= Acknowledge signal (ACK) of detection
0 Not detected
1 Detected
BSYE ) e !
Synchronous busy signal (BUSY) of automatic output control
R/W
0 Disabled
1 Enabled

Remark R/W : Both read and write operations are enabled.
R : Readonly
W : Write only
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Fig. 11-27. Operations of RELT, CMDT, RELD and CMDD

Transfer start
r instruction

SIO }X

SCK T

SO latch

[ ) |
I iy i

RELD \\ v 3
CMDD Y |

Caution Do not operate the RELT or CMDT bit during data transmission or reception.

Fig. 11-28. Operation of ACKT

Set after completion of transfer

SCK 6 7 8 9 |

D)
SBO X b2 X b1 X po / + ACK ACK signal is output
during the first clock
period after setting.

ACKT

)

When ACKT is set during this period
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Fig. 11-29. Operation of ACKE

a. When ACKE is 1 at the time of data transfer

SCK |1| |2| | 7

8 9

XD7XDS)Q/D2XD1XD0

sB0  \

ACK / ACK signal is output
during the 9th clock

period.

L

/7 \

ACKE

b. When ACKE is set after completion of transfer

[ LT

SCK 6

7

D)
C

A

ACK

seo X b2 X b1 X po /

ACKE

/AR

c. When ACKE is 0 at transfer completion

SCK |1| |2| |

~— ACKE is 1 at this point.

ACK signal is output
during the first clock
period after setting.

ACKE is set during this period
and is 1 at the falling edge

of the next SCK signal.

7

8 9

ACK signal is

XD7XD6)Q/02XD1XD0

sBO  \

\

L

A

not output

ACKE

d. When ACKE remains 1 for too short a period

— ACKE is 0 at this point.

ACK signal is

not output

ACKE is set and reset during

this period and is 0 at the falling
edge of SCK.
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Fig. 11-30. Operation of ACKD

a. When the ACK signal is output during the 9th clock period of SCK

Transfer start
(instruction

sio X

seo X b2 X b1 X po \\ACK/ \
ACKD q )

b. When the ACK signal is output after the 9th clock period of SCK

Transfer start
( instruction

) X

scK s 7 s| |o /
sB0 X D2 X D1 X Do / « ACK
ACKD

c. Timing for clearing when a transfer start instruction is issued during BUSY state

Transfer start

________________________ instruction L
SI0 e [ ) S
SCK |6 7 8 9
D)
sBo X D2 X D1 X Do / - \\ ACK BUSY /K \ b7 X D6

ACKD 5 q \l
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Fig. 11-31. Operation of BSYE

sck 6] 7] [ |s J_|_|_|_|?;|_|_|_|_|_<L|7
seo_ X X X/ « \ACK;‘BUSY )

BSYE {/ / \\\\Q

BSYE is reset during this
period and is 0 at the
rising edge of SCK.

BSYE is 1 at this point. J
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11.6.3 Transmitting and receiving data in SBI mode

After controlling the serial bus status with the serial bus interface control register (SBIC), transmission
and reception can be performed by writing data to the shift register (SI10).

Although the following text assumes the use of the SBO pin, the same operation can be performed using the SB1

pin.

(1)

(2)

(3)
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Activating transmission

When the CTXEDO bit of the clock synchronous serial interface mode register 0 (CSIMO) is set to 1, writing data
to the SIOO0 register activates transmission.

The SIOO0 register transfers its data in synchronization with the falling edge of the serial clock (ﬁ). Data
is output from the SBO pin, with the MSB as the start bit. After transmission, a 0 is written in the SIOO0 register,
and interrupt request INTCSIO is generated.

Activating reception

Reception can be activated in the following two ways:

<1> When CTXEOQ bitis 0, change the status of the CRXEOQ bit of the CSIMO register from 0 (reception disabled)
to 1 (reception enabled).

<2> When the CRXEDOQ bit is set to 1, read received data from the SIOO0 register.

Attempting to set the CRXEOQ bit to 1 when it is already set to 1 does not activate reception. Furthermore,

attempting to set the CRXEO bit to 1 from 0 when CTXEOQ bit is 1 does not activate reception.

The 8-bit data that is input to the SBO pin at the rising edge of the serial clock (ﬁ) is latched by the SIO0

register. Then, interrupt request INTCSIO is generated.

Activating both transmission and reception

To activate both transmission and reception, write data to the SIOO0 register when the CTXE0 and CRXEO bits
of the CSIMO register are both set to 1.

The data on the serial bus is written to the SIOO0 register unchanged. The bus status (e.g. bus contention)
can be checked by comparing the data written in the SIO0 register against the data input from the serial bus.

Remark INTCSIO ... Vector table address: 0030H (TPF = 0), 8030H (TPF = 1)
Macro service control word address: FE30H

Caution When transferring data in the SBI mode, be sure to specify the pin and serial clock before
setting the CTXEO and CRXEO bits.
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Fig. 11-32. Setting of CSIMO Register (Transmission/Reception Enabled)

Symbol 7> <65 <5> <4> 3 > 1 0 Address When reset R/W
CSIMO |[CTXEO |CRXEO|| WUPO |MODO02 |MODO1|MODO00 | CLSO01 | CLS00 | FF80H 00H R/W
\ | \ |
CLS01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 foLk/32
1 1 foLk/8
MODO1 | MODOO | Operation mode | Start bit | NuTPe" ©f | pin name
0 0 Wi ; MSB S0O00/SBO,
f; wire Ze”a' 3 |Sloo/sBt,
0 1 O mode LSB SCK00
S0O00/SBO,
(or SI00/
1 0 SBI mode MSB 2 SB1),
SCK00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO pin is used.

(S100/SB1 pin goes to high-impedance state.)

SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)

WUPO Wake-up function control

0 Interrupt request signal is generated for each serial
transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEOQ Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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Fig. 11-33. Address Transfer from Master to Slave Device

Master device operation (transmitter)

Program Set [Set |Set ygrite 7 Interrupt processing (prepare for the next
operation CMDT [ RELT | CMDT| 5,5 /) serial data transfer)

Hardware
operation

Transfer line

SCK pin

Serial transmit operation

Hat ™ T~
SCK
oufput | _

SBO pin

Program % W Read | 1py | st Clear %
operation 310 ACKT BSYE
Vs NV

Hardware Set  |Clear [Set ; : * . * Clear T
operation Cvop | éviop|cmon Serial reception (*1) (*3) | (*4) BUSY

Set

E *1 Generate INTCSI

*2 Compare addresses
*3  Output ACK
*4  Output BUSY

Fig. 11-34. Command Transfer from Master to Slave Device

Master device operation (transmitter)

Program set | Write /] Interrupt processing (prepare for the next
operation CMDT| si0 serial data transfer)

Hardware
operation

SCK pin

1
ACK/ BUSY

"Halt —
Serial transmit operation SCK
Zoutput | _

SBO pin

Slave device operation (receiver)

Program Read [ . [ set Clear
operation % /\% fom | (*2) [ ackr BUSY %/)
\ NN \J

Hardware Set ) ) . 1. Cloar
operation CMDD Serial reception *1) *3)| 4 Clear

*1  Generate INTCSI
*2 Analyze command
*3  Output ACK

*4  Output BUSY
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Fig. 11-35. Data Transfer from Master to Slave Device

Master device operation (transmitter)

Program V(\)’”le Interrupt processing (prepare for the next
operation S0 serial data tranfer)
Hardware =~~~ "7 - ) ) . s | T T Hat |~
operation Serial transmit operation (*1) |acko guctgut
SCK pin
SBO pin READY
Data ‘
Slave device operation (receiver) |
Program Set | Set Read | Process
operation ACKE | BSYE & | received data
"t
Hardware - ) - Ooutout  Iresetl ~ ~~°
operation Serial reception 1|2 BUé)Y RO

A 4

*1  Generate INTCSI
*2  Output ACK

Fig. 11-36. Data Transfer from Slave to Master Device

Master device operation (receiver) |

Program Read Read[ go | Process Repeat for
operation a%ctgwed each READY
signal
Hardware ~ ~ ~ ~ T . . . N Serial
operation Serial reception ("2) (*3) reception
SCK pin

SBOPIN  gysyYREADY

Slave device operation (transmitter)

|

Program ¥Vrite }Nrile S
i 0 0

operation % 8

Hardware B . . _ RN WA V. /A

operation Eﬁsse‘} Serial transmit operation (*2) E((EJIKD (*4) Rﬁsse\}

*1  Halt SCK output
*2  Generate INTSCI
*3  Output ACK

*4  Output BUSY
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11.6.4 Activating operation only when an address is received

The wake-up function, which activates the operation only in response to the reception of an address,
ensures efficient use of the processing power of the slave CPUs.
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Use the wake-up function to improve the efficiency of the slave CPU processing

The SBI mode allows the use of the wake-up function, which generates interrupt request INTCSIO only when
an address is received.

In a system having a serial interface configuration as shown in Fig. 11-37, while the master CPU is engaged
in serial data communication with one of the slave CPUs, the other slaves can perform their own operations.
Without the wake-up function, an interrupt occurs each time data is received, affecting the operations of all the
slave CPUs. The wake-up function eliminates this inconvenience and improves the efficiency of the slave CPU
processing.

During theinterruptoccurring in response to the reception of an address, the CPU compares the received address
against its own address and, when they match, releases the wake-up function to proceed with data transfer.
If the addresses fail to match, the wake-up function continues to be valid.

Remark INTCSIO ... Vector table address: 0030H (TPF = 0), 8030H (TPF = 1)
Macro service control word address: FE30H

Fig. 11-37. Example of System Configuration in SBI Mode

Master CPU gVDD Slave CPU1

SCK SCK
SBO SBO

Slave CPU2

+— SCK
SBO

Slave CPUn

—SCK
SBO
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Fig. 11-38. Setting of CSIMO Register (Wake-Up Function)

Symbol Address When reset R/W

<7> <6> <55 <4> 3 2 1 0

CSIMO [ CTXEO | CRXEO || WUPO || MODO2| MODO1 |MODOO | CLSO1 | CLS00 | FF8OH 00H RIW
| | | |

CLS01 | CLS00 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
Internal clock Output
1 0 feLk/32
1 1 fok/8
MODO1 | MODOO | Operation mode | Start bit | NuTPer of | pin name
0 0 : : MSB S000/SBO,|
%‘”re Ze”a' 3 |Sloo/sBt,
0 1 mode LSB SCK00
S000/SBO,
(or S100/
1 0 SBI mode MSB 2 SB1),
SCKO00
1 1 Setting prohibited
MOD02 Setting of pin for transmission and reception
0 SO00/SBO0 pin is used.
(S100/SB1 pin goes to high-impedance state.)
1 SI00/SB1 pin is used.
(SO00/SBO0 pin goes to high-impedance state.)
WUPO Wake-up function control
0 Interrupt request signal is generated for each serial

transfer in every mode.

Interrupt request signal is generated only when an
1 address is received in SBI mode. The serial output pin
goes to high-impedance state.

CRXEOQ Data reception
0 Disabled (When serial clock is input, a 0 is input in the
shift register.)
1 Enabled
CTXEO Data transmission

0 Disabled (Output buffers of SO00/SB0 and SI00/SB1
pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock

277



[MEMO]

278



CHAPTER 12 CLOCK SYNCHRONOUS SERIAL INTERFACE (WITH PIN SWITCHING FUNCTION)

The uPD78356 offers the pin switching function for the clock synchronous serial interface that operates in the 3-
wire serial I/O mode. In the clock synchronous serial interface with the pin switching function, the pins used in the
3-wire serial /0O mode can be switched using software.

This interface operates independently of the asynchronous serial interface and the clock synchronous serial
interface without the pin switching function.
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12.1 Configuration of Clock Synchronous Serial Interface (with Pin Switching Function)

The clock synchronous serial interface is controlled by clock synchronous serial interface mode register
1 (CSIM1). Data transmitted and received can be written to and read from the shift register (SI01).

(1) Clock synchronous serial interface mode register 1 (CSIM1)
The CSIM1 register is an 8-bit register that controls the operation of the clock synchronous serial interface
with the pin switching function.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions. When the RESET
signal is input, CSIM1 is set to 00H.

(2) Shift register (SIO1)
The SIO1 register is an 8-bit register that converts serial data to parallel data and vice versa. The register
is used for both transmitting and receiving data.
Data is shifted in (received) or shifted out (transmitted) from the MSB or LSB side.
The transmitting and receiving of data is actually performed by writing data to and reading data from the SIO1
register.
For data writing and reading, 8-bit manipulation instructions are used.

When the RESET signal is input, the contents of SIO1 become undefined.

(3) Serial clock selector
This selector selects the serial clock to be used.

(4) Serial clock control circuit
This control circuit controls the supply of serial clock to the shift register. When an internal clock is being used,
it also controls the clock output to the SCK10 or SCK11 pin.

(5) Serial clock counter
This counter counts serial clocks being output and input during data transmission and reception to check
whether 8-bit data has been transmitted and received.

(6) Interrupt signal generation control circuit

This control circuit controls whether to make an interrupt request when the serial clock counter has counted
eight serial clocks.
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Fig. 12-1. Block Diagram of Clock Synchronous Serial Interface (with Pin Switching Function)

% Internal bus S

2

CSIM1 |CTXE1|CRXE1| O |MOD12| 0O [MOD10|CLS11|CLS10

>

iOD12ﬁ ) v .

Shift register 1 (SIO1)

SHo ©O—

Si11 @—>—>

L MOD12
sS010 ©

SO11 @—{

Selector

MOD12

J Selector J

(NOILONNZ DNIHOLIMS Nid HLIM) 3OVAHILNI TVIHIS SNONOHHONAS Y010 2t HILdVHO

SCK10 © b = Interrupt signal
‘§ Serial clock generation L INTCSI
© counter control circuit
< 17
*2
MOD12 (2) <——Baud rate generator (TM4)
} . S fe—fows
SCK11 7 _ Serial clock 5
5 control circuit % -——fcLk/32
© 722
@
[0
@ cLsto—4 T
CLS11
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12.2 Setting Pins for Serial Transmission

The SO10, SI10, SCK10 pins or SO11, SI11, SCK11 pins, which are also used as general purpose ports,
must be set to the control mode before beginning serial transmission.

(1) Setting pins for serial transmission
The clock synchronous serial interface with the pin switching function uses two different sets of pins (SO10,
SI10, SCK10 and SO11, SI11, m). These pins also serve as general purpose ports P100, P101, P102
and P103, P104, P105, respectively. Therefore, before beginning serial transmission, these pins must be set
to the control mode in the port 10 mode control register (PMC10).

Fig. 12-2. Port 10 Mode Control Register Format

Symbol 2 5 5 4 3 5 1 0 Address When reset R/W

PMC10 |PMC107 | PMC106 [ PMC105| PMC104| PMC103 | PMC102 | PMC101|PMC100)] FF4AH 00H R/W

L PMC100 Control mode setting for P100 pin
0 1/0 port mode
1 SO10 output mode

PMC101 Control mode setting for P101 pin
0 1/0O port mode
1 SI10 input mode

PMC102 Control mode setting for P102 pin
0 1/0 port mode
1 SCK10 input and output mode

PMC103 Control mode setting for P103 pin
0 1/O port mode
1 SO11 input and output mode

PMC104 Control mode setting for P104 pin
0 1/0 port mode
1 SI11 input mode

PMC105 Control mode setting for P105 pin
0 1/0O port mode
1 SCK11 input and output mode

PMC106 Control mode setting for P106 pin
0 1/0 port mode
1 TIUD input mode

PMC107 Control mode setting for P107 pin
0 1/0 port mode
1 TCUD input mode
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(2) Reading pin levels
When port 10 (P10) has been set to the control mode using the port 10 mode control register (PMC10), the
read instructions of P10 can read the following information:

(a) When a bit of the port 10 mode register (PM10) is set to 1
» The corresponding pin level can be read.

(b) When a bit of the PM10 is set to 0 (reset)
» The level of the internal signal can be read.

Reading pin levels allows pins checks, including the check for serial bus contention.
Writing data in P10 does not change any pin level. (Data is written in the P10 output buffer.)

Fig. 12-3. Port 10 Mode Register Format

Symbol 7 6 5 4 3 5 1 0 Address When reset R/wW

PM10|PM107 | PM106 | PM105| PM104 | PM103 | PM102 | PM101|PM100\| FF2AH FFH R/wW

PM10n 1/0O mode setting for P10n pin (n =0 to 7)
0 Output mode (Output buffer is on)
1 Input mode (Output buffer is off)
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12.3 Switching Pins in 3-Wire Serial /0 Mode

In the clock synchronous serial interface operating in the 3-wire serial I/O mode, the pin switching function
switches the pins using software.

The clock synchronous serial interface mode register 1 (CSIM1) can be used to switch between two sets
of three pins.
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Switching pins used for serial data transfer in 3-wire serial /0 mode

In the clock synchronous serial interface with the pin switching function, the pins used for serial data transfer
in the 3-wire serial I/O mode can be switched using software.

The switching of the pins is performed using the MOD12 bit of the CSIM1.

The pins not being used are placed in a high-impedance state.

(a) When SCK10, SO10 and SIH0 pins are specified
To specify the SCK10, SO10 and SI10 pins for the 3-wire serial I/O mode transmission, set the MOD12 bit
of the CSIM1 register to 0 (reset).
When not specified, the pins are placed in a high-impedance state.

(b) When SCK11, SO11 and SI11 pins are specified
To specify the SCK11, SO11 and SI11 pins for the 3-wire serial I/O mode transmission, set the MOD12 bit
of the CSIM1 register to 1.
When not specified, the pins are placed in a high-impedance state.
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Symbol

Fig. 12-4. Setting of CSIM1 Register (Pin Switching)

Address When reset R/W

<7> <6> <4> 3 2 1 0
CSIM1 | CTXE1 | CRXE1 MOD12)] 0 |MOD10|CLS11|CLS10| FF9OH 00H R/W
L
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 | Internal clock | fow/32 Output
1 1 foLk/8
MOD10| Operation mode | Start bit | Numer ©f | pin name
SO10, S0,
0 3-wire serial MSB 3 SCK10
1/0 mode (or SO11,SI11,
! LSB SCKi1)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(8010, SI10 and SCK10 pins go to high-impedance state.)
CRXE1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled

CTXE1 Data transmission

0 Disabled (Output buffers of SO10 and SI10 (or SO11
and SI11) pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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12.4 Setting Baud Rate

The baud rate generator output, internal clock fcLk/8 or fcLk/32, or external clock can be selected as the
serial clock. The baud rate generator output can be set at any desired baud rate, independently of the
operation clock frequency.

(1)

(2

286

Baud rate equal to serial clock
In the clock synchronous serial interface with the pin switching function, received data is sampled at the rising
edge of the serial clock, which means the frequency of the serial clock is equal to the baud rate.

Selecting serial clock

The serial clock can be selected using the CLS11 and CLS10 bits of the clock synchronous serial interface
mode register 1 (CSIM1).

When the external clock is selected, the SCK10 or SCK11 pin is used for the input of the serial clock from
the device with which communication is being performed.

With the 16-MHz internal system clock, fcLk/8 provides a baud rate of 2 Mbps and fcLk/32 provides a baud
rate of 500 Kbps.

Remark The baud rate generator is also used for the asynchronous serial interface and the clock
synchronous serial interface with the pin switching function. (See 10.4 and 11.3.)
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Symbol

CSIM1

Fig. 12-5. Setting of CSIM1 Register (Serial Clock)

<T> <6 <4s 3 5 1 0 Address When reset R/W
CTXE1 | CRXE1 MOD12| 0 |MOD10|fCLS11|CLS10 FF90H 00H R/W
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 Internal clock | fcwk/32 Output
1 1 foLk/8
MOD10| Operation mode | Start bit | Num*er ' | pin name
S010, SI10,
0 3-wire serial MSB 3 SCK10
/O mode (or SO11,SI11,
! LSB SCKT1)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(SO10, SI10 and SCK10 pins go to high-impedance state.)
CRXE1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled
CTXE1 Data transmission
0 Disabled (Output buffers of SO10 and SI110 (or SO11

and SI11) pins go to high-impedance state.)
1 Enabled

Remark fcik: Internal system clock

Caution Do not switch serial clocks during data transmission. Since the switching is performed
asynchronously with the serial clock being supplied, doing this during data transmission can
produce a serial clock of undefined frequency.
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12.4.1 Configuration of baud rate generator

The baud rate generator uses timer 4 (TM4) in the real-time pulse unit (RPU), and is controlled by the timer
control register 2 (TMC2) and 10-bit compare register (CM40).

Fig. 12-6 shows the configuration of the baud rate generator.

(1)

(2

(3)

4)

288

Timer control register 2 (TMC2)

TMC2 is an 8-bit register used for TM4 count clock selection and baud rate generator operation control.
Both data reading and writing are possible with 8-bit and single-bit manipulation instructions.

When the RESET signal is input, TMC2 is set to 00H.

Fig. 12-7 shows the TMC2 register format.

Selector
The selector selects the count clock of the 10-bit timer (TM4) according to the contents of the TMC2 register.

10-bit timer (TM4)

TM4 is a 10-bit timer that counts the count clocks selected by the selector.

When a matching signal is issued by the CM40 register, this timer is cleared to zero at the next count clock.
The TMC2 register controls the start and end of counting.

Only data reading is possible with 16-bit manipulation instructions.

10-bit compare register (CM40)

CM40 compares its data against the contents of TM4 and, when they match, issues a matching signal. TM4
is cleared to zero in response to the matching signal.

The signal output by the baud rate generator has a frequency 1/2 of the matching signal frequency.

Both data reading and writing are possible with 16-bit manipulation instructions.

When the RESET signal is input, the contents of CM40 become undefined.
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Fig. 12-6. Block Diagram of Baud Rate Generator
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12.4.2 Setting a desired baud rate

Any desired baud rate can be selected for the serial clock by setting the timer control register 2 (TMC2)
and 10-bit compare register (CM40).

(1) Baud rate equal to serial clock
In the clock synchronous serial interface, received data is sampled at the rising edge of the serial clock, which

means the frequency of the serial clock is equal to the baud rate.

(2) Setting a desired baud rate
The baud rate to be set can be obtained by the equation below. Setthe CM40 register and TM4 counter values

for the desired baud rate, then start the operation of the baud rate generator.

Equation to obtain baud rate

foLk 1 1
X —— X —
2n (m+1) 2

Baud rate (bps) =

fck @ Internal system clock (external oscillator frequency fosc/2)
m : Value set in CM40 (0 to 1023)
n : Value corresponding to TMC2 value (0, 2, 4, 5)
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Fig. 12-7. Timer Control Register 2 Format

Symbol 7 6 5 4 3> 2 1 0 Address When reset R/W
TMC2| 0 0 0 0 CE4 1 PRM41|PRM40(| FF76H 04H R/W
PRM41/PRM40 Setting of count clock (Hz) in TM4
0 0 fowk

0 1 foLk/4

1 0 folk/16

1 1 foLk/32

CE4 TM4 operation control

0 Clear and halt

1 Count

Remark fcik: Internal system clock
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12.5 Operation Mode of Clock Synchronous Serial Interface (with Pin Switching Function)

The clock synchronous serial interface with the pin switching function operates in the 3-wire serial /0
mode only.

Using the 3-wire serial I/O mode is advantageous when communicating with a device having a conventional
clock synchronous serial interface.

Inthe uPD783586, the clock synchronous serial interface with the pin switching function operates in the 3-wire serial
I/O mode only.

* Three-wire serial /0 mode
In the 3-wire serial I/O mode, 8-bit data communication is carried out using three lines: serial clock (ﬁ), serial
input (Sl), and serial output (SO). Using this mode is advantageous when connecting to a peripheral I/0 device
having a conventional clock synchronous serial interface or a display controller.
To connect more than one device, another line is required for handshaking.

Fig. 12-8. Example of System Configuration in the 3-Wire Serial I/0 Mode

(3-wire serial I/O ~—— 3-wire serial I/0)

Master CPU Slave CPU
SCK = SCK
SO | S|
Sl |- SO
Port (Interrupt) |- Port
Port »| Interrupt (Port)
Handshake
line
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12.6 Selecting Start Bit for 3-Wire Serial /0 Mode Transmission

The start bit for the 3-wire serial I/O mode transmission can be selected using the clock synchronous serial
interface mode register 1 (CSIM1). Since the MSB or LSB can be selected as the start bit, communication
can be performed with a variety of devices.

(1)

(2)

Selecting start bit for 3-wire serial /0O mode transmission

The start bit for the 3-wire serial I/O mode transmission is selected using the MOD10 bit of the CSIM1 register.
(See Fig. 12-10.) Since the MSB or LSB can be selected as the start bit, communication can be performed
with a variety of devices.

Operation timing in 3-wire serial /0 mode

In the 3-wire serial /0 mode, data is transmitted and received in blocks of eight bits, with either the MSB or
LSB as the start bit (specified in the CSIM1 register). The eight-bit data block is transferred bit by bit in
synchronization with the serial clock.

Transmitted data is output in synchronization with the falling edge of the SCK10 or SCK11 signal. Received
data is sampled at the rising edge of the SCK10 or SCK11 signal. At the rising edge of the 8th SCK10 or
SCK11 signal, interrupt request INTCSI1 is generated.

When the internal clock is used as the SCK10 or SCK11 signal, the output is halted at the rising edge of the
8th SCK10 or SCK11 signal. The SCK10 or SCK11 pin maintains the high level until the transmission or
reception of the next data block is activated.

Fig. 12-9. Timing of 3-Wire Serial /0 Mode

SCK10 (SCK11)

SI10 (SI11)

S010 (SO11)

INTCSIH

Generation of
serial transfer
completion interrupt

L

Data transfer starts in synchronization with
the falling edge of SCK10 or SCK11

Execution of SIO1 write instruction
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Fig. 12-10. Setting of CSIM1 Register (Start Bit for 3-Wire Serial I/0 Mode)

Symbol 7> <B> 5 4> 3 2 1 0 Address When reset R/wW

CSIM1|CTXE1 [CRXE1| 0 |MOD12| 0 [MOD10|| CLS11|CLS10| FF9OH 00H R/W
L
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 | Internal clock | fow/32 Output
1 1 foLk/8
MOD10| Operation mode | Start bit | NamPer of | pin name
S010, Sl10,
0 3-wire serial MsB 3 SCK10
1/0O mode (or SO11,SI11,
1 LSB SCKi1)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(8010, SI10 and SCK10 pins go to high-impedance state.)
CRXET1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled

CTXE1 Data transmission

0 Disabled (Output buffers of SO10 and SI10 (or SO11
and SI11) pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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12.6.1 Transmitting data in 3-wire serial /O mode

Writing data in the shift register (SIO1) after enabling transmission in the clock synchronous serial
interface mode register 1 (CSIM1) activates transmission.

(1) Activating transmission
Transmission is activated by setting the CTXE1 bit of the CSIM1 register to 1 (set the CRXE1 bit to 0) and
then writing transmission data to the SIO1 register. The block transfer (BLKTRS) mode of the macro service
is useful in writing data to the SIO1 register.
While the CTXE1 bit is reset to 0, the output of the SO10 or SO11 pin remains in the high-impedance state.

(2) Transmitting data in synchronization with the serial clock
(a) When an internal clock is selected as the serial clock
Once transmission is activated, the SCK10 or SCK11 pin starts the output of the serial clock. The SIO1
register then sequentially transfers data to the SO10 or SO11 pin in synchronization with the falling edge
of the serial clock.
(b) When an external clock is selected as the serial clock
Upon the activation of transmission, data is sequentially transmitted from SIO1 to the SO10 or SO11 pin

in synchronization with the falling edge of the serial clock that is input to the SCK10 or SCK11 pin. When
transmission is not activated, sending the serial clock to the SCK10 or SCK11 pin does not cause the
SIO1 register to transfer data and the output level of the SO10 or SO11 pin does not change.

Fig. 12-11. Timing of 3-Wire Serial I/0 Mode (Transmission)

SCK10 (SCK11)

S0 (SI11)

SO10 (SO11)

INTCSIH

Generation of
serial transfer
completion interrupt

L

Data transfer starts in synchronization with
the falling edge of SCK10 or SCK11

Execution of SIO1 write instruction
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Fig. 12-12. Setting of CSIM1 Register (Transmission Enabled)

Symbol 7> <6> 5 <> 3 > 1 0 Address When reset R/W

CSIM1 |CTXE1||[CRXE1| 0 |MOD12| 0 |MOD10|CLS11|CLS10| FF90H 00H R/W
L
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 Internal clock | fcik/32 Output
1 1 foLk/8
MOD10| Operation mode | Start bit | NuTer of | pin name
SO10, SI10,
0 3-wire serial MSB 3 SCK10
I/0O mode (or SO11,SI11,
1 LSB SCK11)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(8010, SI10 and SCK10 pins go to high-impedance state.)
CRXE1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled

CTXE1 Data transmission

0 Disabled (Output buffers of SO10 and SI10 (or SO11
and SI11) pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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12.6.2 Receiving data in 3-wire serial /O mode

The reception is activated by setting the CRXE1 bit of the clock synchronous serial interface mode register
1 (CSIM1) to 1 (reception enabled) (when CTXE1 = 0) or, when reception is already enabled, by reading data
from the shift register (SIO1).

(1) Activating reception
Reception can be activated in the following two ways:
<1> When CTXE1 bit is 0, change the setting of the CRXE1 bit of the CSIM1 register from 0 (reception
disabled) to 1 (reception enabled).

<2> When the CRXET1 bit is already set to 1, read data from the SIO1 register.

The block transfer (BLKTRS) mode of the macro service is useful in reading received data from the SIO1
register. Attempting to set the CRXE1 bit to 1 when it is already set to 1 does not activate reception.
Furthermore, attempting to set the CRXE1 bit to 1 from 0 when CTXE1 bit is 1 does not activate reception.

(2) Receiving data in synchronization with the serial clock

(a) When an internal clock is selected as the serial clock
Once reception is activated, the SCK10 or SCK11 pin starts the output of the serial clock. The data is
sequentially read from the SI110 or SI11 pin to SIO1 in synchronization with the rising edge of the serial
clock.

(b) When an external clock is selected as the serial clock
Once reception is activated, the data is sequentially read from the SI10 or SI11 pin to SIO1 in
synchronization with the rising edge of the serial clock input to the SCK10 or SCK11 pin. When reception
is not activated, inputting the serial clock to the SCK10 or SCK11 pin does not cause the SIO1 register

to transfer the data.

Fig. 12-13. Timing of 3-Wire Serial I/0 Mode (Reception)

SCK10 (SCK11)

SI10 (SI11)

SO10 (SO11)

INTCSI1

Generation of
serial transfer
completion interrupt

L

Data transfer starts in synchronization with
the falling edge of SCK10 or SCK11

Execution of SIO1 read instruction
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Fig. 12-14. Setting of CSIM1 Register (Reception Enabled)

Symbol Address When reset R/W

<7> <6> 5 <4> 3 2 1 0
CSIM1|CTXET||CRXE1f 0 |MOD12| 0 |MOD10|CLS11|CLS10| FF9OH 00H R/W
]
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 Internal clock | fcik/32 Output
1 1 fox/8
MOD10| Operation mode | Start bit | N4T'°" f | pin name
S0O10, SI10,
0 3-wire serial MSB 3 SCK10
1/0 mode (or SO11,SI11,
1 LSB SCKT1)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(8010, SI10 and SCK10 pins go to high-impedance state.)
CRXE1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled

CTXE1 Data transmission

Disabled (Output buffers of SO10 and SI10 (or SO11
and SI11) pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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12.6.3 Transmitting and receiving data in 3-wire serial I/O mode

Enabling both transmission and reception using the clock synchronous serial interface mode register 1
(CSIM1) allows the two operations to be performed simultaneously.

(1) Activating transmission and reception

Transmission and reception can be performed simultaneously when the CTXE1 and CRXE1 bits of the CSIM1
register are both set to 1.

The transmission and reception can be activated by writing the transmitted data to the shift register 1 (S101)
when both the CTXE1 and CRXE1 bits of the CSIM1 register become 1 (transmission/reception enable state).
Attempting to set the CRXE1 bit to 1 when it is already set to 1 does not activate transmission or reception.

(2)

Transmitting and receiving data in synchronization with the serial clock

(a)

(b)

When an internal clock is selected as the serial clock

Once transmission and reception are activated, the SCK10 or SCK11 pin starts the output of the serial
clock. The SIO1 register then sequentially transfers data to the SO10 or SO11 pin in synchronization
with the falling edge of the serial clock. At the same time, data is sequentially read from the SI10 or SI11
pin to SIO1 in synchronization with the rising edge of the serial clock.

When an external clock is selected as the serial clock

Upon the activation of transmission and reception, data are sequentially transmitted from SIO1 to the
SO10 or SO11 pin in synchronization with the falling edge of the serial clock that is input to the SCK10
or SCK11 pin. At the same time, data is sequentially read from the SI10 or SI11 pin to SIO1 in
synchronization with the rising edge of the serial clock. When transmission and reception are not
activated, sending the serial clock to the SCK10 or SCK11 pin does not cause the SIO1 register to transfer
data and the output level of the SO10 or SO11 pin does not change.
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SCK10 (SCK11)

S0 (SI11)

SO10 (SO11)

INTCSIH

Generation of
serial transfer
completion interrupt

i

Data transfer starts in synchronization with
the falling edge of SCK10 or SCK11

Execution of SIO1 write instruction

Remark INTCSI1: Vector table address: 0032H (TFP = 0), 8032H (TFP = 1)
Macro service control word address: FE32H
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Symbol

Fig. 12-16. Setting of CSIM1 Register (Transmission and Reception Enabled)

Address When reset R/W

<7> <6> 5 <4> 3 2 1 0
CSIM1 | CTXE1|CRXE1| 0 |MOD12| 0 |MOD10|CLS11|CLS10| FF90H 00H R/W
L
CLS11|CLS10 Setting of serial clock SCK pin
0 0 External clock Input
0 1 Baud rate
generator/2
1 0 | Internal clock | fouk/32 Output
1 1 foLk/8
MOD10| Operation mode | Start bit | Nu*®" ' | pin name
S0O10, S0,
0 3-wire serial MsB 3 SCK10
I/0O mode (or SO11,SI11,
! LSB SCKi1)
MOD12 Setting of pin for transmission and reception
0 S010, SI10 and SCK10 pins are used.
(SO11, SI11 and SCK11 pins go to high-impedance state.)
1 SO11, SI11 and SCK11 pins are used.
(SO10, SI10 and SCK10 pins go to high-impedance state.)
CRXE1 Data reception

0 Disabled (When serial clock is input, a 0 is input in
the shift register.)

1 Enabled

CTXE1 Data transmission

Disabled (Output buffers of SO10 and SI10 (or SO11
and SI11) pins go to high-impedance state.)

1 Enabled

Remark fcik: Internal system clock
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12.6.4 Action taken when shift operation is not in phase with serial clock

The synchronization of the shift operation with the serial clock can be restored by disabling both
transmission and reception.

.

302

Action taken when shift operation is not in phase with serial clock

When an external clock is being used as the serial clock, a mismatch between the number of serial clock pulses
and the shift operation can occur (for example because of noise). When this happens, disable both transmission
and reception by setting the CTXE1 and CRXE1 bits to 0 (reset). This initializes the serial clock counter. Then,
enable transmission and reception, and the first pulse input will be treated as the first serial clock. Based on
this first clock, the synchronization between the shift operation and serial clock is restored.




CHAPTER 13 PWM SIGNAL OUTPUT FUNCTION

13.1 Configuration

The uPD78356 has two PWM signal outputs of 8-/10-/12-bit variable resolution. By externally connecting a low-

pass filter, a PWM output can be used as a digital-to-analog conversion output. The PWM outputs are most suitable,
for example, for a control signal for the actuator of a motor.

Table 13-1 lists PWM signal output repetition frequencies. Fig. 13-1 shows the block diagram of the PWM unit.

Table 13-1. PWM Signal Repetition Frequencies

Resolution per bit

Bit length for PWM output

Repetition frequency

2/fck (125 ns)

8 bits fok/2°® (31.2 kHz)
10 bits fow/2' (7.8 kHz)
12 bits

fork/2'® (1.9 kHz)

Remark The values in parentheses are for fcik = 16 MHz.

Fig. 13-1. Block Diagram of the PWM Unit

7
9|Over-
flow
fok /2———= Counter (12) n ALVn
S Q
Oto7
0to9
Match R
Comparator (12) Oto i

Compare register
CMPn (12)

PWM buffer
register n (12)

Remark n=0or1

© PWMn
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13.2 Control Register

13.2.1 PWM control register (PWMC)
The PWM control register controls PWM output. Fig. 13-2 shows the format of the PWMC register.
When a RESET signal is input, the PWMC register is located at 00H.

Fig. 13-2. Format of PWM Control Register

Symbol <7> 6 5 4 <3> 2 1 0 Address When reset R/W

PWMC |PWME1| ALV1 |PRM11|PRM10{PWMEO| ALVO |PRMO1|PRM00| FFAQH 00H R/wW

L] [

PRMn1/PRMnO| Bit length of counter or CMP register n (n =0 or 1)
0 0 8 bits
0 1 10 bits
1 0 12 bits
1 1 Setting prohibited

ALVn |Specification of active level for PWMn signal output (n =0 or 1)

0 Low level

1 High level

PWMEn| Operation control of PWMn signal output (n = 0 or 1)

0 Operation stopped

1 Operation allowed

13.2.2 PWM buffer registers (PWMO and PWM1)

The PWMO and PWMT1 registers are 12-bit registers that set the data for controlling the active signal width of PWM
output. Data can be read from or written into the registers in units of bytes or words by an instruction.

When an overflow occurs in the counter for PWM output control, the contents of the PWMO or PWM1 register are
transferred to compare register CMP0O or CMP1.

A RESET input signal makes the contents of the PWM buffer registers undefined.

Caution Byte access/bit access is possible for the low-order of the PWMO0/PWM1 register, but not for its
high-order.

13.2.3 Compare registers (CMP0 and CMP1)

The CMPO0O and CMP1 compare registers are 12-bit registers used to detect coincidence between the values of
the register and counter for PWM output control.

The registers cannot be directly manipulated by an instruction.
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13.3 Operation

The PWM output function is used in the following procedure:

« The PWM output signal period is specified by bit ALVO or ALV1 of the PWMC register.

« The data for controlling the active signal width of PWM output is set in the PWMO0 or PWM1 register.

» Bit PWMEO or PWME1 of the PWMC register is set to 1.

After these steps are completed, a PWM signal is output from port P86 or P87. The active signal width of PWM
output can be changed by rewriting the contents of the PWMO or PWM1 register.

The PWM output function sends the contents of the PWMO or PWM1 register to the CMPO0 or CMP1 register when
the counter for PWM output control overflows. The PWM output signal goes inactive when the contents of the CMPO
or CMP1 register coincide with the value of the counter for PWM output control. The PWM output signal goes active

when the counter for PWM output control overflows.

Fig. 13-3. Operation of PWM Output Function (High-Active Setting)
1l | ]
PWMO0/1 / n X
x n X 4 n+1 X n+2

n+2

CMPO0/1

[
|
|
|
1
|
CMP coincidence |
|
|
|
|
|

PWM output 0/1 J

n counts n + 1 counts
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CHAPTER 14 WATCHDOG TIMER

14.1 Configuration

The watchdog timer prevents crashes or deadlocks.

If no watchdog timer interrupt occurs, the program or system is running normally. Each module of a program must
have an instruction to clear the watchdog timer and to start counting.

If the instruction to clear the watchdog timer is not executed within a specified time period, an overflow occurs in
the watchdog timer and a watchdog timer interrupt (INTWDT) is generated. At the same time, the WDTO pin goes
low to indicate that an error has occurred in the program.

The watchdog timer can also be used to guarantee a time required for the oscillator to perform stable operation
when the STOP mode is released. (See 16.3.2.)

Fig. 14-1 shows the block diagram of the watchdog timer.

Fig. 14-1. Block Diagram of the Watchdog Timer
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14.2 Watchdog Timer Mode Register (WDM)

The watchdog timer mode (WDM) register is an 8-bit register which controls the operation of the watchdog timer.

Data can be written into the WDM register only by a special instruction. This prevents the contents of the WDM
register from being rewritten accidentally if the program crashes. The specialized instruction is MOV WDM, #byte
instruction, consisting of special codes (4 bytes). Data is written only when the op-codes of bytes 3 and 4 complement
each other.

Unless the op-codes of bytes 3 and 4 complement each other, data is not written and an op-code trap interrupt
occurs. The address of the instruction causing the trap is saved in the stack area. When an RETB instruction is
executed, the program can be restarted from the address of the instruction causing the trap.

If the RETB instruction is executed before a hardware error or other cause of the op-code trap is eliminated, the
program enters an infinite loop.

If the watchdog timer is started after a system reset signal (RESET) is entered, the contents of the WDM register
cannot be rewritten. Only the system reset signal can stop the watchdog timer. The watchdog timer can be cleared
at any time by a special instruction.

The contents of the WDM register can be read at any time by a data transfer instruction.

When a RESET signal is input, the WDM register is located at 00H.

Fig. 14-2 shows the format of the WDM register.

308




CHAPTER 14 WATCHDOG TIMER

Fig. 14-2. Format of the Watchdog Timer Mode Register

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

WDM | RUN 0 0 PRC 0 |WDI2|WDI1| O FFC2H 00H R/W

Overflow time [ms]

WDI2 | WDI1 Count

clock fork= 12.5 MHz |fork = 16.0 MHz
0 0 fok/2° 10.5 8.2
0 1 fok/2" 41.9 32.8
1 0 fowk/2' 167.8 131.1
1 1 Setting prohibited

Remark fcik is an internal system clock frequency.

PRC Priority of watchdog timer interrupt request
0 Watchdog timer interrupt < NMI pin input interrupt
request request
1 Watchdog timer interrupt NMI pin input interrupt
request > request
RUN Watchdog timer operation specification

0 Stop watchdog timer

1 Clear watchdog timer, and start counting

Cautions 1. Data can be written into the WDM register only by a dedicated instruction (MOV WDM, #byte).
2. Do not change the priority for interrupt requests dynamically, that is, when a program is being
executed.
3. The RUN bit cannot be reset to 0 by software.
4. The count clock is not reset even when the watchdog timer is cleared by setting the RUN bit

to 1.
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14.3 Watchdog Timer Output Pin

The watchdog timer output pin (WDTO) is an open-drain output pin which can report a system error to the outside
without software intervention. When the watchdog timer overflows, the watchdog timer output goes low for a period
of 32 system clocks.

As the RESET pin can be directly connected, the watchdog timer output pin outputs a low-level signal for a period
of 32 clocks even when a system reset occurs.

Caution Immediately after the power is turned on, the watchdog timer output pin may go low for a period
of up to 32 clocks.

14.4 Example of Application

At an early stage in program development, a program is designed without the watchdog timer. After rough
debugging is completed, the program is debugged with the watchdog timer.

The watchdog timer must be set in the mode of short overflow time if the response time after a system error is
critical.

When the watchdog timer is not required, it can be used for nonmaskable time base interrupt.
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The pPD78356 is provided with the following three modes for handling interrupt requests. (See Table 15-1). These
three modes can be set freely in the program. Interrupt processes by macro service however can be selected only
for the interrupt requests sources provided with the macro service processing modes shown in Table 15-2. Context
switching cannot be selected for nonmaskable interrupt requests and op-code trap interrupt requests.

Table 15-1. Interrupt Request Handling

Interrupt request

Handled b Contents of PC and PSW i
handling mode y Handling
Vectored interrupt Software Saving/restoring to stack Branches into the addresses specified in the
vector table and executes the interrupt processing
routine.
Context switching Saving/restoringtothefixedarea | Automatically switchedtothe register bank specified
in register bank in the vector table, branches to the addresses

specified in the fixed area in the register bank,
and executes the interrupt processing routine.

Macro service Hardware Retained Executes preset processes such as data transfer
(Firmware) between the memory and I/O.

For maskable vectored interrupts, multiple processing control with a 4-level priority order can be performed easily.

311




INTERRUPT FUNCTION

CHAPTER 15

alempiey Aq pexiy Alioud :Awioud ynejeq  yJeway

Hyco8 | HPe00 Hve3d [eubis yorew OpND 0v4IND OVINOLNI Gl
Hee08 | Hece00 Hee34d [eubis yorew L0 124IND LZINOLNI vl
HOZ08 | H0200 Hoz34 [reubis yorew ozno 024IND 0ZWOLNI el
H3L08 | H3L00 H3134 [eubis yojew | LINO LEIND LLNDLNI 21
HOLO08 | HOL00 HO}34 Ndy [eubis yolew QLND 0LdIND 0FWNOLNI Ll
Hv108 | HVI00 HY134 [eubis yoew E0ND €04IND SONDLNI ot
H8L08 | H8100 H8134 [eubis yojew ZoWD 204IND ZONDLNI 6
H9L08 | HIL00 H9 134 [eubis yorew LOND LO4IND LOWDLNI 8
papinoid a|geseN
Hv 108 HY 100 HY 134 ' jeubis yorew QOND 004IND 00WD.LNI /
HZ108 HZ100 HeZ134 [eubis yorew L£00/ANdul uid yd1IN| pdid LEODLINI/FdLNI 9
HOL08 HO100 HO1L34 [eubis yorew 0gDO/ANdul uid gd41N| edid 0€DOLNI/EdLNI S
H3008 | H3000 H3034 Ndd/ewaix3 | feubis yorew zoooandul uid gd1N| zdid 20DOLNIZdLINI | ¥
HO008 | HO000 HO034 reubis yorew 109oANdur uid L4 LN tdid FOOOLNI/FALNI e
Hv008 | HV000 HY034 [eubis yorew 00QoANdul uid 04 LN 04ld 000OLNI/OdLNI | 2
H8008 H8000 H8034 na MO|}BAO € JaWI] ¢4IAO SAOLNI L
H9008 H9000 H9034 MO[JIBAO0 () Jawl] 04IAO OAOLNI 0
H¥008 H¥000 1am MO[JIBA0 Jawil Bopyorep - LAMLNI
a|geySew-uoN
He008 H2000 [eulalx3 uid AN 01 1nduj - AN
— papiAoid JON _
H3€00 uoloNJISUl YYg J0 uolnoexy
- - 2Jem)os
HO€00 deJy apoo-dp
L=4ddl | 0=4ddl ssaippe 1dnusyul 00IN0S Beyy |eubis
PIOM [0JU0D | sojnies osorpy | PUlSeNbel jun 1senbaeu jdnueju) | 1senbeu jdnuejyy | Awioud| edAyisanbai
. unejag 1dnusiu

Ssaippe 9|qe] J0J0aA

80IAI8S 0IOB|\

92.4n0s 1dnuidlu|

(2/1) seaanos 1dnueiu| "g-G| 8|qel

312



INTERRUPT FUNCTION

CHAPTER 15

alempiey Aq paxiy Aioud :Awioud ynejeq  yaeway

HO000 — papiroid 10N — uid 1353y 0} induj — 13534 — 1os9y
HY£08 H¥£00 Hy£34 an uo119|dwWwod UOISIBAUOD /Y 41av Av.iNI €¢
uona|dwod uondadal
HZ€E08 H2€00
Hee3d HSO JUOISSILISUE] [B1OS HHIIVO HSOLNI 44
uole|dwod uondedal
HOE08 HO€00 HoE3d 0ISO el h 0411SO 0ISOLNI ke
JUOISSIWSURI} [elI8S
H3208 | H3200 H3234 POPIAOIY uone|dwod uoissiWsuel] [eleg 4118 LSINI 02g SlqBXSBIN
HOZ208 HO200 HOZ34 14vn uone|dwoo uondsdal [eluss 414S HS1NI 6l
HVvZ208 HVv<200 HvZ3d 10418 9A19281 [BlI9S 41438 H3SLNI 8l
H8208 H8200 H8z34 [eubis yolew LaNND LAN4IND FANWOLNI A
ndd
H9208 H9200 H9234 [eubis yorew 0aNND 0an4diNo 0ANINDLNI 9l
I=4dl | 0=4ddL ssolppe 1dnusjul oin Bey [eubis
PIOM [011U0D | sopnies osoepy | DUNSENbaI 1N eonos 1senbay 1dnuely) | 1senbeu idnusyuy | Atoud|  8dAy isenbau
1nejeq 1dnusu)

SSeIppe 8|qe] J0J0BA

80IAI8S 0IOB|\

92.4n0s 1dnuidlu|

(2/2) se24nos 1dnuisiu| "g-GI a|qel

313



CHAPTER 15 INTERRUPT FUNCTION

15.1 Interrupt Requests
With the puPD78356, four types of interrupt requests are used:

* Nonmaskable interrupt
* Maskable interrupt
» Software interrupt
» Op-code trap interrupt

Each type of interrupt request is explained below.

15.1.1 Nonmaskable interrupt

The nonmaskable interrupt is generated by the NMI pin input or watchdog timer. The nonmaskable interrupt is
accepted unconditionallyN° even in the interrupt disabled state. It is also not subjected to the interrupt priority level
control and has priority over all the other interrupts.

Note Exceptwhile the same nonmaskable interrupt handling is being executed and while nonmaskable interrupt
handlings with higher priority are being executed.

15.1.2 Maskable interrupt

The maskable interrupt is an interrupt which is mask controlled according to the setting of the interrupt mask flags.
Acceptance able/disable can be specified for all the maskable interrupts using the PSW IE flag.

The maskable interrupt can also be accepted by context switching and macro service in addition to the normal
vectored interrupt. (See Table 15-2).

The top priority of maskable interrupt is determined when several interrupt requests with the same priority as shown
in Table 15-2 are generated together (Default priority level). The interrupt priority level can be divided into 4 groups
of different levels and multiple handling control can be performed. The macro service however can be accepted
regardless of the priority level control and IE flag.
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15.1.3 Software interrupt

The software interrupts consist of the BRK instruction which generates the vectored interrupt and BRKCS
instruction which performs context switching.

The software interrupt can be accepted even in the interrupt disabled state. It is not subject to the interrupt priority
level control.

15.1.4 Op-code trap interrupt

If a write to the watchdog timer mode register (WDM) or standby control register (STBC) is not executed normally,
an op-code trap interrupt request is generated. (See 14.2 and 16.2.)

The op-code trap interrupt can also be accepted in the Dl state. Itis not subject to the interrupt priority level control.
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15.2 Interrupt Servicing Modes
With the uPD78356, three interrupt servicing modes are available:

» Vectored interrupt servicing
* Macro service
» Context switching

15.2.1 Vectored interrupt service

When an interrupt is acknowledged, the contents of program counter (PC) and program status word (PSW) are
saved in the stack memory automatically. Then a branch is made to the address indicated by the data contained
in the vector address table to execute the interrupt service routine.

RETI instruction is executed to the return from the interrupt service routine.

15.2.2 Macro service

When an interrupt is accepted, CPU execution is terminated temporarily to transfer data by hardware rather than
by software. The macro service is performed without CPU involvement, so that the CPU statuses such as PC and
PSW need not be saved or restored. Thus the macro service much increases CPU service time. (See 15.8)

15.2.3 Context switching

When an interrupt is accepted, a specified register bank is selected by hardware. Then a branch is made to the
already selected vector address in the register bank, and the current contents of PC and PSW are saved in the register
bank at the same time. (See 15.5.2 and 15.6.2)

Remark The context means CPU registers that can be accessed from a program being executed. The registers
include general registers, PC, PSW, and stack pointer (SP).

316




CHAPTER 15 INTERRUPT FUNCTION

15.3 Interrupt Control Registers

Responses to interrupts in the pPD78356 are controlled according to the interrupt requests. This control is done
using control registers that specify how interrupts are handled. Table 15-3 lists interrupt control registers.

Table 15-3. Interrupt Control Registers

Register Symbol Function

Interrupt control register QVICOo Each register indicates interrupt request generation, performs mask control,
OVIC3 specified vectored interrupt handling or macro service processing, enables or
PICO disables the context switching function, and specifies priority.

PICAH
PIC2
PIC3
PIC4
CMICO00
CMICO1
CMICO02
CMICO03
CMIC10
CMIC11
CMIC20
CMIC21
CMIC40
CMICUDO
CMICUD1
SERIC
SRIC
STIC
CSIlIco
CSlIc1
ADIC

Interrupt mask flag MKO Each register performs mask control for maskable interrupt requests and is set in
register MK1 correspondence with the mask control flag of the interrupt control register. Each
register can be accessed in words or in bytes.

In-service priority register | ISPR Indicates priority of currently accepted interrupt request.

Interrupt mode control IMC Controls nesting of maskable interrupt for which lowest priority (level 3) is specified.
register

A control register is assigned to each interrupt source. The flags of each register are used to specify various types
of control which are determined by the bit positions in the register.
Table 15-4 lists the flags in the interrupt control registers for the interrupt request signals.
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Table 15-4. Interrupt Control Register Flags for the Interrupt Request Signals

Interrupt control register
Default | Interrupt request
priority signal Interrupt Interrupt mask | Macro service Priority Context switching
request flag flag enable flag specification flag enable flag
0 INTOVO OVIFO OVMKO OVISMO0 OVPRO00 OVCSEO
OVPRO1
1 INTOV3 OVIF3 OVMK3 OVISM3 OVPR30 OVCSE3
OVPR31
2 INTPO/ PIFO PMKO PISMO PPR0OO PCSEO
INTCCO0 PPRO1
3 INTP1/ PIF1 PMK1 PISM1 PPR10 PCSE1
INTCCO1 PPR11
4 INTP2/ PIF2 PMK2 PISM2 PPR20 PCSE2
INTCCO02 PPR21
5 INTP3/ PIF3 PMK3 PISM3 PPR30 PCSE3
INTCC30 PPR31
6 INTP4/ PIF4 PMK4 PISM4 PPR40 PCSE4
INTCC31 PPR41
7 INTCMO0 CMIFO00 CMMKO00 CMISM00 CMPR000 CMCSEO00
CMPRO01
8 INTCMO1 CMIFO1 CMMKO1 CMISMO1 CMPRO010 CMCSEO1
CMPRO11
9 INTCMO02 CMIF02 CMMKO02 CMISM02 CMPR020 CMCSEO02
CMPRO021
10 INTCMO03 CMIFO3 CMMKO3 CMISM03 CMPR030 CMCSEO03
CMPRO031
11 INTCM10 CMIF10 CMMK10 CMISM10 CMPR100 CMCSE10
CMPR101
12 INTCM11 CMIF11 CMMK11 CMISM11 CMPR110 CMCSE11
CMPR111
13 INTCM20 CMIF20 CMMK20 CMISM20 CMPR200 CMCSE20
CMPR201
14 INTCM21 CMIF21 CMMK21 CMISM21 CMPR210 CMCSE21
CMPR211
15 INTCM40 CMIF40 CMMK40 CMISM40 CMPR400 CMCSE40
CMPR401
16 INTCMUDO CMIFUDO CMMKUDO CMISMUDO CMPRUDO0O CMCSEUDO
CMPRUDO1
17 INTCMUD1 CMIFUD1 CMMKUD1 CMISMUDH1 CMPRUD10 CMCSEUD1
CMPRUD11
18 INTSER SERIF SERMK SERISM SERPRO SERCSE
SERPR1
19 INTSR SRIF SRMK SRISM SRPRO SRCSE
SRPR1
20 INTST STIF STMK STISM STPRO STCSE
STPR1
21 INTCSIO CSIIF0 CSIMKO CSIISMO0 CSIPR00O CSICSEO
CSIPRO1
22 INTCSIH CSIIF1 CSIMK1 CSIISM1 CSIPR10 CSICSEH1
CSIPR11
23 INTAD ADIF ADMK ADISM ADPRO ADCSE
ADPR1
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15.3.1 Interrupt control registers
The interrupt control registers are assigned to different interrupt sources. Each register is used to control priority

and masking for its associated interrupt source. Fig. 15-1 shows the format of the interrupt control registers.

(1)

(2)

(3)

Priority specification flag (xxPR1, xxPRO)

The priority specification flags specify the priority of the associated interrupt source for the twenty-four
maskable interrupts.

Priority level 0 to 4 can be specified. More than one interrupt source can have the same priority level. Maskable
interrupt sources with level 0 have the highest priority.

If more than one interrupt request is generated and the interrupt sources have the same priority level, the
requests are accepted according to the default priority.

The flags are set or reset bit by bit by software.

RESET input sets all bits to 1.

Context switching enable flag (xxCSE)

The context switching enable flag specifies whether to respond to a maskable interrupt request with context
switching.

The context switching function selects the previously specified register bank on a hardware basis, makes a
branch to the vector address stored in the register bank, and also saves the contents of the current program
counter (PC) and program status word (PSW) in the register bank.

Context switching can startinterrupt service at a higher speed than normal vectored interrupt handling. Context
switching is therefore appropriate for real-time processing.

The flag is set or reset bit by bit by software.

RESET input sets all bits to 0.

Macro service enable flag (xxISM)

The macro service enable flag specifies whether to respond to the associated interrupt request with vectored
interrupt handling or macro service processing.

If macro service processing is selected, when macro service terminates (when the macro service counter
overflows) and a vectored interrupt is generated, the flag is automatically reset to 0 by hardware (vectored
interrupt handling).

The flag can be set or reset bit by bit by software.

RESET input sets all bits to 0.
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4)

(%)

320

Interrupt mask flag (xxMK)

The interrupt mask flag enables or disables vectored interrupt processing or macro service processing for the
associated interrupt request.

The interrupt mask flag is not changed by the activation of interrupt handling. The setting of the interrupt mask
flag matches the contents of the interrupt mask flag register. (See 15.3.2.)

As the macro service request is subject to mask control, the macro service request can also be masked by
this flag.

This flag can be set or reset bit by bit by software.

RESET input sets all bits to 1.

The interrupt handling is determined by the combination of the interrupt mask flag (xxMK) and macro service
enable flag (xxISM).

xxMK | xxISM Interrupt handling
0 0 Handled by vectored interrupt
0 1 Handled by vectored interrupt after handling by macro service
1 X Maskable interrupt requests are not accepted

Interrupt request flag (xxIF)

The interrupt request flag is set to 1 when the associated interrupt request is generated. When the interrupt
is accepted, the flag is automatically reset to 0 by hardware.

This flag can be set or reset bit by bit by software.

RESET input sets all bits to 0.
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Fig. 15-1. Format of the Interrupt Control Registers (1/3)

Symbol Address When reset R/W

<7> <6> <5> <4> 3 2 <1> <0>

OVICO | OVIFO |OVMKO|OVISMO|OVCSEO| O 0 |OVPRO1|/OVPROO| FFEOH 43H R/W

OVIC3 | OVIF3 |OVMK3|OVISM3|OVCSE3| 0 0 |OVPR31|OVPR30| FFE1H 43H R/W

PICO PIFO | PMKO | PISMO |PCSEO| O 0 | PPRO1|PPROO | FFE2H 43H R/W

PIC1 PIF1 | PMK1 | PISM1|PCSE1| O 0 | PPR11|PPR10| FFE3H 43H R/W

PIC2 PIF2 | PMK2 | PISM2 |PCSE2| 0 0 | PPR21|PPR20| FFE4H 43H R/W

PIC3 PIF3 | PMK3 | PISM3 |PCSE3| 0 0 | PPR31|PPR30| FFE5H 43H R/W

PIC4 PIF4 | PMK4 | PISM4 |PCSE4| O 0 | PPR41|PPR40| FFE6H 43H R/W

CMMK | CMISM| CMCSE CMPR| CMPR

CMICO00 |CMIF00 00 00 00 001 000

FFF7H  43H  RW

[
xxPR1 | xxPRO Priority specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSE Context switching enable flag

0 Handled by vectored interrupt

1 Handled by context switching

xxISM Macro service enable flag

0 Handled by vectored interrupt

1 Handled by macro service

xxMK Interrupt request enable/disable specification

0 Enables interrupt handling

1 Disables interrupt handling

xxIF Interrupt request flag
0 No intem#)t request. The interrupt request signal is not
generated.
1 The interrupt request signal is generated, and an interrupt

is requested.
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Symbol

CMICO1

CMIC02

CMICO03

CMIC10

CMIC11

CMIC20

CMIC21

CMIC40

322

Fig. 15-1. Format of the Interrupt Control Registers (2/3)

<7> <6> <5> <4> 2 <1> <0>
CMIFO1 C':J":\/'K CI\SLSM CI\:I)?SE 0 cgﬁa CMSR
CMIF02 C’(\)"Z'\AK cvxglzsm cv\ggsE 0 C()’\gTR c(v)\gn
CMIFa3 Clz)/l:lvaK ong;sm Cl\g(é‘,SE 0 C(;\g?R CohggR
CMIF10 Cl:/lé\/IK CI\:ILSM Cl\q(éSE 0 CM)TR cng
CMIFT Cl:/l1l\/IK Cl\1/II18M cv\ﬁ;SE o CMTR CMSR
CMIF20 Cl\2/l(;\/IK ol\ggsm Cl\ggSE o CX)TR CZI\:IJSR
CMIE21 Cl\2/I1MK crg:sm Cl\g?SE o CZ'\:I:R CQ?ER
CMIF40 CTSAK CI\ﬂJSM Cl\ﬂ(SSE 0 %TR CX)SR
[

Address When reset R/W

FFE8H 43H R/W

FFE9H 43H R/W

FFEAH 43H R/W

FFEBH 43H R/W

FFECH 43H R/W

FFEDH 43H R/W

FFEEH 43H R/W

FFEFH 43H R/W

xxPR1 | xxPRO Priority specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3

xxCSE Context switching enable flag
0 Handled by vectored interrupt

Handled by context switching

xxISM Macro service enable flag
0 Handled by vectored interrupt
1 Handled by macro service

xxMK Interrupt request enable/disable specification
0 Enables interrupt handling
1 Disables interrupt handling

xxIF Interrupt request flag

0 No interrL(JFt request. The interrupt request signal is not

generated.

The interrupt request signal is generated, and an interrupt
is requested.
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Fig. 15-1. Format of the Interrupt Control Registers (3/3)

Symbol Address When reset R/W

<7> <6> <5> <4> 3 2 <1> <0>
CMIF | CMMK | CMISM| CMCSE CMPR| CMPR

CMICUDO Ubo | ubo | ubo | ubo 0 0 Unot | Upoo FFFOH 43H R/W
CMIF | CMMK | CMISM| CMCSE CMPR| CMPR

CMICUD1 w1 | upt UDt | UD1 0 0 UDi1 | Ubio FFF1H 43H R/W

SERIC | SERIF |SERMK| SERISM|SERCSE| 0O 0 |SERPR1|SERPRO| FFF2H 43H R/W

SRIC SRIF | SRMK | SRISM|SRCSE| 0 0 |SRPR1|SRPRO| FFF3H 43H R/wW

STIC STIF | STMK | STISM |STCSE| O 0 |STPR1|STPRO| FFF4H 43H R/W

csl Csl csl | Csl

CSIICO | CSIIF0 | CSIMKO ISMo | GSEo 0 0 PROT | PROO FFF5H 43H R/W
CSl GSI CSI | CSl

CSIIC1 | CSIIF1 |CSIMKT ISW1 | CSE1 0 0 PR1 | PR10 FFF6H 43H R/W

ADIC ADIF | ADMK |ADISM |ADCSE| 0 0 |ADPR1|ADPRO| FFF7H 43H R/wW

[
xxPR1 [ xxPRO Priority specification
0 0 Priority O (highest priority)
0 1 Priority 1
1 0 Priority 2
1 1 Priority 3
xxCSE Context switching enable flag

0 Handled by vectored interrupt

1 Handled by context switching

xxISM Macro service enable flag

0 Handled by vectored interrupt

1 Handled by macro service

xxMK Interrupt request enable/disable specification

0 Enables interrupt handling

1 Disables interrupt handling

xxIF Interrupt request flag
0 No interrtépt request. The interrupt request signal is not
generated.
1 The interrupt request signal is generated, and an interrupt

is requested.
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15.3.2 Interrupt mask flag register (MKO and MK1)

The interrupt mask flag registers (MKO and MK1) are made up of interrupt mask flags for the associated twenty-
four maskable interrupt requests.

The MKO register is a 16-bit register which can be manipulated in 16 bits. It can also be manipulated in 8 bits
as MKOL and MKOH.

The MK1 register is a 16-bit register which can be manipulated in 16 bits. In addition, it can also be manipulated
in 8 bits as MK1L. Each bit of the MKO and MK1 registers can be manipulated in 1 bit by the bit manipulation instruction.
Each interrupt mask flag controls the enable/disable of the corresponding interrupt request.

When the interrupt mask flag is set (1), the acceptance of the corresponding interrupt request is disabled.

When the interrupt mask flag is set (0), the acceptance of the corresponding interrupt request is enabled, as the
vectored interrupt or macro service.

The interrupt mask flags of the MKO and MK1 registers are the same as those of the interrupt control registers.
The MKO and MK1 registers are provided so that interrupt masks can be controlled together.

The RESET input sets the interrupt mask flags to “1” and disables all maskable interrupts.

Fig. 15-2 shows the format of the interrupt mask flag registers.

Fig. 15-2. Format of the Interrupt Mask Flag Registers (1/2)

(When accessed in bytes)

Symbol Address When reset R/W

<7> <6> <5> <4> <B> <2> <1> <0>

ngK PMK4 |PMK3|PMK2 |PMK1 | PMKO|OVMK3|OVMKO| FFACH ~ FFH  R/W

MKOL

MKOH CMMK| CMMK | CMMK | CMMK | CMMK | CMMK | CMMK | CMMK

40 21 20 11 10 03 02 01 FFADH FFH R/W

CSl | CsSI CMMK| CMMK
MK1L [ADMK MK1 | MKo STMK|SRMKSERMK UD1 | UDO

FFAEH  FFH  RW

xxMK Interrupt request enable/disable specification

0 Enables interrupt handling

1 Disables interrupt handling
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Fig. 15-2. Format of the Interrupt Mask Flag Registers (2/2)

(When accessed in words)

Symbol (155 <145 <13> <12> <11> <10> <9> <8> <7> <6> <5> <d> <3> <2> <I> <0> Address When reset

CMMK] CMMK] CMMK] CMMK] CMMK] CMMK] CMMK| CMMK] CMMK

MKO 1% o e et e s oot | ag | PMKAIPMKSIPMK2 P PMKO OVHK3OWNMKO| FFACH
csi] csl CMMK CMMK] FFAEH

MK1 [0 | 0 | 0|0 | 0|0/ 0/ 0 Ak 200 STMKSRMKSERK Lo

\— xxMK

Interrupt request enable/disable specification

0 Enables interrupt handling

1 Disables interrupt handling

Relationship between bits and interrupt requests (MKO register)

Bit Bit name Interrupt request source

Bit 0 OVMKO Timer 0 overflow (INTOVO)

Bit 1 OVMK3 Timer 3 overflow (INTOV3)

Bit 2 PMKO INTPO pin input/CC00 match (INTPO/INTCCO00)
Bit 3 PMK1 INTP1 pin input/CC01 match (INTP1/INTCCO1)
Bit 4 PMK2 INTP2 pin input/CC02 match (INTP2/INTCCO02)
Bit 5 PMK3 INTP3 pin input/CC30 match (INTP3/INTCC30)
Bit 6 PMK4 INTP4 pin input/CC31 match (INTP4/INTCC31)
Bit 7 CMMKO00 CMO00 match (INTCMO00)

Bit 8 CMMKO1 CMO01 match (INTCMO01)

Bit 9 CMMKO02 CMO02 match (INTCMO02)

Bit 10 CMMKO03 CMO03 match (INTCMO03)

Bit 11 CMMK10 CM10 match (INTCM10)

Bit 12 CMMK11 CM11 match (INTCM11)

Bit 13 CMMK20 CM20 match (INTCM20)

Bit 14 CMMK21 CM21 match (INTCM21)

Bit 15 CMMK40 CM40 match (INTCM40)

Relationship between bits and interrupt requests (MK1 register)

Bit Bit name Interrupt request source

Bit 0 CMMKUDO | CMUDO match (INTCMUDO)

Bit 1 CMMKUD1 CMUD1 match (INTCMUD1)

Bit 2 SERMK Serial receive error (INTSER)

Bit 3 SRMK Serial reception completion (INTSR)

Bit 4 STMK Serial transmission completion (INTST)

Bit 5 CSIMKO Serial transmission/reception completion (INTCSIO)
Bit 6 CSIMK1 Serial transmission/reception completion (INTCSI1)
Bit 7 ADMK A/D conversion completion (INTAD)
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15.3.3 Interrupt mode control register (IMC)

The interrupt mode control register (IMC) has a PRSL flag. The PRSL flag enables or disables nesting of maskable
interrupts for which the lowest priority (level 3) is specified.

Forlevels 0, 1, and 2, interrupts of the same levels cannot be nested regardless of the setting of the IMC register.

Before manipulating the IMC register, enter the interrupt disable status (DI state) to prevent an error.

The register can be set or reset by software.

RESET input sets the PRSL flag to 1.

Fig. 15-3 shows the format of the IMC register.

Fig. 15-3. Format of the Interrupt Mode Control Register

Symbol - 6 5 4 3 > 1 o Address Whenreset R/W

IMC |PRSL| 0 0 0 0 0 0 0 FFAAH 80H R/W

PRSL Nesting control

0 Enables nesting between interrupts for which
level 3 (lowest level) is set.

1 Disables nesting between interrupts for which
level 3 (lowest level) is set.
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15.3.4 In-service priority register (ISPR)

The in-service priority register (ISPR) holds the priority level of the interrupt request being serviced. When the
interrupt request is accepted, the bit corresponding to the priority level for the request is set to (1), and the level is
held during service.

When the RETI or RETCS instruction is executed, the bit for an interrupt request with the highest priority among
the bits that are set to (1) in the ISPR register is reset to (0) automatically by hardware.

The ISPR register contents are not changed by the execution of the RETB or RETCSB instruction.

RESET input sets the register to 00H.

Fig. 15-4 shows the format of the ISPR register.

Fig. 15-4. Format of the In-service Priority Register

Symbol - 6 5 4 3 2 1 o Address Whenreset R/W
ISPR 0 0 0 0 |ISPR3|ISPR2|ISPR1|ISPRO| FFA8H 00H R
ISPRn Priority level
0 Interrupt request with priority n is not accepted.
1 Interrupt request with priority n is accepted.

Remark n=0t03

Caution The ISPR register can be accessed for read only. Write to the register may cause an error.
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15.3.5 Program status word (PSW)

The PSW is a register which maintains the current state for the execution results of instructions and interrupt
requests. The IE flag which sets the enable/disable of the maskable interrupt is mapped to the lower 8 bits (PSWL)
of the PSW.

The PSWL can be read/written in 8 bits and can be manipulated by the bit manipulation instruction and dedicated
instruction (El, DI).

When the vectored interrupt is acknowledged or during the execution of the BRK instruction, it is saved in the stack
area and the IE flag is reset (0). It is also saved in the stack area by the PUSH PSW instruction and restored from
the stack area by the RETI, RETB, POP PSW instructions.

During context switching and BRKCS instruction execution, it is saved in the register bank fixed area and the IE
flag is reset (0). It is restored from the fixed area in the register bank by the RETCS and RETCSB instructions.

An interrupt request for a nonmaskable interrupt or macro service is acknowledged irrespective of the |IE flag. The
IE flag setting is not changed by macro service.

RESET input clears the PSWL to 00H.

Fig. 15-5. Format of the Program Status Word (PSWL)

Symbol 7 6 5 4 3 2 1 0 When reset

PSWL| S Z |RSS | AC IE P/V 0 cYy 00H

‘ ‘ ‘ ‘ ‘ ‘ Used in the execution of normal instructions.

‘ IE Interrupt acceptance enable/disable

0 Disable
1 Enable
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15.4 Nonmaskable Interrupt Acknowledgement

The nonmaskable interrupt is acknowledged even in the interrupt disable state. The nonmaskable interrupt is
always acknowledged except when the same nonmaskable interrupt or a high priority nonmaskable interrupt servicing
is executed.

The priority level of the nonmaskable interrupts is set by the PRC bit of the watchdog timer mode register (WDM).
(See 14.2.)

The nonmaskable interrupt request is acknowledged promptly if the state is not the state described in section “15.9
When Interrupt Request and Macro Service are Held Temporarily”. When the nonmaskable interrupt request is
acknowledged, itis saved in the stack area in the order of PSW and PC. The PSW IE flag is reset (0), and the contents
of the vector table are loaded to PC and branched.

While the nonmaskable interrupt servicing is executed, requests for nonmaskable interrupts which are the same
as the one currently executed and nonmaskable interrupt requests with lower priority than the one executed currently
are put on hold. The held nonmaskable interrupt is acknowledged after the servicing of the currently executed
nonmaskable interrupt ends (RETI instruction execution ends). However, if the same nonmaskable interrupt request
is generated more than twice while a nonmaskable interrupt is being handled, only one nonmaskable interrupt will
be acknowledged after the completion of the nonmaskable interrupt servicing.
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Fig. 15-6. Nonmaskable Interrupt Request Acknowledgement (1/2)

(a) When a new NMI request is generated during NMI interrupt servicing

( Main routine )

\

NMI request NMI request | NMI request is held

Held NMI request is handled

]

(b) Whenthe watchdog timer interrupt request is generated during the NMl interrupt servicing (when the watchdog
timer interrupt priority is high, the PRC bit of the WDM register = 1)

( Main routine )

NMI servicing _ INTWDT servicing

Watchdog
timer
interrupt
request

NMI request
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Fig. 15-6. Nonmaskable Interrupt Request Acknowledgement (2/2)

(c) When the watchdog timer interrupt request is generated during the NMI interrupt servicing (when the NMI
interrupt priority is high, the PRC bit of the WDM register = 0)

( Main routine )

NMI handling

Watchdog
timer
interrupt
request

NMI request Watchdog timer interrupt request is held

Held watchdog timer interrupt request is
handled

(d) When two new NMI requests are generated during NMI interrupt servicing

( Main routine )

NMI Held during NMI interrupt servicing
request

I

NMI request
NMI Held during NMI interrupt servicing

request

NMI request is generated more than
twice but accepted only once

A
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Cautions 1. The macro service request is acknowledged and handled even during the nhonmaskable

332

interrupt servicing routine. If the macro service servicing is not to be performed during the
nonmaskable interrupt servicing routine, manipulate the interrupt mask flag register during
the nonmaskable interrupt servicing routine so that the macro service is not generated.

. Always use the RETI instruction to restore from the nonmaskable interrupt. Interrupts will

not be acknowledged properly hereafter if other instructions are used.

. The nonmaskable interrupt is always acknowledged except for while the nonmaskable

interrupt servicing is being executed (excludes when a high priority nonmaskable interrupt
request is generated during the execution of the low priority nonmaskable interrupt servicing)
and during a certain period of time after the execution of special instructions shown in section
15.9. Therefore, nonmaskable interrupt is acknowledged even if stack pointer values after
reset release, etc. are undefined. In such cases, depending on the stack pointer value,
program counter (PC) and program status words (PSW) may be written in addresses (See
Table 3-4 in 3.2.3.) which disable the writing of special function registers and cause the CPU
to deadlock and unexpected signals to be output from pins, or PC and PSW may be written
in addresses not mounted with the RAM, and as a result, the main routine cannot be returned
normally from the nonmaskable interrupt servicing routine and the CPU overruns.
Therefore, always set programs after the RESET release to as follows.

CSEGAT 0
DW STRT
STRT:
MOVW SP, #imm16
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15.5 Maskable Interrupt Acknowledgement

The maskable interrupt can be acceptable when the interrupt request flag is set (1) and the interrupt mask flag
is reset (0). When handled by macro service, it is acknowledged promptly and handled. For vectored interrupt or
context switching, it is acknowledged if the interrupt enabled state (IE flag is set (1)) and the interrupt priority is
acceptable.

If maskable interrupt request are generated simultaneously, these are acknowledged from those specified with
the highest priority by the priority level specification flag. If interrupts have the same priority, the default priority level
is followed.

The held interrupt is acknowledged when it can be acknowledged.

The interrupt acceptance algorithm is shown in Fig. 15-7.
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Fig. 15-7. Interrupt Acknowledgement Algorithm
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15.5.1 Vectored interrupt

When the maskable interrupt request is acknowledged by vectored interrupt, it is saved in the stack area in the
order of PSW and PC, the IE flag is reset (0) (interrupt disabled state), and the bit of the ISPR register corresponding
to the priority of the acknowledged interrupt is set (1). In addition, the data in the vector table determined for each
interrupt request is loaded in the PC and branched. Restoring from the vectored interrupt is performed by the RETI
instruction.

Caution When the maskable interrupt is acknowledged by the vectored interrupt, always restore using
the RETI instruction. If other instructions are used, interrupt operations hereafter will not be
performed properly.

15.5.2 Context switching

Setting the context switching enable flag of the interrupt control register (see Table 15-4 and Fig. 15-1) to (1)
enables the context switching function to be activated.

When an interrupt request which is not masked and for which the context switching function is enabled is generated
in the El status, the register bank specified by the low-order 3 bits of the lower address (even address) of the
corresponding vector table addresses is selected.

The vector address already stored in the selected register bank is transferred to the PC, and at the same time
the PC and PSW contents present immediately before the transfer are saved in the register bank. Then, the function
branches to the interrupt service routine.

Fig. 15-8. Context Switching Operation in Response to Interrupt Request

Register bank -
(0to7) -
Register bank n (n=0to 7) —

PC A X =

\ B c
<5> Change
R5 R4
R7 R6
<4> Save
VP

Temporary register UP
D E <2> Register bank switching
<1> Save (RSB0 to RSB2 <- n)
H L <3>< RSS <- O>
IE <0
PSW
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After an interrupt is made by context switching, control is returned by executing the RETCS or RETCSB instruction.

When the RETCS instruction is executed, the contents of the R4 and R5 registers in the selected register bank
are transferred to the PC, and the contents of the R6 and R7 registers are transferred to the PSW. Then, the 16-
bit immediate data specified by the second and third op-codes of the RETCS instruction is stored in the R4 and R5
registers of the register bank.

When the same register bank is selected again by the context switching function, the 16-bit immediate data
specified by the second and third op-codes of the RETCS instruction is used as the branch address.

Fig. 15-9. Format of the RETCS Instruction

1st op-code 00101001
2nd op-code Low-order 8-bit immediate data
3rd op-code High-order 8-bit immediate data

When control is returned by executing the RETCS instruction after branch operation, the bit for the highest priority

among the bits set to (1) in the inservice priority register (ISPR) is reset to 0.

Caution Always use the RETCS instruction when restoring from interrupt by context switching. If other
instructions are used, interrupt operations hereafter will not be performed properly.

Fig. 15-10. Return Operation from Interrupt Using Context Switching Function by RETCS Instruction

Register bankn (n =010 7)

PC A X

<1> Return \\—/ B Y
R5 R4 RETCS instruction operand

<2> Transfer

R7 R6
VP
<3> Return upP
(To original
register bank) D E
PSW H L
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15.5.3 Maskable interrupt priority

The pPD78356 performs multiple-interrupt servicing which can acknowledge different interrupts during an interrupt
servicing.

Multiple interrupts can be handled by the priority level control. The priority order control consists of control
according to default priority level and programmable priority level control by setting the priority level specification flag.
For priority level control by default priority level, when several interrupts are generated simultaneously, they are
handled according to the priority level (default priority level) preassigned to each interrupt request. (See Table 15-2).
For the programmable priority level control, each interrupt request is divided into four levels by setting the priority
level specification flag. Multiple-interrupt service requests are shown in Table 15-5.

As the IE flag is automatically reset (0) when the interrupt is acknowledged, to use Multiple-interrupt service,
execute the El instruction during the interrupt service routine, set the IE flag to (1) and set the interrupt enable state.

Table 15-5. Multiple-interrupt Servicing

Priority of interrupt Value of ISPR | IE flag of PSW PRSL flag of Acceptable maskable interrupt
currently accepted IMC register
Interrupt accepted is not 00000000 0 X  All macro service only
provided 1 X « All maskable interrupt
3 00001000 0 X  All macro service only
1 0 + All maskable interrupt
1 1 « All macro service
» Maskable interrupts whose priority has
been specified as 0, 1, and 2
2 0000x100 0 X « All macro service only
1 X « All macro service
» Maskable interrupts whose priority has
been specified as 0, and 1
1 0000xx10 0 X + All macro service only
1 X « All macro service
» Maskable interrupts whose priority has
been specified as 0
0 0000xxx1 X X » All macro service only
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Fig. 15-11. Operation Example When Other Interrupt Requests are
Generated during Interrupt Servicing (1/3)

Handling a Handling b

El
Interrupt El
requesta — Interrupt
(Level 3) requestb__
(Level 2) ) .
Interrupt request b is accepted as it has
a higher priority than interrupt request
a and therefore can be accepted.
/ Handling ¢
Interrupt Interrupt Interrupt request d is put on hold because
requestc —» rEquelst d» it is in the interrupt disabled state,
(Level 3) % although it has a higher priority
\ than interrupt request c.
Handling d
Handling e
El .
Int t Interrupt Interrupt request f is put on hold
n erru;? request f because it has a lower priority than
rEquelsze ™7 (Level3) interrupt request e, although it is in the
(Level 2) ‘s~ interrupt enabled state.
Handling f
Handling g
Interrupt ~ El Interrupt request h is put on hold because
Interrupt requesth__ it has the same priority, although it is
requestg — (Level 1) in the interrupt enabled state.
(Level 1) N~ THandling h
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Fig. 15-11. Operation Example When Other Interrupt Requests are
Generated during Interrupt Servicing (2/3)

Main routine

Handling i
El

Interrupt Viacro o

requesti —= service :‘ Macro service |
Level 1 request j —=

( ) (Level 2) The macro service request is handled
regardless if the interrupt is enabled or
disabled, and the priority level.

Handling k
El Handling m
Interrupt
I .

Interrupt [‘5232.5‘3) . Interrupt request | is put on hold because

request k — Interrupt it has a lower priority than interrupt request k.

(Level 2) request m —m Interrupt request m generated after | is accepted

(Level 1) \ because it has higher priority.
Handling |
Handling n

Interrupt

request o

(Level 3) —»|

Int i Interrupt As interrupt request n is handled in the

nterrup request p interrupt disabled state, interrupt requests

request n —= (Lovel 1) = o and p are put on hold.

(Level2)  p Handling p After interrupt request n is handled, held
interrupt requests are accepted. At this time,
although interrupt request o is generated
first, interrupt request p is accepted first
because it has higher priority.

Handling o
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Fig. 15-11. Operation Example When Other Interrupt Requests are
Generated during Interrupt Servicing (3/3)

Main routine
Handlmg q

Handling r_, Handling s
Interrupt Handlin .
Imerrupt (o]
request q— request r —= Interrupt
(Level 3) (Level 2) request s —= Interrupt

(Level 1) ’fq”efg ; — E' When interrupt requests are multi-accepted from levels 3 to 0.
evel

If the PRSL bit of the IMC register is set (1), only

the macro service request and nonmaskable interrupt
generate nesting above this.

If the PRSL bit of the IMC register is cleared (0),

the level 3 interrupt can be nested while it is being handled
(See Fig. 15-13.)

Handling u
Interrupt E|
request v
(Level 0) —|
Interrupt Macro
requestu — S;“;'g; ™ ) Even if the interrupt enabled state is set during
(Level 0) Level 3) Macro service w the handling of the level 0 interrupt request u,

the interrupt request is not accepted even if its
priority level is level 0 and it is put on hold.

Handling v For macro service however, it will be accepted

and handled regardless of the level and even if there
is an interrupt request with higher level on hold.

i

Interrupt i
requehgt)y/ Handling x
(Level 2)—»=|

Interrupt Tnterript -
request X —w ' equestz
(Level 1)

Handling z )
The held interrupt requests y and z are accepted

after interrupt request x has been handled. Asy and z have the
Handling y same level at this time, z which has a higher default

priority is accepted first regardless of the order in which

they were generated.

7

Notes 1. Default priority is low.
2. Default priority is high.
Remarks 1. atozinthefigureisthe temporary name given to classify the interrupt requests and the macro service
requests.
2. The high/low default priority in the figure indicates the relative priority level of two interrupt requests.
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Fig. 15-12. Operation Example of Simultaneously Generated Interrupt Requests

Main routine

El

Handling macro service b « When requests are generated simultaneously,
they are accepted from the macro service ones first
Handling macro service ¢ » The macro service requests are accepted according
to their default priority level (b, c, f) (does not depend on
Handling macro service f the programmable priority level)
« As the interrupt requests which have higher
Handling interrupt request d priority are accepted first, d and e are accepted first
« As d and e have the same priority order level,
d is accepted first because it has a higher default priority

Interrupt request a (Level 2
Macro service request b (Level 3
Macro service request ¢ (Level 1

Interrupt request d (Level 1
(
(

Interrupt request e (Level 1
Macro service request f (Level 1

)
)
)
)
)
)

il

Handling interrupt request e

Default priority

asbs>csdsesf Handling interrupt request a

Remark ato finthe figure is the temporary name given to classify the interrupt requests and the macro service
requests.
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Fig. 15-13. Level 3 Interrupt Acknowledgement Due to IMC Register Setting

Main routine

'

IMC <- 80H ) ) ) )
El Handling a Disable nesting between level 3 interrupts,
/EI with the IMC register PRSL as 1.
Interrupt
request a —= Ir';fl;;iﬁnb Interrupt request b is held even if in the interrupt

(Level 3) (Level 3)—= enable state because it has the same priority.

Handling b

/)

Taking the IMC register PRSL as 0, set

IMC <- 00H so that the level 3 interrupt is accepted
El (can be nested) even if the level 3 interrupt

Handling c is being handled.
El Handling d
Interrupt Interrupt As the level 3 interrupt request ¢ is handled

rEquels;c 7 requestd —= in the interrupt enabled state and PRSL = 0,
(Level 3) (Level 3) interrupt request d of the same level 3 is accepted.

Main routine

IMC <- O0H

Note 1
Interrupt
[Egﬁeefg)e - As interrupt request e and f are the same level,

Note 2 Handling f interrupt request f which has a higher default priority is
Interrupt Handling e  accepted first.
request f —= El If the interrupt enabled state is set while interrupt
(Level 3)  ElI request f is being handled, the held interrupt request e is

accepted because PRSL = 0.

Notes 1. Default priority is low.
2. Default priority is high.
Remarks 1. a to f in the figure is the temporary name given to classify the interrupt requests.
2. The high/low default priority in the figure indicates the relative priority level of two interrupt requests.
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15.6 Software Interrupt Acknowledgement

The software interrupt is acknowledged when the BRK and BRKCS instructions are executed. The software
interrupt cannot be disabled.

15.6.1 Software interrupt acknowledgement by the BRK instruction

When the BRK instruction is executed, PSW and PC are saved in the stack area in order, the IE flag is reset (0),
and the contents of the vector table (003EH, 003FH) are loaded to the PC and branched.

To restore from a software interrupt by the BRK instruction, use the RETB instruction.

Caution To restore from a software interrupt by the BRK instruction, do not use the RETI instruction.

15.6.2 Software interrupt (context switching) acknowledgement by the BRKCS instruction

The context switching function can be activated by executing the BRKCS instruction.

The register bank used after context switching is specified by the immediate data (N2 to No) in the low-order
3 bits of the second op-code of the BRKCS instruction.

When the BRKCS instruction is executed, a branch is made to the vector address stored in the register bank. At
the same time the PC and PSW contents present immediately before the branch are saved in the register bank.
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Fig. 15-14. Context Switching Operation by the BRKCS Instruction Execution

1st op-code
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<5> Change
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R7 | R6
<4> Save VP
| Temporary register | upP
D E <2> Register bank switching
<1> Save (RSB0 to RSB2 <- n)
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Execute the RETCSB instruction to restore from the software interrupt by the BRKCS instruction.

When the RETCSB instruction is executed, the contents of the R4 and R5 registers in the selected register bank
are transferred to the PC, and the contents of the R6 and R7 registers are transferred to the PSW. Then, the 16-
bit immediate data specified by the third and fourth op-codes of the RETCSB instruction is stored in the R4 and R5
registers of the register bank.

When the same register bank is selected again by the context switching function, the 16-bit immediate data
specified by the third and fourth op-codes of the RETCSB instruction is used as the branch address.

Fig. 15-15. Format of the RETCSB Instruction

istopcode | 00001001 |
2ndop-code | 11100000 |
3rd op-code | Low-order 8-bit immediate data |
4th op-code | High-order 8-bit immediate data |

Caution When the context switching function is activated by executing the BRKCS instruction, and if the
RETCS instruction is executed and a bit of the ISPR register is reset to 0, interrupt nesting control
is destroyed.

When returning from processing activated by the BRKCS instruction, be sure to use the RETCSB
instruction.
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Fig. 15-16. Restoring from Software Interrupt by BRKCS Instruction (RETCSB Instruction Operation)

Register bankn (n =010 7)

A X

<1> Return B c
RS | R4 RETCSB instruction operand
R7 i R6 <2> Transfer
VP
<3> Return P
(To original v
register bank) D E

15.7 Op-code Trap Interrupt Acknowledgement

The op-code trap interrupt is generated when the data obtained by reversing all the bits of the 3 byte operand of
the MOV STBC, #byte instruction and MOV WDM, #byte instruction does not match the 4th byte of the operand. The
op-code trap interrupt cannot be disabled.

When the op-code trap interrupt is generated, the head address of the instruction generating PSW and errors is
saved in the stack, the IE flag is reset (0), the vector table values are loaded in the PC and branched.

As the address saved in the stack area is the head address of the instruction generating errors, if the RETB
instruction is executed at the end of the op-code trap interrupt servicing routine, the op-code trap interrupt will be

generated again.
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15.8 Macro Service Function

15.8.1 Macro service overview

The macro service is amethod of servicing interrupts. For normalinterrupts, the program counter (PC) and program
status word (PSW) are saved and the head address of the interrupt service program to PC is loaded. In macro service,
a different servicing method is performed instead (mainly data transfer). Therefore, responses to interrupt requests
can be given quickly. Furthermore, the servicing time is also reduced because high speed transfer servicing can be
performed than the use of a program.

The vectored interrupt program can also be simplified because vectored interrupts are generated after the specified
number of servicings have been performed.

Fig. 15-17. Difference between Vectored Interrupt and Macro Service Servicing

Macro service  Main routine Macro service >< Main routine

handling
Interrupt handling ><Note 3>< Main routine
Returning
Interrupt handling PC and Main routine
PSW

Saving Initializing Returning Returning
general general Interrupt handling general PC and Main routine
register register register PSW

Note 1

Context switching ~ "anroutne Note 2

Note 1

Vectored interrupt 2" "eui"e Note 4

Vectored interrupt ~ Main routine Note 4

Generated interrupt
request

Notes 1. When register bank switching is used and initial values are preset in the register
2. Register bank switching by context switching, save to PC and PSW
3. Register bank by context switching, return to PC and PSW
4. Save PC and PSW to stack, load vector address to PC
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Table 15-6. Interrupt for Which Macro Service Can be Used

Default Macro service
priority Interrupt request Interrupt source Generation unit control word
address

0 INTOVO Timer 0 overflow Real-time pulse unit FEO6H
1 INTOV3 Timer 3 overflow FEO8H
2 INTPO/INTCCO0 INTPO pin input/CC00 match signal External/Real-time FEOAH
3 INTP1/INTCCO1 INTP1 pin input/CCO1 match signal pulse unit FEOCH
4 INTP2/INTCCO02 INTP2 pin input/CC02 match signal FEOEH
5 INTP3/INTCC30 INTP3 pin input/CC30 match signal FE10H
6 INTP4/INTCC31 INTP4 pin input/CC31 match signal FE12H
7 INTCMO0 CMO00 match signal Real-time pulse unit FE14H
8 INTCMO1 CMO01 match signal FE16H
9 INTCMO02 CMO02 match signal FE18H
10 INTCMO03 CMO03 match signal FE1AH
11 INTCM10 CM10 match signal FE1CH
12 INTCM11 CM11 match signal FE1EH
13 INTCM20 CM20 match signal FE20H
14 INTCM21 CM21 match signal FE22H
15 INTCM40 CM40 match signal FE24H
16 INTCMUDO CMUDO match signal FE26H
17 INTCMUDH1 CMUD1 match signal FE28H
18 INTSER Serial receiver error Asynchronous serial FE2AH
19 INTSR Serial reception completion interface FE2CH
20 INTST Serial transmission completion FE2EH
21 INTCSIO Serial transmission/reception completion Clock synchronous FE30H

serial interface
22 INTCSIH Serial transmission/reception completion Clock synchronous FE32H

serial interface (with pin

switching function)
23 INTAD A/D conversion completion A/D converter FE34H

Remark Thedefaultpriority levelis afixedvalue. Itisthe priority level when macro service requests are generated
simultaneously.
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The macro service operation has the following five modes.

(1)

(2)

(3)

4)

(%)

Counter mode: EVTCNT

The macro service counter (MSC) is increased (+1) or decreased (—1) every time an interrupt request is
generated, and a vectored interrupt request is generated when MSC becomes 00H.

This mode is used for dividing the number of interrupt request generated.

Block transfer mode: BLKTRS

A 1-byte or 1-word data is transferred between the special function register (SFR) specified by the SFR pointer
(SFRP) and buffer every time an interrupt request is generated, and a vectored interrupt request is generated
when data transfer is performed for the number of times specified.

The buffer used in the transfer is limited to the FEOOH to FEFFH main RAM.

The specification method is simple and this mode is used for the high speed data transfer of small volume
data.

Block transfer mode (with memory pointer): BLKTRS-P

Like the block transfer mode, a 1-byte or 1-word data is transferred between the SFR specified by the SFRP
and buffer every time an interrupt request is generated, and a vectored interrupt request is generated when
data transfer is performed for the number of times specified.

The buffer used in the transfer is specified by the memory pointer (MEM.PTR) (the memory used is the total
64 Kbyte space).

This mode is used generally for transferring large volume data.

Data difference mode: DTADIF

The difference between the current value of the SFR specified by the SFRP and “the value immediately before”
stored in the memory is written in the buffer every time an interrupt request is generated, and the current value
is taken as “the value immediately before”.

A vectored interrupt request is generated when data transfer is performed for the number of times specified.
The buffer used in the transfer is limited to the FEOOH to FEFFH main RAM.

This mode is used for measuring the period of input pulses and pulse width by the capture register.

Data difference mode (with memory pointer): DTADIF-P

Like the data difference mode, the difference between the current value of the SFR specified by the SFRP
and “the value immediately before” stored in the memory is written in the buffer every time an interrupt request
is generated, and the current value is taken as “the value immediately before”.

Vectored interrupt request is generated when data transfer is performed for the number of times specified.
The buffer used in the transfer is specified by the memory pointer (MEM. PTR) (the memory used is the total
64 Kbyte space).

This mode is used generally for transferring large volume data.
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15.8.2 Basic operation of macro service

The macro service function is used to transfer data on a hardware basis between the special function register area
and memory space in response to an interrupt request.

When a macro service request is generated, the CPU temporarily stops program execution, and one- or two-byte
data is transferred automatically between special function registers (SFRs) and memory. When data transfer ends,
the interrupt request flag is reset to 0, then the CPU restarts program execution. After data transfer is performed
as many times as the value set in the macro service counter (MSC), a vectored interrupt request is generated.

Fig. 15-18. Sample Sequence of Macro Service Processing

Generation of an interrupt
request for macro service

; Transfer data and control the

Perform macro service real-time output port.

; Decrement a macro service

MSC <- MSC -1 counter (MSC) by one.
YES NO
MSC = 0?
Macro service enable flag <- 0 Interrupt request flag <- 0
A vectored interrupt Next instruction

request is generated.
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Unlike other interrupt servicing that is accompanied by the activation of an interrupt service routine, macro service
is performed automatically. This means that macro service does not require a series of the operations of making
abranchto aninterrupt service routine, saving and restoring register contents, and returning from the interrupt service
routine. It is therefore possible to improve the CPU service time and to reduce the number of program steps.

During macro service processing, the general-purpose registers and instruction queue in the CPU hold the data
present immediately before macro service processing is activated.

Interrupt requests for which macro service processing is specified are not influenced by the status of the IE flag
in the program status word (PSW). Macro service can be performed even in the interrupt disable status or while the
interrupt service program is being executed. Macro service is disabled only when the corresponding bit of the interrupt
mask flag registers (MKO and MK1) is set to (1).

If more than one macro service requestis present, the service order is determined by the default priority. Instruction
execution is suspended until all of these macro service requests are processed.

The uPD78356 supports macro service for all included interrupt requests.

The followings are two basic operations of macro service processing.

« Data transfer from memory to special function registers (SFR)
» Data transfer from special function registers (SFR) to memory
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15.8.

3 Macro service completion

After the macro service performs for the number of times specified during the execution of other programs, the
macro service completes (when the macro service counter (MSC) becomes 0).

Last

On

Fig. 15-19. Operation when Macro Service Completes

Main routine

|

Macro service request — . .
Handling macro service

macro service request —» ) )
Handling macro service

Interrupt request handling
by macro service completion

Handling other interrupt
El

other interrupt request —

Al

Handling macro

service

Interrupt request handling
by macro service completion

An interrupt request is generated after the
completion of macro service (MSC = 0)
and accepted.

If interrupts are not accepted after

the completion of macro service

because other interrupt are being executed
by performing the last macro service, the
interrupt request is held until it is accepted.

Caution Whentransmitting databy the UART using macro service, two vectored interrupt requests occur.
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15.8.4 Macro service control register

(1) Macro service control word
A macro service control word is made up of a macro service mode register which controls the macro service
function and a macro service channel pointer. These control words are located in addresses FEO6H to FE35H
in the main RAM area. (See Fig. 15-21.)
Fig. 15-20 shows the basic structure of a macro service control word.

Fig. 15-20. Basic Structure of a Macro Service Control Word

Address MSB LSB
FExxH Macro service mode register
(FExx+1)H Macro service channel pointer

The macro service mode register sets the macro service processing mode, and the macro service channel
pointer specifies the address of a macro service channel.

Before macro service processing can be performed, values must be loaded into the macro service mode
register and channel pointer corresponding to the interrupt request for which macro service processing can

be specified.
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Fig. 15-21. Macro Service Control Word Format

Address
FEO6H
FEO7H
FEO8H
FEO9H
FEOAH
FEOBH
FEOCH
FEODH
FEOEH
FEOFH
FE10H
FE11H
FE12H
FE13H
FE14H
FE15H
FE16H
FE17H
FE18H
FE19H
FE1AH
FE1BH
FE1CH
FE1DH
FE1EH
FE1FH
FE20H
FE21H
FE22H
FE23H
FE24H
FE25H
FE26H
FE27H
FE28H
FE29H
FE2AH
FE2BH
FE2CH
FE2DH
FE2EH
FE2FH
FE30H
FE31H
FE32H
FE33H
FE34H
FE35H

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Mode register

Channel pointer

Factor

}INTOVO
}INTOV3
}INTPOHNTCCOO
}INTP1HNTCCO1
}INTPZHNTCCOZ
}INTPBHNTCCSO
}INTP4HNTCCS1
}INTCMOO
}INTCMO1
}INTCMOZ
}INTCMOB
}INTCM10
}INTCM11
}INTCM20
}INTCM21
}INTCM40
}INTCMUDO
}INTCMUD1
}INTSER
}INTSR
}INTST
}INTCSM
}INTCSH

} INTAD
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(2) Macro service mode register

The macro service mode registers are 8-bit registers that specify macro service operation. They are mapped
as part of the macro service control words in the main RAM area (see Fig. 15-20).

15.8.5 Macro service mode
Operation of the macro service is specified by setting a macro service mode register. The macro service mode

is determined by the low-order 6 bits of the macro service mode register. The modes are classified into two groups:
Group 0 and group 1.

» Group 0: Control word only; no channel provided
» Group 1: Control word and channel

The high-order 2 bits of the macro service mode register function as a subcommand (see Table 15-7).

15.8.6 Macro service operation
There are five modes of macro service operation.

Table 15-7. Classification of Macro Service Modes

Group Macro service mode register Function
Group 0 CC000001 Counter mode EVTCNT
Group 1 CCO010011 Block transfer mode BLKTRS
CCo10100 Block transfer mode (with memory pointer) BLKTRS-P
10011001 Data difference mode DTADIF
10011010 Data difference mode (with memory pointer) DTADIF-P

C in the most significant bit (MSB) of a macro service mode register indicates the length of the data to be operated
on except for EVTCNT.

* C =0: Byte data
+ C=1: Word data

Asto BLKTRS and BLKTRS-P, byte buffer representation is always used. If word specification is made, byte buffers
must be replaced by word buffers.

Caution Word buffers must be placed at even addresses.
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(1) Counter mode: EVTCNT

[Macro service control word]

MSB LSB

Lower address CC000001

Higher address MSC

[Operation]
Every time the macro service is generated, the macro service counter (MSC) is incremented or decremented
by one. When the MSC reaches 00H (overflow), a vectored interrupt request is generated.

Table 15-8. Counter Mode Operation Specification

cC Operation
00 Increment
01 Decrement

10 Setting prohibited
11

In the counter mode, the macro service function operates as a counter to divide the number of interrupt requests.

Example: Dividing the number of INTOV interrupt requests by five using macro service

FEO6H 01000001

FEO7H 05H -1

[Application]
Event counter, or measurement of the number of capture times
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(2) Block transfer mode: BLKTRS
[Macro service control word]

Lower address MsB LSB
1 CCo010011
1 CH. PTR
Buffer 1 MSC =N
Buffer 2 MSC =N -1
Buffer N MSC =1
L — A
MSC —1
!

SFRP

Higher address 7

[Operation]

The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the channel pointer
(CH.PTR) and macro service counter (MSC).

Data is transferred between the SFR pointed to by the SFRP and buffers. Data transfer starts from buffer
1.

Every time transfer terminates, the MSC is decremented by one.

When the MSC reaches 0, a vectored interrupt request is generated.

Table 15-9. Specification of Block Transfer Mode Operation

CC Operation Transferred data Buffer address

00 Buffer <- SFR Byte (CH.PTR content) — (MSC content) — 1

01 SFR <- buffer

10 Buffer <- SFR Word (CH.PTR content) — (MSC content x 2) — 1
11 SFR <- buffer
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Example: Transferring the contents of port 1 (FFO1H) to buffers in response to the INTPO interrupt request

FEO8H 00010011
FEO9H 51H
FE4DH Buffer 1
FE4EH Buffer 2
FE4FH Buffer 3
L — A
FE50H 03H —1
FE51H 01H

[Application]
This mode can be used for data transfer over a serial interface.

Caution Word buffers must be placed at even addresses.
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(3) Block transfer mode (with a memory pointer): BLKTRS-P
[Macro service control word]

MSB LSB
Lower address CC010100
T CH.PTR
Buffer 1 MSC =N
————— MEM. PTR----1
Buffer 2 MSC =N -1
MSC ! : |
b SFRP | : |
Higher address
Buffer N MSC =1

[Operation]

The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). Data is transferred between the SFR pointed
to by the SFRP and the buffer addressed by MEM.PTR. Data transfer starts from buffer 1.

When byte data transfer terminates, the MEM.PTR is incremented by one. When word data transfer
terminates, the MEM.PTR is incremented by two.

Every time transfer terminates, the macro service counter (MSC) is decremented by one. When the MSC
reaches 0, a vectored interrupt request is generated.

Table 15-10. Specification of Block Transfer Mode (with a Memory Pointer) Operation

CC Operation Transferred data
00 Buffer <- SFR Byte
01 SFR <- buffer Byte
10 Buffer <- SFR Word
11 SFR <- buffer Word
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Example: Transferring the contents of serial reception buffer RXB (FF8CH) to buffers in response to the
INTSR interrupt request

FE2CH 00010100
FE2DH 51H
FE4EH 80H FC80H Buffer 1 1st time

FCH - fI +1 | FC81H Buffer 2 2nd time | RXB register
FE50H 03H d :l -1 | FC82H Buffer 3 3rd time

FE51H 8CH

[Application]
This mode is used for data transfer over a serial interface.

Cautions 1. Word buffers must be placed at even addresses.
2. MEM.PTR must be placed at an even address.
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(4) Data difference mode: DTADIF
[Macro service control word]

MSB LSB

Lower address 10011001

f — CH.PTR

ffffff Buffer 1 -----4 MSC=N

ffffff Buffer2-----1 MSC=N-1

ffffff Buffer N-----4 MSC =1

Previous

value

Higher address —* SFRP

[Operation]

The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the channel pointer
(CH.PTR) and macro service counter (MSC).

The difference between the current value of the SFR (especially capture register) pointed to by the SFRP and
the previous value is written to the buffer. The current value of the SFR is then regarded as the new “previous
value.” Data write starts from buffer 1.

Every time data is written, the MSC is decremented by one.

When the MSC reaches 0, a vectored interrupt request is generated.

The buffer address is obtained as follows:

(Buffer address) = (value of CH.PTR) — (value of MSC x 2) — 3
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Example: The difference between the current value and previous value of capture/compare register CC00
(FF10H) is written into a buffer with the INTPO input signal used as the trigger signal. The period
of the INTPO input signal is then measured using the difference by the vectored interrupt service
routine.

FEO8H 10011001
FEOQH 61H
FE58H

ffffff Buffer 1 ------
FESAH

ffffff Buffer 2 ------
FESCH

—————— Buffer3 -
FESEH 00H

00H

FE60H 03H
FE61H 10H

[Application]
This mode can be used to measure periods or pulse widths using a capture register.

Cautions 1. 00H must not be set in the MSC.
2. Buffers must be placed at even addresses.
3. The “previous value” must be initialized to dummy data in advance.
4. The SFRP can specify 16-bit SFRs only.
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(5) Data difference mode (with a memory pointer): DTADIF-P
[Macro service control word]

MSB LSB
Lower address 10011010

! — CH.PTR

fffff MEM. PTR----- ------ Buffer1-----1 MSC=N

ffffffffffffffffff Buffer2 -----1 MSC=N-1
value

MSC

. SFRP

Higher address —

****** Buffer N------ MSC =1

[Operation]

The channel pointer (CH.PTR) specifies the SFR pointer (SFRP). A buffer is addressed by the MEM.PTR
and macro service counter (MSC).

The difference between the current value of the SFR (especially capture register) specified by the SFRP and
the previous value is written to the buffer. The current value of the SFR is then regarded as the new “previous
value.” Data write starts from buffer 1.

Every time data is written, the MSC is decremented by one. When the MSC reaches 0, a vectored interrupt
request is generated.

The MEM.PTR remains unchanged.

The buffer address is obtained as follows:

(Buffer address) = (value of MEM.PTR) — (value of MSC x 2) + 2

[Application]
This mode is used to measure periods and pulse widths using a capture register.

Cautions 1. 00H must not be set in the MSC.
2. Buffers must be placed at even addresses.
3. The MEM.PTR must be placed at an even address.
4. The “previous value” must be initialized to dummy data in advance.
5. The SFRP can specify 16-bit SFRs only.
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15.9 When Interrupt Requests and Macro Service are Held Temporarily

(1) Instructions which the interrupt request is not acknowledged
When the following instructions are executed, the acceptance of interrupts and servicing of macro service are
held temporarily. The software interrupt is however not held.

MOV1 PSWL. bit, CY RETB

MOV1 PSWH. bit, CY RETI

SET1 PSWL. bit RETCS laddr16
CLR1 PSWL. bit RETCSB  laddr16
NOT1 PSWL. bit POP PSW

BFSET PSWL. bit, $addr16 POPU post
BFSET PSWH. bit, $addr16 El

BTCLR PSWL. bit, $addr16 DI

BTCLR PSWH. bit, $addr16

BRK

BRKCS RBn

(2) Instructions with which interrupt requests may not be acknowledged
The instructions shown in Table 15-11 mainly perform writing in various interrupt servicing control registers
(INTCreg). When they are executed, the acceptance of interrupts and servicing of macro service may be held
temporarily according to the CPU state.

Remark INTCreg: Registers MKOH, MKOL, MK1L, ISPR and IMC and interrupt control registers (OVICO,

OVIC3, PICO to PIC4, CMICO0 to CMIC03, CMIC10, CMIC11, CMIC20, CMIC21,
CMIC40, CMICUDO, CMICUD1, SERIC, SRIC, STIC, CSIIC0, CSIIC1, ADIC)
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Table 15-11. List of Instructions with which Interrupt Requests may not be Acknowledged

Instrucitons Mnemonic Operand Condition
8-bit data MOV INTCreg, #byte
transfer INTCreg, A
mem, A To set mem to INTCreg address
[saddrp], A To set saddrp to INTCreg address
laddri16, A To set addr16 to INTCreg address
PSWL, #byte
PSWH, #byte
PSWL, A
PSWH, A
XCH A, mem To set mem to INTCreg address
A, [saddrp] To set saddrp to INTCreg address
16-bit data MOVW INTCreg, #word
transfer INTCreg, AX
IINTCreg, rp1
mem, AX To set mem to INTCreg address
XCHW AX, INTCreg
AX, mem To set mem to INTCreg address
8-bit arithmetic/ ALU INTCreg, #byte ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
logical operation mem, A To set mem to INTCreg address
ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
16-bit arithmetic/ | ALUW INTCreg, #word ALUW: ADDW, SUBW
logical operation
Bit manipulation MOVA INTCreg. bit, CY
BIT INTCreg. bit BIT: SET1, CLR1, NOT1
Stack POP INTCreg
manipulation
Branch with BTCLR INTCreg. bit, $addr16
conditions BFSET INTCreg. bit, $addr16
String STRING [DE+], A To set INTCreg address to destination (DE register)

[DE-], A
[DE+], [HL+]
[DE-], [HL—]

STRING: MOVM, MOVBK, XCHM, XCHBK, CMPME,
CMPBKE, CMPMNE, CMPBKNE, CMPMC,
CMPBKC, CMPMNC, CMPBKNC

Cautions 1. When polling interrupt related registers using BTCLR instruction, etc., make sure one
instruction is not branched to the same instruction. If programs in which instructions are
branched to themselves are written, all interrupts and macro service are held until conditions
with which the instructions will not branch to themselves are established.
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Wrong example

LOOP: BTCLR PIC0.7, $LOOP All interrupts and macro services are held until PIC0.7 becomes 1.
XXX <- Theinterrupts and macro services are handled first after the instruction
: after the BTCLR instruction is executed.

Correct example (1)

LOOP: NOP
BTCLR PICO0.7, $LOOP <- Asthe interrupts and macro services are handled after the execution
: of the NOP instruction, they will not be held for a long period of time.

Correct example (2)

LOOP: BTCLR PICO0.7, $SNEXT
BR $LOOP <- Asthe interrupts and macro services are handled after the execution
NEXT: of the BR instruction, they will not be held for a long period of time.

Cautions 2. If the above instructions are to be used continuously due to the same reasons, and the
interrupts and macro services are going to be held for a long time, insert NOP instruction,
etc. halfway and create timings with which the interrupts and macro services can be
acknowledged.
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15.10 Instructions Which are Stopped Temporarily in Interrupts and Macro Services

The execution of the following instructions are stopped temporarily when acceptable interrupts and macro services
are requested and these can be acknowledged. The stopped instructions are restarted after the completion of the
interrupt servicing or macro service servicing.

<Temporarily stopped instructions>
MOVM, XCHM, MOVBK, XCHBK
CMPME, CMPMNE, CMPMC, CMPMNC
CMPBKE, CMPBKNE, CMPBKC, CMPBKNC
SACW
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16.1 Function Overview

The uPD78356 has a standby function to reduce power consumption of the system. With the standby function,
two modes are available:

¢ HALT mode ........ In this mode, the CPU operation clock is stopped. Intermittent operation, when combined with
the normal operation mode, can reduce overall system power consumption.

* STOP mode ....... In this mode, the oscillator is stopped to stop the entire system. Since only leakage currents
may flow in this mode, system power consumption can be minimized.

Each mode is set by software.
Fig. 16-1 is the transition diagram of the standby modes (STOP and HALT modes).

Fig. 16-1. Transition Diagram of the Standby Modes
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16.2 Standby Control Register (STBC)

The standby control register (STBC) is an 8-bit register which controls the standby mode.
As the contents of the STBC register can only be changed by a dedicated instruction, it will not be changed by
a program crash. The dedicated instruction MOV STBC, #byte is shown below.

Fig. 16-2. STBC Register Write Instruction

B1 B2 B3 B4

MOV STBC, #byte 09H COH data0 datat

This instruction has a data check function to prevent the application system stopping unintentionally by a program
crash. Data can be written in the STBC register only when the last two bytes of the instruction are the complement
of each other, i.e., when data0 = data1.

If they are not complementary, the STBC resister is not written to and an op-code trap interrupt occurs. In this
case, the address of the instruction which causes the trap is saved in the stack area as return address. Therefore,
the program can be restarted from the return address by checking the trap address or executing the RETB instruction.
(See sections 15.1.4 and 15.7.)

However, if the cause of an op-code trap cannot be removed due to a hardware error, the RETB instruction may
cause an infinite loop.

The SBF bit of the STBC register is a standby flag. It is used to determine whether to release the STOP mode
by the RESET input. This bit is reset to 0 only when the supply voltage (Vob) is supplied (power-on reset). It cannot
be reset by software. It is not affected simply by supplying the RESET signal.

The contents of the STBC register can be read by the data transfer instruction at any time.

RESET input sets the STBC register to 0000x000B.

Fig. 16-3. shows the format of the STBC register.

Caution Afterthe SBFflagisread, setitto1. Software canthendiscriminate apower-onresetfromrelease
of the STOP or HALT mode.
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Fig. 16-3. Format of the Standby Control Register

Symbol - 6 5 4 3 P 1 o Address Whenreset R/W

STBC 0 0 0 0 | SBF 0 STP | HLT | FFCOH 0000x000B R/W

— HALT mode specification bitN°t

When this bit is set to 1, the system enters the HALT mode.
When the HALT mode is released, this bit is automatically reset to 0.

STOP mode specification bit

When this bit is set to 1, the system enters the STOP mode.
When the STOP mode is released, this bit is automatically reset to 0.

| This flag is rest to 0 only when power supply voltage Voo is supplied.

Note If the HALT mode is released by macro service activation, this bit is reset to 0 when a vectored interrupt
request is issued at the end of the macro service.

Caution When an external clock is used, do not set the STP bit of the standby control register (STBC)
to 1.
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16.3 Operation
16.3.1 HALT mode

(1) Setting the HALT mode and operation states in the HALT mode
In the HALT mode, the CPU clock is stopped.
The total power consumption of the system can be reduced by setting the system to the HALT mode during
CPU dead time. The system is put in the HALT state by setting the HLT bit in the STBC register to 1.
In the HALT mode, the CPU clock and program execution are stopped. Nevertheless, the contents of all
registers and internal RAM immediately before the HALT mode is set are retained. On-chip peripheral
hardware can operate. Hardware functions enter the states shown in Table 16-1.

Caution If the interrupt request flag (xxIF) is set to 1 and the interrupt is not masked (xxMK = 0), the
system does not enter the HALT mode. When macro service processing (xxISM = 1) is

performed, the system enters the HALT mode after the macro service terminates.

Table 16-1. Operation States in the HALT Mode

Function Operation state

Clock generator Operating

Internal system clock

CPU Stopped
1/O line Retained
On-chip peripheral hardware Operating
Internal data Internal data such as the CPU status, data, and

contents of the internal RAM is retained as it was
before setting the HALT mode.

When external devices are ADO to AD7 High-impedance
expanded ADS to AD15
ASTB 0
RD 1
LWR, HWR
CLKOUT Operating
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(2) Releasing the HALT mode
The HALT mode can be released by a nonmaskable interrupt request, nonmasked maskable interrupt request,
nonmasked macro service request, or RESET input.

(a) Releasing the HALT mode by an interrupt request
The HALT mode is released by a nonmaskable interrupt request, a maskable interrupt request which is
not masked, or macro service request, regardless of the priority of the request. If the HALT mode is set
by the interrupt service routine, however, the following operation takes place (see Table 16-2):

(i) When an interrupt request, having higher priority than the interrupt request being handled, is issued,
the HALT mode is released, and this new interrupt request is accepted. Such interrupt requests
include a non-maskable interrupt request. When the PRSL bit of an interrupt mode control register
(IMC) is set to 0, however, the system only accepts multiple interrupt requests having the lowest
priority.

(i) Whenaninterruptrequest, having the same priority as or lower priority than the interrupt request being
handled, is issued, the HALT mode is only released. In this case, the new interrupt request is not
accepted, and the next instruction is executed. The interrupt request is retained.

Table 16-2. Acceptance of Interrupts Generated during Interrupt Handling

Priority of interrupt service routines Priority and state of generated interrupts
in the HALT mode Accepted Retained

0 - Oto3

1 0 1t03

2 0, 1 2,3

3 0to 2, 3 (PRSL =0) 3 (PRSL = 1)

373



CHAPTER 16 STANDBY FUNCTION

Table 16-3. Operations after the HALT Mode is Released by an Interrupt Request

Releasing request El state DI state
Nonmaskable interrupt Branches to the vector address.
Maskable interrupt Branches to the vector address or Executes the next instruction.
executes the next instruction.

Table 16-4. Releasing the HALT Mode by a Macro Service Request

Conditions for a vectored Operations after releasing the HALT mode
interrupt at the end of HALT mode

macro service El state DI state
Satisfied Released Branches to the vector Executes the next

address or executes the | instruction.
next instructionNete

Not satisfied The system returns to
the HALT mode.

Note Ifthe HALT modeis setby an interrupt service routine then an interrupt request which is not masked
and has higher priority is generated, processing branches to the vector address.

(b) Releasing the HALT mode by RESET input

Same as the normal reset operation except that data in the internal RAM before setting the HALT mode
is retained.
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16.3.2 STOP mode

(1) Setting the STOP mode and operation states in the STOP mode
In the STOP mode, the oscillator is stopped.
Power consumption can be substantially reduced when the entire application system stops. The system is
placed in the STOP state by setting the STP bit in the STBC register to 1.
Inthe STOP mode, generation of the internal clock is stopped when the oscillator stops operating. Atthe same
time, the watchdog timer for reserving the oscillation stabilization time is automatically cleared by the hardware.
Although program execution is stopped, the contents of all registers and internal RAM immediately before the
STOP mode is set are retained. Hardware functions enter the states shown in Table 16-5.

Table 16-5. Operation States in the STOP Mode

Function Operation state

Clock generator Stopped

Internal system clock

CPU
1/0 line Retained when Vob is within the operable range
On-chip peripheral hardware Stopped
Internal data Internal data such as the CPU status, data, and
contents of the internal RAM is retained as it was
before setting the STOP mode when Voo is within
the operating rangeNete.
When external devices are ADO to AD7 High-impedance
expanded ADS to AD15
ASTB 0
RD 1
LWR, HWR
CLKOUT 0

Note Only the contents of internal RAM are retained by keeping the data retention voltage when Vop
is lower than the minimum operable voltage.
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(2) Releasing the STOP mode
Operations after the STOP mode is released depend on the releasing conditions and the status of the system
when it entered the STOP mode.
The STOP mode can be released by NMI or RESET input.

(a) Releasing the STOP mode by NMI input
The oscillator restarts when a valid edge is applied to the NMI input. While the NMI input is active, the
watchdog timer remains cleared and does not start counting. When the NMI input level returns to the
inactive level, the watchdog timer starts counting. When the watchdog timer overflows, generation of the
internal system clock is started.
Therefore, the uPD78356 is in the wait state during the following period:

(Active level duration after detecting a valid edge in NMI input)
+
(Watchdog timer overflow time)

The overflow time for the watchdog timer is specified using the WDM register.

Operations after the STOP mode is released depend on the status of the system when it entered the STOP
mode, and the priority level of the watchdog timer interrupt request and NMI interrupt request.
Priority is specified for a watchdog timer interrupt request or interrupt request using the WDM register
(see Fig. 16-4).
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CHAPTER 16 STANDBY FUNCTION

Fig. 16-4. Format of the Watchdog Timer Mode Register

Symbol 5 3 2 1 o Address Whenreset R/W

(o)}
(&)}
N

WDM | RUN| O 0 PRC| 0O |WDI2/WDHH| 0 FFC2H 00H R/W

Overflow time [ms
WDI2 | WDI1 Count [me]
clock fok = 12.5 MHz | fowk = 16.0 MHz
0 0 fok/2® 10.5 8.2
0 1 fok/2" 41.9 32.8
1 0 fowk/2' 167.8 131.1
1 1 Not to be set

Remark fcwk is an internal system clock frequency.

PRC Priority of watchdog timer interrupt request
0 Watchdog timer interrupt < NMI pin input interrupt
request request
1 Watchdog timer interrupt NMI pin input interrupt
request > request
RUN Watchdog timer operation specification

0 Stop watchdog timer

1 Clear watchdog timer, and start counting

Cautions 1. Data can be written into the WDM register only by a dedicated instruction (MOV WDM, #byte).
2. Do not change the priority for interrupt requests dynamically, that is, when a program is being
executed.
3. The RUN bit cannot be reset to 0 by software.
4. The count clock is not reset even when the watchdog timer is cleared by setting the RUN bit
to 1.
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CHAPTER 16 STANDBY FUNCTION

378

(i) When the STOP mode is set during the watchdog timer interrupt handling routine

<1> When the priority level is set as watchdog timer interrupt request > NMI interrupt request
(WDM register PRC bit = 1)
After the STOP mode is released by NMI input, operations are started from the instruction after
the instruction setting the STOP mode (The NMI interrupt request is held.)
When the RETI instruction is executed in the watchdog timer interrupt handling routine,
operations restore from the watchdog timer interrupt handling routine. After this, when one
instruction is executed, operations branch to the NMI interrupt handling routine.

Fig. 16-5. Operations after STOP Mode is Released (1)

(' Main routine )

INTWDT handling

MOV STBC, #byte (STOP mode setting)

~—NMI input (STOP mode releasing)

NMI request is held

INTWDT —

One instruction
execution

! NMI handling

Held NMI request is handled
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<2> When the priority level is set as watchdog timer interrupt request < NMI interrupt request
(WDM register PRC bit = 0)
Afterthe STOP mode is released by NMl input, operations branch into the NMI interrupt handling
routine immediately.
When the RETI instruction is executed in the NMI interrupt handling routine, operations restore
from the instruction after the instruction setting the STOP mode during the watchdog timer
interrupt handling routine.
After this, when the RETI instruction is executed, operations restore from the watchdog timer
interrupt handling routine.

Fig. 16-6. Operations after STOP Mode is Released (2)

(' Main routine )

INTWDT handling

MOV STBC, #byte (STOP mode setting)

~—NMI input (STOP mode releasing)

NMI handling

INTWDT—~ N
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(ii) When the STOP mode is set during the NMI interrupt handling routine
After the STOP mode is released by NMI input, operations start from the instruction after the
instruction setting the STOP mode.

When the RETI instruction is executed in the NMI interrupt handling routine, operations restore from
the NMI interrupt handling routine.

After this, when one instruction is executed, operations branch to the NMI interrupt handling routine
again.

Fig. 16-7. Operations after STOP Mode is Released (3)

(' Main routine )

NMI handling

MOV STBC, #byte (STOP mode setting)

=—NMI input (STOP mode releasing)

NMI—

I

One instruction
execution

NMI handling
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(iii) When the STOP mode is set in other than honmaskable interrupt handling routine
After the STOP mode is released by NMI input, operations branch into the NMI interrupt handling
routine immediately.
When the RETI instruction is executed in the NMI interrupt handling routine, operations restore from
the instruction after the instruction setting the STOP mode.

Fig. 16-8. Operations after STOP Mode is Released (4)

(' Main routine )

MOV STBC, #byte
(STOP mode setting)

NMI input (STOP mode releasing)—

NMI handling
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Table 16-6. Release of STOP Mode and Operations after Release

Release source

STOP mode set status

PRCNote

Operations after STOP Mode is Released

RESET input

X

Operations are started from the reset address.

NMI input

INTWDT routine

1

Operations start from the instruction after the MOV STBC #byte
instruction (The NMI interrupt request is held).

The NMI interrupt request is accepted after the watchdog timer
interrupt handling setting the STOP mode completes (See Fig.
16-5).

The NMI interrupt request is accepted (See Fig. 16-6).

NMI routine

Operations start from the instruction after the MOV STBC #byte
instruction (The NMI interrupt request is held).

The NMlinterrupt request is accepted again after the NMl interrupt
handling setting the STOP mode completes (See Fig. 16-7).

Other than nonmaskable
interrupt routine

The NMI interrupt request is accepted (See Fig. 16-8).

Note A priority level specification flag in the watchdog timer mode register (WDM).
PRC = 1 ... Watchdog timer interrupt request > NMI interrupt request
PRC = 0 ... Watchdog timer interrupt request < NMI interrupt request
PRC = x ... don’t care
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Fig. 16-9. Releasing the STOP Mode by NMI Input

Set STOP mode

i )
Oscillator | | | | | | | | | «

))

fCLKIlIl' H

| ))

|
|
|
|
|
|
|
|
|
|
|
1
“Set” |
STOP stat U
state o lease” — | /I &
|
|
|
:
|
|
|
|
|
|

LI LIL

| ) Normal mode

System clock StoP” I ;

“Generate”

))
C

J)
| | (C
| |
|

|
|
|
|
:
|
|
|
|
[ —
|
|
:
|
|
|
]
|

|
|
|
|
NMI input 1 2 [ |
(with the rising |
edge specified) ‘

The oscillator stops The period counted
by the timer for
stabilizing oscillation

(b) Releasing the STOP mode by RESET input
The oscillator restarts at the same time RESET input level is changed from high to low to put the system
in the reset state.
Apply the RESET active period for the oscillation stabilization time. When RESET starts up, operations
start from the addresses stored in the reset vector.
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CHAPTER 17 RESET FUNCTION

When the signal applied to the RESET pin is low, the system is reset, and each hardware component is placed
in the status indicated in Table 17-1.

When the signal applied to the RESET input port goes high, the reset status is released, and program execution
starts. The contents of registers must be initialized in the program as required. In particular, the number of cycles
specified in the programmable wait control register (PWC) must be changed as required. After resetting, the initial
setting in the PWC register is effective: Three wait cycles are added to the bus cycle, and the fetch cycle mode is
normal (see Fig. 18-5).

The RESET pin contains a noise eliminator based on analog delays to prevent abnormal operation due to noise.

Cautions 1. When RESET is active, all pins except WDTO, CLKOUT, AV&er, AVop, AVss, Vop, Vss, X1, and
X2 go into the high-impedance state.

2. When RAM is expanded externally, attach a pull-up resistor to the P90/RD pin, P91/LWR pin,
and P92/HWR pin. Otherwise, these pins may go into the high-impedance state, and the
contents of the external RAM may be lost. Or signal collision on the address/data bus may
damage the input/output circuit.

Fig. 17-1. Acceptance of the RESET Signal

RESET input

1 Analog 1Analog 1 Analog
delay delay delay
Eliminated A A
as noise Accepts Releases
reset reset
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In reset operation at power-on, a time for stabilized operation between power-on to reset acceptance is required
as shown in Fig. 17-2.

Fig. 17-2. Reset Operation at Power-on

))
(

RESET

T
|
|
|
|
)). |
(( |
|
|
|
|
|
|

Oscillation
~—stabilization—me—
time Analog
delay
A
Releases
reset
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Table 17-1. Hardware Statuses after Reset (1/2)

Hardware Status after reset
Control registers Program counter (PC) The contents of a
reset vector table
(0000H, 0001H)
are set.
Stack pointer (SP) UndefinedNete
Program status word (PSW) 0000H
CPU control word (CCW) 00H
Internal RAM Data memory UndefinedNete
General registers (R0 to R15)
Ports Output latches (PO to P5, P8 to P10) Undefined
Mode registers (PMO to PM3, PM5, PM8, PM10) FFH
(PM9) OFH
Mode control registers (PMCO, PMC3, PMC8, PMC10) 00H
(PMC2) 01H
Pull-up registor option registers (PUOL, PUOH) 00H
Port read control register (PRDC)
Real-time output ports | Real-time output prot registers (RTPL, RTPH) Undefined
(RTP) Real-time output port mode register (RTPM) 00H
Real-time pulse unit Timers (TMO to TM4) 0000H
(RPU) Up/down counter (UDC)
Timer unit mode registers (TUMO to TUMB) 00H
Timer control registers (TMCO, TMC1) 00H
(TMC2) 04H
Up/down counter control register (UDCC) 00H
Timer output control registers (TOCO to TOC2)
Timer overflow status register (TOVS)
Noise protection control register (NPC)
Compare registers (CM00 to CM03, CM10, CM11, CM20, CM21, CM40, Undefined
CMUDO, CMUD1)
Capture/compare registers (CC00 to CC02, CC30, CC31)
A/D converter A/D converter mode registers (ADMO) 00H
(ADM1) 07H
A/D conversion result registers (ADCRO to ADCR7, ADCROH to ADCR7H) Undefined
D/A converter D/A converted data coefficient registers | (DACS0, DACSH1) 00H
(DACS) 0000H

Note Whenthe STOP modeisreleased by RESET input, the values before the STOP mode was set are restored.
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Table 17-1. Hardware Statuses after Reset (2/2)

Hardware Status after reset
Serial interface Asynchronous serial interface mode register (ASIM) 80H
Asynchronous serial interface status register (ASIS) 00H

Clock synchronous serial interface mode registers (CSIMO, CSIM1)

Serial bus interface control register (SBIC)

Serial 1/0 shift registers (SIO00, SIO1) Undefined

Serial reception buffer (RXB)

Serial transmission shift register (TXS)

PWM output function PWM control register (PWMC) 00H
PWM buffer registers (PWMO0, PWMOL, PWM1, PWM1L) Undefined
Watchdog timer Watchdog timer mode register (WDM) 00H
Interrupt function External interrupt mode registers (INTMO, INTM1) 00H
Interrupt mode control register (IMC) 80H
Interrupt mask flag registers MKOL, MKOH, MK1L FFH
MKO FFFFH
MK1 00FFH
Interrupt control registers (OVICO, OVIC3, PICO to PIC4, CMIC00 to CMICO3, 43H

CMIC10, CMIC11, CMIC20, CMIC21, CMICA40,
CMICUDO, CMICUD1, SERIC, SRIC, STIC,
CSIICo, CSIIC1, ADIC)

In-service priority register (ISPR) 00H
External expansion Memory expansion mode register (MM) 00H
function Programmable wait control register (PWC) COAAHNete
CPU control Standby control register (STBC) 0000x000B

Note Becomes CFAAH only in the external 16-bit bus ROM-less mode (MODEQ, 1 = HH).
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The uPD78356 has bus interface functions to control external memory (ROM, RAM) and 1/O devices.

18.1 External Device Expansion Function for the UPD78356

For the uPD78356, external devices (data memory, program memory, and peripheral devices) can be assigned
to the external memory area (CO00H to F6FFH).
An external 8- or 16-bit data bus can be specified by setting the programmable wait control register (PWC).

(1) When an external 8-bit bus is specified
When an external device is connected, port 4 (P40 to P47) is used as the multiplexed address/data bus (ADO
to AD7) and port 5 (P50 to P57) is used as the address bus (AD8 to AD15) by setting the memory expansion

mode register (MM). The RD, LWR, and ASTB signals are used to access the external device.

Table 18-1 lists the pins used for access to an external device and indicate how to assign functions to the

pins.

Table 18-1. Assigning Functions to Pins (for lPD78356 When an External 8-Bit Bus is Specified)

according to the
expanded memory size

Memory expansion mode register Pin funciton
MMO to MM2 P40 to P47 | P50 to P57 | P90 | P91

Port mode General port
Expansion mode ADO to AD7| Set to AD8 to AD15 RD LWR

Remark ADS8 to AD15 are used as the address bus.

389
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The number of port 5 pins which operate as the address bus can be changed according to the size of memory
expanded externally. This feature allows memory to be expanded gradually as shown in the following table. Pins
not used as the address bus can be used as general I/O ports. (See Table 18-2.)

Table 18-2. Operation of Port 5 (Expansion Mode)

P50 | P51 | P52 | P53 | P54 | P55 | P56 | P57 External address space

General I/O port Within 256 bytes
Within 4 Kbytes
AD8 | AD9 | AD10 |AD11 Within about 16 Kbytes
AD12 |AD13
AD14 |AD15 Full expansion mode

When an external device reference instruction is executed in the 256-, 4K-, or 16K-byte expansion mode, the
system operates as follows. Fig. 18-1 shows the memory map for expansion mode.

(a) 256-byte expansion mode
Masks the 8 high-order bits of the 16 external reference address bits and outputs 00H to FFH as address
information from pins ADO to AD7.

(b) 4K-byte expansion mode
Masks the 4 high-order bits among 16 external reference address bits and outputs 000H to FFFH as
address information from pins A8 to A11 and ADO to AD7.

(c) 16K-byte expansion mode
Masks the 2 high-order bits of the 16 external reference address bits and output 0000H to 36FFH as

address information from pins A8 to A13 and ADO to AD7.

As described above, the 8, 4, and 2 high-order bits of the 16-bit address are masked in the 256-, 4K-, and 16K-
byte expansion modes, respectively.
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Fig. 18-1. Memory Map for Expansion Mode (for (iPD78356 When an External 8-bit bus is Specified)

Single chip mode

(Not expanded)
FFFFH
SFR area
FFOOH
FEFFH
Internal RAM
F700H
F6FFH
CO00H
BFFFH
A Internal AL
ROM
0000H

Expansion mode

(€9

256-byte 4K-byte
expansion expansion
SFR area SFR area
Internal RAM Internal RAM
FFH External device
(256) FFFH
00H External
device
(4 K)
000H
A Internal L A Internal A
ROM ROM

16K-byte
expansion

SFR area

Internal RAM

External
device
(about 16 K)

b))
(49

b))
(49

A Internal
ROM

A~

32K-byte
expansion

SFR area

Internal RAM

External
device
(Full
expansion)

b))
(49
b))

(€9

A Internal A
ROM

Caution The internal memory (ROM, RAM) capacity of the /PD78356 can be changed by setting the

memory expansion mode register (MM). (See Fig. 18-4.)
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(2) When an external 16-bit bus is specified
When an external device is connected, port 4 (P40 to P47) is used as the lower half (ADO to AD7) of the
multiplexed address/data bus and port 5 (P50 to P57) is used as the upper half (AD8 to AD15) of the multiplexed
address/data bus by setting the memory expansion mode register (MM). The RD, LWR, m, and ASTB
signals are used to access the external device.
Table 18-3 lists the pins used for access to an external device and indicates how to assign functions to the
pins.

Table 18-3. Assigning Functions to Pins (for iPD78356 When an External 16-Bit Bus is Specified)

Memory expansion mode register Pin function
MMO to MM2 P40to P47 | P50toP57 | Poo | Pot | Pez

Port mode General port
Expansion mode ADO to AD7 |AD8 to AD15| RD | LWR | HWR

Fig. 18-2. Memory Map for Expansion Mode (for /PD78356 When an External 16-Bit Bus is Specified)
Full expansion mode

FFFFH
SFR area
FFOOH
FEFFH
Internal RAM
F700H
F6FFH
A External device ~
(full expansion)
CO00H
BFFFH
A Internal ROM A
0000H T

Caution The internal memory (ROM, RAM) capacity of the (lIPD78356 can be changed by setting the
memory expansion mode register (MM). (See Fig. 18-4.)

392



CHAPTER 18 BUS INTERFACE FUNCTION

18.2 Access to External Devices by the PD78355

The uPD78355 does not contain ROM. External devices (data memory, program memory, and peripheral devices)
can be assigned to the area (0000H to F6FFH) other than that used for the internal RAM.
An external 8- or 16-bit data bus can be specified by setting the programmable wait control register (PWC).

(1)

(2)

When an external 8-bit bus is specified
When an external device is connected, ADO to AD7 are used as the multiplexed address/data bus, and AD8
to AD15 are used as the address bus. To access the external device, RD, LWR, and ASTB signals are used.

When an external 16-bit bus is specified

When an external device is connected, ADO to AD7 are used as the lower half of the multiplexed address/
data bus, and AD8 to AD15 are used as the upper half of the multiplexed address/data bus. The RD, LWR,
HWR, and ASTB signals are used to access the external device.

In the uPD78355, specification in the MMO to MM2 bits of the memory expansion mode register (MM) is
invalidated.

Unlike the uPD78356, the memory of uPD78355 cannot be expanded gradually.

Fig. 18-3. Memory Map of the . PD78355

FFFFH
SFR area
FFOOH
FEFFH Internal RAM
F700H
F6FFH
External device
0000H
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18.3 Control Registers

18.3.1 Memory expansion mode register

The memory expansion mode register (MM) is an 8-bit register which controls the address/data bus and signals
such as RD, LWR, and HWR when memory or I/O is externally expanded.

Bits MMO to MM2 are valid only when MODEO and MODE1 are LL. These bits are used to specify the functions
of the pins of ports 4 and 5.

When the expansion mode is specified using bits MMO to MM2, the P90 and P91 pins function as the RD and LWR
pins automatically. When the 16-bit bus is specified for at least one memory space by the programmable wait control
register (PWC), the P92 pin functions as the HWR pin. (The P92 pin functions as the HWR pin even when the 16-
bit bus is specified for the internal memory space.)

In the expansion mode, when an external 16-bit bus is used for a memory configuration consisting of internal ROM
and external memory, only the full expansion mode can be specified.

The MM register is set to 00H by RESET input.

Fig. 18-4 shows the format of the MM register.
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Fig. 18-4. Format of the Memory Expansion Mode Register

Symbol 5 6 5 4 3 2 1 0 Address Whenreset R/W

MM 0 MM6 | MM5 0 MM3 | MM2 | MM1 | MMO FFC4H 00H R/W
L] I
MM2| MM1| MMO| Operation modes of the P40 to P47 and P50 to P57 pins
) P40 to 47: Input port
0 0 0 Port S:gle P50 to 57: Port mode
chip
0 0 1 mode mode P40 to 47: Output port
P50 to 57: Port mode
0 1 0 Not to be set
0 1 1 256 P40 to 47: Expansion mode
bytes | P50 to 57: Port mode
Expan- .
1 0 o | sion 4 P40 t0 47, P50 to P53: Expansion mode
mode Kbytes| P54 to 57: Port mode
1 0 1 16 P40 t0 47, P50 to P55: Expansion mode
Kbytes| P56 to 57: Port mode
1 1 0 Not to be set
Expan- |Full
1 1 1 |sion Expansion | P40 to 47, P50 to P57: Expansion mode
mode__|mode

MM3 | Internal RAM capacity

0 2 Kbytes
1 1 Kbyte
MM6 | MMS5 | Internal ROM capacity
0 0 48 Kbytes
0 1 32 Kbytes
1 0 24 Kbytes
1 1 16 Kbytes

Cautions 1. Be sure to write 0 in bits 4 and 7. If 1 is written in these bits, operation will not be normal.
2. Invalid combinations are specified as “Not to be set” in Fig. 18-4. Never write these

combinations.
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18.3.2 Programmable wait control register

The programmable wait control register (PWC) is a 16-bit register for programmable wait control to the bus cycle
(internal¥** and external memory access) generated by the uPD78356. This register also specifies the bus width
when an external device is connected. This register enables low-speed memory and peripheral devices to be
connected externally.

The PWC register cannot be accessed in 8-bit mode. Use a 16-bit data transfer instruction to access the PWC
register.

The PWC register value after RESET input varies according to the operation mode specified with the MODEO and
MODET1 pins. (See Table 18-4.)

Fig. 18-5 shows the format of the PWC register.

Note Theinternal memory refers to the internal ROM area (only for the uPD78356 and puPD78P356) and internal
RAM area (F700H to FEFFH).

Table 18-4. Status after PWC Register Reset

MODEO | MODET LPD78355 LPD78356 LPD78P356 PWC register value
after reset
L L Not to be set Single chip mode COAAH
L H Not to be set -
H L Romless mode (External 8-bit bus) PROM mode COAAH
H H Romless mode (External 16-bit bus) CFAAH
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Symbol

PWC

Fig. 18-5. Format of the Programmable Wait Control Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0o Addess RW
AW1|AWO| 0 | 0 |BW3|BW2|BW1|BWO PWC7[PWCE[PWC5PWCAPWC3PWC2PWCIPWC| FFC6H  R/W
L L L L
Number of clocks specified for the memory space
(0000H to 3FFFH)
PWC1) PWCO Wait | Data access Fetch cycle Fetch
cycle cycle mode cycle
0 0 0 3 3
0 1 1 4 Normal fetch 4
1 0 2 5 5
1 1 0 3 High-speed fetch 2
Number of clocks specified for the memory space
(4000H to 7FFFH)
PWC3 PWC2 Wait | Data access Fetch cycle Fetch
cycle cycle mode cycle
0 0 0 3 3
0 1 1 4 Normal fetch 4
1 0 2 5 5
1 1 0 3 High-speed fetch 2
Number of clocks specified for the memory space
(8000H to BFFFH)
PWC5 PWC4 Wait | Data access Fetch cycle Fetch
cycle cycle mode cycle
0 0 0 3 3
0 1 1 4 Normal fetch 4
1 0 2 5 5
1 1 0 3 High-speed fetch 2
Numb(eCr of clllock's:s';g'e:f_ilfie'::c'i:grﬁhe rE'eérS'c:Jr'_)I/ space
000H to F6| , 0H to )
PWC7) PWC6 Wait | Data access Fetch cycle Fetch
cycle cycle mode cycle
0 0 0 3 3
0 1 1 4 Normal fetch 4
1 0 2 5 5
1 1 0 3 High-speed fetch 2
BWO| Bus width (valid address: 0000H to 3FFFH)
0 | 8bits
1 16 bits
BW1 | Bus width (valid address: 4000H to 7FFFH)
0 | 8bits
1 16 bits
BW2| Bus width (valid address: 8000H to BFFFH)
0 | 8bits
1 16 bits
BW3| Bus width (valid address: CO00H to F6FFH, FFDOH to FFDFH)
0 | 8bits
1 16 bits
AWO| Address wait control (valid address: 0000H to 7FFFH)
0 | Address wait is not added
1 Address wait is added
AW | Address wait control (valid address: 8000H to F6FFH, FFDOH to FFDFH)
0 | Address wait is not added

Address wait is added
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Cautions 1.

398

Cycle counts indicated in Fig. 18-5 do not contain any address wait. When an address wait
is added, one cycle must be added to the indicated cycle count.

Although instruction fetch and data access are allowed for the peripheral RAM area (F700H
to FDFFH), the bus width specification and wait specification made by the PWC register are
invalid for that area, and 16-bit bus operation is always performed. Every instruction fetch
is performed in the high-speed fetch mode.

Instruction fetches cannot be performed for the main RAM area (FEOOH to FEFFH). Data is
always accessed in 16-bit units; the bus width specification and wait specification made by
the PWC register are invalid at the time of data access. (In this case, a special bus cycle made
up of two clock cycles is activated.)

The wait specification for the external SFR area (FFDOH to FFDFH) is made by the PWC7 and
PWCS6 bits.

For the internal ROM area, 16-bit bus operation is performed regardless of the PWC register
setting. The wait specification for this area can be made using the PWC register. Note that,
however, specifying a 16-bit bus for the internal ROM area makes the P92 pin function as the
HWR pin even when only an 8-bit external memory is connected. The port function is then
disabled. So, never specify the 16-bit bus for the internal ROM area.
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18.4 Bus Timing

Fig. 18-6 to 18-11 show the timing charts for a read or write to the yPD78356 memory and external 1/O.

When a 16-bit bus is set for a memory area by the MODEO and MODE1 pins, and the programmable wait control
register (PWC), an access to an odd address of that area is performed in two bus cycles. In other cases, an access
to memory or I/O is performed in one bus cycle. One bus cycle is made up of three clocks. When wait cycles are
inserted according to the PWC register setting, the inserted wait cycles are added to the bus cycle. One clock period
is 62.5 ns when an external 32-MHz clock is used.

In the uPD78356, an instruction code is fetched on the same timing as data read.

Fig. 18-6. Read Operation (with an 8-Bit Bus)
Condition

* Bus size : 8 bits
» Bus cycle : No wait

P(soou}gulj)57 X Upper address X

P40 to P47 Lower Hi-Zz
(II0) X address >' < Data X

ASTB
(output)

RD
(output) \—/—
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400

Fig. 18-7. Write Operation (with an 8-Bit Bus)

Condition
* Bus size : 8 bits
* Bus cycle: No wait

ID(sooui(p)>uFt))57 X Upper address X

P40 to P47 Lower Hi-Zz

(output) X address >_ < Data X
ASTB

(output)

LWR

(output)

Fig. 18-8. Read Operation (When an Even Address is Accessed with a 16-Bit Bus)

Condition
e Bus size : 16 bits * Lower 8-bit data : Even address
» Bus cycle: No wait « Higher 8-bit data : Odd address

P50 to P57 Hi-Z
P40 to P47 X Address >————-< Data X
(1/0)

ASTB
(output)
RD
(output)
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Fig. 18-9. Write Operation (When an Even Address is Accessed with a 16-Bit Bus)

Condition
* Bus size : 16 bits * Lower 8-bit data : Even address
* Bus cycle: No wait « Higher 8-bit data : Odd address

P50 to P57
P40 to P47 X Address XNoteX Data X

(output)

ASTB
(output)

/N
=m0\ /A

(output)

Note Undefined

Fig. 18-10. Read Operation (When an Odd Address is Accessed with a 16-Bit Bus)

Condition
* Bus size : 16 bits * Lower 8-bit data : Odd address
» Bus cycle: No wait * Higher 8-bit data : Even address

w NS\ L

i- Hi-Z
Eig ig Ei; X Odd address >— H I—Z—< Data X NoteX Even address >— £z —< Data X
(1/0)

ASTB / \
(output) _/_\
RD
(output) —\—/ \—/7

Note Undefined
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Fig. 18-11. Write Operation (When an Odd Address is Accessed with a 16-Bit Bus)

Condition
* Bus size : 16 bits
» Bus cycle : No wait

» Lower 8-bit data : Odd address
* Higher 8-bit data: Even address

Eig ig Ei; X Odd address X NoteX Data X NoteX Even address X NoteX Data X

(output)

ASTB / \
(output) _/_\
LWR
(output) \—/7

HWR
(output)

Note Undefined
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CHAPTER 19 PROGRAMMING FOR THE (/PD78P356

The uPD78P356 contains electrically writable PROM (49152 x 8 bits for programs and 12288 x 6 bits for ECC).
Fig. 19-1 shows a memory map for the programming mode.

Fig. 19-1. Memory Map (in the uPD78P356 Programming Mode)

F004H ECC (for ECW)
ECW (4 x 8 bits)
FOOOH
EFFFH
PROM for ECCNete
12288 x 6 bits
CO00H
BFFFH
PROM for programs
49152 x 8 bits
0000H

Note For the PROM for ECC, the low-order 6 bits are valid.

An error correction code (ECC) can be written to the space from CO00H to EFFFH to improve the reliability of an
electrically written program (0000H to BFFFH).

The ECC control word (ECW) is a 4-byte register to control the addition of an ECC circuit. When the ECC circuit
is used, the least significant bit of the lowest byte (F000.0) of ECW must be reset. ECC and ECW are generated
by ECCGEN, which is supplied with the RA78K3 assembler package. (ECC is generated in the least significant 6
bits, and the most significant 2 bits are fixed to 1.

Use the MODEO/VrP, MODE1, P21, and RESET pins to set the uPD78P356 to the PROM programming mode when
programming on the PROM.

The uPD78P356 provides programming characteristics compatibility with the uPD27C1001A.
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CHAPTER 19 PROGRAMMING FOR THE pPD78P356

Table 19-1. Functions of Pins in the Programming Mode

Function Normal operating mode Programming mode
Address input P00 to P07, P50, P20, P51 to P57 A0 to A16
Data input P40 to P47 DO to D7
Program pulse P12 PGM
Chip enable P10 CE
Output enable P11 OE
Program voltage MODEO/Vep
Mode voltage MODE1, P21, RESET

19.1 Operating Mode

When the MODEO/Vrr pin is set to H, the MODET1 pin is set to L, the P21 pin is set to L, and the RESET pin is
setto L, the uPD78P356 enters the programming write/verify mode. This mode varies to each operating mode shown

in Table 19-2 according to how to set the ﬁ, (ﬁ, and PGM pins.
Setting the uPD78P356 to the read mode enables it to read the contents of PROM.

Connect unused pins as shown in 1.4 Pin Configuration (Top View).

Table 19-2. Operating Modes for Programming on PROM

Mode MODE1 | P21 | RESET | CE OE PGM M(\;PE;’/E o Ve DO to D7
Page data latch H L H Data input
Page program H H L High-impedance
Byte program L H L +125V +6.5 V | Data input
Program verify L L L L L H Data output
Program inhibit X L L High-impedance

X H H

Read L L H Data output
Output disable L H X +5V +5V High-impedance
Standby H X X High-impedance

Remark L : Directly connected to the Vss pin.
H : Directly connected to the Vop pin.

X
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CHAPTER 19 PROGRAMMING FOR THE ;/PD78P;

19.2

Procedure for Writing on PROM (Page Program Mode)

The following is a procedure for writing on PROM. (See Fig. 19-2.)

In the page program mode, data is written in units of pages (four bytes). When write data completes midway of
a page, latch FFH after the data so that the data fits into pages.

Always set each pin as follows: MODEO/Vep = H, MODE1 =L, P21 =L, and RESET = L. Connect unused

pins as shown in 1.4 Pin Configuration (Top View).

Apply +6.5 V to the Vop pin and +12.5 V to the MODEO/Vrp pin.

Input an initial address to the A0 to A16 pins.

Clear the page counter.

Data latch mode. Input write data to the DO to D7 pins and input an active-low pulse to the OE pin. Increment

the address and the page counter.

Repeat step (5) for a page (four bytes).

Input a 0.1 ms program pulse (active low) to the PGM pin.

Verify mode. Checks if data has been written in PROM.

Apply a low level to the CE pin, input an active-low pulse to the OE pin, and then read the write data from

the DO to D7 pins. Repeat this for a page (four bytes). When verification completes, apply a high level to

the CE pin.

- If data has been written, go to step (10).

 If not, repeat steps (7) and (8). If no data is written yet after the steps have been repeated 10 times, go
to step (9).

Assume the device to be defective and stop write operation.

Increment the address.

Repeat steps (4) to (10) until the address exceeds the last address.

ig. 19-3 is a timing chart of these steps (2) to (9).
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Fig. 19-2. Flowchart of Procedure for Writing (Page Program Mode)

(1) C Start writing )

(2) | Apply power supply voltage

(3) Set an initial address

(4) Clear the counter to 0

(5) Write data latchNete

Increment the address
and counter

< 4 bytes
Counter

= 4 bytes
(7) Input a program pulse
Writing failure (g) l
(Up to 9 times) . Writing failure (10 times)
Verify mode

i Writing enble

(10) Increment the address

l

Last address

(1)

< Last address

> Last address 9)

C Write completes ) C Defective device )

Note When write data completes midway of a page, latch FFH after the data so that
the data fits into pages.
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Fig

A2to A16

A0, A1

D0 to D7

+125V
MODEO/Vrp

PGM (input)

OE (input)

. 19-3. Timing Chart of PROM Write and Verify Operation (Page Program Mode)

Page data latch ‘

Page program ‘ Program verify

Address input

|

|
)) ):
(¢

XX s XX XX

Data input

> X<

Data output

g YOO
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CHAPTER 19 PROGRAMMING FOR THE pPD78P356

19.3 Procedure for Writing Data into PROM (Byte Program Mode)

The procedure for writing data into PROM is as follows (see Fig. 19-4).

wWw N

AAAAA
SRES
oLl

D

CICES

Fig.

408

Always set each pin as follows: MODEO/Ver = H, MODE1 =L, P21 =L, and RESET = L. Connect unused
pins as shown in 1.4 Pin Configuration (Top View).

Apply +6.5 V to the Vopo pin and +12.5 V to the MODEO/Vrp pin. Apply a low-level signal to the CE pin.
Input an initial address to the A0 to A16 pins.

Input write data to the DO to D7 pins.

Input a program pulse (active low) which has a period of 0.1 ms to the PGM pin.

Verify mode. Check that data has been written in PROM.

Input an active-low pulse to the OE pin and read the written data from the DO to D7 pin.

* When data has been written, go to step (8).

« If not, repeat steps (4) to (6). If no data is written after the steps are repeated ten times, go to step (7).
Assume the device to be defective and stop write operation.

Increment the address.

Repeat steps (4) to (8) until the address exceeds the last address.

19-5 is a timing chart of steps (2) to (7) above.
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Fig. 19-4. Write Operation Flowchart (Byte Program Mode)

(1) ( Start writing )

(2) Apply power

(3) Set an initial address
(4) Input write data
(5) Input a program pulse

Writing failure  (g)
(Up to 9 times)

Writing failure (10 times)

Verify mode

Satisfactory write

(8) Address increment

(9)

< Last address
Last address

> Last address (7)

C Writing completes ) C Defective device )
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Fig. 19-5. Timing Chart of PROM Write and Verify Operation (Byte Program Mode)

Byte program | Program verify |

|
A0 to A16 >< Address input ><
Hi-Z ] Hi-Z Hi-Z
DOtoD7 =—-—-— -< Data input >— ——————— -< Data output > -———

+125V
MODEO0/Vep

PGM (input) \ /
OE (input) \ /
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19.4 Procedure for Reading from PROM

The contents of PROM can be read out to the external data bus (DO to D7) in the following steps:

(1) Always set the MODEO/Vpp pin to H, the MODET pin to L, the P21 pin to L, and the RESET pinto L. Connect

unused pins as shown in 1.4 Pin Configuration (Top View).
Apply +5 V to the Vop and MODEO/Vrr pins.

Input the address of data to be read into the A0 to A16 pins.
Read mode (ﬁ =L, OE = L)

Output the data on the DO to D7 pins.

GRCICES

Fig. 19-6 is a timing chart of these steps (2) to (5).

Fig. 19-6. PROM Read Timing Chart

A0 to A16 X Address input

CE (input) \

OE (input) \

DOtoD7 =—====—————— == < Data output
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19.5 Erasure Characteristics (PD78P356KP Only)

Data written in the uPD78P356KP program memory can be erased (FFH); therefore users can write other data
in the memory.

To erase the written data, expose the erasure window to light with a wavelength shorter than approx. 400 nm.
Normally, ultraviolet light with a wavelength of 254 nm is employed. The amount of light required to completely erase
the data is as follows:

* Intensity of ultraviolet light x erasing time: 15 W « s/cm? min.
» Erasing time: 15to 20 minutes (When using a 12000 uW/cm? ultraviolet lamp. It may, however, take more time
due to lamp deterioration, dirt on the erasure window, or the like.)

The ultraviolet lamp should be placed within 2.5 cm from the erasure window during erasure. In addition, if a filter
is attached to the ultraviolet lamp, remove the filter before erasure.

19.6 Protective Film Covering the Erasure Window (UPD78P356KP Only)

After the erasure window of the uPD78P356KP has been exposed to sunlight or a fluorescent lamp for a long time,
datain EPROM may be erased and the internal circuits may malfunction. To preventthese failures, the erasure window
should be covered with a protective film when it is not used for erasure.

EPROM version devices with window are masked with an NEC-guaranteed protective film when they are delivered.

19.7 Screening of One-Time PROM Version Devices
The one-time PROM version (uUPD78P356GC-7EA, 78P356GD-5BB) cannot be fully tested before shipping due

to its structure. It is therefore recommended that, after writing data, screening be performed to verify the PROM
contents after storage in high temperature in the following conditions.

Storage temperature Storage time

125 °C 24 hours

NEC provides services from one-time PROM writing under the name QTOP™ microprocessor, to printing,
screening, and verification at a charge. For details, contact your NEC dealer.
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CHAPTER 20 INSTRUCTION SET

This chapter lists the operations of the uPD78356 instructions.
For details of operations of the instructions, instruction codes and clock number, refer to the uPD78356 User’s
Manual Instruction Volume.

20.1 Operand Identifier and Description

Operands are coded in the operand field of each instruction as listed in the description column of Table 20-1. For
details of the operand format, refer to the relevant assembler specifications. When several coding forms are
presented, any one of them is selected. Uppercase letters and the symbols, +, —, #, $, |, and [ ], are keywords and
must be written as they are.

For immediate data, an appropriate numeric or label must be written. The symbols #, $, |, and [ ] must not be
omitted when describing labels.
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Table 20-1. Operand Identifier and Description

Identifier Description
r RO, R1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, R12, R13, R14, R15
r1 RO, R1, R2, R3, R4, R5, R6, R7
r2 C,B
rp RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7
rpt RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7
rp2 DE, HL, VP, UP
sfr Special function register name (See Table 3-4.)
sfrp Special function register name (16-bit manipulation register. See Table 3-4.)
post RPO, RP1, RP2, RP3, RP4, RP5/PSW, RP6, RP7

(Can be coded more than once. However, RP5 can only be used in a PUSH or POP instruction and PSW
can only be used in a PUSHU or POPU instruction.)

mem [DE], [HL], [DE+], [HL+], [DE-], [HL-], [VP], [UP]: Register indirect mode

[DE + A], [HL + A], [DE + B], [HL + B], [VP + DE], [VP + HL]: Based indexed mode
[DE + byte], [HL + byte], [VP + byte], [UP + byte], [SP + byte]: Based mode
word[A], word[B], word[DE], word[HL]: Indexed mode

saddr FE20H to FF1FH Immediate data or label

saddrp FE20H to FF1EH Immediate data (bit 0 = 0, however) or label (for 16-bit manipulation)
$addr16 0000H to FDFFH Immediate data or label: Relative addressing

laddr16 0000H to FDFFH Immediate data or label: Immediate addressing

(Data at an address up to FFFFH can be coded in an MOV instruction. Data at an address from FEOOH to
FEFFH can be coded in an MOVTBLW instruction.)

addr11 800H to FFFH Immediate data or label

addr5 40H to 7EH Immediate data (bit 0 = 0, however)N°t or label
word 16-bit immediate data or label

byte 8-bit immediate data or label

bit 3-bit immediate data or label

n 3-bit immediate data (0 to 7)

Note Do not attempt to access word data at an odd-numbered address (bit 0 = 1).
Remarks 1. The same register name can be specified in rp and rp1, but different codes are generated.

2. Immediate addressing is effective for entire address spaces. Relative addressing is effective for the
locations within adisplacementrange of —128 to +127 from the starting address of the next instruction.
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The 8-bit registers (r, r1) and 16-bit register pairs (rp, rp1, post) can be represented by either absolute names (RO
to R15, RPO to RP7) or function names. Table 20-2 lists the absolute names and corresponding function names of
an 8-bit register. Table 20-3 lists those of a 16-bit register.

Table 20-2. Absolute Names and Their Corresponding Function Names of an 8-bit Register

Absolute name Function name Absolute name Function name
RSS=0 | RSS =1 RSS=0 | RSS- 1

RO X R8 VP VP
il A R9 VPy VP
R2 C R10 UPL UPL
R3 B R11 UPH UPH
R4 X R12 E E
RS A R13 D b
R6 c R14 L .
R B R15 H H

Table 20-3. Absolute Names and Their Corresponding Function Names of a 16-bit Register

Absolute name Function name
RSS =0 RSS =1

RPO AX
RP1 BC
RP2 AX
RP3 BC
RP4 VP VP
RP5 uP upP
RP6 DE DE
RP7 HL HL

RSS stands for the register set selection flag (bit 5 of PSW). Setting or resetting RSS switches function names
for correspondence with an absolute name.
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20.2 Legend
A . A register; 8-bit accumulator
X . X register
B . B register
C . C register
D : D register
E . E register
H . Hregister
L . L register
RO to R15 : Register 0 to register 15 (absolute name)
AX . Register pair (AX); 16-bit accumulator
BC . Register pair (BC)
DE . Register pair (DE)
HL . Register pair (HL)
RPO to RP7: Register pair 0 to register pair 7 (absolute name)
PC : Program counter
SP : Stack pointer
UpP . User stack pointer
PSW : Program status word
CcY : Carry flag
AC : Auxiliary carry flag
Z 1 Zero flag
P/V . Parity/overflow flag
S : Sign flag
TPF . Table position flag
RBS . Register bank selecting flag
RSS . Register set selecting flag
IE : Interrupt request enable flag
STBC . Standby control register
WDM : Watchdog timer mode register
jdisp8 . Signed 8-bit data (displacement value: —128 to +127)
() : Contents at an address enclosed in parentheses or at an address indicated in a register indicated

in parentheses. ( +) and ( —) indicate that an address or the contents of a register indicated in
parentheses are incremented and decremented by one after execution of the instruction, respectively.

() . Contents at an address indicated by the contents at an address indicated in parentheses (( )).
xxH . Hexadecimal number
XH, XL : High-order 8 bits and low-order 8 bits of 16-bit register
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20.3 Notational Symbols in Flag Operation Field

Table 20-4. Notational Symbols in Flag Operation Field

Symbol Explanation
(Blank) No change
0 Cleared to zero.
1 Set to 1.
X Set or reset according to the result.
P P/V flag operates as a parity flag.
Vv P/V flag operates as an overflow flag.
R Saved values are restored.

20.4 Differences between the LPD78356 and [/PD78352A Instruction Sets

The pPD78356 has the following two additional instructions comparing to the uPD78352A. Except these
instructions, the yPD78356 and pPD78352A instruction sets are identical.

» Sum-of-products instruction with overflow and underflow indication function
 Correlation instruction
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20.5 Operations of Basic Instructions

(1) 8-bit data transfer instructions: MOV, XCH

Mnemonic Operand Byte Operation Flag
S Z AC PN CY
r1, #byte 2 r1 <- byte
saddr, #byte 3 (saddr) <- byte
sfriete #byte 3 sfr <- byte
r, rl 2 r<-ri
A 1 A<-rl
A, saddr 2 A <- (saddr)
saddr, A 2 (saddr) <- A
saddr, saddr 3 (saddr) <- (saddr)
A, sfr 2 A <- sfr
sfr, A 2 sfr<- A
MOV A, mem 1to4 | A<-(mem)
mem, A 1to4 | (mem)<-A
A, [saddrp] 2 A <- ((saddrp))
[saddrp], A 2 ((saddrp)) <- A
A, laddr16 4 A <- (addr16)
laddr16, A 4 (addr16) <- A
PSWL, #byte 3 PSWL <- byte X X X X X
PSWH, #byte 3 PSWH <- byte
PSWL, A 2 PSWL <- A X X X X X
PSWH, A 2 PSWH <- A
A, PSWL 2 A <- PSWL
A, PSWH 2 A <- PSWhx
A, rl 1 A <->r1
r, ri 2 r<->ri
A, mem 2to4 | A<->(mem)
XCH A, saddr 2 A <->(saddr)
A, sfr 3 A <—>sfr
A, [saddrp] 2 A <->((saddrp))
saddr, saddr 3 (saddr) <-> (saddr)

Note If STBC or WDM is coded in sfr, a different instruction having the different byte count is generated.
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(2) 16-bit data transfer instructions: MOVW, XCHW

Mnemonic Operand Byte Operation s z Zlig PV CY
rp1, #word 3 rp1 <- word
saddrp, #word 4 (saddrp) <- word
sfrp, #word 4 sfrp <- word
rp, rpi 2 rp <- rpi
AX, saddrp 2 AX <- (saddrp)
saddrp, AX 2 (saddrp) <- AX
Movw saddrp, saddrp 3 (saddrp) <- (saddrp)
AX, sfrp 2 AX <- sfrp
sfrp, AX 2 sfrp <- AX
rp1, laddr16 4 rp1 <- (addr16)
laddr16, rp1 4 (addr16) <- rp
AX, mem 2to4 | AX <- (mem)
mem, AX 2to4 | (mem) <- AX
AX, saddrp 2 AX <-> (saddrp)
AX, sfrp 3 AX <->sfrp
XCHW saddrp, saddrp 3 (saddrp) <—> (saddrp)
rp, rpi 2 rp <=>rpi
AX, mem 2to4 | AX <—>(mem)
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(3) 8-bit arithmetic/logical instructions: ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP

(1/2)
Flag
Mnemonic Operand Byte Operation s 7 AC PV oY
A, #byte 2 A, CY <- A + byte X x x V X
saddr, #byte 3 (saddr), CY <- (saddr) + byte X x x V x
sfr, #byte 4 sfr, CY <- sfr + byte x x x V x
r, 2 r,CY <-r+n X x x V X
ADD A, saddr 2 A, CY <- A + (saddr) Xx x x V x
A, sfr 3 A, CY <- A + sfr X x x V x
saddr, saddr 3 (saddr), CY <- (saddr) + (saddr) X X x V x
A, mem 2to4 | A, CY <- A+ (mem) X x x V x
mem, A 2to 4| (mem), CY <- (mem) + A X X x V x
A, #byte 2 A, CY <- A + byte + CY X x x V x
saddr, #byte 3 (saddr), CY <- (saddr) + byte + CY X x x V x
sfr, #byte 4 sfr, CY <- sfr + byte + CY X x x V X
r, 2 r,CY <-r+rl +CY X x x V x
ADDC A, saddr 2 A, CY <- A + (saddr) + CY X x x V x
A, sfr 3 A, CY <- A + sfr + CY X X x V x
saddr, saddr 3 (saddr), CY <- (saddr) + (saddr) + CY X x x V x
A, mem 2to4 | A, CY <-A + (mem) + CY X X x V x
mem, A 2to 4| (mem), CY <- (mem) + A + CY x X x V x
A, #byte 2 A, CY <- A — byte X x x V x
saddr, #byte 3 (saddr), CY <- (saddr) — byte X x x V x
sfr, #byte 4 sfr, CY <- sfr — byte X x x V x
r, 2 r, CY <-r—rt X X x V x
SUB A, saddr 2 A, CY <- A — (saddr) X x x V X
A, sfr 3 A, CY <- A —sfr X X x V x
saddr, saddr 3 (saddr), CY <- (saddr) — (saddr) X x x V x
A, mem 2to4| A, CY <-A—(mem) X X x V x
mem, A 2to4 | (mem), CY <- (mem) — A x x x V x
A, #byte 2 A, CY <- A - byte - CY X x x V X
saddr, #byte 3 (saddr), CY <- (saddr) — byte — CY X x x V x
sfr, #byte 4 sfr, CY <- sfr — byte — CY X x x V X
r, 2 r,CY <-r—r1 -CY X X x V x
SuBC A, saddr 2 A, CY <- A — (saddr) - CY X x x V x
A, sfr 3 A, CY <-A-sf-CY X X x V x
saddr, saddr 3 (saddr), CY <- (saddr) — (saddr) — CY X x x V X
A, mem 2to4| A, CY <-A—-(mem)-CY X X x V x
mem, A 2to4| (mem), CY <- (mem) - A -CY x x x V x
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Mnemonic Operand Byte Operation Flag
Z AC PN CY
A, #byte 2 A <- A Obyte X P
saddr, #byte 3 (saddr) <- (saddr) O byte X P
sfr, #byte 4 sfr <- sfr O byte X P
r, ri 2 r<-rQr X P
AND A, saddr 2 A <- A [ (saddr) X P
A, sfr 3 A <- A Osfr X P
saddr, saddr 3 (saddr) <- (saddr) O (saddr) X P
A, mem 2to04| A<-AQO(mem) X P
mem, A 2to 4| (mem)<- (mem)OA X P
A, #byte 2 A <- A Obyte X P
saddr, #byte 3 (saddr) <- (saddr) O byte X P
sfr, #byte 4 sfr <- sfr O byte X P
r, ri 2 r<-rQr X P
OR A, saddr 2 A <- A O (saddr) X P
A, sfr 3 A <- A Osfr X P
saddr, saddr 3 (saddr) <- (saddr) O (saddr) X P
A, mem 2t04| A<-AQ(mem) X P
mem, A 2to 4| (mem)<- (mem)OA X P
A, #byte 2 A <- A Hbyte X P
saddr, #byte 3 (saddr) <- (saddr) H byte X P
sfr, #byte 4 sfr <- sfr H byte X P
r, ri 2 r<-rgr X P
XOR A, saddr 2 A <- A H (saddr) X P
A, sfr 3 A <- A Esfr X P
saddr, saddr 3 (saddr) <- (saddr) & (saddr) X P
A, mem 2to04| A<-AH(mem) X P
mem, A 2to 4| (mem)<- (mem)HA X P
A, #byte 2 A — byte x x V x
saddr, #byte 3 (saddr) — byte x x V x
sfr, #byte 4 sfr — byte x x V x
r, rl 2 r—ri X x V x
CMP A, saddr 2 A — (saddr) x x V x
A, sfr 3 A — sfr x x V x
saddr, saddr 3 (saddr) — (saddr) x x V x
A, mem 2to4| A - (mem) x x V x
mem, A 2to4| (mem)-A x x V x
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(4) 16-bit arithmetic/logical instructions: ADDW, SUBW, CMPW

Mnemonic Operand Byte Operation s z iig PV CY
AX, #word 3 AX, CY <- AX + word X X x V x
saddrp, #word 4 (saddrp), CY <- (saddrp) + word X x x V X
sfrp, #word 5 sfrp, CY <- sfrp + word X x x V x

ADDW rp, rpt 2 rp, CY <-rp + rp1 X x x V x
AX, saddrp 2 AX, CY <- AX + (saddrp) X X x V x
AX, sfrp 3 AX, CY <- AX + sfrp X x x V x
saddrp, saddrp 3 (saddrp), CY <- (saddrp) + (saddrp) X x x V x
AX, #word 3 AX, CY <- AX — word x x x V x
saddrp, #word 4 (saddrp), CY <- (saddrp) — word X x x V x
sfrp, #word 5 sfrp, CY <- sfrp — word X x x V x

SUBW rp, rpt 2 rp, CY <- rp — rp1 X x x V x
AX, saddrp 2 AX, CY <- AX — (saddrp) X X x V x
AX, sfrp 3 AX, CY <- AX — sfrp x x x V X
saddrp, saddrp 3 (saddrp), CY <- (saddrp) — (saddrp) x x x V x
AX, #word 3 AX — word X x x V x
saddrp, #word 4 (saddrp) — word x x x V x
sfrp, #word 5 sfrp — word X x x V x

CMPW rp, rpi 2 rp —rpi X x x V x
AX, saddrp 2 AX — (saddrp) X x x V x
AX, sfrp 3 AX — sfrp X X x V x
saddrp, saddrp 3 (saddrp) — (saddrp) x x x V x

(5) Multiply/divide instructions: MULU, DIVUW, MULUW, DIVUX
Flag

Mnemonic Operand Byte Operation S 7 AC PV CY

MULU 1 2 AX <-Axrl

DIVUW r1 2 AX (quotient) <- r1 (remainder) <- AX + r1
rp1 2 AX (high-order 16 bits), rp1 (low-order 16 bits)

MuLuw <- AX x rp1

DIVUX rpi 2 AXDE (quotient), rp1 (remainder) <- AXDE + rp1
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(6) Signed multiply instruction: MULW

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
MULW rp1 2 AX (high-order 16 bits), rp1 (low-order 16 bits)
<- AX x rp1
(7) Sum-of-products instruction: MACW
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
MACW n 3 AXDE <- (B) x (C) + AXDE
B<-B+2,C<-C+2,n<-n—-1 X X x V x
Endifn=0or PV =1
(8) Sum-of-products instruction with overflow and underflow indication function: MACSW
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
AXDE <- (B) x (C) + AXDE
B<-B+2,C<-C+2,n<-n-1
If overflow (P/V = 1) then
MACSW n 3 AXDE <- 7FFFFFFFH X x x V x
if underflow (P/V = 1) then
AXDE <- 80000000H
endifn=0orP/V =1
(9) Correlation instruction: SACW
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
AX <- AX + | (DE) — (HL) |
SACW [DE +], [HL +] 4 DE <-DE +2,HL<-HL+2,C<-C -1 X x x V x
endif C=0or CY =1
(10) Table shift instruction: MOVTBLW
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
| (addr16 + 2) <- (addr16), n <-n —1
MOVTBLW | laadr16, n 4 | addr16 <- addr16 -2, Endifn =0

Remark The addressing range of the table shift instruction is FEOOH to FEFFH.
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(11) Increment/decrement instructions: INC, DEC, INCW, DECW

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY

r1 1 rt<-rl+1 x x x 'V
INC

saddr 2 (saddr) <- (saddr) + 1 x x x V

r1 1 rt<-r1 -1 x x x 'V
DEC

saddr 2 (saddr) <- (saddr) — 1 x x x V

rp2 1 rp2 <- rp2 + 1
INCW

saddrp 3 (saddrp) <- (saddrp) + 1

rp2 1 rp2 <- rp2 — 1
DECW

saddrp 3 (saddrp) <- (saddrp) — 1

(12) Shift/rotate instructions: ROR, ROL, RORC, ROLC, SHR, SHL, SHRW, SHLW, ROR4, ROL4

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
ROR ri, n 2 (CY, r17 <-rfo, rim-1 <- rim) x n times (n =0 to 7) P x
ROL r1, n 2 (CY, rfo<-r17, rims1 <- r1im) x n times (n = 0 to 7) P x
RORC ", n 5 (CY <-r1o, r17, <- CY, r1m—1 <- rim) X n times P x
(n=01t07)
ROLC Hon > (CY <-r17, rlo, <- CY, rims+1 <- rim) x n times P x
(n=0to7)
(CY <-rlo, r17, <- 0, rm-1 <- r1m) X n times
SHR ri, n 2 Xx x 0 P x
(n=01t07)
(CY <-r17, rlo, <- 0, rlms1 <- r1m) X n times
SHL ri, n 2 Xx x 0 P x
(n=0to7)
(CY <- rplo, rplis, <- 0, rpTm-1 <- rp1m) X n times
SHRW rpl, n 2 (n=0to7) Xx x 0 P x
SHLW 1, n 5 (CY <- rptis, rplo, <- 0, rp1m+1 <- rp1m) x N times « x 0 P x
(n=0to7)
ROR4 [rp1] 2 As-o <- (rp1)s-o, (rp1)7-4 <- As-o, (rp1)s-o <- (rp1)7-4
ROL4 [rp1] 2 As-0 <- (rp1)7-4, (rp1)s-0 <- As-o, (rp1)7-4 <- (rp1)s-o

Remark n indicates the number of shifts or rotations.
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(13) BCD adjust instructions: ADJBA, ADJBS

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
ADJBA
2 Decimal Adjust Accumulator X x x P x
ADJBS
(14) Data conversion instruction: CVTBW
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
CVTBW 1 When A7 = 0, X <- A, A <- 00H

When A7 =1, X <- A, A <- FFH

425



CHAPTER 20 INSTRUCTION SET

(15) Bit manipulation instructions: MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1

(1/2)
Flag
Mnemonic Operand Byte Operation S 7 AC PN Ov
CY, saddr.bit 3 CY <- (saddr.bit) X
CY, sfr.bit 3 CY <- sfr.bit X
CY, A.bit 2 CY <- A.bit X
CY, X.bit 2 CY <- X.bit X
CY, PSWH.bit 2 CY <- PSWh.bit X
MOV CY, PSWL.bit 2 CY <- PSWL.bit X
saddr.bit, CY 3 (saddr.bit) <- CY
sfr.bit, CY 3 sfr.bit <- CY
A.bit, CY 2 A.bit <- CY
X.bit, CY 2 X.bit <- CY
PSWH.bit, CY 2 PSWh.bit <- CY
PSWL.bit, CY 2 PSWL.bit <- CY
CY, saddr.bit 3 CY <- CY U (saddr.bit) X
CY, /saddr.bit 3 CY <- CY O (saddr.bit) X
CY, sfr.bit 3 CY <- CY O sfr.bit X
CY, /sfr.bit 3 CY <- CY Osfr.bit X
CY, A.bit 2 CY <- CY U A.bit X
AND1 CY, /A.bit 2 CY <- CY UADit X
CY, X.bit 2 CY <- CY U X.bit X
CY, /X.bit 2 CY <- CY O Xbit X
CY, PSWH.bit 2 CY <- CY JPSWH.bit X
CY, /PSWH.bit 2 CY <- CY U PSWh.bit X
CY, PSWL.bit 2 CY <- CY 0O PSWL.bit X
CY, /PSWL.bit 2 CY <- CY O PSWLbit X
CY, saddr.bit 3 CY <- CY O (saddr.bit) X
CY, /saddr.bit 3 CY <- CY [ (saddr.bi) X
CY, sfr.bit 3 CY <- CY O sfr.bit X
CY, /sfr.bit 3 CY <- CY O sfr.bit X
CY, A.bit 2 CY <- CY O A.bit X
CY, /A.bit 2 CY <- CY OADit X
OR1
CY, X.bit 2 CY <- CY O X.bit X
CY, /X.bit 2 CY <- CY O Xbit X
CY, PSWH.bit 2 CY <- CY O PSWhH.bit X
CY, /PSWH.bit 2 CY <- CY U PSWh.bit X
CY, PSWL.bit 2 CY <- CY O PSWL.bit X
CY, /PSWL.bit 2 CY <- CY O PSWLbit X
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Mnemonic Operand Byte Operation s z jig PN CY
CY, saddr.bit 3 CY <- CY H (saddr.bit) X
CY, sfr.bit 3 CY <- CY 8 sfr.bit X
XORA CY, A.bit 2 CY <- CY 8 Abit X
CY, X.bit 2 CY <- CY 8 X.bit X
CY, PSWH.bit 2 CY <- CY 8 PSWh.bit X
CY, PSWL.bit 2 CY <- CY 8 PSWL.bit X
saddr.bit 2 (saddr.bit) <- 1
sfr.bit 3 sfr.bit <- 1
A.bit 2 A.bit <- 1
SET1 X.bit 2 X.bit <- 1
PSWH.bit 2 PSWh.bit <- 1
PSWL.bit 2 PSWL.bit <- 1 X X X X
cY 1 CY <- 1 1
saddr.bit 2 (saddr.bit) <- 0
sfr.bit 3 sfr.bit <- 0
A.bit 2 A.bit <- 0
CLR1 X.bit 2 X.bit <- 0
PSWH.bit 2 PSWh.bit <- 0
PSWL.bit 2 PSWL.bit <- 0 X X X X
cY 1 CY<-0 0
saddr.bit 3 (saddr.bit) <- (saddr.bit)
sfr.bit 3 sfr.bit <- sfr.bit
Abit 2 A.bit <- Abit
NOT1 X.bit 2 X.bit <- X.bit
PSWH.bit 2 PSWh.bit <- PSWh.bit
PSWL.bit 2 PSWL.bit <- PSWL.bit X X X X
cY 1 CY <- CY X
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(16) Call/return instructions: CALL, CALLF, CALLT, BRK, RET, RETB, RETI

Flag
S Z AC PN CY

Mnemonic Operand Byte Operation

(8P —1) <- (PC + 3)u, (SP - 2) <- (PC + 3)1,

laddr16 3
PC <- addr16, SP <- SP — 2
CALL D1 5 (SP — 1) <- (PC + 2)n, (SP — 2) <- (PC + 2)1,
PCH <- rp1H, PCL <- rp1, SP <- SP -2
[rp1] > (SP — 1) <- (PC + 2)n, (SP - 2) <- (PC + 2).,
PCh <- (rp1 + 1), PCL <- (rp1), SP <- SP -2
CALLF laddri 1 > (SP — 1) <- (PC + 2)n, (SP — 2) <- (PC + 2)1,

PCis-11 <- 00001, PC10-0 <- addr11, SP <- SP - 2

(SP = 1) <= (PC + 1)u, (SP = 2) <- (PC + 1)1,
CALLT [addr5] 1 PCH <- (TPF, 00000000, addr5 + 1),
PCL <- (TPF, 00000000, addr5), SP <- SP — 2

(SP — 1) <- PSWi, (SP — 2) <- PSWL,
(SP = 3) <- (PC + 1)u, (SP — 4) <- (PC + 1)1,
PCL <- (003EH), PCh <- (003FH)
SP<-SP-4,IE< 0

RET 1 PCL <- (SP), PCh <- (SP + 1), SP <- SP 4 2

PCL <- (SP), PCh <- (SP + 1), PSWL <- (SP + 2),
PSWH <- (SP + 3), SP <- SP + 4

PCL <- (SP), PCH <- (SP + 1), PSWL <- (SP + 2),
PSWh <- (SP + 3), SP <- SP + 4, ISPRn <- QNete

BRK 1

RETB 1

RETI 1

Note The bit corresponding to the interrupt request with the highest priority amongst the bits (n = 0 to 3) set to
(1) in the ISPR register during RETI instruction is reset (0).
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(17) Stack manipulation instructions: PUSH, PUSHU, POP, POPU, MOVW, INCW, DECW

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
sfrp 3 (SP — 1) <- sfri, (SP — 2) <- sfr., SP <- SP - 2
post > {(SP — 1) <- postH, (SP — 2) <- post, SP <- SP
PUSH — 2} x n times
PSW 1 (SP — 1) <- PSWH, (SP — 2) <- PSWL, SP <- SP
-2
PUSHU post 5 {(UP — 1). <- postH, (UP — 2) <- post, UP <- UP
— 2} x ntimes
sfrp 3 sfr. <- (SP), sfri <- (SP + 1), SP <- SP + 2
POP post > {pOSFL <- (SP), postr <- (SP + 1), SP <- SP + 2}
X n times
PSW 1 PSWL <- (SP), PSWh <- (SP +1),SP<-SP+2| R R R R R
POPU post 5 {pOSFL <- (UP), postn <- (UP + 1), UP <- UP + 2}
X n times
SP, #word 4 SP <- word
MOVW SP, AX 2 SP <- AX
AX, SP 2 AX <- SP
INCW SP 2 SP <- SP +1
DECW SP 2 SP <- SP -1

Remark n indicates the number of registers specified

(18) Special instructions: CHKL, CHKLA

Flag
S Z AC PN CY

Mnemonic Operand Byte Operation

CHKL sfr 3 (Pin level) & (Signal level before output buffer) X X P

CHKLA sfr 3 A <- {(Pin level) & (Signal level before output < x P
buffer)}

(19) Unconditional branch instruction: BR

Mnemonic Operand Byte Operation s 7 Zlig BN GY
laddr16 3 PC <- addr16
rpi 2 PCh <- rp1H, PCL <- rp1L

BR [rp1] 2 PCh <- (rp1 + 1), PCL <- (rp1)
$addri6 2 PC <- PC + 2 + jdisp8
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(20) Conditional branch instructions: BC, BL, BNC, BNL, BZ, BE, BNZ, BNE, BV, BPE, BNV, BPO, BN, BP,
BGT, BGE, BLT, BLE, BH, BNH, BT, BF, BTCLR, BFSET, DBNZ

(1/2)
Flag
Mnemonic Operand Byte Operation
S Z AC PN CY
BC
BL $addr16 2 PC <- PC + 2 + jdisp8 if CY = 1
BNC
$addr16 2 PC <- PC + 2 + jdisp8 if CY =0
BNL
BZ
. $addr16 2 PC <- PC + 2 + jdisp8 if Z = 1
BNz
$addr16 2 PC <- PC + 2 +jdisp8if Z=0
BNE
BV
$addr16 2 PC <- PC + 2 + jdisp8 if P/V = 1
BPE
BNV
$addr16 2 PC <- PC + 2 + jdisp8 if P/V =1
BPO
BN $addr16 2 PC <- PC + 2 + jdisp8if S = 1
BP $addr16 2 PC <-PC +2 +jdisp8if S=0
BGT $addr16 3 PC <- PC + 3 +jdisp8if (P/VHS)OZ=0
BGE $addr16 3 PC <- PC + 3 +jdisp8if PV ES =0
BLT $addr16 3 PC <- PC + 3 + jdisp8 if P/V HS =1
BLE $addr16 3 PC <- PC + 3 + jdisp8 if (P/VHES) OZ =1
BH $addr16 3 PC <- PC + 3 +jdisp8if ZOCY =0
BNH $addr16 3 PC <- PC + 3 +jdisp8if ZOCY =1
saddr.bit, $addr16 3 PC <- PC + 3 + jdisp8 if (saddr.bit) = 1
sfr.bit, $addr16 4 PC <- PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 PC <- PC + 3 + jdisp8 if A.bit = 1
BT
X.bit, $addr16 3 PC <- PC + 3 + jdisp8 if X.bit = 1
PSWH.bit, $addr16 3 PC <- PC + 3 + jdisp8 if PSWh.bit = 1
PSWL.bit, $addr16 3 PC <- PC + 3 + jdisp8 if PSWL.bit = 1
saddr.bit, $addr16 4 PC <- PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 PC <- PC + 4 + jdisp8 if sfr.bit = 0
A.bit, $addr16 3 PC <- PC + 3 + jdisp8 if A.bit =0
BF
X.bit, $addr16 3 PC <- PC + 3 + jdisp8 if X.bit =0
PSWH.bit, $addr16 3 PC <- PC + 3 + jdisp8 if PSWH.bit = 0
PSWL.bit, $addr16 3 PC <- PC + 3 + jdisp8 if PSWL.bit = 0
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Flag
Mnemonic Operand Byte Operation
Z AC PN CY
, PC <- PC + 4 + jdisp8 if (saddr.bit) = 1
ddr.bit, $addr16 4 )
saqdr.bit, $adar then reset (saddr.bit)
sfr.bit, $addr16 4 PC <-PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
Abit, $addr16 3 th <- PCt+ASb: jdisp8 if A.bit = 1
BTCLR en reset A.bi
PC <- PC + 3 + jdisp8 if X.bit = 1
X bit, $addr16 3 <P S JdispE T A
then reset X.bit
PSWH.bit, $addri6 3 PC <-PC + 3 + de.Sp8 if PSWh.bit = 1
then reset PSWh.bit
, PC <- PC + 3 + jdisp8 if PSWL.bit = 1
PSWL. 1
SWL.bit, $adar1 3 | then reset PSWLbit xoxo XX
saddr.bit, $addri6 4 PC <- PC + 4 + jdisp8 if (saddr.bit) = 0
ot ' then set (saddr.bit)
PC <- PC + 4 + jdisp8 if sfr.bit = 0
sfr.bit, $addr16 4 < Thr & JdispE ISt
then set sfr.bit
Abit, $addr16 3 PC <- PC + .3 + jdisp8 if A.bit = 0
then set A.bit
BFSET
X.bit, $addr6 3 PC <- PC + 3 + jdisp8 if X.bit = 0
ol »a then set X.bit
, PC <- PC + 3 + jdisp8 if PSWH.bit = 0
PSWH.bit, 1
SWH.bit, $adar16 8 | then set PSWibit
PSWL.bit, $addr{6 3 PC <- PC + 3 + jdisp8 if PSWL.bit =0
I, waddr then set PSWL.bit xoxoxo X
r2, $addr16 2 r2 <-r2 —1, then PC <- PC + 2 + jdisp8 if r2 # 0
DBNZ saddr, $addr16 3 | (saddn) < (saddr) -1,

then PC <- PC + 3 + jdisp8 if (saddr) # 0

(21) Context switching instructions: BRKCS, RETCS, RETCSB

Flag
M i (0] d Byt O ti
nemonic peran yte peration 7 AC PN OY

RBS2 - 0 <- n, PCn <-=>R5, PCL <-> R4,

BRKCS RBn 2 R7 <- PSWH, R6 <- PSWL, RSS <- 0, IE <- 0
PCH <- R5, PCL <- R4,

RETCS laddr16 3 R5 <- addr16+, R4 <- addr16., R R R R
PSWH <- R7, PSWL <- R6
PCH <- R5, PCL <- R4,

RETCSB laddr16 4 R5 <- addr16n, R4 <- addr16., R R R R

PSWh <- R7, PSWL <- R6
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(22) String instructions: MOVM, MOVBK, XCHM, XCHBK, CMPME, CMPBKE, CMPMNE, CMPBKNE,CMPMC,
CMPBKC, CMPMNC, CMPBKNC

Fla
Mnemonic Operand Byte Operation 9
S Z AC PV CY
[DE+], A 2 | (DE+)<-A, C<-C-1,EndifC=0
MOVM
[DE-], A 2 | (bE-)<-A,C<-C-1,EndifC=0
movek | [DE+]. [HL+] 2 | (DE+) <- (HL+),C<-C—1,EndifC =0
[DE], [HL-] 2 | (DE-) < (HL), C < C—1,Endif C = 0
XCHM [DE+] A 2 | (DE4+)<->A,C < C—1,EndifC=0
[DE-], A 2 | (DE-)<->A,C < C—1,EndifC=0
xchpk | [DE+ HL+] 2 | (DE+) <> (HL+), C <- C—1,Endif C = 0
[DE], HL-] 2 | (DE-) <=>(HL-),C < C—1,Endif C = 0
CMPME [DE+], A 2 | (DE+)-A,C<-C-1,EndifC=00rZ=0 X x x V x
[DE-]. A 2 | (DE5)-A,C<-C-1,EndifC=00rZ=0 x x x V x
[DE+], [HL+] 2 | (DE+)=(HL+),C<-C-1,EndifC=00rZ=0| x x x V x
CMPBKE
[DE], HL-] 2 | (DE-)-(HL-),C<-C-1,EndifC=00rZ=0| x x x V x
[DE+], A 2 | (DE+)-A, C<C-1,EndifC=0o0rZ=1 x x x V x
CMPMNE
[DE-. A 2 | (DE5)-A,C<-C-1,EndifC=00rZ=1 x x x V x
[DE+], [HL+] 2 | (DE4+)=(HL+),C<-C-1,EndifC=00rZ=1| x x x V «x
CMPBKNE
[DE-], [HL-] 2 | (DE-)—=(HL-),C<-C—-1,EndifC=00rZ=1| x x x V x
[DE+], A 2 (DE+) —=A,C<-C—-1,EndifC=00rCY =0 X X x V x
CMPMC
[DE-], A 2 | (DE-)-A,C<-C-1,EndifC=00rCY=0 X x x V x
[DE+], [HL+] 2 | (DE4+)-(HL+),C<-C—1,EndifC=00rCY=0 | x x x V x
CMPBKC
[DE-], [HLA] 2 | (DE-)-(HL-),C<C-1,EndifC=00rCY=0 | x x x V x
[DE+], A 2 | (DE+)=A, C<-C—1,EndifC=0o0rCY =1 x x x V x
CMPMNC
[DE-], A 2 | (DE-)=A,C< C—-1,EndifC=00rCY =1 x x x V x
cmpekne | [PE+): HL+] 2 | (DE+)-(HL+),C<-C—1,EndifC=00rCY=1 | x x x V x
[DE-], [HL] 2 | (DE-) = (HLH),C<-C—-1,EndifC=00rCY=1 | x x x V «x
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(23) CPU control instructions:

MOV, SWRS, SEL, NOP, El, DI

Flag
Mnemonic Operand Byte Operation
S Z AC PN CY

STBC, #byte 4 STBC <- byteNete
MOV

WDM, #byte 4 WDM <- byteNete
SWRS 1 RSS <- RSS

RBn 2 RSS2 -0<-n,RSS<-0
SEL

RBn, ALT 2 RSS2 - 0 <- n, RSS <- 1
NOP 1 No Operation
El 1 IE <- 1 (Enable Interrupt)
DI 1 IE <- 1 (Disable Interrupt)

Note Anop-code trap interrupt occurs if an invalid op-code is specified in an STBC or WDM register manipulation
instruction.

Trap operation:

(SP — 1) <- PSWH, (SP — 2) <- PSWL,

(SP — 3) <- (PC — 4)k, (SP — 4) <- (PC — 4)L,
PCL <- (003CH), PCH <- (003DH),
SP<-SP-4,IE<0
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CHAPTER 21 INSTRUCTION EXECUTION RATE

21.1 Memory Space and Access Speed
21.1.1 Main RAM and peripheral RAM

The uPD78356 has 2048-byte internal RAM in the area from F700H to FEFFH. The internal RAM is divided into
two sections, main RAM and peripheral RAM, according to the access speed.

Main RAM is accessed at the highest speed, because it is located in the execution unit (EXU).

* Main RAM (FEOOH to FEFFH) ......ccceee..... 1 clock per word

» Peripheral RAM (F700H to FDFFH) ........... 3 + n clocks per word (when word access to even address)

Caution When executing word access (including stack manipulation) in the main RAM area (FEOOH to
FEFFH), only even addresses can be specified with the operand.

Remark n is a wait count specified by the programmable wait control register (PWC).
21.1.2 Memory access
(1) Op-code fetch
(a) Access range
The uPD78356 allows op-code fetch in the area from 0000H to FDFFH (see Fig. 21-1).
Op-code fetch is not allowed in the area from FEOOH to FFFFH.
(b) Number of clocks required for access
The number of clocks required for op-code fetch can be specified by the PWC register in units of 16 Kbytes.

The number of clocks vary according to the area accessed.
Only an area in internal memory can be specified in the high-speed fetch cycle mode.
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Table 21-1. The Number of Clocks Registered for Op-code Fetch

Access area Access cycle
Peripheral RAM Normal fetch 3 + n clocks per word
High-speed fetch 2 clocks per word
External memory 3 + n clocks per word
Internal ROMNete Normal fetch 3 + n clocks per word
High-speed fetch 2 clocks per word

Note ©PD78356 and 78P356 only
Remark n is a wait count specified by the PWC register.
Caution The PWCregister specifies the mode of an area, irrespective of whether the

areaisininternal memory or external memory. After reset, the whole space
is set in the normal fetch cycle mode.
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Fig. 21-1. Concept of Memory Access in Op-Code Fetch

(1) PD78355

Internal memory Access cycle
FFFFH « 1} The access cycle is determined by the mode
! SFRarea specified by the PWC register in 16 Kbytes
FFOOH + |
FEFFH | !
| Main RAM !
FEOOH | !
FDFFH FDFFH
Peripheral » High-speed fetch cycle mode: 2 clocks per word
RAM » Normal fetch cycle mode: 3 + n clocks per word
F700H S
00 F6FFH
External « Normal fetch cycle mode: 3 + n clocks per byte
memory
0000H [
(2) pPD78356 and (/PD78P356
Internal memory Access cycle
FFFFH o+ ; The access cycle is determined by the mode
! SFRarea | specified by the PWC register in 16 Kbytes
FFOOH + |
FEFFH | !
| Main RAM !
FEOOH ! -
FDFFH FDFFH
Peripheral « High-speed fetch cycle mode: 2 clocks per word
RAM » Normal fetch cycle mode: 3 + n clocks per word
F700H R FOFFH T
External « Normal fetch cycle mode: 3 + n clocks per word
memory
R H 1
BFFFH 000
» High-speed fetch cycle mode: 2 clocks per word
Internal ROM « Normal fetch cycle mode: 3 + n clocks per word
0000H -

Caution When executing word access (including stack manipulation) in the main RAM area (FEOOH to
FEFFH), only even addresses can be specified with the operand.
Remark n is the wait count specified by the PWC register.
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(c) Bus control signals for memory access (ASTB, R_D, LWR and HWR)
When an op-code is fetched, the uPD78356 outputs the ASTB, RD, LWR and/or HWR bus control signals.
The signals to be output vary according to the area accessed. (See Table 21-2.)

Table 21-2. Bus Control Signals in Op-Code Fetch

(1) pPD78355

Access area Address ASTB RD LWR | HWR
Peripheral RAM Normal fetch F700H to FDFFH @) - - -
High-speed fetch —Note - - -
External memory 0000H to FEFFH @) @) - -
Remark O : Outputs the signal.
— : Does not output the signal (outputs the inactive level).
Note The ASTB signal is output only when the BR instruction is issued.
(2) uPD78356 and LIPD78P356
Access area Address ASTB RD LWR | HWR
Peripheral RAM Normal fetch F700H to FDFFH @] - - -
High-speed fetch —Note - - -
External memory COOOH to F6FFH (@] ©) - -
Internal ROM Normal fetch 0000H to BFFFH O - - -
High-speed fetch —Note - - -

Remark O : Outputs the signal.
— : Does not output the signal (outputs the inactive level).

Note The ASTB signal is output only when the BR instruction is issued.
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INSTRUCTION EXECUTION RATE.

Notes 1.

(3) Data access
While instructions such as MOV A, [HL] and SUB [DE+], A are being executed, data is read from or written
into memory.

(a) Access range

The uPD78356 allows data access to the whole 64K-byte range. In the address range from FEOOH to
FFFFH, access to internal memory has precedence. In the 16-byte external SFR area from FFDOH to

FFDFH, however, external memory is accessed. (See Fig. 21-2.)

(b) Number of clocks required for access

The number of clocks required for data access depends on the area to be accessed.

Table 21-3. Number of Clocks Required for Data Access

Area to be accessed

Address

Read access

Write access

Main RAM

FEOOH to FEFFH

1 Clock per word

1 Clock per word

SFR

FFOOH to FFFFH

4 Clocks per word

4 Clocks per word

Internal ROMPNete 1

0000H to BFFFH

Peripheral RAM

F700H to FDFFH

3 + n clocks per word

1 Clock per wordNete 2

External SFR,
external memory

FFDOH to FFDFH

3 + n clocks per byte

1 Clock per byteNote 2

Remark n is the wait count specified by the PWC register.

uPD78356 and uPD78P356 only
Oneclockis required to execute data write access to peripheral RAM, external SFR or external memory,

in which only the address and data are passed to the bus control unit (BCU). However, the bus is
occupied for the same time period as in data read access (3 + n clocks). When data access to this
area is executed after data write access, more clocks than indicated in the table may be required.

Write access

Read access

Write access instruction IAnstruction QS"“CHO” Read access instruction knstruction gwstruction
| | |
| | }
Address | j | Data
and data ;| Address ! !
! | |
BCU BCU
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Fig. 21-2. Concept of Memory Access in Data Access

(1) UPD78355

Internal memory Access cycle
FFFFH Data read and data write access:
SFR 4 clocks per word
FFEOH o L
Ext | SFR FFDFH Data write access: 1 clock per byte
xterna Data read access: 3 + n clocks per byte
R FFDOH |
FFCFH SFR Data read and data write access:
4 clocks per word
FFOOH — i
FEFFH Main RAM Data read and data write access:
1 clock
FEOOH N clock per word
FDFFH Peripheral Data write access: 1 clock per word
RAM Data read access: 3 + n clocks per word
F700H R L
00 F6FFH
Data write access: 1 clock per byte
Data read access: 3 + n clocks per byte
External
memory
0000H |
(2) pPD78356 and L/PD78P356
Internal memory Access cycle
FFFFH Data read and data write access:
SFR 4 clocks per word
FFEOH o L
Ext | SFR FFDFH Data write access: 1 clock per byte
xtermna Data read access: 3 + n clocks per byte
R FFDOH _|
FFCFH SFR Data read and data write access:
4 clocks per word
FFOOH — i
FEFFH Main RAM Data read and data write access:
FEOOH N 1 clock per word
FDFFH Peripheral Data write access: 1 clock per word
RAM Data read access: 3 + n clocks per word
F700H o FeFEH T
External Data write access: 1 clock per byte
memory Data read access: 3 + n clocks per byte
R COOOH |
BFFFH
Internal ROM Data read access: 3 + n clocks per word
0000H L

Caution When executing word access (including stack manipulation) in the main RAM area (FEOOH to
FEFFH), only even addresses can be specified with the operand.
Remark n is the wait count specified by the PWC register.
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(c) Bus control signals for memory access (ASTB, ﬁ, LWR, HWR)
When data is accessed, the yPD78356 outputs the ASTB, RD, LWR, and/or HWR bus control signals.
The signals to be output vary according to the area accessed. (See Tables 21-4, 21-5.)

Table 21-4. Bus Control Signals in Data Access (When Specified External 8-bit Bus)

(1) HPD78355

Access area Address ASTB RD LWR |ADO to AD7| A8 to A15
SFR FFEOH to FFFFH @] - - Address/ | Address
FFOOH to FFCFH data
External SFR FFDOH to FFDFH O (@] ©) Address/ | Address
data
Main RAM FEOOH to FEFFH - - - Undefined | Undefined
Peripheral RAM F700H to FDFFH O - - Undefined | Undefined
External memory | 0000H to F6FFH (@] ©) O Address/ | Address
data
Remark O : Outputs the signal.
— : Does not output the signal (outputs the inactive level).
(2) pPD78356 and LUPD78P356
Access area Address ASTB RD LWR |ADO to AD7| A8 to A15
SFR FFEOH to FFFFH O - - Address/ | Address
FFOOH to FFCFH data
External SFR FFDOH to FFDFH O @] @] Address/ | Address
data
Main RAM FEOOH to FEFFH - - - Undefined | Undefined
Peripheral RAM F700H to FDFFH O - - Undefined | Undefined
External memory | COOOH to F6FFH @) O o Address/ | Address
data
Internal ROM 0000H to BFFFH O - - Undefined | Undefined

Remark © : Outputs the signal.
— : Does not output the signal (outputs the inactive level).
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Table 21-5. Bus Control Signals in Data Access (When Specified External 16-bit Bus)

(1) pPD78355

Access area Address ASTB RD LWR HWR ADO to AD7 |AD8 to AD15
SFR FFEOH to FFFFH @] - - - Address/ Address/
FFOOH to FFCFH data data
External SFR FFDOH to FFDFH (@] (@] (@] @) Address/ | Address/
data undefined
Main RAM FEOOH to FEFFH - - - - Undefined | Undefined
Peripheral RAM F700H to FDFFH (@] - - - Undefined | Undefined
External memory | 0000H to F6FFH o ©) (@] @) Address/ | Address/
data data
Remark O : Outputs the signal.
— : Does not output the signal (outputs the inactive level).
(2) uPD78356 and LPD78P356
Access area Address ASTB RD LWR HWR |ADO to AD7 |AD8 to AD15
SFR FFEOH to FFFFH O - - — Address/ Address/
FFOOH to FFCFH data data
External SFR FFDOH to FFDFH O O @] O Address/ Address/
data data
Main RAM FEOOH to FEFFH - - - - Undefined | Undefined
Peripheral RAM F700H to FDFFH @] - - - Undefined | Undefined
External memory CO00H to F6FFH ©) O ©) ©) Address/ | Address/
data data
Internal ROM 0000H to BFFFH @] - - - Undefined | Undefined
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Remark O : Outputs the signal.
— : Does not output the signal (outputs the inactive level).
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21.2 Interrupt Execution Rate

The following tables listinterrupt execution rates. The time required to determine the priority isignoredin the tables.
The priority is determined every two clocks. The time required to determine the priority ranges from zero to two clocks,

depending on when the interrupt occurs.

n is the wait count specified by the PWC register.

(1) Vectored interrupt handling

Stack

Number of clocks

Main RAM (FEOOH to FEFFH)

21 +2n

Peripheral RAM (F700H to FDFFH)

25 + 2n/33 + 2nNote

External memory

33 + 6n

Note Values before slash are for even addresses.

Values after slash are for odd addresses.

(2) Context switching

Number of clocks: 17 + 2n clocks

(3) Macro service

) Number of clocks
Macro service
Byte operation Word operation

EVTCNT 12
BLKTRS mem -> SFR 18 19
BLKTRS SFR -> mem 17 18
BLKTRS-P mem -> SFR (IRAM) 20 21

(PRAM) 22 23/27Nete

(EMEM) 22 +n 27 + 2n
BLKTRS-P SFR -> mem (IRAM) 20 21

(PRAM) 22 23/27Nete

(EMEM) 22 +n 27 + 2n
DTADIF - 22
DTADIF-P (IRAM) 26

(PRAM) - 28/32Nete

(EMEM) 32 +2n

Note Values before slash are for even addresses.

Values after slash are for odd addresses.
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21.3 Calculating the Number of Execution Clocks

This section describes the procedure for calculating the number of instruction execution clocks.

(1) Calculating the number of basic clocks

444

(@) When a program is held in internal ROM or peripheral RAM (F700H to FDFFH) in the high-speed fetch
mode
The total number of clocks is the number of basic clocks.
(b) When a program is usually held in external memory in the normal fetch mode
The larger value of the following two is taken as the number of basic clocks:
» Total number of clocks
» Total number of bytes of executed instructions x (3 + n)
n is the wait count specified by the PWC register.
When the high-speed fetch mode is not specified, the number of basic clocks is calculated according to
procedure (b) above even if the program is in internal ROM or peripheral RAM.

Example of calculation: uPD78356 (Internal clock of 16 MHz, wait 0, main RAM specified by [HL])

Number of bytes Number of clocks
MOV A, [HL] 1 6
ADD A, B 2 3
MOV [HL], A 1 5
4 14

The time to execute this program is calculated as follows: However, when the program is in the external
memory, the calculation is when the external 8-bit is specified.

(a) When the program is held in internal ROM
Number of execution clocks: 14
14 x 0.0625 us = 0.875 us

(b) When the program is held in external memory
Number of execution clocks: 4 x 3 =12 < 14
Taking the number of execution clocks as 14, the calculation shown in (a) above is performed. The
calculated execution time is 0.875 ps.
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(2) Adding a correction factor to the nhumber of basic clocks

(a) Accessing the SFR area (FFOOH to FF1FH) by an instruction having saddr or saddrp as an operand
Each time an access is made, four clocks are added.

Table 21-6. Number of saddr Accesses by Instruction (1/2)

Instruction Number of accesses

MOV saddr, #byte 1

A, saddr

saddr, A

saddr, saddr 1 /2Note 2

A, [saddrp] 1

[saddrp], A
XCH A, saddr 2

A, [saddrp] 1

saddr, saddr 2/4Note 2
MOVW saddr, #word 1

AX, saddrp

saddrp, AX

saddrp, saddrp {/oNote 2
XCHW AX, saddrp 2

saddrp, saddrp 2/4Note 2
ALUNote 1 saddr, #byte 2

A, saddr 1

saddr-D, saddr-S 1/2/3Note 3
CMP saddr, #byte 1

A, saddr

saddr, saddr 1 /2Note 2

Notes 1. ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
2. When either or both are in the SFR area
3. When only the source (saddr-S), only the destination (saddr-D), or both are in the SFR area
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Table 21-6. Number of saddr Accesses by Instruction (2/2)

Instruction Number of accesses

ADDW, SUBW saddrp, #word 2

AX, saddrp 1

saddrp-D, saddrp-S 1/2/3Nete 1
CMPW saddrp, #word 1

AX, saddrp

saddrp-D, saddrp-S 1/2Note 2
INC, DEC saddr 2
INCW, DECW saddrp 2
MOV1 CY, saddr.bit 1

saddr.bit, CY 2
AND1, OR1 CY, saddr.bit 1

CY, /saddr.bit
XOR1 CY, saddr.bit 1
SET1, CLR1, NOT1 saddr.bit 2
BT, BF saddr.bit, $addr16 1
BTCLR, BFSET saddr.bit, $addr16 2
DBNZ saddr.bit, $addr16 2

Notes 1. When only the source (saddr-S), only the destination (saddr-D), or both are in the SFR area
2. When either or both are in the SFR area
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(b) Accessing the following SFR area by an instruction having sfr or sfrp as an operand

Correction factor = Number of clocks to be increased per access x Number of accesses

SFR to be accessed

Number of clocks to be increased
per access

Read access

Write access

T™MO 1to2 -
™1, TM2 1to 4 -
TM3 1t08 -
ubcC 1to8 0to7
CMo0, CM01, CM02, CM03, CM10, CM11, CM20, CM21, CC00, CC01, CC02 1to2 0to1
CMUDO, CMUD1, CC30, CC31 1to6 0to5
TMCO, TMCH1 0 Oto1
ubCC 0 0to3
OVICO0, OVICS, PICO, PIC1, PIC2, PICS3, PIC4, CMIC00, CMIC01, CMIC02, CMICO3, 2 1
CMIC10, CMIC11, CMIC20, CMIC21, CMIC40, CMICUDO, CMICUD1, SERIC, SRIC,

STIC, CSIICO, CSIIC1, ADIC, IMC, MKOL MKO, MKOH, MK1L, MK1, ISPR

External SFR (FFDOH to FFDFH) n/QNete

PWC 0 1
Note Normal fetch/high-speed fetch

Remark n is the wait count specified by the PWC register.

The number of clocks to be increased depends on the state of the peripheral hardware atthe time of access

and varies within the range shown in the table above.
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Table 21-7. Number of sfr Accesses by an Instruction

Instruction Number of accesses
Read access Write access
MOV sfr, #byte 0 1
A, sfr 1 0
sfr, A 0 1
XCH A, sfr 1 1
MOVW sfrp, #word 0 1
AX, sfrp 1 0
sfrp, AX 0 1
XCHW AX, sfrp 1 1
ALUNote sfr, #byte 1 1
A, sfr 1 0
CMP sfr, #byte 1 0
A, sfr
ADDW, SUBW sfrp, #word 1 1
AX, sfrp 1 0
CMPW sfrp, #word 1 0
AX, sfrp
MOV1 CY, sfr.bit 1 0
sfr.bit, CY 1 1
AND1, OR1 CY, sfr.bit 1 0
CY, /sfr.bit
XOR1 CY, sfr.bit 1 0
SET1, CRL1, NOT1 sfr.bit 1 1
BT, BF sfr.bit, $addr16 1 0
BTCLR, BFSET sfr.bit, $addr16 1 1

Note ALU: ADD, ADDC, SUB, SUBC, AND, OR, XOR
(c) Branch instruction and CALL instruction
A branch or CALL instruction clears the instruction queue. Before the instruction following the branch

instruction is executed, the additional clocks shown below are required:

In the high-speed fetch mode : 7 to 8 clocks
In the normal fetch mode : 710 10 + n clocks

The number of clocks to be added depends on when op-code fetch is executed and varies in the range
shown above.
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This chapter collects the cautions described in each chapter. Read this chapter before developing application

products. The number enclosed in parentheses represents the page on which the caution is initially described.

22.1 Cautions for Chapter 2

(M

(2)

)

When the RESET signal is input, all the pins of P00 to P07 (port 0), P10 to P17 (port 1), P20 to P27 (port 2),
P30 to P37 (port 3), P80 to P87 (port 8), and P100 to 107 (port 10) are set to the input mode (output high
to impedance). The contents of the output latch becomes undefined. (p. 21-23, 26, 28)

When the RESET signal is input, pins P40 to P47 (port 4), P50 to P57 (port 5), and P90 to P93 (port 9) are
setto the input mode (output high-impedance) in either port or external memory expansion mode. The contents

of the output latch becomes undefined. (p. 24, 25, 27)

Connect the MODEO and MODET1 pins directly to Vob or Vss. (p. 29)

22.2 Cautions for Chapter 3

)

When executing word access (including stack manipulation) in the main RAM area (FEOOH to FEFFH), only
even addresses can be specified with the operand. (p. 36, 50, 61)

When executing word access (including stack manipulation) in the main RAM area (FEOOH to FEFFH), access
operations will differ according to if the reference address is even or odd. If both even and odd addresses
are accessed together, operations may not be performed correctly. Therefore, specify only even addresses
for the reference address. When executing the 16-bit data transfer instruction, specify even addresses with
the operand. If odd addresses are specified, errors will generate in the assembler package (RA78K/III). (p.
39)

Do not perform word access covering both the peripheral RAM area and main RAM area. (p. 39)

Unmapped addresses of the special function register cannot be accessed (except the external access area.)
(p- 43)

Pins P50/AD8 to P57/AD15 function as address buses when 8-bit external buses are specified. (p. 43)

The vector tables for the reset input, BRK instruction, and op-code trap interrupt are fixed to 0000H, 003EH,
and 003CH, respectively. They are not affected by the TPF. (p. 50)

Write 0 or 1 into any bit of the special function register (SFR) correctly whenever it is predetermined to be
so. (p. 54)

Do not write data into the register which is only used for data reading. Writing data into such registers may
result in an error. (p. 54)
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9)

The SFR area (FFOOH to FFFFH) addresses to which a special function register is not assigned cannot be
accessed (except the external access area). Accessing these addresses may result in an error. (p 54)

22.3 Cautions for Chapter 5

(1)

(2)

(10)

(11)

450

For the uPD78355 and for the uPD78356 and uPD78P356 in the ROM-less mode, ports 4, 5, and 9 (low-order
3 bits) do not function as ports. (p. 69)

Pins functioning as input pins in the control mode may not operate correctly if corresponding bits of the port
mode control register are rewritten during operations. therefore, write in the port mode control register during
the initial settings of the system. (p. 73)

If the port read control register (PRDC) is in the pin access mode (PRDCO = 1), no bit manipulation instruction
for a port operates normally. After a port check is completed, be sure to reset the mode to the normal mode
(PRDCO = 0). (p. 75)

If an interrupt occurs when the PRDC register is in the pin access mode, a bit manipulation instruction may
be executed in the same mode. This will cause an error. Before starting a check, be sure to set the Dl state.
In addition, do not use macro services that manipulate ports. (p. 75)

Nonmaskable interrupts are unavoidable if the PRDC register is in the pin access mode. So, the following
provisions should be made in the program as required: (p. 75)

* The nonmaskable interrupt routine is to perform no port manipulation.
» The level of PRDC.0 is to be saved at the start of the nonmaskable interrupt routine, then is restored when
control is returned.

Use the CHKL or CHKLA instruction only when the PRDCO bit of the PRDC register is set to 0 (normal mode).
(p- 76)

For input/output port pins set to the input port mode, the results of the CHKL or CHKLA instruction is always
found to agree with the control output level, regardless of the setting of the port mode/control mode.

For the input dedicated port, as there is not output latch, the input pin level is read when the CHKL or CHKLA
instruction is executed. Therefore, as the CHKL and CHKLA instructions for the input dedicated port are
essentially ineffective, do not use them. (p. 76)

Set control output pins to the input mode before executing the CHKL or CHKLA instruction to check the output

level of the pin of a port where control and port output pins are used together. (The output level of a control
pin cannot be checked with the CHKL or CHKLA instruction because the output level varies asynchronously.)

(p- 76)

Bit 0 of the port 2 mode register (PM2) is always one. (p. 80)

Bit 0 of the port 2 mode control register (PMC2) is always one. (p. 85)

Be sure to write 0 in bits 4 and 7 of the memory expansion mode register (MM). If 1 is written in these bits,
operation will not be normal. (p. 89)
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(12) Invalid combinations are specified as “Not to be set” in Fig. 5-21. Never write these combinations. (p. 89)

(13) In uPD78356 emulation using the IE-78350-R, the use of the built-in, pull-up resistors of port 1, 4, 5, or 9
is disabled even if the PUO1, PUO4, PUO5, or PUQO9 bit of the PUOL and PUOH registers is setto 1. When
using a pull-up resistor, first set the corresponding bit to 1 to use software common to the IE-78350-R and
uPD78356, then externally attach a pull-up resistor. (p. 90)

22.4 Cautions for Chapter 6
(1) When using an external clock, do not set the STP bit of the standby control register (STBC) to 1. (p. 93)

(2) When using the system clock oscillator, run wires according to the following rules to avoid effects such as
stray capacitance: (p. 94)

* Minimize the wiring.

* Never cause the wires to cross other signal lines or run near a line carrying a large varying current.

» Cause the grounding point of the capacitor of the oscillator circuit to have the same potential as Vss. Never
connect the capacitor to a ground pattern carrying a large current.

* Never extract a signal from the oscillator.

(8) When applying external clocks, do not connect a wire or a similar capacitive load to the X2 pin. (p. 94)
22.5 Cautions for Chapter 7
(1) When the compare register function is selected, the capture/compare registers (CC00 to CC02, CC30, and
CC31) cannot generate interrupts based on the corresponding external interrupt (capture trigger signal). (p.

105)

(2) Before changing the timer output mode (setting of the TOMO00, TOMO02, or TOMO04 bit) with the TUMO register,
disable the timer output for the corresponding timer output pin. (p. 107)

(38) Timer output (TO21) is impossible when a clear operation by a TCLR2 pin input is enabled by the TUM1
register. (p. 107)

(4) When the operating mode for the UDC is specified as mode 4 by the UDCC register, the specification of an
edge for the TIUD pin (by the TUM2 register) becomes ineffective. (p. 108, 113, 148, 151)

(5) Timer output (TO03) is impossible when the input of an external count clock to TMO (TI0) is specified by the
TMCO register. Timer output (TO11) is impossible when the input of an external count clock to TM1 (TI1) is

specified by the TMCO register. (p. 110)

(6) Before changing the active state (setting of the ALV00, ALV01, ALV02, or ALVO0S3 bit) with the TOCO register,
disable the timer output for the corresponding timer output pin. (p. 115)

(7) Before changing the active state (setting of the ALV04, ALVO05, ALV10, or ALV11 bit) with the TOC1 register,
disable the timer output for the corresponding timer output pin. (p. 117)
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(8)

(11)

(12)

(14)

(15)

452

When the timer outputs for the TO04 and TOO5 pins are disabled by the TOC1 register, external interrupt
request inputs (INTPO and INTP1) are assumed for these pins. (p. 117)

Before changing the active state (setting of the ALV 10 or ALV20 bit) with the TOC2 register, disable the timer
output for the corresponding timer output pin. (p. 118)

Each flag of TOVS is reset in a different way. Only software can reset the OVF1, OVF2, OVFUD, and UDFUD
bits. Reset these flags after testing them.

The OVF0 and OVF3 bits are read-only bits. These flags are cleared to 0 when the interrupt request flags
(OVIF0 and OVIF3) of the interrupt control registers (OVIC0 and OVIC3) are resetto 0 or TMO and TM3 overflow
interrupts (INTOVO and INTOV3) are received. (p. 120)

Before changing the noise elimination time (the setting of the NI0, NRO, NI1, NR1, NR2, NIUD, NCUD, or NRUD
bit) with the NPC register, disable the counting of the corresponding timer. (p. 123)

If the count clock for timer 0 (TMO) is specified as the external clock (TI0 input) and count operations are
performed, when bit 1 (PMC81) of the port 8 mode control register (PMC8) is rewritten from 0 to 1 or vice versa,
the TMO may start counting up. Therefore, perform PMC81 bit rewriting after stopping the TMO count
operations first. (p. 124)

When 00H is set in compare register CM02, CM10, CM20, or CM40 in the interval timer mode, TMO performs
interval operation at each count clock input.

The interval time at the first match is different from that at the second or subsequent matches. (p. 127, 133,
137, 143)

« Time until the first match : Value of the compare register x count clock period
» Time until the second match or subsequent matches : (Value of the compare register + 1) x count clock
period

If the count clock for timer 1 (TM1) is specified as the external clock (TI1 input) and count operations are
performed, when bit 6 (PMC36) of the port 3 mode control register (PMC3) is rewritten from 0 to 1 or vice versa,
the TM1 may start counting up. Therefore, perform PMC36 bit rewriting after stopping the TM1 count
operations first. (p. 130)

If clear operations by the TCLR2 pin input are enabled, when bit 6 (PMC26) of the port 2 mode control register
(PMC2) is rewritten from 0 to 1 or vice versa, TM2 may be cleared. Therefore, rewrite the PMC26 bit after
stopping the TM2 count operations first. (p. 134)

When 00H is setin capture/compare register CC30 in the interval timer mode, TM3 performs interval operation
at each count clock input.
The interval time at the first match is different from that at the second or subsequent matches. (p. 140)

» Time until the first match : Value of the capture/compare register x count
clock period

» Time until the second match or subsequent matches : (Value of the capture/compare register + 1) x
count clock period
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(17)

(18)

(19)

If timer output by the TO04 and TOO5 pins are enabled, when the output level is changed, the interrupt request
flag (PIC0.7, PIC1.7) is set (1). Therefore, when using as the timer output, preset the interrupt mask flag
(P1C0.6, PIC1.6) to “1” and set the interrupt mask state. (p. 152)

0 is always read when the RTPM register specifies data of the RTPH and RTPL registers that is not connected
to any pin. (p. 158)

When a software trigger is specified as an output trigger to the real-time output port, the contents of RTPH
and RTPL are output to the pins. Before specifying a software trigger, write data in RTPH and RTPL. (p.
158)

22.6 Cautions for Chapter 8

(1)

(2)

The A/D trigger mode, timer trigger mode, or external trigger mode can be specified for each pin ANIO to ANI3.
However, the A/D trigger mode is always specified for the ANI4 to ANI7 pins. (p. 159)

Apply the reference voltage to the ANIO to ANI7 pins. If a voltage in the range of Vob to Vss inclusive (even
in the range of the absolute maximum ratings) is applied to these pins, the converted values of the channels
are undefined, and the converted values of other channels may also be affected. (p. 161)

The order in which the ANIO to ANI3 bits are scanned is specified according to the order in which the match
signals from compare registers or external trigger signals are generated in the timer trigger mode or external
trigger mode for the scan mode. As a result, the ANIS2 to ANISO bits specify no analog input pin, they specify
the number of trigger inputs. (p. 165)

Apply a voltage in the range of AVss to AVop to the pins used as the input pins of the A/D converter. (p. 171)

When directly using the A/D conversion results to perform branching, if programs which branch only when
the conversion results become the specified value are created, the conversion results will not become the
specified value due to the effects of conversion difference and operations will not branch to the specified
routine. Therefore, develop programs that will branch when the conversion results are in ranges that include
the width for overall error difference. (p. 174)

Before specifying the timer trigger mode, specify that the capture/compare registers (CC00 and CC01) function
as a compare register. (p. 181)

The timer trigger mode is effective for ANIO to ANI3 analog inputs only. (p. 181)

When the next trigger signal is input during A/D conversion in the timer trigger mode or external trigger mode,
the conversion is stopped and an A/D conversion corresponding to the new trigger signal is performed. The
result of the stopped A/D conversion is undefined. (p. 182, 183, 185, 186, 190, 191, 195, 197, 198, 200, 202,
204)

When severaltriggers are input simultaneously, the smallest analog input of the analog input pin (ANIn) number
is converted. Other trigger signals input at the same time are ignored and the number of triggers input is not
counted. Therefore, the INTAD interrupt is not generated and the A/D conversion results become undefined.
(p. 185, 186, 190, 191, 195, 198, 200, 204)
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(10) When the following modes are selected, only a single INTCMOO interrupt occurs in the one-shot mode for timer
0. No A/D conversion is therefore terminated. To prevent this, be sure to put timer 0 in the loop mode. (p.
188, 193)

» Select mode + four-buffer mode + one-trigger mode
» Scan mode + one-trigger mode

(11) When an INTCMOO interrupt occurs during A/D conversion of the analog inputs in the higher four channels
(ANI4 to ANI7), the conversion is stopped and the ANO channel and subsequent channels are scanned again.
The results of the stopped A/D conversions are undefined. (p. 193)

(12) The external trigger mode is effective for analog inputs ANIO to ANI3 only. (p. 196)

(13) When bits 0 to 3 (PMCO00 to PMCO03) of the port 0 mode control register (PMCO0) are rewritten from 0 to 1 or
vice versa during A/D conversion in the external trigger mode, external triggers may be generated. Therefore,
rewrite the PMCO00 to PMCO3 bits after stopping the A/D converter operations first. (p. 196)

(14) When an ADTRGO signal is input during A/D conversion of the analog inputs in the higher four channels (ANI4
to ANI7), the conversion is stopped and the ANO channel and subsequent channels are scanned again. The
results of the stopped A/D conversions are undefined. (p. 202)

(15) When ADTRGOto ADTRG3 signals are input during A/D conversion of analog inputs in the higher four channels
(ANI4 to ANI7), the conversion is stopped and the ANIO channel and subsequent channels are scanned again.
The results of the stopped A/D conversions are undefined. (p. 204)

22.7 Cautions for Chapter 9
(1) The ANOnN pin (n = 0 or 1) cannot source a current due to the high output impedance of the D/A converters.
When connecting a load with a low input impedance, insert a buffer amplifier between the load and ANOn
pin. Keep the wire to the buffer amplifier or load as short as possible (because the output impedance is high).

If this is impossible, surround the wire with the ground pattern. (p. 211)

(2) The output voltage of each D/A converter changes step by step. In general, use the signal output from a D/A
converter after passing it through a low-pass filter. (p. 211)

(38) The D/A converters contained in the uPD78356 have high-impedance output while the RESET signal input
is low. Arrange the load circuit so that it can accept high-impedance input. (p. 211)
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Fig. 22-1. Examples of Buffer Amplifier Connection

(a) Inverting amplifier

pPD78356

R
ANON |— /A

* Input impedance of the buffer amplifier is R1 + Re.

(b) Voltage follower
uPD78356

ANOnN ' +
I —
c _

« Input impedance of the buffer amplifier is R.
« Be sure to connect R1. Otherwise, the output
when RESET is low level becomes undefined.

(4) After a reset is released, the D/A converter outputs the voltage whose level is the same as the AVRers pin.
Arrange the D/A converter output so that the converter outputs the same voltage as the voltage on the AVrers

pin. (p. 211)
22.8 Cautions for Chapter 10

(1) Usually, the transmission completion interrupt (INTST) occurs whenever the TXS register becomes empty.
However, even when the RESET signal is input and TXS becomes empty, INTST does not occur. (p. 227,
228)

(2) Data written to the TXS register during transmission (before INTST occurs) is regarded as invalid. (p. 227)

(3) In the event of a reception error, be sure to read the RXB data. Otherwise, an overrun error occurs when
the next data block is received, leading to an endless error condition. (p. 230, 234)

(4) The ASIS register is reset to 0 when the RXB buffer is read or the next data block is received. To find out
about the error, be sure to read the ASIS register before reading the RXB buffer.
When received data is being transferred to the memory using macro service, the receive buffer (RXB) may
be read during serial data reception and as a result, the ASIS register may be reset (0). So, itis only detected
that an error occurs. Before use, make sure that this will not cause any serious problems.
An error can be detected by the setting condition (1) of the reception error interrupt request flag (SERIF) or
the reception of the reception error interrupt (INTSER). (p. 234)
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22.9 Cautions for Chapter 11

(1)

®)

22.10

Do not switch serial clocks during data transmission. Since the switching is performed asynchronously with
the serial clock being supplied, doing this during data transmission can produce a serial clock of undefined
frequency. (p. 242)

Since the serial data bus pins (SB0 and SB1) employ an open drain configuration for output in the SBI mode,
the serial data bus line is provided in a wired OR state and therefore requires a pull-up resistor. (p. 259)

To switch between the master and slave CPUs in the SBI mode, a pull-up resistor is also needed for the SCK
line. Thisis because the SCKinput/output switching is performed inthe master and slave CPUs asynchronously.

(p. 259)

Do notoperate the RELT or CMDT bit of the serial bus interface control register (SBIC) during data transmission
or reception. (p. 268)

When transferring data in the SBI mode, be sure to specify the pin and serial clock before setting the CTXEO
and CRXEO bits. (p. 272)

Cautions for Chapter 12

Do not switch serial clocks during data transmission. Since the switching is performed asynchronously with the
serial clock being supplied, doing this during data transmission can produce a serial clock of undefined frequency.
(p. 287)

22.11

Cautions for Chapter 13

Byte access/bit access can be performed for the lower side of the PWMO/PWM1 register but not for the higher
side. (p. 304)

22.12

(1)

(2)

456

Cautions for Chapter 14
Data can be written into the WDM register only by a dedicated instruction (MOV WDM, #byte). (p. 309)

Do not change the priority for interrupt requests specified in the WDM register dynamically, that is, when a
program is being executed. (p. 309)

The RUN bit of the watchdog timer mode register (WDM) cannot be reset to 0 by software. (p. 309)

The count clockis notreset even when the watchdog timer is cleared by setting the RUN bit of the WDM register
to 1. (p. 309)

Immediately after the power is turned on, the watchdog timer output pin (WDTO) may go low for a period of
up to 32 clocks. (p. 310)
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22.13 Cautions for Chapter 15

(1)

()

(10)

(11)

The in-service priority register (ISPR) can be accessed for read only. Write to the register may cause an error.
(p. 327)

Macro service requests are accepted and handled even during the nonmaskable interrupt handling routine.
If macro service handling is not to be performed during this routine, manipulate the interrupt mask flag register
during the routine so that the macro service is not generated. (p. 332)

Always use the RETI instruction to restore from the nonmaskable interrupt. Interrupts will not be accpeted
properly hereafter of other instructions are used. (p. 332)

The nonmaskable interrupt is always accepted except for while the nonmaskable interrupt handling is being
executed (excludes when a high priority nonmaskable interrupt request is generated during the execution of
the low priority nonmaskable interrupt handling) and during a certain period of time after the execution of
special instructions shown in 15.9. Therefore, nonmaskable interrupt is accepted even if stack pointer values
after reset release, etc. are undefined. In such cases, depending on the stack pointer value, program counter
(PC) and program status words (PSW) may be written in addresses (See Table 3-4 in 3.2.3.) which disable
the writing of special function registers and cause the CPU to deadlock and unexpected signals to be output
from terminals, or PC and PSW may be written in addresses not mounted with the RAM, and as a result, the
main routine cannot be returned to normally from the nonmaskable interrupt handling routine and the CPU
overruns.

Therefore, always set programs after the RESET release to as follows. (p- 332)

CSEG ATO

DW STRT
STRT:

MOVW SP, #imm16

When the maskable interrupt is accepted using the vectored interrupt, always restore using the RETI
instruction. Interrupt operations will not be performed properly hereafter if other instructions are used. (p.

335)

Always use the RETCS instruction to restore from interrupts by context switching. Interrupt operations will
not be performed properly hereafter is other instructions are used. (p. 336)

Do not use the RETI instruction to restore from the software interrupt by the BRK instruction. (p. 343)
When the context switching function is started up by executing the BRKCS instruction, if the bit of the ISPR
register is reset (0) following the execution of the RETCS instruction, the interrupt nesting control may
destroyed.

Therefore, always use the RETCSB instruction to restore from the handling started up by the BRKCS
instruction. (p. 345)

When transmitting data by the UART using macro service, two vectored interrupt requests occur. (p. 352)

Word buffers must be placed at even addresses in the block transfer mode. (p. 358)

Word buffers must be placed at even addresses in the block transfer mode (with a memory pointer). (p. 360)
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(12)

(13)

(14)

(15)

(16)

(20)

(21)

(22)

(23)

458

MEM.PTR must be placed at an even address in the block transfer mode (with a memory pointer). (p. 360)
00H must not be set in the MSC in the data difference mode. (p. 362)

Buffers must be placed at even addresses in the data difference mode. (p. 362)

The “previous value” must be initialized to dummy data in advance in the data difference mode. (p. 362)
The SFRP can specify 16-bit SFRs only in the data difference mode. (p. 362)

00H must not be set in the MSC in the data difference mode (with a memory pointer). (p. 363)

Buffers must be placed at even addresses in the data difference mode (with a memory pointer). (p. 363)

The MEM.PTR must be placed at an even address in the data difference mode (with a memory pointer). (p.
363)

The “previous value” must be initialized to dummy data in advance in the data difference mode (with a memory
pointer). (p. 363)

The SFRP can specify only 16-bit SFRs in the data difference mode (with a memory pointer). (p. 363)

When polling interrupt related registers using BRCLR instructions, make sure one is not branched to the same
instruction. If programs in which instructions are branched to themselves are written, all interrupts and macro
services are held until conditions with which the instructions will not branch to themselves are established.
(p. 365)

Wrong example

LOOP: BTCLR‘ PI1C0.7, $LOOP All interrupts and macro services are held until PIC0.7 becomes 1.

X XX <- Theinterrupts and macro services are handled first after the instruction after the
BTCLR instruction is executed.

Correct example (1)

LOOP: NOP

BTCLR PICO0.7, $LOOP .. As the interrupts and macro services are handled after the execution of the
. NOP instruction, they will not be held for a long period of time.

Correct example (2)

LOOP: BTCLR' PI1C0.7, $NEXT

BR $LOOP <- As the interrupts and macro services are handled after the execution of the BR
. instruction, they will not be held for a long period of time.
NEXT:

If the above instructions are to be used continuously due to the same reasons as (22), and the interrupts and
macro services are going to be held for a long time, insert NOP instructions, etc. halfway and create timings
with which the interrupts and macro services can be accepted. (p. 366)
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22.14 Cautions for Chapter 16

(1)

After the SBF flag in the standby control register (STBC) is read, set it to 1. Software can then discriminate
a power-on reset from release of the STOP or HALT mode. (p. 370)

When an external clock is used, do not set the STP bit of the standby control register (STBC) to 1. (p. 371)
If the interrupt request flag (xxIF) is set to 1 and the interrupt is not masked (xxMK = 0), the system does not
enter the HALT mode. When macro service processing (xxISM = 1) is performed, the system enters the HALT
mode after the macro service terminates. (p. 372)

Data can be written into the WDM register only by a dedicated instruction (MOV WDM, #byte). (p. 377)

Do not change the priority for interrupt requests specified in the WDM register dynamically, that is, when a
program is being executed. (p. 377)

The RUN bit of the watchdog timer mode register (WDM) cannot be reset to 0 by software. (p. 377)

The count clockis not reset even when the watchdog timer is cleared by setting the RUN bit of the WDM register
to 1. (p. 377)

22.15 Cautions for Chapter 17

(1)

(2)

When RESET is active, all pins except WDTO, CLKOUT, AVrer, AVbb, AVss, Vob, Vss, X1, and X2 go into
the high-impedance state. (p. 385)

When RAM is expanded externally, attach a pull-up resistor to the P90/RD pin, P91/LWR pin, and P92/HWR
pin. Otherwise, these pins may go into the high-impedance state, and the contents of the external RAM may
be lost. Or signal collision on the address/data bus may damage the input/output circuit. (p. 385)

22.16 Cautions for Chapter 18

(1)

The internal memory (ROM, RAM) capacity of the uPD78356 can be changed by setting the memory expansion
mode register (MM). (p. 391, 392)

Be sure to write 0 in bits 4 and 7 of the memory expansion mode register (MM). If 1 is written in these bits,
operation will not be normal. (p. 395)

Invalid combinations are specified as “Not to be set” in Fig. 18-4. Never write these combinations. (p. 395)

Cycle counts indicated in Fig. 18-5 do not contain any address wait. When an address wait is added, one
cycle must be added to the indicated cycle count. (p. 398)

Although instruction fetch and data access are allowed for the peripheral RAM area (F700H to FDFFH), the
bus width specification and wait specification made by the PWC register are invalid for that area, and 16-bit
bus operation is always performed. Every instruction fetch is performed in the high-speed fetch mode. (p.
398)
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(6)

22.17

460

Instruction fetches cannot be performed for the main RAM area (FEOOH to FEFFH). Data is always accessed
in 16-bit units; the bus width specification and wait specification made by the PWC register are invalid at the
time of data access. (In this case, a special bus cycle made up of two clock cycles is activated.) (p. 398)

The wait specification for the external SFR area (FFDOH to FFDFH) is made by the PWC7 and PWC6 bits.
(p- 398)

For the internal ROM area, 16-bit bus operation is performed regardless of the PWC register setting. The
wait specification for this area can be made using the PWC register. Note that, however, specifying a 16-
bit bus for the internal ROM area makes the P92 pin function as the HWR pin even when only an 8-bit external
memory is connected. The port function is then disabled. So, never specify the 16-bit bus for the internal
ROM area. (p. 398)

Cautions for Chapter 21

When executing word access (including stack manipulation) in the main RAM area (FEOOH to FEFFH), only
even addresses can be specified with the operand. (p. 435, 437, 440)

The PWC register specifies the mode of an area, irrespective of whether the area is in internal memory or
external memory. After reset, the whole space is set in the normal fetch cycle mode. (p. 436)




APPENDIX A DIFFERENCES BETWEEN THE /PD78356 AND /PD78334

The following pages list the functions of the uPD78356 sub-series (uPD78355, 78356, 78P356) and uPD78334
sub-series (uPD78330, 78334, 78P334).
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Functions (1/2)

ltem Product {PD78355 |PD78356 |PD78P356

Minimum instruciton execution 125 ns (Internal clock: 16 MHz operation, External clock: 32 MHz operation

Internal memory ROM — 48 Kbytes —
PROM — — 48 Kbytes
RAM 2 Kbytes

Memory space 64 Kbytes (can externally be extended)

General register 8 bits x 16 x 8 banks

Number of basic instructions 115

Instruction set « 16-bit transfer or arithmetic/logical operation

» Multiply/divide operation (16 bits x 16 bits, 32 bits + 16 bits)
« Bit manipulation

» String

» Sum-of-products operation (16 bits x 16 bits + 32 bits)

» Correlation operation

1/0 line Input 9 (8 ports for analog input)
I/0 48 67
Real-time pulse unit * 16-bit timers 5
* 10-bit timer : 1
* 16-bit compare registers 10
* 10-bit compare register : 1
* 16-bit capture/compare registers : 5
» Timer outputs 10
Real-time output port Pulse outputs synchronized with real-time pulse unit: 8
PWM unit 8/10/12-bit variable PWM outputs: 2 channels
A/D converter 10-bit resolution: 8 channels
D/A converter 8-bit resolution: 2 channels
Serial interface Serial interface with a dedicated baud rate generator
UART: 1

Clock synchronous serial interface/SBI: 1
Clock synchronous serial interface (with pin switching function): 1

Interrupt function » External: 5, internal: 25 (5 pins are also used for external interrupts.)

» Four levels of priorities can be specified according to software types.

» One interrupt processing mode can be selected out of three types: vectored interrupt
function, macro service function, and context switching function.

Test factor Not provided
Bus sizing function 8-bit/16-bit external data bus width can be selected
ECC circuit Not provided Provided
Package Without a | < 100-pin plastic QFP (14 x 14 mm)
window » 120-pin plastic QFP (28 x 28 mm)
With a * 120-pin ceramic WQFN
window o
Others » Watchdog timer function

» Standby function (HALT/STOP)
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Functions (2/2)

P
ltem roduct LPD78330 LPD78334 LPD78P334
Minimum instruciton execution 250 ns (Internal clock: 8 MHz operation, External clock: 16 MHz operation
Internal memory ROM — 32 Kbytes —
PROM — — 32 Kbytes
RAM 1 Kbytes
Memory space 64 Kbytes (can externally be extended)
General register 8 bits x 16 x 8 banks
Number of basic instructions 111
Instruction set » 16-bit transfer or arithmetic/logical operation
» Multiply/divide operation (16 bits x 16 bits, 32 bits + 16 bits)
» Bit manipulation
» String
1/0 line Input 24 (16 ports for analog input)
I/0 28 46
Real-time pulse unit » 18/16-bit timer/counter 1
» 18/16-bit compare registers 5
» 18/16-bit capture registers 3
» 18/16-bit capture/compare registers 2
» 16-bit timers/counters 3
» 16-bit compare registers 5
» 16-bit capture registers 1
« Timer outputs 5
» Programmanble pulse outputs 6
Real-time output port Pulse outputs synchronized with real-time pulse unit: 8
PWM unit 8-bit PWM outputs: 2 channels
A/D converter 10-bit resolution: 16 channels
D/A converter —
Serial interface Serial interface with a dedicated baud rate generator
UART: 1
Clock synchronous serial interface/SBI: 1
Interrupt function » External: 8, internal: 15 (2 pins are also used for external interrupts.)
» Three levels of priorities can be specified according to software types.
» One interrupt processing mode can be selected out of three types: vectored interrupt
function, macro service function, and context switching function.
Test factor Internal 1
Bus sizing function Not provided
ECC circuit Not provided Provided
Package Without a |« 84-pin PLCC (1150 mil)
window * 94-pin plastic QFP (20 x 20 mm)
With a + 84-pin ceramic WQFN
window _ * 94-pin ceramic WQFN
Others » Watchdog timer function
» Standby function (HALT/STOP)
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APPENDIX B TOOLS

B.1 Development Tools

The following tools are provided for developing a system that uses the uPD78356:

Language Processor

78K/l series
relocatable assembler
(RA78K/IIN)

Thisrelocatable program can be used for all 78K/Ill series emulators, With its macro functions, it allows
the user to improve program development efficiency. A structured-programming assembler is also
provided, which enables explicit description of program control structures. This assembler could

improve productivity in program production and maintenance.

Host machine

Part number

oS Distribution media

PC-9800 series MS-DOS™ 3.5-inch 2HD LUS5A13RA78K3

5-inch 2HD US5A10RA78K3
IBM PC/AT and PC DOS™ 3.5-inch 2HC US7B13RA78K3
compatible units 5-inch 2HC uS7B10RA78K3
HP9000 series 700™ | HP-UX™ DAT US3P16RA78K3
SPARCstation™ SunOS™ Cartridge tape US3K15RA78K3
NEWS™ NEWS-OS™ (QIC-24) US3R15RA78K3

78K/INl series
C compiler
(CC78K/IN)

This C compiler can be used for all 78K/IIl series emulators. The compiler converts programs written

in C language into object codes executable on the microcontroller.

When the compiler is used, the 78K/Ill series relocatable assembler package (RA78K/Ill) is needed.

Host machine

Part number

0S Distribution media

PC-9800 series MS-DOS 3.5-inch 2HD US5A13CC78K3

5-inch 2HD US5A10CC78K3
IBM PC/AT and PC DOS 3.5-inch 2HC uS7B13CC78K3
compatible units 5-inch 2HC uS7B10CC78K3
HP9000 series 700 HP-UX DAT uS3P16CC78K3
SPARCstation SunOS Cartridge tape US3K15CC78K3
NEWS NEWS-0S (QIC-24) US3R15CC78K3

Remark The operations of the relocatable assembler and C compiler are assured only on the OS with the above

host machines.
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Connections between Development Tools and Target Devices

(100-pin QFP)

LPD78P356KP
(120-pin WQFN)

EV-9501GC-100

Development In-circuit Emulaiton probe and ) Conversion socket or
- tool Conversion adapter )
Target device emulator EPROM product conversion adapter
IE-78350-R EP-78355GC-R -
+
GC package IE-78355-R-EM EP-78355GD-R

EV-9500GC-100

GD package
(120-pin QFP)

IE-78350-R
+
|IE-78355-R-EM1

EP-78355GD-R

LPD78P356KP
(120-pin WQFN)

EV-9200GD-120

PROM Writing Tools

Hardware | PG-1500 By connecting the provided board and optional programmer adapter, can be used as a
PROM programmer which can program the single-chip microcontroller incorporated in the
PROM by stand-alone or operations through the host machine. Can also program typical
PROMs from 256 Kbits to 4 Mbits.
PA-78P356GC PROM programmer adapter for writing programs in the uPD78P356 on general-use PROM
PA-78P356GD programmers such as the PG-1500.
PA-78P356KP PA-78P356GC ..... uPD78P356GC
PA-78P356GD ..... uPD78P356GD
PA-78P356KP ...... HPD78P356KP
Software PG-1500 controller | Controls the PG-1500 on the host machine when the PG-1500 and host machine are

connected with the serial interface and parallel interface.

Host machine Part number
oS Distribution media

PC-9800 series MS-DOS 3.5 inch 2HD US5A13PG1500

5 inch 2HD US5A10PG 1500

IBM PC/AT and PC DOS 3.5 inch 2HD LS7B10PG1500

compatible units 5 inch 2HC LS7B10PG1500

Remark The operations of the PG-1500 controller are assured only on the above host machines and the OS.
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Debugging Tools (When Using the IE Controller)

Hardware | IE-78350-R In-circuit emulator for developing and debugging application systems. For debugging,
connect the emulator to the host machine.
|IE-78355-R-EM1 I/O emulation board for emulating the peripheral functions (the 1/O port, etc.) of the
uPD78356.
EP-78355GC-R uPD78356 100-pin QFP emulation probe for connecting the IE-78350-R and target system.
One EV-9500GC-100 conversion adapter is provided for connection to the target
EV-9500GC-100| system.
EP-78355GD-R uPD78356 120-pin QFP emulation probe for connecting the IE-78350-R and target system.
EV-9200GD-120 One EV-9200GD-120 conversion socket is provided for connection to the target system. By
connecting the 100-pin QFP conversion adapter EV-9501GC-100 (optional), this emulation
EV'9501+GC'100 probe can also be used to develop the 100-pin QFP of the uPD78356. However, for
EV-9500GC-100| connection to the target system, use the EV-9500GC-100 (optional) conversion adapter.
Software IE-78350-R This program controls the IE-78350-R on the host machine. Its automatic command

Control program

execution function ensures more efficient debugging.

(IE controller)

Host machine Part number
(O] Distribution media

PC-9800 series MS-DOS 3.5 inch 2HD US5A13IE78355

5 inch 2HD US5A10IE78355

IBM PC/AT and PC DOS 3.5 inch 2HC 1S7B13IE78355

compatible units 5 inch 2HC 1S7B10IE78355

Remark The operations of the IE controller are assured only on the above host machines and the OS.
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Host machine:
PC-9800 series
IBM PC/AT
EWS

Software

Dl DJu J DJu T DJu J DJu

Relocatable C compiler PG-1500 IE
assembler controller  controller

Devices containing PROM

pPD78P356GC | uPD78P356GD | pPD78P356KP

+ + +
Programmable adapters

[—
Uiy

gy =2
gy =
Iy

| |
| |
| |
| |
| |
PA-78P356GC | PA-78P356GD | PA-78P356KP J

IE-78350-R
In-circuit emulator

|IE-78355-R-EM1

1/0O emulation board
(option)

RS-232-C

PROM programmer

(e

PG-1500

Emulation probes

EP-78355GD-R EP-78355GC-R

+ +

Socket or adapter for connection the emulation probe and
target system"**

o

EV-9200GD-120

|
i

EV-9501GD-100 + EV-9500GC-100

<

EV-9500GC-100

Target system

Note The conversion socket or the conversion adapter is supplied with the emulation probe.

Remarks 1. The PG-1500 can be directly connected to the host machine via the RS-232-C interface.
2. In this figure, the distribution media for software is represented by 3.5-inch floppy disk.
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Debugging Tools (When Using the Integrated Debugger) (1/2)

Hardware | IE-784000-R In-circuit emulator for developing and debugging application systems. For debugging,
connect the emulator to the host machine.
|E-78350-R-EM-ANete Emulation board for emulating the peripheral functions (the 1/O port, etc.) of the target
device.
|IE-78355-R-EM1 I/0O emulation board for emulating the peripheral functions (the I/O port, etc.) of the target
device.
EP-78355GC-R 100-pin QFP emulation probe for connecting the IE-784000-R and target system. One EV-
EV-9500GC-100 | 9500GC-100 conversion adapter is provided for connection to the target system.
EP-78355GD-R 120-pin QFP emulation probe for connecting the IE-784000-R and target system. One EV-
EV-9200GD-120 9200GD-120 conversion socket is provided for connection to the target system. By
connecting to the EV-9501GC-100 100-pin QFP conversion adapter (option), this emulation
EV'9501+GC"°° probe can be used for developing the uPD78356 100-pin QFP. Use EV-9500GC-100
EV-9500GC-100 | conversion adapter (option) for connection to the target system.
IE-70000-98-IF-B Interface adapter to use the PC-9800 series (except notebook personal computers) as the
host machines.
IE-70000-98N-IF Interface adapter and cable to use the PC-9800 series notebook personal computers as the
host machines.
IE-70000-PC-IF-B Interface adapter to use the IBM PC/AT as the host machine.
IE-78000-R-SV3 Interface adapter and cable to use the EWS as the host machine.
Note Under development
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[0 Debugging Tools (When Using the Integrated Debugger) (2/2)

Software Integrated Debugger | Program to control the 78K/Ill series in-circuit emulator. Used in combination with the
(ID78K/I11)Nete device file (DF78355).
This debugger enables debugging in the source program level written in the C language,
structured assembly language, and assembly language. As various information can be
displayed simultaneously by dividing the screen of the host machine, very efficient debugging
is possible.
Host machine Part number
(O] Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD USAA13ID78K3
+
Windows™ 5-inch 2HD USAA10ID78K3
IBM PC/AT and 3.5-inch 2HC uSAB13ID78K3
compatible units
(Japanese Windows) | PC DOS 5-inch 2HC USAB10ID78K3
+
IBM PC/AT and Windows 3.5-inch 2HC uSBB13ID78K3
compatible units
(English Windows) 5-inch 2HC uSBB10ID78K3
Device file File containing the information inherent to the device. Used in combination with the
(DF78355)Note assembler (RA78K/III), C compiler (CC78K/IIl), and integrated debugger (ID78K/IlI).
Host machine Part number
oS Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD US5A13DF78355
5-inch 2HD US5A10DF78355
IBM PC/AT and PC DOS 3.5-inch 2HC uS7B13DF78355
compatible units 5-inch 2HC {iS7B10DF78355
Note Under development

Remark The operations of the integrated debugger and device file are assured only on the above host machines
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(WA 4

Host machine: IE-70000-98-IF-B
PC-9800 series IE-70000-98N-IF
IBM PC/AT IE-70000-PC-IF-B

Uiy

iy
iy =
[

IE-784000-R
In-circuit emulator

+
|IE-78350-R-EM-A
Emulation board
(option)

+

IE-78355-R-EM1

Software 110 emulation board
0N (O (U DIJ (option)
Relocatabule C compiI:ar PG-1500
assembler controller
U U

PROM programmer
PG-1500

Integrated  Device file
debugger

Devices containing PROM

uPD78P356GC | pPD78P356GD | pPD78P356KP

Programmable adapters
T

+ + +

=

PA-78P356GC | PA-78P356GD | PA-78P356KP

Emulation probes

EP-78355GD-R EP-78355GC-R

+ +

Socket or adapter for connection the emulation probe and
target system"**

|
|
Q|
|
EV-9200GD-120 |

____________ i
EV-9500GC-100
|
]

EV-9501GC-100 + EV-9500GC-100

Target system

Note The conversion socket or the conversion adapter is supplied with the emulation probe.

Remarks 1. In this figure, the distribution media for software is represented by 3.5-inch floppy disks.
2. In this figure, the host machines are represented by desk-top personal computers.
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B.2 Embedded Software

The following software are available for programs development and maintenance to be performed more effectively.

Real-time OS
Real-time OS The aim of RX78K/Ill to realize multi-task environments targeting real-time control fields. The CPU
(RX78K/I1[)Nete idle time can be allotted to other processes to improve the overall performance of the system.

The RX78K/IlI provides system call conforming to the ITRON specifications.
The RX78K/III package provides the tools (configuration) for creating the RX78K/Ill nucleus and
several information tables.

Host machine Part number
oS Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD Undefined
5-inch 2HD Undefined
IBM PC/AT and PC DOS 3.5-inch 2HC Undefined
compatible units 5-inch 2HC Undefined

Note Under development

Caution To purchase, the purchasing application must be filled in advance and a using conditions
agreement signed.

Remark The RA78K/IIl assembler package (optional) is required when using the RX78K/IlI real-time OS.
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Fuzzy Inference Development Support System

Fuzzy knowledge data
compilation tool
(FE9000, FE9200)

This program supports the input/editing and simulation of fuzzy knowledge data (fuzzy rules and
membership functions).

Host machine

Part number

(O] Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD US5A13FE9000
5-inch 2HD US5A10FEQ000
IBM PC/AT and PC DOS 3.5-inch 2HC uS7B13FE9200
compatible units Windows 5-inch 2HC LS7B10FE9200

Translator
(FT78K3)Note

This program converts fuzzy knowledge data obtained using the fuzzy knowledge data compilation

tool to RA78K/IIl assembler source programs.

Host machine

Part number

(O] Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD US5A13FT78K3
5-inch 2HD US5A10FT78K3
IBM PC/AT and PC DOS 3.5-inch 2HC US7B13FT78K3
compatible units 5-inch 2HC uS7B10FT78K3

Fuzzy inference module
(FI78K/11[)Note

This program executes

fuzzy inference by linking

fuzzy knowledge data co

nverted by the translator.

Host machine

Part number

oS Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD US5A13FI78K3
5-inch 2HD HS5A10F178K3
IBM PC/AT and PC DOS 3.5-inch 2HC LS7B13FI78K3
compatible units 5-inch 2HC uS7B10FI78K3

Fuzzy inference

This support software simulates and adjust fuzzy knowledge data in the ha

rdware level using the in-

debugger circuit emulator.
(FD78K/1N1)
Host machine Part number
oS Distribution media
PC-9800 series MS-DOS 3.5-inch 2HD US5A13FD78K3
5-inch 2HD US5A10FD78K3
IBM PC/AT and PC DOS 3.5-inch 2HC HS7B13FD78K3
compatible units 5-inch 2HC uS7B10FD78K3
Note Under development
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C.1 Register Name Index (Alphabetic Order)

[A]

[C]

Asynchronous serial interface mode register: ASIM ...
Asynchronous serial interface status register: ASIS ...
result register 0: ADCRO ...
result register 1: ADCR1 ..
result register 2: ADCR2 ...
result register 3: ADCR3 ...
result register 4: ADCR4 ...
result register 5: ADCR5 ...
result register 6: ADCR6 ...
result register 7: ADCR7 ...
ADCROH ...
ADCR1H ...
ADCR2H ...
ADCRS3H ...
ADCR4H ...
ADCR5H ...
ADCR6H ...
ADCR7H ...
164

A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion
A/D conversion

result register OH:
result register 1H:
result register 2H:
result register 3H:
result register 4H:
result register 5H:
result register 6H:
result register 7H:
A/D converter mode register 0: ADMO ...

A/D converter mode register 1: ADM1

Capture/compare register 00:
Capture/compare register 01:
Capture/compare register 02:
Capture/compare register 30:
Capture/compare register 31: ..
Clock synchronous serial interface mode register 0: CSIMO ...

CCO00 ...
CCo1 ..
ccoz2 ...
CC30 ...
CC31

169

. 169

169
169
169
169
169
169
170
170
170
170
170
170
170
170

. 167

105

. 105

105
105

. 105

214
214

Clock synchronous serial interface mode register 1: CSIM1

Compare register 00:
Compare register 01:
Compare register 02:
Compare register 03:
Compare register 10:
Compare register 11:
Compare register 20:
Compare register 21:
Compare register 40:

CMo0 ...

CMo1

CMo2 ...
CMo3 ...
CM10 ...

CM11

CM20 ...

CM21

CM40 ...

CPU control word: CCW ...

104
. 104
104
104
104
. 104
104
. 104

50

104, 222, 243, 288
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[D]
D/A-converted data coefficient register: DACS ... 210
D/A-converted data coefficient register 0: DACSO ... 210
D/A-converted data coefficient register 1: DACS1 ... 210

[E]
External interrupt mode register 0: INTMO ... 121
External interrupt mode register 1: INTM1 ... 121

[
Interrupt control register (INTAD): ADIC ... 317, 323
Interrupt control register (INTCM00): CMIC00 ... 317, 321
Interrupt control register (INTCMO01): CMICO1 ... 317, 322
Interrupt control register (INTCM02): CMIC02 ... 317, 322
Interrupt control register (INTCMO03): CMICO03 ... 317, 322
Interrupt control register (INTCM10): CMIC10 ... 317, 322
Interrupt control register (INTCM11): CMIC11 ... 317, 322
Interrupt control register (INTCM20): CMIC20 ... 317, 322
Interrupt control register (INTCM21): CMIC21 ... 317, 322
Interrupt control register (INTCM40): CMIC40 ... 317, 322
Interrupt control register (INTCMUDO): CMICUDO ... 317, 323
Interrupt control register (INTCMUD1): CMICUD1 ... 317, 323
Interrupt control register (INTCSI0): CSIICO ... 317, 323
Interrupt control register (INTCSI1): CSIIC1 ... 317, 323
Interrupt control register (INTOVO0): OVICO ... 317, 321
Interrupt control register (INTOV3): OVIC3 ... 317, 321
Interrupt control register (INTPO/INTCCO00): PICO ... 317, 321
Interrupt control register (INTP1/INTCCO1): PIC1 ... 317, 321
Interrupt control register (INTP2/INTCCO02): PIC2 ... 317, 321
Interrupt control register (INTP3/INTCC30): PIC3 ... 317, 321
Interrupt control register (INTP4/INTCC31): PIC4 ... 317, 321
Interrupt control register (INTSER): SERIC ... 317, 323
Interrupt control register (INTSR): SRIC ... 317, 323
Interrupt control register (INTST): STIC ... 317, 323
Interrupt mask flag register: MKO ... 317, 324
Interrupt mask flag register: MK1 ... 317, 324
Interrupt mask flag register: MKOH ... 324
Interrupt mask flag register: MKOL ... 324
Interrupt mask flag register: MK1L ... 324
Interrupt mode control register: IMC ... 317, 326
In-service priority register: ISPR ... 317, 327

[(M]

Memory expansion mode register: MM ... 89, 394

[N]

Noise protection control register: NPC ... 123
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[P]
Port 0: PO ... 78
Port1: P1 ... 78
Port2: P2 ... 78
Port 3: P3 ... 78
Port 7: P7 ... 78
Port 8: P8 ... 78
Port9: P9 ... 78
Port 10: P10 ... 78
Port 0 mode control register: PMCO ... 84
Port 2 mode control register: PMC2 ... 85
Port 3 mode control register: PMC3 ... 86, 216, 239
Port 8 mode control register: PMC8 ... 87
Port 10 mode control register: PMC10 ... 88, 282
Port 0 mode register: PMO ... 79
Port 1 mode register: PM1 ... 79
Port 2 mode register: PM2 ... 80
Port 3 mode register: PM3 ... 80, 217, 240
Port 5 mode register: PM5 ... 80
Port 8 mode register: PM8 ... 80
Port 9 mode register: PM9 ... 81
Port 10 mode register: PM10 ... 81, 283
Port read control register: PRDC ... 74
Programmable wait control register: PWC ... 396
Pull-up resistor option register H: PUOH ... 91
Pull-up resistor option register L: PUOL ... 91
PWM buffer register 0: PWMO ... 304
PWM buffer register 1: PWM1 ... 304
PWM buffer register OL: PWMOL ... 304
PWM buffer register 1L: PWM1L ... 304
PWM control register: PWMC ... 304

[R]
Real-time output port mode register: RTPM ... 156
Real-time output port register H: RTPH ... 157
Real-time output port register L: RTPL ... 157

[S]
Serial bus interface control register: SBIC ... 236
Serial I/O shift register 0: SIO0 ... 236
Serial I/O shift register 1: SIO1 ... 280
Serial reception buffer: RXB ... 215
Serial transmission shift register: TXS ... 215
Standby control register: STBC ... 370

[T]
Timer 0: TMO ... 102, 124
Timer 1: TM1 ... 102, 130
Timer 2: TM2 ... 102, 134

477



APPENDIX C REGISTER INDEX

Timer 3: TM3 ... 103, 138

Timer 4: TM4 ... 103, 142, 222, 243, 288
Timer control register 0: TMCO ... 109
Timer control register 1: TMC1 ... 109
Timer control register 2: TMC2 ... 109, 222, 243, 288
Timer output control register 0: TOCO ... 114
Timer output control register 1: TOC1 ... 114
Timer output control register 2: TOC2 ... 114
Timer overflow status register: TOVS ... 119
Timer unit mode register 0: TUMO ... 106
Timer unit mode register 1: TUM1 ... 106
Timer unit mode register 2: TUM2 ... 106
Timer unit mode register 3: TUM3 ... 106

[U]
Up/down counter: UDC ... 103, 144
Up/down counter compare register 0: CMUDO ... 104
Up/down counter compare register 1: CMUD1 ... 104
Up/down counter control register: UDCC ... 109

(W]
Watchdog timer mode register: WDM ... 308, 377
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C.2 Register Symbol Index (Alphabetic Order)

[A]
ADCRO
ADCRH1
ADCR2
ADCR3
ADCR4
ADCR5
ADCR®6
ADCR7
ADCROH
ADCR1H
ADCR2H
ADCR3H
ADCR4H
ADCR5H
ADCR6H
ADCR7H
ADIC
ADMO
ADM!1
ASIM
ASIS

[C]
CCO00
CCo1
CCo02
CC30
CC31
CCW
CMO00
CMoO1
CMo2
CMO03
CM10
CM11
CM20
CM21
CM40
CMICO00
CMICO1
CMICo02
CMICO03
CMIC10
CMIC11
CMIC20

: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion
: A/D conversion

result register 0 ...

result register 1

result register 2 ...
result register 3 ...
result register 4 ...
result register 5 ...
result register 6 ...
result register 7 ...
result register OH ...
result register 1H ...
result register 2H ...
result register 3H ...
result register 4H ...
result register 5H ...
result register 6H ...
result register 7H ...
. Interrupt control register (INTAD)
: A/D converter mode register 0 ...
: A/D converter mode register 1
: Asynchronous serial interface mode register ...

: Capture/compare register 00 ...
: Capture/compare register 01
: Capture/compare register 02 ...
: Capture/compare register 30 ...
: Capture/compare register 31
: CPU control word ... 50

: Compare register 00 ... 104
: Compare register 01 ... 104
: Compare register 02 ... 104
: Compare register 03 ... 104
: Compare register 10 ... 104
: Compare register 11 ... 104
: Compare register 20 ... 104
: Compare register 21 ... 104
: Compare register 40 ... 104, 222, 243, 288
. Interrupt control register (INTCMO00)

. Interrupt control register (INTCMO01)

: Interrupt control register (INTCM02) ..

: Interrupt control register (INTCMO03) ... 317, 322
. Interrupt control register (INTCM10)

. Interrupt control register (INTCM11)

. Interrupt control register (INTCM20)

169
. 169
169
169
169
169
169
169
170
170
170
170
170
170
170
170
... 317,323
164

. 167

: Asynchronous serial interface status register ...

105

. 105

105
105

. 105

... 317, 321
.. 317, 322
. 317, 322

.. 317, 322
.. 317,322
. 317, 322

214
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CMIC21  : Interrupt control register (INTCM21) ... 317, 322
CMIC40 : Interrupt control register (INTCM40) ... 317, 322
CMICUDO : Interrupt control register (INTCMUDO) ... 317, 323
CMICUD1 : Interrupt control register (INTCMUD1) ... 317, 323
CMUDO : Up/down counter compare register 0 ... 104
CMUDA1 : Up/down counter compare register 1 ... 104

CSIIco : Interrupt control register (INTCSIO) ... 317, 323
CSIICH : Interrupt control register (INTCSI1) ... 317, 323
CSIMO : Clock synchronous serial interface mode register 0 ... 236
CSIMA1 : Clock synchronous serial interface mode register 1 ... 280
[D]
DACS : D/A-converted data coefficient register ... 210
DACSO0 : D/A-converted data coefficient register 0 ... 210
DACSH1 : D/A-converted data coefficient register 1 ... 210
[
IMC . Interrupt mode control register ... 317, 326
INTMO : External interrupt mode register 0 ... 121
INTMA : External interrupt mode register 1 ... 121
ISPR . In-service priority register ... 317, 327
[M]
MKO . Interrupt mask flag register ... 317, 324
MK1 . Interrupt mask flag register ... 317, 324
MKOH . Interrupt mask flag register ... 324
MKOL . Interrupt mask flag register ... 324
MK1L . Interrupt mask flag register ... 324
MM : Memory expansion mode register ... 89, 394
[N]
NPC : Noise protection control register ... 123
[O]
OVICOo : Interrupt control register (INTOVO0) ... 317, 321
OVIC3 : Interrupt control register (INTOV3) ... 317, 321
[P]
PO :Port0 ... 78
P1 :Port1 ... 78
P2 :Port2 ... 78
P3 :Port3 ... 78
P7 :Port7 ... 78
P8 :Port8 ... 78
P9 :Port9 ... 78
P10 : Port10 ... 78
PICO : Interrupt control register (INTPO/INTCCO00) ... 317, 321
PIC1 . Interrupt control register (INTP1/INTCCO1) ... 317, 321
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PIC2 : Interrupt control register (INTP2/INTCCO02) ... 317, 321
PIC3 : Interrupt control register (INTP3/INTCC30) ... 317, 321
PIC4 : Interrupt control register (INTP4/INTCC31) ... 317, 321
PMO : Port 0 mode register ... 79

PM1 : Port 1 mode register ... 79

PM2 : Port 2 mode register ... 80

PM3 : Port 3 mode register ... 80, 217, 240

PM5 : Port 5 mode register ... 80

PM8 : Port 8 mode register ... 80

PM9 : Port 9 mode register ... 81

PM10 : Port 10 mode register ... 81, 283

PMCO : Port 0 mode control register ... 84

PMC2 : Port 2 mode control register ... 85

PMC3 : Port 3 mode control register ... 86, 216, 239

PMC8 : Port 8 mode control register ... 87

PMC10 : Port 10 mode control register ... 88, 282

PRDC : Port read control register ... 74

PUOH : Pull-up resistor option register H ... 91

PUOL : Pull-up resistor option register L ... 91

PWC : Programmable wait control register ... 396

PWMO : PWM buffer register 0 ... 304

PWMA1 : PWM buffer register 1 ... 304

PWMOL  : PWM buffer register OL ... 304
PWM1L  : PWM buffer register 1L ... 304
PWMC : PWM control register ... 304

[R]
RTPH : Real-time output port register H ... 157
RTPL : Real-time output port register L ... 157
RTPM : Real-time output port mode register ... 156
RXB : Serial reception buffer ... 215
[S]
SBIC : Serial bus interface control register ... 236
SERIC : Interrupt control register (INTSER) ... 317, 323
SI100 : Serial 1/0O shift register 0 ... 236
SIO1 : Serial 1/O shift register 1 ... 280
SRIC . Interrupt control register (INTSR) ... 317, 323
STBC : Standby control register ... 370
STIC : Interrupt control register (INTST) ... 317, 323
[T]
TMO : Timer 0 ... 102, 124
TMA1 : Timer1 ... 102, 130
TM2 : Timer2 ... 102,134
TM3 : Timer 3 ... 103, 138
T™M4 : Timer 4 ... 103, 142, 222, 243, 288
TMCO : Timer control register 0 ... 109
TMCH1 : Timer control register 1 ... 109
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TMC2 : Timer control register 2 ... 109, 222, 243, 288

TOCO : Timer output control register 0 ... 114

TOCH : Timer output control register 1 ... 114

TOC2 : Timer output control register 2 ... 114

TOVS : Timer overflow status register ... 119

TUMO : Timer unit mode register 0 ... 106

TUM1 : Timer unit mode register 1 ... 106

TUM2 : Timer unit mode register 2 ... 106

TUM3 : Timer unit mode register 3 ... 106

TXS : Serial transmission shift register ... 215
[U]

ubC : Up/down counter ... 103, 144

ubCC : Up/down counter control register ... 109
(W]

WDM : Watchdog timer mode register ... 308, 377
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[A]
A/D converter basic operation ... 171
Address wait control .. 397
Addressing
Based addressing ... 61
Based indexed addressing ... 61
Direct addressing ... 61
Implied addressing ... 51, 62
Register addressing ... 51, 61, 62
Register indirect addressing .. 61
Short direct addressing ... 53, 61, 63
Special function registers (SFRs) addressing ... 53, 61, 63
[C]

Calculating number of instruction execution clocks ... 444
Capture operation
Timer 0 (TMO) ... 128
Timer 3 (TM3) ... 141
Checking port output data ... 74
Clear operation control
Timer 0 (TMO) ... 107
Timer 1 (TM1) ... 107
Timer 2 (TM2) ... 107
Up/down counter (UDC) ... 107
Compare operation
Timer 0 (TMO) ... 125
Timer 1 (TM1) ... 131
Timer 2 (TM2) ... 135
Timer 3 (TM3) ... 139
Timer 4 (TM4) ... 143
Up/down counter (UDC) ... 145
Connecting unused pins ... 32
Context switching
Activating context switching service ... 335, 343
Return from context switching service ... 336, 345
Specifying context switching service ... 319
Controlling and detecting serial bus status ... 266
Controlling bus cycle wait ... 397

[D]
D/A converter operation ... 210
Data access ... 439
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[E]
External device expansion ... 385, 389, 393
[H]
HALT mode
Releasing HALT mode ... 373
Setting HALT mode ... 372
[
Interrupt

Controlling nesting operation ... 326

Holding interrupt priority level ... 327

Multiple-interrupt handling ... 337

Return from non-maskable interrupt ... 332

Specifying interrupt request enable/disable ... 320, 324, 325
Specifying maskable interrupt priority level ... 319, 337
Specifying non-maskable interrupt priority level ... 309, 329, 377

Interrupt accepted level operation

[(M]

Maskable interrupt ... 333
Non-maskable interrupt ... 329
Op-code trap interrupt ... 346
Software interrupt ... 343

Macro service

[O]

Operation when macro service completion ... 352
Setting macro service mode ... 353

Specifying address of macro service channel ... 353
Specifying counter mode operation ... 356
Specifying block transfer mode operation ... 357

Specifying block transfer mode (with a memory pointer) operation ...

Specifying service ... 319

One-shot operation

Timer 0 (TMO) ... 129

Op-code fetch ... 435
Operation control

484

A/D converter ... 164
PWMO and PWM1 ... 304
Timer 0 (TMO) ... 110
Timer 1 (TM1) ... 110
Timer 2 (TM2) ... 111
Timer 3 (TM3) ... 111
Timer 4 (TM4) ... 112, 225, 246, 291
Up/down counter (UDC) ... 113
Watchdog timer (WDT) ... 309, 377
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[P]

PROM
Procedure for reading from PROM ... 411
Procedure for writing data into PROM (Byte program mode) ... 408
Procedure for writing data into PROM (Page program mode) ... 405
Setting PROM programming mode ... 31, 403
Setting PROM programming operation mode ... 31, 404

PWM output operation ... 305

[R]

Reading A/D conversion result ... 169, 170

Real-time output function ... 155
Specifying port 0 output bit ... 156

Reception
3-wire serial /0 mode (CSI0) ... 253
3-wire serial /0O mode (CSI1) ... 297
Asynchronous serial interface ... 229
Detecting reception error ... 233
SBI mode (CSI0) ... 272

Reset
Releasing reset ... 385
System reset ... 385

[S]

Selecting analog input ... 164
Selecting serial clock

Asynchronous serial interface ... 220

Clock synchronous serial interface ... 241

Clock synchronous serial interface with pin switching function ... 286
Setting baud rate

Asynchronous serial interface ... 220, 224

Clock synchronous serial interface ... 241, 245

Clock synchronous serial interface with pin switching function ... 286, 290
Setting uPD78356 operation mode ... 12, 29
Setting pins for serial transmission

Asynchronous serial interface ... 216

Clock synchronous serial interface ... 239

Clock synchronous serial interface with pin switching function ... 282
Setting serial data format ... 218
Setting serial transmission start bit

Clock synchronous serial interface with pin switching function ... 293
Specifying A/D conversion time ... 167
Specifying active level for output pins

PWMO and PWMT1 pins ... 304

TOO00 to TOO3 pins ... 115

TOO04, TOO05, TO10 and TO11 pins ... 116

TO20 and TO21 pins ... 118
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Specifying buffer mode
A/D converter ... 164
Specifying count clock
Timer 0 (TMO 110
Timer 1 (TM1 110
Timer 2 (TM2 111
Timer 3 (TM3 111
Timer 4 (TM4) . 112, 225, 246, 291
Up/down counter (UDC) ... 118
Watchdog timer (WDT) ... 309, 377
Specifying counter bit length for PWM output control ... 304
Specifying edge of external signal
ADTRGO to ADTRG3 ... 167
INTPO to INTP2 ... 121
INTP3 and INTP4 ... 122
NMI ... 121
TCLRO to TCLR2 and TCLRUD ... 108
TIO, TIH and TIUD ... 108
Specifying external data bus width ... 397
Specifying general register ... 47, 51
Specifying internal memory capacity ... 89, 395
Specifying noise elimination time ... 123
Specifying operation mode
3-wire serial /0O mode (CSI0) ... 249
A/D converter ... 164
Capture/compare register (CC00 to CC02, CC30 and CC31) ... 107
SBI mode (CSI0) ... 259
Timer 0 (TMO) ... 110
Timer 1 (TM1) ... 110
Timer 2 (TM2) ... 111
Timer 3 (TM3) ... 111
Specifying output mode for output pins
TOO00, TO02 and TOO04 pins ... 107
TO10 and TO20 pins ... 118
Specifying output pins operation
TOO00 to TOO03 pins ... 115
TOO04, TOO05, TO10 and TO11 pins ... 116
TO20 and TO21 pins ... 118
Specifying pins control mode
P00 to P07 pins ... 84
P21 to P27 pins ... 85
P30 to P37 pins ... 86, 216, 239
P40 to P47 and P50 to P57 pins ... 82, 89, 395
P80 to P87 pins ... 87
P90 to P92 pins ... 83
P100 to P107 pins ... 88, 282
Specifying pins input/output mode
P00 to P07 pins ... 79

) -
) -
) -
) -
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P10 to P17 pins ... 79

P21 to P27 pins ... 80

P30 to P37 pins ... 80, 217, 240

P50 to P57 pins ... 80

P80 to P87 pins ... 80

P90 to P93 pins ... 81

P100 to P107 pins ... 81, 283
Specifying pull-up resistor ... 90
Specifying timer 0 (TMO) operation

Free running mode ... 107
Specifying trigger mode

A/D converter ... 167
Specifying trigger signal

Real-time output port ... 156
Stack pointer (SP) ... 50
STOP mode

Releasing STOP mode ... 376

Setting STOP mode ... 375
Switching pins for serial transmission

Clock synchronous serial interface with pin switching function ... 284

[T]

Timer basic operation
Timer 0 (TMO) ... 124
Timer 1 (TM1) ... 130
Timer 2 (TM2) ... 134
Timer 3 (TM3) ... 138
Timer 4 (TM4) ... 142
Up/down counter (UDC) ... 144

Timer output function ... 152

Transmission and reception
3-wire serial /0O mode (CSI0) ... 255
3-wire serial /0 mode (CSI1) ... 299
SBI mode (CSI0) ... 272

Transmission
3-wire serial /O mode (CSI0) ... 251
3-wire serial /0O mode (CSI1) ... 295
Asynchronous serial interface ... 227
SBI mode (CSI0) ... 272

[U]
Up/down count operation
Specifying up/down count operation ... 113
Up/down counter (UDC) ... 148

[Vl
Vectored interrupt
Return from vectored interrupt service ... 316, 335
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Specifying vectored interrupt service ... 319, 320

(W]
Wake up function ... 276
Writing by special instruction
Stand-by control register (STBC) ... 370
Watchdog timer mode register (WDM) ... 308
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APPENDIX E REVISION HISTORY

The history of revisions made up to now is shown in the following. The Application column shows in which chapters

these revisions were made in.

Edition No. Revisions Application
2nd Edition | Addition of uPD78355 (A), 78355 (A1), 78355 (A2), 78356 (A), 78356 (A1), 78356 | Throughout
(A2), 78P356 (A), 78P356 (A1) and 78P356 (A2) to applied models.
Addition of cautions for word access to the main RAM area CHAPTER 3 CPU
ARCHITECTURE
Addition of cautions and program examples for branch processes using A/D conversion | CHAPTER 8 A/D
results. CONVERTER
Addition of cautions when several triggers are input simultaneously in timer trigger
mode and external trigger mode.
Change of explanation on reception operation start up in 3-wire serial I/O mode, | CHAPTER 11 CLOCK
and SBI mode and delete cautions. SYNCHRONOUS
SERIAL INTERFACE
Change of explanation on reception operation start up in 3-wire serial I/O mode, | CHAPTER 12 CLOCK
and delete cautions. SYNCHRONOUS SERIAL
INTERFACE (WITH PIN
SWITCHING FUNCTION)
Addition of 15.4 Nonmaskable Interrupt Acknowledgement, 15.5 Maskable | CHAPTER 15
Interrupt Acknowledgement, 15.9 When Interrupt Requests and Macro Service | INTERRUPT FUNCTION
are Held Temporarily and 15.10 Instructions Which are Stopped Temporarily
in Interrupts and Macro Services
Deletion of 19.2 Handling Unused Pins CHAPTER 19
Addition of 19.7 Screening of One-Time PROM Version Devices PROGRAMMING FOR
THE pyPD78P356
Deletion of 20.2 Instruction Codes, 20.3 Number of Clocks of the Instructions, | CHAPTER 20
20.4 Instruction Addressing, 20.5 Operand Addressing and 20.6 Explanation | INSTRUCTION SET
of Instructions
Deletion of 21.1 Instruction Execution Rate CHAPTER 21
INSTRUCTION
EXECUTION RATE
Addition of B.2 Embedded Software APPENDIX B TOOLS
3rd Edition | “The following products are under development” -> changed to “already developed” | Throughout
uPD78355, 78356, 78P356, 78356 (A), 78P356 (A)
Addition of description of the external 8-bit bus to 5.2.3 (4) Port 9 CHAPTER 5
PORT FUNCTIONS
Addition of 10.7 Transmitting/Receiving Data Using the Macro Service CHAPTER 10
ASYNCHRONOUS
SERIAL INTERFACE
Addition of description when using the integrated debugger APPENDIX B TOOLS
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[EXINTE Message

Although NEC has taken all possible steps
to ensure thatthe documentation supplied
to our customers is complete, bug free
and up-to-date, we readily accept that

From: .
errors may occur. Despite all the care and
precautions we’ve taken, you may
Name encounter problems inthe documentation.
Please complete this form whenever
Company you'd like to report errors or suggest
improvements to us.
Tel. FAX
Address
Thank you for your kind support.
North America Hong Kong, Philippines, Oceania Asian Nations except Philippines
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