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All values shown in this catalogue are subject to change for prod

uct improvement. 

The information, diagrams and all other data included herein 

are believed to be correct and reliable. However, no responsibil

ity is assumed by Mitsubishi Electric Corporation for their use, nor 

for any infringements of patents or other rights belonging to third 
parties which may result from their use. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

•EACH PRODUCT FIELDS OF APPLICATION 

General purpose type Office Automation, Personal HOD, PPC, CD-ROM 

7700 series 

•SELECT MAP 

Classification Features 

General 
Purpose 16K-60K ROM 

Motor Drive Three-phase wave-

Control form output 
Phase detect function 

General Purpose Built-in 10-bit A-D with Enhanced Ana- converter log 1/0 Function 

DRAM Con- Built-in 24-bit OMA 

trailer Built-in Control er (4ch) and 
DRAM Controler 

General Pur-
pose of Ex- Low price version 
tern al ROM for basic peripher-
with Pulse al function 
Output Port 

"'=C=om=p=u=te=r=p=e=r=ip=h=e=ra=I===;-------------<~ M37702/03 Group 

10-bit ADC/8-bit DAC & ATP A----P_PC_,_H_D_D ____ ., M37710 Group* 

ATP, ROM-less 

Built in DMAC, DRAMC, RTP 

'.:::::::--~:;,- cordless telephone 
cellular phone 

ETW, CD 

M37734 Group** 

M37732 Group 

M37730 Group 

~~---~---~ ROM-less 

Timer 
enhancement 

ATP, UART with FIFO 

c: 
0 

Ol ~ c: " ~ >- ~ E 

" " Timer 
·- c: .s " " 

c: 

"' 0 
0 :; E ~ "" 

O' :; 

" ~ .~ " 0 x 
Ci c: "' ::1 (16 bit) 

(MHz) (ns) (number) 

16 250 

5+3 

25 160 

16 250 
5+3 

25 160 

25 160 5+3 

16 250 5+3 

16 250 
5+1 

25 160 

16 250 
5+3 

25 160 

c: c: 
0 0 

§; ·;; "§ 
OJ " E: > «i c: 

"a3 
0 0 

" " Cl) 0 <( 

.d; 6 

4 -

2 

8 -

2 
f------1 8 -

1 

2 8 2 

2 8 -

1 - -

2 8 -

OJ 
.c 

"' 
E 
:; 

'§ 5 
a. Group 

E name §; :; 
0 

" c: 
;;: 

53 64 M37703 

68 80 M37702 

68 80 M37704 

53 64 M37705 

68 80 M37710 

53 100 M37720 

25 64 M37730 

37 80 M37732 

printer 
M37720 Gruop 

M37704/05 Group 

air conditioner 
M37712 Group** 

M37708 Group 

* * : Under planning * : New product ** : Under development 

Main application 

Copy machine, HOD, electronic music.al 
instrument, data terminal, printing en-
gine for page printer, automobile, port-
able telephone, personal information 
machines and tools 

inverter air conditioner, general pur-
pose inverter. sewing machine for the 
manufacturing, washing machine 

copy machine, HOD, data terminal, bar-
code reader, electronic musical instru-
ment, printing engine for page printer 

serial printer, facsimile, image scanner, 
high speed modem, network controller, 
ODD 

"" 0 
0 
a:i 

"' '" 0 

·'= 
"' 
'" " a. 
a. 
<( 

Vol. 1 

Vol. 2 

--+---
HOD, ODD, electronic typewriter, personal information 
machines and tools, mobile communication machine and 
mobile phone, communication t~rminal tools 

Vol. 1 
mobile phone, copy machine, printer, 
electronic typewriter, facsimile, person-
al information machines and tools 

Vol. 1 : 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS> Vol.1 
Vol. 2: 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS> Vol.2 
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MITSUBl.SHI MICROCOMPUTERS 

INDEX BY FUNCTION 

•GENERAL PURPOSE (1) 
Memory capacity I Power supply Operating 

Memory type (Byte) Type No. Pakage voltage temperature Page rang 
ROM RAM (V) ("C) 

M37702M2AX x XFP 
80P6N-A 4. 5-5. 5 -20-85 

16K 512 
M37702M2B x xx F P 

I M37702M2L xx x GP 80P6S-A 
2. 7-5. 5 -40-85 

M37702M2L xx x HP 80P6D-A 

24K 1024 M37702M3B xx x FP 

1024 M.37702MDBX x xFP 
-20-85 --

M37702M4A xx x FP 
80P6N-A 

4. 5-5. 5 

Mask ROM M37702M4B xx x FP 

I 

32K 
2048 M37702M4E xx x FP -40-85 

M37702M4L xx x FP 
2. 7-5. 5 -40-85 

! M37702M4L xx x GP 80P6S-A 

I M37702M6BX X XFP 4. 5-5. 5 -20-85 
I 48K 2048 

M37702M6LX x xFP 80P6N-A -40-85 2. 7-5. 5 

i M37702M8BXXXFP ** 4. 5-5. 5 -20-85 
60K l 2048 

M37702M8LX xx HP ** 80P6D-A -40-85 2. 7-5. 5 

I 
M37702E2A xx x FP 

80P6N-A 4. 5-5. 5 -20-85 
M37702E2B x xx F P 

I 16K 512 
I M37702E2L xx x GP 80P6S-A 

2. 7-5. 5 -40-85 I 

j M37702E2L xx x HP 80P6D-A I 

I M37702E4A xx x FP Note 
-20-85 

M37702E4B xx x FP 
80P6N-A 

4. 5-5. 5 
One time 
PROM 

32K 2048 I M37702E4E xx x FP -40-85 

M37702E4L xx x FP 
2. 7-5. 5 -40-85 

M37702E4L xx x GP , 80P6S-A I 
' M37702E6B x xx F P 4. 5-5. 5 -20-85 I 

48K 2048 I M37702E6L x x x F p 80P6N-A 2. 7-5. 5 -40-85 

l l 
M37702E8B xx x FP * 4. 5-5. 5 -20-85 

60K 2048 

* 80P6D-A M37702E8L xx x HP 2. 7-5. 5 -40-85 
I ' M37702E2AFS -I 16K I 512 

EPROM I 
i 

I M37702E2BFS 
I I ! M37702E4AFS 

Version with 
I 

32K 2048 80DO 4. 5-5. 5 -20-85 
window 

I M37702E4B FS 

! 48K I 2048 l M37702E6BFS 

l 60K I 2048 M37702E88 FS * I 

i , M37702S1AFP I 80P6N-A 4. 5-5. 5 -20-85 
I I 

i 512 hM37702S1 BFP 1 

External ROM I - L M37702S1 LG P 80P6S-A 2. 7-5. 5 -40-85 

l l 2048 
M37702S4AFP 

80P6N-A 4. 5-5. 5 -20-85 
M37702S4BFP 

?&EPROM versions with window are used for evaluation only. They must not be used for mass-production. * : New product ** : Under development 
Note. Refer to "1994 MITSUBISHI SEMICONDUCTORS DATA BOOK(SINGLE - CHIP 16-BIT MICROCOMPUTERS)Vol.1". 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

•GENERAL PURPOSE (2) 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Package voltage temperature Page rang 
ROM RAM (V) ("C) 

16K 512 
M37703M2AX x xSP 

M37703M2BX x XSP 

Mask ROM 
24K 1024 

1024 

M37703M3B x x x SP 
64P4B 

M37703MDBX x XSP 
4. 5-5. 5 -20-85 

32K M37703M4AX x xsp 
2048 

M37703M4B xx x SP 

M37703E2A xx x SP 
16K 512 

M37703E2Bx x xSP Note 
One time 

M37703E4AX X XSP 64P4B 
-20-85 

PROM 
4. 5-5. 5 

32K 2048 M37703E4BX x XSP 

M37703E4E x x x SP -40-85 

M37703S1ASP 
512 

M37703S1 BSP External 
64P4B 4. 5-5. 5 -20-85 

ROM 
-

M37703S4ASP 
2048 

M37703S4BSP 

•MOTOR DRIVE CONTROL 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Package voltage temperature Page rang 
ROM RAM (V) ('C) 

M37704M2AX x XFP -20-85 
16K 512 

M37704M2E xx x FP -40-85 
Mask ROM 80P6N-A 4. 5-5. 5 

24K 1024 M37704M3B xx x FP 
-20-85 

32K 1024 M37704M4B xx x FP 

M37704E2AX x XFP 4. 5-5. 5 -20-85 
One time 16K 512 

M37704E2E xx x FP 80P6N-A 4. 75-5. 5 -40-85 
PROM 

32K 1024 M37704E4B xx x FP 4. 5-5. 5 -20-85 

EPROM Version 16K 512 M37704E2AFS 
80DO 

with window 
4. 5-5. 5 -20-85 

32K 1024 M37704E4BFS 

External ROM 
M37704S1AFP 

80P6N-A 
-20-85 

- 512 4. 5-5. 5 
M37704S1EFP -40-85 

M37705M2A xx XSP -20-85 
Note 

16K 512 4. 5-5. 5 
M37705M2E xx xSP 

64P4B 
-40-85 

Mask ROM 
M37705M3B xx xSP 24K 1024 

4. 5-5. 5 -20-85 
32K 1024 M37705M4B xx x SP 

M37705E2AX x XSP 4. 5-5. 5 -20-85 
One time 16K 512 
PROM 

M37705E2E x x x SP 64P4B 4. 75-5. 5 -40-85 

32K 1024 M37705E4B x x x SP 4. 5-5. 5 -20-85 

EPROM Version 
16K 512 M37705E2ASS 64S1B-E 4. 5-5. 5 -20-85 

with window 

M37705S1ASP 
64P4B 

-20-85 
External ROM - 512 4. 5-5. 5 

M37705S1 ESP -40-85 

?.:iEPROM versions with window are used for evaluation only. They must not be used for mass-production. * : New product ** : Under development 
Note. Refer to "1994 MITSUBISHI SEMICONDUCTORS DATA BOOK(SINGLE-CHIP 16-BIT MICROCOMPUTERS)Vol.1". 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

•GENERAL PURPOSE WITH ENHANCED ANALOG 1/0 FUNCTION 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Package voltage temperature Page rang 
ROM RAM (V) (''C} 

32K 1024 M37710M4B xx x FP * 4. 5-5. 5 -20-85 2 - 5 

Mask ROM M37710M8BX X XFP ** 80P6N-A 
2 -73 

60K 2048 ** 80P6D-A 
2. 7-5. 5 -40-85 

2 -93 M37710M8L xx x HP 

32K 1024 M37710E4B xx x FP 4. 5-5. 5 -20-85 3 - 5 
One time 

M37710E8B xx x FP ** 
80P6N-A 

3 -33 
PROM 60K 2048 ** 2. 7-5. 5 -40-85 

M37710E8L xx x HP 80P6D-A 3 -59 

EPROM Version 32K 1024 M37710E4BFS 3 - 5 

with window M37710E8BFS ** 
80DO 4. 5-5. 5 -20-85 

3 -33 60K 2048 

External ROM - 2048 M37710S4BFP * 80P6N-A 4. 5-5. 5 -20-85 2 -115 

l*iEPROM versions with window are used for evaluation only. They must not be used for mass-production. 

•oMA CONTROLLER BUILT-IN 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Package voltage temperature Page rang 
ROM RAM (V) ('C) 

External ROM - 512 M37720S1AFP 100P6S-A 4. 5-5. 5 -20-85 2 -185 

•GENERAL PURPOSE OF EXTERNAL ROM 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Package voltage temperature Page rang 
ROM RAM (V) ('C) 

M37730S2AFP 64P6N-A 

External ROM 
M37730S2BFP 64P6N-A 

-20-85 Note - 1024 4. 5-5. 5 
M37730S2ASP 64P4B 

M37730S2BSP 64P4B 

•GENERAL PURPOSE OF EXTERNAL ROM WITH PULSE OUTPUT PORT 
Memory capacity Power supply Operating 

Memory type (Byte) Type No. Pakage voltage temperature Page 
ROM RAM (V) r(~? 

M37732S4AFP 
80P6N-A 4. 5-5. 5 -20-85 

External ROM 2048 
M37732S4BFP 

Note -
M37732S4LGP 80P6S-A 

2. 7-5. 5 -40-85 
M37732S4L HP 80P6D-A 

* : New product **: Under development 
Note. Refer to "1994 MITSUBISHI SEMICONDUCTORS DATA BOOK{SINGLE-CHIP 16-BIT MICROCOMPUTERS>Vol.1" 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT TOOLS 

•MELPS 7700 Development Support Tools (1) 
Group Type Name ROM Type Assembler C Compiler Simulator Debugger ICE Debugger Emulator Emulation Pod ROM-write Adapter 

M37702 M37702M2AXXXFP Mask ROM -
M'.l7702M2BXXXFP(ll!1 I 

M'.l7702M2LXXXGP(ll!2) 
M'.l7702M2LXXXHP(ll!2) 

M'.l7702M'.lBXXXHP(ll!11 
M'.l7702MDBXXXFP(ll!1 I 

M37702M4AXXXFP 

M'.l7702M4BXXXFP(ll!1) 

M37702M4EXXXFP 
M'.l7702M4LXXXFP(11!2) 
M'.l7702M4LXXXGP(ll!2) 

M'.l7702M6BXXXFP(ll!1 l 
M'.l7702M6LXXXFP(1112) 

M'.l7702!.l!BXXXFP(ll!1) 

M'.l7702M8LXXXHP(1112) 

M37702E2AXXXFP One Time PROM PCA4774G02 
M'.l7702E2BXXXFP(1111) 

M'.l7702E2LXXXGP(ll!2) PCA4775 
M'.l7702E2LXXXHP(*2) PCA4773 

M37702E4AXXXFP PCA4774G02 

M'.l7702E4BXXXFP (lll 1 I 
M37702E4EXXXFP 
M'.l7702E4LXXXFP(ll!2) 

M'.l7702E4LXXXGP(llf21 PCA4775 
M'.l7702E6BXXXFP(lll 1 I M37702T-HPD PCA4774G02 
M'.l7702E6LXXXFP(lll2) RASM77 or 
M'.l7702EBBXXXFP (lll 1 I or *3 *3 *3 *3 M37702TB-HPD 

M'.l7702E8LXXXHP(11!2) *3 or PCA4775 
M37702E2AFS EPROMwith i M37702TL-HPD PCA4708G02 
M37702E2BFS(ll!1) Window I 

M37702E4AFS 

M37702E4BFS(ll! 1 I 

M37702E6BFS(ll! 1) 

M37702E8BFS(ll! 1 I 
M37702S1 AFP ExtemalROM -
M37702S1BFP(!1!1) 

M37702S1LGP(ll!2) 

M37702S4AFP 

M37702S4BFP(ll!1) 

M37703 M37703M2AXXXSP Mask ROM -
M'.l7703M2BXXXSP11111 l 
M'.l7703M'.lBXXXSP(ll! 1 l 

M37703MDBXXXSP(lll1 I 

M37703M4AXXXSP 

M'.l7703M4BXXXFP(ll!1) 
M37703E2AXXXSP One Time PROM PCA4709 
M37703E2BXXXSP(lll1 I 
M37703E4AXXXSP 

M'.l7703E4BXXXSP11111 I 
M37703E4EXXXSP 

M37703S1ASP External ROM -
M37703S1BSP(!1!1) 

M37703S4ASP 
M37703S4BSP(!1!1) 

* 1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 

configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD. 

l*2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 

must be configured by a combination of the emulator and the M377XXTL-HPD. 

l*3.These tools are provided by the third parties. The third-party tools are sold and technical supported by each third party. Also 

note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 

• MITSUBISHI 
"ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT TOOLS 

•MELPS 7700 Development Support Tools (2) 
Group Type Name ROM Type Assembler CComplier i>mulator Debugger ICE Debugger Emulator Emulation Pod ROM-write Adapler 

M37704 M37704M2AXXXFP Mask ROM -
M37704M2EXXXFP 
M37704M3BXXXFP(ll!1) 
M37704M4BXXXFP 
M37704E2AXXXFP One Time PROM PCA4774G02 

M37704E2EXXXFP 
M37704E4BXXXFP(11!1) 

M37704E2AFS EPROMwith M37704T-HPD PCA4706G02 

M37704E4BFS(ll!1) Window 0( 

M37704S1AFP External ROM M37704TB-HPD -

M37704S1 EFP 
M37705 M37705M2AXXXSP Mask ROM -

M37705M2EXXXSP 
M37705E2AXXXSP One Time PROM PCA4709 

M37705E2EXXXFP 
M37705E2ASS EPROM l'Ath Window 
M37705S1ASP External ROM RASM77 -
M37705S1ESP 0( ll!3 *3 *3 *3 

M37710 M37710M4BXXXFP(i111) Mask ROM *3 -
M37710M8BXXXFP(1111) 
M37710M8LXXXHP(iii2) 
M3771OE4BXXXFP(ili1) One Time PROM PCA4774G02 

M37710E8BXXXFP(11!1) M37710TL-HPD 

M37710EBLXXXHP(ili2) -
M37710E4BFS(ll!1) EPROMwith PCA4706G02 
M37710EBBFS(ll!1) Window 
M37710S4BFP(ll!1) External ROM -

M37720 M37720S1AFP External ROM M37720T-HPD -
M3n30 M3n30S2AFP External ROM M37730T-HPD -

M37730S2ASP or 
M3mOS2BFP(ll!1) M37730TB-HPD 
M37730S2BSP(ll!1) 

M3m2 M37732S4AFP External ROM M37732T-HPD -
M3m2S4BFP(ll!1) or 

M37732S4LGP(ll!2) M37732TB-HPD 

M3m2S4LHP(ll!2) or 
M37732TL-HPD 

* 1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 

configured by a combination of the emulator and the M3nXXTB-HPD or M3nXXTL-HPD. 
*2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 

must be configured by a combination of the emulator and the M3nXXTL-HPD. 
*3.These tools are provided by the third parties. The third-party tools are sold and technical supported by each third party. Also 

note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 

1-8 • MITSUBISHI 
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DOCUMENTS 
The documents tables of the 7700 series are described bel
low. 
Ask for these documents to the contact addresses on the end 
of this book. 

•usER'S MANUAL (Date: 16 Oct., 1993) 
Document name No. 

H-EA004-A M37702 Group USER'S MANUAL 

M37703 Group 
!-----~---------+------ ---
M37710 Group USER'S MANUAL TBD 

M37720 Group USER'S MANUAL 

(Preliminary) dresses , directly. 
M37732 Group USER'S MANUAL --- t-H-E-8134:/\ 

M37730 Group 

•SOFTWARE MANUAL (Date: 16 Oct., 1993) 
Document name No. 

MELPS 7700 SOFfWARE MANUAL H-E0112-A 

•APPLICATION NOTES (Date: 16 Oct., 1993) 
Document name l No. 

M37704M2-XXXFP MOTOR DRIVET H-BA002-A 

CONTROL APPLICATIONS I 

• MITSUBISHI 
"ELECTRIC 

MITSUBISHI MICROCOMPUTERS 

DOCUMENTS 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func

tion of the IC/LSls and the package style. 

For Mitsubishi Original Products 
Example : M 3 77 02 E 4 001 FP 

l~-+----t'--T-+---+0--+---t---t-.-----+ -~- M : Mitsubishi integrated prefix 

~--1--r---t--+---t---t--+-- 3 : Represent an original single-chip microcomputer 

--r----1-----+--+---+----+- Series designation using 2 digits 

~--1--t--r---t---+-- Circuit function identification code using 2 digits 

~-+--+-----+----+-- Memory identification code using a digit 

[ 

E : PROM p : Piggyback 

M : Mask ROM S : External ROM 

N : Mask ROM+EEPROM 

Memory size identification code using a digit 

Normally, using hyphen. 

When electrical characteristic, or division of quality identification 

code using alphanumeric character. 

T : For automobile, industrial equipment 

---+-- Mask ROM number 

c__ Package style 

[ 

J : PLCC, or SOJ package 

FP : Molded plastic flat package 

FS : Ceramic flat package 

SP : Molded plastic shrink package 

SS : Ceramic shrink package 

PACKAGE CODE 
Package style may be specified by using the following simplified alphanumeric code. 

1-10 

Example : 64 P 4 B 
~---i--+--t-- Number of pins 

--r-i-- Package structure 

[ 
K : Glass-sealed ceramic J 
P : Molded plastic 

S : Metal-sealed ceramic 

Package outline 

[ 
0 : PLCC, SOJ 

1 : DIP 

2 :sop 
Secondary outline code 

4 : DIP 

6 : QFP 

Special-purpose secondary codes describing outline are included as necessary. For 

details, contact your sales representative. 

• MITSUBISHI 
.... ELECTRIC 



64P4B 
EIAJ Packa e Code JEDEC Code Wei ht( 

SDI P064-P-0750 7.9 

Scale : 1.5/1 

0 

D 

SEATING PLANE 

64P6N-A 
EIAJ Packa e Code JEDEC Code Wei ht( ) 
* QFP064-P-1414 I.II 

Scale : 2.5/l 
Ho 

D 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

0 

L1 

w 

Plastic 64pin 750mil SDIP 

Symbol 

A 

b 
b1 

c 
D 
E 

e1 

u 

= 

Dimension in Millimeters 
Min Norn Max 

5.08 
0.38 

3.8 
0.4 0.5 0.6 
0.9 1.0 1.3 
0.65 0.75 1.05 
0.2 0.25 0.32 

56.2 56.4 56.6 
16.85 17.0 17.15 

1.778 
19.05 

L 2.8 
e o· 15' 

Plastic 64pin 14X 14mm body QFP 

Mo 

@']~ oo:::::r:::] 
-e:::3- I t=:::I 
~ = 
! ! I ! ! 
t t I I w 
H--,--ti 2 

N~'' I '' ..D I I I I 

I I I I = ' = 
{lJ oo:::::t::=o 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
0 0.1 0.2 

2.8 
b 0.3 0.35 0.45 
c 0.13 0.15 0.2 
D 13.8 14.0 14.2 
E 13.8 14.0 14.2 

0.8 
Ho 16.5 16.8 17.1 

16.5 16.8 17.1 
L 0.4 0.6 0.8 

L1 1.4 
0.1 
10' 

0.5 
1.3 

Mo 14.6 
14.6 
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PACKAGE OUTLINES 

64518-E Metal seal 64pin 750mil DIP 
EIAJ Pack~e Code 

± 
JEDEC Code 

± 
Wei_g_ht (g) j WDI P064-C-0750 -

Scale : 1.5/1 

D 

®l ~ u 
~ ~ 

~· 

0 w 
~ 

l!::: ·-CD @ 

Symbol 
Dimension in Millimeters 
Mi~ Norn Max 

A - - 5.35 
A1 1.0 - -

A2 - - 3.8 
b 0.38 0.46 0.54 

<-~ 
b1 0.8 0.9 1.0 
c 0.17 0.25 0.33 
D - - 58.5 

_J 2 .I I. [ill ~ ~ :c 
E - - 19.55 

BODO 
EIAJ Packa e Code JEDEC Code 

WQFN080-G 

Scale : 2/1 

21.0±0.2 

N 0 0 

+I 
<.D 

~ 

L_\ 
INDEX 

1-12 

SEATING PLANE 

Wei ht( ) 

3.32MAX r 'I 1.18TYP 'I , 

·~ 

• MITSUBISHI 
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[)_ 

>-
f-
N 
~ 

[ill - 1.778 -

[fill - 19.05 -

L 2.54 - -

z - - 1.8 

Glass seal 80pin QFN(LCC) 

18.4±0.15 

I' 0.8TYP 0.6TYP 'l®l @I' 'II' 
@ 

;::: 

® 
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PACKAGE OUTLINES 

80P6N-A Plastic 80pin 1 4 X 20mm body QFP 
EIAJ Packa e Code JEOEC Code Wei ht( 
* QFPOSO-P-1420 1.58 Mo 

Scale : 2/1 

CD 

@']~ oo:::::+:=::] 
-e::::::3-- I c:::::J 
-<:i3- = 
! ! I ! ! 
H--,--+--i ~ 

1:1.I. i i I i i f=c::::J I c:::::J 

1lJ oo:::::t::=o 
Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
A1 0 0.1 0.2 
A:;_ 2.8 
b 0.3 0.35 0.45 
c 0.13 0.15 0.2 

@ ~ D 13.8 14.0 14.2 
E 19.8 20.0 20.2 

tt~ :~~ 
~ 0.8 
Ho 16.5 16.8 17.1 
HE 22.5 22.8 23.1 
L 0.4 0.6 0.8 

L1 1.4 
0.1 

() o· 10' 
b2 0.5 

Dy 

80P6S-A 
EIAJ Packa e Code JEOEC Code 
* QFPOSO-P-1414 

Scale : 2.5/1 
Ho 

D 

@ 

Detail F 

Wei ht( 
l.ll 

F 

w 
I 
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12 1.3 
Mo 14.6 
ME 20.6 

Plastic 80pin 14X 14mm body QFP 

Mo 

@']~ oo:::::+:=::=o 
~ I c:::::J 
-<:i3- = 
! ! I ! ! 
H--,--+--i ~ 

N~·' I '' ..D I < I I 

I I I I = ' = llJ oo:::::t::=o 
Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
A1 0 0.1 0.2 
A2 2.8 
b 0.25 0.3 0.4 
c 0.13 0.15 0.2 
D 13.8 14.0 14.2 
E 13.8 14.0 14.2 
~ 0.65 
Ho 16.5 16.8 17.1 
HE 16.5 16.8 17.l 
L 0.4 0.6 0.8 

L1 1.4 
0.1 

() o· 10' 
b2 0.35 
12 1.3 

Mo 14.6 
ME 14.6 
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80P6D-A 
EIAJ Packa e Code JEDEC Code 
* FPBO-P-1212 

Scale : 2.5/l 
Ho 

D 

F 

00 ~ ot#ln~nnnnnnnnn 
_J_ r 

YQQJ 

1 OOP6S-A 
EIAJ Packa e Code JEDEC Code 
* QFPlOO-P-1420 

Scale : 2/1 Ho 

D 
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PACKAGE OUTLINES 

Plastic 80pin 12X 12mm body QFP(FP) 
Wei ht( ) 

0.44 Mo 

[92]~ oo::::::i=::] 
-e:::::3- I c::::J 
-<Z3- = 
! ! I ! ! 
I I I I 

H--,--ti ~ 
N~·' I '' _Q I I I I 

I I I I 

{] oo:::::±=::] = 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 1.7 
A1 0 0.1 0.2 
A2 1.4 

Ll 
b 0.13 0.18 0.28 
c 0.105 0.125 0.175 
D 11.9 12.0 12.1 
E 11.9 12.0 12.1 

L1 IQ] 0.5 
Ho 13.8 14.0 14.2 
HE 13.8 14.0 14.2 
L 0.3 0.5 0.7 ~~ L1 1.0 

e ·_ 9 0.1 
e 00 10' 

.;:( L b2 0.225 
12 1.0 

Detail F Mo 12.4 
ME 12.4 

Plastic 1 OOpin 1 4 X 20mm body QFP 
Wei ht( ) 

1.58 Mo 

@']~ oo::::::i=::] 
-E:E3- I c::::i 
-<Z3- = 
! ! I ! ! 
H--,-. -t-t ~ 

N~'' I '' 
D i i i i = I = 
{_LJ oo::::::r:::] 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
A1 0 0.1 0.2 
A2 2.8 
b 0.25 0.3 0.4 
c 0.13 0.15 0.2 

w D 13.8 14.0 14.2 
E 19.8 20.0 20.2 

L1 ~ 0.65 

:~ 
Ho 16.5 16.8 17.1 
HE 22.5 22.8 23.1 
L 0.4 0.6 0.8 

L1 1.4 
0.1 

e 00 10' 
b2 0.35 

Detail F 
12 1.3 

Mo 14.6 
ME 20.6 

~M~' 



MITSUBISHI. MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

1. INTRODUCTION 

A system of letter symbols to be used to represent the 

dynamic parameters of intergrated circuit memories and 

other sequential circuits especially for single-chip micro

computers, microprocessors and LSls for peripheral 

circuits has been discussed internationally in the TC47 

of the International Electrotechnical Committee (I EC). 

Finally the IEC has decided on the meeting of TC47 in 

February 1980 that this system of letter symbols will be 

a Central Office document and circulated to all countries 

to vote which means this system of letter symbols will 

be a international standard. 

The system is applied in this LSI data book for the 

new products only. Future editions of this data book 

will be applied this system. The IEC document which 

describes "Letter symbols for dynamic parameters of 

sequential integrated circuits, including memories" is 

introduced below. In this data book, the dynamic para

meters in the I EC document are applied to timing 

requirements and switching characteristics. 

2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 

enables symbols to be generated for the dynamic para

meters of complex sequential circuits, including memo

ries, and also allows these symbols to be abbreviated to 

simple mnemonic symbols when no ambiguity is likely 

to arise. 

2.1. General Form 

The dynamic parameters are represented by the general 

symbol of the form:-

tAIBC-DC)F ..................................... (1) 

where: 

Subscript A indicates the type of dynamic parameter 

being represented, for example; cycle 

time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 

for which a change of state· or level (or 

establishment of a state or level) con

stitutes a signal event assumed to occur 

first, that is, at the beginning of the time 

interval. If this event actually occurs last, 

that is, at the end of the time interval, 

the value of the time interval is negative. 

Subscript C indicates the direction of the transition 

and/or the final state or level of the signal 

represented by B. When two letters are 

used, the initial state or level is also indi

cated. 

Subscript D indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) consti

tutes a signal event assumed to occur last, 

that is, at the end of the time interval. If 

this event actually occurs first, that is, at 

the beginning of the time interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi

cated. 

Subscript F indicates additional information such as 

mode of operation, test conditions, etc. 
Note 1 Subscripts A 10 F may each consists of one or more letters 

2 Subscripts D and E are not used for transition times 

3 The "-" 1n the symbol (1) above is used to indicate "to". hence the sym 

bol represents the time interval frcw1 signal event B occur1ng to s1qnal 

t:vent D occurinq, and it is important to note that this comention 1s used 

for all dynarrnc parameters including hold times Where no m1sunder 

star1ding can occur the 'lyphen may be omitted 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 

when no misumlerstanding is likely to arise. For example 

to: 

tA(B-D) 

or tA(B) 

or tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or tac-DE often used for unclassified time 

intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 

commonly used subscripts are given single letters where 

practicable and those less commonly used are designated 

by up to three letters. As far as possible, some form of 

mnemonic representation is used. Longer letter symbols 

may be used for specialised signals or terminals if this 

aids understanding. 

3. SUBSCRIPT A 
(For Type of Dynamic Parameter) 

The subscript A represents the type of dynamic para

meter to be designated by the symbol and, for memo

ries, the parameters may be divided into two classes: 

a) those that are timing requirements for the memory 

and 

• MITSUBISHI 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

b) those that are characteristics of the memory. 

The letter symbols so far proposed for memory circuits 

are listed in sub-clauses 3.1 and 3.2 below. 

All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi

conductor memories are as follows·: 

Term 

Cycle time 

Time interval between two signal events 

Fall time 

Hold time 

Precharging time 

Rise time 

Recovery time 

Refresh time interval 

Setup time 

Transition time 

Pulse duration (width) 

3.2. Characteristics 

Subscript 

c 

d 

h 

pc 

rec 

rf 

SU 

w 

The letter symbols for the dyn3mic characteristics of 

semic·onductor memories are as follows: 

Characteristic Subscript 

Access time a 
Disable time dis 

Enable time en 

Propagation ti me p 

Recovery time rec 

Transition time T 

Valid time v 
Note Recovery time for use as a charac1er1stic is limited to sense recovery tirnp 

4. SUBSCRIPTS B AND D 
(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts B and D should be in upper-case. 

Signal or terminal Subscript 

Address A 

Clock c 
Column address CA 

Column address strobe CAS 

Data input D 

Data input/output DO 

Chip enable E 

Erasure ER 

Output enable G 
Program PR 

Data output Q 

Read R 

Row address RA 

Row address strobe RAS 

Refresh RF 

Read/Write RW 
Chip select s 
Write (write enable) w 

Note 1 In the letter syrnbols for 11me intervals, bars over the subscripts, for ex 

ample CAS, should not be used 

2 It should be noted, whPn further letter symbols are chosen, that the sub 

script should not end with H.K. V. X, or Z (See rlausP 5) 

3 If the same terminal, or signal, can be used for two functions (for example 

Data input/output, ReadM'r1te) the waveform should be labelled with the 

dual function, if appropriate, but the symbols for the dynamic parameters 

should include only that part of the sulJscr1pt relevant to the parameter 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 

state of a signal : 

Transition of signal 

High logic level 

Low logic level 

Subscript 

H 

L 

Valid steady-state level (either low or high) V 

Unknown, changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 

may be omitted to give an abbreviated symbol for sub

scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition from low level to 
high level LH H 

Transition from unknown or 
changing state to valid state xv v 
Transition from valid state to 
unknown or changing state vx x 
Transition from high-impedance 
state to valid state zv v 

Note Since subscripts C and E may be abbreviated, and since subscripts Band D 

may contain an indeterminate number of letters, it is necessary to put the 

restriction on the subscripts B and 0 that they should not end with H, L, 

V, X, or Z, so as to avoid possible confusion 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi

tional qualification of the parameter such as mode of 

operation, test conditions, etc. The letter symbols for 

subscript F are given below. 

Subscript F sh.ould be in upper-case. 

Modes of operation 

Power-down 

Page-mode read 

Page-mode write 

Read 

Refresh 

Read-modify-write 

Read-write 

Write 

Subscript 

PD 

PGR 

PGW 

R 

RF 

RMW 

RW 

w 

• MITSUBISHI 
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SYMBOLOGY 

FOR DIGITAL INTEGRATED CIRCUITS 

New symbol Former symbol Parameter-definition 

c, Input capacitance 

Co Output capacitance 

c, 0 Input/output terminal capacitance 

C1<<1>l Input capacitance of clock input 

f Frequency 

fw Clock frequency 

I Current-the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 

lee Supply current from V68 

lee( AV) Average supply current from Vss 

Ice Supply current from Vee 

Ice{ AV) Avarage supply current from Vee 

Ice( Po) Power-down supply current from Vee 

loo Supply current from V00 

loo( AV) Average supply current from V00 

IGG Supply current from VGG 

laG(AV) Average supply current from VGG 

1, Input current 

l1H High-level input current-the value of the input current when VoH is applied to the input considered 

l1L Low-level input current-the value of the input current when VoL is applied to the input considered 

loH High-level output current-the value of the output current when VoH is applied to the output considered 

loL Low-level output current-the value of the output current when Val is applied to the output considered 

loz Off-state(high-impedance state)output current-the current into an output having a three-state capability with input condition so applied that 

it will establish according to the product specification, the off(high-impedance)state at the output 

lozH Off-state( high-impedance state)output current, with high-level voltage applied to the output 

lozL Off-state( high-impedance state)output current, with low-level voltage applied to the output 

los Short-circuit output current 

lss Supply current from V ss 

Pd Power dissipation 

NEW Number of erase/write cycles 

NRA Number of read access unrefreshed 

R, Input resistance 

RL External load resistance 

Ro FF Off-state output resistance 

RoN On-state output resistance 

la Access time-the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 

ta( A) ta(AO) Address access time-the time interval between the application of an address input pulse and the availability of valid data signals at an output 

ta(CAS) Column address strobe access time 

ta(E) ta( CE) Chip enable access time 

ta(G) ta( OE) Output enable access time 

ta( PA) Data access time after program 

ta{ AAS) Row address strobe access time 

lais) ta( CS) Chip select access time 

le Cycle time 

lcR tc(RD) Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 

tCAF tc(AEF) Refresh cycle time-the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

tCPG tc(PG) Page-mode cycle time 

tCRMW tc(RMW) Read-modify-write cycle time-the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 

the next cycle 

lcw tc{WR) Write cycle time-the time interval between the start of a write cycle and the start of the next cycle 
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New symbol Former symbol 

td{CAS-RAS) 

td(CAS-W) 

td(RAS-CAS) 

td(RAS-W) 

tdiS(R-0) 

tdiS(S) 

tdiS(W) 

toLH 

ten( A-al 

ten( A-al 

ten(s-al 

th(A-E) 

th( A-PR) 

th(CAS-CA) 

th(CAS-D) 

th(CAS-Q) 

th( GAS-RAS} 

ih(D) 

th(D-PR) 

ih(E) 

th(E-0) 

th(E-G) 

th(R) 

th( RAS-CA) 

th( RAS-D) 

ih(AAS-W) 

lh(W-CAS) 

th(W-0) 

th(W-RAS) 

tPHL 

tr 

trec(wl 

treC(PD) 

lsu 

tsu(AI 

tSU(A-E) 

i5U(A-W) 

tsu(CA-RAS} 

ld{RAS-WR) 

lctiS(R-DA) 

tpxz(csl 

tpxz(wRl 

tpzv(A-ooJ 

tpzv(R-DO) 

tpzx(cs-ool 

th{ AD) 

th(AD-CE) 

th( AO-PRO) 

ih(CAS-OA) 

ih{ GAS-OUT) 

fh(CAS-WR) 

th( DA) 

thcoA-PRO) 

1h(CE) 

ih(CF-DA) 

ih(RAS-DA) 

th( RAS-WR) 

ih(CS) 

lh(WR) 

ih(WR-CAS) 

th( WR-DA) 

lh(WR-RAS) 

tsu\Aol 

tsu(AO-CE) 

lsu(AO-WR) l 

MITSUBISHI MICROCOMPUTERS 

SYMBOLOGY 

Parameter-definition 

Delay time-the time between the specified reference points on two pulses 

Delay time between clock pulses- e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay time, column address strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to column address strobe 

Delay time, row addr_ess strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 

High-level to low-level delay time l th.e time interval b_etween specified referenc~ points ~n the .input and on the ou.tput pulses when the output is 

Low-level to high-level delay time going lo the low (h1gh)level and when the device is driven with a specified loadmg networks 

Output enable lime after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

Hold time-the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 

Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column addre5s strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 

High-level to low-level propagation time l 
Low-level to high-level propagation time 

Rise time 

the time interval between specified reference points on the input and on the output pulses when the 
output is going to the low (high)level and when the device is driven and loaded by typical devices 
of stated type 

Write recovery time-the lime interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time-the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 

tarnsition at another specified input terminal 

Address setup time 

Chip enable setup time before address 

Write setup time before address 

Row address strobe setup time before column address 
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SYMBOLOGY 

New symbol Former symbol Parameter-definition 

tsU(D) tsu(oAJ Data-in setup time 

tsu(o-El tsu(DA-C~) Chip enable setup time before data-in 

tsU(D-wl tsu(DA-WR) Write setup time before data-in 

tsu(E) tsu<cel Chip enable setup time 

tsu(E-P) tsu(CE-P) Precharge setup time before chip enable 

tsu(G-El tsu(OE-CE) Chip enable setup time before output enable 

tsu(P-E) tsu(P-CE) Chip enable setup time before precharge 

tsu(Po) Power-down setup time 

tsu(R) tsu(Rol Read setup time 

tsu(A-CAS) tsu(RA-CAS) Column address strobe setup time before read 

tsu(RA-CAS) C1oumn address strobe setup time before row address 

tsu(sl tsu(cs) Chip select setup time 

tsucs-wl tsu(CS-WR) Write setup time before chip select 

tsu(wl tsu(wR) Write setup time 

hHL High-level to !ow-level transition time 

f 

the time interval between specified reference points on the edge of the output pulse when the output is 
going to the low(high)level and when a specified input signal is applied through a specified network and 

hLH Low-level to high-level transition time the output Is loaded by another specified network 

lv(A) tdVIAD) Data valid lime after address 

lv(E) ldV(CE) Data valid time after chip enable 

lv(E)PR lv(CE)PA Data valid time after chip enable in program mode 

lv(G) lv(OE) Data valid time after output enable 

tv(PA) Data valid lime after program 

lv(s) tv(CS) Data valid time after chip select 

tw Pulse width (pulse duration)the time interval between specified reference points on the leading and training edges of the waveforms 

tw(E) lw(CE) Chip enable pulse width 

tw(EH) tw(CEH) Chip enable high pulse width 

tw(EL) tw(EL) Chip enable low pulse width 

tw(PR) Program pulse width 

tw(R) tw(RD) Read pulse width 

tw(sl tw(CS) Chip select pulse width 

tw(w) tw(WA) Write pulse width 

twl¢1 Clock pulse width 

Ta Ambient temperature 

Topr Operating temperature 

Tstg Storage temperature 

v •• Vee supply voltage 

Vee Vee supply voltage 

Voo Voo supply voltage 

Vee VGG supply voltage 

v, Input voltage 

V1H High-level input voltage-the value of the permitted high-state voltage at the input 

VIL Low-level input voltage-the value of the permitted low-state voltage at the input 

Vo Output voltage 

VoH High-level output voltage-the value of the guaranteed high-state voltage range at the output 

VoL Low-level output voltage-the value of the guaranteed low-state voltage range at the output 

Vss V ss supply voltage 
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QUALITY ASSURANCE AND RELIABILITY TESTING 

1 INTRODUCTION 
IC & LSI have made rapid technical progress in electrical 

performances of high integration, high speed, and sophisti

cated functionality. And now they have got boundless wider 

·applications in electronic systems and electrical ap

pliances. 

To meet the above trend of expanding utilization of IC & 

LSI, Mitsubishi considers that it is extremely important to 

supply stable quality and high reliable products to cus

tomers. 

Mitsubishi Electric places great emphasis on quality as a 

basic policy "Quality First", and has striven always to im

prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 

System covering design, manufacturing, inventory and de

livery for IC & LSI, and has supplied highly reliable pro

ducts to customers for many years. The following articles 

describe the Quality Assurance System and examples of 

reliability control for Mitsubishi Single-chip 16-bit Micro

computer. 

2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System places emphasis on built-in 

reliability in designing and built-in quality in manufacturing. 

The System from development to delivery is summarized in 

Figure 1. 

2.1 Quality Assurance in Designing 
The following steps are applied in the designing stage for a 

new product. 

(1) Setting of perfomance, quality and reliability target for 

new product. 

(2) Discussion of performance and quality for circuit de

sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar

dized design rule. 
(4) Functional evaluation for bread-board device to confirm 

electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 

chip to detect basic failure mode and investigate fai

lure mechanism. 

(6) Reliability test (In-house qualification) for new product 

to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per

formance, reliability, production flow/conditions, pro

duction capability, delivery etc. 

2.2 Quality Assurance in Manufacturing 
Quality assurance in manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 

dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 

manufacturing equipments, automatic testing equip
ments, and measuring instruments. 

(3) Material control such as silicon wafer, lead frame, 

packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 

and testing. 
(5) 100% final inspection of electrical characteristics, 

visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 

lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en

vironment, date code identification, handling and ESD 

(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 
To verify the reliability of a product as described in the Mit

subishi Quality Assurance System, reliability tests are per

formed at three different stages in new product develop

ment, pre-production and mass-production. 

At the development of a new product the reliability test 

plan is fixed corresponding to the quality and reliability 

target of each product, respectively. The test plan includes 

in-house qualification test and TEG evaluation, if necessary. 

TEG chips are designed and prepared for new device 

structure, new process and new material. 
After the proto-type product has passed the in-house qual

ification test, the product advances to the pre-production. In 

the pre-production stage, the specific reliability tests are 

programmed and performed again to verify the quality of 

pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 

product according to the quality assurance test program. 

Table 1 shows an example of reliability test program for 

plastic encapsulated IC & LSI. 

Table 1 TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 

Group Test Test condition 

1 Solderability 230°C, 5sec. Rosin flux 

Soldering heat 260°C, 10sec. 

2 Thermal shock -55°C, 125°C, 15cycles 

Temperature cycling -65°C, 150°C, lOOcycles 

3 Lead fatigue 250gr, 90°, 2arcs 

Shock 1500G, 0. 5msec. 

20G, 100-2000Hz 
4 Vibration X, Y, Z direction 

4min./cycle, 4cycles/direction 

Constant acceleration 20000G, Y direction, 1 min. 

5 Operation life 
Ta=125°C, Vccmax 
1000hours 

6 
High temperature 
storage I ife 

Ta=150°C, 1000hours 

High temperature and 
85°C, 85%, 1 OOOhours 

7 high humidity 

Pressure cooker 121°C, 100%, 100hours 

• MITSUBISHI 
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2.4 Returned Product Control 
When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re
quest of Returned Product" 
Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 

RETURNED PRODUCT 

ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 

FAILURE ANALYSIS 

generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro
duct to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 

r-------------------1 

SIMULATION TEST 

ELECTRICAL 
CHARACTERISTICS TEST 

VISUAL INSPECTION 

ELECTRICAL 
CHARACTERISTICS TEST 

CLASSIFICATION OF 
FAILURE MODES 

ACCEPTANCE 5 
>= u 
w ..., 
w 

-------ia: 

INTERNAL VISUAL 
INSPECTION 

CHIP ANALYSIS 

REJECTION 
~CCE~A_r:±_CE _ _ _ _ _ _ _ _ _ _ ____ j 

REPORT 
GENERATION 

REPORT TO 
CUSTOMER 

PRELIMINARY 
CORRECTIVE ACTION 

FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 

NO GO 

Flg.2 PROCEDURE OF RETURNED PRODUCT CONTROL 

r--- ----.., 
CONFIRMATION OF I 

L_~l!::;!REC~U~--_J 

SURVEY OF 
PROCESS RECORD 
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3 RELIABILITY TEST RESULTS ature operating life and high temperature storage test and 
the results of the environment tests of thermal stress, high 
temperature/high humidity and pressure cooker test for the 
single-chip 16-bit Microcomputer. 

The reliability test results for Mitsubishi Single-chip 16-bit 
Microcomputers are shown in Table 2. 
Table 2 shows the result of endurance tests of high temper-

Table 2 ENVIRONMENTAL TEST RESULTS 

Test T! 11 lNumber ofT.oevice Hours Number of 
i Series Type Number Test Condition 

1-----------+-~--------+'1 _______________ c1 ________ +l_S_a_m~p_le_s-<i'--(H_o_u_r_s_~)-1-F_a_1l_u_re_s~ 
!M37702M4BxxxFP Ji l 38 38000 0 
i , I M37703M2A x x __ x_S_P______ 38 38000 0 

'MEL PS 7700 I M37720~ __ 1_A_F_P _________ _,l ~ 38 38000 0 

High-temperature ,i, M37730S2AFP I 38 38000 0 
I 125"C, 7V 

operating I ife ---------~_M_37_7_32_S_4_L_G_P __________ ~ L __ 3_8_--i-' _38_0_0_0-+ __ o _--1 

; M37702E48X x XFP I I 38 38000 0 
1 Built-in PROM version I M37704E2A_x __ x_x_F_P _____ I ' 38 38000 j_ 0 

I 
H 1gh-temperature 
storage 

I M37710E4B xx x FP _______ _,! _______ _,__3_2_--'! __ 3_20_0_0---11 __ 0 _ _, 

f_!A37702M4B xx x FP T 22 : 22000 I 0 

: M37703M2A xx x SP 1 22 22000 0 

MEL PS 7700 i'M37720S1AFP J 22 22000 0 

1
1 M37730S2AFP ------~ 1500C '--_22_~! _2~_D____ 
• M37732S4LGP i I 22 ! 22000 0 

I M37702E4BX x XFP --i,' i 22 i 22000 0 
Built-in PROM version i M37704E2A xx X FP 1 22 22000 0 

I I M37710E4BX x XFP I i 32 '1· 32000 I 0 
>--------·---- ----------r;:.;13170_2_M_4_B_x_x_x_F_P-----+l-------+1--2-2--l--2-2_0_00---1--o---1 

i !Mmo3 M 2 A x x x SP '--_22_-'-_2_20_0_0--11~_0 _ _, 

1 MEL PS 7700 1_M_37_7_20_S_l_A_F_P _______ l_, ! 3_2 _ _)__2_2_00_0--1! __ 0 _ _. 

High-temperature, 1 I M37730S2AFP i 8s"C, 85 %R H. s. sv t=J __ 2_2_-'-I _2_2_o_oo_j___~ 
higf-hurniditywithb1as~. jM37732S4LGP I ! 22 , 22000 o 

: i M37702E4B xx x FP I I 22 : 22000 0 

~Built-in PROM version I M37704E2A xx x FP I , 22 22000 0 

f-----------_,] _______ 4 j_M_37_7_1_0E_4_B_x_x_x_F_P _____ ~-------1'---22_-'-t-2_20_0_0 _ _, __ 0 _ _, 
Low-temperature ~ELPS7700 I M37702M4BXXXFP 1. i 22 22000 1 0 
operating life ' Built-in PROM version I M37702E48 xx x FP, -SS"C, 5· SV l'---22--'--2-20_0_0--1--0--1 

Test 

Pressure Cooker 
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Series T Type Number 

I l M37702M48 xx x FP 
I r M37703M2A xx x SP 

i MELPS 7700 r,_.

1 

_M_3_77_2_0S_1_A_F_P ________ 1
1 

I M 37730S2A F P I '-1 _M_3_77_3-2S_4_L_G_P _________ I 

I M37710E4B xx x FP 1· 

1

1

. Built-in PROM version I M37704E2A xx x FP 

l j M37710E4B xx x FP 

• MITSUBISHI 
.... ELECTRIC 

Test Condition 196 Hours l240Hours1500Hours 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

121°C, 100%RH 
0/22 0/22 0/22 

0/22 0/22 0/22 

! 01_2_2_-l--_01_2_2_'--_0_1_22__, 
r-o-;-22 0/22 0/22 

i 0/22 0/22 l 0/22 
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Test I Series I Type Number Test Condition 10 100 300 
~ Cycles Cycles Cycles 

T M37702M4B xx x FP 0/22 0/22 0/22 

' M37703M2AX x xsp 0/22 0/22 0/22 

I M ELPS 7700 M 37IZOslA F P 0/22 0/22 0/22 

Temperature Cycling I M37730S2AFP 
-65'C~150'C 

0/22 0/22 0/22 

M37732S4LGP 
-----I 

0/22 0/22 0/22 f ilt-in P-ROM version 

---1 
M37702E4B xx x FP 0/22 0/22 0/22 

M37704E2A xx x FP 0/22 0/22 0/22 

M37710E4BX xFP l 0/22 0/22 0/22 

Test l Test Condition 
Package 

64P4B 84PO 80P6N 80P6 80P6S 80P6D 1 OOP6D 128P6 

Soldering Heat ! 260'C 10sac 0/22 0/38 0/66 0/22 0/22 0/22 0/22 0/22 

Thermal Shock -55'C/125°C 15cycle 0/22 0/38 0/66 0/22 0/22 0/22 0/22 0/22 

Soldereb1lity 230°C 5sec Using a rosin-type Flux 0/22 0/22 0/66 0/22 0/22 0/22 0/22 0/22 

Free Fall 75cm onto a maple wood board 3t1mes 0/22 0/22 0/44 0/22 0/22 0/22 0/22 0/22 

Shock 1500G O. Sm sec X, Y, and Z directions 0/22 0/22 0/22 0/22 0/22 0/22 0/22 0/22 

Vibration 
20G X, Y, and Z directions 4times 100 

0/22 0/22 0/22 0/22 0/22 0/22 0/22 0/22 
~2000Hz 4m1nutes/Cycle 

Constant Acceleration 2000G Ydirection 1 minute 0/22 0/22 0/22 0/22 0/22 0/22 0/22 0/22 

Lead Integrity 
250g(125g) go· Berding 2ti mes, * 50g, go· 0/15 (0/15) (0/15) (0/15) (0/15) *0/15 *0/15 (0/15) 
500g(250g) Tension 30sec, * 1 OOg, 30sec 0/15 (0/15) (0/15) (0/15) (0/15) *0/15 *0/15 l (0/15) 
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4 FAILURE ANALYSIS 
Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha
nical stress and those combined stresses on chips and 
packages. 
Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 

Figure 3, Figure 4 and Figure 5 are examples of a fai
lure occured by high temperature storage test of 225°C, 
1000hours. 
Au-Al intermetallic formation, so-called "Purple 
plague" by thermal overstress makes Au wire lift off 

from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV 
and no failure has been observed so far in practical 
uses. 

Flg.3 
Micrograph of lifted Au ball trace 
on Al bonding pad 

Flg.4 
Au-Al plague formation 
on bonding pad 

Flg.5 
Lifted Au wire ball base 

(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Figure 6, Figure 7 and Figure 8 are examples of cor

roded failure of aluminum metallization of plastic en
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100% RH, 
1 OOOhours duration. 

Aluminum bonding pad is dissolved by penetrated wa
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 
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Flg.6 
Micrograph of corroded 
Aluminum metallization 

Fig.7 Enlarged micrograph of corroded 

Aluminum bonding pad 

Fig.8 Cl distribution on corroded Aluminum 

bonding pad 
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(3) Destructive Failure by Electrical Overstress 

Surge voltage marginal tests have been performed to 

reproduce the electrical overstress failure in field uses. 

Figure 9 and Figure 10 are examples of failure 

observed by surge voltage test. The trace of destruc

tion is verified as the aluminum bridge by X-ray micro 

analysis. 

Fig.9 Micrograph of surge 
voltage destruction 

Fig.10 Aluminum trace of 
destructive spot 

(4) Aluminum Electromigration 

Figure 11 shows an open circuit of aluminum metalliza

tion in high current density region caused by acceler

ated operation life test. This failure is due to aluminum 

electromigration. Voids and hillock have been formed 

in aluminum metallization by high current density op

eration. 

Fig.11 Voids and hillocks formation 
by Aluminum electromigration 

5 SUMMARY 
The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer's in

terests and requirements for high reliability IC & LSI are in

creasing significantly. To satisfy customer's expectancy. 
Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re

liability evaluation to investigate latent failure modes 

and acceleration factors. 

(2) Execution of periodical endurance, environment and 

mechanical test to verify reliability target and realize 

higher reliability. 

(3) Focus on development of advanced failure analysis 

techniques. Detail failure analysis, intensive corrective 

action and quick response to customer's analysis re

quest. 
(4) Collection of customer's quality data in qualification, in

coming inspection, production and field use to improve 

PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 

reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 

gate electrode on the silicon substrate. It is operated by 

altering the conductance (gm) between source and drain to 

control mobile charges in the channel formed by the 

applied gate voltage. 

If a high voltage were applied to a gate terminal, the 

insulator-film under the gate electrode could be destroyed, 

and all Mitsubishi MOS IC/LSls contain internal protection 

circuits at each input terminal to prevent this. It is inherent

ly necessary to apply reverse bias to the P-N junctions of a 

MOS IC/LSI. 

Under certain conditions, however, it may be impossible 

to completely avoid destruction of the thin insulator-film due 

to the application of unexpectedly high voltage or thermal 

destruction due to excessive current from a forward biased 

P-N junction. Therefore the following recommendations 

should be followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 

1. The recommended ranges of operating conditions 

provide adequate safety margins. Operating within these 

limits will assure maximum equipment performance and 

quality. 

2. Forward bias should not be applied to any terminal since 

excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 

the power supply. Short-circuiting of a terminal to a 

power supply having low impedance may cause burn-out 

of the internal leads or thermal destruction due to 

excessive current. 

2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSls are not in use, both input and output 

terminals can be in a very high impedance state so that they 

are easily subjected to electrostatic induction from AC 

fields of the surrounding space or from charged objects 

in their vicinity. For this reason, MOS IC/LSls should be 

protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil, 

shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables should 

be covered with copper or aluminum plates of good 

conductivity, and grounded. One method of grounding 

personnel, after making sure that there is no potential 

difference with electrical equipment, is by the use of a 

wristwatch metallic ring, etc. attached around the wrist 

and grounded in series with a 1 M D. resistor. Be sure that 

the grounding meets national regulations on personnel 

safety. 

2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MOS IC/LSls, as described 

above. Items such as testers, curve-tracers and synchro

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSls 

1. The printed wiring lines between input and output ter

minals of MOS IC/LSls should not be close to or parallel 

to high-voltage or high-power signal lines. Turning pow

er on while the device is short-circuited, either by a sol

der bridge made during assembly or by a probe during 

adjusting and testing, may cause maximum ratings to be 

exceeded, which can result in the destruction of the 

device. 

2. When input/output, or input and/or output, terminals 

of MOS IC/LSls (now open-circuits) are connected, 

we must consider the possibility of current leakage and 

take precautions similar to §2 above. To reduce such 

undesirable trouble, it is recommended that an interface 

circuit be inserted at the input or output terminal, or a 

resistor with a resistance that does not exceed the 

output driving capability of the MOS IC/LSI be inserted 

between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 

supply line to absorb surges which can frequently be 

strong enough to destroy a MOS IC/LSI. 

4. Terminal connections should be made as described in the 

catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 

input or output terminals of any MOS IC/LSls, since 
destruction of the insulation may result if they become 

electrostatically charged. 

6. Equipment cases should provide shielding from electro

static charges for more reliable operation. When a plastic 

case is used, it is desirable to coat the inside of the case 

with conductive paint and to ground it. This is considered 

necessary even for battery-operated equipment. 
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M37710 Group 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

M37710 GROUP M37710 group expansion 
The M37710 group is a general purpose microcomputer and 
a higher group in rank than the M37702 group. This group has 
enhanced peripheral functions of the M37702 group. Espe
cially, the following were added: 

e10-bit A-D converter 
•B-bit D-A converter 
•Pulse output port 

The M3771 O group suits to needs of industrial and public wel
fare equipments in recent years and can realize a high-level 
control. 

FEATURES 
•Choice of low supply voltage; 2.7V-5.5V, wide operating 

temperature range ("L" version) 
•Choice of large internal memory 

•ROM .................................................................. 60K bytes 
·RAM ................................................................. 2048 bytes 

•Available one time PROM version and windowed EPROM 
version 

•Peripheral functions 
•110 port .......................................................................... 68 
•Interrupt ................................................. 19 types, 7 levels 
•Multiple function 16-bit timer ....................................... 5+3 
•Serial 1/0 (clock synchronous I asynchronous) ............... 2 
•1 O-bit A-D converter ............................... 8-channel inputs 
·8-bit D-A converter ......................................................... 2 
•12-bit watchdog timer 
•Pulse output port ............................... .4 bits X 2 channels 

APPLICATION 
Control devices such as Copier, HDD, Data terminal, Print 
engine for page printer, Cellular radio telephone, Cordless 
telephone, Radio communication, Personal information 
equipment, Electronic music instrument 

Type name 

Represent MELPS 7700 

/M377 10 M 4 B XXX FP 
Group designation/; 

Memo identification 
M :Mask ROM•RAM 
E :PROM•RAM 
S :RAM( external ROM) 

4 32K 
8 60K 

ROM Group name Memory size Frequency· Temp. Package 

type +Memory (Byte) • Supply Vol. (Note 1) 

identification ROM RAM B L 

Mask M37710M4 32K 1024 * -

ROM M37710M8 60K 2048 ** ** 80-pin 

One QFP 
M37710E4 32K 1024 • -

time (80P6N-A) 

PROM M37710E8 60K 2048 ** ** 
Windowed M37710E4 32K 1024 • I - 80-pin 

EPROM LCC 

(Note2) M37710E8 60K 2048 ** - (BODO) 

External 
2048 * -

80-pin QFP 
M37710S4 -

ROM (80P6N-A) 

e : NOW -{::( : NEW -{::(-{::( : UNDER DEVELOPMENT 

Note 1. "L" version's package is 80P6D-A. Confirm its pack
age on the following pages. 

2. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop
ment (for evaluation). 

;Ii About PROM version, refer to "Chapter 3 PROM VER
SION". 

Packa et e 
FP :QFP(O.Bmm lead pitch) 
HP :Fine-pitch QFP(0.5mm lead pitch) 
FS :QFN(ceramic type) 

External clock input frequency 
(operating temperature range) 

B :25MHz(Ta= -20 C to +85 C) 
L :BMHz(Ta= -40°C to +85°C, Vcc=3V) 
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M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3771 OM4BXXXFP is a single-chip microcomputer de
signed with high-performance CMOS silicon gate technolo

gy. This is housed i,n a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8-
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re
quire high-speed processing of large data. 

FEATURES 
• Number of basic instructions··································103 

• Memory size ROM ··············· ·· ····· ········ ···32K bytes 
RAM································ 1024 bytes 

• Instruction execution time 
The fastest instruction at 25MHz frequency········· 160ns 

• Single power supply·····································5V±10% 

• Low power dissipation (at 25MHz frequency) 
··························· 95mW (Typ.) 

• Interrupts········································· 19 types 7 levels 
e Multiple function 16-bit timer······························· 5+3 

(Pulse motor drive waveform can be output.) 

• UART (may also be synchronous) ····························· 2 
• 10-bit A-D converter·························· 8-channel inputs 

• 8-bit D-A converter · · · · ·· · · · · · · · · · · · · · · · · · · · · 2-channel outputs 
• 12-bit watchdog timer 
• Programmable input/output 

(ports PO, P1, P2, P3, P4, PS, P6, P7, P8) ················· 68 

PIN CONFIGURATION (TOP VIEW) 

s1 -P11IA9/09 
50 -P12IA10ID10 
49 -P13/A11 /0 11 

48 -P14/AnlD12 
47 -Pls/Ais/013 
46 -P1s/A14I01 4 
45 -Pl1/A1slD11:i 
44 -P20/A16/00 

43 -P21/A17t01 

42 -P22/A1 s/D~ 

1'=ii'On=Tirrr·===n===·'==r41 - P231A,9/D3 

It ! 1 I I I I I I I I I I 

Outline 80P6N-A 

*: Used in the evaluation chip mode only 

APPLICATION 
Control devices for office equipment such as copiers, prin
ters, typewriters, facsimiles, word processors, and personal 

computers 
Control devices for industrial equipment such as com
munication and measuring instruments 

NOTE 
Refer to "Chapter 5 PRECAUTIONS" when using this mic
rocomputer. 
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MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37710M4BXXXFP 
Parameter Functions 

Number of basic instructions 103 
- -------- - ------------- ----------+--------------------------------! 

160ns (the fastest instruction at external clock 25MHz frequency) Instruction execution time 
!---·----- -----·-----------------------------------t 

ROM 
Memory size !------------ . ---------·· 32K bytes 

1024 bytes RAM 
-----------·--1 ··---------

Input/Output ports 
PO-P2, P4-P8 
f-----------· -

P3 

8-bitX 8 ··--· ---- --·· .. --+------. ·----·-----·-----------------1 
4-bitX 1 

f----------------j---------------------·-------- --------f----------------------------1 

TAO, TA1, TA2, TA3, TA4 
Multi-function timers 

16-bitX 5 - ----- -------------- -----------· ______________ _, 
TBO. TB1, TB2 16-bitX 3 

r--------------~----------- ----------- . ·-j---------------------·-· ---------
Serial 1/0 (UART or clock synchronous serial l/O)X2 

A-D converter t-----------
0-A converter 

10-bitX 1 ( 8 channels) ····· · --------i-s:io1tx_2 _____________________ _ 
--------- ------------· -t-----------------------------1 

12-bitX 1 . ______________________________________ , Watchdog timer 
--------·· 

3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 --- 7 , ) 
Interrupts 

r------------ --- --------------- - ···--------
Clock generating circuit --------··--------- -.----~uilt-in(externally connected to a ceramic resonator or quartz crystal resonator) 

' 5 V±10% Supply voltage 
t----'-'--'------·· 

Power dissipation 95mW(at external clock 25MHz frequency) 

g~/Outp~ voltag-;-- . ---------··-- ------t-5-V___ ----------------1 

Input/Output characteristic ---------------------t-------- --------------------t 
put current 5 mA 

!----------- - ----- --------

Memory expansion 

Operating temperature range 

Device structure 
r------------------------·-·------

Package 

Maximum 16M b~yt_e_s ____ -·---------------l 
-2D-85°C 

CMOS high-performance silicon gate proc_e_ss __________ _, 

80-pin plastic molded QFP 

• MITSUBISHI 
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PIN DESCRIPTION 

Pin Name Input/Output 

Vee. Power supply 

Vss 

CNVss CNVss input Input 

RESET Reset input Input 

X1N Clock input Input 

XouT Clock output Output 

E Enable output Output 

BYTE Bus width selection input Input 

A Vee Analog supply input 

AVss 

VREF Reference voltage input Input 

P00-P01 1/0 port PO 1/0 

P1 0-P1 7 1/0 port P1 1/0 

P20-P27 1/0 port P2 1/0 

P30-P33 1/0 port P3 1/0 

P4o-P41 1/0 port P4 1/0 

P5o-P5, 1/0 port PS 1/0 

P60-P61 1/0 port P6 1/0 

r----
P7o-P71 1/0 port P7 1/0 

P80-P81 1/0 port PB 1/0 

2-8 

MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Functions 

Supply 5 V±10% to Vee and 0 V to Vss. 

This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 

types. 

To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re-

quired time. 

These are 1/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-

tween X1N and XouT· When an external clock is used, the clock source should be connected to the X1N pin 

and the X0 u1 pin should be left open. 

Data or instruction read and data write are performed when output from this pin is "L". 

In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 

8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 

Power supply for the A-0 converter. AVss is also used for 0-A converter. Connect AYcc to Vee and AVss to 

Vss externally. 

This is reference voltage input pin for the A-0 converter and the 0-A converter. 

In single-chip mode, port PO becomes an 8-bit 1/0 port. An 1/0 direction register is available so that each 

pin can be programmed for input ·or output. These ports are in input mode when reset . 

Address(A7---Ao)is output in memory expansion mode or microprocessor mode. 

In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 

me~ory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(015 ...... 0 8 )is input or output when E output is "L" and an address (A15 ...... A8 ) is output when E output is "H". 

lf the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15 ...... A8)is output. 

In single-chip mode, these pins have the same functions as port PO. tn memory expansion mode or microp-

rocessor mode low-order data(07 ......,Do) is input or output when E output is "L" and an address(A23 ...... A16)is 

output when E output is "H". 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode, R!W, BHE, ALE, and HLDA signals are output. 
-------

In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp-

rocessor mode, P4o and P41 become HOLD and ROY input pin respectively. Functions of other pins are the 

same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program-

med for ¢ 1 output pin divided the clock to X1N pin by 2. In microprocessor mode, P42 always has the func-

tion as ¢, output pin. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 

pins for timer AO, timer A1, timer A2 and timer A3. P5o ....... P56 also function as output pins for pulse motor 

drive waveform. 

In addition to having the same functions as port PO in sing!e-chip mode, these pins also function as 1/0 
-- -

pins for timer A4, external interrupt input INT0, lNT1 and INT2 pins, and input pins for timer BO, timer B1 and 

timer B2. P60 also functions as output pin for pulse motor drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

input AN 0---AN7 input pins. P71 also has an A-D conversion trigger input function. 

In addition to having the same functions as port PO in singleMchip mode, these pins also function as RxD, 

TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

BASIC FUNCTION BLOCKS 
The M37710M4BXXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 

data, CPU for processing, bus interface unit (which controls 
instruction pref etch and data read/write between CPU and 
memory), timers, UART, A-D converter, D-A converter, and 
other peripheral devices such as 1/0 ports. Each of these 

devices are described below. 

MEMORY 
The memory map is shown in Figure 1. The address space 

is 16M bytes from addresses 016 to FFFFFF16 . The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 016 to FF16 . 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 016. 

~·-·{ 

"""·{ 

Bank FE16 

Bank FF15 

00000016 

OOFFFF16 
01000016 

01 FFFF16 

FE000016 

FEFFFF16 

FF000016 

FFFFFF15 

Fig. 1 Memory map 

I 
I 

l': 

\ 
I 
I 
I 

000000,. 
00007F16 
00008015 

00047F16 

\ 00087F16 

\ 
\ 
\ 
I 

I 00800016 
I 
I 
I 
\ 
I 
I 
\ 
\ 
I 
\ 
\ 

OOFFD6 16 

OOFFFF16 

I 

\ 

The 32K bytes area from addresses 800016 to FFFF16 is the 
built-in ROM. Addresses FFD616 to FFFF16 are the RESET 

and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 
The 1024 bytes area from addresses 8016 to 47F16 contains 
the built-in RAM. In addition to storing data, the RAM is 

used as stack during a subroutine call, or interrupts. 
Assigned to addresses 016 to 7F16 are peripheral devices 
such as 1/0 ports, D-A converter, A-D converter, UART, 
timer, and interrupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 016 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 

Internal RAM 

1024 bytes 

Reserved area 

(Do not use) 
\this area. 

Internal ROM 

32K bytes 

I' 

~ 

-- - - - - .--------. 
00000015 

"
"

"-
" "-

"-
" 

Peripheral devices 
control registers 

( see Fig. 2 for ) 
\ further information 

00007F16 --------' 

I 
I 

I 

I 
I 

I 

OOFFD6 16 
I 

I 

I 

I 
I 

I 
I 

Interrupt vector table 

A-D conversion 

UART1 transmission 
UART1 receive 

UARTO transmission 
UARTO receive 

Timer B2 
Timer B1 

f---Timer BO -
TimerA4-~ 

Timer A3 
Timer A2 

c------rimer A 1 ' 
1--· _Timer A_O - ·---1 

r--------- INT 2 ____ 

INT1 ·---1 

I t---=-c-1 NT 0 

Watchdog timer 

DBC 
BAK instruction 

Zero divide ---
OOFFFE 16 RESET 
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MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Address (Hexadecimal notation) Address (Hexadecimal notation) 
000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OOOOOA 
OOOOOB 
oooooc 
000000 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
00001B 
000019 
00001A 
00001B 
00001C 
000010 
00001E 
00001F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
00002B 
000029 
00002A 
00002B 
00002C 
000020 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
00003B 
000039 
00003A 
00003B 
00003C 
000030 
00003E 
00003F 

Port PO 
Port P1 
Port PO data direction r~ster 
Port P1 data direction rE!91ster 
Port P2 
Port P3 
Port P2 data direction rllgister 
Port P3 data direction rllgister 
Port P4 
Port P5 
Port P4 data direction rllgister 
Port P5 data direction rllgister 
Port P6 
Port P7 
Port P6 data direction r~ster 
Port P7 data direction r~ster 
Port PB 

Port PB data direction r1!9.lster 

0-A rflgister 0 

D-Arllgister1 

A-0 control r~ster 0 
A-0 control rflgister 1 

A-0 register 0 

A-0 register 1 

A-0 register 2 

A-0 register 3 

A-0 register 4 

A-0 register 5 

A-0 register 6 

A-0 register 7 

UART 0 transmit/receive mode rllgister 
UART 0 bit rate_g_enerator 

UART 0 transmission buffer register 

UART O transmit/receive control r~ster O 
UART O transmit/receive control register 1 

UART 0 receive buffer register 

l,!_l\RT 1 transmit/receive mode r~ster 
UART 1 bit rate J1_enerator 

UART 1 transmission buffer register 

UART 1 transmit/receive control rflgister 0 
UART 1 transmit/receive control rflgister 1 

UART 1 receive buffer register 

000040 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
00004B 
000049 
00004A 
000048 
00004C 
000040 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
00005B 
000059 
00005A 
000058 
00005C 
000050 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
000068 
000069 
00006A 
00006B 
00006C 
000060 
00006E 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
00007B 
00007C 
000070 
00007E 
00007F 

Fig. 2. Location of peripheral devices and interrupt control registers 

2-10 A~ 

Count start fl~ 

One-shot start fl~ 

~down fl~ 

Timer AO 

TimerA1 

Timer A2 

Timer A3 

Timer A4 

Timer BO 

TimerB1 

Timer 82 

Timer AO mode rllgister 
Timer A1 mode rllgister 
Timer A2 mode rllgister 
Timer A3 mode rllgister 
Timer A4 mode rllgister 
Timer BO mode rllgister 
Timer 81 mode rllgister 
Timer B2 mode r~ster 
Processor mode rllgister 0 
Processor mode rflgister 1 
Watch<!Qg_ timer 
Watch<!Qg_ timer fr~uen<2'._ selection fl~ 
Waveform ou~t mode rflgister 

Pulse ou~t data rllgister 1 
Pulse ou~t data rllgister 0 
Reserved area (Note) 

A-0 conversion interrl!£! control rllgister 
UARTO transmission interr'!E) control r~ster 
UARTO receive interr'!£! control rllgister 
UART1 transmission interr'!Q!_ control r~ster 
UART1 receive interr'!£! control rflgister 
Timer AO interr'!£! control r~ster 
Timer A 1 interrl!£! control r~ster 
Timer A2 interrl!£! control r~ster 
Timer A3 interrl!£! control r~ster 
Timer A4 interrl!£! control rllgister 
Timer BO interr'!£! control rflgister 
Timer B1 interrl!£! control rflgister 
Timer B2 interr'!£! control rflgister 
I NT 0 interrl!£! control rElgister 
INT1 interr'!£! control r~ster 
INT2 interrl!£! control r~ster 

Note : Do not write to this address. 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 

of these registers is described below. 

ACCUMULATOR A (A) 
Accumulator A is the main register of the microcomputer. It 

consists of 16 bits and the lower 8 bits can be used separ

ately. The data length flag m determines whether the regis

ter is used as 16-bit register or as 8-bit register. It is used 

as a 16-bit register when flag m is "O" and as an 8-bit reg

ister when flag m is "1". Flag m is a part of the processor 

status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 

output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 
Accumulator B has the same functions as accumulator A, 

but the use of accumulator B requires more instruction 

bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 
Index register X consists of 16 bits and the lower 8 bits can 

be used separately. The index register length flag x deter

mines whether the register is used as 16-bit register or as 

8-bit register. It is used as a 16-bit register when flag x is 

"O" and as an 8-bit register when flag x is "1 ". Flag x is a 

part of the processor status register (PS) which is de

scribed later. 

15 

In index addressing mode, register X is used as the index 

register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 

MVN, the contents of index register X indicate the low

order 16 bits of the source data address. The third byte of 

the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 
Index register Y consists of 16 bits and the lower 8 bits can 

be used separately. The index register length flag x deter

mines whether the register is used as 16-bit register or as 

8-bit register. It is used as a 16-bit register when flag x is 

"O" and as an 8-bit register when flag x is "1 ". Flag x is a 

part of the processor status register (PS) which is de

scribed later. 

In index addressing mode, register Y is used as the index 

register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 

MVN, the contents of index register Y indicate the low

order 16 bits of the destination address. The second byte of 

the MVP and MVN is the high-order 8 bits of the destina

tion data address. 

7 0 

I AH 
15 

I A, I Accumulator A .,.,,_ ____ -"------.....,7...------'-----~o 

7 0 

I PG I Program bank register PG 

7 0 

I OT I Data bank register OT 

Fig. 3 Register structure 

I BH 
15 

XH I 
15 

I XL I tndex register X .,.,,. ______________ ~7,..-------------0~ 

YH I 
15 

l Y, I index register Y .,.,,. ______________ .._ ____________ ~a~ 

I s 
15 
.._ ______________ P_c ______________ 

0
_. Program counter PC 

15 

I 
15 
.,.... ______________ ...,,.. ____________ __.! Direct page register DPR 

0 0 0 0 

Carry flag 
Zero flag 
Interrupt disable flag 

~--- Decimal mode flag 
~---- Index register length flag 

Data lengtn flag 
~------Overflow tlag 

~-------Negative flag 
Processor interrupt priority level IPL 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

STACK POINTER (S) 
Stack pointer (S) is a 16-bit register. It is used during a 

subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in

dexed Y addressing mode. 

PROGRAM COUNTER (PC) 
Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem

ory is accessed through bus interface unit. This is de
scribed later. 

PROGRAM BANK REGISTER (PG) 
Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 

using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 

DATA BANK REGISTER (OT) 
Data bank register (OT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (OT) is 
used to specify a memory address. The contents of data 
bank register (OT) is used as the high-order 8 bits of a 24-
bit address. Addressing modes that use the data bank reg
ister (OT) are direct indirect, direct indexed X indirect, 

direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 

DIRECT PAGE REGISTER (DPR) 
Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 016, but 
when the contents of DPR is FF01 16 or greater, the direct 
page area spans across bank 016 and bank 116 . All direct 
addressing modes use the contents of the direct page reg
ister ( DPR) to generate the data address. If the low-order 8 

bits of the direct page register (DPR) is "0016", the number 
of cycles required to generate an address is minimized. 

Normally the low-order 8 bits of the direct page register 
( DPR) is set to "0016". 

PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 
Branch operations can be performed by testing the flags C, 
Z, V, and N. 
The details of each processor status register bit are de
scribed below. 

1. Carry flag (C) 
The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 

affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 
This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag ( I ) 
When the interrupt disable flag is set to "1", all interrupts 

except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to "1" automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 
The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is "O". If it is "1 ", de
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 

using four digits when the data length flag m is "O'' and with 
two digits when it is "1". (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 

2-12 • MITSUBISHI 
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5. Index register length flag (x) 
The index register length flag determines whether index 

register X and index register Y are used as 16-bit registers 

or as 8-bit registers. The registers are used as 16-bit regis

ters when flag x is "O" and as 8-bit registers when it is "1 ". 

This flag can be set and reset with the SEP and CLP in

structions. 

6. Data length flag (m) 
The data length flag determines whether the data length is 

16-bit or 8-bit. The data length is 16-bit when flag m is "O" 

and 8-bit when it is "1". This flag can be set and reset with 

the SEM and CLM instructions or with the SEP and CLP in

structions. 

7. Overflow flag (V) 
The overflow flag has meaning when addition or subtraction 

is performed a word as signed binary number. When the 

data length flag m is "O", the overflow flag is set when the 

result of addition or subtraction is outside the range be
tween -32768 and +32767. When the data length flag m 

is "1 '', the overflow flag is set when the result of addition or 

subtraction is outside the range between -128 and + 127. 

It is reset in all other cases. The overflow flag can also be 

set and reset directly with the SEP, and C LV or CLP in

structions. 

8. Negative flag (N) 
The negative flag is set when the result of arithmetic op

eration or data transfer is negative (If data length flag m is 

"O", when data bit 15 is "1". If data length flag m is "1", 

when data bit 7 is "1".) It is reset in all other cases. It can 

also be set and reset with the SEP and CLP instructions. 

D',s.--...D's 

~o ,- 0 

A'23..._.A'o 

CPU 

Control signal 

9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (I PL) consists of 3 bits 

and determines the priority of processor interrupts from 

level 0 to level 7. Interrupt is enabled when the interrupt 

priority of the device requesting interrupt (set using the in

terrupt control register) is higher than the processor inter

rupt priority. When interrupt is enabled, the current proces

sor interrupt priority level is saved in a stack and the pro

cessor interrupt priority level is replaced by the interrupt 

priority level of the device requesting the interrupt. Refer to 

the section on interrupts for more details. 

BUS INTERFACE UNIT 
The CPU operates on an internal clock frequency which is 

obtained by dividing the external clock frequency f <x,"I by 
two. This frequency is twice the bus cycle frequency. In 

order to speed-up processing, a bus interface unit is used 

to pre-fetch instructions when the data bus is idle. The bus 

interface unit synchronizes the CPU and the bus and pre

fetches instructions. Figure 4 shows the relationship be
tween the CPU and the bus interface unit. The bus inter

face unit has a program address register, a 3-byte instruc

tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 

obtains data from memory and stores it in the data buffer, 

or writes the data from the data buffer to the memory. 

D,s.--...Da 

-v 
o,-o, 

-v -:> 
A23-Ao 

-" 
-v' -v 

Bus interface -
BHE 

unit R/W 
E 

ALE 
-" BYTE 

--
HOLD 

Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
( 1 ) to ( 1 O) shown in Figure 5. The standard waveforms are 
(1)and(2). 
The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 

"L" state. 

Internal clock ¢ 

Port P2 ~ 
E ---i.__s--

(I) 

ALE ____fl___ 
~ 

Access term 

Port P2 ~ 
E ~ 

(2) 
ALE _n__n__ 

Access term 

Port P2 ~ 
E --i_____r--

(3) ____n___ ALE 

Access term 

Port P2 ~ 
E ~ 

(4) 
___J"L__JL__ ALE 

Access term 

Port P2 ~ 
E ~ 

(5) 
___f"L___j"L_ ALE 

Access term 

Port P2 ~ 
E ---i__fl___J 

(6) ___fL___fl____ ALE 

Access term 

Waveform ( 1) in Figure 5 is used to access a single byte or 

two bytes simultaneously. To read or write two bytes simul
taneously, the first address accessed must be even. Furth
ermore, when accessing an !lXternal memory area in mem
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to "L". (external data bus 

width to 16 bits) The internal memory area is always tre
ated as 16-bit bus width regardless of BYTE. 

Internal clock ¢ 

Port P2 

E 
(7) 

ALE 

Port P2 

E 
(8) 

ALE 

Port P2 

E 
(9) 

ALE 

(10) 

A: Address 

D: Data 

~ 
----i____r-

___fl__ 

Access term 

Access term 

____J"l_____fl_ 

Access term 

Access term 

D 

- These waveforms are at the memory expansion mode and the 
microprocessor mode. 

~ Access 2-byte Access even Access odd 

I 

od 

simultaneously address 1-byte address 1-byte 

Ao "L" "L" "H" 

BHE "L" "H" "L" 

Fig. 5 Relationship between access method and signals A0 and BHE 
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When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 

However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform ( 1 ) is 
used, and only one byte is read in the instruction queue 

buffer. 
The signals A0 and BH E in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 

to odd address, or 2-byte simultaneous write to even and 
odd addresses. The A0 signal that is the address bit 0 is 
"L" when an even number address is accessed. The BHE 
signal becomes "L" when an odd number address is 
accessed. 
The bit 2 of processor mode register 0 (address 5E16 ) is 
the wait bit. When external memory area is accessed in 
memory expansion mode or microprocessor mode with this 
bit set to "O", the width of E signal is extended and access 
time can be extended. 
There are two ways to extend the access time and they are 
selected with the processor mode register 1 (address 
5F16 ) bit 0. 
When this bit is set to "1", the "L" width of E signal in (1) 
becomes twice as Jong as in (3) and the access time be
comes 1.5 times (wait 1). When this bit is set to "O", the 
ALE signal in ( 1) and E signal are extended as in (7) and 
the access time is doubled (wait O). 
However, these signals are not extended when accessing 

internal memory area. 
When the wait bit is set to "1", these signals are not ex
tended when accessing either memory area regardless of 
the value of processor mode register 1 bit 0. 
Waveform (4), (5), and (6) show the entire waveform, first 
half, and last half respectively of waveform ( 2) for wait 1. 
Waveform (8), (9), and (10) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 0. 
Instruction code read, data read, and data write are de
scribed below. 
Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc

tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 

together with the instruction code and stored in the instruc
tion queue buffer. 
However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is "H", external 

data bus width is 8 bits and the address to be read is in ex
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1 ), (3) or (7) in Figure 5 is used for instruction code read. 

Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (10) in Figure 5 to perform the op

eration. 
During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result in the data buffer. 
During data write, the CPU writes the data in the data buf
fer and the bus interface unit writes it to memory. There
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 

memory. 
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6'ELECTRIC 2-15 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

Table 1. Interrupt types and the interrupt vector 
addresses 

DBC is an interrupt used during debugging. 
Interrupts other than reset, DBC, watchdog timer, zero di
vide, and BRK instruction all have interrupt control regis
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in
terrupt control register. 
Use the SEB and CLB instructions when setting each inter
rupt control register. 
The interrupt request bit is automatically cleared by the 

hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 
I NT 2 to I NT 0 are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 

sense selection bit. Furthermore, the polarity of the inter
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts are described in the respective 
section. 
The priority of interrupts when multiple interrupts are 

caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other inte~rupts 

76543210 

IXlXMXJ I~ 
I Interrupt priority 

Interrupt request bit 

0 : No interrupt 

1 : Interrupt 

Interrupts 

A-0 conversion 

UART1 transmit 

UART1 receive 

UARTO transmit 

UARTO receive 

Timer B2 

Timer B1 

Timer BO 

Timer A4 

Timer A3 

Timer A2 

TimerA1 

Timer AO 

INT2 external interrupt 

INT1 external interrupt 

I NT 0 external interrupt 

Watchdog timer 

DBC (unusable) 

Break instruction 

Zero divide 

Reset 

Vector addresses 

OOFFD615 OOFFD716 

OOFFD816 OOFFD916 

OOFFDA15 OOFFDB16 

OOFFDC" OOFFDD16 

OOFFDE16 OOFFDF16 

OOFFE016 OOFFE11e 

OOFFE216 OOFFE316 

OOFFE4" OOFFE516 

OOFFE616 OOFFE7 16 

OOFFE816 OOFFE916 

OOFFEA16 OOFFEB16 

OOFFEC 16 OOFFED16 

OOFFEE" OOFFEF" 

OOFFF016 OOFFF1 16 

OOFFF2 16 OOFFF316 

OOFFF41e OOFFF516 

OOFFF6" OOFFF716 

OOFFF816 OOFFF916 

OOFFFA" OOFFFB16 

OOFFFC16 OOFFFD16 

OOFFFE16 OOFFFF15 

Interrupt control register configuration for A-0 coriverter, UAATO, UART1, timer AO to timer A4, and timer BO to timer B2 

76543210 

1Xf8111IJIJ l ~ Interrupt priority 

Interrupt request bit 

0 : No interrupt 

1 : Interrupt 
~----- Polarity selection bit 

0 : Set interrupt request bit at "H" level for level sense and when changing from "H" to "L" 
level for edge sense. 

1 : Set interrupt request bit at "L" level for level sense and when changing from "L" to "H" 
level for edge sense 

~------ Level sense/edge sense selection bit 

0 : Edge sense 

1 : Level sense 

Interrupt control register configuration for INT2-INT0 . 

Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 

Interrupt control registers Addresses 

A-D conversion interrupt control register 000070,. 

UARTO transmit interrupt control register 00007115 

UARTO receive interrupt control register 000072,. 

UART1 transmit interrupt control register 000073,. 

UART1 receive interrupt control register 000074,. 

Timer AO interrupt control register 00007510 

~_er Al interrupt control register 000076,. 

Timer A2 interrupt control register 000077,. 

t-:ri,;:,er A3 interrupt control register 000078,. 

Timer A4 interrupt control register 000079,. 

Timer BO interrupt control register 00007A16 

Timer 81 interrupt control register 00007B,. 

Timer B2 interrupt control register 00007C16 

INT0 interrupt control register 000070,. 

INT1 interrupt control register 00007E16 

INT2 interrupt control register 00007F16 

Interrupts caused by a BRK instruction and when dividing 

by zero are software interrupts and are not included in this 

list. 
Other interrupts previously mentioned are A-D converter, 

UART, Timer, INT interrupts. The priority of these interrupts 

can be changed by changing the priority level in the cor

responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de

vice compares its own priority with the priority from above 

and if its own priority is higher, then it sends the priority be

low and requests the interrupt. If the priorities are the 

same, the one above has priority. 
This comparison is repeated to select the interrupt with the 

highest priority among the interrupts that are being re

quested. Finally the selected interrupt is compared with the 

processor interrupt priority level (I PL) contained in the pro

cessor status register (PS) and the request is accepted if it 

is higher than IPL and the interrupt disable flag I is "O". The 
request is not accepted if flag I is "1 ''. The reset, DBC, and 

watchdog timer interrupts are not affected by the interrupt 

disable flag I. 
When an interrupt is accepted, the contents of the proces

sor status register (PS) is saved to the stack and the inter
rupt disable flag I is set to "1''. 

Furthermore, the interrupt request bit of the accepted inter

rupt is cleared to "O" and the processor interrupt priority 

level (IPL) in the processor status register (PS) is replaced 

by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re
setting the interrupt disable flag I to "O" and enable further 

interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in

struction interrupts, which do not have an interrupt control 

register, the processor interrupt level (IPL) is set as shown 

in Table 3. 

Priority resolution is performed by latching the interrupt re

quest bit and interrupt priority level so that they do not 

change. They are sampled at the first half and latched at 

the last half of the operation code fetch cycle. 
Because priority resolution takes some time, no sampling 

pulse is generated for a certain interval even if it is the next 

operation code fetch cycle. 

Priority is determined by hardware 

~--~ 

© @ (£) (j) 

,------------, 
1 ll__r-1_ _111 ~ r;::i ~ 
1L___fl__J·------~ 

L - - - - - - - - - - -~ 

A-0 converter, UART, Timer, JNT interrupts 

Priority can be changed with software inside (4) 

Fig. 7 Interrupt priority 

A-0 conversion 

Interrupt request UART1 transmit 

Reset 

DBC 

Watchdog 
timer 

IPL 

UART1 receive 

UARTO transmit 

UARTO receive 

Timer B2 

Timer Bl 

Timer BO 

Timer A4 

Timer A3 

Timer A2 

Timer Al 

Timer AO 

INT1 

INT0 

Fig. 8 Interrupt priority resolution 

Level 0 
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As shown in Figure 9, there are three different interrupt 

priority resolution time from which one is selected by soft

ware. After the selected time has elapsed, the highest 

priority is determined and is processed after the currently 

executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 

mode register 0 (address 5E16 ) shown in Figure 10. Table 4 

shows the relationship between these bits and the number 

of cycles. After a reset, the processor mode register is in

itialized to "0016" and therefore, the longest time is 

selected. 
However, the shortest time should be selected by software. 

Fig. 9 

Internal clock ¢ 

Operation code fetch cycle 

Sampling pulse 

Priority resolution time 1
0 

[

Select from 0 to 2 with bits~ 1 
4 and 5 of the processor 

mode register 0 l 2 __J 

Interrupt priority resolution time 

7 6 5 4 3 2 

I I I 
1 

l l 
0 

Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 

Interrupt types Setting value 

Reset 0 
DBC 7 
Watchdog timer 7 
Zero divide Not change value of IPL. 

BRK instruction Not change value of IPL. 

Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 

Priority level resolution time selection bit 
Number of cycles 

Bit 5 Bit 4 

0 0 7 cycles of¢ 

0 1 4 cycles of¢ 

1 0 2 cycles of¢ 

¢ : internal clock 

J Processor mode register 0(5E16 ) [ I 0I 
-LI_ Processor mode bits 

Fig. 10 

2-18 

0 0 : Single-chip mode 

0 1 : Memory expansion mode 

1 0 : Microprocessor mode 

1 1 : Evaluation chip mode 

Wait bit 

0 : Wait 

1 : No Wait 

Software reset bit 

The processor is reset when this bit is set to "1 ". 

I l Priority resolution time selection bit 

0 0 : Select 0 in Figure 9 

0 1 : Select 1 in Figure 9 

1 0 : Select 2 in Figure 9 

Test mode bit 

Must be ""O'' 
Clock 1', output selection bit 

0 : No 1' 1 outp•Jt 
1 : ¢>,output 

Processor mode register 0 configuration 
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TIMER 
There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 
The timer 1/0 pins are shared with 1/0 pins for port P5 and 

P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to "O" 
to specify input mode. 

TIMER A 
Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register ( i = O to 4) . Each of these modes is de
scribed below. 

f, 

f(X,N) 

Clock source selection 

f, -'------{) 

f512----0 

1,. 

•Timer 
•One-shot 

f32 

• Pulse width modulation 

Timer( gate function) 

Event counter 

(1) Timer mode (00) 
Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "O" in timer mode. 
Bit 3 is ignored if bit 4 is "O". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "O". 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 000016. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 

'·· f512 

(Higher 8 bits) 

Reload register(l6) 

Addresses 

Up/Down TimerAO 47, 6 4616 Polarity 
selection 

Count start flag (Always decremented ) Timer A1 49,6 48, 6 

TAiouT 
(i=0-4) 

External trigger 

Fig. 11 Block diagram of timer A 

(40,.) 

Down count --o 

Up-down flag f--o 
(44,.) 

l except in event count mode TimerA2 4816 4A16 

Timer A3 40,6 4C,. 

TimerA4 4F,6 4E,6 
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When bit 2 of the timer Ai mode register is "1", the output 
is generated from TAiouT pin. The output is toggled each 
lime the contents of the counter reaches to 000016. When 
the contents of the count start flag is "O", "L" is output from 
TAiouT pin. 
When bit 2 is "O", T AiouT can be used as a normal port pin. 
When bit 4 is "O", TAi1N can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in
put signal from the TAi1N pin is "H" or "L" as shown in Fi
gure 14. Therefore, this can be used to measure the pulse 
width of the TAi1N input signal. Whether to count while the 
input signal is "H" or while it is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAi1N pin input 

6 5 3 

0 

signal is "H" and if bit 3 is "O", counting is performed while 
it is "L". 
Note that the duration of "H" or "L" on the TAi1N pin must be 
two or more cycles of the timer count source. 
When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload lime. The contents of 
the counter can be read at any time. 
When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1 /( n +1 ) . 

Addresses 

Timer AO mode register 56,5 

Timer A1 mode register 57,. 

Timer A2 mode register 58,. 

Timer A3 mode register 59,. 

Timer A4 mode register 5A16 

O O : Always "'00" in timer mode 

0 : No pulse output (TAiouT is normal port pin) 

1 : Pulse output 

0 X : No gate function (TAi1N is normal port pin) 

1 0 : Count only while TAi1N input is "L" 

1 1 : Count only while TAi1N input is "H" 

O : Always "O" in timer mode 

Clock source selection bit 

0 0 : Select 12 

0 1 : Select I,. 

1 0 : Select 164 

1 1 : Select 1,,, 

Fig. 12 Timer Al mode register bit configuration during timer mode 
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Count start flag 

[JJII1111 (Stop at "O", Start at "1") 

Address 

4015 

1 Timer AO count start flag 

Timer A 1 count start flag 

Timer A2 count start flag 

Timer A3 count start flag 

Timer A4 count start flag 

Timer BO count start flag 

Timer Bf count start flag 

Timer B2 count start flag 

Fig. 13 Count start flag bit configuration 

Selected clock source fi 

_J 

Timer mode register 

Bit 4 Bit 3 

Timer mode register 

Bit 4 Bit 3 

Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 
Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit O of the timer Ai mode register must be "1" and bit 1 
and 5 must be "O". 
The input signal from the TAi1N pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it is "O". 
Count is performed at the fall of the input signal when bit 3 
is "O" and at the rise of the signal when it is "1 ". 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in

put signal from the TAiouT pin. 
When bit 4 of the timer Ai mode register is "O", the up
down flag is used to determine whether to increment or de
crement the count (decrement when the flag is "O" and in
crement when it is "1 "). Figure 16 shows the bit configura
tion of the up-down flag. 
When bit 4 of the timer Ai mode register is "1", the input 

signal from the TAiouT pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 

must be "O" if bit 4 is "1" because ii bit 2 is "1", TAiouT pin 
becomes an output pin with pulse output. 
The count is decremented when the input signal from the 
TAiouT pin is "L" and incremented when it is "H". Deter
mine the level of the input signal from the TAiouT pin be
fore valid edge is input to the TAi1N pin. 
An interrupt request signal is generated and the interrupt 

request bit in the timer Ai interrupt control register is set 
when the counter reaches 000016 (decrement count) or 
FFFF16 (increment count). At the same time, timers AO and 
A 1 transfer the contents of the reload register to the coun

ter and continue counting. 
Timers A2, A3, and A4 transfer the contents of the reload 
register to the counter and continue count when bit 6 of the 
corresponding timer Ai mode register is "O", but when bit 6 
is "1 ", they continue counting without transferring the con
tents of the reload register to the counter. 
When bit 2 is "1", the waveform reversing polarity is output 

from TAiouT pin each time the counter reaches 000016 

(decrement count) or FFFF16 (increment count). If bit 2 is 

"O", TAiouT pin can be used as a normal port pin. However, 
if bit 4 is "1" and the TAiouT pin is used as an output pin, 

· the output from the pin changes the count direction. There

fore, bit 4 must be "O" unless the output from the TAiouT pin 
is not to be used to select the count direction. 
Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 

which is halted, it is also written to the reload register and 
the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time and continues counting. For timer 

2-22 

Addresses 

/ Timer AO mode register 

Timer Al mode register 

Timer A2 mode register 

Timer A3 mode register 

sa,. 
se,. 

:::: lj 

7 6 5 4 3 2 1 0 \ Timer A4 mode register 5A1e 

l[IJoJ I I JoJ1J 
Tll_ 0 

0
1 : Always "01" in event counter mode 

L_ : No pulse output 

1 : Pulse output 

0 : Count at the falling edge of input 
signal 

1 : Count at the rising edge of input 
signal 

0 : Increment or decrement according 
to up/down flag 

1 : Increment or decrement according 
to TAiouT pin input signal level 

L 0 : Always "O" in event counter mode 
~------ This bit is available for timers A2, A3, 

and A4. 

0 : Reload 

1 : No reload 

~------- This bit is available for timer A3. 

0 : Two-phase pulse signal processing 
in the same manner as timer A2 

1 : Two-phase pulse signal processing 
in the same manner as timer A4 

Fig. 15 Timer Ai mode register bit configuration during 
event counter mode 

7 6 5 4 3 2 1 0 Address 
L l l l l l l l J Up-down flag 44,. 

I1 "-" ,,..,_ "" 
Timer Al up-down flag 

Timer A2 up-down flag 

Timer A3 up-down flag 
Timer A4 up-down flag 

Timer A2 two-phase pulse signal 
processing selection bit 

0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 
mode 

Timer A3 two-phase pulse signal 

processing selection bit 

0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 

mode 
Timer A4 two-phase pulse signal 
processing selection bit 

0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 
mode 

Fig. 16 Up-down flag bit configuration 
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A2, A3, and A4, the contents of the reload register are not 

reloaded in the counter when bit 6 of the corresponding 
timer Ai mode register is "1". The contents of the counter 

can be read at any time. 
Furthermore, in event counter mode, whether to increment 
or decrement the counter can also be determined by sup
plying two-phase pulse input with phase shifted by 90' to 
timer A2, A3, or A4. There are two types of two-phase pulse 

processing operations. One uses timer A2 and the other 
uses timer A4. Timer A3 can select one of these two opera
tions with bit 7 of the timer A3 mode register. In either pro-
cessing operation, two-phase pulse is input in the same 
way, that is, pulses out of phase by 90' are input at the 

TAiour (j = 2 to 4) pin and TAj1N pin. 
When timer A2 is used, as shown in Figure 17, the count is 

TA2our 

TA21N 

Increment Increment Increment Decrement Decrement Decrement 
count count count count count count 

Fig. 17 Two-phase pulse processing operation of timer 
A2 

TA4our 

Increment count at each edge Decrement count at each edge 

incremented when a rising edge is input to the TA21N pin TA41N 

.after the level of TA2our pin changes from "L" to "H", and 
when the falling edge is input, the count is decremented. 
For timer A4, as shown in Figure 18, when a phase related 

pulse with a rising edge input to the TA41N pin is input after 
the level of TA4our pin changes from "L" to "H", the count 

is incremented at the respective rising edge and falling 
edge of the TA4our pin and TA41N pin. When a phase re-
lated pulse with a falling edge input to the TA4our pin is in-
put after the level of TA41N pin changes from "H" to "L", the 
count is decremented at the respective rising edge and 
falling edge of the TA41N pin and TA4our pin. 
When performing this two-phase pulse signal processing, 
timer Aj mode register bit O and bit 4 must be set to "1" 
and bits 1, 2, 3, and 5 must be set to "O" as shown in Figure 

19. 
Bit 7 is used to select whether to perform two-phase pulse 
signal processing for timer A3 in the same manner as timer 
A2 or as timer A4. When this bit is "O", two-phase pulse 
signal processing for timer A3 is performed in the same 
manner as timer A2 and when it is "1", it is performed in 
the same manner as timer A4. This bit is ignored for timer 

A2 and A4. 
.Note that bits 5, 6, and 7 of the up-down flag (address 
4416 ) are the two-phase pulse signal processing selection 

bit for timer A2, A3, and A4 respectively. 
Each timer operates in normal event counter mode when 
the corresponding bit is "O" and performs two-phase pulse 

signal processing when it is "1". 
Count is started by setting the count start flag to "1". Data 
write and read are performed in the same way as for nor
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two
phase pulse signal is input. Also, there can be no pulse 

output in this mode. 

'-----v-----' '-----v-----' 

Increment count at each edge Decrement count at each edge 

Fig. 18 Two-phase pulse processing operation of timer 
A4 

7 6 

Addresses 

Timer A2 mode register 5816 l 
Timer A3 mode register 5916 

Timer A4 mode register 5A16 

0 1 : Always "01" in event counter mode 

~~~--- 0 1 0 0 : Always "0100" when processing 

two-phase pulse signal 

0 : Reload 

1 : No reload 

------ This bit is available for timer A3 

0 : Two-phase pulse signal processing 

in the same manner as timer A2 

: Two-phase pulse signal processing 
in the same manner as timer A4 

Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode (10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be "O" and bit 1 and bit 2 must 
be "1". 
The trigger is enabled when the count start flag is "1". The 
trigger can be generated by software or it can be input 
from the TAi1N pin. Software trigger is selected when bit 4 
is "O" and the input signal from the TAi1N pin is used as the 
trigger when it is "1 ". 
Bit 3 is used to determine whether to trigger at the fall of 

the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is "O" and at the rise of the 
trigger signal when it is "1 ". 
Software trigger is generated by setting the bit in the one
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 
As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 000016, the TAiouT pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 
When the counter reaches 0001 16, The TAiouT pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe
ated each time a trigger signal is received. The output 
pulse width is 

pulse frequency of the selected clock 

X(counter's value at the time of trigger). 
If the count start flag is "O", TAiouT goes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal. can be received be
fore the operation for the previous trigger signal is com
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 
Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig
gering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
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Undefined data is read when timer Ai is read. 

Addresses] 

[ 

Timer AO mode register 5616 

Timer A 1 mode register 57,6 

Timer A2 mode register 5810 

Timer A3 mode register 5910 

Timer A4 mode register SA, 6 

1 0 : Always ''1 O" in one-shot pulse mode 

I 

: Always "1" in one-shot pulse mode 

J_ --- 0 X : Software trigger 

0 : Trigger at the falling edge of TAi," 
input 

1 : Trigger at the rising edge of(TAi," 
input 

0 : Always "O"" in one-shot pulse mode 

~------ Clock source selection 

0 0 : Select f2 

0 1 : Select f, 6 

1 0 : Select f64 

1 1 : Select f512 

Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 

One-shot start flag 

Timer AO one-shot start flag 

Timer A 1 one-shot start flag 

Timer A2 one-shot start flag 

~--- Timer A3 one-shot start flag 

~---- Timer A4 one-shot start flag 

Fig. 21 One-shot start flag bit confi!iluration 

Address 

42,. 



Selected 

clock source fi 

TAi1N 

(in case of 
the rising edge) 

TAiouT 

MITSUBISHI MICROCOMPUTERS 
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....______.n.___ __ 

Example when the contents of the reload register is 000316 

Fig. 22 Pulse output example when external rising edge is selected 

Selected 

clock source fj 

TAi1N 

(in case of 
the rising edge) _Jl~n~-----
TAiouT 

Example when the contents of the reload register is 000416 

Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 24 shows the bit configuration of the timer Ai mode 

register during pulse width modulation mode. In pulse 

width modulation mode, bits 0, 1, and 2 must be set to "1". 

Bit 5 is used to determine whether to perform 16-bit length 

pulse width modulator or 8-bit length pulse width modula

tor. 16-bit length pulse width modulator is performed when 

bit 5 is "O" and 8-bit length pulse width modulator is per

formed when it is "1". The 16-bit length pulse width mod

ulator is described first. 

The pulse width modulator can be started with a software 

trigger or with an input signal from a TAi 1N pin (external 

trigger). 

The software trigger mode is selected when bit 4 is "O". 

Pulse width modulator is started and pulse is output from 
TAiouT when the timer Ai start flag is set to "1". 

The external trigger mode is selected when bit 4 is "1 ". 

Pulse width modulator starts when a trigger signal is input 

from the TAi1N pin when the timer Ai start flag is "1". 

Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 

signal when bit 3 is "O" and at the rise when it is "1 ". 

When data is written to timer Ai with the pulse width mod

ulator halted, it is written to the reload register and jhe 

counter. 

Then when the timer Ai start flag is set to "1" and a soft
ware trigger or an external trigger is issued to start modula

tion, the waveform shown in Figure 25 is output continuous

ly. Once modulation is started, triggers are not accepted. If 

the value in the reload register is m, the duration "H" of 

pulse is 

1 X m selected clock frequency 

and the output pulse period is 

1 X(21s_1) 
selected clock frequency · 

An interrupt request signal is generated and the interrupt 

request bit in the timer Ai interrupt control register is set at 

each fall of the output pulse. 

The width of the output pulse is changed by updating timer 

data. The update can be performed at any time. The output 

pulse width is changed at the rise of the pulse after data is 
written to the timer. 

The contents of the reload register are transferred to the 

counter just before the rise of the next pulse so that the 

pulse width is changed from the next output pulse. 

Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 

The 8-bit length pulse width modulator is selected when 

the timer Ai mode register bit 5 is "1". 

The reload register and the counter are both divided into 8-

bit halves. 
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The low order 8 bits function as a prescaler and the high 

order 8 bits function as the 8-bit length pulse width modula

tor. The prescaler counts the clock selected by bits 6 and 

7. A pulse is generated when the counter reaches 000016 

as shown in Figure 26. At the same time, the contents of 

the reload register is transferred to the counter and count is 
continued. 

Addresses l Ti.mer AO mode regi.ster 5616 

Timer A1 mode register 57 16 

Timer A2 mode register 581 6 

Timer A3 mode register 5916 

Ttmer A4.mode register 5A16 

I I : Always "11'' in pulse width modulation 
mode 

: Always "1" in pulse width modulation 
mode 

~---- 0 X : Software trigger 

: Trigger at the falling of TAi 1N input 

: Trigger at the rising of TAi 1N_ input 

: 16 bit pulse width modulator 

: 8 bit pulse width modulator 

0 0 : Select f2 

0 1 : Select f16 

1 0 : Select f" 

I 1 : Select fs12 

Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, 

the period of the generated pulse is 

the length is 8 bits. If the high order 8-bit of the reload reg
ister is m, the duration "H" of pulse is 

1 
selected clock frequency X(n +1 ). 

1 
selected clock frequency X ( n +1) X m. 

And the output pulse period is The high order 8-bit function as an 8-bit length pulse width 

modulator using this pulse as input. The operation is the 
same as for 16-bit length pulse width modulator except that selected clo~k frequency X (n +1 )X (20- 1 ). 

1/fiX(2'6 -1) 

Selected clock 

source fi 

,.-, 
I I 
I I 

.J I 

r-1 rtruuuuui I I 
I I 
I L_ 

TAi1N 

(in case of the 
rising edge) 

TAiouT 

~This trigger 1s not accepted 

I 
1/fiX(m) ~I 

I 
I 
I 
I 
I 
I 

Example when the contents of the reload register 1s 0003" 

Fig. 25 16-bit length pulse width modulator output pulse example 

1 /fiX(n+1 )X(28-1) 

I 
I 

Selected clock 

source fi ·1-
I' 

I I 
I 1 

TAim I I 
--:-1. I I 

(in case of the falling edge) '~-----.,..---.,1...,1 _____________ _ 
I' I: 

-------1 -1/liX(n+l) 

11 

1 

I 
I 
I 
I 
I 

I 
I 

I 
I 

Prescaler output 

(when n =2) 
--------iruuu 

8-bit length pulse 

width modulator 

output 

(when m =2) 

--------1o<--1/fiX(n+1)X(m) 

I 
I 
I 

~------ - - - - - - ---~ 

Fig. 26 8-bit length pulse width modulator output pulse example 

• MITSUBISHI 
.... ELECTRIC 

L 

2-27 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

TIMER B 
Figure 27 shows a block diagram of timer B. 
Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits O and 1 of the timer 
Bi mode register (i =Oto 2). Each of these modes is de
scribed below. 

(1) Timer mode (00) 
Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be "O" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is "1" and stops when "O". 

Clock source selection 
•Timer 

,, ---0 
• Pulse period measurement/pulse 

f16 --0 "-. width measurement 

fs4 -0 

TBi1N 
(i=0-2) 

'o-------------<O 

Polarity selection Event counter 
and edge pulse >-----<>--------0 

generator 

As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 

bit in the timer Bi interrupt control register is set when .the 
contents becomes 000016. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 
Timer Bi does not have a pulse output function or a gate 
function like timer A. 
When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg
ister, but not to the counter. The counter is. reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 

Reload register(16) 

Counter( 16) 
Addresses 

Timer BO 51 16 50,s 

Timer 81 5316 5216 

Timer 82 55rn 5416 

Counter reset 
circuit 

Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be "1" and bit 1 
must be "O". 

The input signal from the TBi1N pin is counted when the 
count start flag is "1" and counting is stopped when it is "O". 
Count is performed at the fall of the input signal when bits 
2, and 3 are "O'' and at the rise of the input signal when bit 
3 is "O" and bit 2 is "1". 

When bit 3 is "1" and bit 2 is "O", count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode (10) 

Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit O must be "O" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is "1" and counting stops 
when it is "0". 
The pulse period measurement mode is selected when bit 
3 is "O". In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBi1N pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is "O", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is "1", the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBi1N pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 

signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in
put signal to the next fall is measured in this way. 
After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 

interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 

counted from the fall of the TBi1N pin input signal to the next 

rise or from the rise of the input signal to the next fall as 
shown in Figure 32. 
When timer Bi is read, the contents of the reload register is 
read. 
Note that in this mode, the interval between the fall of the 

TBi1N pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 
Timer Bi overflow flag which is bit 5 of timer Bi mode regis
ter is set to "1" when the timer Bi counter reaches 000016. 

This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to "1" at reset. 

3 2 

Addresses 
rTimer BO mode register 58 16 l 
I Timer B1 mode register sc,6 
l Timer 82 mode register 50,b J 
0 0 : Always "00" in timer mode 

~---XX : Not used in timer mode and 
may be any 

0 : Always "O" in timer mode 

(timer BO) 

X : Not used in timer mode 

(timers B1, B2) 

X : Not used in timer mode 

L__~------ Clock source selection bit 

0 0 : Select 12 

0 1 : Select f, 6 

1 0 : Select 164 

1 1 : Select 1512 

Fig. 28 Timer Bi mode register bit configuration during 
timer mode 

Addresses 

765432 
[

Timer BO mode register 

o Timer B1 mode register 
SB,6 l 
sc,6 

~~~~~~~~ 

Timer B2 mode register SD, 6 

0 1 : Always "01" in event counter 
mode 

'"--'---- 0 0 : Count at the lalling edge of 
input signal 

0 1 : Count at the rising edge of 
input signal 

1 0 : Count at the both falling edge 
and rising edge of input signal c_______ 0 : Always "O" in event counter 

mode (timer BO) 

X : Not used in event counter 

mode (timers B1, B2) 

'--"'--L------x XX : Not used in event counter mode 

Fig. 29 Timer Bi mode register bit configuration .during 
event counter mode 
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Addresses 
( Timer BO mode register 5B16 J 
L Timer B1 mode register 5C ,6 

Timer B2 mode register 50 16 

1 O : Always "1 O" in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

0 1 : Count from the rising edge of 
input signal to the next rising one 

1 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 

: Always "O" in pulse period 
measure.ment/pulse width 
measurement mode (timer BO) 

X : Not used in pulse period 
measurement/pulse width 
measurement mode 
(timers B1, B2) 

'------- Timer Bi overflow flag 

..__.'-------- Clock source selection bit 
O O : Select f2 

0 1 : Select f16 

1 0 : Select f6, 

1 1 : Select f512 

MITSUBISHI MICROCOMPUTERS 
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Fig. 30 Timer Bl mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 

Selected clock 
· source fi 

Reload register-Counter 

Counter-o 

Count start flag 

Interrupt request signal 

I I I I 
...-----.I I 11 f.._ _ ___, t1 I t1 I 

II ..,.1.,.1--
I I I I 
I I I I ------'nr--__ fl___ 

I I 
I I 

____ __.n IL 

Fig. 31 Pulse period measurement mode operation (example of measuring the Interval between the falling edge to 
next falling one) 
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Selected 
clock source fi 

I I I I 
----i, 1,....11 ....... 11 ---.1 I 1 

TBi1N l '.!' ti I '.!' 
'---~I I ~1~1---~ 

I I I I 

Reload register-Counter 
-----~ 

Counter-a 

Count start 
flag __ __. 

Interrupt -----------.., ~---~ 
request signal 

Fig. 32 Pulse width measurement mode operation 
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PULSE OUTPUT PORT MODE 
The M37710 can use several built-in timer As to output 
pulse motor drive waveform. This mode is described below. 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of 4-bit 
pulse output ports are used. There are three combinations 
of pulse output ports. When bit 0 of the waveform output 
selection bit in waveform output mode register (address 
6216 ) shown in Figure 34 is set to "1" and bit 1 is set to "O", 
RTP1 3, RTP1 2, RTP1 1, and RTP1 0 become pulse output 
ports. When bit 1 of waveform output selection bit in wave
form output mode register is set to "1" and bit 0 is set to 
"O", RTP03, RTP02, RTP01, and RTP00 become pulse output 

Pulse width modulation selection bit 
(Bit 4, 5 of 6216 address) 

Timer A3 pulse width modulation output 

4 5 

ports. The ports not used as pulse output ports can be used 
as normal parallel ports or timer input pins. When bit 0 and 
bit 1 of pulse output selection bit are set to "1 ", the two 
four-line sets RTPh RTP1 2, RTP1 1, and RTP1 0 and RTP03, 

RTP02 , RTP01 , and RTP00 become pulse output ports. 
In the pulse output port mode, set timers A2 and AO to tim
er mode as timers A2 and AO are used. In addition, set bit 2 
of the corresponding timer Ai mode register to "1" when us
ing RTP00 , RTP02, RTP1 0 , RTP1 2, and RTP1 3 as pulse out
put port because they are shared with T AiouT ( i = 0 to 4) . 
Figure 35 shows the bit configuration of timer AO, A2 mode 

registers in pulse output port mode. 

Waveform output control bit 1 
(Bit 7 of 6216 address) 

Reset 

1-------------l ~-----n RTP1 1 

D Ql---+--+---LJ ( PS5 ) 

Data bus Data bus 
(even) (odd) 

Ds 

Pulse output data register 0 
( 6S16 address) 

Timer AO 

,__ _______ ___, "'------f 1 RTP1 0 

D Qt----t------t_J (PS4 ) 

D Qt-----+-------L~ 

D Ot---------l ~ 

T 

Reset 

~~----n RTP03 

(PS3 ) 

~-----n RTP02 

(PS2 ) 

>------{ l RTP01 

(P51) 

>------n RTP00 

(P5o) 

Polarity selection bit 
(Bit 3 of 6216 address) 

Fig. 33 Block diagram for pulse output port mode 
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Data can be set in each bit of the pulse output data regis

ter corresponding to four ports selected as pulse output 

ports. Figure 36 shows the bit configuration of the pulse 

output data register. 
The contents of the pulse output data register 1 (low-order 

four bits of address 6416 ) corresponding to ports RTP1 3 , 

RTP1 2 , RTP1 1 , and RTP1 0 are output to the ports each time 

the counter of timer A2 becomes 000016. The contents of 

the pulse output data register 0 (low-order four bits of 
address 6516) corresponding to ports RTP03, RTP02, RTP01 , 

and RTP00 are output to the ports each time the counter of 

timer AO becomes 000016 . 

Each timer starts counting when the content of the corres

ponding timer count start flag (address 4016 ) is set to "1" 

and stops counting when it is set to "O". When "O" is written 
to a specified bit of the pulse output data register, "L" level 

is output to the corresponding pulse output port when the 

counter of corresponding timer becomes 000016 , and when 

"1" is written, "H" level is output to the pulse output port. 

Pulse width modulation can be applied to each pulse out
put port. Since pulse width modulation involves the use of 

timers A3 and A1, activate these timers in pulse width mod

ulation mode. When a certain bit of the pulse output regis

ter is "1 '', pulse width modulation is output from the pulse 

output port when the counter of the corresponding timer 

becomes 000015. 
Ports RTP1 3 , RTP1 2 , RTP1 1 , and RTP1 0 are applied pulse 

width modulation by setting the pulse width modulation 

selection bit by timer A3 (bit 5) of the waveform output 

mode register to "1 ". 

Ports RTP03 , RTP02 , RTP01 , and RTP00 are applied pulse 
width modulation by setting the pulse width modulation 

selection bit by timer A1 (bit 4) of the waveform output 

mode register to "1 ". 

When outputting to pulse output ports RTP03 , RTP02 , 

RTP01 , and RTP00 , the output data can be reversed by the 
polarity selection bit (bit 3) of the waveform output mode 

register. When the polarity selection bit is "O'', the contents 

of the pulse output data register 0 is output unchanged. 

When the polarity selection bit is "1 '', the reversed data of 

the contents of the pulse output data register 0 is output. 

When pulse width modulation is applied, likewise the polar
ity reverse to pulse width modulation can be selected by 

the polarity selection bit. Figure 37 shows example of 

waveforms in pulse output port mode. 
Ports selecting pulse output port mode can control the out

put of RTP03, RTP02, RTP01 , and RTP00 with the waveform 
output control bit 0 (bit 6) and the output of RTP1 3, RTP1 2, 

RTP1 1 , and RTP1 0 with waveform output control bit 1 (bit 

7). When the waveform output control bit is set to "1 ", 

waveform is output from the corresponding port. When it is 

set to "O", the waveform output from the corresponding port 

is stopped and the port becomes floating. These bits can 
be cleared with an instruction and cleared by reset. 

7 6 5 4 3 1 0 Address 

Waveform output mode register 6216 

I I 

I 

I 
I 

I 

I 

Waveform output selection bit 

0 0 : Parallel port 

11 L 0 1 : RTP1 3 -RTP1 0 selected 

1 0 : RTP03-RTP00 selected 

1 1 : RTP1 3-RTP1o and RTP03 -RTP00 EO : Alwsa~:~~~d 
( "O" at reset) 

Polarity selection bit 
(available for RTP03-RTP00 ) 

0 : Positive polarity 

1 : Negative polarity 

Pulse width modulation selection bit by 
timer A1 (available for RTP03 -RTP00 ) 

0 : Not modulated 

1 : Modulated 
~------ Pulse width modulation selection bit by 

timer A3 (available for RTP1 3-RTP1 0 ) 

0 : Not modulated 

1 : Modulated 
-------- Pulse output control bit 0 

0 : RTP03-RTP00 waveform output 
inhibited 

1 : RTP03-RTP00 waveform output 
enabled 

Pulse output control bit 1 
0 : RTP1 3 ....... RTP1 0 waveform output 

inhibited 

: RTP1 3-RTP1 0 waveform output 

enabled 

Fig. 34 Waveform output mode register bit configuration 

7 6 

x lT1mer AO mode register 

Timer A2 mode register 

Address 

'--"--~- 1 0 0 : Always "100" in pulse 
output port mode 

----- X : Not used in pulse output 
port mode 

-~----- 0 0 : Always "00" in pulse output 
port mode 

-~-------- Clock source selection bit 

0 0 : Select f2 

0 1 : Select f" 

1 0 : Select fs, 

1 1 : Select fs12 

Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 
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7 6 5 4 3 2 1 0 Address 

Pulse output data register O 6516 

RTP00 output data 
RTP01 output data 
RTP02 output data 
RTP03 output data-

7 6 5 4 3 2 1 O Address 

[ 0 l 0 l Xj OJ J J J ] Pulse output data register 1 6416 

RTP1 0 output data 
RTP1 1 output data 
RTP1 2 output data 
RTP1 3 output data 
0 : Always "O" in pulse output port mode 

~----- X : Not used in pulse output port mode 
~~------ 00 : Always "00" in pulse output port mode 

Fig, 36 Pulse output data register bit configuration 
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Output signal at each 
time when timer 

A2 becomes 000016 

RTP1 3 

(Port P60 ) 

RTP1 2 

(Port P56 ) 

RTP1 1 

(Port PSs) 

RTP1 0 

(Port PS4) 

Output signal at each 
time when timer 
A2 becomes 0000 16 

RTP1 3 

(Port P60 ) 

RTP1 2 

(Port PS6 ) 

RTP1 1 

(Port PS5 ) 

RTP1 0 

(Port PS4) 

Output signal at each 
time when timer 
AO becomes 000016 

RTP03 

(Port PS3 ) 

RTP02 

(Port PS2 ) 

RTPO, 
(Port PS,) 

RTP00 

(Port P50 ) 
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Example of pulse output port (RTP1 3, RTP1 2, RTP1,, RTP1 0 ) 

Example of the above pulse output port when pulse width modulation is applied by timer A3. 

Example of pulse output port ( RTP03 , RTP02 , RTPO,, RTP00 ) when pulse 

width modulation is applied by timer Al with polarity selection bit="l" 

Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL 1/0 PORTS ing start and stop bits. 
Two independent serial 1/0 ports are provided. Figure 38 
shows a block diagram of the serial 1/0 ports. 

Figures 40 and 41 show the connections of receiver/trans
mitter according to the mode. 

Bits 0, 1, and 2 of the UARTi (i = 0, 1) Transmit/Receive 
mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial 1/0 port, or asynchronous (UART) serial 1/0 port us-

Figure 42 shows the bit configuration of the UARTi transmit/ 
receive control register. 
Each communication method is described below. 

RxDi 

Bit rate 
generator 

External 

CL Ki 

CTS1/RTSi 

Fig. 38 Serial 1/0 port block diagram 

Addresses 

[
UART 0 Transmit/Receive mode register 30"l 
UART 1 Transmit/Receive mode register 3815J 

Serial communication method selection bit 
0 0 0 : Parallel port 
0 0 1 : Clock synchronous 
1 0 0 : 7-bit UART 
1 0 1 : 8-bit UART 
1 1 0 : 9-bit UART 

~---Internal clock/External clock selection bit 

: Internal clock 

: External clock 
~-----Stop bit length selection bit 

0 : 1 stop bit 

11 '".n)o~~ ~~,jtyb~!lection bit 
0 : Odd parity 

1 : Even parity 
Parity enable selection bit 

0 : No parity 

1 : With parity 

Sleep selection bit 
0 : No sleep 

1 : Slee 

Fig. 39 UART i Transmit/Receive mode register bit configuration 
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Data bus( odd} 

Receive buffer register 

TxDi 

Data bus( even} 



Rx Di 

MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

.--... r---r--..,..--...,..--..,....--.,---.,---, r---r--..,..--..,....--..,.....---r---r---r---.Receive buffer 

..__ ... c... _ _.. __ _._ __ _._ __ ..._ __ _._ __ _._....,._.._..,...._._..-_.__,........__, _ _._....,._.._..,.._._..,..._._..,..._. register 

Receive 
register 

Fig. 40 Receiver block diagram 

"0" 

1 stop bit 

Data ou• even 

Transmission 
._..,...._.._ ..... _.__,......._~ _ _._....,.;;......._~'--L-~"""'-~-' buffer register 

Fig. 41 Transmitter block diagram 

Addresses 

[ UART O Transmit/Receive control register O 34,, l 
UART 1 Transmit/Receive control register O 3C 16 

Clock source selection bit 
0 0 : Select 12 

0 1 : Select 116 

I : Select f,. 

I I : Select f512 

'----- CTS, RTS selection bit 

0 : Select CTS 

1 : Select RTS 

~-----Transmission register empty bit 

'--------CTS, RTS enable bit 

0 : Enable CTS, RTS 

1 : Disable CTS, RTS 
Addresses 

SUM PER FER OER RI RE Tl TE [
UART 0 Transmit/Receive control register 1 35 16 l 
UART 1 Transmit/Receive control register 1 30, 6 

Transmit enable flag 

Transmit buffer empty flag 

Receive enable flag 

- Receive completion flag 

Overrun error flag 

'---------- Framing error flag 

'-----------Parity error flag 

'-------------Error sum flag 

Fig. 42 UARTI Transmit/Receive control register bit configuration 

2-37 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 
A case where communication is performed between two 
clock synchronous serial 1/0 ports as shown in Figure 43 
will be described. (The transmission side will be denoted 

by subscript j and the receiving side will be denoted by 
subscript k.) 
Bit O of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "O". The length of the transmission 
data is fixed at 8 bits. 
Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "O" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 

the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "O". 
The clock source is selected by bit 0 ( CS0 ) and bit 1 

( CS1 ) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by ( n + 1 ) , then by 2, passed through a 
transmisson control circuit, and output as transmisson clock· 
CLKj. Therefore, when the selected clock is fi, 

Bit Rate=fi/ { (n +1 )X2 I 

On the clock receiving side, the CS0 and CS1 bits of the 
UARTk transmit/receive control register are ignored be
cause an external clock is selected. 
The bit 2 of the clock sending side UARTj transmit/receive 
control register O is cleared to "O" to select CTSj input. The 

bit 2 of the clock receiving side is set to "1" to select RTSk 
output. 
Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 
4 to "O" when CTS and RTS signals are used, and to "1" 

when they are not used. 
When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. If CTS and 

RTS signals are not used, the CTSj input condition is un
necessary and there is no RTSk output. 

Transmission 
Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is "1", bit 1 (Tlj flag) of 
one is "O", and CTSj input is "L". As shown in Figure 44, 

data is output from TxDj pin when transmission clock CLKj 
changes from "H" to '.'L". The data is output from the least 

significant bit. 
The Tlj flag indicates whether the transmission buffer regis
ter is empty or not. It is cleared to "O" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

2-38 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati

cally from the transmission buffer register to the transmis
sion register if the next transmission start condition is satis
fied. If the bit 2 of UARTj transmit/receive control register 0 
is "1 ", CTSj input is ignored and transmission start is con

trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans
mission is not interrupt when CTSj input is changed to "H" 
during transmission. 
The transmission start condition indicated by TEj flag, Tlj 

flag, and CTSj is checked while the T ENoj signal shown in 
Figure 44 is "H". Therefore, data can be transmitted con

tinuously if the next transmission data is written in the trans
mission buffer register and Tlj flag is cleared to "O" before 

the T ENoj signal goes "H". 
The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 

register 0 changes to "1" at the next cycle after the T ENoj 
signal goes "H" and changes to "O" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 
When the Tlj flag changes from "O'' to "1 ", the interrupt re
quest bit in the UARTj transmission interrupt control regis
ter is set to "1". 

Receive 
Receive starts when the bit 2 ( REk flag) of UARTk trans
mit/receive control register 1 is set to "1". 

The RTSk output is "H" when the REk flag is "O" and goes 

"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 

receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans
mission clock CLKj changes from "L" to"H". When an 8-bit 
data is received, the contents of the receive register is 

transferred to the receive buffer register and the bit 3 (Rik 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the Rik flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes "L" to indicate that the next 
data can be received. When the Rik flag changes from "O" 
to "1 ", the interrupt request bit in the UARTk receive inter
rupt control register is set to "1". Bit 4 (OERk flag) of 

UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while Rik flag is "1", and indicates 

that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rik and OERk flags are cleared automatically to "O" when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REk flag is 
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cleared. Bit 5 ( FERk flag) , bit 6 ( PERk flag) , and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown in Figure 38, with clock synchronous serial com
munication, data cannot be received unless the transmitter 

l UARTj transmission register 1 
TxDj 

l UARTj tra~~\'i'~~s;~~ister l 

I UARTj receive buffer register I 

I UARTj receive register I RXDj 

_J 

UARTj Transmit/Receive mode register 

I 0 Ix Ix Ix I a I 0 I 0 
I 

I I 
UARTj Transmit/Receive control 

CLKj 

register 0 

rxtXJXl o [,'e\v [ o [cs,[cs,I 
--· 

UARTj Transmit/Receive control 
CTS1 

register 1 

lsu+E+E+ERI R• I RE I n I TE I 

Fig. 43 Clock synchronous serial communication 

Transmission ++1/fiX(n+11x2 

clock 

TEj 

~ Tlj tt T\ 

is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper

ating even when there is no data to be sent from UARTk to 
UARTj. 

TxDk 
-[ UARTk transmission register l 

[uARTk transmission buffer registe~ 

I UARTk receive buffer register I 
Rx Dk J J UAATk receive register 

UARTk Transmit/Receive mode register 

I a ix Ix Ix I I I 0 I a I , I 
CLKk 

UARTk Transmit/Receive control 
register 0 

rxtXJXl 0 i ;;,,I I Ix Ix I 
Ri'Sk 

UARTk Transmit/Receive control 
register 1 

I SUM I PER I FER I OER I RI I RE ! Tl ! TE I 

11 
Write in transmission buffer register Transmission register-Transmission buffer register 

CTSj 

~----CLKj 

Trnoj 

TxDj 

Fig. 44 Clock synchronous serial 1/0 timing 

n 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 
Asynchronous serial communication can be performed us
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 
With 8-bit asynchronous communication, the bit O of UARTi 
transmit/receive mode register is "1", the bit 1 is "O", and 
the bit 2 is "1". 
Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "O", an internal clock is selected and if bit 3 
is "1 ", then external clock is selected. If an internal clock is 
selected, the bit 0 ( CS0 ) and bit 1 ( CS1 ) of UARTi transmit/ 

receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro
nous serial communication, the CLKi pin can be used as a 
normal 1/0 pin. 

-'"I f«--(1/f, or 1/fEXT)X(n+l)X16 

TE; 

Tl; 

Write in transmission buffer regisger 
CTS; 

TeNoi 

The selected internal or external clock is divided by ( n + 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock Ii or an external clock 

fEXT• 

Bit Rate =(Ii or !EXT)/ I (n+1)X16 I 

Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 
The bit 5 is a selection bit of odd parity or even parity. 
In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1 's in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1 's in the data and parity bit is always even. 

Transmission register -Transmission 
buffer register 

Start bit Parity bit Stop bit Stopped because TE;= " 0 " 

TxD; 

TxEPTY; 

Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 

TE; 

Tl; 

T ENDi 

TxD; 

--t---+-- (1/f, or 1/fEXT)X(n+l)X16 

Write in transmission buffer register Transmission register-Transmission 
buffer register 

Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 

to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for

mat of the communicating devices. 
Bit 7 is the sleep selection bit. The sleep mode is de

scribed later. 

The UARTi transmit/receive control regisger 0 bit 2 is used 

to determine whether to use CTSi input or RTSi output. 

CTSi input is used if bit 2 is "O" and RTSi output is used if 

bit2is"1". 

If CTSi input is selected, the user can control whether to 

stop or start transmission by external CTSi input. 

Whether to use the CTS and RTS signals is determined by 

bit 4 of the UART transmit/receive control register 0. Set bit 

4 to "O" when CTS and RTS signals are used, and to "1" 

when they are not used. 

When CTS and RTS signals are not used, the CTS/RTS pin 

can be used as normal port. The following describes the 

case when the CTS and RTS signals are used. If CTS and 

RTS signals are not used, the CTSi input condition is un

necessary and there is no RTSi output. 

Transmission 
Transmission is started when the bit 0 (TEi flag) of UARTi 

transmit/receive control register 1 is ''1", the bit 1 (Tli flag) 
is "O", and CTSi input is "L" if CTSi input is selected. As 

shown in Figure 45 and 46, data is output from the TxDi pin 

with the stop bit and parity bit specified by the bits 4 to 6 of 

UARTi transmit/receive mode register. The data is output 

from the least significant bit. 

The Tli flag indicates whether the transmission butter is 
empty or not. It is cleared to "O" when data is written in the 

transmission buffer and set to "1" when the contents of the 

transmission buffer register is transferred to the transmis

sion register. 

RE; 

When the transmission register becomes empty after the 

contents has been transmitted, data is transferred automati

cally form the transmission buffer register to the transmis

sion register if the next transmission start condition is satis
fied. 

Once transmission has started, the TEi flag, Tli flag, and 

CTSi signal (if CTSi input is selected) are ignored until 

data transmission is completed. 

Therefore, transmission does not stop until it completes 

even if the TEi flag is cleared during transmission. 

The transmission start condition indicated by TEi flag, Tli 

flag, and CTSi is checked while the T ENDi signal shown in 
Figure 45 is "H". Therefore, data can be transmitted con

tinuously if the next transmission data is written in the trans

mission butter register and Tli flag is cleared to 0 before 

the T ENDi signal goes "H". 

The bit 3 (TxEPTYi flag) of UARTi transmit/receive control 

register 0 changes to ''1" at the next cycle after the T ENDi 

signal goes "H" and changes to "O" when transmission 

starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tli flag changes from "O" to ''1", the interrupt re

quest bit in the UARTi transmissoin interrupt control regis
ter is set to "1 ". 

Receive 
Receive is enabled when the bit 2 ( REi flag) of UARTi 

transmit/receive control register 1 is set. As shown in Fi

gure 47, the frequency divider circuit at the receiving end 

begin to work when a start bit is arrived and the data is re

ceived. 

Stop bit Start bit 

~ Sta~bit /.~----0~0 _,;,__ __ ~Co~== =~ 
\ J Check to be "L" level I Get data 

RxD 1 

Receive 
Clock 

RI; 

RTS 1 

---Y.._ __ ~f l.._ __ ~J 
Starting at the falling 
edge of start bit 

L - -- -- - -,~ __ __. 

Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTSi output is selected by setting the bit 2 of UARTi 
transmit/receive control register 0 to "1", the RTSi output is 
"H" when the REi flag is "O". When the REi flag changes to 
"1'', the RTSi output goes "L" to indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSi output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTi transmit/receive control register 1 is set. In other 

words, the Rli flag indicates that the receive buffer register 
contains data when it is set. If RTSi output is selected, RTSi 
output goes "L" to indicate that the register is ready to re
ceive the next data. 
The interrupt request bit in the UARTi receive interrupt 

control register is set when the Rli flag changes from "O" to 
"1 ". 

The bit 4 ( OERi flag) of UARTi transmission control register 
1 is set when the next data is transferred from the receive 

register to the receive buffer register while the Rli flag is 
"1 ". In other words when an overrun error occurs. If the 
OERi flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con

tents of the receive butter register has been read. 
Bit 5 ( FERi flag) is set when the number of stop bits is less 
than required (framing error). 
Bit 6 ( PERi flag) is set when a parity error occurs. 

Bit 7 (SUMi flag) is set when either the OERi flag, FERi 
flag, or the PERi flag is set. Therefore, the SUMi flag can 
be used to determine whether there is an error. 

The setting of the Rli flag, OERi flag, FERi flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rli 
OERi, FERi, PERi, and SUMi flags are cleared when the 
low order byte of the receive buffer register is read or 

when the REi flag is cleared. 

Sleep mode 
The sleep mode is used to communicate only between cer

tain microcomputers when multiple microcomputers are 
connected through serial 1/0. 

The sleep mode is entered when the bit 7 of UARTi trans
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 
When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 

"O". Also the Rli, OERi, FERi, PERi, and the SUMi flag are 
unchanged. Therefore, the interrupt request bit of the 
UARTi receive interrupt control register is also unchanged. 

Normal receive operation takes place when bit 7 of the re
ceived data is "1 ". 
The following is an example of how the sleep mode can be 
used. 
The main microcomputer first sends data with bit 7 set to 
"1" and bits O to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro

computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 
The A-D converter is a 10-bit successive approximation 
converter. 
Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the configuration of the A-D control regis
ter 0 (address 1 E16 ) and A-D control register 1 (address 

1 F19). 
The frequency of the A-D converter operating clock r/> AD is 
selected by bit 7 of the A-D control register 0. When bit 7 
is "O", r/> AD is the clock frequency divided by 8. That is, r/> AD 
=f(X,N)/8. When bit 7 is "1'', rf>AD is the clock frequency di
vided by 4 and rf>AD=f(X,N)/4. 
The r/> AD during A-D conversion must be 250kHz minimum 
because the comparator consists of a capacity coupling 
amplifier. 
Bit 3 of A-D control register 1 is used to select whether to 
use the conversion result as 10 bits or as 8 bits. The con
version result is used as 10 bits when bit 3 is "1" and as 8 
bits when bit 3 is "O". 

When the conversion result is used as 1 O bits, the low
order 8 bits of the conversion result is stored in the even 
address of the corresponding A-D register and the high
order two bits are stored in bits O and 1 of the odd address 
of the corresponding A-D register. Bits 2 to 7 of the A-D 
register odd address return "0000002" when read. 
When the conversion result is used as 8 bits, the high-order 
8 bits of the 10-bit A-D conversion are stored in even 
address of the corresponding A-D register. In this case, the 
A-D register odd address returns "0016" when read. 

The operating mode i~ selected by the bits 3 and 4 of A-D 
control register 0 and bits 1 and 2 of A-D control register 1. 
The available operating modes are one-shot, repeat, single 
sweep, repeat sweep 0, and repeat sweep 1. 
The bit of data direction register bit corresponding to the 
A-D converter pin must be "O" (input mode) because the 
analog input port is shared with port P7. 

The operation of each mode is described below. 

A-D conversion speed selection 

1/2 
~AD 

Ladder network l Vref 

I 
I I I I _t_ _t_ _!_ -~ .. +.. + 
L 1 T T T T I 

approximation register 1 I TT A-D control register 1 ( 1 F16 ) 
Successive 

l TT A-D control register 0 ( 1 E16) 

Address ' Address TTT 
A-D register 0 (21,6) A-D register 0 (2016) 

A-D register 1 (23,6) A-D register 1 (2216) 

A-D register 2 (2516) A-D register 2 (2416) v A-D register 3 (27 16) A-D register 3 (2615) 
Decoder 

A-D register 4 (2916) A-D register 4 (2815) 

A-D register 5 (2816) A-D register 5 (2A16) Comparator 

A-D register 6 (20,6) A-D register 6 (2C16) 

A-D register 7 (2F16) A-D register 7 (2E16) 

H TI 
2_0allit:>us (ood)? zoatabuS (eye/\1;:( 

ANoO ~ 

AN 1v o~ 

AN 2 v o~ 

AN3v o~ 

AN4 0 o~ 

ANsv o~ 

AN5v o~ 

AN,v ~ 

ADrRG 
Selector 

Fig. 48 A-D converter block diagram 
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(1) One-shot mode 
One-shot mode is selected when bits 3 and 4 of A-D con

trol register O are "O" and bit 2 of A-D control register 1 is 
"O''. The A-D conversion pins are selected with bits 0 to 2 
of A-D control register 0. A-D conversion can be started by 

a software trigger or by an external trigger. 
A software trigger is selected when bit 5 of A-D control 
register O is "O" and an external trigger is selected when it 

is "1". When a software trigger is selected, A-D conversion 
is started when bit 6 (A-D conversion start flag) is set. 
When bit 3 of A-D control register 1 is "1 ", A-D conversion 

ends after 59 </i AD cycles and an interrupt request bit of the 
A-D conversion interrupt control register is set. At the same 
time, A-D control register 0 bit 6 (A-D conversion start flag) 
is cleared and A-D conversion stops. The result of A-D 
conversion is stored in the A-D register corresponding to 
the selected pin. 
If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADTRG in-

Address 

A-D control register 0 1 E16 

~~~- Analog input selection bit 
0 0 0 : Select AN 0 

0 0 1 : Select AN, 
0 1 0 : Select AN 2 

0 1 1 : Select AN 3 

1 0 0 : Select AN, 
1 0 1 : Select AN 5 

1 1 0 : Select AN 6 

1 1 I : Select AN 7 

'------A-D operation mode selection bit 0 
0 0 : One-shot mode 
0 I : Repeat mode 
I 0 : Single sweep mode 

1 1 : Repeat sweep mode O 

Repeat sweep mode 1 
'-------Trigger selection bit 

0 : Software trigger 

1 : ADrRG input trigger 
~------- A-0 conversion start flag 

0 : Stop A-0 conversion 

: Start A-D conversion 
'---------Frequency selection flag 

0 : Select f(X,")/ 8 

1 : Select f(X,")/ 4 

Fig. 49 A-D control register bit configuration 

put changes from "H" to "L". In this case, the pins that can 

be used for A-D conversion are AN0 to AN6 because the 
ADTRG pin is shared with the analog voltage input pin AN7 . 

The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode 
Repeat mode is selected when bit 3 of A-D control register 
0 is "1", bit 4 is "O" and bit 2 of A-D control register 1 is "0". 
The operation of this mode is the same as the operation of 

one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. 
No interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. 
The contents of the A-D register can be read at any time. 

7 6 3 2 I 0 Address 

A-D control register 1 1 F, 6 

A-D sweep pin selection bit 
When single sweep or repeat sweep 
mode 0 is selected 

I 

I 
0 0 : AN 0, AN1 (2 pins) 
0 1 : AN0-AN 3 (4 pins) 

, 1 0 : AN 0-AN 5 (6 pins) 

I I I 1 : AN 0-AN 7 (8 pins) 
, , When repeat sweep mode 1 is selected 

! I 0 0 : AN 0 ( 1 pin) 
I 0 1 : AN 0 • AN, (2 pins) 

1 0 : AN0-AN 2 (3 pins) 
1 1 : AN 0-AN 3 (4 pins) 

A-D operation mode selection bit 1 
0 : Other than repeat sweep mode 1 
1 : Repeat sweep mode 1 

8/10-bit mode selection bit 
0 : 8-bit mode 
1 : 10-bit mode 

'------ 0 : Always "O'" 

'---------- Not used for A-D converter 
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(3) Single sweep mode 
Single sweep mode is selected when bit 3 of A-D control 
register 0 is "O'', bit 4 is "1" and bit 2 of A-D control register 
1 is "O''. 

In the single sweep mode, the number of analog input pins 
to be swept can be selected. Analog input pins are 
selected by bits 1 and 0 of the A-D control register 1 
(address 1 F16 ). Two pins, four pins, six pins, or eight pins 
can be selected as analog input pins, depending on the 
contents of these bits. 
A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of AN0 pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is. performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 
A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is "O" and an external trigger is selected when it 

is "1". 
When a software trigger is selected, A-D conversion is 
started when A-D control register 0 bit 6 (A-D conversion 

start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit of the A-D conversion interrupt 
control register is set. At the same time, A-D conversion 
start flag is cleared and A-D conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADTRG in
put changes from "H" to "L". In this case, the A-D conver
sion result which is stored in the A-D register 7 becomes 
invalid because the ADTRG pin is shared with AN 7 pin. 
The operation by external trigger is the same as that done 
by software trigger except that the A-D conversion start 
flag is not cleared after A-D conversion and a retrigger can 
be available during A-D conversion. 

(4) Repeat sweep mode 0 
Repeat sweep mode 0 is selected when bit 3 of A-D con
trol register 0 is "1 ", bit 4 is "1" and bit 2 of A-D control 

register 1 is "O". 
The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the AN0 pin 
to the selected pins, but repeats again from the AN0 pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig

ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 

(5) Repeat sweep mode 1 
Repeat sweep mode 1 is selected when bit 3 of A-D con
trol register 0 is "1 ", bit 4 is "1" and bit 2 of A-D control 
register 1 is "1 ". 
The difference with the repeat sweep mode 0 is that A-D 

conversion of one unselected pin is performed and A-D 
conversion is repeated once again from AN 0 pin after A-D 

conversion of selected pins is performed in sequence from 
AN 0 pin. The number of analog input pins to be swept is 
also different. 
The analog input pins for repeat sweep are selected with 
bits 1 and 0 of A-D control register 1. The contents of these 
pins are used to select one pin, two pins, three pins, or four 
pins. 
The unselected pins are converted in sequence after the 
conversion of pins selected as repeat sweep pins. No inter
rupt request is generated. Furthermore, if software trigger 
is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 
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D-A CONVERTER 
The 0-A converter is an 8-bit R-2R method 0-A converter. 
Two independent 0-A converters are built in. Figure 50 
shows the block diagram of the 0-A converter and Figure 
51 shows the bit configuration of A-0 control register 1. 
0-A conversion is performed by writing a value in the cor
responding 0-A register. The conversion result is output by 
bits 6 and 7 of A-0 control register 1 (address 1 F16). When 
bit 7 is "1 ", the conversion result is output from OAo pin. 
When bit 6 is "1", the conversion result is output from DA1 

pin. 
The output analog voltage V is determined from the value n 
(decimal) set in the 0-A register. 

V = VREF X n/256 (n = 0 to 255) 
VREF : Reference voltage 

The 0-A output enable bit is cleared to "O" at reset. An ex
ternal buffer should be connected when connecting to a 
low impedance load because there is no built-in 0-A output 

buffer. 

AVss 

R-2R ladder network 

J D-A0 output 6 ~"""'" 
DAo pin 

Fig. 50 0-A converter block diagram 

Address 

A-D control register 1 1 F16 

L-L...l.-'--'-- Not used for D-A converter 
L-------D-A1 output enable bit 

0 : Disable output 
1 : Enable output 

.L------~- D-A0 output enable bit 
0 : Disable output 
1 : Enable output 

Fig. 51 A-D control register 1 bit configuration 

AVss 

R-2R ladder network 

J D-A1 output 

6 """'"'" 
DA1 pin 

2-46 ..,._~, 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

WATCHDOG TIMER 
The watchdog timer is used to detect unexpected execu
tion sequence caused by software run-away. 
Figure 52 shows a block diagram of ihe watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clock frequency divided by 
32 ( f32 ) or by 512 ( f5d. Whether to count f32 or f512 is de
termined by the watchdog timer frequency selection flag 
shown in Figure 53. f512 is selected when the flag is "O" and 
f32 is selected when it is "1 ". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "L" or 2Vee is ap
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "O". 
After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f512, and after 2048 counts, the 
most significant bit of watchdog timer become "O", and a 

watchdog timer interrupt request bit is set, and FFF16 is 
preset in the watchdog timer. 
Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch
dog timer become "O". If this routine is not executed due to 

unexpected program execution, the most significant bit of 
the watchdog timer become eventually "O" and an interrupt 
is generated. 
The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register 0 described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 

voltage is raised to double the Vee voltage. 
The watchdog timer can also be used to recover from when 

the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 

Watchdog timer 

frequency selection (connection forced to f 32 during 

I,, -o STP instruction execution) 

fs12 ---o 

Hold 

Write to watchdog timer -

Watchdog timer 

(60,.) 

Set FFF16 

Fig. 52 Watchdog timer block diagram 

[_ 

Address 
Watchdog timer 6116 
frequency selection 

0 : Select f512 

: Select 132 

Fig. 53 Watchdog timer frequency selection flag 
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RESET CIRCUIT 
Reset occurs when the RESET pin is returned to "H" level 

after holding it at "L" level when the power voltage is at 5V 

± 10%. Program execution starts at the address formed by 

setting the address pins A23 - A16 to 0016, A15 - A8 to the 

contents of address FFFF16, and A7 -A0 to the contents of 

address FFFE16. 

Figure 54 shows the status of the internal registers when a 

reset occurs. 

Figure 55 shows an example of a reset circuit. The reset in

put voltage must be held 0.9V or lower when the power vol

tage reaches 4.5V. 

Address 

(1) Port PO data direction register (0416 )·· L_~ __ , 
(2) Port P1 data direction register (0516 ) .. 1 ···-----0016-- -----_ J 
(3) Port P2 data direction register (0816 ) •• I OOrn 

(4) Port P3 data direction register (0915) " lXJ>:l><[)(I 0 ~ 

(5) Port P4 data direction register (OC16 ) .. · =~--.. __J 
(6) Port P5 data direction register (0015) .. I 00,:;----J 

(7) Port P6 data direction register ( 1016 )· · I 0015 

(8) Port P7 data direction register (11 16 ) .. I 00" :=J 
(9) Port PS data direction register I 14") .. C'OO:::=::=:=J 
(IOI A-0 control register O I 1 E") .. · I 0 I 0 I 0 I 0 I 0 I '?I'? I ''I 

(II) A-0 control register 1 (1F15) .. ~-0 I 0 I 0 I 1I1 \ 

(12) UARTOTransmiVReceivemoderegister (3016 ) .. c==o-0,':-----i 
(13) UART1 TransmiVReceivemo::leregister (3816 ) ··I 0016 J 
(14) UARTOTransmil/ReceivecontrolregisterO (3416 )" ~.o J 1 I 0 I 0 [ 0 I 

(15) UART1 TransmitlReceivecontrolregisterO (3C") .. [X])<'.tXJ 0) 1I0]0\0) 

(16) UARTOTransmitlReceivecontrolregisterl (35,,) .. i 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I 

(17) UART 1 Transmil/Receivecontrol register 1 ( 3016) .. I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 j 

(18) Count start flag (4015) .. c==Yo" 

(19) One-shot start flag (4216 ) .. t81?<J)<J O I 0 I 0 j 0 I~ 

(20) Up-down flag (4415) .. I 00" = 
(21) Timer AO mode register 

(22) Timer A 1 mode register 

(23) Timer A2 mode register 

(24) Timer A3 mode register 

(25) Timer A4 mode register 

(26) Timer BO mode register 

(27) Timer 81 mode register 

(28) Timer 82 mode register 

(56,,) .. 

(57,,) ... OOrn 

__J 

(5815) .. [ oo" I 

(5915) .. C--00:-[J 
(5A16 ) ... 

~==;==;==;=c;c==;c=; 

I 5816) " I 0 I 0 I 1 I 0 I 0 I 0 I 0 I 0 ! 

(5C,,) " I 0 I 0 I 1 i><l 0 Ei_iliJ 
150"1 .. Io! o I 1 t><J o Io Io i o 

1 

Fig. 54 Microcomputer internal status during reset 

M3771 OM4BXXXFP 
~Poweron 

Vee 
RESET Vee ov 

28 69 
RESET 

I ov 

Fig. 55 Example of a reset circuit (perform careful 

evaluation at the system design level before using) 

Address 

i291 Processor mode register 0 (5E16 )· . r- OO~s ____ j L_ 

~~; (30) Processor mode register 1 (5Frn)... 0 I 
-- - _; 

(31: Watchdog timer (60,,) ... =-~~·~--______; 
(32) Watchdog timer frequency selectioo flag (6115) .. ~-~ 

(33) Waveform output mode register (621sl .. I 0016 

(31) Reserved area( Do not write to this address JI 6616 I· .. I 0016 [] 
(351 A·D cooversion interrupt cootrol register (70,,) .. ~ililo_L~ 
(361 UART 0 transmission interrupt control register (7115)" lXIXJM o I o I o TOJ 
(371 UART 0 receive interrupt control register (72,,) . . [:;xlX[XJ:xJ 0 I 0 ! 0 I 0 I 

(381 UART 1 transmission interrupt control register (73,,) ··~ ~'~; 

(39) UART 1 receive interrupt control register (7415) ·· IXJXJXlXl o I oToTa1 

ilOI Timer AO interrupt control register (7515) ··NXV<l~~~ 
i41) Timer A 1 interrupt control register (7616) .. [\rXrxtxl o I o 1-~ 
(12) Timer A2 interrupt control register (77,,) .. ~ 0 I 'QI()_[~ 
(13) Timer A3 interrupt control register (78,,) ··~ 
(14) Timer A4 interrupt control register (79.s) ·· XJXJXN ° I 0 I 0I01 
(45) Timer BO interrupt control register (?Arn)"· t><t:<J><No1ololoi 

1461 Timer 81 interrupt control register 17Brn) .. XfXll212<l o I o ! aJ o J 
(471 Timer 82 interrupt control register (?C15)"-

!XJXJM 0 I 0 r 0fol 
148) INT 0 interrupt control register (7015) .. XIXJ o Io Io I o: ei101 
(49) INT 1 interrupt control register (?Em) ··~o]o!olojo;o· 
(50) I NT 2 interrupt control register (7Frnl· .. [:1:x:'J_ci I 0 I 0] 9~J 
(51) Processor status register PS 'Ltli[a··)··? 

' _j __ :_I 0 I 0 I 0 1 I 'f., I. I. 

(521 Program bank register PG L __ oo_,_, ___ 

(53) Program counter PCH Content of FFFF 16 

--~·--------

(54) Program counter PCL 
1 Cont:_~~ 

{55) Direct page register DPR 0000'6 

(56) Data bank register DT 0016 
~--

Contents of other registers and RAM are not initialized and should be in
itialized by software. 
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INPUT/OUTPUT PINS 
Ports PB to PO all have a data direction register and each 

bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 
Figures 56 and 57 show block diagrams of ports PB to PO in 
single-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 

Refer to the section on processor modes for more details. 

• MITSUBISHI 
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•Port P00-P07, P1 0-P1 7, P20-P27, P30-P3,, P42-P46 (Inside dotted-line not included) 

Port P40 , P4,, P47, P57, P61-P67, PS,, PS6 (Inside dotted-line included) 

Data direction register 

Data bus Port latch 

•Port P70 -P7o (Inside dolled-line not included) 

•Port P77 (Inside dotted-line included) 

Data direction register 

Data bus Port latch 

: : . . •.................... 

Analog input --c;o-c .. o-c •• cc .. cc .. cc .. ~ .. ~ .. 7*. .., 

• Port PS,, PS7 (Inside dotted-line not included) 

Port P5o-P5o, P6o (Inside dolled-line included) 

. . . . . . •···················· 

----<:\~~·put: J
1 Data bus --.--1 Port latch ._ ____ _. 

Block diagram for ports PB to PO in single-chip mode and the E pin output (1) 
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... ELECTRIC 



• Port PB0 , PB4 

•Port PB1, PB5 

MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

"O"-o 

Output J 
Datad"ect•oo <eg'5tet I ~ 

Data bus --+--l -'""" 1f 

Data direction register 

Data bus --+--l Port latch 
~----

Analog output -~ 

-j :~ -c 
1 

D-A output enable 

Fig. 57 Block diagram for ports P8 to PO in single-chip mode and E pin output (2) 
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PROCESSOR MODE 
The bits 0 and 1 of processor mode register 0 as shown in 
Figure 58 are used to select any mode of single-chip 
mode, memory expansion mode, microprocessor mode, and 
evaluation chip mode. 
Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal 1/0 pins except in single-chip 
mode. 
Figure 59 shows the functions of ports P4 to PO in each 
mode. 
The external memory area changes when the mode 
changes. 
Figure 60 shows the memory map for each mode. 
Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin, the bit 2 (wait bit) of processor 
mode register 0, and bit O (wait selection bit) of processor 
mode register 1. These will be described next. 

7 6 5 4 3 0 

[ I 0I I I l l l J 
U_ 

Processor mode register ci Address 
5E1s 

Processor mode bit 

0 0 : Single-chip mode 

0 1 : Memory expansion mode 

1 0 : Microprocessor mode 

1 1 : Evaluation chip mode 

Wait bit 

0: Wait 

1 : No Wait 

Software reset bit 

Reset occurs when this bit is set to 1 

•BYTE pin 
When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 
The data bus width is 8 bits when the level of the BYTE pin 
is "H" and port P2 becomes the data 1/0 pin. 
The data bus width is 16 bits when the level of the BYTE 
pin is "L" and ports P1 and P2 become the data 1/0 pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 
An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2·Vcc· In this case, the opera
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 

6 5 4 3 2 0 

l><l><JXc><t><JXl><J ~Processor mode register 1 

Wait selection bit 

a :waitO 

1 :wait1 

Address 
5F1s 

lnterrup priority resolusion time selection bit 

0 0 : Select 1/l(X,N)X14 

0 1 : Select 1/f(X,N)X 8 

1 0 : Select 1/l(X1N)X 4 

Test mode bit 

This bit must be "O" 

Clock ~ 1 output selection bit 

0 : No ~ 1 output 

1 : ~ 1 output 

Fig. 58 Processor mode register bit conflgulation 
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f": CM, 0 0 1 1 

"' CMo 
0 1 0 1 

·~ Single-chip Mode Memory Expansion Mode Microprocessor Evaluation Chip Mode 
Mode Por 

E I I E I I 
Port PO PO,~ P07~ Same as left Same as left 

I 1/0 Port I Address A7-A0 
POo POo 

I E A15-A8 ~ I I E I 
BYTE= "L" P1 7~ Same as left Same as left 

I Address Data( odd 
P1o 

P1 7~ I e I E~ 0: BYTE= "H" I 1/0 Port 

1: P1o 
P1 7~ P1, 

0 / Address A15-Aa I Address Data( odd Q. 

or 2•Vcc P1 0 P1 0 

(Evaluation 
Same as left Port P4, P5 and their direction 

registers are treated as 16-bit wide 
chip mode 

bus. If BYTE=2•Vcc. the internal 
only.) 

ROM area is also treated as 16-bit 
wide bus. 

E I I E A,d. I 
BYTE= "L" 

P2'.Y.: ~ Same as left Same as left 
I Address (even) 

"' P27~ 
P2o 

Q. 
I 1/0 Port 

~ BYTE= "H" P2o 

E~ E~ Q. 

P27 

or 2·Vcc 
P27 Same as left I Address Data 

(Evaluation 
I Address Data P2o P2o (even, odd) 

chip mode (even, odd) 
Same as for Port P1 only.) 

E I I E I I 
P3a~ 

P3a~ 
Port P3 I 1/0 Port P32 __FLEl___ Same as left Same as left 

P3o 

P3 1~ 
P3o~ 

E I r-- e I I E I I 
P47~ 

P47~ 
P47~ P46~ I 1/0 Port I 110 Port 

P4o P42 
- P4s~ 

Port P4 * When processor mode P4 1~ P44~ 
register O bit 7 = "O" P4o~ P43~ 

* When processor mode 
P42 _j¢,LJLJL register O bit 7 = "O" 

P42 ~ P42 FLn__Il_ Same as left in P4 1~ 
spite of proce-P4o~ ssor mode re-

Same as above except P42 Same as above except P4, gister 0 bit 7 

* When processor mode register 0 * When processor mode register 0 
bit7="1" blt7="1" 

Fig. 59 Processor mode and ports P4 to PO functions 
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•Wait bit 
As shown in Figure 61, when the external memory area is 
accessed with the processor mode register O (address 
5E16) bit 2 (wait bit) cleared to "O", the access time can be 
extended compared with no wait (the wait bit is "1"). 

The access time is extended in two ways and this is 
selected with bit 0 (wait selection bit) of processor mode 
register 1 (address 5F16 ). 

When this bit is "1", the access time is 1.5 times compared 
to that for no wait. When this bit is "O", the access time is 
twice compared to that for no wait. 

At reset the wait bit is "O" and bit 0 of processor mode reg
ister 1 is "O". 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 
The processor modes are described below. 

Memory Microprocessor 
expansion mode mode 

ao,. 
RAM RAM 

47F16 

Reserved area 

Evaluation 
chip mode 

RAM 

Reserved area 

The shaded area is the external memory area. 

Fig. 60 External memory area for each processor mode 

Wailbil"1" 

Waitbit"O'" 
(wail 1) 

Waitbit"O" 
(wait O) 

Internal clock\! 

Port P2 

E 

ALE 

Port P2 

ALE 

Port P2 

ALE 

n_n__n_flJLf1_f 
Address Data Address Data =x=x:::::::x::: 
~ 
__n__n___ 

Access term 

Address Data Address Data 

=::x:::x:=:x=x= 
---i____ri__ 

__n_____n_ 
Access term 

Access term 

Fig. 61 Relationship between wait bit, wait selection bit, 
and access time 

(1) Single-chip mode (00) 
Single-chip mode is entered by connecting the CNVss pin 
to V88 and starting from reset. Ports P4 to PO all function as 

normal 1/0 ports. Port P42 can be the </> 1 output pin divided 
the clock to X1N pin by 2 by setting bit 7 of processor mode 
register O to "1" 

(2) Memory expansion mode (01) 
Memory expansion mode is entered by setting the proces

sor mode bits to "01" after connecting the CNVss pin to V88 

and starting from reset. 

Port PO becomes an address output pin and loses its 1/0 
port function. 
Port P1 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is "L", port P1 functions as an 
address output pin while E is "H" and as an odd address 
data 1/0 pin while E is "L". However, if an internal memory 
is read, external data is ignored while E is "L". In this case 

the 1/0 port function is lost. 
When the BYTE pin level "H", port P1 functions as an 
address output pin and loses its 1/0 port function. 

Port P2 has two functions depending on the level of the 
BYTE pin. 
When the BYTE pin level is "L", port P2 functions as an 
address output pin while E is "H" and as an even address 
data 1/0 pin while E is "L". However, if an internal memory 
is read, external data is ignored while Eis "L". 
When the BYTE pin level is "H", port P2 functions as an 
address output pin while E is "H" and as an even and odd 
address data 1/0 pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". In 
this case the 1/0 port function is lost. 
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Ports P30, P31 , P32, and P33 become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their 1/0 port func
tions. 
R/W is a read/write signal which indicates a read when it 
is "H" and a write when it is "L". 
BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is "L". 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address A0 is "L" and BHE is 
"L". 

ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is "H" to let the 
address signal pass through and held while ALE is "L". 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 
Ports P40 and P41 become HOLD and RDY input pin re
spectively and lose their output pin function, but the input 
pin function remains. 
HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock r/> falls from "H" level to 
"L" level while the bus is not used. Ports PO, P1, P2, P30, 

and P31 are floating while the microcomputer stays in hold 
state. These ports are floating after one cycle of the inter
nal clock r/> later than HLDA signal changes to "L" level. At 
the removing of hold state, these ports are removed from 
floating state after one cycle of r/> later than HLDA signal 
changes to "H" level. 
RDY is a ready signal. If this signal goes "L", the internal 
clock if> stops at "L". When r/> 1 output from port P42 is 
selected by setting bit 7 of processor mode register 0 to 
"1", r/> 1 output keeps on. RDY is used when slow external 
memory is attached. 

(3) Microprocessor mode (10) 
Microprocessor mode is entered by connecting the CNVss 
pin to Vee and starting from reset. It can also be entered by 
programming the processor mode bits to "1 O" after con
necting the CNV85 pin to V88 and starting from reset. This 
mode is similar to memory expansion mode except that in
ternal ROM is disabled and an external memory is re
quired, and if> 1 from port P42 is always output in spite of bit 
7 of processor mode register 0. 

(4) Evaluation chip mode (11) 
Evaluation chip mode is entered by applying voltage twice 
the Vee voltage to the CNV55 pin. This mode is normally 
used for evaluation tools. 
The functions of ports PO and P3 are the same as in mem
ory expansion mode. 
Port P1 functions as an address output pin while E is "H" 
and as data 1/0 pin of odd addresses while E is "L" re
gardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while Eis "L". 

Port P2 function as an address output pin while E is "H" 
and as data 1/0 pin of even addresses while E is "L" when 
the BYTE pin level is "L". However, if an internal memory is 
read, external data is ignored while Eis "L". 
When the BYTE pin level is "H" or 2·Vcc. port P2 functions 
as an address output pin while E is "H" and as data 1/0 pin 
of even and odd addresses while E is "L". However, if an 
internal memory is read, external data is ignored while E is 

"L". 
Port P4 and its data direction register which are located at 
address OA16 and OC16 are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 
When a voltage twice the· Vee voltage is applied to the 
BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 
The functions of ports P40 and P41 are the same as in 

memory expansion mode. 
Ports P42 to P46 become r/>1. MX, QCL, VDA, and VPA out
put pins respectively. Port P47 becomes the DBC input pin. 
r/>1 from port P42 divided the clock to x,N pin by 2 is always 
output in spite of bit 7 of processor mode register 0. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes "H" when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 
VDA is the valid data address signal. It becomes "H" while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes "H" when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 
VPA is the valid program address signal. It becomes "H" 
while the CPU is reading an instruction code from the in
struction queue buffer. 
DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVss pin in
put levels and processor modes. 

Table 5. Relationship between the CNV55 pin input 
levels and processor modes 

CNV55 Mode Description 

• Single-chip Single-chip mode upon start-

• Memory expansion ing after reset. Other modes 

Vss • Microprocessor can be selected by changing 

• Evaluation chip the processor mode bit by 

software. 

• Microprocessor Microprocessor mode upon 

• Evaluation chip starting after reset. Evaluation 

Vee chip mode can be selected 

by changing the processor 

mode bit by software. 

2 •Vee • Evaluation chip • Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 
Figure 62 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock r/> 

stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32 . This connection is broken and 
connected to the input determined by the watchdog timer 

frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

29 

l 

M3771 OM4BXXXFP 

Xour 

Oscillation resumes when an interrupt is received, but the 

internal clock r/> remains at "L" level until the most signifi
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 
When a WIT instruction is executed, the internal clock q, 
stops at "L" level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

Fig. 63 Circuit using a ceramic resonator 

The stop or wait state is released when an interrupt is re
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 

Figure 63 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom

mended values for constants such as capacitance which 
differ for each resonator. Figure 64 shows an example of 
using an external clock signal. 

Interrupt request 

STP instruction 

Fig. 62 Block diagram of a clock generator 

Fig. 64 

M3771 OM4BXXXFP 

29 

External clock source 

Vee JlfLflf 
Vss 

Xour 

Open 

External clock input circuit 

Reset 

Watchdog 
timer 
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ADDRESSING MODES 
The M37710M4BXXXFP has 28 powerful addressing mod
es. Refer to the M ELPS 7700 addressing mode description 
for the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M37710M4BXXXFP has 103 machine instructions. Re
fer to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR MASK ROM ORDERING 
Please send the following data for mask orders. 
(1) M37710M4BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 
(3) ROM data ( EPROM 3 sets) 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage -0.3-7 

v, Input voltage RESET, CNVss, BYTE -0.3-12 

Input voltage P00-PO,, P1 0-P1,, P20-P2,, P3o-P3,, 

v, P4o-P4,, P5o-P5,, P6o-P6,, P7o-Ph -0. 3-Vee+O. 3 

PB0 ....... PB1. vREF· x,N 
Output voltage P00-P07, P1,-P17, P20-P27, P30-P33, 

Vo P40-P47, P50-P5,, P60-P67, P70-P7,, -0. 3-Vee+O. 3 
-

P8o-P8,, Xour. E 

Pd Power dissipation Ta=25°C 300 

T~ Operating temperature -20-85 

Ts,!g_ Storage temperature -40-150 

RECOMMENDED OPERATING CONDITIONS <vcc=5v±10%, Ta=-20-ss·c. unless otherwise noted) 

Limits 
Symbol Parameter 

Min. Typ. 

Vee Supply voltage 4.5 5. 0 

A Vee Analog supply voltage Vee 

Vss Supply voltage 0 

AVss Analog supply voltage 0 

High-level input voltage POo-PO,, P30-P3,, P40-P4,, 

V1H 
P5o-P5,, P6o-P61, P7o-Ph 

0. 8Vee --
P8o-P8,, X1N. RESET, CNVss. 

BYTE 

V1H 
High-level Input voltage P1 0-P1 7, P20-P27 

0. 8Vee 
(in single-chip mode) 

High-level input voltage P1 0-P1,, P20-P27 

V1H (in memory expansion mode and 0. 5Vee 
microprocessor mode) 

Low-level input voltage POo-PO,, P30-P33, P40-P4,, 

Vic 
P5o-P5,, P60-P67, P7o-Ph 

0 --
P80-P8,, X1N. RESET, CNVss. 

BYTE 

V1L 
Low-level input voltage P1 0-P1,, P20-P27 

0 
(in single-chip mode) 

Low-level input voltage P1 0-P1 7, P20-P27 

VIL (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current PO,-P07, P1 0-P17, P20-P27, 

loH<peak) P3o-P33, P4o-P4,, P5o-P5,, 

P6o-P6,, P70-P77, P8o-P87 

High-level average output current POo-P07, P1 0-P17, P2o-P2r, 

loH(aVQ) P30-P33, P4,-P47, P50-P57, 

P6o-P61, P7o-P7,, P8o-P8, 

Low-level peak output current P00-PO,, P1,-P1 7, P2,-P2,, 

loupeak) P30-P33, P40-P47, P50-P5,, 

P60-P61, P7,-P7,, P8,-P8, 

Low-level average output current P00-P01, P1o-P11. P2o-P21. 

louavg) P3o-P3,, P4o-P4,, P5o-P5,, 

P60-P67, P70-P77, P8o-P87 

f(X,N) External clock frequency input 

Note 1 . Average output current is the average value of a 1 OOms interval. 
2. The sum of loupeak) for ports PO, P1, P2, P3, and PB must be 80mA or less, 

the sum of loH<peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of loH<peak) for ports P4, PS, P6, and P7 must be 80mA or less. 

Max. 

5. 5 

Vee 

Vee 

Vee 

0. 2Vee 

0. 2Vee 

0. 16Vcc 

-10 

-5 

10 

5 

25 
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v 
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v 

v 

v 

v 

v 
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mA 

mA 

mA 

MHz 

Unit 

v 
v 
v 

v 

v 

mW 

"C 
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ELECTRICAL CHARACTERISTICS (Vcc=SV, Vss=OV, Ta=25t, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level output voltage POo-PO,. P1o-P1,, P2o-P2,, 

VoH 
P3o, P31, P3,, P4,-P4,, 

loH=-10mA 3 v 
P5o-P5r, P6o-P6,, P7o-P7r. 

P80-P81 

VoH 
High-level oulput voltage POo-PO,, P10-P1,, P20-P2,, 

loH=-400µA 4. 7 v 
P3o, P3,, P3, 

loH=-10mA 3. 1 
VoH High-level ootput voltage P32 

4. 8 
v 

loH=-400µA 

High-level ootput voltage E 
loH=-lOmA 3.4 

VoH 
4. 8 

v 
loH=-400µA 

Low-level output voltage P00-PO,, P1 0-P1,. P2o-P2,, 

VoL 
P3o, P3,, P3a. P4o-P4,, 

P50-P5,, P6o-P61, P7o-P7r. 
la,=lOmA 2 v 

P80-P81 

VoL 
Low-level output voltage P00-PO,, P1o-Ph, P2o-P2,, 

P3o, P3,, P33 
lo,=2mA 0.45 v 

10 ,=lOmA 1. 9 
VoL Low-level output voltage P32 

0.43 
v 

10 ,=2mA 

Low-level output voltage E 
10 ,=lOmA 1.6 

VoL 
0.4 

v 
lo,=2mA 

VT+-VT-
Hysteresis HOLD, ROY, TA01N-TA41N. TB01N-TB21N. 

INT,-INT,, ADTRG• CTSo. CTS,, CLKo, CLK1 
0. 4 1 v 

VT+-VT- Hysteresis RESET 0. 2 0.5 v 
VT+-VT- Hysteresis X1N 0. 1 0.3 v 

High-level input current P00-PO,, P1 0-P1,, P2o-P27, 

l1H 
P3o-P3,. P4,-P47, P5o-P5,, 

V1=5V 5 µA 
P6o-P61. P7o-P7r. P8o-P8,, 
--

X1N. RESET, CNVss. BYTE 

Low-level input current P00-PO,. P1 0-P1,, P2o-P2,, 

l1L 
P3o-P3a. P4o-P4,, P5o-P5,, 

V1=0V 
P60-P61, P7o-P7r. P8o-P8,, 

-5 µA 

--
X1N. RESET, CNV ss. BYTE 

VRAM RAM hold voltage When clock is stopped. 2 v 
i(X1N)=25MHz, 

19 38 mA 
In single-chip mode square waveform 

Ice Power supply current 
ootput only pin is T a=25t when clock 

1 open and other pins is stopped. 
are Vss during reset. T 8 =85t when clock 

µA 

20 
Is stopped. 
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A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=OV, Ta=25"C, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ. Max. 

- Resolution VReF=Vcc 10 

- Absolute accuracy VREF=Vcc ±3 
A LADDER Ladder resistance VREF=Vcc 5 20 

tcoNv Conversion time 9. 44 

VREF Reference voltage 2 Vee 

VIA Analog input voltage 0 VREF 

D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV, Ta=25t, f(X,")=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

- Resolution 

- Absolute accuracy 

tsu Set time 

Ro Output resistance 

lvREF Reference power input current (Note) 

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is "0016". 

2-60 

Current that flows to the ladder resistance of A-D converter is excluded. 
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Limits 

Min. Typ. Max. 

8 

1. 0 

3 
1 2. 5 4 

3. 2 

Unit 

Bits 

LSB 

k!l 

µs 

v 
v 

Unit 

Bits 

% 
µS 

k!l 

mA 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

le External clock input cycle time 

tw(H) External clock input high-level pulse width 

lw(L) External clock input low-level pulse width 

Ir External clock rise time 

If External clock fall time 

Single-chip mode 

Symbol Parameter 

tsu(POD-E) Port PO input setup time 

tsu(P1D-E) Port P1 input setup time 

tsu(P2D-E) Port P2 input setup time 

tsu(P3D-E) Port P3 input setup time 

tsu(P4D-E) Port P4 input setup time 

tsu(P5D-E) Port P5 input setup time 

•su(P6D-E) Port P6 input setup time 

•su<P7D-E) Port P7 input setup time 

•su(PBD-E) Port PB input setup time 

lh(E-POD) Port PO input hold time 

th(E-P1D) Port P1 input hold time 

th(E-P2D) Port P2 input hold time 
-----

th(E-P3D) Port P3 input hold time 

th(E-P4D) Port P4 input hold time 

lh(E-P5D) Port P5 input hold time 

lh(E-P6D) Port P6 input hold time 

lh(E-P?D) Port P7 input hold time 

lh(E-PSD) Port PB input hold time 

Memory expansion mode and microprocessor mode 

Symbol Parameter 

tsu(P1D-E) Port P1 input setup time 

tsu<P20-E) Port P2 input setup time 

•su(RDY-¢ ) ROY input setup time 

•su(HOLO-¢) HOLD input setup time 

lh(E-P1D) Port P1 input hold time 

th(E-P20) Port P2 input hold time 

th(¢ -ROY) RDY input hold time 

lh(¢ -HOLD) HOLD input hold time 

Limits 
Unit 

Min. Max. 

40 ns 

15 ns 

15 ns 

8 ns 

8 ns 

Limits 
Unit 

Min. Max. 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
Unit 

Min. Max. 

30 ns 

30 ns 

55 ns 

55 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (Count input in event counter mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 

lw(TAH) TAi1N input high-level pulse width 

lw(TAL) TAi1N Input low-level pulse width 

Timer A input (Gating input in timer mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 

tw(TAH) TAi1N input high-level pulse width 

lw(TAL) TAitN input low-level pulse width 

Timer A input (External trigger input in one-shot pulse mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 

tw(TAH) TAi1N input high-level pulse width 

tw(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in pulse width modulation mode) 

Symbol 

lw(TAH) TAitN input high-level pulse width 

lw(TAL) TAi1N input low-level pulse width 

Timer A input (Up-down input in event counter mode) 

Symbol 

tc(UP) TAiour input cycle time 

tw(uPH) T~io~r_i.~p~~.i~~_=-_l~vel pulse width 

twcuPL> TAiour input low-level pulse width 

tsu<uP-!t>L) TAiour input setup time 

th(TlNcUP) TAiour input hold time 
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Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

160 ns 

80 ns 

80 ns 

Limits 

I Unit 
Min. Max. 

80 1 ns 

80 ns 

Limits 
Unit 

Min. Max. 

2000 ns 

1000 ns 

1000 ns 

400 ns 

400 ns 
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Timer B input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TB) TBi1N input cycle time (one edge count) 80 ns 

tw(TBH) TBi1N input high-level pulse width (one edge count) 40 ns 

lw(TBL) TBi1N input low-level pulse width (one edge count) 40 ns 

tc(TB) TBi1N input cycle time (both edges count) 160 ns 

lw(TBH) TBi1N input high-level pulse width (both edges count) 80 ns 

lw(TBL) TBi1N input low-level pulse width (both edges count) 80 ns 

Timer B input (Pulse period measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBiiN input cycle time 320 ns 

lw(TBH) TBi1N input high-level pulse width 160 ns 

1w(TBL) TBi1N input low-level pulse width 160 ns 

Timer B input (Pulse width measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

1c(TB) TBi1N Input cycle time 320 ns 

1w(TBH) TBi1N input high-level pulse width 160 ns 

1w(TBL) TBi1N input low-level pulse width 160 ns 

A·D trigger input 

Symbol 
Limits 

Parameter Unit 
Min. Max. 

1c(AO) ADmG input cycle time (minimum allowable trigger) 1000 ns 

1w(AOL) ADmG input low-level pulse width 125 ns 

Serial 1/0 
Limits 

Symbol Parameter Unit 
Min. Max. 

tc(CK) CLK; input cycle time 200 ns 

1w(CKH) CLK1 input high-level pulse width 100 ns 

lw(CKL) CLK; input low-level pulse width 100 ns 

td<c-o> TxD; output delay time 80 ns 

th(C-O) TxD; hold time 0 ns 

tsu<o-c> RxDi input setup time 30 ns 

th(C-0) RxD1 input hold time 90 ns 

External interrupt INTi input 
Limits 

Symbol Parameter Unit 
Min. Max. 

lw{INH) INT; input high-level pulse width 250 ns 

1w{INL) INT1 input low-level pulse width 250 ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±l0%, Vss=OV, Ta=25"C, f(X,N)=25MHz, unless otherwise noted) 

Single-chip mode 

Symbol Parameter Test conditions 

ld(E-POQ) Port PO data output delay time 

ld(E-P1Q) Port P1 data outpu~ delay time 

ld(E-P2Q) Port P2 data output delay time 

ld(E-P3Q) Port P3 data output' delay time 

ld(E-P4Q) Port P4 data output delay time Fig. 65 

ld(E-P5Q) Port P5 data output delay time 

ld(E-P6Q) Port P6 data output delay time 

ld(E-P7Q) Port P7 data output delay time 

ld(E-P8Q) Port PB data output delay time 

Memory expansion mode and microprocessor mode (when wait bit= "1") 

Symbol 

ld(POA-E) 

id(E-P10) 

lpXZ(E-P1Z) 

ld(P1A-E) 

ld(P1A-ALE) 

ld(E-P2Q) 

tpxzc e-P2zl 

ld(P2A-E) 

ld(P2A-ALE) 

td(¢ -HLDA) 

ld(ALE-E) 

tw(ALE) 

td(BHE-E) 

ld(R/W-E) 

td(E-¢ ) 

lh(E-POA) 

th(ALE-P1A) 

th(E-P10) 

tpZX(E-P1Z) 

th(E-P1A) 

lh(ALE-P2A) 

lh(E-P2Q) 

tpzX(E-P2Z) 

th(E-BHE) 

lh(E-R/W) 

tW(EL) 
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Parameter 

Port PO address output delay time 

Port P1 data output delay time ( BYTE="L") 

Port P1 floating start delay time (BYTE="L") 

Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

Port P2 address output delay time 

HLDA output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 

R/W output delay time 

¢ 1 output delay time 

Port PO address hold time· 

Port Pt address hold time (BYTE="L") 

Port P1 data hold time (BYTE="L") 

Port Pt floating release delay time (BYTE="L") 

Port Pt address hold time (BYTE="H") 
---

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

BHE hold time 

R/W hold time 

E pulse width 

Test conditions 

• MITSUBISHI 
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Fig. 65 

Limits 
Unit 

Min. Max. 

80 ns 

80 ns 

80 ns 

80 ns 

80 ns 

80 ns 

80 ns 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

12 ns 

45 ns 

5 ns 

12 ns 

5 ns 

45 ns 

5 ns 

12 ns 

5 ns 

50 ns 

4 ns 

22 ns 

20 ns 

20 ns 

0 18 ns 

25 ns 

9 ns 

25 ns 

25 ns 

25 ns 

9 ns 

25 ns 

25 ns 

18 ns 

18 ns 

50 ns 



MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode 

Symbol 

td(POA-E) 

ld(E-P1Q) 

tpXZ(E-P1Z) 

ld(P1A-E) 

td(P1A-ALE) 

td(E-P2Q) 

tpXZ( E-P2?) 

td(P2A-E) 

ld( P2A-ALE) 

ld{<,ti -HLDA) 

r-!-Q(ALE-E) 

r-!~i~LE) 
ld(BHE-E) 

ld(R/W-E) 

ld(E-• ) 

th(E-POA) 

lh(ALE-P1A) 

lh(E-PtQ) 

tpZX(E-P1Z) 

th(E-P1A) 

th(ALE-P2A) 

th(E-P2Q) 

tpZX( E-P2Z) 

th(E-BHE) 

th(E-R/W) 

tw(ELl 

(when wait bit = "O", wait selection bit = "1 ", and external memory area is accessed) 

Parameter Test conditions 

Port PO address output delay time 
- ---I 

Port P1 data output delay time (BYTE="L") 

Port P1 floating start delay time (BYTE="L") 

Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

Port P2 address output delay time 

HLOA output delay time 

ALE output delay time 

ALE pulse width --
BHE output delay time 

R/W output delay time 

¢ t output delay time 

Port PO address hold time 

Port Pl address hold time (BYTE="L") 

Port P1 data hold time (BYTE="L") 

Port P1 floating release delay time (BYTE="L") 

Port P1 address hold time (BYTE="H") 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

BHE hold time 

R/W hold time 

E pulse width 

• MITSUBISHI 
.... ELECTRIC 

Fig. 65 

Limits 
Unit 

Min. Max. 

12 ns 
45 ns 

5 ns 
12 ns 
5 ns 

45 ns 
5 ns 

12 ns 
5 ns 

50 ns 
4 ns 

22 ns 
20 ns 
20 ns 

0 18 ns 
25 ns 

9 ns 
25 ns 
25 ns 
25 ns 

9 ns 
25 ns 
25 ns 
18 ns 
18 ns 

130 ns 
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M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay time 92 ns 

td(E-P1Q) Port P1 data output delay lime (BYTE="L") 45 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 5 ns 

ld(P1A-E) Port P1 address output delay lime 92 ns 

ld(P1A-ALE) Port P1 address output delay time 70 ns 

ld(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ(E-P2Z) Port P2 floating start delay time 5 ns 

ld(P2A-E) Port P2 address output delay time 92 ns 

ld(P2A-ALE) Port P2 address output delay time 70 ns 

Ide~ -HLDAJ HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 15 ns 

lw(ALE) ALE pulse width 62 ns 

ld(BHE-E) BHE output delay time 100 ns 

td(R/W-E) R/W output delay lime 
Fig. 65 

100 ns 

tdCE-~) {> 1 output delay time 0 18 ns 

lh(E-POA) Port PO addre,ss hold lime 25 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 20 ns 

lh(E-P1Q) Port P1 data hold time (BYTE="L") 25 ns 

lpZX(E-P1Z) Port P1 floating release delay time ( BYTE="L") 25 ns 

lh(E-P1A) Port P1 address hold time (BYTE="H") 25 ns 

lh(ALE-P2A) Port P2 address hold time 20 ns 

lh(E-P2Q) Port P2 data hold time 25 ns 

lpZX(E-P2Z) Port P2 floating release delay time 25 ns 

th(E-BHE) BHE hold time 18 ns 

thCE-RIW) R/W hold time 18 ns 

tw(ELl E pulse width 130 ns 

PO I -0 P1 

P2 

P3 
lOOpF 

P4 * PS 

P6 

P7 

PB 

"'' E 

Fig. 65 Testing circuit for ports PO-PS, ¢ 1 
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TIMING DIAGRAM 
Single-chip mode 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 

MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
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TAi1N input 

TAiour input 

J 

{ 
TAiour input 
(Up-down input) 

tW(TAH) J 

J 
} 

'"'"~'~ 

In Event counter mode 

TAi1N input 
(When count by falling) 

TAi1N input 

(When count by rising) 

TBi 1N input f '"''""' \ 
ADrnG input 

i ~'~" } 
tW(CKH) 

] 
CLK; _11 1' 

TxD; 

RxD; 

INT; input 
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'"' l 
) 

v.: 
1h(T1N- UP) tsu( UP-T1N~ 

\. / 
tC(TB) 

tW(TBLl 

tC{AD) 

lc(cKl 

lw{CKL} 

) 
ld(C-Ql 

L lsu<o-cl 

L 

• MITSUBISHI 
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lh{c-01 J 
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1. 
lh{C-QI 
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Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

¢, 

RDY input 

(When wait bit= "a") 

¢, 

RDY input 

(When wait bit= "1" or "a" in common) 

¢, 

HOLD input 

HLDA output 

Test conditions 

•Vee= 5V±10% 

• Input timing voltage : VIL= 1. av. v,H = 4. av 

• Output timing voltage: VoL =a. av. VoH = 2. av 

MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

r----------- -- - --- ---- -----
1 

r--------------------------
1 
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MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode (When wait bit="1") 

f(X,N) 

Port PO output 
(A0-A 7 ) 

Port P1 output 

(A8 -A15/08-D,,) ----------"' l'-----++-'I r-----+-"1 I'-----+-' 
(BYTE="L") 

Port P1 output 

(A8 -A1sl 
(BYTE="H") 

Port P1 input 

Port P2 output 

(A16-A23/Do-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 

(BHE) 

Port P30 output 

(R/W) 

2-70 

Test conditions 

• Vcc=5V±10% 

·Output timing voltage: Voe =0. 8V, VoH=2. OV 

• Ports P1, P2 input 
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MITSUBISHI MICROCOMPUTERS 

M37710M4BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "1", and external memory area is accessed) 

f(X,N) 

Port PO output 
(Ao-A,) 

Port P1 output-------------·--""""-"'' j.------.1 
(Aa-A10/Da-D10) 
(BYTE="L") 

Address 

Port P1 output ----------------M--------+-.1 i.----------, •--------
(A8-A15) 
(BYTE="H") 

Port P1 input 

Address 

Port P2 output -------------..1r--+t .... 11------+-.J 
(A1e-A23ID0-D1) 

_____________ __. 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P3o output 
(RIW) 

Test conditions 

• Vcc=5V±10% 

td(BHE-E} 

• Output timing voltage : VaL =O. SV, VoH=2. OV 

• Ports P1. P2 input 

Address 

lh(E- BHE) 

lh(E- RIWJ 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O'', wait selection bit= "O", and external memory area is accessed) 

f(X,N) 

Port PO output 
(A0-A7 ) 

Port P1 output 
(A8-A1siDs-D1s) 
(BYTE="L") 

Port P1 output 
(A,-A,s) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A16-A23/D0 -D7 ) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P30 output 
(R/W) 

2-72 

Test conditions 

• Vcc=5V±l0% 

• Output timing voltage : Vo, =0. 8V. VoH=2. OV 

• Ports P1. P2 input 
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MITSUBISHI MICROCOMPUTERS 

M37710M8BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37710M8BXXXFP is a single-chip microcomputer de

signed with high-performance CMOS silicon gate technolo

gy. This is housed in a 80-pin plastic molded QFP. This 

single-chip microcomputer has a large 16M bytes address 

space, three instruction queue buffers, and two data buffers 

for high-speed instruction execution. The CPU is a 16-bit 

parallel processor that can also be switched to perform 8-

bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re

quire high-speed processing of large data. 

FEATURES 
• Number of basic instructions .. · .............................. 103 

• Memory size ROM ................................. 60K bytes 

RAM ................................ 2048 bytes 

• Instruction execution time 
The fastest instruction at 25MHz frequency ....... · 160ns 

• Single power supply ..................................... 5v±10% 

• Low power dissipation (at 25MHz frequency) 
............. 95mW (Typ) 

• Interrupts ........................................ · 19 types 7 levels 

• Multiple function 16-bit timer ............................... 5+3 

(Pulse motor drive waveform can be output.) 
• UART (may also be synchronous) ............................. 2 

• 10-bit A-D converter ......... · ................ 8-channel inputs 

• 8-bit D-A converter .......................... 2-channel outputs 

• 12-bit watchdog timer 

• Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, PB) .... · ............ 68 

APPLICATION 
Control devices for office equipment such as copiers, prin

ters, typewriters, facsimiles, word processors, and personal 

computers 

Control devices for industrial equipment such as com
munication and measuring instruments 

NOTE 
Refer to "Chapter 5 PRECAUTIONS" when using this mic

rocomputer. 

PIN CONFIGURATION (TOP VIEW) 

:t 
D 

II I? ' 1~ '2 0 0 i.ZZi.Z.Z.i r- ...J xx 

~~~~~~~m~~~8~~~~ 
a. a. a.. a. a.. a. a..><(><(> a. a.. a. a. 
I I I I I I I l I I I I 

0 64 - P841CTS 1 1RTS~IOA 1 
63 -P85/CLK 1 

P66/TB1 IN - 3 62 - P86/RxD1 

P65fT801N - 4 61 - P81/T xD1 
P64/~ - s so - POo/Ao 
PS3/INT1 .... 6 59 - P01/A1 

P62/i"NT;;- 7 S::: ss -P02/A2 

Pfl1!TA41N ++ 8 ~ 57 ++ P03/A3 

P601TA4ouTIRTPl3 ++ 9 ::l._ 56 - P04/A4 

P51/TA31N .... 10 O 55 ++ POs/As 
P56/TA30 ur1RTP1 2 ++ 11 S::: 54 ......... P06/ft.s 

P551TA21N/RTP1 1 ++ 12 CD 53 ++ P07/A7 
P541TA20 ur1RTP1 0 ++ 13 CD 52 ++ P1 0/A8108 

P53/TA1 1N/RTP03 ++ 14 ~ 51 ++ P1 1/A9109 

P521TA1 0 ur1RTP02 ++ 15 X so ++ P1 2/A10/010 

P5tlTA01NIRTP01 ++ 16 11 49 ++ P1 3/A11 1D11 

P50/TAOouT/RTPOo - t7 iJ 48 - P1 4/A121012 

P4715BC* - 10 47 - P1 5/A13/013 

P461VPA* - 19 46 - P1 6/A14/0 14 

P45/VDA* - 20 45 - P1 7/A1sf0 15 

P44/QCL * - 21 44 - P20/A16/00 

P43/MX* - 22 0 43 - P21/A17/D1 

P42/¢ 1 - 23 42 - P22/A18/D2 

P411ADY-~"To,=====~==n===,.---41 - P23/A19/D3 

Outline 80P6N-A 

*: Used in the evaluation chip mode only 

• MITSUBISHI 
... ELECTRIC 

2-73 



2-74 

" a. 

I 

~~~ >> oz 
~ () 

I 

I 
I 

~ ~@-Ur 
I 

> 0 -
~> ~ ot 

·:; 
2 
0 

"' c: 
~ 
Q; 
c: 

" (!) 

-"' 
8 
0 

MITSUBISHI MICROCOMPUTERS 

M37710MSBXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Data Buffer DBH(8) 

Data Buffer DBL(8) 

Instruction Queue Buffer 00(8) 

Instruction Queue Buffer 01(8) 

Instruction Queue Buffer 02(8) 

lncrementer (24) 

Program Address Register PA(24) 

Data Address Register DA(24) 

~ 
lncrementer/Decremenler (24) 

Program Counter PC( 16) 

Program BanK Register PG(8) 

Data Bank Register OT(8) 

-~~ 
E ~ !:£ 
~ N -;: 
"' aJ aJ 

Input Buffer Register 18(16) 
0 I- I-
"O ~ ~ 

~ " Ql 

~ ~ ~ 
Processor Status Register PS(l 1) 

~~~~ 
Direct Page Register DPR(16) 

Stack Pointer S(16) 

Index Register Y(16) 

Index Register X(l6), 

Accumuiator 6(16) 

Accumulator A(16) 
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MITSUBISHI MICROCOMPUTERS 

M37710M8BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M3771 OMBBXXXFP 
Parameter Functions 

Number of basic instructions 103 

Instruction execution time 160ns (the fastest Instruction at external clock 25MHz frequency) 

ROM 60K bytes 
Memory size 

RAM 2048 bytes 

PO-P2, P4-P8 8-bitX 8 
Input/Output ports 

P3 4-bltX 1 

TAO, TA1, TA2, TA3, TA4 16-bltX5 
Multi-function timers 

TBO, TB1, TB2 16-bltX 3 

Serial 1/0 (UART or clock synchronous serial 1/0) X2 

A-D converter 10-bltX 1 ( 8 channels) 

0-A converter 8-bitX2 

Watchdog timer 12-bltX 1 

Interrupts 
3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 - 7 .) 

Clock generating circuit Bullt-in(extemally connected to a ceramic resonator or quartz crystal resonator) 

Supply voltage 5V±10% 

Power dissipation 95mW(at external clock 25MHz frequency) 

lnpuVOutput voltage 5V 
Input/Output characteristic 

Output current 5mA 

Memory expansion Maximum 16M bytes 

Operating temperature range -20-85"<: 

Device structure CMOS high-performance silicon gate process 

Package 80-pin plastic molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M37710M8BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name lnpuVOutput Functions 

Vee. Power supply Supply 5 V±10% to Vee and 0 V to Vss. 

Vss 

CNVss CNV55 Input Input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 

types. 

--
RESET Reset input Input To enter the reset state, this pin must be kept at a "L" condition .which should be maintained for the re-

quired time. 

X1N Clock input Input These are 1/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-

tween X1N and Xour- When an external clock is used, the clock source should be connected to the X1N pin 

Xour Clock output Output and the Xour pin should be left open. 

E Enable output Output Data or instruction read and data write are performed when output from this pin is "'L". 

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin detennlnes whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 

AVcc Analog supply Input Power supply for the A-D converter. AVss is also used for D-A converter. Connect AVcc to Vee and AVss to 

AVss Vss externally. 

VREF Reference voltage Input Input This Is reference voltage Input pin for the A-D converter .and the D-A converter. 

POo-POr 1/0 port PO 1/0 In single-chip mode, port PO becomes an 8-bil 1/0 port. An 1/0 direction register is available so that each 

pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7 ........ Ao)is output in memory expansion mode or microprocessor mode. 

P1o-P11 110 port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(D1s-Da)is input or output when E output is "L" and an address (A15-Aa) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15-A8)is output. 

P2o-P21 110 port P2 110 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode low-order data(D1 ........ Do) is input or output when E output is "L" and an address(A23-A16 )is 

output when E output Is "H". 

P3o-P33 1/0 port P3 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

P4o-P41 1/0 port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode, P4o and P41 become HOLD and ROY Input pin respectively. Functions of other pins are the 

same .as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program-

med for f'1 output pin divided the clock lo X 1N pin by 2. In microprocessor mode, P42 always has the lune-

lion as ~ output pin. 

P5o-P5r 1/0 port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 

pins for timer AO, timer A 1, timer A2 and timer A3. P50 - P58 also function as output pins for pulse motor 
drive waveform. 

P6o-P61 1/0 port P6 110 In addition to having the same functions as port PO In single-chip mode, these pins also function as 110 

pins for timer A4, external interrupt input INT0, INT1 and INT2 pins, and Input pins for timer BO, timer B1 and 

timer B2. P6o also functions as an output pin for pulse motor drive waveform. 

P7o-P71 1/0 port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins ~Isa function as analog 

input AN0-AN7 input pins. P77 also has an A-0 conversion trigger input function. 

P8o-PS, 1/0 port PS 1/0 In addition to having the same functions as port PO In single-chip mode, these pins also function as RxD, 

TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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MITSUBISHI MICROCOMPUTERS 

M37710M8BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

BASIC FUNCTION BLOCKS 
The M37710M8BXXXFP has the same functions as the 
M37710M4BXXXFP except for the following: 
(1) The ROM size is 60K bytes. 
(2) The RAM size is 2048 bytes. 
Therefore, refer to the section on the M37710M4BXXXFP. 

MEMORY 
The memory map is shown in Figure 1. 

ADDRESSING MODES 
The M37710M8BXXXFP has 28 powerful addressing mod
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 

~~··{ 
000000,. 000000,. 

00007F1s 
ooooeo,. 

OOFFFF,. 

~~, .. { 
010000,. 

01FFFF,. 

I 
I 

::: ~ 

{ 

FE00001s 

Bank FE16 

FE FF FF,. 

{ 

FF00001s 

Bank FF16 

FFFFFF,. 

Fig. 1 Memory map 

00087F16 

I 0010001 • 
I 
I 
I 
\ 
\ 
I 
\ 
I 
I 
\ 
\ 
I 
I 
I 
\ 
I 
I 
I 
\ 
\ 

OOFFD61 • I 
OOFFFF1 6 

I 

MACHINE INSTRUCTION LIST 
The M37710M8BXXXFP has 103 machine instructions. Re
fer to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 
Please send the following data for mask order. 
(1) M37710M8BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 
(3) ROM data (EPROM 3 sets) 

Internal RAM 

2048 bytes 

Internal ROM 

60K bytes 

1---------

-- - - - - --.---------, 
000000,. 

I' 

' ' 

:r 

I 
I 

I 

~ 
I 

' ' ' ' ' 

Peripheral devices 

control registers 

00007F16 ------~ 

I 
I 

OOFFD6 16 

I 
I 

I 
I 

I 
I 

I 

OOFFFE 16 

Interrupt vector table 

A-D conversion 
UART1 transmission 

UART1 receive 
UARTO transmission 

UARTO receive 
Timer B2 
TimerB1 

Timer BO 
TimerA4 
TimerA3 
Timer A2 
TimerA1 
Timer AO 

INT2 

INT1 
INTu._ 

Watchdog timer 

DBC 
BRK instruction 

Zero divide 

RESET 
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M37710M8BXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage -0.3-7 

v, Input voltage RESET, CNV55, BYTE -0.3-12 

Input voltage P00-PO,, P1 0-P1,, P2o-P27, P30-P3,, 

v, P4o-P4,, P5o-P5,, P60-P67, P7o-P7,, -0. 3-Vee+O. 3 

P80-P87, VREF1 X1N 

Output voltage P00-P07, Pl0-Pl7, P20-P27, P3o-P33, 

Vo P4o-P4,, P5o-P5,, P6o-P6,, P7o-Ph -0. 3-Vee+O. 3 
PBo-PB,, XouT. E 

pd Power dissipation Ta=25"C 300 

TQe!" Operating temperature -20-85 

Ts.m_ Storage temperature -40-150 

RECOMMENDED OPERATING CONDITIONS (vcc=5v±10%, ra=-20-s5·c, unless otherwise noted) 

Limits 
Symbol Parameter 

Min. Typ. 

Vee Supply voltage 4. 5 5. 0 

A Vee Analog supply voltage Vee 

Vss Supply voltage 0 

AVss Analog supply voltage 0 
High-level input voltage P00-PO,, P30-P33, P40-P47, 

V1H 
P5o-P5,, P60-P67, P7o-Ph 

0. 8Vee --
PBo-PB,, X1N. RESET, CNVss. 

BYTE 

V1H 
High-level input voltage P1o-P1,, P20-P27 

0. 8Vee 
(in single-chip mode) 

High-level input voltage Pl0-Pl7, P20-P27 

V1H (in memory expansion mode and 0, 5Vee 
microprocessor mode) 

Low-level input voltage P00-P07, P30-P33, P40-P47, 

VIL 
P5o-P5,, P6o-P6,, P7o-P7,, 

0 --
PBo-P8,, X1N. RESET, CNVss. 

BYTE 

VIL 
Low-level input voltage Pl0-Pl 7, P20-P27 

0 
(in single-chip mode) 

Low-level input voltage Pl 0-Pt,, P20-P27 

VIL (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current POo--:-PO,, Pl,-Pl7, P2,-P2,, 

loHlpeakl P3o-P3,, P4,-P47, P5,-P5,, 

P6o-P6,, P7o-P7,, PB,-P81 

High-level average output current P00-P07, Pl 0-Pt,, P20-P27, 

loHlavgl P3o-P33, P4o-P4,, P5o-P5,, 

P6o-P6,, P70-P7,, P80-P87 

Low-level peak output current P00-P07, P1o-Ph, P2a-P27, 

loL<peakl P3,-P3,, P4o-P47, P50-P57, 

P6o-P67, P70-P7,, P80-P87 

low-level average output current P00-P07, P1 0 ...... P1t, P20-P27, 

loLlavgl P3o-P33, P4o-P47, P5o-P57, 

P6o-P6,, P7o-P7,, PSo-PS, 

l(X,N) External clock frequency input 

Note 1. 
2. 

Average output current is the average value of a lOOms interval. 
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The sum of loLlpeakl for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of loH<peakl for ports PO, P1, P2, P3, and PB must be 80mA or less, 
the sum of loL<peakl for ports P4, P5, P6, and P7 must be 80mA or less. and 
the sum of loHlpeakl for ports P4, P5, P6, and P7 must be 80mA or less. 
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Unit 
Max. 

5. 5 v 
v 
v 
v 

Vee v 

Vee v 

Vee v 

0. 2Vee v 

0. 2Vee v 

0. 16Vcc v 

-10 mA 

-5 mA 

10 mA 

5 mA 

25 MHz 

Unit 

v 
v 
v 

v 

v 

mW 

·c 
·c 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25"C, l(X,N)=25MHz, unless otherwise noted) 

Limits 
Parameter Test conditions Unit Symbol 

1------+---------------------------·t------------------1--M_i_n._t-_T~yp_._, __ M_a_x_._+------
High-level output voltage P00 ....... P07, P1o ........ Ph, P2o ........ P21, 

P30, P3,, P3,, P40-P4,, 

PSo-PS,, P60-P67, P7o-P?,, 
loH=-lOmA 3 v 

P8o-P8, I----+- ·----- --- ------------···----·--------1------------------->------'-----"-------L-----' 
VoH High-level output voltage POo-P07, P1o-P1 7, P2o-P2,, loH=-400µA 4_ 7 V 

1-------t-------·-----_F':Jo._P~,, P:l,___ --------+-·--------· _ -···----··-· _ -!------ -----+---·--·---·· 
_lo~'.'.':=-~~mA _____ .. _____ -2.L_. ·-----+- __ v VoH 

l------f-----------------------+-lo_H_=_-_4_00_µ_A ______________ 4._8 _______ _,_ __ __, ___ __, 
High-level output voltage P32 

VoH High-level output voltage E 
loH=-1 OmA 3. 4 

v 
loH=-400µA 4. 8 

1------f---------------------+-----------------t-----·------- --·----+-----! 
Low-level output voltage P00 ........ P07, P1 0.-.....P1 7, P2o ........ P27, 

VoL loc=lOmA 2 v P3o, P3,, P3,, P4o-P4,, 

PS0-PS7, P60-P67, P7,-P7,, 

P80-P87 
1-·-----+----------------------+--------------------~-------'-----1-----'---_J_ __ _J 

Low-level output voltage P00 ........ P07, P1 0---P1 7, P2o---P27, 
0. 45 v loL=2mA 

P3o, P3,, P3, ---------+-----------------+-----L---"---·---L-----' 
loc=lOmA 1. 9 v VoL Low-level output voltage P32 

I-----+------------------- --l-l9L=2mA -·~--------------!----+-----'----+-----' o. 43 

loc=lOmA _____________ ,__ __ -+-----l------l 

1m=2mA 
VoL Low-level output voltage E 

1. 6 

0. 4 

INTo-INT,, ADrnc. CTS0, CTS1, CLKo, CLK1 
0. 4 1 

Vr+-Vr- Hysteresis RESET 0. 2 0. 5 

0. 3 ,_V_r_+_-_V_r-_~_H_y_s_te_r_es_is_X~'"~----·-------------+----------------·-+--0_._1_+----+--_:..:....::.-+
High-tevel input current POo--P07, P1o"'P11, P2o--P27, 

P3o-P33, P4o-P47, P5o--P57, 

P60-P67, P7 o- P7 7, P8o- P87 , 

X1N. RESET, CNVss. BYTE 

Low-level input current P0o ......... P07, P1o---Ph, P2o---P27, 

P3o-P33, P4o-P47, PS0-PS7, 

P60-P67, P7 o-Ply, P8o- PB,, 

X1N, RESET, CNVss. BYTE 

RAM hold voltage 

V1=5V 

V1=0V 

When clock is stopped. 

5 

-5 

2 
f(X,N)=25MHz, lg 

38 

v 

v 

v 
v ---

µA 

-----j 

µA 

v 

mA 
In single-chip mode _s_q~u_a_re_w_av_e_fo_r_m_--+---+-----+---+-------l 

Ice Power supply current 
output only pin is T a=25°C when clock 

1 
open and other pins ~i_s_s_to~p~p_e_d_. ----+------+---+------l 
are Vss during reset. T a=85°C when clock 

6 MITSUBISHI 
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is stopped. 
20 

µA 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=OV, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

- Resolution VREF=Vcc 10 Bits 

- Absolute accuracy VREF=Vcc ±3 LSB 

A LADDER Ladder resistance VREF=Vcc 5 20 kO 

tcoNv Conversion time 9.44 µs 

VReF Reference voltage 2 Vee v 
VIA Analog input voltage 0 VREF v 

D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV, Ta=25'C, f(X,")=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

- Resolution 8 Bits 

- Absolute accuracy 1. 0 % 
tsu Set lime 3 µs 

Ro Output resistance 1 2. 5 4 kO 

lvREF Reference power input current (Note) 3.2 mA 

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is "00, 6". 

Current that flows to the ladder resistance of A-D converter is excluded. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25'C, l(X,N)=25MHz, unless otherwise noted) 

External clock input 
Limits 

Symbol Parameter Unit 
Min. Max. 

le External clock input cycle time 40 ns 

lw(H) External clock Input high-level pulse width 15 ns 

twcu External clock input low-level pulse width 15 ns 

tr External clock rise time 8 ns 

It External clock fall time 8 ns 

Single-chip mode 
Limits 

Symbol Parameter Unit 
Min. Max. 

tsu(POD-E) Port PO input setup time 60 ns 

lsu(P1D-E) Port Pl input setup time 60 ns 

lsu(P2D-E) Port P2 input setup time 60 ns 

tsu(P3D-E) Port P3 input setup time 60 ns 

lsu(P4D-E) Port P4 input setup time 60 ns 

lsu(PSD-E) Port P5 input setup time 60 ns 

lsu(P6D-E) Port P6 input setup time 60 ns 

lsuCP7D-E) Port P7 input setup time 60 ns 

lsu(PBD-E) Port PB input setup time 60 ns 

lh(E-POD) Port PO input hold time 0 ns 

lh(E-P1D) Port Pl input hold time 0 ns 

lh(E-P2D) Port P2 input hold time 0 ns 

lh(E-P3D) Port P3 input hold time 0 ns 

lh(E-P4D) Port P4 input hold time 0 ns 

lh(E-PSD) Port P5 input hold time 0 ns 

lh(E-P6D) Port P6 input hold time 0 ns 

lh(E-P7D) Port P7 input hold time 0 ns 

lh(E-PBD) Port PS input hold time 0 ns 

Memory expansion mode and microprocessor mode 
Limits 

Symbol Parameter Unit 
Min. Max. 

tsu<P10-E> Port P1 input setup time 30 ns 

•su(P2D-E) Port P2 input setup time 30 ns 

tsu(ROY-91 ) ADY input setup time 55 ns 

tsu(HOLD-:..!i] HOLD input setup time 55 ns 

ih(E-P1D) Port Pl input hold time 0 ns 

ih(E-P2D) Port P2 input hold time 0 ns 

ih(\6 -ROY) ROY input hold time 0 ns 

th(¢> -HOLD) HOLD input hold time 0 ns 
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Timer A input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tcCTA) TAi1N Input cycle time 80 ns 

tw(TAH) TAl1N Input high-level pulse width 40 ns 

tw(TAL) TAl1N Input low-level pulse width 40 ns 

Timer A input (Gating input in timer mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 320 ns 

lw(TAH) TAii• Input high-level pulse width 160 ns 

lw(TAL) TAi1N input low-level pulse width 160 ns 

Timer A input (External trigger input in one-shot pulse mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAI,. Input cycle time 160 ns 

lw(TAH) TAl1N Input high-level pulse width 80 ns 

tw(TAL) TAi1N input low-level pulse width 80 ns 

Timer A input (External trigger input In pulse width modulation mode) 

Limits 
Symbol Parameter 

1 
Unit 

Min. Max. 

lw(TAH) TAI," Input high-level pulse width 80 ns 

lw(TAL) TAiiN input low-level pulse width 80 I ns 

Timer A input (Up-down input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(UP) TAiour Input cycle time 2000 ns 

lw(UPH) TAiour Input high-level pulse width 1000 ns 

tW(UPL) TAlour input low-level pulse width 1000 ns 

tsuCuP-Tul) TAiour input setup time 400 ns 

th(Tut:UP) TAlour input hold time 400 ns 
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Timer B input (Count input in event counter mode) 

Symbol Parameter 

tc(TB) TBi1N input cycle time (one edge count) 

lw(TBH) TBi1N input high-level pulse width (one edge count) 

lw(TBL) TBi1N input low-level pulse width (one edge count) 

le( TB) TBi1N input cycle time (both edges count) 

lw(TBH) TBi1N input high-level pulse width (both edges count) 

lw(TBL) TBi1N input low-level pulse width (both edges count) 

Timer B input (Pulse period measurement mode) 

Symbol Parameter 

lc(TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

Timer B input (Pulse width measurement mode) 

Symbol Parameter 

lc(TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

A-D trigger input 

Symbol Parameter 

le( AD) ADTRG input cycle time (minimum allowable trigger) 

tw(ADL) ADrRG input low-level pulse width 

Serial 1/0 

Symbol 

tc(CK) CLKj input cycle time 

tw(CKH) CLKi input high-level pulse width 

tw(cKL) CLKj input low-level pulse width 

Idec-al TxDi output delay time 

th(c-a) TxDi hold time 

tsu<o-c) RXDj input setup time 

lhcc-ol RxDi input hold time 

External interrupt INTi input 

Symbol 

tw(INH) INT; input high-level pulse width 

tw(INL) INTj input low-level pulse width 

Parameter 

Parameter 

• MITSUBISHI 
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Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

160 ns 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 

I 
Unit 

Min. Max. 

1000 ns 

125 j ns 

Limits 
Unit 

Min. Max. 

200 ns 

100 ns 

100 ns 

80 ns 

0 ns 

30 ns 

90 ns 

Limits 

I 
Unit 

Min. Max. 

250 ns 

250 I ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25°C, f(X,N)=25MHz, unless otherwise noted) 

Single-chip mode 
Limits 

Symbol Parameter Test conditions Unit 
Min. Max. 

td(E-POQ) Port PO data output delay time 80 ns 

ld(E-P10) Port P1 data output delay time 80 ns 

td(E-P2Q) Port P2 data output delay time 80 ns 

td(E-P3Q) Port P3 data output delay time 80 ns 

td(E-P4Q) Port P4 data output delay time Fig. 2 80 ns 

ld(E-P5Q) Port P5 data output delay time 80 ns 

td(E-P6Q) Port PS data output delay time 80 ns 

ld(E-P?Q) Port P7 data output delay time 80 ns 

td(E-PSQ) Port PS data output delay time 80 ns 

Memory expansion mode and microprocessor mode (whenwaitbit="1") 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay time 12 ns 

td(E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L'') 5 ns 

ld(P1A-E) Port P1 address output delay time 12 ns 

ld(P1A-ALE) Port P1 address output delay lime 5 ns 

ld(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ(E-P2Z) Port P2 floating start delay lime 5 ns 

ld(P2A-E) Port P2 address output delay time 12 ns 

ld ( P2A-ALE) Port P2 address output delay time 5 ns 

Id(~ -HLDA) HLDA output delay lime 50 ns 

td(ALE-E) ALE output delay time 4 ns 

lw(ALE) ALE pulse width 22 ns 

td(BHE-E) BHE output delay time 20 ns 

ld(R/W-E) R/W output delay time 
Fig. 2 

20 ns 

C----0 ---· td(E-¢ ) ¢ 1 output delay time 18 ns 

lh(E-POA) Port PO address hold time 25 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

th(E-P1Q) Port Pl data hold time (BYTE="L") 25 ns 

tpZX(E-P1Z) Port Pl floating release delay lime ( BYTE="L") 25 ns 

lh(E-P1A) Port Pl address hold time (BYTE="H") 25 ns 

lh(ALE-P2A) Port P2 address hold lime 9 ns 

lh(E-P2Q) Port P2 data hold lime 25 ns 

lpZX(E-P2Z) Port P2 floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold lime 18 ns 

lw(EL) E pulse width 50 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay time 12 ns 

td(E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 5 ns 

ld(P1A-E) Port P1 address output delay time 12 ns 

td( P1 A-ALE) Port P1 address output delay time 5 ns 

td(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ(E-P2Z) Port P2 floating start delay time 5 ns 

td(P2A-E) Port P2 address output delay time 12 ns 

ld(P2A-ALE) Port P2 address output delay time 5 ns 

Id(¢ -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 22 ns 

ld(BHE-E) BHE output delay time 20 ns 

id(R/W-E) R/W output delay time 
Fig. 2 

20 ns 

ld(E-¢ ) ¢ 1 output delay time 0 18 ns 

lh(E-POA) Port PO address hold time 25 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port P1 data hold time (BYTE="L") 25 ns 

tpzX(E-P1Z) Port P1 floating release delay time ( BYTE="L") 25 ns 

lh(E-P1A) Port P1 address hold time (BYTE="H") 25 ns 

lh(ALE-P2A) Port P2 address hold time 9 ns 

lh(E-P20) Port P2 data hold time 25 ns 

tpZX(E-P2Z) Port P2 floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

twceu E pulse width 130 ns 
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Memory expansion mode and microprocessor mode 

Symbol 

td(POA-E) 

ld(E-P1Q) 

lpXZ(E-P1Z) 

td(P1A-E) 

ld(P1A-ALE) 

ld(E-P2Q) 

tpXZ( E-P2Z) 

ld(P2A-E) 

ld(P2A-ALE) 

ld(.P -HLDA) 

ld(ALE-E) 

lw(ALE) 

ld(BHE-E) 

ld(R/W-E) 

td(E-~ ) 

th(E-POA) 

lh(ALE-P1A) 

lh(E-P1Q) 

tpZX(E-P1Z) 

lh(E-P1A) 

lh(ALE-P2A) 

lh(E-P2Q) 

tpZX(E-P2Z) 

lh(E-BHE) 

lh(E-R/W) 

lw(EL) 
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(when wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

Limits 
Parameter Test conditions Unit 

Min. Max. 

Port PO address output delay time 92 ns 

Port P1 data output delay time ( BYTE="L") 45 ns 

Port P1 floating start delay time (BYTE="L") 5 ns 

Port P1 address output delay time 92 ns 

Port P1 address output delay time 70 ns 

Port P2 data output delay time 45 ns 

Port P2 floating start delay time 5 ns 

Port P2 address output delay time 92 ns 

Port P2 address output delay time 70 ns 

HLDA output delay time 50 ns 

ALE output delay time 15 ns 

ALE pulse width 62 ns 

BHE output delay time 100 ns 

R/W output delay time 
Fig. 2 

100 ns 

¢ 1 output delay time 0 18 ns 

Port PO address hold time 25 ns 

Port P1 address hold time (BYTE="L") 20 ns 

Port P1 data hold time (BYTE="L") 25 ns 

Port P1 floating release delay time (BYTE="L") 25 ns 

Port P1 address hold time ( BYTE="H") 25 ns 

Port P2 address hold time 20 ns 

Port P2 data hold time 25 ns 

Port P2 floating release delay time 25 ns 

BHE hold time 18 ns 

R/W hold time 18 ns 

E pulse width 130 ns 

PO I -0 P1 

P2 
lOOpF 

P3 

I P4 

PS 

P6 

P7 

P8 

¢, 

E 

Fig. 2 Testing circuit for ports PO~PS, ¢ 1 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAM If 
Single-chip mode 

f(X,N) 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P? output 

Port P7 input 

Port PB output 

Port PB input 
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tc(TA) 

tW{T.A.Hl J 
J 

TAi1N input 1 J ~ 
tw(rAU 

-1 

r tc1up1 l 
TAiour input ------1: ~<-< ~'-:----t:-w-cu-PL-l ----: ,..------.\ ________ _ 

TAiour input 
(Up-down input) 

In Event counter mode 

TAi1• input 
(When count by falling) 

TAi1N input 

(When count by rising) 

T8i1N input { ~'-'\ 
ADrAG input 

i ~""' } 
fw(CKH) 

CLK; 
J ~ 

TxD; 

RxD; 

INT; input 

2-88 

Idec-al 

) 

~(TtN UP) tsu<uP r,N~ 

\ _/ 

tC(TB) 

J \ 
tW(TBLl 

tccAol 

1 I 
tc<cKl 

J'1 \ 
tW(CKLl 

th1c-ol 

) _X 

f 
•su(o-cl th<c-oJ .J 



Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

¢, 

ROY input 

(When wait bit= "O") 

¢, 

ROY input 

(When wait bit= "1" or "O" in common) 

HOLD input 

HLDA output 

tsu(HOLD- ¢1) 

Test conditions 

•Vee= 5V±10% 

• Input timing voltage : v,L = 1. ov, v,H = 4. ov 

• Output timing voltage: VoL = 0. 8V, VoH = 2. OV 

MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

r---------- - -- - - -- - - - - -----
1 

r--------------------------
1 

2-89 



MITSUBISHI MICROCOMPUTERS 

M37710MSBXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode (When wait bit="1") 

;, 

Port PO output 
(A0-A7) 

Port P1 output 

(A8-A15/D8-D15 ) ----------"" 1'-----+-'11'------+-'' l"-----+-.J 
(BYTE="L") 

Port P1 output 
(A,-A15) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A1s-A23/Do-D1) -----------' 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P30 output 

(R/W) 

2-90 

ld(BHE-E} 

Test conditions 

"Vcc=5V±10% 

• Output timing voltage : VoL =O. BV, VoH=2. av 
• Ports P1. P2 input 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

Port PO output 
(Ao-A1) 

Port P1 output------------.....,.,,.---+-~! r------+-.1 
(Aa-A15/De-D1s) 
(BYTE="L") 

Port P1 output------------- ------------i ! _ _. ______ _._, 
(Aa-A15) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A 16-A23/D0-D,) 

Address 

-------------....J'I'---~,__. 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P30 output 
(A!W) 

ld(BHE-EI 

Test conditions 

• Vcc=5V±10% 

·Output timing voltage : V0 L=O. 8V, V0 H=2. OV 

• Ports P1, P2 input 

Address 

Address 
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MITSUBISHI MICROCOMPUTERS 

M37710MSBXXXFP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Memory expansion mode and microprocessor mode 

(When wait bit= "O'', wait selection bit= "O", and external memory area is accessed) 

Port PO output 
(A0-A7 ) 

Port P1 output 
(A8-A15/0a-015) 
(BYTE="L") 

Port P1 output 
(A,-A,5) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A16-A,,ID0-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P30 output 
(R/W) 

2-92 

tc 

----------t_h_(ALE-P1A) 

Address 

Address 

th(ALE-P2A) 

Address Address 

td(P2A-ALE) 

Test conditions 

• Vcc=5V±10% 

• Output timing voltage: VoL =0. 8V, V0 H=2. OV 

• Ports P1. P2 input 



MITSUBISHI MICROCOMPUTERS 

M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37710MBLXXXHP is a single-chip 16-bit micro
computer designed with high-performance CMOS silicon 
gate technology. This is housed in a small BO-pin plastic 

molded QFP. 
This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para

llel processor that can also be switched to perform B-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 

controller that require high-speed processing of large data. 
Its strong points are the low supply voltage and the small 

package. 

FEATURES 
• Number of basic instructions .................................. 103 
• Memory size ROM ................................. 60K bytes 

RAM .................. · .......... · .. 204B bytes 

• Instruction execution time 
The fastest instruction at SM Hz frequency ........... 500ns 

• Single low supply voltage ............................. 2.7-5.SV 

• Low power dissipation 
(At 3V supply voltage, BM Hz frequency) · · · 12mW ( Typ.) 

(At 5V supply voltage, BM Hz frequency)··· 30mW ( Typ.) 
• Wide operating temperature range· .. · ...... · .. · -40-B5°C 
• Interrupts ...... · ............. · ...... · .......... · .. 19 types 7 levels 

e Multiple function 16-bit timer .... · .. · .... · .. · .... · .... · .. · .. 5+3 

(Pulse motor drive waveform can be output) 
• UART (may also be synchronous) ............................. 2 

• 10-bit A-D converter ................ · .. · ...... B-channel inputs 
• B-bit D-A converter ...... · ...... · ...... · .... · 2-channel outputs 

• 12-bit watchdog timer 
• Programmable input/output 

(ports PO, P1, P2, P3, P4, PS, P6, P7, PB) ................. 6B 

• Small package 
................. BO-pin fine-pitch QFP ( 0.5mm lead pitch) 

APPLICATION 
Control devices for office equipment such as copiers, prin
ters, typewriters, facsimiles, word processors, and personal 

computers 
Control devices for industrial equipment such as ME, NC, 
communication, portable equipment, and measuring instru

ments 

PIN 

NOTE 

CONFIGURATION (TOP VIEW) 

0 60 - PBs/RxD1 
59 - P81IT xD1 

58 -P00/Ao 
s1 - P01/A1 

56 - P02/A2 

55 -POa/Aa 
~ -P04/~ 
53 -P05/A5 

52 -P06/~ 
s1 -P07/A7 

50 - P1 0 / A8 /Da 
49 - P1 1/A9/09 

48 - P1 2/ A10/D10 

47 - P1 3/A11 /011 

46 -P1 4 /A12/D12 

45 -P1 5/A13/01a 
44 - P1s/AH/014 
n -P1 7 /A15/D1s 
42 ++ P20/A16/Do 
•1 ++ P21/A17/D, 

~ill§§ll!IIB!lli~v~~~~~W~3'fil3'00W~~EllliJfj!Jillj\jj]jj~r 
1111 It I I 1111 
:01~10 w ~ ... < !;IW ml< W1w1;: 
~1~5 ~ ~ ffi x ~ > 9 ~ ilS c: 
0-i$ Oct ~f~f 

0. 0. 

Outline 80P6D-A 

* : Used in the evaluation chip mode only 

Refer to "Chapter 5 PRECAUTIONS" when using this mic
rocomputer. 

• MITSUBISHI 
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M37710M8LXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

!---------------------
.. Data Bus( :ven) .. I 

'S rL, r' Data Bus( Odd) 

J t; ..... 
"'., > , ii! ]l al Data Buffer DBH(S) 

., c. 
'S ~ (J .5 L&. 

~ 8,:: 

~~ ~' 
~ 0 > 0 U'l > -< 

I 

~ 0 I 

e~r 
I 

~~I >>,_ oz -u 

i 
~ 0§-ur 

I 

~~ --.. -~ ot 
' 

ca 1-:::! - L 
a: =1~ CJ 5l ll! I 
~~ I 

c 
~ &. 
(.) 18 
O .,1w .... :;; 
m~ w "' " ~ 

C3 
O> c 

~ ., 
c ., 

(!) 

"" 8 
13 

Data Bulfer DBL(S) 

Instruction Queue Buffer 00(8) 

Instruction Queue Buffer 01(8) 

Instruction Queue Buffer 02(8) 

lncrementer (24) 

Program Address Register PA(24) 

Cata Address Register OA(24) 

lncrementer/Decrementer (24) 

Program Counter PC(16) 

Program Bank Register PG{8) 

Data Bank Register OT(8) 

Input Buffer Register 18(16) 

Processor Status Register PS( 11 ) 

Direct Page Register OPR(16) 

Stack Pointer S(l6) 

Index Register Y(16) 

!ndex Register X(16) 

Accumulator B(16) 

Accumulator A(16) 

~ 
·~~ 
E "' "' 
i= N ';::' 
8' al al 

I- I-.., ~ ~ .s= ., ., 

~ ~ ~ 

~~~~ 
:; co 
< ~ a: "' 

"' ., 
>. 

:; al 

0 l<: 
0 a: CD 

~-------~---~---------
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FUNCTIONS OF M37710M8LXXXHP 
Parameter 

Number of basic instructions 

Instruction execution time 

ROM 
Memory size 

RAM 

Input/Output ports 
PO-P2, P4-P8 

P3 

Multi-function timers 
TAO, TA1, TA2, TA3, TA4 

TBO, TB1, TB2 

Serial 1/0 

A-D converter 

D-A converter 

Watchdog timer 

Interrupts 

Clock generating circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characteristic 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

Package 

MITSUBISHI MICROCOMPUTERS 

M37710M8LXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Functions 

103 

500ns (the fastest instruction at external clock 8MHz frequency) 

60K bytes 

2048 bytes 

8-bitX 8 

4-bitX I 

16-bitX 5 

16-bitX 3 

(UART or clock synchronous serial l/O)X2 

10-bitX 1 ( 8 channels) 

8-bitX 2 

12-bitX 1 

3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 - 7 .) 

Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 

2. 7-5. 5V 

12mW (At 3V supply voltage, external clock 8 MHz frequency) 

30mW (At 5V supply voltage, external clock 8 MHz frequency) 

5V 

5mA 

Maximum 16M bytes 

-40-85°C 

CMOS high-performance silicon gate process (80P6D-A: 0. 5mm lead pitch) 

80-pin plastic molded fine-pitch QFP 

• MITSUBISHI 
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PIN DESCRIPTION 

Pin Name 

Vee. Power supply 

Vss 

CNVss CNVss input 

--
RESET Reset input 

MITSUBISHI MICROCOMPUTERS 

M37710M8LXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Input/Output Functions 

Supply 2. 7 to 5. 5V to Vee and 0 V to Vss-

Input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 

types. 

Input To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re

quired time. 

These are 1/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be

l-----+---------1-----1 tween X1N and Xour- When an external clock is used, the clock source should be connected to the X1N pin 
x,. Clock input Input 

XouT Clock output 

E Enable output 

BYTE Bus width selection input 

AV cc Analog supply input 

AVss 

VREF Reference voltage Input 

P00-P01 1/0 port PO 

Plo-Pl, 1/0 port Pl 

P2o-P21 1/0 port P2 

P3o-P3, 1/0 port P3 

1/0 port P4 

P5o-P5, 110 port P5 

P60-P61 1/0 port P6 

P?o-P?, 1/0 port P? 

P80-P81 1/0 port P8 

2-96 

Output and the XouT pin should be left open. 

Output Data or instruction read and data write are performed when output from this pin is "L". 

Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 

8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 

Input 

1/0 

1/0 

110 

1/0 

1/0 

1/0 

110 

1/0 

110 

Power supply for the A-0 converter. AVss is also used for D-A converter. Connect AV cc to Vee and AVss to 

Vss externally. 

This is reference voltage input pin for the A-0 converter and the D-A converter. 

In single-chip mode, port PO becomes an 8-bit 1/0 port. An 1/0 direction register is available so that each 

pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7--Ao)is output in memory expansion mode or microprocessor mode. 

In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(D15-D8)is input or output when E output is "L" and an address (A15-A8 ) is output when E output is "H". 

If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15-A8)is output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp

rocessor mode low-order data(D1-0o) is input or output when E output is "L" and an address(A23-A16)is 

output when E output is "H". 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp

rocessor mode, RiW, BHE, ALE, and HLDA signals are output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode, P40 and P41 become HOLD and ROY input pin respectively. Functions of other pins are the 

same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program

med for tjJ 1 output pin divided the clock to X1N pin by 2. In microprocessor mode, P42 always has the func

tion as r/>i output pin. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 

pins for timer AO, timer A1, timer A2 and timer A3. P50-P56 also function as output pins for pulse motor 

drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 

pins for timer A4, external interrupt input INT0, INT1 and INT2 pins, and input pins for timer BO, timer 81 and 

timer 82. P60 also functions as an output pin for pulse motor drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

input AN0 ....... AN7 Input pins. P7r also has an A-0 conversion trigger input function. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 

TxD, CLK, CTS/RTS pins for UART O and UART 1, and output pins for D-A converter. 



MITSUBISHI MICROCOMPUTERS 

M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

BASIC FUNCTION BLOCKS 
The M37710M8LXXXHP has the same functions as the 
M37710M4BXXXFP except for the following: 
(1) The ROM size is 60K bytes. 
(2) The RAM size is 2048 bytes. 
(3) The reset circuit is different. 
(4) The package is different. 

Therefore, refer to the section on the M37710M4BXXXFP. 

MEMORY 
The memory map is shown in Figure 1. 

'""'··{ 

'""' "·{ 

Bank FE16 

00000016 

OOFFFF16 

01000016 

01 FFFF15 

FE000015 

FEFFFF15 

FF000015 

r 

I 
\ 

00000015 
00007F16 
00008015 

00087F1 6 

\ 0010001 6 
\ 
\ 
\ 
\ 
I 
\ 
I 
\ 
I 
I 
\ 
\ 
\ 
\ 
I 
\ 
\ 
\ 
I 
\ 

Internal RAM 

2048 bytes 

Internal PROM 

60K bytes 

-- - - - - -.--------. 
000000,. 

r--
" " 

I 
I 

I 
I 

"--
" "--

"--
' 

Peripheral devices 

control registers 

00007F16 ~--------' 

I 
I 

OOFFD6 16 

I 
I 

I 

I 
I 

I 

I 

Interrupt vector table 

A-0 conversion 
UART1 transmission 

UART1 receive 

UARTO transmission 
UARTO receive 

Timer B2 
Timer 81 

Timer BO 
Timer A4 
Timer A3 
Timer A2 

Timer A1 
--j 

Timer AO 

INT2 

----j 

INT1 
INT0 

Watchdog timer 

Bank FF16 OOFFD61 .1------- DBC 
BRK instruction 

FFFFFF15 

Fig. 1 Memory map 

\ 

\ 
OOFFFF" 

• MITSUBISHI 
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M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 2.7 
to 5.5V. Program execution starts at the address formed by 
setting the address pins A23 - A15 to 0016, A15 - A8 to the 
contents of address FFFF16, and A7-A0 to the contents of 
address FFFE15. 
Figure 2 shows the status of the internal registers when a 
reset occurs. 
Figure 3 shows an example of a reset circuit. The reset in
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 

Address 

(1) Port PO data direction register (0415)"• = 0016 I 

(2) Port P1 data direction register (0515)"· [ 00,6 _J 
(3) Port P2 data direction register (0815)· .. I 0016 J 
(4) Port P3 data direction register ( 0915) .. txJXJX1X1 o I o I oTol 

(5) Port P4 data direction register ( OC") ... 00" I 

(6) Port PS data direction register (OD15)"· I 0016 I 

(7) Port P6 data direction register (1015)"· I 001s I 

(8) Port P? data direction register ( 11,,1 .. · I 0016 I 

(9) Port PS data direction register (14,,) .. ·= 0016 I 

(10) A-0 control register 0 (1E161 .. · I 0 I 0 I 0 I 0 I 0 I? I? I? I 

(11) A-D control register 1 (1F15) .. · lololXJololol1f11 

(12) UART 0 Transmit/Receive mode register (30161 ... I 0016 I 

(13) UART J Transmit/Receive mode register (3815)"· I 0015 I 

(14) UART O Transmit/Receive control register 0 (3415) ... rxlXJ><J o I 1 Io Io Io I 

(15) UART 1 Transn:iit!Receive control register 0 ( 3C15) .. rxlXJ)<J 0 I 1 I 0 I 0 I 0 I 

(16) UART 0 Transmit/Receive control register 1 (3515)"· lo]o]o]o]olo]1 ]~ 
(1n UART 1 Transmit/Receive control register 1 (3D") .. Io I o I o I o I o I o I 1 I o I 

(1!) Count start flag (4015)"· I 0016 J 
(19) One-shot start flag (42,,1 ... rxlXJ><J o Io 1o1o1o1 

~O) Up-down flag (4415) ... I 0016 I 

(21) Timer AO mode register (5615) .. · I 0016 I 

(22) Timer A1 mode register (5715) ... L 0016 I 

(13) Timer A2 mode register (5815)"· 
I 0015 I 

(24) Timer A3 mode register (5915)"· I 0016 I 

(15) Timer A4 mode register (5A,,J .. · I 0016 _j 
~6) Timer BO mode register (5615) .. · Io 1 o I 1 Io Io Io Io Io I 

(27) Timer 81 mode register (5C15)"· I 0 I 0 I 1 IXl 0 I 0 I 0 I~ 
~!) Timer 82 mode register (5D15)"· iol o] 1 IXJol olol ol 

Fig. 2 Microcomputer internal status during reset 

M3771 OMBLXXXHP 
~Power on 

Vee 
RESET Vee 

26 
ov 

67 
RESET 

I ov 

Fig. 3 Example of a reset circuit (perform careful 

evaluation at the system design level before using) 

Address 

(Z9) Processor mode register 0 (5E1s) ·· c--00,~ 

(30) Processor mode register 1 (5F16 ) .. · XJ><[)<J)<J~ 

(31) Watchdog timer (6016 ) ... I FFF16 J 
(31) Watchdog timer frequency selectioo flag (61 16 )··· ~ 0 I 

(33) Waveform output mode register (6215) .. 1 00" I 

(34) Reservedarea(Donotwritetothisaddress) (6616 ) .. [ OO,, I 

(35) A-D cooversioo interrupt cootrol register ( 7015) .. · IXJ><[)<J)<J 0 I 0 I 0 I 0 I 

(36) UARTOtransmissioninterruptcontrolregister (71,,) ... XJ><[)<J)<J 0 I 0 I 0 Io] 

(37) UARTOreceiveinterruptcontrolregister (7216 ) .. • IXJ><[)<J)<J 0 I 0 I 0 I 0 I 

(38) UART 1 transmission interrupt control register 

(39) UART 1 receive interrupt control register 

{40) Timer AO interrupt control register 

(41) Timer A1 interrupt control register 

(42) Timer A2 interrupt control register 

(43) Timer A3 interrupt control register 

(44) Timer A4 interrupt control register 

(45) Timer BO interrupt control register 

(46) Timer 81 interrupt control register 

(4n Timer 82 interrupt control register 

(48) INT 0 interrupt control register 

(49) INT 1 interrupt control register 

(50) INT 2 interrupt control register 

(51) Processor status register PS 

(51) Program bank register PG 

(53) Program counter PC" 

(54) Program counter PCL 

(55) Direct page register DPR 

(56) Data bank register DT 

( 73" I ... XJ><[)<J)<J-OJ?IOTOj 
(74"1 ... IX1XlM o o Io Io I 

(75,,) ... iX!XIX1><J o o Io Io I 

( 76,, i- . iX!XIX1><J o o I BCJJ 
( 77 16 I... XJ><[)<J)<J 0 0 I tl~ 
(78,,) ... iX!XIX1><J o o Io Io I 

( 7915)... XJ><[)<J)<J 0 D_liliJ 
(7A15)"· IXJ><[)<J)<J 0 0 I 0 I 0 I 

(7615) ... iX!XIX1><J o o Io Io I 
(7C15)"· XJ><[)<J)<J 0 I 0 I 0 I 0 I 

(7D,,) .. t><IXl o I o I o I o I o I o ! 

(7E\6) .. t><IXl 0 I 0 I 0 I iliEl 
(7F15)"· i><JXl 0 I 0 I 0 I 0 I 0 I 0 I 

l 0 lo]ol?l?lo]o!ol 1 l 9 l 9 I 

[ __ ~_, _[] 
~ntent of FFFF16 I 

[C;;~~f~ 

C. 0000" 

I 0016 

Contents of other registers and RAM are not initialized and should be in
itialized by software. 
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MITSUBISHI MICROCOMPUTERS 

M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ADDRESSING MODES 
The M37710MBLXXXHP has 28 powerful addressing mod
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M37710MBLXXXHP has 103 machine instructions. Re
fer to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR MASK ROM ORDERING 
Please send the following data for mask orders. 
(1) M37710MBLXXXHP mask ROM order confirmation form 
(2) BOP6D mark specification form 
(3) ROM data (EPROM 3 sets) 
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MITSUBISHI MICROCOMPUTERS 

M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage -0.3-7 
·- -~ 

v, Input voltage RESET, CNVss. BYTE -0.3-12 

Input voltage P00-PO,, P1 0-P1 7, P20-P2r, P30-P3a. 

v, P4o-P4r, P5o-P57, P60-P67, P7o-P7r. -0. 3-Vee+O. 3 

P80 ....... P87, VREF. X1N 

Output voltage P00-P07, P1o-P1r, P2o-P2r, P3o-P3,, 

Vo P4o-P4r, P5o-P57, P60-P61, P7o-P7,, -0. 3-Vee+O. 3 

P8o-P8,, Xour, E 
Pd Power dissipation Ta=25"C 200 

T~ Operating temperature -40-85 

Ts!g_ Storage temperature -65-150 

RECOMMENDED OPERATING CONDITIONS (Vcc=2. 7-5. 5V, T a=-40-85'C, unless otherwise noted) 

Limits 
Parameter Symbol 

Min. Typ. 

Vee Supply voltage 2. 7 

A Vee Analog supply voltage Vee 

Vss Supply voltage 

AVss Analog supply voltage 

High-level input voltage P00-P07, P30-P3,, P40-P47, 

V1H 
P50-P57, P60-P67• P70-P?,, 

0. 8Vee --
P8o-P8,, X1N. RESET. CNVss. 

BYTE 

V1H 
High-level input voltage P1o ......... P17, P2o ......... P21 

0. 8Vee 
(in single-chip mode) 

High-level input voltage P1 0-P1 7, P20-P27 

V1H (in memory expansion mode and 0. 5Vee 
microprocessor mode) 

Low-level input voltage P00-P07, P30-P33, P40-P47, 

V1L 
P5o-P5,, P6o-P6,, P7a-P7,, 

0 --
P80-P81, X1N• RESET, CNVss, 

BYTE 

VIL 
Low-level input voltage P1o-P1r. P2o-P2, 

0 
(in sing'le-chip mode) 

Low-level input voltage P1 0-P1 7 , P2,-P27 

V1L (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current POo-PO,, P1,-P17, P2,-P2r, 

loHlpeakJ P3o-P3,, P4o-P4r, P5,-P57, 

P6o-P6r, P7o-P77, PB,-PB, 

High-level average output current P00-P07, P1 0-P1,, P20-P27, 

loHCavgJ P3o-P33, P4o-P4r, P5o-P5,, 

P6o-P67 , P70-P77 , P80-P87 

Low-level peak output current P00-P01, P1o-Ph, P2o ....... P2,, 

loccpeakl P3o-P33, P4o-P47, P5o-P57, 

P6o-P6,, P7a-P7,, PBo-PBr 

Low-level average output current POo-PCh, P1o ....... P17, P2o-P27, 

loccavgl P3o-P3,, P4o-P4r, P5o-P5r, 

P6,-P6r, P7o-P7r. PBo-PBr 

f(X,N) External clock frequency input 

Note 1 . Average output current is the average value of a lOOms interval. 
2. The sum of loLCpeakJ for ports PO, Pl, P2, P3, and PS must be BOmA or less, 

the sum of loHCpeakl for ports PO, Pl, P2, P3, and PS must be BOmA or less, 
the sum of loLCpeakl for ports P4, PS, P6, and P7 must be BOmA or less, and 
the sum of loHCpeakl for ports P4, PS, P6, and P7 must be BOmA or less. 

0 

0 

2-100 J,..~1 

Unit 
Max. 

5. 5 v 
v 
v 
v 

Vee v 

Vee v 

Vee v 

0. 2Vee v 

0. 2Vee v 

0. 16Vcc v 

-10 mA 

-5 mA 

10 mA 

5 mA 

8 MHz 

Unit 

v 
v 
v 

v 

v 

mW 
oc 
°C 



MITSUBISHI MICROCOMPUTERS 

M37710M8LXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25t, f(X,N)=8MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level ootput voltage POo-POr. P1o-P1,, P2o-P21. 
Vcc=5V, loH=-10mA 3 

P3o. P31. P3,, P4o-P47, 
VoH 

PS,,-P57, P6o-P61. P7o-Ph 
v 

P8o-P81 
Vcc=3V, loH=-lmA 2.5 

VoH 
High-level ootput voltage POo-P07, P1 0-P17, P20-P27, 

Vcc=5V, loH=-400µA 4. 7 v 
P3o, P3,, P3, 

Vcc=5V, loH=-10mA 3. 1 

VoH High-level ootput voltage P32 Vcc=5V, loH=-400µA 4. 8 v 
Vcc=3V, loH=-lmA 2.6 

Vcc=5V, loH=-lOmA 3. 4 

VoH High-level ootput voltage E Vcc=5V, loH=-400µA 4.8 v 
Vcc=3V, loH=-lmA 2. 6 

Low-level output voltage POo-PO,. P1 0-P1,, P2o-P2,, 
Vcc=5V, loL=lOmA 2 

P3o. P3,, P3s. P4o-P41, 
VoL 

P5o-P5r. P6o-P61, P7o-Ph 
v 

P8o-P81 
Vcc=3V, loL=lmA 0.5 

VoL 
Low-level output voltage POo-P07, P1 0-P1 7, P2o-P27, 

Vcc=5V, loL =2mA 0.45 v 
P3o. P31, P3, 

Vcc=5V, loL=lOmA 1. 9 

VoL Low-level output voltage P32 Vcc=5V, loL =2mA 0. 43 v 
Vcc=3V, loL=lmA 0.4 

Vcc=5V, loL=lOmA 1.6 

VoL Low-level output voltage E Vcc=5V, loL =2mA 0.4 v 
Vcc=3V, loL=lmA 0.4 

VT+-VT-
Hysteresis HOLD, ROY, TAo,.-TA41N. TBo,.-TB2, •• Vcc=5V 0. 4 1 

INTo-INT,, ADrno. CTSo, CTS,, CLKo, CLK1 
v 

Vcc=3V 0.1 0. 7 

Hysteresis RESET 
Vcc=5V 0.2 0.5 

VT+-VT-
Vcc=3V 0. 1 0.4 

v 

Vcc=5V 0. 1 0. 3 
VT+-VT- Hysteresis X1N 

Vcc=3V 0.06 0.2 
v 

High-level input current POo-PO,, P1o-P1,, P2o-P2,, 
Vcc=5V, V1=5V 5 

P30-P3,, P4o-P47, P50-P57, 
l1H 

P60-P61, P7o-P7,, PBo-PB,, 
µA 

-- Vcc=3V, V1=3V 4 X1N. RESET, CNVss. BYTE 

Low-level input current POo-P07, P1 0-P1,, P2o-P27, 
Vcc=5V, V,=OV -5 

l1L 
P:Jo-P33, P4o-P4,, P5o-P5,, 

µA 
P6o-P6,, P7o-Ph PBo-PB,, 

X1N. RESET, CNVss. BYTE Vcc=3V, V1=0V -4 

VRAM RAM hold voltage When clock is stopped. 2 v 
In slngle-chlp l(X,.)=BMHz, 1 Vcc=5V 6 12 
mode output square waveform J Vcc=3V 4 

mA 
8 

only pin Is open T a=25'C when clock is 
Ice Power supply current and other pins stopped. 

1 

are Vss during T 8 =85'C when clock Is 
µA 

reset. stopped. 
20 
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A-0 CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=OV, Ta=25't, f(X,N)=BMHz, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions Unit 
Min. Typ. Max. 

- Resolution VREF=Vcc 10 Bits 

- Absolute accuracy VREF=Vcc ±3 LSB 

RLADOER Ladder resistance VREF=Vcc 5 20 kO 

tcoNv Conversion time 29. 5 µs 

VREF Reference voltage 2. 7 Vee v 
V1A Analog input voltage 0 VREF v 

0-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV. Ta=25't, f(X,N)=BMHz, unless otherwise noted) 

Limits 
Symbol Parameter Test condHions Unit 

Min. Typ. Max. 

- Resolution 8 Bits 

- Absolute accuracy 1. 0 % 
tsu Set time 3 µs 

Ro Output resistance 1 2.5 4 kO 

lvREF Reference power Input current (Note) 3.2 mA 

Note. One D-A converter is used, and the value of D-A register for unused D-A converter Is "0016". 

Current that flows to the ladder resistance of A-D converter is excluded. 
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TIMING REQUIREMENTS (Vcc=2. 7-5. 5V, Vss=OV, T a=25t, f(X,.)=8MHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

le External clock Input cycle time 

lw(H) External clock input high-level pulse width 

tw(L) External clock input low-level pulse width 

tr External clock rise time 

t1 External clock fall time 

Single-chip mode 

Symbol Parameter 

tsu(POD-E) Port PO input setup lime 

lsu<P10-E) Port P1 input setup time 

lgu(P2D-E) Port P2 input setup time 

t$U(P3D-E) Port P3 input setup time 

lsuCP4D-E) Port P4 input setup time 

tsuCP5D-E) Port P5 input setup time 

tsu(P6D-E) Port P6 input setup time 

tsu<P10-E) Port P7 input setup time 

lsu<PBO-E) Port PB Input setup time 

th(E-POO) Port PO input hold time 

th(E-P10) Port P1 input hold time 

1h(E-P20) Port P2 Input hold time 

th(E-P3D) Port P3 input hold time 

1h(E-P4D) Port P4 input hold time 

th(E-P50) Port P5 input hold time 

1h(E-P6D) Port P6 input hold time 

th(E-P70) Port P7 input hold time 

th(E-P80) Port PB input hold lime 

Memory expansion mode and microprocessor mode 

Symbol Parameter 

1gu(P10-E) Port P1 input setup time 

1suCP20-E) Port P2 input setup time 

lsu(ROY-~ ROY input setup time 

lsuCHOLD~ HOLD input setup time 

th(E-P10) Port P1 input hold time 

1h(E-P2D) Port P2 Input hold time 

th(~ -ROY) ROY input hold time 

th(~ -HOLD) HOLD input hold time 

Limits 
Unit 

Min. Max. 

125 ns 

50 ns 

50 ns 

20 ns 

20 ns 

Limits 
Unit 

Min. Max. 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
Unit 

Min. Max. 

80 ns 

80 ns 

90 ns 

90 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (Count input in event counter mode) 

Symbol Parameter 

tc(TA) TAitN input cycle time 

tw(TAH) TAi1N input high-level pulse width 

tw(TAL) TAi1N input low-level pulse width 

Timer A input (Gating input in timer mode) 

Symbol Parameter 

tc(TA) TAitN input cycle time 

iw(TAH} TAi1N input high-level pulse width 

iw(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in one-shot pulse mode) 

Symbol Parameter 

le( TA) TAi1N input cycle time 

lw(TAH) TAi1N input high-level pulse width 

1w(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in pulse width modulation mode) 

Symbol 

lw(TAH) TAi1N input high..:level pulse width 

lw(TAL) TAi1N input low-level pulse width 

Timer A input (Up-down input in event counter mode) 

Symbol 

le( UP) TAiouT input cycle time 

lw(UPH) TAiour input high-level pulse width 

lw(upL) TAiour input low-level pulse width 

lsu<uP-!u;) TAiour input setup time 

lh(Tu,cUP) TAiour input hold time 
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Parameter 
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Limits 
Unit 

Min. Max. 

250 ns 

125 ns 

125 ns 

Limits 
Unit 

Min. Max. 

1000 ns 

500 ns 

500 ns 

Limits 
Unit 

Min. Max. 

500 ns 

250 ns 

250 ns 

Limits 

t 
Unit 

Min. Max. 

250 ns 

250 I ns 

Limits 
Unit 

Min. Max. 

5000 ns 

2500 ns 

2500 ns 

1000 ns 

1000 ns 
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Timer B input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBi1N input cycle time (one edge count) 250 ns 

lw(TBH) TBi1N input high-level pulse width (one edge count) 125 ns 

lw(TBL) TBi1N input low-level pulse width (one edge count) 125 ns 

le( TB) TBiiN input cycle time (both edges count) 500 ns 

lw(TBH) TBi1N input high-level pulse width (both edges count) 250 ns 

lw(TBL) TBi1N input low-level pulse width (both edges count) 250 ns 

Timer B input (Pulse period measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBi1N input cycle time 1000 ns 

lw(TBH) TBiiN input high-level pulse width 500 ns 

lw(TBL) TBi1N input low-level pulse width 500 ns 

Timer B input (Pulse width measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBi1N input cycle time 1000 ns 

lw(TBH) TBi1N input high-level pulse width 500 ns 

lw(TBU TBi1N input low-level pulse width 500 ns 

A-D trigger input 
Limits 

Symbol Parameter 

f 
Unit 

Min. Max. 

le( AD) ADTRG input cycle time (minimum allowable trigger) 2000 ns 

iw(ADU ADrRG input low-level pulse width 250 l ns 

Serial 1/0 
Limits 

Symbol Parameter Unit 
Min. Max. 

tc(CK) CLKj input cycle time 500 ns 

tw(CKH) CLK; input high-level pulse width 250 ns 

tw(CKL) CLK; input low-level pulse width 250 ns 

Idec-al TxDi output delay time 170 ns 

lhcc-ol TxDi hold time 0 ns 

tsu<o-c) RxDi input setup time 80 ns 

lhcc-ol RxDi input hold time 100 ns 

External interrupt INTi input 

Symbol 
Limits 

Parameter 

± 
Unit 

Min. Max. 

iw(INH) INT; input high-level pulse width 250 ns 

tw(1NU INTj input low-level pulse width 250 l ns 
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SWITCHING CHARACTERISTICS (Vcc=2. 7-5. 5V, Vss=OV, T a=25'C, l(X,.)=BMHz, unless otherwise noted) 

Single-chip mode 
Limits 

Symbol Parameter Test conditions Unit 
Min. Max. 

td(E-POQ) Port PO data output delay time 300 ns 

ld(E-P1Q) Port P1 data output delay time 300 ns 

ld(E-P2Q) Port P2 data output delay time 300 ns 

ld(E-P3Q) Port P3 data output delay time 300 ns 

ld(E-P4Q) Port P4 data output delay time Fig. 4 300 ns 

td(E-P5Q) Port P5 data output delay time 300 ns 

ld(E-PBQ) Port P6 data output delay time 300 ns 

ld(E-P7Q) Port P7 data output delay time 300 ns 

ld(E-PBQ) Port PB data output delay time 300 ns 

Memory expansion mode and microprocessor mode <when wait bit= ·1"> 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 62 ns 

ld(E-P1Q) Port P1 data output delay time (BYTE="L") 130 ns 

tpXZ(E-P1Z) Port P1 fleeting start delay time (BYTE="L") 10 ns 

ld(P1A-E) Port P1 address output delay time 62 ns 

td(P1A-ALE) Port P1 address output delay time 52 ns 

ld(E-P2Q) Port P2 data output delay time 130 ns 

lpXZ(E-P2Z) Port P2 floetlng start delay time 10 ns 

ld(P2A-E) Port P2 address output delay time 62 ns 

ld(P2A-ALE) Port P2 address output delay time 52 ns 

Id(~ -HLDA) HLDA output delay time 120 ns 

td(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 82 ns 

ld(BHE-E) BHE output delay time 62 ns 

ld(RIW-E) R/W output delay time 
Fig. 4 

62 ns 

ldce-~ > ~ 1 output delay time 0 40 ns 

lh(E-POA) Port PO address hold time 95 ns 

th(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port P1 data hold lime (BYTE="L") 95 ns 

lpZX(E-P1Z) Port P1 floetlng release delay time (BYTE="L") 95 ns 

lh(E-P1A) Port P1 address hold time (BYTE="H") 95 ns 

th(ALE-P2A) Port P2 address hold time 9 ns 

lh(E-P2Q) Port P2 data hold time 95 ns 

lpZX(E-P2Z) Port P2 fleeting release delay time 95 ns 

lh(E-BHE) BH E hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(eL) E pulse width 220 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "1", and external memory area Is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 62 ns 

ld(E-P1Q) Port P1 data output delay time (BYTE="L") 130 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 10 ns 

ld(P1A-E) Port P1 address output delay time 62 ns 

td(P1A-ALE) Port P1 address output delay time 52 ns 

td(E-P2Q) Port P2 data output delay time 130 ns 

tpxzc E-P2z> Port P2 floating start delay time 10 ns 

ld(P2A-E) Port P2 address output delay time 62 ns 

ld(P2A-ALE) Port P2 address output delay time 52 ns 

Id(¢ -HLDA) HLDA output delay time 120 ns 

ld(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 82 ns 

ld(BHE-E) BH E output delay time 62 ns 

id(R/W-E) R/W output delay time 
Fig. 4 

62 ns 

ld(E-¢) ¢ 1 output delay time 0 40 ns 

lh(E-POA) Port PO address hold time 95 ns 

ih(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

ih(E-P1Q) Port P1 data hold time (BYTE="L") 95 ns 

lpZX(E-P1Z) Port P1 floating release delay time (BYTE="L") 95 ns 

ih(E-P1A) Port P1 address hold time (BYTE="H") 95 ns 

ih(ALE-P2A) Port P2 address hold time 9 ns 

lh(E-P2Q) Port P2 data hold time 95 ns 

tpzxc e-P2z> Port P2 floating release delay lime 95 ns 

ih(E-BHE) BHE hold time 18 ns 

ih(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 470 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay time 312 ns 

ld(E-P1Q) Port P1 data output delay time (BYTE="L") 130 ns 

tpXZ( E-P1 Z) Port P1 floating start delay time (BYTE="L") 10 ns 

ld{P1A-E) Port P1 address output delay time 312 ns 

ld(P1A-ALE) Port P1 address output delay time 177 ns 

td(E-P2Q) Port P2 data output delay time 130 ns 

tpXZ(E-P2Z) Port P2 floating start delay time 10 ns 

ld(P2A-E) Port P2 address output delay time 312 ns 

Id< P2A-ALE) Port P2 address output delay time 177 ns 

Id(¢ -HLDA) HLDA output delay time 120 ns 

ld(ALE-E) ALE output delay time 100 ns 

lw(ALE) ALE pulse width 207 ns 

ld(BHE-E) BHE output delay time 312 ns 

ld(R/W-E) R/W output delay time 
Fig. 4 

312 ns 

td(E-• I ¢ 1 output delay time 0 40 ns 

lh(E-POA) Port PO address hold time 95 ns 

lh(ALE-P1A) Port P1 address hold time ( BYTE="L") 105 ns 

ih(E-P1Q) Port P1 data hold time ( BYTE="L") 95 ns 

tpZX(E-P1Z) Port P1 floating release delay time (BYTE="L") 95 ns 

lh(E-P1A) Port P1 address hold time (BYTE="H") 95 ns 

lh(ALE-P2A) Port P2 address hold time 105 ns 

lh(E-P2Q) Port P2 data hold time 95 ns 

lpzX(E-P2Z) Port P2 floating release delay time 95 ns 

lh(E-BHE} BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 470 ns 

PO 

P1 

IlOOpF 
P2 

P3 

I P4 

PS 

P6 

P7 

PS 

¢, 

E 

Fig. 4 Testing circuit for ports PO-P8, ¢ 1 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAM 
Single-chip mode 

tr t1 

f(X,N) 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P? output 

Port P? input 

Port PS output 

Port PS input lhiE-PBD} 
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tC(TA) 

lwlTAHl J 

TAi1N input --~~~__,} }l'--------~,W-IT-AL_l ____ __,1i 
] 

-, 

f '""' I 
TAiour input _____ _.f ~-• ~,-· ----,l,-wl-uP-Ll----~-------\,_ _______ _ 

TAiour input 
I Up-down input) ) 

In Event counter mode 

v.:- tsu(UP-Tt) ~{TIN UP) 

TAi1N input 
(When count by falling) 

l 11 
TAi1N input 

(When count by rising) 

f 
let TB) 

~ ~ ..... \ 
\ TBi1N input 

lw<reu 

i ~""" } lc(AO) 

i ADrRG input I 
lc(CK) 

lw(CKH) 

] 

_11 ~ .J \ CLKi 

lW(CKLl 

""-

TxD; ) 
Idle-al 

~ 
lsuw-cJ lh<e-ol J 

J 
RxD; 

INT; input { '•'"> ~~E _lw(INHl _j____,; 
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Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

¢, 

ROY input 

(When wait bit= "O") 

¢1 

ROY input 

(When wait bit= "1" or "O" in common) 

¢, 

HOLD input 

HLDA output 

Test conditions 

• Vee= 2. 7-5. 5V 

MITSUBISHI MICROCOMPUTERS 

M37710MSLXXXHP 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

r---------- ----- -- ---- -----
1 

r--------------------------
1 

• Input timing voltage : v,L = 0. 2V cc. v,H = 0. av cc 

• Output timing voltage: Vol= 0. av, VaH = 2. ov 

• MITSUBISHI 
;..ELECTRIC 
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Memory expansion mode and microprocessor mode (When wait bit="1") 

i>, 

Port PO output 
(Ao-A,) 

Port P1 output 

( A6-A 15!D6-D15 ) -----------" 1•------++-'I '°"""-----+-"' ~------f-1 
(BYTE="L") 

Port P1 output 
(A6-A 15 ) 

(BYTE="H") 

Port P1 input 

Port P2 output 

(A16-A23/Do-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 

(BHE) 

Port P30 output 

(AiW) 

2-112 

Test conditions 

• Vcc=2. 7-5. 5V 

• Output timing voltage : VoL =0. 8V, V0 H=2. OV 

• Ports P1, P2 input 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

</>, 

Port PO output 
(Ao-A,) 

Port P1 output ------------~ .. ~---+."-11------+-..i 
(Aa-A15/08-015 ) 

(BYTE="L") 
Address 

PortP1 output-------------..r---1-+--------+--.i i..--+--------+--.. ,--------~ 
(A8-A,,) 
(BYTE="H") 

Port P1 input 

Address 

Port P2 output------------...... ,,---~-,! i..-----+-... 1 

(A16-A23 /00-D,) ---------------
Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P30 output 
IR!W) 

Test conditions 

• Vcc=2. 7-5. 5V 

ld(Arw~eJ 

• Output timing voltage : VoL=O. av. VoH=2. av 
• Ports P1. P2 input 

• MITSUBISHI 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

E 

Port PO output 
(A,,-A,) 

Port P1 output 
(As-A1s/Ds-D1sl 
(BYTE="L") 

Port P1 output 
(As-A1s) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A10-A23/0o-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P3o output 
(R/W) 

2-114 

ld(BHE-E) 
th(E-BHE) 

ldCRtw-El 
th(E-R/W) 

Test conditions 

• Vcc=2. 7-5. 5V 

• Output liming voltage : VaL =O. BV, VaH=2. OV 

• Ports P1, P2 input 



DESCRIPTION 
The M3771 OS4BFP is a microcomputer designed with high

performance CMOS silicon gate technology. This is housed 
in a 80-pin plastic molded QFP. This microcomputer has a 
large 16M bytes address space, three instruction queue 

buffers, and two data buffers for high-speed instruction ex
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business, and industrial 
equipment controller that require high-speed processing of 
large data. 

FEATURES 
• Number of basic instructions·································· 103 
• Memory size RAM································ 2048 bytes 

• Instruction execution time 
The fastest instruction at 25MHz frequency ········· 160ns 

• Single power supply·····································5V±10% 

• Low power dissipation (at 25MHz frequency) 
··························· 95mW (Typ.) 

• Interrupts········································· 19 types 7 levels 
• Multiple function 16-bit timer······························· 5+3 

(Pulse motor drive waveform can be output.) 
• UART (may also be synchronous)····························· 2 
• 10-bit A-D converter·························· 8-channel inputs 

• 8-bit D-A converter · · · · · · · · · · · · · · · · · · · · · · · · · · 2-channel outputs 
• 12-bit watchdog timer 
• Programmable input/output 

(ports P4, P5, P6, P7, PB) ······································ 37 

APPLICATION 
Control devices for office equipment such as copiers, prin

ters, typewriters, facsimiles, word processors, and personal 
computers 
Control devices for industrial equipment such as com
munication and measuring instruments 

NOTE 
Refer to "Chapter 5 PRECAUTIONS" when using this mic
rocomputer. 

MITSUBISHI MICROCOMPUTERS 

M37710S4BFP 

16-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

P70tAN0 - i 

P61/T821N- 2 

P6slT811N- 3 
P6sfTB01N- 4 

P64t!NT;;-s 
P63t!Nfi-6 
P62/iNT~ - 7 

P61ITA41N - 8 
P6o!TA4ouT/RTP13 - 9 

P57/TA31N ++ 10 

P56/TA3our1RTP1 2 - 11 

P551TA21N/RTP1 1 - 12 

P54/TA2our1RTP1 0 - 13 

P53/TAl1NIRTP03 - 14 
P52/TA1 0 ur1RTP02 - 15 

P51/TA01NIRTP01 - 16 
P5o/TAOourlRTP00 - 17 

P47t5BC* - rn 
P46/VPA* - 19 

P4s!VDA* ++ 20 
P44/QCL * - 21 

P(i/MX* ++ 22 

Outline 80P6N-A 

&4 ++ P84/CTS1 /RTS1 /OA1 

63 - P85/CLK 1 

*: Used in the evaluation chip mode only 

• MITSUBISHI 
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M3771 OS4BFP BLOCK DIAGRAM 

Clock 
input 

X1N 

Clock 
output 
XouT 

Clock (> 1 Enable Reset Reference ~c~~owledge Address latch Byte high Read/Write Hold request Ready Bus width 
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FUNCTIONS OF M37710S4BFP 
Parameter Functions 

Number of basic instructions 103 

Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 

Memory size RAM 2048 bytes 

P5-P8 8-bitX 4 
Input/Output ports 

P4 5-bitX 1 

Multi-function timers 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 

TBO, TB1, TB2 16-bitX 3 

Serial 1/0 (UART or clock synchronous serial 1/0) X2 

A-0 converter 10-bitX 1 ( 8 channels) 

0-A converter 8-bitX 2 

Watchdog timer 12-bitX 1 

Interrupts 
3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 ........ 7 .) 

Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 

Supply voltage 5V±10% 

Power dissipation 95mW( at external clock 25MHz frequency) 

Input/Output voltage 5V 
Input/Output characteristic 

Output current 5mA 

Memory expansion Maximum 16M bytes 

Operating temperature range -20-85°C 

Device structure CMOS high-performance silicon gate process 

Package 80-pin plastic molded QFP 
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PIN DESCRIPTION 

Pin Name 

Vee. Vss Power supply 

CNVss CNVss input 

--
RESET Reset input 

X1N Clock input 

Xour Clock output 

-
E Enable output 

BYTE Bus width selection input 

AVcc. AVss Analog supply input 

VREF Reference voltage input 

¢1 Clock output 

--
ROY Ready 

--
HOLD Hold request input 

--
HLDA Hold acknowledge output 

-
R/W Read/Write output 

--
BHE Byte high enable output 

ALE Address latch enable 

output 

Ao......,A7 Address (low-order) output 

A8/Da- Address (middle-order) 

A15/015 output/Data (high-order) 

1/0 

A15/Do- Address (high-order) 

A23/D7 output/Data (low-order) 

1/0 

P4,-P41 1/0 port P4 

P5o-P5, 1/0 port PS 

P60-P61 1/0 port P6 

P7o-P7, 110 port P7 

Pllo-P87 1/0 port P8 
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Input/Output 

Input 

Input 

Input 

Output 

Output 

Input 

Input 

Output 

Input 

Input 

Output 

Output 

Output 

Output 

Output 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

110 
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Functions 

Supply 5 V±10% to Vee and 0 V to Vss. 

Connect to Vee. 

To enter the reset state, this pin must be kept at a "L" condition.should be maintained for the required time. 

These are 110 pins of internal clo'ck generating circuit. Connect a ceramic or quartz crystal resonator be-

tween X1N and Xour. When an external clock is used, the clock source should be connected to the XiN pin 

and the Xour pin should be left open. 

Data or instruction read and data write are performed when output from this pin is "L". 

This pin determines whether the external data bus is 8-bit width or 16-bit width. The width i3 16 bits when 

"L" signal inputs and 8 bits when "H" signal inputs. 

Power supply for A-0 converter. AVss is also used for 0-A converter. Connect AVcc to Vee. and AVss to Vss 

externally. 

This is reference voltage input pin for A-0 converter and D-A converter. 

This pin outputs the clock ¢>1 which is divided the clock to X1N pin by 2. 

--

This is ready input pin. This is an input pin for the ROY signal. Internal clock stops while this signal is "L". 

--
This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is "L". 

--
This is an output pin for HLDA signal, indicates the hold state. 

·-----

"H" indicates the read status and "L" indicates the write status. 

"L" is output when an odd-numbered address is accessed. 

This is used to retrieve only the address data from address data and data multiplex signal. 

Address (A7-A0 ) is output. 

In case the BYTE pin is "L" and an external data bus is 16-bit width, high-order data (015......,08 ) is input or 

output when E output is "L" and an address (A15......,A8 ) is output when E output is "H". In case the BYTE pin 

is "H" and an external data bus is 8-bit width, only address (A15 ....... A8 ) is output. 

Low-order data (07 ....... Do) is input or output when E output is "L", and an address (A23--A16 ) is output when 

E output is "H". 

Port P4 is a 5-bit 1/0 port. This port has an data direction register and each pin can be programmed for in-

put or output. This port is in input mode when reset. 
-·-----

Port P5 is a 8-bit 1/0 port. This port has an data direction register and each pin can be programmed for in-

put or output. This port is in input mode when reset. 

These pins also function as 1/0 pins for timer AO, timer A 1, timer A2 and timer A3. PSo to P56 also function 

as output pins for pulse motor drive waveform. 

In addition to having the same 1/0 functions as port PS, these pins also function as 1/0 pins for timer A4, 
-- -

external interrupt input INT0, lNT1 and INT2 pins, and input pin for timer BO, timer B1 and timer 82. P60 also 

functions as an output pin for pulse motor drive waveform. 

These pins also function as analog input AN0.-..AN7 input pins in addition to having the same 110 functions 

as port P5. Ph also has an A-0 conversion trigger input function. 

--
These pins also function as RxD, TxD, CLK, CTS/RTS pins for UARTO and UART1 in addition 'to having the 

same 1/0 functions as port P5. 
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BASIC FUNCTION BLOCKS 
The M3771 OS4BFP contains the following devices on a 
single chip: RAM for storing instructions and data, CPU for 
processing, bus interface unit (which controls instruction 
pref etch and data read/write between CPU and memory) , 

timers, UART, A-D converter, D-A converter, and other 
peripheral devices such as 1/0 ports. Each of these de
vices are described below. 

MEMORY 
The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 016 to FFFFFF16. The address 

space is divided into 64K bytes units called banks. The 
banks are numbered from 016 to FF16. 

Built-in RAM and control registers for built-in peripheral de
vices are assigned to bank 016. 

MITSUBISHI MICROCOMPUTERS 
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Addresses FFD616 to FFFF16 are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Reier to the section on 

interrupts for details. 
The 2048 bytes area from addresses 8016 to 87F16 contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 

Assigned to addresses 016 to 7F16 are peripheral devices 
such as 1/0 ports, D-A converter, A-D converter, UART, 
timer, and interrupt control registers. 
A 256 bytes direct page area can be allocated anywhere in 
bank 016 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 

00000016 ~-----~------~------~-------r-------, 00000016 000000,. 

Bank FE16 

Bank FF,. 

OOFFFF16 
01000016 

01FFFF16 

{ 

FEOOOO" 

FEFFFF16 

{ 

FF000010 

FFFFFF16 

I 
I 
I I 1-----,. 
I I I 
I I I 
I I I 
I I I 
I I 
r-----1 
I I 
I I 
I I 
I I 

r r 
I I 
I I 
I I 
L _____ _J 
I I 
I I 
I I 
I I 
I I 
r-------1 
I I 
I I 
I I 
I I 
L _____ _J 

c:::::J : Internal 

C = ~ : External 

Fig. 1 Memory map 

I 
I 
\ 
\ 
I 
I 
I 
I 

00007F16 
00008015 

Internal RAM 
2048 bytes 

"" '-

00087F16 t-------t 

I 
I 
I 

I 
I 
I 
I 
I 
I 
l.. ..,.. 

I 
I 
I 
I 
I 
I 

..l 
'r 

" '-
" " '-

Peripheral devices 
control registers 

( 
see Fig. 2 for ) 

further information 

00007F,. ------~ 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 
000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
ooooos 
000009 
OOOOOA 
000008 
oooooc 
000000 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
00001S 
000019 
00001A 
000018 
00001C 
000010 
00001E 
00001F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
00002S 
000029 
00002A 
000028 
00002C 
000020 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
00003S 
000039 
00003A 
000038 
00003C 
000030 
00003E 
00003F 

Port P4 
Port P5 
Port P4 data direction register 
Port P5 data direction register 
Port P6 
Port P7 
Port P6 data direction register 
Port P7 data direction register 
Port PS 

Port PS data direction register 

D-A registerO 

D-A register 1 

A-D control r~ster O 
A-D control r~ster 1 

A-D register O 

A-D register 1 

A-D register 2 

A-D register 3 
-----' 

A-D register 4 

A-D register 5 

A-D register 6 

A-D register 7 

UART O transmit/receive mode register 
UART 0 bit rate _g_enerator 

UART 0 transmission buffer register 

UART 0 transmit/receive control r~ster 0 
UART O transmit/receive control "''!lister 1 

UART 0 receive buffer register 

UART 1 transmit/receive mode register 
UART 1 bit rate _g_enerator 

UART 1 transmission buffer register 

UART 1 transmit/receive control r~ster 0 
UART 1 transmit/receive control register 1 

UART 1 receive buffer register 

000040 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
00004S 
000049 
00004A 
000048 
00004C 
000040 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
00005S 
000059 
00005A 
000058 
00005C 
000050 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
00006S 
000069 
00006A 
000068 
00006C 
000060 
00006E 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
00007S 
000079 
00007A 
000078 
00007C 
000070 
00007E 
00007F 

Fig. 2. Location of peripheral devices and interrupt control register~ 
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Count start 11".9_ 

One-shot start 11".9_ 

U_IJ:down 11".9_ 

Timer AO 

Timer A1 

Timer A2 

Timer A3 

Timer A4 

Timer BO 

Timer B1 

Timer B2 

Timer AO mode r~ster 
Timer A1 mode r~ster 
Timer A2 mode r~ster 
Timer A3 mode r~ster 
Timer A4 mode r~ster 
Timer BO mode register 
Timer B1 mode register 
Timer B2 mode register 
Processor mode register 0 
Processor mode r~ster 1 
Watchd~timer 

Watchd<Jli timer lu•guen9'_ selection lla_g_ 
Waveform ou~ut mode r~ster 

Pulse ou.tgut data register 1 
Pulse ou~ut data r~ster 0 
Reserved area (Note) 

A-0 conversion interrl:!Q! control r~ster 
UARTO transmission interrl!fl! control register 
UARTO receive interrUJll control r~ster 
UART1 transmission interr'!fl! control register 
UART1 receive interrUJll control register 
Timer AO interrup_t control reg_ister 
Timer A 1 interrUJll control register 
Timer A2 interrUJll control register 
Timer A3 interrUJll control register 
Timer A4 interrUJll control register 
Timer BO interrUJll control register 
Timer 81 intern~_Q! control r~ster 
Timer B2 interrUJll control r~ster 
INTo interr'!fl_I control r~ster 
INT1 interr'!fl_I control r~ster 
INT2 interrupt control register 

Note : Do not write to this address. 



CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 

ACCUMULATOR A (A) 
Accumulator A is the main register of the microcomputer. It 

consists of 16 bits and the lower 8 bits can be used separ
ately. The data length flag m determines whether the regis
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is "O" and as an 8-bit reg

ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 
Accumulator B has the same functions as accumulator A, 

but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 
Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
"O" and as an 8-bit register when flag x is "1 ". Flag x is a 
part of the processor status register (PS) which is de
scribed later. 

MITSUBISHI MICROCOMPUTERS 
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In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low
order 16 bits of the source data address. The third byte of 

the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 
Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter
mines whether the register is used as 16-bit register or as 

8-bit register. It is used as a 16-bit register when flag x is 
"O" and as an 8-bit register when flag x is "1 ". Flag x is a 
part of the processor status register (PS) which is de
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 
Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina
tion data address. 

AL I Accumulator A ..,,. _______ """"" ______ _.,,.a 

Fig. 3 Register structure 

x, j Index register X .._ _______ ....,,.. ______ ...,..a 

l Stack pointer S '-----------------0-
'----------------0-::' Program counter PC 

._ _______ ....,,... ______ __,!Direct page register DPR 

.._.__.__.._.__...,.........,.......,.......,.....,.......,.......,.......,.......,.......,.......,.... 
Processor status register PS 

Carry flag 
Zero flag 
Interrupt disable flag 

~--- Decimal mode flag 
----- Index register length flag 

~-----Data lengtn flag 
-------Overflow tlag 

--------Negative flag 
Processor interrupt priority level IPL 
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STACK POINTER (S) 
Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 

stack pointer relative, or stack pointer relative indirect in
dexed Y addressing mode. 

PROGRAM COUNTER (PC) 
Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem

ory is accessed through bus interface unit. This is de

scribed later. 

PROGRAM BANK REGISTER (PG) 
Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 

be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 

programs can be written without worrying about bank 
boundaries. 

DATA BANK REGISTER (OT) 
Data bank register ( DT) is an 8-bit register. With some 

addressing modes, a part of the data bank register ( DT) is 
used to specify a memory address. The contents of data 
bank register ( DT) is used as the high-order 8 bits of a 24-

bit address. Addressing modes that use the data bank reg
ister ( DT) are direct indirect, direct indexed X indirect, 

. direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 

DIRECT PAGE REGISTER (DPR) 
Direct page register ( DPR) is a 16-bit register. Its contents 

is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 016, but 
when the contents of DPR is FF01 16 or greater, the direct 
page area spans across bank 016 and bank 116. All direct 
addressing modes use the contents of the direct page reg
ister ( DPR) to generate the data address. If the low-order 8 
bits of the direct page register ( DPR) is "0016", the number 
of cycles required to generate an address is minimized. 
Normally the low-order 8 bits of the direct page register 
(DPR) is set to "0016". 
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PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con
sists of a flag to indicate the result of operation and CPU 

interrupt levels. 
Branch operations can be performed by testing the flags C, 

Z, V, and N. 
The details of each processor status register bit are de

scribed below. 

1. Carry flag (C) 
The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 

with the SEP and CLP instructions. 

2. Zero flag (Z) 
This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag ( I ) 
When the interrupt disable flag is ~et to "1", all interrupts 
except watchdog timer, DBC, and software interrupt are 

disabled. This flag is .set to "1" automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 
The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is "O''. If it is "1 ", de
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using lour digits when the data length flag m is "O" and with 

two digits when it is "1". (Decimal operation is possible 
only with the ADC and SBC instructions.) .This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 
The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis
ters when flag x is "O" and as 8-bit registers when it is "1 ". 
This flag can be set and reset with the SEP and CLP in
structions. 

6. Data length flag (m) 
The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is "O" 
and 8-bit when it is "1". This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in
structions. 

7. Overflow flag (V) 
The overflow flag has meaning when addition or subtraction 

is performed a word as signed binary number. When the 
data length flag m is "O", the overflow flag is set when the 
result of addition or subtraction is outside the range be
tween -32768 and +32767. When the data length flag m 

is "1 ", the overflow flag is set when the result of addition or 
subtraction is outside the range between -128 and + 127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in
structions. 

8. Negative flag (N) 
The negative flag is set when the result of arithmetic op
eration or data transfer is negative (If data length flag m is 
"O", when data bit 15 is "1". If data length flag m is "1", 
when data bit 7 is "1 ".) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 

o·,s-D'a 

~ir, 
""A',,-A'o 

CPU 

Control signal 
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9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 

and determines the priority of processor interrupts from 
level O to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in

terrupt control register) is higher than the processor inter
rupt priority. When interrupt is enabled, the current proces
sor interrupt priority level is saved in a stack and the pro
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 

BUS INTERFACE UNIT 
The CPU operates on an internal clock frequency which is 

obtained by dividing the external clock frequency f <x,"> by 
two. This frequency is twice the bus cycle frequency. In 

order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre
fetches instructions. Figure 4 shows the relationship be
tween the CPU and the bus interface unit. The bus inter
face unit has a program address register, a 3-byte instruc
tion queue buffer, a data address register, and a 2-byte 

data buffer. 
The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 

D1s--Da 

-.:> > o,-o, 
;,>! 

~ A,,-Ao 
.) 

~ .) 

Bus interface -
BHE 

unit rvw 
E 
ALE 

''J BYTE 
v --

HOLD 

Fig. 4 Relationship between the CPU and the bus Interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (10) shown in Figure 5. The standard waveforms are 
(1) and (2). 
The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Ai/Dj ~ 
E ---i_.r-

(1) 

ALE _f1...___ 
~ 

Access term 

Ai/Dj ~ 
E ~ 

(2) 
ALE ___sL___IL_ 

Access term 

Ai/DJ ~ 
e ~ 

(3) ____n__ ALE 

Access term 

Ai/Dj ~ 
E ~ 

(4) 

ALE _J1__Jl__ 

Access term 

Ai/DJ ~ 
E ~ 

(5) 
~ ALE 

Access term 

Ai/DJ ~ 
E ------i.......r 

(6) __n__fL__ ALE 

Access term 
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Waveform ( 1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul
taneously, the first address accessed must be even. Furth
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to "L". (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

Internal clock ~ 

Ai/Dj~ 

E ~ 
(7) 

___f""L_ ALE 

Access term 

Ai/Dj D 

E 
(8) 

ALE 

Access term 

Ai/Dj 

e 
(9) 

ALE __Jl__J"L__ 

Access term 

Ai/Dj 

e 
~O) 

ALE ~ 

A: Address 

D: Data 

Access term 

Al/Dj indicates multiplex 1/0 pin with address and data. 

~ Access 2-byte Access even Access odd 
al 

od 

simultaneously address 1-byte address 1-byte 

Ao "L" "L" "H" 

BHE "L" UH" "L" 

Fig. 5 Relatlonshlp between access method and slgnals Ao and BHE 
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When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 

However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform ( 1) is 

used, and only one byte is read in the instruction queue 
buffer. 

The signals Ao and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 

odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ao signal that is the address bit 0 is 
"L" when an even number address is accessed. The BHE 
signal becomes "L" when an odd number address is 
accessed. 

The bit 2 of processor mode register 0 (address 5E16 ) is 
the wait bit. When external memory area is accessed with 
this bit set to "O", the width of E signal is extended and ac
cess time can be extended. 
There are two ways to extend the access time and they are 
selected with the processor mode register 1 (address 
5F15) bit 0. 
When this bit is set to "1", the "L" width of E signal in (1) 
becomes twice as long as in (3) and the access time be
comes 1.5 times (wait 1) . When this bit is set to "O", the 
ALE signal in ( 1) and E signal are extended as in ( 7) and 
the access time is doubled (wait 0). 
However, these signals are not extended when accessing 

internal memory area. 
When the wait bit is set to "1", these signals are not ex
tended when accessing either memory area regardless of 
the value of processor mode register 1 bit 0. 
Waveform (4), (5), and (6) show the entire waveform, first 
half, and last half respectively of waveform (2) for wait 1. 
Waveform (8), (9), and (10) show the entire waveform, first 
half, and last half respectively of waveform ( 2) for wait 0. 
Instruction code read, data read, and data write are de
scribed below. 
Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc

tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
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Normally, when reading an instruction code from memory, if 

the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc
tion queue buffer. 
However, if the bus width switching pin BYTE is "H'', exter

nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1), (3) or (7) in Figure 5 is used for instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (10) in Figure 5 to perform the op

eration. 
During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 
result in the data buffer. 
During data write, the CPU writes the data in the data buf
fer and the bus interface unit writes it to memory. There

fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 

data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 
Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 

of interrupt and is .discussed in this section, too. 
DBC is an interrupt used during debugging. 
Interrupts other than reset, DBC, watchdog timer, zero di
vide, and BRK instruction all have interrupt control regis

ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in
terrupt control register. 
Use the SEB and CLB instructions when setting each inter

rupt control register. 
The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 

timer can be cleared by software. 
INT2 to INT0 are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts are described in the respective 

section. 
The priority of interrupts when multiple interrupts are 

caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 

hardware priority is fixed the following: 
reset > DBC > watchdog timer > other interrupts 

76543210 

txt><J><tX] I~ 
[ Interrupt priority 

Interrupt request bit 

0 : No interrupt 

1 : Interrupt 
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Table 1. Interrupt types and the interrupt vector 
addresses 

Interrupts Vector addresses 

A·D conversion OOFFD616 OOFFD716 

UART1 transmit OOFFD81o OOFFD916 

UART1 receive OOFFDA16 OOFFDB16 

UARTO transmit OOFFDC16 OOFFDD16 

UARTO receive OOFFDE16 OOFFDF16 

Timer B2 OOFFE016 OOFFE110 

Timer 81 OOFFE216 OOFFE316 

Timer BO OOFFE416 OOFFE516 

Timer A4 OOFFE616 OOFFE716 

Timer A3 OOFFE81a OOFFE916 

Timer A2 OOFFEA16 OOFFEB16 

Timer A1 OOFFEC16 OOFFED16 

Timer AO OOFFEE16 OOFFEF16 

INT2 external interrupt OOFFF016 OOFFF1 16 

INT, external interrupt OOFFF216 OOFFF316 

INT0 external interrupt OOFFF416 OOFFF510 

Watchdog timer OOFFF61o OOFFF710 

DBC (unusable) OOFFF816 OOFFF916 

Break instruction OOFFFA10 OOFFFB16 

Zero divide OOFFFC16 OOFFFD16 

Reset OOFFFE16 OOFFFF16 

Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 

76543210 

!SlZ!JJ]JJl 1----c__ Interrupt priority 

Interrupt request bit 

0 : No interrupt 

1 : Interrupt 
Polarity selection bit 

0 : Set interrupt request bit at "H" level for level sense and when changing from "H" to "L" 
level for edge sense. 

1 : Set interrupt request bit at "L" level for level sense and when changing from "L" to "H" 
level for edge sense. 

Level sense/edge sense selection bit 

0 : Edge sense 

1 : Level sense 

Interrupt control register configuration for INT2-INT0 . 

Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 

Interrupt control registers Addresses 

A-D conversion interrupt control register 000010,. 

UARTO transmit interrupt control register 000071,. 

UARTO receive interrupt control register 000072,. 

UART1 transmit interrupt control register 000073,. 

UART1 receive interrupt control register 000074,. 

Timer AO interrupt control register 000075,. 

Timer A 1 interrupt control register 000076,. 

Timer A2 interrupt control register 000077,. 

Timer A3 interrupt control register 000078,. 

Timer A4 interrupt control register 000079,. 

Timer BO interrupt control register 00007A16 

Timer B1 interrupt control register 00007B,. 

Timer B2 interrupt control register 00007C16 

INT0 interrupt control register 000010,. 

INT1 interrupt control register 00007E16 

INT2 interrupt control register 00007F16 

Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 
Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor
responding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 
This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro

cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag I is "O". The 
request is not accepted ii flag I is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces
sor status register (PS) is saved to the stack and the inter
rupt disable flag I is set to "1 ". 
Furthermore, the interrupt request bit of the accepted inter
rupt is cleared to "O" and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 

by the priority level of the accepted interrupt. 
T)lerefore, multi-level priority interrupts are possible by re
setting the interrupt disable flag I to "O" and enable further 
interrupts. 
For reset, DBC, watchdog timer, zero divide, and BRK in
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 
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Priority resolution is performed by latching the interrupt re
quest bit and interrupt priority level so that they do not 

change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 
Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 

operation code fetch cycle. 

Priority is determined by hardware 

~ 

® Q) ® (j) 
,------------, 
I D-D-____ _r--11 (WaiCiid09I ~ r.:;:::J 
I~ 
L - - - - - - - - - - _J 

A-D converter. UART. Timer, INT interrupts 

Priority can be changed with software inside® 

Fig. 7 Interrupt priority 

Interrupt request UART1 transmit 

Reset 

DBC 

Watchdog 
timer 

IPL 

UART1 receive 

UARTO transmit 

UARTO receive 

Timer B2 

Timer B1 

Timer BO 

Timer A4 

Timer A3 

TimerA2 

TimerA1 

Timer AO 

INTo 

Fig. 8 Interrupt priority resolution 

Level 0 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register 0 (address 5E16 ) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in
itialized to "0016" and therefore, the longest time is 
selected. 
However, the shortest time should be selected by software. 

Internal clock ¢ 

Operation code fetch cycle 

Sampling pulse 

Priority resolution time 

[

Select from O to 2 with bitsl 

4 and 5 of the processor 

mode register 0 

Fig. 9 Interrupt priority resolution time 

7 6 

0 

0 

2 __J 
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Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 

Interrupt types Setting value 
Reset 0 
DBC 7 
Watchdog timer 7 
Zero divide Not change value of IPL. 
BRK instruction Not cha"ll_e value of IPL. 

Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 

Priority level resolution time selection bit 

Bit 5 Bit4 

0 0 

0 1 

1 0 

¢ : internal clock 

Processor mode register 0(5E16) 

Processor mode bits 

0 : Microprocessor mode 

1 : Evaluation chip mode 

Must be "1" 

Wait bit 

a: Wait 

1 : No wait 

Software reset bit 

Number of cycles 

7 cycles of¢ 

4 cycles of¢ 

2 cycles of¢ 

The processor is reset when this bit is set to "1". 

'----'---------- Priority resolution time selection bit 

0 0 : Select 0 in Figure 9 

0 1 : Select 1 in Figure 9 

1 0 : Select 2 in Figure 9 

'----------- Test mode bit 

Must be "O" 

Fig. 10 Processor mode register O configuration 
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TIMER 
There are eight 16-bit timers. They are divided by type into 

timer A(5) and timer B(3). 
The timer 1/0 pins are shared with 1/0 pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to "O'' 

to specify input mode. 

TIMER A 
Figure 11 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 

one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits O and 1 of the timer Ai 
mode register (i = 0 to 4). Each of these modes is de

scribed below. 

Clock source selection 

f, '--------0 

f54--0 

fs12___,.....Q 

•Timer 
•One-shot 
• Pulse width modulation 

Timer( gate function) 

Event counter 
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(1) Timer mode (00) 
Figure 12 shows the bit configuration of the timer Ai mode 

register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "O" in timer mode. 
Bit 3 is ignored if bit 4 is "O". 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "O". 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 000016. At the same 

time, the contents of the reload register is transferred to the 
counter and count is continued. 

Data bu$ (Odd) 

Reload register(16) 

Counter(16) 
Addresses 

Up/Down TimerAO 4716 4616 Polarity 
selection Count start flag (Always decremented J Timer A1 4916 4816 

TAiour 
(i=0-4) 

External trigger 

Fig. 11 Block diagram of timer A 

(40,.J 

Down count ----o 

Up-down flag ~ 
(44,.J 
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l except in event count mode Timer A2 4816 4A
16 

Timer A3 4016 4C16 

Timer A4 4F16 4E16 
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When bit 2 of the timer Ai.mode register is "1", the output 
is generated from TAiouT pin. The output is toggled each 
time the contents of the counter reaches to 00001 6• When 
the contents of the count start flag is "O", "L" is output from 
TAiouT pin. 
When bit 2 is "0", TAiouT pin can be used as a normal port 
pin. 
When bit 4 is "O", TAi1N pin can be used as a normal port 
pin. 
When bit 4 is "1", counting is performed only while the in
put signal from the TAi1N pin is "H" or "L" as shown in Fi
gure 14. Therefore, this can be used to measure the pulse 
width of the input signal to TAi1N pin. Whether to count 
while the input signal is "H" or while it is "L" is determined 

7 6 5 4 3 2 1 0 

[ I JoJ I I I 0 I 0 J 
l l 
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by bit 3. If bit 3 is "1", counting is performed while the TAi1N 

pin input signal is "H" and If bit 3 is "O", counting is per
formed while it is "L". 
Note that the duration of "H" or "L" on the TAi1N pin must be 
two or more cycles of the timer count source. 
When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 
When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1 ). 

Addresses 

Timer AO mode register 5610 

Timer A1 mode register 5710 

Timer A2 mode register 5810 

Timer A3 mode register 5910 

Timer A4 mode register 5A1o 

O O : Always "00" in timer mode 
I 

0 : No pulse output (TAlouT pin is normal port pin) 

1 : Pulse output 

0 X : No gate function (TAi1N pin is normal port pin) 

1 0 : Count only while TAl1N pin input is "L" 

1 1 : Count only while TAioN pin input is "H" 

0 : Always "O" in timer mode 

Clock source selection bit 

0 0 : Select 12 

0 1 : Select 116 

1 O : Select 164 

1 1 : Select fs12 

Fig. 12 Timer Al mode register bit configuration during timer mode 
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Fig. 13 Count start flag bit configuration 

Selected clock source fi 

TAi1N _J 

Timer mode register 

Bit 4 Bit 3 

Timer mode register 

Bit 4 Bit 3 
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Count start flag 

(Stop at "O", Start at "1") 

Timer AO count start flag 

Timer A 1 count start flag 

Timer A2 count start flag 

Timer A3 count start flag 

Timer A4 count start flag 

Timer BO count start flag 

Timer B1 count start flag 

Timer B2 count start flag 

Address 

4016 

L 

Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 
Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 

the bit 0 of the timer Ai mode register must be "1" and bit 1 
and 5 must be "O''. 
The input signal from the TAiu., pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it is "O''. 
Count is performed at the fall of the input signal when bit 3 
is "O'' and at the rise of the signal when it is "1 ''. 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in

put signal from the TAiouT pin. 
When bit 4 of the timer Ai mode register is "O'', the up

down flag is used to determine whether to increment or de
crement the count (decrement when the flag is "O" and in
crement when it is "1"). Figure 16 shows the bit configura
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is "1 ", the input 
signal from the TAiouT pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 

must be "O" if bit 4 is "1" because if bit 2 is "1 ", TAiouT pin 
becomes an output pin with pulse output. 
The count is decremented when the input signal from the 
TAiouT pin is "L" and incremented when it is "H". Deter
mine the level of the input signal from the TAiouT pin be
fore valid edge is input to the TAi1N pin. 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 000016 (decrement count) or 
FFFF16 (increment count). At the same time, timers AO and 
A 1 transfer the contents of the reload register to the coun
ter and continue counting. 
Timers A2, A3, and A4 transfer the contents of the reload 

register to the counter and continue count when bit 6 of the 
corresponding timer Ai mode register is "O", but when bit 6 
is "1 ", they continue counting without transferring the con
tents of the reload register to the counter. 
When bit 2 is "1 ", the waveform reversing polarity is output 

from TAiouT pin each time the counter reaches 000016 

(decrement count) or FFFF16 (increment count) . If bit 2 is 

"O'', TAiouT pin can be used as a normal port pin. However, 
if bit 4 is "1" and the TAiouT pin is used as an output pin, 
the output from the pin changes the count direction. There
fore, bit 4 must be "O" unless the output from the TAiouT pin 
is not to be used to select the count direction. 
Data write and data read are performed in the same way as 
for timer. mode. That is, when data is written to timer Ai 
which is halted, it is also written to the reload register and 
the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time and continues counting. For timer 
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Addresses 

I Timer AO mode register 561s \ 

Timer A1 mode register 5716 

Timer A2 mode register 5816 

Timer A3 mode register 5916 

7 6 5 4 3 2 1 0 \ Timer A4 mode register 5A16 

[I I 0I I I IoI1J 
JII_ 0 

0
1 : Always "01'" in event counter mode 

L_ : No pulse output 

1 : Pulse output 

0 : Count at the falling edge of input 
signal 

1 : Count at the rising edge of input 
signal 

O : Increment or decrement according 
to up/down flag 

1 : Increment or decrement according 
to TAiouT pin input signal level 

0 : Always "O" in event counter mode 

~------ This bit is available for timers A2, A3, 
and A4. 

0 : Reload 

1 : No reload 
~------- This bit is available for timer A3. 

O : Two-phase pulse signal processing 
in the same manner as timer A2 

1 : Two-phase pulse signal processing 
in the same manner as timer A4 

Fig. 15 Timer Ai mode register bit configuration during 
event counter mode 

7 6 5 4 3 2 1 0 Address 

LlllllllJ Up-down flag 44,. 

Timer AO up-down flag 

c___ Timer A1 up-down flag 

Timer A2 up-down flag 

Timer A3 up-down flag 

Timer A4 up-down flag 

Timer A2 two-phase pulse signal 
processing selection bit 

0 : Two-phase pulse signal processing 

disabled 

1 : Two-phase pulse signal processing 

mode 
Timer A3 two-phase pulse signal 

processing selection bit 

0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 

mode 
Timer A4 two-phase pulse signal 
processing selection bit 

0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 
mode 

Fig. 16 Up-down flag bit configuration 



A2, A3, and A4, the contents of the reload register are not 

reloaded in the counter when bit 6 of the corresponding 

timer Ai mode register is "1 ''. The contents of the counter 

can be read at any time. 
Furthermore, in event counter mode, whether to increment 

or decrement the counter can also be determined by sup

plying two-phase pulse input with phase shifted by 90° to 

timer A2, A3, or A4. There are two types of two-phase pulse 

processing operations. One uses timer A2 and the other 

uses timer A4. Timer A3 can select one of these two opera

tions with bit 7 of the timer A3 mode register. In either pro

cessing operation, two-phase pulse is input in the same 

way, that is, pulses out of phase by 90° are input at the 

TAiouT (j = 2 to 4) pin and TAj1N pin. 

When timer A2 is used, as shown in Figure 17, the count is 

incremented when a rising edge is input to the TA21N pin 

after the level of TA2ouT pin changes from "L" to "H", and 

when the falling edge is input, the count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 

pulse with a rising edge input to the T A41N pin is input after 

the level of TA4ouT pin changes from "L" to "H", the count 
is incremented at the respective rising edge and falling 

edge of the TA4ouT pin and TA41N pin. When a phase re

lated pulse with a falling edge input to the TA4ouT pin is in

put after the level of TA41N pin changes from "H" to "L'', the 

count is decremented at the respective rising edge and 

falling edge of the TA41N pin and TA4ouT pin. 

When performing this two-phase pulse signal processing, 

timer Aj mode register bit 0 and bit 4 must be set to "1" 

and bits 1, 2, 3, and 5 must be set to "O" as shown in Figure 
19. 

Bit 7 is used to select whether to perform two-phase pulse 

signal processing for timer A3 in the same manner as timer 

A2 or as timer A4. When this bit is "O", two-phase pulse 

signal processing for timer A3 is performed in the same 

manner as timer A2 and when it is "1 ", it is performed in 

the same manner as timer A4. This bit is ignored for timer 
A2 and A4. 

Note that bits 5, 6, and 7 of the up-down flag (address 

4416) are the two-phase pulse signal processing selection 
bit for timer A2, A3, and A4 respectively. 

Each timer operates in normal event counter mode when 
the corresponding bit is "O" and performs two-phase pulse 

signal processing when it is "1". 

Count is started by setting the count start flag to "1". Data 

write and read are performed in the same way as for nor

mal event counter mode. Note that the direction register of 

the input port must be set to input mode because two

phase pulse signal is input. Also, there can be no pulse 
output in this mode. 
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TA2ouT 

Increment Increment Increment Decrement Decrement Decrement 
count count count count count count 

Fig. 17 Two-phase pulse processing operation of timer 
A2 

TA4ouT 
~ 

Increment count at each edge Decrement count at each edge 

~ 

Increment count at each edge 

Fig. 18 Two-phase pulse processing operation of timer 
A4 

Addresses 

[ 

Timer A2 mode register 5816 l 
Timer A3 mode register 591 6 

Timer A4 mode register 5A16 

0 1 : Always "01" in event counter mode 

~~~--- 0 1 0 0 : Always "0100"" when processing 

two-phase pulse signal 

: Reload 

: No reload 

~-------- This bit is available for timer A3 

: Two-phase pulse signal processing 

in the same manner as timer A2 

: Two-phase pulse signal processing 
in the same manner as timer A4 

Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode (10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be "O" and bit 1 and bit 2 must 
be "1". 

The trigger is enabled when the count start flag is "1". The 
trigger can be generated by software or it can be input 
from the TAi1N pin. Software trigger is selected when bit 4 

is "O" and the input signal from the TAi1N pin is used as the 
trigger when it is "1 ". 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 

the trigger signal when bit 3 is "O" and at the rise of the 
trigger signal when it is "1 ". 

Software trigger is generated by setting the bit in the one
shot start flag corresponding to each timer. 

Figure 21 shows the bit configuration of the one-shot start 
flag. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 000016, the TAiouT pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16, The TAiouT pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe
ated each time a trigger signal is received. The output 
pulse width is 

pulse frequency of the selected clock 

X (counter's value at the time of trigger). 
If the count start flag is "O", TAiouT goes "L". Therefore, the 
value corresponding to the desired pulse width must be 

written to timer Ai before setting the timer Ai count start 
flag. 

As shown in Figure 23, a trigger signal can be received be
fore the operation for the previous trigger signal is com
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 

Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig
gering. 

When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 

When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
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Undefined data is read when timer Ai is read. 

76543210 

u10111111Jo] 

Addresses] 

[ 

Timer AO mode register 56,o 

Timer A 1 mode register 5710 

Timer A2 mode register 5810 

Timer A3 mode register 5910 

Timer A4 mode register 5A,o 

1 O : Always "1 O" in one-shot pulse mode 

'----- 1 : Always "1" in one-shot pulse mode 

0 X : Software trigger 

1 O : Trigger at the falling edge of TAi1N 

input 

1 1 : Trigger at the rising edge of TAi1N 

input 

0 : Always "O" in one-shot pulse mode 

Clock source selection 

0 O : Select f2 

0 1 : Select f16 

1 0 : Select f., 

1 1 : Select f512 

Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 

Address 

One-shot start flag 42,6 

Timer AO one-shot start flag 

Timer A1 one-shot start flag 

Timer A2 one-shot start flag 

'------ Timer A3 one-shot start flag 

'------- Timer A4 one-shot start flag 

Fig. 21 One-shot start flag bit configuration 
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Selected 

clock source fi 

TAi1N 

(in case of 
the rising edge) 

TAiouT 

_J 

MITSUBISHI MICROCOMPUTERS 

M37710S4BFP 

16-BIT CMOS MICROCOMPUTER 

._______.n __ _ 

Example when the contents of the reload register is 000316 

Fig. 22 Pulse output example when external rising edge Is selected 

Selected 

clock source fj 

TAi1N 
(in case of 
the rising edge) 

TAiour 

_n~n~-----

Example when the contents of the reload register is 000416 

Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode ( 11) 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 

width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula
tor. 16-bit length pulse width modulator is performed when 

bit 5 is "O" and 8-bit length pulse width modulator is per
formed when it is "1 ". The 16-bit length pulse width mod
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAi1N pin (external 
trigger). 
The software trigger mode is selected when bit 4 is "O". 

Pulse width modulator is started and pulse is output from 
TAiouT when the timer Ai start flag is set to "1 ". 
The external trigger mode is selected when bit 4 is "1 ". 
Pulse width modulator starts when a trigger signal is input 

from the TAi1N pin when the timer Ai start flag is "1 ". 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "O" and at the rise when it is "1 ". 
When data is written to timer Ai with the pulse width mod
ulator halted, it is written to the reload register and the 

counter. 
Then when the timer Ai start flag is set to "1" and a soft
ware trigger or an external trigger is issued to start modula
tion, the waveform shown in Figure 25 is output continuous

ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H" of 
pulse is 

1 X m selected clock frequency 

and the output pulse period is 

1 x (216_1) 
selected clock frequency · 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 

each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is "1 ". 

The reload register and the counter are both divided into 8-
bit halves. 
The low order 8 bits function as a prescaler and the high 
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order 8 bits function as the 8-bit length pulse width modula
tor. The prescaler counts the clock selected by bits 6 and 

7. A pulse is generated when the counter reaches 000016 

as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 

continued. 

Addresses l Timer AO mode register 5616 l 
Timer A1 mode register 5716 

Timer A2 mode register 5816 

Timer A3 mode register 5916 

Timer A4.mode register 5A16 

: Always "11" in pulse width modulation 
mode 

: Always "1" in pulse width modulation 
mode 

'--'----- 0 X : Software trigger 

1 0 : Trigger at the falling of TAi," input 

1 1 : Trigger at the rising of TAi1N input 

: 16 bit pulse width modulator 

1 : 8 bit pulse width modulator 

~------Clock source selection bit 

0 0 : Select f2 

0 I : Select f10 

I 0 : Select fo• 

I I : Select fs12 

Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 



Therefore, if the low order 8-bit of the reload register is n, 
the period of the generated pulse is 

selected clo:k frequency X ( n +1l. 

The high order 8-bit function as an 8-bit length pulse width 
modulator using this pulse as input. The operation is the 

same as for 16-bit length pulse width modulator except that 
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the length is 8 bits. If the high order 8-bit of the reload reg
ister is m, the duration "H" of pulse is 

selected clo:k frequency X(n + 1 )X m. 

And the output pulse period is 
1 

selected clock frequency X(n +1)X (28- 1 ). 

1/fiX(2'6 -1) 

Selected clock 

source fj 

TAi1N 

(in case of the ----' 
rising edge) 

TAiouT 

1/fiX(m) 

.--~ 
I I 
I I 

.J I 

} This trigger is not accepted 

I 

.. 1 

r-1 IiimruLrul I I 
I I 
1L 

I 
I 
I 
I 
I 
I 

Example when the contents of the reload register is 000316 

Fig. 25 16-blt length pulse width modulator output pulse example 

Selected clock 

source fi 

TAim 

1/fiX(n+l )X(28-1) 

I 
I --

(in case of the falling edg:il 
"-------r---1;..,,,....--------- - - - - - -----1 ------

_ _,_ __ _,_i._:_ 1/fiX(n+l) : 

Prescaler output 

(when n =2) 

8-bit length pulse 

width modulator 

output 

(when m =2) 

--i-------+-1/fiX(n+l )X(m) 

Fig. 26 8-bit length pulse width modulator output pulse example 

I 
------~ 

I 
I 
I 
I 
I 
I 
I 

L 
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TIMER B 
Figure 27 shows a block diagram of timer B. 
Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits O and 1 of the timer 
Bi mode register ( i = O to 2) . Each of these modes is de
scribed below. 

(1) Timer mode (00) 
Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be "O" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is "1" and stops when "O". 

Clock source selection 

I, ----o 
•Timer 

• Pulse period measurementlpulse 
1,6 --0 '-.. width measurement 

'o~~~~~~~~-----<O 

, .. --0 

f512 ----0 

Polarity selection Event counter 
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As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 000016• At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 
Timer Bi does not have a pulse output function or a gate 
function like timer A. 
When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 

Reload register(16) 

Counter( 16) 
..._~~~~~~..--~~~~~~ 

Addresses 
Timer BO 51 16 5016 

Timer 81 5316 5216 
TBi1N 

(i=0-2) 
and edge pulse 1--~1-----0 

generator Count start flag Timer 82 55 16 5416 

Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 

the bit O in the timer Bi mode register must be "1" and bit 1 
must be "O". 
The input signal from the TBi,N pin is counted when the 
count start flag is "1" and counting is stopped when it is "O". 
Count is performed at the fall of the input signal when bits 
2, and 3 are "O" and at the rise of the input signal when bit 

3 is "O" and bit 2 is ''1". 

When bit 3 is "1" and bit 2 is "O'', count is performed at the 

rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode (10) 

Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 

measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit O must be "O" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 

counted when the count start flag is "1" and counting stops 

when it is "O''. 
The pulse period measurement mode is selected when bit 
3 is "O". In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBi1N pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 

the reload register. In this case, the reload register acts as 

a buffer register. 
When bit 2 is "O", the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is "1", the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 

the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBi1N pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 

signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in
put signal to the next fall is measured in this way. 

After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1 ". 

When bit 3 is "1", the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
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counted from the fall of the TBi1N pin input signal to the next 
rise or from the rise of the input signal to the next fall as 
shown in Figure 32. 
When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBi1N pin input signal to the next rise or from the rise to the 

next fall must be at least two cycles of the timer count 
source. 
Timer Bi overflow flag which is bit 5 of timer Bi mode regis

ter is set to "1" when the timer Bi counter reaches 000016. 

This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to "1" at reset. 

Addresses 

765432 
[

Timer BO mode register 58 16 

Timer 81 mode register 5C 16 

Timer 82 mode register 50 16 

O 0 : Always ··oo·· in timer mode 

~---XX : Not used in timer mode and 
may be any 

0 : Always "O" in timer mode 

(timer BO) 

X : Not used in timer mode 

(timers B1, B2) 

~------X: Not used in timer mode 

~~-------Clock source selection bit 

0 0 : Select f2 

O I : Select f, 6 

: Select f64 

: Select f512 

Fig. 28 Timer Bi mode register bit configuration during 
timer mode 

7 6 5 3 2 0 
[

Timer BO mode register 

Timer 81 mode register 

Timer B2 mode register 

Addresses 

5B
16 l 

5C 16 

5015 

0 I : Always "01 "" in event counter 
mode 

~--- 0 0 : Count at the falling edge of 
input signal 

0 I : Count at the rising edge of 
input signal 

I 0 : Count at the both falling edge 
and rising edge of input signal 

0 : Always "O" in event counter 

mode (timer BO) 

X : Not used in event counter 

mode (timers B1, B2) 

pulse period measurement mode except that the clock is XXX : Not used in event counter mode 

Fig. 29 Timer Bi mode register bit configuration during 
event counter mode 
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Addresses l Ti.mer BO mode register 5B, 6 l 
..-.,'"'"".-.,..-r-.-r""r-0., Timer B1 mode register 5C 16 

Timer B2 mode register 50, 6 

1 0 : Always "10" in pulse period 
measurement/pulse width 
measurement mode 

,__, ___ 0 0 : Count from the falling edge of 
input signal to the next falling one 

0 1 : Count from the rising edge of 
input signal to the next rising one 

I 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 

0 : Always "O" in pulse period 
measurement/pulse width 
measurement mode (timer BO) 

X : Not used in pulse period 

measurement/pulse width 
measurement mode 
(timers B1, B2) 

~----- Timer Bi overflow flag 

,__, _______ Clock source selection bit 
O O : Select f2 

0 1 : Select f,s 
I 0 : Select f5, 
I I : Select f512 

Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 

Selected clock 
source fj 
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I I I I 

TBi1N 
,...-----.1 I I I f.__ _ __, t1 I t1 I 

II '"l'l-1'1--
1 I I I 
I I I I 

Reload register-Counter ___ ___.ni-----~fl__ 
I I 
I I 

Counter-a ~~~~~n n_ 

Count start flag 

Interrupt request signal 

Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 
next falling one) 
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Selected 
clock source I; 

I I 

--,, ii 11 TBi1N J '.J' .__ __ __.I I 

I I 

Reload register-Counter -------' 

Counter-a 

Count start 
flag __ _ 

I I 

+: : 
11 
I I 
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t 

Interrupt ------------. .------. .---..., 
request signal 

Fig. 32 Pulse width measurement mode operation 
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PULSE OUTPUT PORT MODE 
The M37710 can use several built-in timer As to output 
pulse motor drive waveform. This mode is described below. 
Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of 4-bit 
pulse output ports are used. There are three combinations 
of pulse output ports. When bit O of the waveform output 
selection bit in waveform output mode register (address 

62, 6 ) shown in Figure 34 is set to "1" and bit 1 is set to "O'', 

RTP1 3, RTP1 2, RTP1,, and RTP1 0 become pulse output 

ports. When bit 1 of waveform output selection bit in wave
form output mode register is set to "1" and bit O is set to 
"O", RTP03, RTP02. RTPO,, and RTP00 become pulse output 

Pulse width modulation selection bit 

(Bit 4, 5 of 6216 address) 

Timer A3 pulse width modulation output 

4 5 
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ports. The ports not used as pulse output ports can be used 
as normal parallel ports or timer 1/0 pins. When bit O and 
bit 1 of pulse output selection bit are set to "1 ", the two 

four-line sets RTPh RTP1 2, RTP1,, and RTP1 0 and RTP03, 
RTP02, RTPO,, and RTP00 become pulse output ports. 
In the pulse output port mode, set timers A2 and AO to tim
er mode as timers A2 and AO are used. In addition, set bit 2 

of the corresponding timer Ai mode register to "1" when us
ing RTP00 , RTP02, RTP1 0, RTP1 2, and RTP1 3 as pulse out
put port because they are shared with TAiouT ( i = 0 to 4) 
pins. Figure 35 shows the bit configuration of timer AO, A2 
mode registers in pulse output port mode. 

Waveform output control bit 1 
(Bit 7 of 6216 address) 

Reset 

T .__--<f"")-________ --1 ""::>------() RTP1 3 

D Q f---+---1----L~ ( P6o) 

Data bus Data bus 
(even) (odd) 

Ds 

Pulse output data register O 
(6S16 address) 

Timer AO 

---~\.----------l ""::>-----n RTP1 2 

(P5a) 

J----------l ~-----{ l RTP1 1 
D Of--+-t----L.) (P55 ) 

L_--a)-________ --1 ""::>-----() RTP1o 
D Ot---+------L~ (PS4 ) 

Waveform output control bit O 

(Bit 6 of 6216 address) 

D Qf--+-----L_.) 

D Qt---+------L~ 

D 0'1----------L 
T 

Reset 

Polarity selection bit 

~-----{ l RTPOa 
(P5a) 

>-----{ 1 RTP02 

(PS,) 

>-----n RTP01 

(PS1 ) 

>----Cl RTP00 

(P5o) 

(Bit 3 of 6216 address) 

Fig. 33 Block diagram for pulse output port mode 
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Data can be set in each bit of the pulse output data regis
ter corresponding to four ports selected as pulse output 

ports. Figure 36 shows the bit configuration of the pulse 
output data register. 
The contents of the pulse output data register 1 (low-order 

four bits of address 6416 ) corresponding to ports RTPh 
RTPh RTP1,, and RTP1 0 are output to the ports each time 
the counter of timer A2 becomes 000016. The contents of 
the pulse output data register 0 (low-order four bits of 
address 6516 ) corresponding to ports RTP03, RTP02 , RTPO,, 
and RTP00 are output to the ports each time the counter of 
timer AO becomes 000016. 

Each timer starts counting when the content of the corres
ponding timer count start flag (address 4016 ) is set to "1" 

and stops counting when it is set to "O". When "O" is written 
to a specified bit of the pulse output data register, "L" level 

is output to the corresponding pulse output port when the 
counter of corresponding timer becomes 000016, and when 
"1" is written, "H" level is output to the pulse output port. 
Pulse width modulation can be applied to each pulse out
put port. Since pulse width modulation involves the use of 
timers A3 and A 1, activate these timers in pulse width mod
ulation mode. When a certain bit of the pulse output regis
ter is "1", pulse width modulation is output from the pulse 

output port when the counter of the corresponding timer 
becomes 000016. 

Ports RTP13, RTPh RTP1 1 , and RTP1 0 are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to "1 ". 

Ports RTP03, RTP02 , RTP01 , and RTP00 are applied pulse 
width modulation by setting the pulse width modulation 
selection bit by timer A 1 (bit 4) of the waveform output 
mode register to "1 ". 
When outputting to pulse output ports RTP03 , RTP02 , 

RTP01, and RTP00 , the output data can be reversed by the 
polarity selection bit (bit 3) of the waveform output mode 
register. When the polarity selection bit is "O", the contents 

of the pulse output data register 0 is output unchanged. 
When the polarity selection bit is "1", the reversed data of 
the contents of the pulse output data register 0 is output. 
When pulse width modulation is applied, likewise the polar
ity reverse to pulse width modulation can be selected by 
the polarity selection bit. Figure 37 shows example of 
waveforms in pulse output port mode. 
Ports selecting pulse output port mode can control the out
put of RTP03, RTP02, RTP01, and RTP00 with the waveform 
output control bit 0 (bit 6) and the output of RTP1 3, RTP1 2 , 

RTP1 1, and RTP1 0 with waveform output control bit 1 (bit 
7). When the waveform output control bit is set to "1", 
waveform is output from the corresponding port. When it is 
set to "O", the waveform output from the corresponding port 
is stopped and the port becomes floating. These bits can 
be cleared with an instruction and cleared by reset. 
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76543210 Address 

Waveform output mode register 6216 LlJJJJoj_JJ 
LL 

'-----

Waveform output selection bit 
0 0 : Parallel port 
0 1 : RTP1 3-RTP1 0 selected 

: RTP03-RTP00 selected 

1 1 : RTP1 3 -RTP1 0 and RTP03-RTP00 

selected 
0 : Always "O" 
( "O" at reset) 

Polarity selection bit 
(available for RTP03-RTP00 ) 

0 : Positive polarity 

1 : Negative polarity 
Pulse width modulation selection bit by 
timer A1 (available for RTP03-RTP00 ) 

0 : Not modulated 
1 : Modulated 

Pulse width modulation selection bit by 
timer A3 (available for RTP1 3-RTP1 0 ) 

0 : Not modulated 
1 : Modulated 

Pulse output control bit 0 
0 : RTP03-RTP00 waveform output 

inhibited 
1 : RTP03-RTP00 waveform output 

enabled 

Pulse output control bit 1 
0 : RTP1 3-RTP1 0 waveform output 

inhibited 

: RTP1 3-RTP1 0 waveform output 

enabled 

Fig. 34 Waveform output mode register bit configuration 

7 6 

Address 

2 0 lTimer AO mode register 56,.) 
Timer A2 mode register 58,. 

~~~- 1 0 0 : Always "100" in pulse 
output port mode 

~---- X : Not used in pulse output 
port mode 

'--~----- 0 0 : Always "00" in pulse output 
port mode 

~~-------- Clock source selection bit 

0 0 : Select f2 

0 1 : Select f, 6 

I 0 : Select f64 

1 1 : Select f512 

Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 
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7 6 5 4 3 2 1 0 Address 

Pulse output data register O 6516 

RTP00 output data 
RTP01 output data 
RTP02 output data 
RTP03 output data 

7 6 5 4 3 2 1 O Address 

[o} ojxJoI J J J J Pulse output data register 1 6416 

RTP1 0 output data 
RTP1 1 output data 
RTP1 2 output data 
RTP1 3 output data 
0 : Always "O" in pulse output port mode 

~----- X : Not used in pulse output port mode 
'--"'-------- 00 : Always "00" in pulse output port mode 

Fig. 36 Pulse output data register bit configuration 

2-144 J...~· 

MITSUBISHI MICROCOMPUTERS 

M37710S4BFP 

16-BIT CMOS MICROCOMPUTER 



Output signal at each 
time when timer 

A2 becomes 000016 

RTP1 3 
(Port P60 ) 

RTP1 2 

(Port P56 ) 

RTP1 1 

(Port P55 ) 

RTP1 0 

(Port P54 ) 

Output signal at each 
time when timer 
A2 becomes 000016 

RTP1 3 
(Port P60 ) 

RTP1 2 

(Port P56 ) 

RTP1 1 

(Port P55 ) 

RTP1 0 

(Port P5 4 ) 

Output signal at each 
time when timer 
AO becomes 000016 

RTP03 
(Port P53) 

RTP02 

(Port P52 ) 

RTP01 

(Port P51 ) 

RTP00 

(Port P50 ) 
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Example of pulse output port (RTP1 3, RTP1 2, RTP1 1, RTP1 0 ) 

Example of the above pulse output port when pulse width modulation is applied by timer A3. 

Example of pulse output port ( RTP03, RTPO,, RTP01 , RTP00 ) when pulse 

width modulation is applied by timer A 1 with polarity selection bit="1" 

Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL 1/0 PORTS 
Two independent serial 1/0 ports are provided. Figure 38 

shows a block diagram of the serial 1/0 ports. 
Bits 0, 1, and 2 of the UARTi (i = 0, 1) Transmit/Receive 
mode register shown in Figure 39 are used to determine 

whether to use port PS as parallel port, clock synchronous 
serial 1/0 port, or asynchronous (UART) serial 1/0 port us-

Rx Di 

Bit rate 
generator 

External 

CLKi 

CTSi/RTSi 

Fig. 38 Serial 1/0 port block diagram 
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ing start and stop bits. 
Figures 40 and 41 show the connections of receiver/trans
mitter according to the mode. 
Figure 42 shows the bit configuration of the UARTi transmit/ 
receive control register. 
Each communication method is described below. 

Data bus (odd) 

TxDi 

Data bus( even) 

Addresses 

[
UART 0 Transmit/Receive mode register 3016'). 

UART 1 Transmit/Receive mode register 3816) 

Serial communication method selection bit 
0 0 0 : Parallel port 
0 0 1 : Clock synchronous 
1 0 0 : 7-bit UART 
1 0 1 : 8-bit UART 
1 1 0 : 9-bit UART 

----Internal clock/External clock selection bit 

0 : Internal clock 

: External clock 
------Stop bit length selection bit 

0 : 1 stop bit 

1 : 2 stop bits 
~-----Even/Odd parity selection bit 

0 : Odd parity 

1 : Even parity 
~------Parity enable selection bit 

0 : No parity 

1 : With parity 

Sleep selection bit 
0 : No sleep 

1 : Slee 

Fig. 39 UART i Transmit/Receive mode register bit configuration 
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RxD 1 
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Data bus odd 

r-----....,------..J.,.J--...,...---.----.----..---r-----...,...--.,._--,.---r-------.Receive buffer 

'---l---"---'----'----'-----"----"--r-''--r--"-..--'--r--'----.--"--r-~..,...-~,...~-,...~ register 

2 stop bits 

>-------------.--~~ 
Receive 
register 

1 s1op bit 

Fig. 40 Receiver block diagram 

.--....,---....,...--...,...--¥---,.---,r----.----. Transmission 

'--.--"-,.--'--.--'--,--'-....,--._...,...-l..._...,...-l_...,..._, buffer register 

"0" 

1 stop bit 

Fig. 41 Transmitter block diagram 

Addresses 

[
UART 0 Transmit/Aece~ve control register O 34 16 l 
UART 1 Transmit/Receive control register O 3C 16 

Clock source selection bit 
O O : Select f2 

0 I : Select f16 

: Select f6 4 

1 1 : Select fs12 

'----- CTS, RTS selection bit 

0 : Select CTS 

1 : Select RTS 

'------Transmission register empty bit 

'--------CTS, RTS enable bit 

0 : Enable CTS, RTS 

1 : Disable CTS, RTS 
Addresses 

SUM PER FER DER RI [
UART 0 Transmit/Receive control register 1 3516 l 
UART 1 Transmit/Receive control register 1 3015 

Transmit enable flag 

Transmit buffer empty flag 

.__ ____ Receive enable flag 

'------Receive completion flag 

'-------- Overrun error flag 
.__ ________ Framing error flag 

'-----------Parity error flag 

~-----------Error sum flag 

Fig. 42 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 
A case where communication is performed between two 

clock synchronous serial 1/0 ports as shown in Figure 43 
will be described. (The transmission side will be denoted 

by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit O of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to "1" 
and bits 1 and 2 must be "O". The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "O" to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be "O". 
The clock source is selected by bit 0 ( CS0 ) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 

control register 0. As shown in Figure 38, the selected 
clock is divided by ( n + 1 ) , then by 2, passed through a 

transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is Ii, 

Bit Rate=fi/ ! (n +1) X2 I 

On the clock receiving side, the CS0 and CS1 bits of the 
UARTk transmit/receive control register are ignored be
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register 0 is cleared to "O" to select CTSj input. The 

bit 2 of the clock receiving side is set to "1" to select RTSk 
output. 

Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 

4 to "O" when CTS and RTS signals are used, and to "1" 

when they are not used. 

When CTS and RTS signals are not used, the CTS/RTS pin 
can be used as normal port. The following describes the 

case when the CTS and RTS signals are used. If CTS and 
RTS signals are not used, the CTSj input condition is un
necessary and there is no RTSk output. 

Transmission 
Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is "1'', bit 1 (Tlj flag) of 

one is "O", and CTSj input is "L". As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis
ter is empty or not. It is cleared to "O" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 
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When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati

cally from the transmission buffer register to the transmis
sion register if the next transmission start condition is satis
fied. If the bit 2 of UARTj transmit/receive control register 0 
is "1", CTSj input is ignored and transmission start is con
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 

ignored until data transmission completes. Therefore, trans
mission is not interrupt when CTSj input is changed to "H" 
during transmission. 
The transmission start condition indicated by TEj flag, Tlj 

flag, and CTSj is checked while the T ENDj signal shown in 
Figure 44 is "H". Therefore, data can be transmitted con
tinuously if the next transmission data is written in the trans
mission buffer register and Tlj flag is cleared to "O" before 

the TENDj signal goes "H". 
The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 

register O changes to "1" at the next cycle after the T ENDj 
signal goes "H" and changes to "O" when transmission 
starts. Therefore, this flag can be used to determine 

whether data transmission has completed. 
When the Tlj flag changes from "O" to "1 ", the interrupt re
quest bit in the UARTj transmission interrupt control regis
ter is set to "1". 

Receive 
Receive starts when the bit 2 ( REk flag) of UARTk trans
mit/receive contr?I register 1 is set to "1 ". 
The RTSk output is "H" when the REk flag is "O" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 

receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 

the receive register is shifted by 1 bit each time the trans
mission clock CLKj changes from "L" to"H". When an 8-bit 
data is received, the contents of the receive register is 

transferred to the receive buffer register and the bit 3 (Rik 
flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the Rik flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes "L" to indicate that the next 
data can be received. When the Rik flag changes from "O" 
to "1", the interrupt request bit in the UARTk receive inter
rupt control register is set to "1". Bit 4 (OERk flag) of 
UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 

receive buffer register while Rik flag is "1", and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rik and OERk flags are cleared automatically to "O" when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REk flag is 
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cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 
As shown in Figure 38, with clock synchronous serial com

munication, data cannot be received unless the transmitter 

UARTj transmission register 

UARTj tra~~\i'~~s;~~ister 

UARTj receive buffer register 

UARTj receive register 

UARTj Transmit/Receive mode register 

lolxlxlxlololol1I 
UARTj Transmit/Receive control 

register 0 

UARTj Transmit/Receive control 
register 1 

TxDj 

RxDj 

CLKj 

CTSj 

Fig. 43 Clock synchronous serial communication 

Transmission ++l/f;X(n+l)X2 

clock 

TEj =u Tlj f ~ 
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is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper
ating even when there is no data to be sent from UARTk to 
UARTj. 

TxDk 

Rx Dk 

11 

UARTk transmission register 

UARTk transmission buffer register 

UARTk receive buffer register 

UARTk receive register 

UARTk Transmit/Receive mode register 

lolxlxlxl 1lolol1I 
UARTk Transmit/Receive control 

register 0 

UARTk Transmit/Receive control 
register 1 

Write in transmission buffer register Transmission register-Transmission buffer register 

CLKj 

TENDj 

TXDj 

TxEPTYj ----i~--~----~n~-------~11 
Fig. 44 Clock synchronous serial 1/0 timing 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 
Asynchronous serial communication can be performed us
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 
With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is "1 ", the bit 1 is "O'', and 

the bit 2 is "1". 
Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "O", an internal clock is selected and if bit 3 

is "1", then external clock is selected. If an internal clock is 
selected, the bit 0 ( CS0 ) and bit 1 ( CS1 ) of UARTi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro
nous serial communication, the CLKi pin can be used as a 
normal 1/0 pin. 

-"I f--- (1/f, or 1/fEXT)X(n+I )X16 

TE; 

Tl; 

Write in transmission buffer regisger 
CTS; 

TEN Di 

TxD; 

TxEPTY; 
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The selected internal or external clock is divided by ( n + 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock Ii or an external clock 

fEXT• 

Bit Rate =(Ii or fEXT)/ I (n+1 )X16) 

Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1 's in the data and parity bit is always odd. 
In the even parity mode, the parity bit is adjusted so that 
the sum of the 1 's in the data and parity bit is always even. 

Transmission register -Transmission 
buffer register 

Stopped because TE;= "0" 

Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 

TE; 

Tl; 

TEN Di 

TxD; 

TxEPTY; 

--f--+ (1/f, or 1/fEXT)X(n+I )X16 

Write in transmission buffer register Transmission register-Transmission 
buffer register 

Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 
Bits 4 to 6 should be set or reset according to the data for
mat of the communicating devices. 
Bit 7 is the sleep selection bit. The sleep mode is de
scribed later. 
The UARTi transmit/receive control regisger 0 bit 2 is used 

to determine whether to use CTSi input or RTSi output. 
CTSi input is used if bit 2 is "O" and RTSi output is used if 
bit 2 is "1". 

If CTSi input is selected, the user can control whether to 
stop or start transmission by external CTSi input. 
Whether to use the CTS and RTS signals is determined by 
bit 4 of the UART transmit/receive control register 0. Set bit 
4 to "O" when CTS and RTS signals are used, and to "1" 
when they are not used. 
When CTS and RTS signals are not used, the CTS/RTS pin 

can be used as normal port. The following describes the 
case when the CTS and RTS signals are used. If CTS and 
RTS signals are not used, the CTSi input condition is un
necessary and there is no RTSi output. 

Transmission 
Transmission is started when the bit 0 (TEi flag) of UARTi 
transmit/receive control register 1 is "1", the bit 1 (Tli flag) 
is "O", and CTSi input is "L" if CTSi input is selected. As 

shown in Figure 45 and 46, data is output from the TXDi pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTi transmit/receive mode register. The data is output 
from the least significant bit. 

The Tli flag indicates whether the transmission butter is 
empty or not. It is cleared to "O" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis

sion register. 

REi 
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When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati

cally form the transmission buffer register to the transmis
sion register if the next transmission start condition is satis
fied. 
Once transmission has started, the TEi flag, Tli flag, and 
CTSi signal (if CTSi input is selected) are ignored until 

data transmission is completed. 
Therefore, transmission does not stop until it completes 
even if the TEi flag is cleared during transmission. 
The transmission start condition indicated by TEi flag, Tli 

flag, and CTSi is checked while the T ENoi signal shown in 
Figure 45 is "H". Therefore, data can be transmitted con

tinuously if the next transmission data is written in the trans
mission butter register and Tli flag is cleared to 0 before 

the T ENoi signal goes "H". 
The bit 3 (TxEPTYi flag) of UARTi transmit/receive control 
register 0 changes to "1" at the next cycle after the TEN Di 
signal goes "H" and changes to "O" when transmission 

starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 
When the Tli flag changes from "O" to "1 ", the interrupt re
quest bit in the UARTi transmissoin interrupt control regis

ter is set to "1 ". 

Receive 
Receive is enabled when the bit 2 (REi flag) of UARTi 
transmit/receive control register 1 is set. As shown in Fi
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re

ceived. 

Stop bit Start bit 

Rx Di 1,_ ____ st_a.,,rt_b_it ___ ,._ ____ o~,-----·~o~= = = ~ 
Receive 
Clock 

Rli 

RT Si 

Starting at the falling 
edge of start bit 

Check to be "L" level Get data 

-- - I.__ _ ___. 

Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTSi output is selected by setting the bit 2 of UARTi 
transmit/receive control register 0 to "1'', the RTSi output is 
"H" when the REi flag is "O". When the REi flag changes to 
"1", the RTSi output goes "L" to indicate receive ready and 
returns to "H" once receive has started. In other words, 

RTSi output can be used to determine externally whether 
the receive register is ready to receive. 
The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTi transmit/receive control register 1 is set. In other 

words, the Rli flag indicates that the receive buffer register 
contains data when it is set. If RTSi output is selected, RTSi 
output goes "L" to indicate that the register is ready to re
ceive the next data. 

The interrupt request bit in the UARTi receive interrupt 
control register is set when the Rli flag changes from "O" to 
"1 ". 

The bit 4 (OERi flag) of UARTi transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rli flag is 
"1 ". In other words when an overrun error occurs. If the 

OERi flag is "1 ", it indicates that the next data has been 
transferred to the receive buffer register before the con
tents of the receive butter register has been read. 
Bit 5 ( FERi flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 ( PERi flag) is set when a parity error occurs. 
Bit 7 (SUMi flag) is set when either the OERi flag, FERi 

flag, or the PERi flag is set. Therefore, the SUMi flag can 
be used to determine whether there is an error. 

The setting of the Rli flag, OERi flag, FERi flag, and the 
PERi flag is performed while transferring the contents of 

the receive register to the receive buffer register. The Rli 
OERi, FERi. PERi, and SUMi flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REi flag is cleared. 

Sleep mode 
The sleep mode is used to communicate only between cer
tain microcomputers when multiple microcomputers are 
connected through serial 1/0. 

The sleep mode is entered when the bit 7 of UARTi trans
mit/receive mode register is set. 
The operation of the sleep mode for an 8-bit asynchronous 

communication is described below. 
When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 

"0''. Also the Rli, OERi, FERi, PERi, and the SUMi flag are 
unchanged. Therefore, the interrupt request bit of the 
UARTi receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re
ceived data is "1 ". 

The following is an example of how the sleep mode can be 
used. 
The main microcomputer first sends data with bit 7 set to 

"1" and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro
computer with the sleep bit set will not. In this way, the 

main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 
The A-D converter is a 10-bit successive approximation 
converter. 
Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the configuration of the A-D control regis
ter O (address 1 E16 ) and A-D control register 1 (address 
1 F16). 

The frequency of the A-D converter operating clock rp AD is 
selected by bit 7 of the A-D control register 0. When bit 7 
is "O", rflAo is the clock frequency divided by 8. That is, rflAo 
=f(X,N)/8. When bit 7 is "1", rflAo is the clock frequency di
vided by 4 and rflAo=f(X,N)/4. 
The rflAo during A-D conversion must be 250kHz minimum 
because the comparator consists of a capacity coupling 
amplifier. 
Bit 3 of A-D control register 1 is used to select whether to 
use the conversion result as 10 bits or as 8 bits. The con
version result is used as 10 bits when bit 3 is "1" and as 8 
bits when bit 3 is "O''. 
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When the conversion result is used as 1 O bits, the low
order 8 bits of the conversion result is stored in the even 
address of the corresponding A-D register and the high
order two bits are stored in bits 0 and 1 of the odd address 
of the corresponding A-D register. Bits 2 to 7 of the A-D 
register odd address return "0000002" when read. 
When the conversion result is used as 8 bits, the high-order 
8 bits of the 10-bit A-D conversion are stored in even 
address of the corresponding A-D register. In this case, the 
A-D register odd address returns "0016" when read. 
The operating mode is selected by the bits 3 and 4 of A-D 
control register 0 and bits 1 and 2 of A-D control register 1. 
The available operating modes are one-shot, repeat, single 
sweep, repeat sweep 0, and repeat sweep 1. 
The bit of data direction register bit corresponding to the 
A-D converter pin must be "O" (input mode) because the 
analog input port is shared with port P7. 
The operation of each mode is described below. 

A-D conversion speed selection 

VAEF 

AVss 

Successive 

Ladder network } 

(t :I I :I I I :I i _t_ 

l l l l J 
approximation register J1 

--" Address Address 

A-D register 0 (21 16) A-D register 0 (2016) 

A-D register 1 (2315) A-D register 1 (2216) 

A-D register 2 (2516) A-D register 2 (2416) 

A-D register 3 (2716) A-D register 3 (2616) 

A-D register 4 (291sl A-D register 4 (2816) 

A-D register 5 (2815) A-D register 5 (2A16) 

A-D register 6 (2015) A-D register 6 (2C16) 

A-D register 7 (2F16) A-D register 7 (2E16) 

::rr lJ. 
!_ Oata blis (odd)7 (__ Data bus (evenl71 

ANo (.} 

AN1'-' 

AN2v 

AN3v 

AN 4 (.} 

AN5 '-' 

AN5v 

AN1/ADTRG v 

Fig. 48 A-D converter block diagram 

Vref 

l 11 A-D control register 1 (1F16) 

l A-D control register O ( 1 E16) 

Ill 

Decoder v 
Comparator 

"'~ 
)~ 
)~ 
)~ 

-v~ 
)~ 
)~ 
_,,~ 

Selector 
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(1) One-shot mode 
One-shot mode is selected when bits 3 and 4 of A-D con
trol register O are "O" and bit 2 of A-D control register 1 is 
"O". The A-D conversion pins are selected with bits 0 to 2 
of A-D control register 0. A-D conversion can be started by 
a software trigger or by an external trigger. 
A software trigger is selected when bit 5 of A-D control 
register O is "O" and an external trigger is selected when it 

is "1 ". When a software trigger is selected, A-D conversion 
is started when bit 6 (A-D conversion start flag) is set. 
When bit 3 of A-D control register 1 is "1", A-D conversion 
ends after 59 ¢>Ao cycles and an interrupt request bit of the 
A-D conversion interrupt control register is set. At the same 
time, A-D control register O bit 6 (A-D conversion start flag) 

is cleared and A-D conversion stops. The result of A-D 
conversion is stored in the A-D register corresponding to 
the selected pin. 
If an external trigger is selected, A-D conversion starts 

when the A-D conversion start flag is "1" and the ADrno in-

Address 

A-D control register 0 1 E16 

'---..L-~- Analog input selection bit 
0 0 0 : Select AN 0 

0 0 I : Select AN, 
0 I 0 : Select AN 2 

0 I I : Select AN 3 

I 0 0 : Select AN 4 

I 0 I : Select AN 5 

I I 0 : Select AN 6 

I I I : Select AN1 
'-------- A-D operation mode selection bit 0 

0 0 : One-shot mode 
0 I : Repeat mode 
I 0 : Single sweep mode 

1 1 : Repeat sweep mode 0 
Repeat sweep mode 1 

Trigger selection bit 
0 : Software trigger 

I : Ab;RG input trigger 
~------- A-D conversion start flag 

0 : Stop A-D conversion 

1 : Start A-0 conversion 
~--------Frequency selection flag 

0 : Select f(X,N)/ 8 

I : Select f(X,N)/ 4 

Fig. 49 A-0 control register bit configuration 
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put changes from "H" to "L". In this case, the pins that can 
be used for A-D conversion are AN0 to AN6 because the 
ADrno pin is shared with the analog voltage input pin AN 7. 

The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode 
Repeat mode is selected when bit 3 of A-D control register 
0 is "1", bit 4 is "O" and bit 2 of A-D control register 1 is "O''. 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. 

No interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. 

The contents of the A-D register can be read at any time. 

7 6 5 4 3 2 1 O Address 

[ Xj X lXJ OJ J J J J A-D control register 1 1 F16 

W Ll___ A-D sweep pin selection bit 

When single sweep or repeat sweep 
mode 0 is selected 

0 0 : AN0, AN 1 

0 1 : ANo-AN, 
1 0 : ANo-AN 5 

I 1 : ANo-AN 7 

(2 pins) 
(4 pins) 
(6 pins) 
(8 pins) 

, When repeat sweep mode 1 is selected 

I 
0 0 : AN0 ( 1 pin) 
0 1 : AN 0, AN 1 ( 2 pins) 

1 0 : AN0-AN2 (3 pins) L 1 1 : AN0-AN3 (4 pins) 
A-D operation mode selection bit 1 

0 : Other than repeat sweep mode 1 
1 : Repeat sweep mode 1 

~--- 8/10-bit mode selection bit 

0 : 8-bit mode 
1 : 10-bit mode 

~---- 0 : Always "O" 
~------- Not used for A-D converter 



(3) Single sweep mode 
Single sweep mode is selected when bit 3 of A-D control 
register 0 is "O", bit 4 is "1" and bit 2 of A-D control register 
1 is "O". 

In the single sweep mode, the number of analog input pins 
to be swept can be selected. Analog input pins are 
selected by bits 1 and 0 of the A-D control register 1 
(address 1 F16 ). Two pins, four pins, six pins, or eight pins 

can be selected as analog input pins, depending on the 
contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of AN0 pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 
A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 

when bit 5 is "O" and an external trigger is selected when it 
is "1 ". 
When a software trigger is selected, A-D conversion is 

started when A-D control register 0 bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit of the A-D conversion interrupt 

control register is set. At the same time, A-D conversion 
start flag is cleared and A-D conversion stops. 
When an external trigger is selected, A-D conversion starts 

when the A-D conversion start flag is "1" and the ADrnG in
put changes from "H" to "L". In this case, the A-D conver
sion result which is stored in the A-D register 7 becomes 

invalid because the ADrnG pin is shared with AN7 pin. 
The operation by external trigger is the same as that done 
by software trigger except that the A-D conversion start 
flag is not cleared after A-D conversion and a retrigger can 

be available during A-D conversion. 

(4) Repeat sweep mode 0 
Repeat sweep mode 0 is selected when bit 3 of A-D con

trol register 0 is "1 ", bit 4 is "1" and bit 2 of A-D control 
register 1 is "O". 
The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the AN0 pin 
to the selected pins, but repeats again from the AN 0 pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 

(5) Repeat sweep mode 1 
Repeat sweep mode 1 is selected when bit 3 of A-D con
trol register 0 is "1 ", bit 4 is "1" and bit 2 of A-D control 
register 1 is "1 ". 

The difference with the repeat sweep mode 0 is that A-D 

conversion of one unselected pin is performed and A-D 
conversion is repeated once again from AN0 pin after A-D 
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conversion of selected pins is performed in sequence from 

AN 0 pin. The number of analog input pins to be swept is 
also different. 
The analog input pins for repeat sweep are selected with 
bits 1 and 0 of A-D control register 1. The contents of these 
pins are used to select one pin, two pins, three pins, or four 
pins. 

The unselected pins are converted in sequence after the 
conversion of pins selected as repeat sweep pins. No inter
rupt request is generated. Furthermore, if software trigger 
is selected, the A-D conversion start flag is not cleared. 

The A-D register can be read at any time. 
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D-A CONVERTER 
The D-A converter is an 8-bit R-2R method D-A converter. 
Two independent D-A converters are built in. Figure 50 
shows the block diagram of the D-A converter and Figure 
51 shows the bit configuration of A-D control register 1. 
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Address 

A-D control register 1 1 F16 

'--'-J.---1.---'-- Not used for D-A converter 

------ D-A1 output enable bit 

0 : Disable output 
1 : Enable output 

D-Ao output enable bit 
0 : Disable output 
1 : Enable output 

D-A conversion is performed by writing a value in the cor
responding D-A register. The conversion result is output by 
bits 6 and 7 of A-D control register 1 (address 1F16). When 
bit 7 is "1 '', the conversion result is output from DA0 pin. 
When bit 6 is "1", the conversion result is output from DA1 

pin. 
Fig. 51 A-D control register 1 bit configuration 

The output analog voltage V is determined from the value n 
(decimal) set in the D-A register. 

V = VREF X n/256 (n = 0 to 255) 
VREF : Reference voltage 

The D-A output enable bit is cleared to "O" at reset. An ex
ternal buffer should be connected when connecting to a 
low impedance load because there is no built-in D-A output 

buffer. 

VAEF 

AVss 

R-2R ladder network 

J D-Ao output 

6 -"'" 
DA0 pin 

Fig. 50 D-A converter block diagram 

AVss 
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R-2R ladder network 

J D-A1 output 6 00"" "" 

DA, pin 



WATCHDOG TIMER 
The watchdog timer is used to detect unexpected execu

tion sequence caused by software run-away. 
Figure 52 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 
The watchdog timer counts the clock frequency divided by 
32 (f32 ) or by 512 (f512 ). Whether to count f32 or f512 is de

termined by the watchdog timer frequency selection flag 
shown in Figure 53. f512 is selected when the flag is "O'' and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "L" or 2·Vcc is ap
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 

the watchdog timer become "O". 
After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or f512 , and after 2048 counts, the 

most significant bit of watchdog timer become "O", and a 
watchdog timer interrupt request bit is set, and FFF16 is 

preset in the watchdog timer. 
Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch

dog timer become "O". If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually "O" and an interrupt 

is generated. 
The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register 0 described in Figure 

10 in the interrupt section and generating. 
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Watchdog timer 

frequency selection (connection forced to 132 during 

f32 --o STP instruction execution) 

1512 ----0 

Hold 

Write to watchdog timer -

Watchdog timer 

(60,6) 

Fig. 52 Watchdog timer block diagram 

M'V'IXJX[X]"7i'V'I [ Addte~·::; 
l/\V\I /'\V\J . Watchdog timer £i 1, .. 

.. frequency selection 

0 ~;nice! !., , . 

Fig. 53 Watchdog timer frequency selection flag 
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RESET CIRCUIT 
Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
± 10%. Program execution starts at the address formed by 
setting the address pins A23 - A16 to 0016, A15 - A8 to the 
contents of address FFFF16, and A7-A0 to the contents of 
address FFFE16. 

Figure 54 shows the status of the internal registers when a 
reset occurs. 
Figure 55 shows an example of a reset circuit. The reset in
put voltage must be held 0.9V or lower when the power vol
tage reaches 4.5V. 

Address 

(1) Port P4 data direction register (oc,.J··· [ oo,. 

(2) Port PS data direction register (oD,.l··· [ oo,. 

(3) Port P6 data direction register <10,.)··· I oo,. 

(4) Port P7 data direction register <11,.)··· 1 oo,. 

(5) Port P8 data direction register (14,.J ... 1 oo,. 

(6) A-D control register 0 (lE,.)··· I 0 I 0 I 0 I 0 I 0 I? I? I? 

I 7i A-D control register 1 ( 1 F,.J··· I 0 I 0 [XJ 0 I 0 I 0 i 1 i 1 

IBI UART 0 TransmiVReceive mode register <ao,.J··· I oo,. 

(9) UART 1 TransmiVReceive mode register (38,.)··· I oo,. 

00) UART 0 Transmit/Receive control register O (34,.)··· [XJ[XJ[XJ o ! 1 Io Io Io 1 

(11) UART 1 Transmit/Receive control register 0 (3C,.)··· NXlXl 0 i 1 I 0 I 0 I 0 I 

(12) UART 0 Transmit/Receive control register 1 (3s,.)··· 1o1 o Io Io Io Io! 1 Io I 

(13) UART 1 Transmit/Receive control register 1 (3D,.)··· Io I o Io Io Io Io [ 1 Io I 

(14) Count start flag (4o,.)··· I oo,. 
I 

(15) One-shot start flag (42,.)··· [XJ[XJ[XJ o Io Io I o Io I 

(16) Up-down flag (44,.)··· I oo,. 
I 

(17) Timer AO mode register (56,.)· .. I oo,. I 

(18) Timer A1 mode register (57,.)··· I oo,. 
I 

(19) Timer A2 mode register (58,.) ... I oo,. 
I 

(20) Timer A3 mode register (59,.J .. · [ oo,. 
I 

(21) Timer A4 mode register (sA,.l··· [ oo,. 
I 

(22) Timer BO mode register (ss,.)··· Io Io [ 1 Io Io Io I o I o I 

~3) Timer B1 mode register <sc,.)··· Io Io i 1 lXJ o Io I o Io I 

~4) Timer B2 mode register (SD,.) .. · I 0 I 0 [ 1 [XJ 0 I 0 I 0 I 0 I 

~5) Processor mode register 0 (sE,.)··· lXJ o Io Io Io Io [ 1 Io I 

~6) Processor mode register 1 (SF,.)· 00 IXIXJXJXIXL><IXI 0 I 

Fig. 54 Microcomputer internal status during reset 
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M3771 OS4BFP 
~Poweron 

Vee 
RESET Vee ov 
28 69 

RESET 

I av 

Fig. 55 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 

Address 

~7) Watchdog timer (6016)... [ FFF16 [ 

~8) Watchdogtimerfrequencyselectionflag (61 16) 00 • ~ 0 I 

(29) Waveform output mode register (6215)· .. c=io16 J 
(30) Reservedarea(Donotwritetothisaddress) (6615) ... L 0015 [ 

(31) A-D conversion interrupt control register (701ol ... ~ 0 [ 0 [ 0 [ 0 [ 

(32) UARTOtransmissioninterruptcmtrolregister (71 16) ... ~ 0 [ 0 [ 0 [ 0 [ 

(33) UARTOreceiveinterruptcontrolregister (7216) ... ~ 0 I 0 I 0 I 0 [ 

(34) UART 1 transmission interrupt cmtrol register (7316) ... ~ 0 I 0 I 0 I 0 [ 

(35) UART1 receive interrupt control register (7416) ... kXJ><JXI>(] 0 [ 0 I 0 I 0 I 

(36) Timer AO interrupt control register (7516) ... ~ 0 I 0 I 0 I 0 [ 

(37) Timer A1 interrupt control register (7616) ... k><JkXJ)<J)<J 0 I 0 I 0 I 0 I 

(38) Timer A2 interrupt control register (7716)· .. ~ O [()JOJO] 
(39) Timer A3 interrupt control register (78,.l-·· ~-0 [ 0 [ 0 [ 0 [ 

(40) Timer A4 interrupt control register (7g15 ) .. • I~ 0 I 0 I 0 I 0 I 

(41) Timer BO interrupt control register (7A16) ... t><J><[)<l>(I 0 I 0 I 0 [ 0 I 

(42) Timer B1 interrupt control register (7616)"· ~ 0 I 0 I 0 I 0 I 

(43) Timer B2 interrupt control register (7C16) ... t><l)(k>([X] 0 I 0 [ 0 I 0 I 

(44) INT 0 interrupt control register (7D,.J .. · t><I)([ 0 I 0 I 0 I 0 I 0 I 0 I 

(45) INT 1 interrupt control register (7E,.J .. · MO [ 0 [ 0 [ 0 [ 0 [ 0 [ 

(46) INT 2 interrupt control register (7F,.) ... t><IX10 [ 0 [ O [ 0 [ 0 [ 0 [ 

(47) Processor status register PS [ 0 [ 0 [ 0 [ ? [ ? [ 0 [ 0 [ 0 [ 1 [ ? [ ? [ 

(48) Program bank register PG I OO,, I 

(49) Program counter PC" I Content of FFFF16 I 

(50) Program counter PCL [ Content of FFFE16 [ 

(51) Direct page register DPR 000010 [ 

(52) Data bank register DT L 0015 [ 

Contents of other registers and RAM are not initialized and should be in
itialized by software. 
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INPUT/OUTPUT PINS 
Ports P8 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis
ter is set and an input pin when it is cleared. 
When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 

an LED. 
A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in
put, the data is written only in the port latch and the pin 
stays floating. 
If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 
Figures 56 and 57 show block diagrams of ports PB to P4 
and the E pin output. 
In evaluation chip mode, ports P4 is also used as control 

signal pin. 
Refer to the section on processor modes for more details. 
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Fig. 56 

2-160 

•Port P43-P46 (Inside dotted-line not included) 

Port P47, P57, P61-P67, PB,, PB, (Inside dotted-line included) 

Data direction register 

Data bus Port latch 

•Port P70-P7, (Inside dotted-line not included) 

•Port P77 (Inside dotted-line included) 

Data direction register 

Data bus Port latch 
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Analog input ~,~ .. ~ .. ~ .. = .. = .. = .. = .. '"*. ··: 

• Port PB3• PB7 (Inside dotted-line not included) 

Port P5o-P56, P60 (Inside dotted-line included) 

. . 
~-····· ............. ; 

Data direction register 

----<~l~~·put, J1 
Data bus _ __. _ _, Port latch .__ ____ _, 

Block diagram for ports PB to P4 and the E pin output (1) 
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• Port P80, P84 

0-A output enable 

•Port PS,, P8s 

Data direction register 

Data bus --+--I Port latch -----

Fig. 57 Block diagram for ports P8 to P4 and E pin output (2) 
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PROCESSOR MODE 
The bit 0 of processor mode register 0 as shown in Figure 
58 is used to select which mode of microprocessor mode, 
and evaluation chip mode. 
Figure 59 shows the functions of Ao to A1 pins, As/08 to A2al 
0 7 pins, and ports P4 in each mode. 
The external memory area also changes when the mode 
changes. 
Figure 60 shows the memory map for each mode. 
The accessing of the external memory is affected by the 
BYTE pin, the bit 2 (wait bit) of processor mode register 0, 
and bit 0 (wait selection bit) of processor mode register 1. 
These will be described next. 

7 6 5 

0 

4 3 2 
Processor mode register 0 Address 

5E1o 

Processor mode bit 

0 : Microprocessor mode 

1 : Evaluation chip mode 

This bit must be ·o· 
(becomes., .. after reset release) 

Walt bit 

o :wait 

1 : No Wait 

'------ Software reset bit 

Reset occurs when this bit is set to "1" 

MITSUBISHI MICROCOMPUTERS 

M37710S4BFP 

16-BIT CMOS MICROCOMPUTER 

•BYTE pin 
When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 
The data bus width is 8 bits when the level of the BYTE pin 
is "H" and A16'D0 to A23/D7 pins become the data 110 pins. 
The data bus width is 16 bits when the level of the BYTE 
pin is "L" and both A1s/Do to A2a/D1 pins and As/Ds to A15/ 
D1s pins become the data 110 pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 
An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2·Vcc· In this case, the opera
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 

76543210 

t><t><JXt><t><IJ><I t Processor mode register 1 

Wait selection bit 

o :waitO 

1 :wait1 

Address 
5F18 . 

'----'-------- lnterrup priority resolusion time selection bit 

0 0 : Select 1/f(X,N)X14 

0 1 : Select 1/l(X,N)X 8 

1 0 : Select 1/l(X1N) X 4 

'----------Test mode bit 

This bit must be "O" 

Fig. 58 Processor mode register bit conflgulatlon 
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~ CM 1 1 1 

~ CMo 0 1 

~ Microprocessor Mode Evaluation Chip Mode 
Port 

E I I 
Ao-A, Ao 

~ 
Same as left 

I 
A, 

E A15-A8 ~ I l 
BYTE="L" As/Ds 

~ 
Same as left 

I d 
A,slD1s 

~ 
As/Os E 

I 

E 
I I 

As/Os a A,sfD1s I d 
A,sf D1s 

BYTE="H" As/Os 

~ I 
A,sfD1s Ports P4, P5 and their direction regis-

ters are treated as 16-bit wide bus. 

~ 
E 

A16/Do 
BYTE= "l" I a Same as left 

' A,s!D, 
A,sfDo 

I E A,,-A,~I I E 
A,d I A23/D1 A16/Do 

Arn/Do 
"""' ~ I 

~ BYTE= "H" Address I ~Address (even. odd) A,s!D, I 
A23!D1 

Same as A8/Ds to A15/0, 5 

E I I 
E 

I I P47 ~ 
P4o ~ Port P4 

P47 

~ 
P4s ~ I 

P43 
P44 ~ 
P43 ~ 

Fig. 59 Processor mode and Ao to A7 pins, A8 /D8 to A23/D7 pins and port P4 functions 
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•Wait bit 
As shown in Figure 61, when the external memory area is 
accessed with the processor mode register 0 (address 

5E16 ) bit 2 (wait bit) cleared to "O", the access time can be 
extended compared with no wait (the wait bit is "1"). 
The access time is extended in two ways and this is 

selected with bit O (wait selection bit) of processor mode 

register 1 (address 5F16). 

When this bit is "1 ", the access time is 1.5 times compared 
to that for no wait. When this bit is "O", the access time is 
twice compared to that for no wait. 
At reset the wait bit is "O" and bit 0 of processor mode reg

ister 1 is "O''. 
The accessing of internal memory area is performed in no 

wait mode regardless of the wait bit. 
The processor modes are described below. 

Microprocessor 
mode 

2,. 

9,. 

so,. 

RAM 

so,. 

Evaluation 
chip mode 

RAM 

The shaded area is the external memory area. 

Fig. 60 External memory area for each processor mode 
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Wait bit "O" 
(wait 1) 

Waitbit"O" 
(waitO) 
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Internal clock¢ 

Ai/Dj 

E 

ALE 

Ai/Dj 

E 

ALE 

Ai/Dj 

E 

ALE 

n.n.Jl..Jl...fU 
Address Data Address Data 

=x:::x::x:x:x= 
~ 
_n_____rr__ 
~ 
Access term 

Address Data Address Data 

=:x:::x=::x=x== 
---i___ri__ 

~ 
Access term I 

Access term 

Fig. 61 Relationship between wait bit, wait selection bit, 
and access time 

(1) Microprocessor mode (10) 
Microprocessor mode is entered by connecting the CNVss 
pin to Vee and starting from reset. 
A0 to A7 pins become address output pins. 

A8/D8 to A15/D15 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", A8 /D8 to A15/D15 pins func
tion as an address output pin while E is "H" and as an odd 
address data 1/0 pin while E is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level "H", A8 /D8 to A15/D 15 pins func
tion as an address output pin. 
A16/D0 to A23/D7 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is "L", A16/D0 to A23/D7 pins func
tion as an address output pin while E is "H" and as an even 
address data 1/0 pin while E is "L''. However, if an internal 
memory is read, external data is ignored while E is "L". 

When the BYTE pin level is "H", A16/D0 to A23/D7 pins func
tion as an address output pin while E is "H" and as an even 
and odd address data 1/0 pin while E is "L". However, if an 
internal memory is read, external data is ignored while E is 
"L''. 
R/W is a read/write signal which indicates a read when it 
is "H" and a write when it is "L''. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is "L". 
Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address A0 is "L" and BHE is 
"L''. 



ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is "H" to let the 
address signal pass through and held while ALE is "L". 

</J 1 outputs X1N clock divided by 2. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

HOLD is a hold request signal. It is an input signal used to. 
put the microcomputer in hold state. HOLD input Is 
accepted when the internal clock </J falls from "H" level to 
"L" level while the bus is not used. A0 to A1 pins, A8/08 to 
A23/D1 pins, R/W pin, and BHE pin are floating while the 
microcomputer stays in hold state. These pins are floating 
after one cycle of the internal clock </J later than HLDA sig
nal changes to "L" level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of </J later than HLDA signal changes to "H" level. 
ROY is a ready signal. If this signal goes "L", the internal 
clock </J stops at "L". However, </J 1 output from clock </J 1 out
put pin does not stop. ROY is used when slow external 
memory is attached. 

(2) Evaluation chip mode (11) 
Evaluation chip mode is entered by applying voltage twice 
the Vee voltage to the CNV55 pin. This mode is normally 
used for evaluation tools. 
Aa/08 to A15/015 pins function as address output pins while 
E is "H" and as data 1/0 pin of odd addresses while E is 
"L" regardless of the BYTE pin level. However, if an inter
nal memory is read, external data is ignored while Eis "L". 
A1s/D0 to A23/01 pins function as address output pins while 
E is "H" and as data 1/0 pin of even addresses while E is 
"L" when the BYTE pin level is "L". However, if an internal 
memory is read, external data is ignored while E is "L". 
When the BYTE pin level is "H" or 2·Vee. port P2 functions 
as an address output pin while E is "H" and as data 1/0 pin 
of even and odd addresses while E is "L". However, if an 
internal memory is read, external data is ignored while E is 
"L". 
Port P4 and its data direction register which are located at 
address OA16 and OC16 are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 
Ports P43 to P46 become MX, QCL, VOA, and VPA output 
pins respectively. Port P47 becomes the DBC input pin. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes "H" when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 
VOA is the valid data address signal. It becomes "H" while 
the CPU is reading data from data buffer or writing data to 
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data buffer. It also becomes "H" when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 
VPA is the valid program address signal. It becomes "H" 
while the CPU is reading an instruction code from the in
struction queue buffer. 
DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNV55 pin in
put levels and processor modes. 

Table 5. Relationship between the CNV88 pin input 
levels and processor modes 

CNVss Mode Descriptioo 

• Microprocessor Microprocessor mode upon 

• Evaluatioo chip starting after reset. Evaluation 

Vee chip mode can be selected 

by changing the processor 

mode bit by software. 

2 •Vee • Evaluatioo chip Evaluatioo chip mode only. 
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CLOCK GENERATING CIRCUIT 
Figure 62 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock r/> 

stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32• This connection is broken and 

connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 
Oscillation resumes when an interrupt is received, but the 

internal clock r/> remains at "L" level until the most signifi
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 

ceramic resonator. 
When a WIT instruction is executed, the internal clock r/> 

stops at "L" level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 

stopped. 
The stop or wait state is released when an interrupt is re
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 63 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom

mended values for constants such as capacitance which 
differ for each resonator. Figure 64 shows an example of 
using an external clock signal. 

Interrupt request 

STP instruction A WIT instruction R 

Fig. 62 Block diagram of a clock generator 
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M3771 OS4BFP 

X1N 

29 

l 
Fig. 63 Circuit using a ceramic resonator 

Fig. 64 

M37710S4BFP 

X1N 

29 

External clock source 

Vee JlflJlf 
Yss 

XouT 

Open 

External clock input circuit 

Reset 

R STP instruction 

Watchdog 
timer 

30 
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ADDRESSING MODES 
The M3771 OS4BFP has 28 powerful addressing modes. Re
fer to the MELPS 7700 addressing mode description for the 
details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M37710S4BFP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol 

Vee 

A Vee 

v, 

v, 

Parameter 

Supply voltage 

Analog supply voltage 

Input voltage RESET, CNVss, BYTE 

Input voltage Ao-A,, Aa/Ds-A,,ID,, 

P8o-P8,, v.EF. X1N. HOLD. ROY 

Output voltage A0-A,, As/Ds-A23/07, 

P4,-P47, P5o-P5,, P6o-P6,, P7o-P7,. 

P8o-P8,, XouT. E, ¢,, HLDA, ALE, BHE, RIW 

Power dissipation 

T «;!E! Operating temperature 

T s!g_ Storage temperature 

Conditions Ratings 

-0.3-7 

-0.3-7 

-0.3-12 

-0. 3-Vee+O. 3 

-0. 3-Vee+O. 3 

Ta=25'C 300 

-20-85 

-40-150 

RECOMMENDED OPERATING CONDITIONS (Vcc=5v±10%. Ta=-20-s5·c. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min. Typ. Max. 

Vee Supply voltage 4.5 5. 0 5. 5 v 

1-_AVce Analog supply voltage Vee v 
Vss Supply voltage 0 v 

_f\Vss Analog supply voltage 0 v 
High-level input voltage P43-P4,, P50-P57, P60-P67, 

V1H P7o-P7,. P80-P87, X1N. RESET, 0. BVee Vee v 
---

CNV55, BYTE, HOLD, ROY 

V1H High-level input voltage As/Ds-A23/D1 0. 5Vcc Vee v 
Low-level input voltage P43 ....... P41, P5o-P51, P60 ....... P61, 

VIL P7o-P7,. P8o-P8,, X1N. RESET, 0 0. 2Vee v 
---

CNV55, BYTE, HOLD. ROY 

V1L Low-level input voltage Aa/Da--A23/D1 0 0. 16Vcc v 
High-level peak output current Ao-A7, A8/D8-A,,tD,, 

loH<peak> P4,-P47, P5o-P57, P6o-P6,, -10 mA 

P7o-P7,,PS,,-P8,, ¢,, 

HLDA, ALE, BHE, RIW 

High-level average output current Ao-A1, Aa/Da--A23/07, 

loH<avg> P4,-P4,, P5o-P5,, P6o-P6,, -5 mA 
P70-P7,,P80-P8,, ¢,, 

HLDA, ALE, BHE, RIW 

Low-level peak output current Ao-A,, As/Ds-A,,10,, 

loupeak> P4,-P41, P5o-P5,, P6o-P6,, 10 mA 
P70-P77,P8o-P8,, ¢,, 

HLDA, ALE, BHE, RIW 

Low-level average output current Ao-A1, Aa/Da ....... A23/07, 

loc<avg> P4,-P47, P50-P57, P6o-P67, 5 mA 

P7o-P77,PS,,-P81. ¢ 1, 
-- - -
HLDA,ALE,BHE,R/W 

f(X1N) External clock frequency input 25 MHz 

Average output current is the average value of a 1 OOms interval. Note 1. 
2. The sum of loclpeak> for ports A0-A7, As/D8 -A23/07, HLDA, ALE, BHE, R/W, and P~must be 

80mA or less, the sum of loH<peak> for ports A0-A7, A8/D8-A23/D7, HLDA, ALE, BHE, R/W, and PB 
must be 80mA or less. the sum of loupeak> for ports P4, P5, P6, P7, </> 1 must be 80mA or less, and 
the sum of loH<peak> for ports P4, P5, P6, P7, </> 1 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, T a=25"C, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level output voltage ~ ........ A1, As/Ds ....... A23/D1. 

VoH 
P43-P41, P5o-P5,, P60-P61, 

loH=-lOmA 3 v 
P7o-P?,. P8c-P81, 

¢,, HLDA, BHE, R/W 

VoH 
High-level output voltage Ao ........ A1, Aa/Da,,..,..A23/07, 

loH=-400µA 4. 7 v 
¢ 1, HLDA, BHE, R/W 

loH=-10mA 3. 1 
VoH High-level output voltage ALE 

loH=-400µA 4. 8 
v 

- loH=-lOmA 3. 4 
VoH High-level output voltage E 

loH=-400µA 4. 8 
v 

Low-level output voltage Ao"'A7, As/Da ........ A2s/D7, 

VoL 
P43-P47, P5o-P51, P60-P67, 

lo,=lOmA 2 v 
P7 0-P?,. P80-P81, 

¢1, HLDA, BHE, R/W 

VoL 
Low-level output voltage Ao--A1, Aa/Da ........ A2s/D1, 

1oL=2mA 0. 45 v 
¢ 1, HLDA, BHE, R/W 

10,=10mA 
VoL Low-level output voltage ALE 

loL=2mA 

1. 9 

0. 43 
v 

VoL 
- lo,=10mA 1. 6 

Low-level output voltage E 
loL=2mA 0. 4 

v 

VT+-VT-
Hysteresis HOLD, ROY, TA01N-TA41N, TB01N-TB21N, 

0. 4 1 v - -------
INTo-INT,, ADrno, CTS0, CTS,, CLK0, CLK1 

VT+-VT- Hysteresis RESET 0. 2 0. 5 v 
V,+-VT- Hysteresis X1N 0. 1 0. J v 

High-level input current Aa/Da--A2s/07, 

l1H 
P43-P47, P5o-P51, P60-P67, 

V1=5V i !> l'A P7o-Ph PS.-P8,, x,N, RESET, 
----

CNVss, BYTE, HOLD, ROY 

Low-level input current Aa/Da,......A2s/D1, 

l1L 
P43-P4,, PS,-Ps,, P6o-P6,, 

V1=0V -.5 ,,A 
P7 o-P?,. P8o-P8,, X1N, RESET, 

---
CNVss. BYTE, HOLD, ROY 

VRAM RAM hold voltage When clock is stopped. 2 v 
f(X1N)=25MHz, 

19 38 mA 

Output only pin is 
square waveform 

Ice Power supply current open and other pins 
T a=25°C when clock 

1 
are Vss during reset. 

is stopped. 
µA 

T a=85°C when clock 
20 

is stopped. 
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A·D CONVERTER CHARACTERISTICS (Vcc=AVcc=SV, Vss=AVss=OV, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 

LlmltS 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

- Resolution VREF=Vcc 10 Bits 

- Absolute accuracy VReF=Vcc ±3 LSB 

RLADDER Ladder resistance VREF=Vcc 5 20 kO 

tcoNv Conversion time 9.44 µs 

VREF Reference voltage 2 Vee v 
V1A Analog input voltage 0 VREF v 

D-A CONVERTER CHARACTERISTICS (Vcc=SV, Vss=AVss=OV, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

- Resolution 8 Bits 

- Absolute accuracy 1.0 % 
tsu Set time 3 µs 

Ro Output resistance 1 2.5 4 kO 

lvREF Reference power input current (Note) 3. 2 mA 

Note. One 0-A converter is used, and the value of 0-A register for unused 0-A converter Is "0010'. 
Current that flows to the ladder resistance of A-0 converter is excluded. 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, Ta=25'C, f(X,.)=25MHz, unless otherwise noted) 

External clock input 
Limits 

Symbol Parameter Unit 
Min. Max. 

le External clock input cycle time 40 ns 

lw(H) External clock input high-level pulse width 15 ns 

lw<Ll External clock input low-level pulse width 15 ns 

tr External clock rise time 8 ns 

If External clock fall time 8 ns 

Microprocessor mode 
Limits 

Symbol Parameter Unit 
Min. Max. 

tsu(DH-E) Data high-order input setup time 30 ns 

lsuCoL-E) Data low-order input setup time 30 ns 

tsu(P4D-E) Port P4 Input setup time 60 ns 

tsuCP50-E) Port P5 input setup time 60 ns 

lsuCPBD-E) Port P6 input setup time 60 ns 

tsuCP10-e> Port P7 input setup time 60 ns 

tsu(PBC-E) Port PS input setup lime 60 ns 

tsuCROV-"") ROY input setup time 55 ns 
··--

lsu<HoLD-!.1) HOLD Input setup time 55 ns 

lh(E-DH) Data high-order input hold time 0 ns 

lh(E-DL) Data low-order input hold time 0 ns 

lh(E-P4D) Port P4 Input hold time 0 ns 

lh(E-P5D) Port P5 input hold time 0 ns 

lh(E-P6D) Port P6 input hold lime 0 ns 

lh(E-P7D) Port P7 input hold time 0 ns 

lh(E-PBD) Port PS input hold time 0 ns 

lh~-RDY) ADY input hold time 0 ns 

lhiJ!t-HOLD) HOLD input hold time 0 ns 
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Timer A input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 80 ns 

tw(TAH) TAi1N input high-level pulse width 40 ns 

tw(TAL) TAi1N input low-level pulse width 40 ns 

Timer A input (Gating input in timer mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc{TA) TAi1N input cycle time 320 ns 

iw(TAH} TAi1N input high-level pulse width 160 ns 

tw(TAU TAi1N input low-level pulse width 160 ns 

Timer A input (External trigger input in one-shot pulse mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 160 ns 

iw(TAH) TAi1N input high-level pulse width 80 ns 

tW(TAL) TAhN input low-level pulse width 80 ns 

Timer A input (External trigger input in pulse width modulation mode) 

Limits 
Symbol Parameter 

1 
Unit 

Min. Max. 

iw(TAH) TAhN input high-level pulse width 80 ns 

iw(TAL) TAi1N input low-level pulse width 80 l ns 

Timer A input (Up-down input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(uP) TAiouT input cycle time 2000 ns 

iw(UPH) TAiour input high-level pulse width 1000 ns 

iw(UPL) TAiour input low-level pulse width 1000 ns 

tsuCuP-TJN) TAiour input setup time 400 ns 

th(!ili:UP) TAioUT input hold time 400 ns 
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Timer B input (Count input in event counter mode) 

Symbol Parameter 

tc(TB) TBi1N input cycle time (one edge count) 

tw(TBH) TBi1N input high-level pulse width (one edge count) 

iw(TBU TBi1N input low-level pulse width (one edge count) 

tc(TB) TBi1N input cycle time (both edges count) 

iw(TBH) TBi1N input high-level pulse width (both edges count) 

lw(TBL) TBi1N input low-level pulse width (both edges count) 

Timer B input (Pulse period measurement mode) 

Symbol Parameter 

le( TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

Timer B input (Pulse width measurement mode) 

Symbol Parameter 

le( TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

A-D trigger input 

Symbol Parameter 

~---- ~C{AD_) ADTRG input cycle time (minimum allowable trigger) 

tw(AOL) ADTRG input low-level pulse width 

Serial 1/0 

Symbol 

tc{CK) CLKi input cycle time 

lw{CKH) CLK; input high-level pulse width 

lw(CKL) CLKj input low-level pulse width 

ld<c-ol TxOj output delay time 

th<c-ol TxDi hold time 

tsu<o-c) RxDj input setup time 

th<c-ol RxDj input hold time 

External interrupt INTi input 

Symbol 

lw(INH) INT; input high-level pulse width 

lw(INL) INT; input low-level pulse width 

Parameter 

Parameter 

• MITSUBISHI 
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Limits 
Unit 

Min. Max. 

80 ns 
40 ns 
40 ns 

160 ns 
80 ns 
80 ns 

Limits 
Unit 

Min. Max. 

320 ns 
160 ns 
160 ns 

Limits 
Unit 

Min. Max. 

320 ns 
--·--·-·.--·--

160 ns 
·---

160 ns 

Limits 

! 
Unit 

Min. Max. 

1000 ns 
125 l ns 

Limits 
Unit 

Min. Max. 

200 ns 
100 ns 
100 ns 

80 ns 
0 ns 

30 ns 
90 ns 

Limits 

! 
Unit 

Min. Max. 

250 ns 
250 I ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25"C, l(X,N)=25MHz, unless otherwise noted) 

Microprocessor mode (whenwaitbit="1") 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(AL-E) Address low-order output delay time 12 ns 

td(E-DHO) Data high-order output delay time (BYTE="L") 45 ns 

tpxz( E-DHZ) Floating start delay time ( BYTE="L") 5 ns 

td(AM-E) Address middle-order output delay time 12 ns 

td(AM-ALE) Address middle-order output delay time 5 ns 

td(E-DLO) Data low-order output delay time 45 ns 

tpxz(E-DLZ) Floating start delay time 5 ns 

ld(AH-E) Address high-order output delay time 12 ns 

ld(AH-ALE) Address high-order output delay time 5 ns 

ld(¢ -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 4 ns 

lw(ALE) ALE pulse width 22 ns 

ld(BHE-E) BHE output delay time 20 ns 

ld(R/W-E) R/W output delay time 20 ns 

ld(e-~ J ~' output delay time 0 18 ns 

th(E-AL) Address low-order hold time 25 ns 

lh(ALE-AM) Address middle-order hold time (BYTE="L") 
Fig. 65 

9 ns 

lh(E-DHO) Data high-order hold time (BYTE="L") 25 ns 

lpzx< E-DHZ) Floating release delay time (BYTE="L") 25 ns 

lh(E-AM) Address middle-order hold time (BYTE="H") 25 ns 

lh(ALE-AH) Address high-order hold time 9 ns 

lh(E-DLQ) Data low-order hold time 25 ns 

lpzx( E-OLZ) Floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

ld(E-P40) Port P4.data output delay time 80 ns 

ld(E-PSO) Port PS data output delay time 80 ns 

ld(E-P60) Port P6 data output delay time 80 ns 

ld(E-P70) Port P7 data output delay time 80 ns 

ld(E-PBQ) Port P8 data output delay time 80 ns 

lw(eL) E pulse width 50 ns 
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Microprocessor mode (when wait bit= ·o·, wait selection bit= "1'', and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(AL-E) Address low~order output delay time 12 ns 

tdCE-DHQ) Data high-order output delay time (BYTE="L") 45 ns 

tpXZ(E-DHZ) Floating start delay time (BYTE="L") 5 ns 

ld(AM-E) Address middle-order output delay time 12 ns 

ld(AM-ALE) Address middle-order output delay lime 5 ns 

td(E-DLQ) Data low-order output delay time 45 ns 

tpxz(E-OLZ) Floating start delay time 5 ns 

ld(AH-E) Address high-order output delay time 12 ns 

ld(AH-ALE) Address high-order output delay time 5 ns 

td(.!,_-HLOA) HLDA output delay time 50 ns 

td(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 22 ns 

ld(BHE-E) BHE output delay time 20 ns 

td(R/W-E) R/W output delay time 20 ns 

ld(E-~.Jl ¢ 1 output delay lime 0 18 ns 

th(E-AL) Address low-order hold time 25 ns 

lh(ALE-AM) Address middle-order hold time (BYTE="L") 
Fig. 65 

9 ns 

lh(E-DHQ) Data high-order hold time (BYTE="L") 25 ns 

tpzx(E-OHZ) Floating release delay time (BYTE="L") 25 ns 

lh(E-AM) Address middle-order hold time ( BYTE="H") 25 ns 

lh(ALE-AH) Address high-order hold time 9 ns 

lh(E-DLQ) Data low-order hold time ~5 ns 

tpzxCE-DLZ) Floating release delay time t--25 ns r---
lh(E-BHE) BHE hold time 18 ns 

18 
t-

th(E-R/W) R/W hold time ns 

ld(E-P4Q) Port P4 data output delay time 80 ns 

ld(E-PSQ) Port PS data output delay time 80 ns 

tdCE-P60) Port P6 data output delay time 80 ns 

td(E-P7Q) Port P7 data output delay time 80 ns 

td(E-PBQ) Port PB data output delay time 80 ns 

tw(EL) E pulse width 130 ns 
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Microprocessor mode (when wait bit= "O'', wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(AL-E) Address low-order output delay time 92 ns 

ld(E-DHQ) Data high-order output delay time ( BYTE="L") 45 ns 

tpxz( E-DHZ) Floating start delay time ( BYTE="L") 5 ns 

ld(AM-E) Address middle-order output delay time 92 ns 

td(AM-ALE) Address middle-order output delay time 70 ns 

ld(E-DLO) Data low-order output delay time 45 ns 

tpxz( E-DLZ) Floating start delay time 5 ns 

ld(AH-E) Address high-order output delay time 92 ns 

id(AH-ALE) Address high-order output delay time 70 ns 

ld(¢ -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 15 ns 

lw(ALE) ALE pulse width 62 ns 

ld(BHE-E) BHE output delay time 100 ns 

ld(R/W-E) R/W output delay time 100 ns 

ldce-~ J ¢ 1 output delay time 0 18 ns 

lh(E-AL) Address low-order hold time 25 ns 

lh(ALE-AM) Address middle-order hold time (BYTE="L") 
Fig. 65 

20 ns 

lh(E-DHQ) Data high-order hold time (BYTE="L") 25 ns 

1---~~(E-DHZ) Floating release. delay time (BYTE="L") 25 ns 

I·· lhCE-AM) Address middle-order hold time (BYTE="H") 25 ns 

th(AL~-AH) Address high-order hold time 20 ns 

lh(E-~DLQ) Data low-order hold time 25 ns 

-~~~'5-~.E-DLZ) Floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

td(E-P4Q) Port P4 data output delay time 80 ns 

ld(E-PSQ) Port P5 data output delay time 80 ns 

td(E-P6Q) Port P6 data output delay time 80 ns 

ld(E-P7Q) Port P7 data output delay time 80 ns 

td(E-PSQ) Port PB data output delay time 80 ns 

tw(EL) E pulse width 130 ns 

Ao-A, 

Aa/Da-A23fD, f •ooo• 

~ 

P4 

PS 

P6 

P7 

P8 

HLDA 

ALE 

BHE 

R/W 

¢1 

E 

Fig. 65 Testing circuit for each teminal 
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TIMING DIAGRAM 
Microprocessor mode 

Port P4 output 

Port P4 input 

Port P5 output 

Port P5 input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 

2-177 



MITSUBISHI MICROCOMPUTERS 

M3771054BFP 

16-BIT CMOS MICROCOMPUTER 

jW(TAH) J 

J 
TAi,N input _____ _,} ~l'------:------JJI 

tW(TALl 

~ 
IClUPI ~ 

TAiour input _ : '-'"~' t.___E ""--:-------: ,.....--\....____ 

I~ 1w<u•LI ~ 

TAiouT input 
(Up-down input) ) 

In Event counter mode 

v.:- tsu(uP-r,) lh(TIN UP) 

TAi1N input 
(When count by falling) 

TAiiN input ~ 
(When count by rising) I\ I 

F 
tc(TB) 

d TBi1N input \ ~ twtreLl 

i '"'~" } IC(AD) 

l I ADrnG input 

le( CK) 

tW(CKHl 

J 
J ~ \ 

tw(cKLl 

CLKi 

TxDi ) 
""- 1d1c-a1 

L lsu(Q-cl th(C-O) 

RxD 1 

INTi input { '°""" ~----E _1w,1NH) __ }~; 
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Microprocessor mode 

(When wait bit= "1") 

¢, 

ROY input 

(When wait bit= "a") 

ROY input 

(When wait bit= "1" or "a" in common) 

HOLD input 

HLDA output 

Test conditions 

•Vee= 5V±10% 
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r---------- ---- --- ---- -----
1 

r--------------------------
1 

• Input timing voltage : v,L = 1. av, v,H = 4. av 

• Output timing voltage : Vol= a. 8V, VoH = 2. av 

• MITSUBISHI 
.... B.ECTRIC 
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Microprocessor mode (When wait bit= "1") 

f(X,N) 

;, 

Ao-A1 output 

Aa/Da-A15/D15 
output 
(BYTE="L") 

Aa-A1 5 output 

(BYTE="H") 

Da-D15 input 

A16/Do-A23/D7 

output 

D0-D7 input 

ALE output 

BHE output 

R/W output 
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Test conditions 

• Vcc=5V±10% 

• Output timing voltage : Vol =0. 8V, V0 H=2. OV 

• Do to 0 15 input 

• MITSUBISHI 
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Microprocessor mode 

(When wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

¢, 

A0-A7 output 

A8/D8 -A15/D15 -------------..,.,r---+.+-..11 J------.,_.J 
output 
(BYTE="L") 

A8-A15 output 
(BYTE="H") 

D8-D15 input 

A,s!Da-A23/D1 
output 

Do-D1 input 

ALE output 

SHE output 

R/W output 

Address 

Data 

Test conditions 

• Vcc=5V±10% 

• Output timing voltage : VoL =O. BV, VoH=2. OV 

• Do to D15 input 

MITSUBISHI MICROCOMPUTERS 
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Address 

Address 

lh{E- BHEl 

lh<E- RtWl 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "O'', and external memory area is accessed) 

l(X,N) 

E 

A0-A7 output 

Aa/Ds ......... A1s/D1s 
output 
(BYTE="L") 

Aa-A15 output 

(BYTE="H") 

Da-D1s input 

A15/Do-A23f O, 
output 

0 0-D, input 

ALE output 

SHE output 

R/W output 
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td(R/W-E) 

Test conditions 

• Vcc=5V±10% 

• Output liming voltage : VoL =O. 8V, VoH=2. OV 

• Do to 0 15 input 

• MITSUBISHI 
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M37720 GROUP EXTERNAL ROM VERSION 



M37720 GROUP 
The M37720 group has useful functions for office automa
tions and telecommunications. 
This group internally has the following : 

e4-channel DMA controller 
•DRAM controller 

•CAS before RAS refresh method 

The OMA controller is suitable for large memory space and 
high-speed data transfer betweeen memory and memory, 
and betweeen memory and 110. The DRAM controller en
ables to support 1-15M byte DRAM. 

FEATURES 
•4-channel OMA controller built-in 
•DRAM controller(CAS before RAS refresh method) built-in 

•With 8-bit refresh timer 
•Internal RAM ........................................................ 512 bytes 
•Peripheral functions 

•110 port .......................................................................... 53 
•Interrupt .................................................. 23 types, 7 levels 
•Multiple function 16-bit timer ....................................... 5+3 
•Serial 110 (clock synchronous I asynchronous) ............... 2 
•12-bit watchdog timer 
•Real time output port .......................... 4 bits X 2 channels 

APPLICATION 
Control devices such as Serial printer, Facsimile, Image 
scanner, High-speed modem, Network controller, ODD, ISDN 
terminal 

Type name 

Re resent MELPS 7700 

MITSUBISHI MICROCOMPUTERS 

M37720 Group 

16-BIT CMOS MICROCOMPUTER 

M37720 group expansion 

ROM Group name Memory size Frequency Package 

type +Memory (Byte) 

identification RAM A 
External 

M37720S1 512 • 100-pin QFP 

ROM (100P6S-A) 

e:NOW 

*'The former SMHz version was unified into "A" version. "A" 
version satisfies the timing requirements and the switching 
characteristics of SMHz version. 

Package type 
FP :OFP(0.65mm lead pitch) 

M377 20 S 1 A .EE/ 
Group designation/; Memory size identification 

Memory identification 
S :RAM(external ROM) 
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s 

512 

External clock in ut Ire uenc 
A :16MHz 



M37720S1 FP is unified into M37720S1AFP. 

DESCRIPTION 
The M37720S1AFP is a 16-bit microcomputer designed 
with high-performance CMOS silicon gate technology. 
This is housed in a 100-pin plastic molded QFP. 
This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. This also incorporates a 
4-channel OMA controller and a DRAM controller which has 
a refresh function. The CPU is a 16-bit parallel processor 
that can also be switched to perform 8-bit parallel proces
sing. This microcomputer is suitable for office, business, 
and industrial equipment controller that require high-speed 
processing of large data. 

FEATURES 
• Number of basic instructions .................................. 103 
• Memory size RAM .................................. 512 bytes 

ROM ................................... External 

• Instruction execution time 
The fastest instruction at 16MHz frequency ....... 250ns 

• Single power supply ..................................... 5v±10%. 

• Low power dissipation (at 16MHz frequency) 
.......................................................... 90mW(Typ.) 

• Interrupts ................ · ...................... · 23 types, 7 levels 
• Multiple function 16-bit timer .... · ...................... · .. · 5+3 
• UART (may also be synchronous) .......... · .................. 2 
• 8-bit A-D converter ...................... · .... 8-channel inputs 
• OMA controller ........................................... 4-channel 

• DRAM controller 
• 4-bit real-time output ................................... 2-channel 

• Watchdog timer 
• Programmable input/output 

(ports P4, P5, P6, P7, PS, P9, P10) ....................... 53 

APPLICATION 
Copiers, printers, typewriters, facsimiles, optical disk units, 
hard disk drives, telecommunications equipment such as 
mobile radio and ISDN terminal units, and office automation 
(OA) equipment including personal computers 

MITSUBISHI MICROCOMPUTERS 

M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

NOTE 

- P8,t.!xh__ 
- 1'9o/DMMCKO 

78 - P91/DtMREQO 
n - P92/DMMCK1 

- P93/0tMREQ1 
75 - P94/0MMCK2 
74 - P95/DtMREQ2 
" - P96/DMMCK3 
12 - P97/DtMREQ3 
" -+ Ao/MAo 
10 -A1/MA1 

-+ A,/MA2 
" -+ A3/MA,, 
" -+ A4/MA, 

-+ A,/MA, 
6 -+ A6/MA,, 
64 -+ A7/MA7 

-A,iDa 
-A,.tO,, 

61 -A10/D10 

++A11/D11 
++A12ID12 

++A13/D13 
5 ++A14'D14 
56 -A,,t015 

"-A1,t00 

++ A11ID1 
-A11i/D2 
-A1,.tD, 

-...~~~~~~~~~~~~,,,..--" -A,,,t04 

t t t t I t I I I I I I I I I I I I 

Outline 100P6S-A 
• : Used in the evaluation chip mode only 

Refer to "Chapter 5 PRECAUTIONS" when using this mic
rocomputer. 

The M37720S1AFP satisfies the timing requirements and 
the switching characteristics of the former M37720S1 FP. 
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M37720S1AFP BLOCK DIAGRAM 
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FUNCTIONS OF M37720S1AFP 
Parameter 

Number of basic instructions 

Instruction execution time M37720S1AFP 

RAM 
Memory size 

ROM 

P5-P10 
Input/Output ports 

P4 

Multi-function timers 
TAO, TA1, TA2, TA3, TA4 

TBO, TB1, TB2 

Serial 1/0 

A-D converter 

Watchdog timer 

OMA controller 

DRAM controller 

Real-time output 

Interrupts 

Clock generating circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characteristic 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

Package 

MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

Functions 

103 

250ns (the fastest instruction at external clock 16MHz frequency) 

512 bytes 

External 

8-bitX 6 

5-bitX 1 

16-bitX 5 

16-bitX 3 

(UART or clock synchronous serial 1/0) X2 

8 -bitX 1 ( 8 channels) 

12-bitX 1 

4 channels 

Maximum transfer rate : BM bytes/second 

"CAS before RAS refresh" system 

8 -bit refresh timer incorporated 

4 bitX2 channels 

3 external types, 20 internal types 

(Each interrupt can be set the priority levels to 0 ,...., 7 .) 

Built-in (externally connected to a ceramic resonator or quartz crystal 

resonator) 

5V±10% 

90mW(at external clock 16MHz frequency) 

5V 

5mA 

Maximum 16M bytes 

-20-85"C 

CMOS high-performance silicon gate process 

100-pin plastic molded QFP 

• MITSUBISHI 
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PIN DESCRIPTION (1) 

Pin Name Input/Output 

Vee. Vss Power supply 

CNVss CNVss input Input 

--
RESET Reset input Input 

---
RESET out Reset output Output 

X1N Clock input Input 

Xour Clock output Output 

-
E Enable output Output 

BYTE Bus width selection input Input 

STO, ST1 Status signal output Output 

AV cc. Analog supply input 

AVss 

VReF Reference voltage input Input 

---
R/W, BHE, Memory control signal Output 

ALE,BLE output 

;!1 Clock ¢ 1 output Output 

-- --
HOLD HOLD input Input 

-
ROY ROY input Input 

Ao/MAo- Address Output 

A7/MA1 low-order/ 

DRAM address 

Aa/Da- Address 110 

A"/015 medium-order/ 

data high-order 

A1e/Do ...... Address high-order/ 110 

A2:i/D1 data low-order 

P43-P41 110 port P4 110 

P5o-P51 110 port PS 110 
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MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

Functions 

Supply 5 V±10% to Vee and 0 V to Vss. 

Connect to Vss or Vee-

To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re-

quired time. 

This pin outputs the response of reset input. When input to RESET pin is "L", this pin outputs "L". And out-

put from this pin returns "H" after the release of reset. When the software reset bit is set to "1 ", this pin out-

puts "L". 

This is an input pin for internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-

tween X1N and Xour. When an external clock is used, the clock source should be connected to the X1N pin 

and the Xour pin should be left open. 

This is an output pin for internal clock generating circuit. When a resonator is used, the resonator should be 

connected between this pin and the X1N pin. 

Data or instruction read and data write are performed when output from this pin is "L". 

This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 

"L" signal inputs and 8 bits when "H" signal inputs. 

The bus use status output Is generated in 2-bit code. ST1 STO 

Refresh 0 0 

Hold 0 1 

OMA 1 0 

CPU 1 1 

Power supply for the A-D converter. Connect AV cc to Vee and AVss to Vss externally. 

This is reference voltage input pin for the A-D converter. 

-- -
These pins are for R/W, BHE, ALE, and BLE output pins. 

This is the ;! 1 output pin which is divided the clock to X1N pin by 2. 

--
This is an input pin for the HOLD request signal. 

--
This is an input pin for the ROY signal. 

These are output pins for the 8 low-order bits of addresses. When the DRAM is to be accessed, the row 

and column addresses are generated by means of time division multiplexing. 

In cases where an external data bus width of 16 bits is used with the BYTE pin set to the "L" (Low) level, 

the high-order data (015-08 ) input/output is effected at the "L" E output level, and the address output 

(A15-A,) is generated at the "H" (High) E output level. In cases where an external data bus width of 8 bits 

is used with the BYTE pin set to the "H" level, only the address (A15-A8 ) output is generated. 

When the E output. is "L". the low-order data (D,-Do) input/output is effected. When the E output is "H", 

the address output (A23-A16 ) is generated. 

Port P4 is an 5-bit 110 port. As it has an 1/0 directional register, it is possible to perform programming to 

determine whether each bit serves as an input pin or an output pin. 

Port P5 is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, these pins also func-

tion as 1/0 pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION (2) 

Pin Name Input/Output Functions 

P6o-P6, 1/0 port P6 1/0 Port P6 is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, pins P6o through P6, 

and pins P64 through P67 are capable of functioning as a 4-blt real-lime output, respectively. 

P7o-P71 1/0 port P? 1/0 Port P7 is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, these pins also lune-

lion as input pins for analog inputs AN0 through AN7• Pin P?, also has an A-0 conversion trigger input lune-

tion. 

P8o-P8, 1/0 port P8 1/0 Port P8 Is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, these pins also lune-

lion as RxO, T xO, CLK, and CTS/RTS pins for UARTO and UART1. 

P9,-pg, 1/0 port pg 1/0 Port pg Is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, these pins also lune-

lion as input pins for OMA request, and output pins for OMA acknowledge signal. 

P100-P107 1/0 port P10 1/0 Port P1 O is an 8-bit 1/0 port. It has basically the same functions as port P4. In addition, 

these pins also function as input pins for INT0 /INT1 /INT2 , and 1/0 pin for TC, and out-

put pins for RAS, CAS, MA8 13nd MA9 . 
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MITSUBISHI MICROCOMPUTERS 

M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 

BASIC FUNCTION BLOCKS Addresses FFCE16 to FFFF16 are the RESET and interrupt 
vector addresses and store the interrupt vectors. Be sure to 
set up external ROM for the interrupt vector table. Refer to 
the section on interrupts for details. 

The M37720S1AFP contains the following devices on a 
chip: RAM for storing instructions and data, CPU for pro
cessing, bus interface unit (which controls instruction pre
f etch and data read/write between CPU and memory), tim
ers, UART, A-D converter, and other peripheral devices 
such as 1/0 ports. ROM is not incorporated. Each of these 
devices are described below. 

The 512 bytes area from addresses 8016 to 27F16 contains 
the built-in RAM. In addition. to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 

Assigned to addresses 016 to 7F16 are peripheral devices 
such as 1/0 ports, A-D converter, UART, timer, and inter
rupt control registers. Registers necessary for OMA control 
are assigned to addresses 1 FC016 through 1 FFF16. 

MEMORY 
The memory map is shown in Figure 1. The address space 

is 16M bytes from addresses 016 to FFFFFF16. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 016 to FF16. 

A 256 bytes direct page area can be allocated anywhere in 
bank 016 using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. Built-in RAM, and control registers for built-in peripheral 

devices are assigned to bank 016. 

Flg.1 
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000000,1 l --000000;;; 
,~---------< 00007F16 

"~', 000080,. 

- - - oooifoo,; 
Peripheral devices 

control registers 

[Refer Fig.2] 
~------~"' 

1\ '\' 

' ' ' ' ' ' I I \ '\ '-, 

OOFFFF I 1 \ '\ ' •• , __________ _J '\ ' 

Internal RAM 

512 bytes ' ', 
00007F~;J' """-------' 010000,., ~ \ ' ' 

1 I\ \ 00027F16''!--------! 
I : \ \ ''\ : : 
I I \ \ '\ ,.i.... ~ 
I I \ \ '"T' 1 
1 I I 001 FCO 'l~-------1 Interrupt vector table' 
I I \ 16 

OlFFFF,.~----------! I \ DMAcontroller OOFFCE16 ,r--oMA3---, 
1 1 I \ related register / I DMA2 : 
I I \ \ [Refer Fig.47] I ! DMA 1 I 
: : I 001 FFF,. \ I DMA0----"1 
~ 1 1 : 1 / A-D conversion 1 

I \ 1 1 I I UART1 transmission I 

~ ~ \ * ~ / 
1 I I 

1 UART1 receive 1 
I UARTO transmission I 

UARTO receive : : I I 

: \ I 
I \ I 

I Timer B2 
Timer B1 
Timer BO : I ' I 

FE000016f" - - - - - - - - - -: I I 
1 I \ I 

Timer A4 

Memory map 

I I \ I 
1 I I I Timer A2 
t I \ I Timer A 1 

: : \ I I Timer AO 

Timer A3 

I I \ ,' I INT2 1 
FEFFFF16~ _________ --l 11 I ~k____I 
FF0000, 61 1 ;-----=-----, 

\ I I INTo I 
I : \ 11 I Watchdog timer 

I I L---------' : DBC 
1 : OOFFCE,o \ : j I BRK Instruction I 
1 I 11 1 I Zero divide : 

FFFFFF16L_ ________ j OOFFFF10 t __________ l_ ___ O_Q_F~~1o__L ___ fl.E§fi. ___ J 

Built in 

Not built in 
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MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

Address (Hexadecimal notation) Address (Hexadecimal notation) 

000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
OOOOOB 
000009 
OOOOOA 
OOOOOB 
oooooc 
000000 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
00001B 
000019 
00001A 
00001B 
00001C 
000010 
00001E 
00001F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
00002B 
000029 
00002A 
00002B 
00002C 
000020 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
00003B 
000039 
00003A 
00003B 
00003C 
000030 
00003E 
00003F 

Port P4 
Port P5 
Port P4 data direction register 
Port P5 data direction register 
Port P6 
Port P7 
Port P6 data direction register 
Port P7 data direction register 
Port PB 
Port P9 
Port PB data direction register 
Port P9 data direction register 
Port P10 

Port P10 data direction register 

Pulse ou!Jlut data register 0 

Pulse ou.!Q_ut data register 1 

A-D control register 
A-D swee_e._Qjn selection register 
A-D register O 

A-D register 1 

A-D register 2 

A-D register 3 

A-D register 4 

A-D register 5 

A-D register 6 

A-D register 7 

UARTO transmit/receive mode register 
UARTO bit rate _g_enerator 

UARTO transmission buffer register 

UARTO transmit/receive control register O 
UARTO transmit/receive control register 1 

UARTO receive buffer register 

UART1 transmit/receive mode register 
UART1 bit rate 'register 

UART1 transmission buffer register 

UART1 transmit/receive control register O 
UART1 transmit/receive control register 1 

UART1 receive buffer register 

000040 
000041 
000042 
000043 
000044 
000045 
000046' 
000047 
00004B 
000049 
00004A 
00004B 
00004C 
000040 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
00005B 
000059 
00005A 
00005B 
00005C 
000050 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
00006B 
000069 
00006A 
00006B 
00006C 
000060 
00006E 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
00007B 
000079 
00007A 
00007B 
00007C 
000070 
00007E 
00007F 

Fig.2 Location of peripheral devices and interrupt control registers 

Count start fl!lll_ 

One-shot start flag_ 

~downfl119_ 

Timer AO 

TimerA1 

Timer A2 

TimerA3 

Timer A4 

Timer BO 

TimerB1 

Timer B2 

Timer AO mode register 
Timer A 1 mode register 
Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 
Timer BO mode register 
Timer B1 mode register 
Timer B2 mode register 
Processor mode register 

Watchd9l1...timer 
WatchdQ!I. timer fr~enc;y_ selection fll!Q_ 
Real-time ou~t control register 

DRAM control register 

Refresh timer 

DMAC control register L 
DMAC control register H 

DMAO intern~£! control r~ster 
OMA 1 interrLI_E! control register 
DMA2 interrLI_E! control register 
DMA3 interrLI_E! control register 
A-D conversion interr'!E! control register 
UARTO transmission interr'!ll_I control r'!llister 
UARTO receive interrLI_E! control register 
UART1 transmission interr'!E! control r'!llister 
UART1 receive lnterrLI_E! control register 
Timer AO interrLI_E! control register 
Timer A1 interrupt control register 
Timer A2 interr'!E! control register 
Timer A3 interr'!E! control register 
Timer A4 interrLI_E! control register 
timer BO interrLI_E! control register 
Timer B1 interrLI_E! control register 
Timer B2 interr'!E! control register 
INTu_interrLI_E! control register 
INT1 interr'!E! control register 
INT2 interr'!E! control register 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 

of these registers is described below. 

ACCUMULATOR A (A) 
Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ
ately. The data length flag m determines whether the regis
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is "O" and as an 8-bit reg
ister when flag m is "1". Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 

ACCUMULATOR B (B) 
Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 

INDEX REGISTER X (X) 
Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter
mines whether the register is used as 16-bit register or as 

8-bit register. It is used as a 16-bit register when flag x is 
"O" and as an 8-bit register when flag x is "1". Flag x is a 
part of the processor status register (PS) which is de
scribed later. 

15 

AH 

MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 

the real address. 
Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low

order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 

INDEX REGISTER Y (Y) 
Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter
mines whether the register is used as 16-bit register or as 

8-bit register. It is used as a 16-bit register when flag x is 
"O" and as an 8-bit register when flag xis "1". Flag x is a 
part of the processor status register (PS) which is de

scribed later. 
In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 
Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina

tion data address. 

7 0 

I I 
15 7 

AL I Accumulator A 
'--------"""""'~------~o 

I BH I 
15 7 

I XH I 
15 7 

BL I Accumulator B ...,,_ ___ ..:.;.. __ ......,'"=" ___ -"---~o 

L....---..:.;.. ___ '"=" ___ x...;;L'----... 1 Index register X 

I YH I 
15 
L....---...;.;.. ___ ..._ ___ v_L'-----' Index register Y 

7 0 s Stack pointer S 
PG Program bank register PG 15 0 

7 0 PC Program counter PC 

DT Data bank register DT 15 

I DPR Direct page register DPR 

15 7 

0 0 0 0 0 IPL2 IPL 1 IPLo N Processor status register PS 

Fig.3 Register structure 
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Carry flag 
Zero flag 
Interrupt disable flag 

~--- Decimal mode flag 
L_ ____ Index register lengih flag 

~----- Data length flag 
~------ Overflow flag 

L_ _______ Negative flag 
L_~~--------' Processor interrupt priority level IPL 
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STACK POINTER (S) 
Stack pointer ( S) is a 16-bit register. It is used during a 

subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in
dexed Y addressing mode. 
For stack area selection, use bit 7 stack bank selection bit 
of the processor mode register (address 5E16 ). When the 
bit is set to "O", the stack area is set to bank 016. When the 
bit is "1", the stack area is set to bank FF16. This bit de
faults to 0 upon resetting. 

PROGRAM COUNTER (PC) 
Program counter (PC) is a 16-bit counter that indicates the 

low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem
ory is accessed through bus interface unit. That is de
scribed later. 

PROGRAM BANK REGISTER (PG) 
Program bank register (PG) is an 8-bit register that indi
cates the high-order 8 bits of the next program memory 

address to be executed. When a carry occurs by in
crementing the contents of the program counter, the con
tents of the program bank register (PG) is incremented by 
1. Also, when a carry or borrow occurs after adding or sub
tracting the offset value to or from the contents of the prog
ram counter (PC) using branch instruction, the contents of 
the program bank register (PG) is incremented or de

cremented by 1 so that programs can be written without 
worrying about bank boundaries. 

DATA BANK REGISTER (OT) 
Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. 
The contents of data bank register ( DT) is used as the 
high-order 8 bits of a 24-bit address. Addressing modes 
that use the data bank register ( DT) are direct indirect, 
direct indexed X indirect, direct indirect indexed Y, 
absoulute, absolute bit, absolute indexed X, absolute inde
xed Y, absolute bit relative, and stack pointer relative in
direct indexed Y. 

DIRECT PAGE REGISTER (DPR) 
Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256byte direct page area. 
The direct page area is allocated in bank 016, but when the 
contents of DPR is FF01 16 or greater, the direct page area 
spans across bank 016 and bank 116. All direct addressing 
modes use the contents of the direct page register ( DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is "0016", the number of cycles 
required to generate the address is minimized. Therefore, 
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nomally the low-order 8 bits of the direct page register 
( DPR) is set to "0015". 

PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con
sists of a flag to indicate the result of operation and CPU 

interrupt levels. 
Branch operations can be performed by testing the flags, 
C, Z, V, and N. 
The details of each processor status register bit are de

scribed below. 

1. Carry flag (C) 
The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 

2. Zero flag (Z) 
This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 

3. Interrupt disable flag (I) 
When the interrupt disable flag is set to "1 ", all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to "1" automatically when inter
rupts are serviced. It can be set and reset directly with the 
SEI and CLI instructions or SEP and CLP instructions. 

4. Decimal mode flag (D) 
The decimal mode flag determines whether addition and 

subtraction are performed as binary or decimal. 
Binary arithmetic is performed when this flag is "O''. If it is 

"1 ", decimal arithmetic is performed with each word treated 
as two or four digit decimal. Arithmetic operation is per
formed using four digits when the data length flag m is "O" 
and with two digits when it is "1". (Decimal operation is 
possible only with the ADC and SBC instructions.) This flag 

can be set and reset with the SEP and CLP instructions. 
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5. Index register length flag {X) 
The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 

or as 8-bit registers. The registers are used as 16-bit regis
ters when flag x is "O" and as 8-bit registers when it is "1 ". 
This flag can be set and reset with the SEP and CLP in

structions. 

6. Data length flag {m) 
The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is "O" 
and 8-bit when it is "1 ". This flag can be set and reset with 

the SEM and CLM instructions or with the SEP and CLP in
structions. 

7. Overflow flag {V) 
The overflow flag has meaning when addition or subtraction 
is performed as signed binary number. When the data 
length flag m is "O'', the overflow flag is set when the result 
of addition or subtraction is outside the range between 
-32768 and +32767. When the data length flag m is "1", 
the overflow flag is set when the result of addition or sub
traction is outside the range between -128 and + 127. It is 

reset in all other cases. The overflow flag can also be set 
and reset directly with the SEP, and CLV or CLP instruc

tions. 

8. Negative flag {N) 
The negative flag is· set when the result of arithmetic op

eration or data transfer is negative (If data length flag m is 
"O", when data bit 15 is "1". If data length flag m is "1", 
when data bit 7 is "1".) It is reset in all other cases. It can 

also be set and reset with the SEP and CLP instructions. 

D'1s-D'e 

A- D'r-D'o 

A'23-A'o 

CPU 

Control signal 
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9. Processor interrupt priority level {IPL) 
The processor interrupt priority level (I PL) consists of 3 
bits and determines the priority of processor interrupts from 

level O to level 7. Interrupt is enabled when the interrupt 
priority (set using the interrupt control register) of the de
vice requesting interrupt is higher than the processor inter
rupt priority. When interrupt is enabled, the current proces

sor interrupt priority level is saved in a stack and the pro
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 

BUS INTERFACE UNIT 
The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(X1N) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus access 
timing and pre-feches instructions. Figure 4 shows the rela
tionship between the CPU and the bus interface unit. The 
bus interface unit has a program address register, a 3-byte 
instruction queue buffer, a data address register, and a 2-

byte data buffer. 
The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 

D,.-D, 
-v 

Dr-Do 
> 

A23-Ao 

> 
-

Bus BHE 

interface BLE 

unit R/W 

E 
-1'- ALE 

v 
BYTE 

HOLD 

Fig.4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are (1) 
and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 

The E signal becomes "L" when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is "H" state and write is performed when it is 
"L" state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul
taneously, the first address accessed must be even. Furth

ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to "L". (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 
When performing 16-bit data read or write, if the conditions 

for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 

address of the instruction code is odd, only one byte is 
read in the instruction queue buffer. 
The signals BLE and BH E in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. 
The BLE signal becomes "L" when an even number 
address is accessed. The SHE signal becomes "L" when 
an odd number address is accessed. 
The bit 2 of processor mode register (address 5E16 ) is the 
wait bit. When this bit is set to "O", the "L" width of E signal 
is extended 2 times as long when accessing an external 

memory area in microprocessor mode. However, the "L" 
width of E signal is not extended when an internal memory 
area is accessed. When the wait bit is "1", the "L" width of 
E signal is not extended for any access. Waveform (3) is an 
expansion of the "L" width of E signal in waveform (1). 
Waveform (4), (5), and (6) are expansion of the "L" width of 
each E signal in waveform (2), first half of waveform (2), and 
the last half of waveform (2) respectively. 

Instruction code read, data read, and data write are de
scribed below. 
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Fig.5 Relationship between access method and signals 
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Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 

queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 

the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc

tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc

tion queue buffer. 
However, if the bus width switching pin BYTE is "H", exter
nal data bus width is 8 bits and the address to be read is in 
external memory area, or the addresses to be read is odd, 
only one byte is read and stored in the instruction queue 
buffer. Therefore, waveform (1 l or (3) in Figure 5 in used for 

instruction code read. 
Data read and write are described below. 
The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 

the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera
tion. 
During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is "L" and stores the 

result in the data buffer. 
During data write, the CPU writes the data in the data buf
fer and the bus interface unit writes it to memory. There
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 

address received from the CPU to the address bus. Then 
when the E signal is "L", the bus interface unit sends the 
data in the data buffer to the data bus writes it to memory. 
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INTERRUPTS 
Table 1 shows the interrupt sources and the corresponding 
interrupt vector addresses. Reset is also treated as a kind 
of interrupt and is discussed in this section, too. 
DBC is an interrupt used for debugging. 
Interrupts other than reset, DBC, watchdog timer, zero di
vide, and BRK instruction all have interrupt control regis
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in
terrupt control register. Use the SEB and CLB instructions 
when setting each interrupt control register. The interrupt 
request bit is automatically cleared by the hardware during 
reset or when processing an interrupt. Also, Interrupt re
quest bits other than DBC and watchdog timer can be 
cleared by software. 
INT2 to INT0 are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the ,inter
rupt input can be selected with polarity selection bit. 
Timer and UART interrupts described in the respective 
section. 
The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 
reset>DBC>watchdog timer> other interrupts 

76543210 

Rk(k<k<I l:JiQ_ 

I Interrupt priority 

Interrupt request bit 
0 : No interrupt 

1 : Interrupt 
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Table 1. Interrupt sources and the interrupt vector 
addresses 

Interrupts Vector addresses 

DMA3 OOFFCE1a OOFFCF1a 

DMA2 OOFFD016 OOFFD1 16 

DMA1 OOFFD21a OOFFD31a 

DMAO OOFFD41a OOFFD51a 

A-D conversion OOFFD616 OOFFD716 

UART1 transmit OOFFD81a OOFFD91a 

UART1 receive OOFFDA16 OOFFDB1a 

UARTO transmit OOFFDC16 OOFFDD16 

UARTO receive OOFFDE1a OOFFDF16 

Timer 82 OOFFE016 OOFFE11a 

TimerB1 OOFFE216 OOFFE316 

Timer BO OOFFE41a OOFFE51a 

TimerA4 OOFFE61a OOFFE71a 

TimerA3 OOFFE816 OOFFE916 

TimerA2 OOFFEA1a OOFFEB1a 

TimerA1 OOFFEC16 OOFFED1a 

Timer AO OOFFEE1a OOFFEF16 

INT2 external interrupt OOFFF01a OOFFF1 1a 

INT1 external Interrupt OOFFF21a OOFFF31a 

INT0 external interrupt OOFFF416 OOFFF516 

Watchdog timer OOFFF61a OOFFF71a 

DBC (unusable) OOFFF81a OOFFF91a 

Break instruction OOFFFA16 OOFFFB16 

Zero divide OOFFFC1a OOFFFD1a 

Reset OOFFFE1a OOFFFF1a 

Interrupt control register configuration for DMAO-DMA3, A-D converter, UARTO, UART1, timer AO-timer A4, timer BO-timer B2 

76543210 

IXIXI l lllIJ 

1 '---C__ Interrupt priority 

Interrupt request bit 

0 : No interrupt 

1 : Interrupt 
'------- Polarity selection bit 

O : Set interrupt request bit at "H" level sense and when changing from "H" to "'L" level for edge sense 

1 : Set interrupt request bit at "L" level sense and when changing from "L" to '"H" level for edge sense 

~------ Level sense/edge sense selection bit 

0 : Edge sense 

1 : Level sense 

Interrupt control register configuration for INT2-INT0. 

Fig.6 Interrupt control register configuration 
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Table 2. Address of interrupt control registers 

Interrupts Addresses 

OMAO interrupt control register 00006C,. 

OMA 1 interrupt control register 000060,. 

OMA2 interrupt control register 00006E16 

OMA3 interrupt control register 00006F16 

A-0 conversion interrupt control register 00007015 

UARTO transmit interrupt control register 000071,. 

UARTO receive interrupt control register 000072,. 

UART1 transmit interrupt control register 000073,. 

UART1 receive interrupt control register 000074,. 

Timer AO interrup) control register 00007516 

Timer A 1 interrupt control register 00007616 

Timer A2 interrupt control register 000077,. 

Timer A3 interrupt control register 000078,. 

Timer A4 interrupt control register 000079,. 

Timer BO interrupt control register 00007A16 

Timer 81 interrupt control register 000078,. 

Timer 82 interrupt control register 00007C16 

INT0 interrupt control register 000070,. 

INT1 interrupt control register 00007E16 
INT2 interrupt control register 00007F16 

Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 
Other interrupts previously mentioned are OMA, A-D con
verter, UART, Timer, INT interrupts. The priority of these in
terrupts can be changed by changing the priority level in 
the corresponding interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be
low and requests the interrupt. If the priorities are the 

same, the one above has priority. 
This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro

cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag I is "O'', The 
request is not accepted if flag I is "1". The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 
When an interrupt is accepted, the contents of the proces
sor status register (PS) is saved to the stack and the inter
rupt disable flag I is set to "1". 
Furthermore, the interrupt request bit of the accepted inter
rupt is cleared to "O" and the processor interrupt priority 
level (IPL) in the processor status register (PS) is re

placed by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re
setting the interrupt disable flag I to "O" and enable further 
interrupts. 
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For reset, DBC, watchdog timer, zero divide, and BRK in
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 
Priority resolution is performed by latching the interrupt re
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Priority is determined by hardware 

® CD 
,------------::-i 
I l"-i II_ -- - ~ ~watohdogH OBC HReset I I L-J'""""L...J I timer 
L __________ _J 

Interrupt by A-0 conversion, UART, and so on 
[Priority can be changed with software inside ®l 

Fig.7 Interrupt priority 

Fig.8 Interrupt priority resolution 

level O 
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Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 

Table 3. Value set in processor interrupt level(IPL)dur
ing an interrupt 

Interrupt types Setting value 
Reset 0 
DBC 7 
Watchdog timer 7 
Zero divide Not change value of IPL. 
BRK instruction Not cha!!2_e value of IPL. 

As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address 5E16 ) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in

itialized to "0016" and therefore, the longest time is 
selected. 

Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 

Priority level resolution time selection bit 
Number of cycles 

Bit5 Bit4 

0 0 7 cycles of¢ 

0 1 4 cycles of¢ 

1 0 2 cycles of¢ 
However, the shortest time should be selected by software. 

¢ : Internal clock 

Internal clock ¢ 

Operation code fetch cycle 

I I Sampling pulse _n r·~ 

....___ ........... ....._1 ----

0 

Priority resolution time 
[Select from 0 to 2 with bits 4 and 5 

of the processor mode register) 

1_J 

2__J 

Flg.9 Interrupt priority resolution time 

6 5 3 2 

I I 0 I I J J J 1J J 
L 

Processor mode register(address 5E1sl 

Processor mode bit 
0 : Microprocessor mode 
1 : Evaluation chip mode 

Wait bit 
o :wait 
1 : No wait 

Software reset bit 
The processor is reset when this bit is set to "1" 

Priority resolution time selection bit 
O O : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
1 O : Select 2 in Figure 9 

Test mode bit 
Must be "O" 

Stack bank selection bit 
0 : Bank 016 
f : Bank FF10 

Flg.10 Processor mode register configuration 
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TIMER 
There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 
The timer 1/0 pins are shared with 1/0 pins for port P5. To 
use these pins as timer input pins, the direction register bit 
corresponding to the pin must be cleared to "O" to specify 
input mode. 

TIMER A 
Figure 11 shows a block diagram of timer A. 
Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits O and 1 of the timer Ai 
mode register (i=O to 4). 
Each of these modes is described below. 

Clock source selection 

f•--o 

f,s-o 

f54--0 

f512--o 

•Timer 
•One-shot 
• Pulse width modulation 

Timer( gate function) 
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(1) Timer mode [00] 
Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be "O" in timer mode. 
Bit 3 is ignored if bit 4 is "O". 
Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is "1" and stops when it is "O". 
Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 000016. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 

Reload register( 16) 

Address 

TAi1N 
(j=2to4) 

Count start flag 
Up/down Timer AO 4716 4616 

TimerA 1 4916 48,6 

TlmerA2 4816 4A16 

TimerA3 4016 4C16 

TimerA4 4F1s 4E16 

External trigger 

Flg.11 Block diagram of timer A 
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(Address 4016) 

Down count --o 

Up-down flag 1--o 
(Address 4416) 

Toggle flip-flop 

[Always decremented 
except in event count 
mode] 



When bit 2 of the timer Ai mode register is "1", the output 

is generated from TAiouT(j=2 to 4) pin. The output is tog
gled each time the contents of the counter reaches to 
000016• When the contents of the count start flag is "O","L" 
is output from TAiouT pin. 
When bit 2 is "O", TAiouT can be used as a normal port pin. 
When bit 4 is "O", T Aj1N can be used as a normal port pin. 
When bit 4 is "1", counting is performed only while the in
put signal from the TAiiN pin is "H" or "L" as shown in Fi
gure 14. Therefore, this can be used to measure the pulse 
width of the TAj1N input signal. Whether to count while the 
input signal is "H" or while it is "L" is determined by bit 3. If 
bit 3 is "1", counting is performed while the TAj1N pin input 
signal is "H" and if bit 3 is "O", counting is performed while 
it is "L". 

7 6 5 4 3 2 1 0 

l l l 0 I I I I 0 l 0 J 
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Note that the duration of "H" or "L" on the TAiiN pin must be 
two or more cycles of the timer count source. 
When data is written into timer Ai while it is not operating, 
the data is written into the reload register and counter. On 
the other hand, when data is written into timer Ai while it is 

operating, the data is written into the reload register only 
and not into the counter. When reloading is initiated next, 
new data is reloaded from the reload register into the coun
ter for operation continuation. The contents of the counter 
can be read at any time. 
When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n+1). 

As timers AO and A1 do not have the TA1N and TAouT pin, 
be sure to use the timer mode. 

Address c-· .. -·--· .... J Timer A1 mode register 57,. 
Timer A2. mode register 5a,. 
Timer A3 mode register 59,. 
Timer A4 mode register 5A16 

1 I 0 0 : Always "00" in timer mode 

0 : No pulse output(TAiouT Is normal port pin) 

1 : Pulse output 

0 X : No gate function(TAj1N is normal port pin) 
1 0 : Count only while TAj1N input is "L" 

1 1 : Count only while TAj1N input is "H" 

0 : Always "O" In timer mode 

Clock source selection bit 
0 0 : Select 12 

0 1 : Select 116 

1 0 : Select 164 

1 1 : Select 1612 

Flg.12 Timer Al mode register bit configuration in timer mode 
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Count start flag Address 
7 6 6 4 3 2 0 (Stop at "O'', Start at "1") 40,. 

Timer AO count start flag 

Timer A 1 count start flag 

Timer A2 count start flag 

Timer A3 count start flag 

Timer A4 count start flag 

Timer BO count start flag 

Timer B1 count start flag 

Timer B2 count start flag 

Fig.13 Count start flag bit configuration 

Selected clock source fi 

TAi1N _J L 

Timer mode register 
Bit4 Bit3 

0 

Timer mode register 
Bit 4 Bit 3 

Fig.14 Count waveform when gate function is available 
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(2) Event counter mode [01] 
Figure 15 shows the bit configuration of the timer Aj mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Aj(j=2 to 4) mode register must be 
"1" and bit 1 and bit 5 must be "O". 

The input signal from the TAj1N pin is counted when the 
count start flag shown in Figure 13 is "1" and counting is 
stopped when it is "O". 
Count is performed at the fall of the input signal when bit 3 
is "O" and at the rise of the signal when it is "1 ". 
In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in

put signal from the TAiouT pin. When bit 4 of the timer Aj 
mode register is "O". the up-down flag is used to determine 
whether to increment or decrement the count (decrement 
when the flag is "O" and increment when it is ''1"). Figure 
16 shows the bit configuration of the up-down flag. When 

bit 4 of the timer Aj mode register is "1 ", the input signal 
from the TAiouT pin is used to determine whether to incre
ment or decrement the count. However. note that bit 2 must 
be "O" if bit 4 is "1" because if bit 2 is "1 ", TAiouT pin be
comes an output pin with pulse output. 
Determine the level of the input signal from the TAiouT pin 

before valid edge is input to the TAi1N pin. 
The count is decremented when the input signal from the 
TAiouT pin is "L" and incremented when it is "H". 
An Interrupt request signal is generated and the interrupt 

request bit in the timer Ai interrupt control register is set 
when the counter reaches 000016 (decrement count) or 
FFFF16 (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 

count is continued. 
When bit 2 is "1" and the counter reaches 000016 

(decrement count) or FFFF16 (increment count), the wave

form reversing polarity is output from TAiouT pin. 
If bit 2 is "O", TAiouT pin can be used as a normal port pin. 
However, if bit 4 is "1" and the TAiouT pin is used as an 
output pin, the output from the pin changes the count direc
tion. Therefore, bit 4 should be "O" unless the output from 

the TAiouT pin is to be used to select the count direction. 
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Address 

(
Timer A2 mode register 58,6 J 
Timer A3 mode register 5916 

Timer A4 mode register 5A16 

0 1 : Always "01 '" in event counter mode 

0 : No pulse output 
1 : Pulse output 

0 : Count at the falling edge of input signal 
1 : Count at the rising edge of input signal 

O : Increment or decrement according to 
up/down flag 

: Increment or decrement according to 
TAiouT pin input signal level 

0 : Always "'O" in event counter mode 

~-----XX : Not used in event counter mode 

Flg.15 Timer Aj mode register bit configuration In event 

counter mode 

7 6 5 4 Up-down flag 

Address 

44,. 

Timer A2 up-down flag 
~--- Timer A3 up-down flag 
~---- Timer A4 up-down flag 

Timer A2 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode 

Timer A3 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode 

Timer A4 two-phase pulse signal processing selection bit 
0 : Two-phase pulse signal processing disabled 
1 : Two-phase pulse signal processing mode 

Fig.16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Aj 
while it is not operating, it is also written to the reload reg
ister and the counter. When data is written to timer Aj while 
it is operating, the data is written to the reload register, but 
not to the counter. The counter is reloaded with new data 
from the reload register at the next reload time. The coun

ter can be read at any time. 
In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two
phase pulse input with phase shifted by 90' to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 

operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90' 
are input at the TAiouT (j=2 to 4) pin and TAi1N pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is entered to 

the TAk1N pin after the level of TAkouT (k = 2, 3) pin 
changes from "L" to "H", and when the falling edge is in

serted, the count is decremented. 
For timer A4, as shown in Figure 18, when a phase related 

pulse with a rising edge input to the TA41N pin is entered 
after the level of TA4ouT pin changes from "L" to "H", the 
count is incremented at the respective rising edge and fall

ing edge of the TA4ouT and TA41N pins. 
When a phase related pulse with a falling edge input to the 

TA4ouT pin is entered after the level of TA41N pin changes 
from "H" to "L", the count is decremented at the respective 
rising edge and falling edge of the TA4,N and TA4ouT pins. 
When performing this two-phase pulse signal processing, 

timer Aj mode register bit 0 and bit 4 must be set to "1" 
and bits 1, 2, 3, and 5 must be "O" (refer the Figure 19) . 

Bits 6 and 7 are ignored. Note that bits 5, 6, and 7 of the 
up-down flag register ( 4416 ) are the two-phase pulse sig
nal processing selection bit for timer A2, A3, and A4 re

spectively. Each timer operates in normal event counter 
mode when the corresponding bit is "O" and performs two
phase pulse signal processing when it is "1". 
Count is started by setting the count start flag to "1 ". Data 

write and read are performed in the same way as for nor
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two
phase pulse signal is input. Also, there can be no pulse 
qutput in this mode. 

TAkouT 

TAk1N 
(k=2, 3) 
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Increment-count Decrement-count 

Increment-count Decrement-count 

Increment-count Decrement-count 

Fig.17 Two-phase pulse processing operation of timers 

A2 and A3 

TA4ouT 

Increment-count at each edge Decrement-count at each edge 

~~ 
Increment-count at each edge Decrement-count at each edge 

Flg.18 Two-phase pulse processing operation of timer 
A4 

[
Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 

Address 

ss,.J 
5910 
5A1s 

O 1 : Always '"01'" in event counter mode 

L-L.....L--'---- O 1 O 0 : Always '"0100'" at two-phase 
pulse signal processing 

~------ XX : Not used in event counter mode 

Fig.19 Timer Aj mode register bit configuration when 

performing two-phase pulse signal processing 
in event counter mode 
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(3) One-shot pulse mode [10] 
Figure 20 shows the bit configuration of the timer Aj mode 
register during one-shot pulse mode. In one-shot pulse 

mode, bit 0 and bit 5 must be "O" and bit 1 and bit 2 must 
be "1". 
The trigger is enabled when the count start flag is "1 ". The 
trigger can be generated by software or it can be input 

from the TAi1N pin. Software trigger is selected when bit 4 
is "O" and the input signal from the TAj,N pin is used as the 
trigger when it is "1". Bit 3 is used to determine whether to 
trigger at the fall of the trigger signal or at the rise. The 
trigger is at the fall of the trigger signal when bit 3 is "O'' 

and at the rise of the trigger signal when it is "1 ". Software 
trigger is generated by setting the bit in the one-shot start 

flag corresponding to each timer. Figure 21 shows the bit 
configuration of the one-shot start flag. Bit 7 of the one-shot 
start flag must always be "O". 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 000016, the TAiouT pin 
goes "H" when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001 16. The TAiouT pin goes "L" 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Aj interrupt control register is set. This is repe
ated each time a trigger signal is received. The output 

pulse width is 

(pulse frequency o/the selected clock) 
X (counter's value at the time of trigger). 

If the count start flag is "O", TAiouT goes "L". Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Aj before setting the timer Aj count start 
flag. 
As shown in Figure 23, a trigger signal can be received be
fore the operation for the previous trigger signal is com

pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. Except when retriggering while operating, 
the contents of the reload register is not transferred to the 
counter by triggering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Aj while it is not operating, it 
is also written to the reload register and the counter. 
When data is written to timer Aj while it is operating, the 
data is written to the reload register, but not to the counter. 
The counter is reloaded with new data from the reload reg
ister at the next reload time. 
Undefined data is read, when timer Aj is read. 
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(
Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 

Address 

58,.J 
59,. 
5A16 

1 O : Always "1 O" in one-shot pulse mode 

: Always "1" in one-shot pulse mode 

~--- 0 X : Software trigger 
1 0 : Trigger at the falling edge of TAiiN input 
1 1 : Trigger at the rising edge of TAi1N input 

0 : Always "O" in one-shot pulse mode 

~------- Clock source selection 

0 0 : Select f2 
0 1 : Select f16 
1 0 : Select f64 
1 1 : Select fs12 

Fig.20 Timer Aj mode register bit configuration during 
one-shot pulse mode 

7654321 0 Address 

IXIXIX J_ l J>S.[x One-shot start flag 42,. 

'------- Timer A2 one-shot start flag 

Timer A3 one-shot start flag 

Timer A4 one-shot start flag 

Fig.21 One-shot start flag bit configuration 

• MITSUBISHI 
.... ELECTRIC 2-205 



Selected clock 
source fi 

TAi1N 
(in case of the 
rising edge) 

TAiouT 

_j 
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.______.n'------

Example when the contents of the reload register is 00031s 

Flg.22 Pulse output example when external rising edge Is selected 

Selected clock 
source fi 

TAi1N 
(in case of the 
rising edge) 

TAiouT 

Example when the contents of the reload register is 000416 

Fig.23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode [11] 
Figure 24 shows the bit configuration of the timer Aj mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to "1". 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula
tor. 16-bit length pulse width modulator is performed when 
bit 5 is "O" and 8-bit length pulse width modulator is per
formed when it is "1 ". The 16-bit length pulse width mod
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAj1N pin (external 
trigger). 

The software trigger mode is selected when bit 4 is "O". 
Pulse width modulator is started and pulse is output from 
TAiouT when the timer Aj start flag is set to "1 ". 
The external trigger mode is selected when bit 4 is "1". 

Pulse width modulator starts when a trigger signal is input 
from the TAj 1N pin when the timer Aj start flag is "1". 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is "O" and at the rise when it is "1". 

When data is written to timer Aj with the pulse width mod
ulator while it is not operating, it is written to the reload 
register and the counter. 
Then when the timer Aj start flag is set to "1" and a soft
ware trigger or an external trigger is issued to start modula
tion, the waveform shown in Figure 25 is output continuous
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration "H" of 

pulse is 
1 

~--------~x m. 
selected clock frequency 

and the output pulse period is 
1 

--------~X(216-1 ). 
selected clock frequency 

An interrupt request signal is generated and the interrupt 
request bit in the timer Aj interrupt control register is set at 

each fall of the output pulse. 
The width of the output pulse is changed by updating timer 

data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. The data is written to the reload regis
ter, but not to the counter. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 

pulse width is changed from the next output pulse. 
Undefined data is read, when timer Aj is read. 
The 8-bit length pulse width modulator is described next. 

The 8-bit length pulse width modulator is selected when 
the timer Aj mode register bit 5 is "1". 

The reload register and the counter are both divided into 8-
bit halves. 
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The low order 8 bits function as a prescaler and the high 
order 8 bits function as the 8-bit length pulse width modula
tor. The prescaler counts the clock selected by bits 6 and 

7. A pulse is generated when the counter reaches 000016 

as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 

76543210 

L...lJ J...lJ till!I 

U, 

[
Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 

Address 

58,. 'j 
59,. 
5A1o 

1 : Always "11" in pulse width modulation mode 

1 : Always "1" in pulse width modulation mode 

~---o X: Software trigger 

1 0 : Trigger at the falling of TAi1N input 
1 1 : Trigger at the rising of TAi1N input 

0 : 16-bit pulse width modulator 
1 : 8-bit pulse width modulator 

~---- Clock source selection bit 

0 0 : Select f2 

0 1 : Select f16 

1 0 : Select f64 

1 1 : Select fs12 

Fig.24 Timer Aj mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, 
the period of the generated pulse is 

1 
--------X(n+1). 
selected clock frequency 

The high order 8-bit function as an 8-bit length pulse width 
modulator using this pulse as input. The operation is the 
same as for 16-bit length pulse width modulator except that 
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the length is 8 bits. If the high order 8-bit of the reload reg
ister is m, the duration "H" of pulse is 

1 
--------X(n+1)Xm. 
selected clock frequency 

And the output pulse period is 
1 . 

--------X(n+1 )X(28-1 ). 
selected clock frequency 

1/fi x (216-1) 

Selected clock 
source f; 

TAj,N 
(In case of the 
rising edge) 

TAiouT 

1/li X (m) 
I" 

.-., 
I I 
I I 

_.J I 

I 

} This trigger Is not accepted 

I ,., 

.. , f1Ju1rulrul I I 
I I 
I L-

i 
I 
I 
I 
I 
I 

j 

Example when the contents of the reload register Is 000316 

Fig.25 16-bit length pulse width modulator output pulse example 

Selected clock 
source Ii 

TAi1N 
(in case of the 
falling edge) 

Prescaler output 
(when n=2) 

8-bit length pulse 
width modulator 
output 
(when m=2) 

11 
1 I 
1 I 

1/11 X (n+1) X (28-1) 

I 

-1flJlJlJ1Jtmtnn 
1 I 

t._ ____ ..1..-_-+:.:..!------- --------~----
I 
I 

1 11 
~11/f;X(n+1) 

I 
I I"' ""11/fi X (n+1) X (m) 

I 
I 

-----~~ 

,__ ______ - - - - - - ___ .... L 

Fig.26 8-blt length pulse width modulator output pulse example 
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TIMER B 
Figure 27 shows a block diagram of timer B. 
Timer B has three modes; timer mode, event counter mode, and 
pulse period measuremenVpulse width measurement mode. The 
mode is selected with bits 0 and 1 of the timer Bi mode 
register (i = O to 2). Each of these modes is described 

below. 

(1) Timer mode [00] 
Figure 28 shows the bit configuration of the timer Bi mode 

register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be "O" in timer mode. 
Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is "1 " and stops when "O". 

•Timer 
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As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 

decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 000016. At the same time, the contents of 

the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi while it is not operating, it 
is written to the reload register and the counter. When data 
is written to timer Bi while it is operating, the data is written 
to the reload register, but not to the counter. The counter is 
reloaded with new data from the reload register at the next 
reload time. 
The contents of the counter can be read at any time. As 
timer B2 does not have the TB1N pin, be sure to use the 
timer mode. 

Clock source selection 

f, ----0 • Pulse period measurement/ 
Reload register(16) 

f pulse width measurement 
16---0 " 

'o~· -----------o 
f54---{) 

f512--0 

TBi1N 
(j=O, 1) 

Polarity selection Event counter 
and edge pulse 1--.----c 

generator 

Fig.27 Timer B block diagram 

Count start flag 

(Address 4016 ) 

Counter reset 
circuit 

• MITSUBISHI 
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Counter(16) Address 

Timer BO 51 16 5016 

Timer B1 531s 5216 

Timer B2 5516 5416 
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(2) Event counter mode [01] 
Figure 29 shows the bit configuration of the timer Bj (j = 0, 
1 ) mode register during event counter mode. In event 

counter mode, the bit 0 in the tiimer Bj mode register must 
be "1" and bit 1 must be "O''. The input signal from the 
TBj,N pin is counted when the count start flag is "1" and 

counting is stopped when it is "O". 
Count is performed at the fall of the input signal when bits 
2 and 3 are "O", and at the rise of the input signal when bit 
3 is "O" and bit 2 is "1". 
When bit 3 is "1" and bit 2 is "O", count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 

the same way as for timer mode. 

(3) Pulse period measurement/pulse width 
measurement mode [10] 

Figure 30 shows the bit configuration of the timer Bj mode 

register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit O must be "O" and bit 1 must be "1". Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is "1" and counting stops 

when it is "0". 
The pulse period measurement mode is selected when bit 
3 is "O''. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the. TBiiN pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 

the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is "O'', the clock is counted from the fall of the 

input signal to the next fall. When bit 2 is "1 '', the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBj1N pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in
put signal to the next fall is measured in this way. 

2-210 
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[ 
Timer BO mode register 
Timer B1 mode register 
Timer B2 mode register 

Address 

5B,. J sc,. 
so,. 

0 0 : Always "00" in timer mode 

XX : Not used in timer mode and 
may be any 

X : Not used in timer mode 

Clock source selection 

0 0 : Select f2 

0 1 : Select f16 

1 0 : Select f64 

1 1 : Select f512 

Fig.28 Timer Bi mode register bit configuration during 

timer mode 

0 
[ 

Timer BO mode register 
Timer B1 mode register 

Address 

5B,. J 
sc,. 

0 1 : Always "01" in event counter 
mode 

~---0 0 : Count at the falling edge of 
inpui signal 

0 1 : Count at the rising edge of input 
· signal 

1 0 : Count at the both falling edge 
and rising edge of input signal 

'--~'-------XXX: Not used in event counter 
mode 

Fig.29 Timer Bj mode register bit configuration during 
event counter mode 

Address 

[ 
Timer BO mode register 5B16 J 
Timer B1 mode register 5C16 

1 0 : Always "10" in pulse period measure
ment/pulse width measurement mode 

'-'---0 0 : Count from the falling edge of input 
signal to the next falling one 

0 1 : Count from the rising edge of input 
signal to the next rising one 

1 0 : Count from the falling edge of input 
signal to the next rising one and from 
the rising edge to the next falling one 

-----Timer Bj overflow flag 

'-'------Clock source selection 

0 0 : Select f2 

0 1 : Select f16 

1 0 : Select f64 

1 1 : Select f512 

Fig.30 Timer Bj mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 



After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bj interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to "1". 
When bit 3 is "1 ", the pulse width measurement mode is 

selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that clock is 
counted from the fall of the TBiiN pin input signal to the next 
rise or from the rise of the input signal to the next fall as 

Selected clock source f; 
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shown in Figure 32. 
When timer Bj is read, the contents of the reload register is 

read. 
Note that in this mode, the interval between the fall of the 
TBj 1N pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 

source. 
Timer Bi overflow flag which is bit 5 of timer Bi mode regis
ter is set to "1" when the timer Bi counter reach 000016 . 

This flag is cleared by writing to corresponding timer Bi 

mode register. 

I I 
I I I 

TBj,N .-------.I I I 
f..._ __ _, t: : ti.+-:....___ 

Reload register - counter 

Counter - 0 

Count start flag 

Interrupt request signal 

I I I 
I I I 

-----'HP----tL 
I I 
I I 

--~h fL 
I 
I 
I u--

Fig.31 Pulse period measurement mode operation 

(example of measuring the interval between the falling edge to next falling one) 

Selected clock source fj 

I 
I I 

TBj,N ,...1--...----.' l f11: t1 f ~---~I I ,.:_,_ ___ _ 

I I I 

Reload register - counter 

Counter - O 

Count start flag 

Interrupt request signal 

Fig.32 Pulse width measurement mode operation 
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SERIAL 1/0 PORTS 
Two independent serial 1/0 ports are provided. 
Figure 33 shows a block diagram of the serial 1/0 ports. 
Bits 0, 1. and 2 of the UARTi ( i = 0, 1) Transmit/Receive 
mode register shown in Figure 34 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial 1/0 port, or asynchronous (UART) serial 1/0 port us-

Clock source selection Bit rate register 
t2 --o UARTO(Address 31 16) 

116 UART1 (Address 3916) 

-o ~ Internal 
fs4 -o ...,. LQ 11 n+1J 

Divider 

CLKi 
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ing start and stop bits. 
Figures 35 and 36 show connections of receiver/transmitter 

according to the mode. 
Figure 37 shows the bit configuration of the UARTi transmit/ 
receive control register. 
Each communication method is described below. 

CTSi/RTSi 
Q1--~--~~~~~~~~~~--J 

Flg.33 Serial 1/0 port block diagram 

76543210 ·Address 
UARTO Transmit/Receive mode register 3016~ 
UART1 Transmit/Receive mode register 3816) 

Serial communication method selection bit 

ll Lill I IJ( 
U_L 

0 0 0 : Parallel port 
0 0 1 : Clock synchronous 
1 0 0 : 7-bit UART 
1 0 1 : 8-bit UART 
1 1 0 : 9-bit UART 

Internal clock/External clock selection bit 
0 : Internal clock 
1 : External clock 

Stop bit length selection bit 
0 : 1 stop bit 
1 : 2 stop bits 

Even/Odd parity selection bit 
0 : Odd parity 
1 : Even parity 

Parity enable selection bit 
0 : No parity · 
1 : With parity 

Sleep selection bit 
0 : No sleep 
1 : Sleep 

Fig.34 UARTi Transmit/Receive mode register bit 
configuration 
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tabus odd 

Data bus ven 

.--0-...... - 0-....--0-.,....--.,...--,...---.----.--- r--.,.---,..--.....,--_.,..__ ...... --...,...--...... ---. Receive buff· 

._ __ ._ _ __. __ _.. __ _.. __ _._ __ ..._ __ _._.....,__, ................. -.,.... ..... -,_ ..... ...,_..__..,._._...,.._._...,..__._...,.._.er register 

Receive 
register 

Fig.35 Receiver block diagram 

"O" 

1 stop bit 

Data bus(o<td} 

Data bu$( even) 

Transmission 
~ ...... "!"".,,....,..--'--r-_._-r-"'-..,--'-...,...--''-....--'-..,.:.-' buffer register 

Flg.36 Transmitter block diagram 

Address 

( UARTO transmit/receive control register 0 3416 ) 
UART1 transmit/receive control register 0 3C16 

Clock source selection 
O 0 : Select 12 

0 1 : Select 116 
1 0 : Select 164 
1 1 : Select !512 

~----cTS, RTS selection bit 

0 : Select CTS 
1 : Select RTS 

'------Transmission register empty flag 

7 6 5 4 3 Address 

SUM PER FER OER RI ( UARTO transmit/receive control register 1 3510) 
UART1 transmit/receive control register 1 3D16 

Transmit enable flag 

Transmit buffer emp.ty flag 

~----Receive enable flag 

'------Receive completion flag 

~------Overrun error flag 

~-------- Framing error flag 

~---------Parity error flag 

'------------Error sum flag 

Fig.37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 
A case where communication is performed between two 
clock synchronous serial 1/0 ports as shows in Figure 38 
will be described. (The transmission side will be denoted 

by subscript j and the receiving side will be denoted by 
subscript k.) 
Bit 0 of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must· be set to "1" 
and bits 1 and 2 must be "O". The length of the transmission 

data is fixed at 8 bits. 
Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to "O" to select the internal 

clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to "1" to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 

mode. Bit 7 must always be "0". 
The clock source is selected by bit 0 ( CS0 ) and bit 1 
( CS1 ) of the clock sending side UARTj transmit/receive 

control register 0. As shown in Figure 33, the selected 
clock is divided by ( n + 1) , then by 2, passed through a 
transmission control circuit, and output as transmission 

clock CLKj. Therefore, when the selected clock is fi, 
Bit Rate=fi/ l(n+1 )X2) 

On the clock receiving side, the CS0 and CS1 bits of the 
UARTk transmit/receive control register 0 are ignored be
cause an external clock is selected. 
The bit 2 of the clock sending side UARTj transmit/receive 
control register 0 is clear to "O" to select CTSj input. The 
bit 2 of the clock receiving side is set to "1" to select RTSk 

output. CTS, and RTS signals are described later. 

Transmission 
Transmission is started when the bit O (TEj flag) of UARTj 
transmit/receive control register 1 is "1", bit 1 (Tlj flag) of 

one is "O", and CTSj input is "L". As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from "H" to "L". The data is output from the least 

significant bit. 
The Tlj flag indicates whether the transmission buffer regis
ter is empty or not. It is cleared to "O" when data is written 
in the transmission buffer register and set to "1" when the 
contents of the transmission buffer register is transferred to 
the transmission register. 
When the transmission register becomes empty after the 

contents has been transmitted, data is transferred automati
cally from the transmission buffer register to the transmis
sion register if the next transmission start condition is satis
fied. If the bit 2 of UARTj transmit/receive control register 0 
is "1 ", CTSj input is ignored and transmission start is con
trolled only by the TEj flag and Tlj flag. Once transmission 

has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored unit data transmission completes. Therefore, trans
mission is not interrupt when CTSj input is changed to "H" 

2-214 
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during transmission. 
The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the T ENDi signal shown in 
Figure 39 is "H". Therefore, data can be transmitted con
tinuously if the next transmission data is written in the trans

mission buffer register and Tlj flag is cleared to "O" before 

the T ENDi signal goes "H". 
The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 

register O changes to "1" at the next cycle after the TENoi 
signal goes "H" and changes to "O" when transmission 
starts. Therefore, this flag can be used to determine 

whether data transmission has completed. 
When the Tlj flag changes from "O" to "1", the interrupt re
quest bit in the UARTj transmission interrupt control regis

ter is set to "1". 

Receive 
Receive starts when the bit 2 ( REk flag) of UARTk trans
mit/receive control register 1 is set to "1". 

The RTSk output is "H" when the REk flag is "O" and goes 
"L" when the REk flag changed to "1". It goes back to "H" 

when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is "L". 
The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans
mission clock CLKj changes from "L" to "H". When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rik 

flag) of UARTk transmit/receive control register 1 is set to 
"1". In other words, the setting of the Rik flag indicates that 
the receive buffer register contains the received data. At 

this point, RTSk output goes "L" to indicate that the next 
data can be received. When the Rik. flag changes from "O" 
to "1", the interrupt request bit in the UARTk receive inter
rupt control register is set to "1". Bit 4 ( OERk flag) of 
UARTk transmit/receive control register is set to "1" when 
the next data is transferred from the receive register to the 
receive buffer register while Rik flag is "1'', and indicates 
that the next data was transferred to the receive register 

before the contents of the receive buffer register was read. 
Rik and OERk flags are cleared automatically to "O" when 
the loworder byte of the receive buffer register is read. The 

OERk flag is also cleared when the REk flag is cleared. Bit 
5 (FERk flag), bit 6 (PERk flag), and bit 7 (SUMk flag) are 
ignored in clock synchronous mode. 
As shown in Figure 33, with clock synchronous serial com
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper

ating even when there is no data to be sent from UARTk to 

UARTj. 



MITSUBISHI MICROCOMPUTERS 

M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 

UARTj transmission register UARTk transmission register 

UARTj transmission buffer register UARTk transmission buffer register 

UARTj receive buffer register UARTk receive buffer register 

UARTj receive register UARTk receive register 

UARTj transmit/receive mode register UARTk transmit/receive mode register 

lolxlxlxlo jolxlxlxl1 !0Jo]1j 
CLKj 

UARTj transmit/receive control register O UARTk transmit/receive control register 0 

NXIXIXl.:~10 lcs,lcSol IXC><l><I><l,Jtv I 1 I x I x I 
CTSj 

UARTj transmit/receive control register 1 UARTk transmit/receive control register 1 

jsuMI PER I FER loERI RI I RE I Tl I TE I jsuMIPE+ER loER J RI ] RE J n I TE I 

Fig.38 Clock synchronous serial communication 

TEj 

Tlj 

Write in transmission buffer register- Transmission register-Transmission buffer register 

~ ... ----
CTSj 

CLKj 

TeNoj 

Fig.39 Clock synchronous serial 1/0 timing 
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ASYNCHRONOUS SERIAL 
COMMUNICATION 
Asynchronous serial communication can be performed us

ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is "1 ", the bit 1 is "O'', and 
the bit 2 is "1". 
Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is "O", an internal clock is selected and if bit 3 
is. "1 ", then external clock is selected. If an internal clock is 
selected, the bit 0 ( CS0 ) and bit 1 ( CS1 ) of UARTi trans
mit/receive control register O are used to select the clock 

source. When an internal clock is selected for asynchro
nous serial communication, the CLKi pin can be used as a 

~ (1/1; or 1/lm)X(n+1 )X16 

TE; 

Tl; 
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normal 1/0 pin. 
The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 
Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 

fEXT• 

Bit Rate=(fi or fEXT)/ l(n+1 )X16I 
Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selectiion bit of odd parity or even parity. 
In the odd parity mode, the parity bit is adjusted so that the 

sum of the 1 's in the data and parity bit is always odd. 
In the even parity mode, the parity bit is adjusted so that 
the sum of the 1 's in the data and parity bit is always even. 

Write in transmission buffer register Transmission register-Transmission buffer register 

TeNoi 

Start bit Parity bit Stop bit Stopped because TE;="O" 

TxD; SP 

TxEPTY; ----,~~~~~~~~~_.n~~~~~~~~~-' 
Fig.40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 

TE; 

Tl; 

Write in transmission buffer register 

TeNoi 

TxD; 

TxEPTY; 

Fig.41 
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Bit 6 is parity bit selection bit which indicates whether to 

add parity bit or not. 
Bits 4 to 6 should be set or reset according to the data for

mat of the communicating devices. 
Bit 7 is the sleep selection bit. The sleep mode is de

scribed later. 
The UARTi transmit/receive control register 0 bit 2 is used 

to determine whether to use CTSi input or RTSi output. 
CTSi input used if bit 2 is "O" and RTSi output is used if bit 
2 is "1". 
If CTSi input is selected, the user can control whether to 

stop or start transmission by external CTSi input. RTSi will 

be described later. 

Transmission 
Transmission is started when the bit 0 (TEi flag) of UARTi 
transmit/receive control register 1 is "1", the bit 1 (Tli flag) 
is "O", and CTSi input is "L" if CTSi input is selected. As 

shown in Figure 40 and 41, data is output from the TXDi pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTi transmit/receive mode register. The data is output 

from the least significant bit. 
The Tli flag indicates whether the transmission buffer is 
empty or not. It is cleared to "O" when data is written in the 
transmission buffer and set to "1" when the contents of the 
transmission buffer register is transferred to the transmis

sion register. 
When the transmission register becomes empty after the 

contents has been transmitted, data is transferred automati
cally from the transmission buffer register to the transmis
sion register if the next transmission start condition is satis

fied. 

RE; 
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Once transmission has started, the TEi flag, Tli flag, and 
CTSi signal (if CTSi input is selected) are ignored until 
data transmission is completed. 
Therefore, transmission does not stop until it completes 
even if the TEi flag is cleared during transmission. 
The transmission start condition indicated by TEi flag, Tli 
flag, and CTSi is checked while the TEN Di signal shown in 
Figure 40 is "H". Therefore, data can be transmitted con
tinuously if the next transmission data is written in the trans
mission buffer register and Tli flag is cleared to 0 before 

the TENoi signal goes "H". 
The bit 3 (TxEPTYi flag) of UARTi transmit/receive control 

register 0 changes to "1" at the next cycle after the T ENDi 
signal goes "H" and changes to "O" when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission is completed. 
When the Tli flag changes from "O" to "1", the interrupt re
quest bit in the UARTi transmission interrupt control regis
ter is set to "1". 

Receive 
Receive is enabled when the bit 2 (REi flag) of UARTi 

transmit/receive control register 1 is set. As shown in Fi
gure 42, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re

ceived. 

Stop bit 

,__ ____ s_ta ... rt ... b_it ___ _,, ___ 0 .... 0_..,_ ___ __,. __ ~== :o:z 
Starting al the falling Check to be "L" level Get data 

Receive clock 
dge of start bit1. ...._ ___ _ ----, ___ _ 

RI; 

RTS; 

Fig.42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTSi output is selected by setting the bit 2 of UARTi 
transmit/receive control register 0 to "1'', the RTSi output is 
"H" when the REi flag is "O''. When the REi flag changes to 

"1", the RTSi output goes "L" to indicate receive ready and 
returns to "H" once receive has started. In other words, 
RTSi output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTi transmit/receive control register 1 is set. In other 
words, the Rli flag indicates that the receive buffer register 

contains data when it is set. If RTSi output is selected, RTSi 
output goes "L" to indicate that the register is ready to re
ceive the next data. 
The interrupt request bit in the UARTi receive interrupt 

control register is set when the RI i flag changes from "O" to 
"1". 

The bit 4 ( OERi flag) of UARTi transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rli flag is 
"1 ". In other words when an overrun error occurs. If the 
OERi flag is "1", it indicates that the next data has been 
transferred to the receive buffer register before the con

tents of the receive buffer register has been read. Bit 5 
( FERi flag) is set when the number of stop bits is less than 
required (framing error). 
Bit 6 ( PERi flag) is set when a parity error occurs. 

Bit 7 (SUMi flag) is set when either the OERi flag, FERi 
flag, or the PERi flag is set. Therefore, the SUMi flag can 
be used to determine whether there is an error. 
The setting of the Rli flag, OERi flag, FERi flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rli, 

OERi, FERi, and SUMi flags are cleared when the low 
order byte of the receive buffer register is read or when 
the REi flag is cleared. 

Sleep mode 
The sleep mode is used to communicate only between cer
tain microcomputers when multiple microcomputers are 
connected through serial 1/0. 

The sleep mode is entered when the bit 7 of UARTi trans
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 
When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asynchronous communication) of the received data is 

"0". Also the Rli, OERi, FERi, and the SUMi flag are un
changed. Therefore, the interrupt request bit of the UARTi 
receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re
ceived data is "1 ". 
The following is an example of how the sleep mode can be 

used. 
The main microcomputer first sends data with bit 7 set to 
"1" and bits O to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 

subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data with 
software, clears the sleep bit if bits 0 to 6 are its own 
address and sets the sleep bit if not. Next the main micro
computer sends data with bit 7 cleared. Then the micro
computer with the sleep bit cleared will receive the data, 
but the microcomputer with the sleep bit set will not. In this 

way, the main microcomputer is able to communicate with 
only the designated microcomputer. 
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A-D CONVERTER 
The A-D converter is an 8-bit successive approximation 

converter. 

Figure 43 shows a block diagram of the A-D converter and 
Figure 44 shows the bit configuration of the A-D control 

register. The frequency of the A-D converter operating 

clock ¢AD is selected by the bit 7 of the A-D control regis

ter. When bit 7 is "O", ¢AD is the clock frequency divided by 

8. That is ¢AD=f(X,N)/8. When bit 7 is "1", ¢AD is the clock 

frequency divided by 4 and ¢AD is=f(X,N)/4. The ¢AD dur

ing A-D conversion must be 250KHz minimum because the 

comparator consists of a capacity coupling amplifier. 

The operating mode is selected by the bits 3 and 4 of A-D 

control register. The available operating modes are one

shot, repeat, single sweep, and repeat sweep. 
The bit of data direction register bit corresponding to the 

A-D converter pin must be "O" (input mode) because the 

analog input port is shared with port P7. 

The operation of each mode is described below. 

76543210 

[JIIIIIIJ 
1II 

Address 

A-D control register 1 E,. 

Analog input selection bit 
o O ·o_ : Select AN0 

0 0 1 : Select AN, 
0 1 0 : Select AN 2 

O 1 1 : Select AN 3 

1 0 0 : Select AN4 

1 0 1 : Select AN 5 

1 1 0 : Select AN6 

1 1 1 : Select AN 7 

A-D operation mode selection bit 

0 0 : One-shot mode 
0 1 : Repeat mode 
1 0 : Single sweep mode 
1 1 : Repeat sweep mode 

Trigger selection bit 
0 : Sofware trigger 

1 : ADTRG input trigger 
A-D convetsion start flag 

0 : Stop A-D conversion 
1 : Start A-D conversion 

Frequency selection flag 
0 : Select f(X1N)/8 

. 1 : Select f(X,N)/4 

Fig.44 A-D control register bit configuration 

0----l 
Ladder network 

AYss ~ 
11111111 
lll lll 

oximation registe1 

Address 

Successive appr 

A-D register O (20, 6 ) 

A-D register 1 (2~ 
A-D register 2 (2416) 

A-D register 3126,6 ) 

A-D register 4 ( 28,J 
A-D register 5 (2A16 ) 

A-D register 6 (2C16) 

A-D register 7 J.2E1i;[ 

~ 
JI 

__2..Dllta bus\ even) j 

0 '-' 

1 

20 
3l)-

•U-
5 u-
6 

AN 

AN 

AN 

AN 

AN 

AN 

AN 

AN 7 0--
ADTRG 

Fig.43 A-D converter block diagram 

Yref 

ll 
A-D control registerI J J 

(Address 1~ 

Decoder 

~ 

0 'o-----< 
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)~ 

~~ 
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(1) One-shot mode [00] 
The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a. 
software trigger or by an external trigger. 
A software trigger is selected when the bit 5 of A-D control 
register is "O" and an external trigger is selected when it is 

"1". 
When a software trigger is selected, A-D conversion is 

started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 1> AD cycles and an interrupt re
quest bit is set in the A-D conversion interrupt control reg

ister. At the same time, A-D control register bit 6 (A-D con
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor
responding to the selected pin. 
If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADrnG in
put changes from "H" to "L". In this case, the pins that can 

be used for A-D conversion are AN0 to AN6 because the 
ADrnG pin is shared with the analog voltage input pin AN7. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode [01] 
The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 

register, conversion dose not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 

not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10] 
In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and O of the A-D sweep pin selection register 
(address 1 F16 ) shown in Figure 45. Two pins, four pins, six 

pins, or eight pins can be selected as analog input pins, 
depending on the contents of these bits. 
A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of AN0 pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 
A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is "O" and an external trigger is selected when it 
is "1". 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 ( A-D conversion 
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start flag) is set. When A-D conversion of all selected pins 

end, an interrupt bit is set In the A-D conversion interrupt 
control register. At the same time, A-D control register bit 6 
(A-D conversion start flag) is cleared and A-D conversion 
stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is "1" and the ADrnG in
put changes from "H" to "L". In this case, the A-D conver

sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrnG pin is shared with AN7 pin. 
The operation is the same as done by software trigger ex

cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode [11] 
The difference with the single sweep mode is that A-D 
conversion dose not stop after converting from the AN0 pin 

to the selected pins, but repeats again from the AN0 pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig

ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 

65432 0 

IXIXMVl\7K/1 D ~-D sweep pin Address 
____ ..,k6V\V'>V\l_._...__...__.......,_Ll_,.... selection register 1 F10 

0 0 : ANo, AN, (2 pins) 
0 1 : AN0-AN3 (4 pins) 
1 0 : AN0-AN5 (6 pins) 
1 1 : AN0-AN7 (8 pins) 

Fig.45 A-0 sweep pin selection register configuration 

2-220 • MITSUBISHI 
... B..ECTRIC 



OMA CONTROLLER 
The DMA (direct memory access) controller is a 4-channel 
controller that is provided to carry out data transfer from 
memory to memory, memory to 110, or 1/0 to memory at 
high speed without using the CPU. 
Figure 46 shows the DMA controller block diagram. Figure 

47 shows the DMA control related register memory map. 
Figure 48 shows the DMAC control register bit configura
tion. 
The DMAC control register consists of 16 bits. Bit O is a 
priority selection bit and bit 1 is a terminal count TC pin 
validity bit. Bits 4 through 7 are DMA request flags. These 
bits can be read to determine whether DMA requests occur 
on individual channels. Bits 8 through 11 are software DMA 
request bits, and used to be occured the DMA request by 
software. Bits 12 through 15 are DMA permission bits. The 

Transfer counter register TCRO/transfer block counter TBCO 

Transfer counter register TCR1/transfer block counter TBC1 

Transfer counter register TCR2ftransfer block counter TBC2 

Transfer counter register TCR3/transfer block counter TBC3 

Fig.46 DMA controller block diagram 
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DMA request is accepted only when the DMA permission 
bits are "1 ". All these bits default to O upon resetting. 
Figure 49 shows the DMAi control register ( i = 0 to 3) bit 
configuration. Each channel of the DMAi control register 
consists of 8 bits. Bits 0 through 3 are used for DMA re
quest source selection. 
Bit 4 determines whether the edge or level sensing func
tion is to be used for selecting the source of the request 

from the DMA request input DMAREQi pin. Bit 5 is a DMA 
acknowledge output DMAACKi pin validity bit. When this 
bit is "O", the DMAACKi pin is invalid. When the bit is "1", 
on the other hand, the pin is valid. 

Figure 50 shows the DMAi mode register bit configuration. 
Each channel of the DMAi mode register ( i = 0 to 3) con
sists of 16 bits. Further details are given below. 

lncrementer/decrementer 

Source address register SARO/transfer parameter register TPRO 

Destination address register DARO. 

Source address register SAA1/transfer parameter register TPR1 

Destination address register DAR1 

Source address register SAR2/transfer parameter register TPR2 

Destination address register DAR2 

Source address register SAR3/transfer parameter register TPR3 

Destination address register DAR3 
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Address(Hexadecirm_a_1_n_o_1a_ti_o_n_) ___________ _, 

Fig.47 

2-222 

000068 

000069 

001FCO 

001FC1 

001FC2 

001FC3 

001FC4 

001FC5 

001FC6 

001FC7 

001FC8 

001FC9 

001FCA 

001FCB 

001FCC 

001FCD 

001FCE 

001FCF 

001FDO 

001FD1 

001FD2 

001FD3 

001FD4 

001FD5 

001FD6 

001FD7 

001FD8 

001FD9 

001FDA 

001FDB 

001FDC 

001FDD 

001FDE 

001FDF 

DMAC control register L 

DMAC control register H 

Source address register 0 L 

Source address register 0 M 

Source address register 0 H 

Destination address register o 

Destination address register 0 

Destination address register 0 

Transfer counter register 0 L 

Transfer counter register 0 M 

Transfer counter register O H 

DMAO mode register L 

DMAO mode register H 

DMAO control register 

Source address register 1 L 

Source address register 1 M 

Source address register 1 H 

Destination address register 1 

Destination address register 1 

Destination address register 1 

Transfer counter register 1 L 

Transfer counter register 1 M 

Transfer counter register 1 H 

DMA 1 mode register L 

DMA1 mode register H 

DMA 1 control register 

OMA controller related register map 

L 

M 

H 

L 

M 

H 

Address(Hexadecimal notation) 

001FEO 

001FE1 

001FE2 

001FE3 

001FE4 

001FE5 

001FE6 

001FE7 

001FE8 

001FE9 

001FEA 

001FEB 

001FEC 

001FED 

001FEE 

001FEF 

001FFO 

001FF1 

001FF2 

001FF3 

001FF4 

001 FF5 

001FF6 

001 FF? 

001FF8 

001FF9 

001FFA 

001FFB 

001FFC 

001FFD 

001FFE 

001FFF 
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Source address register 2 L 

Source address register 2 M 

Source address register 2 H 

Destination address register 2 

Destination address register 2 

Destination address register 2 

Transfer counter register 2 L 

Transfer counter register 2 M 

Transfer counter register 2 H 

DMA2 mode register L 

DMA2 mode register H 

DMA2 control register 

Source address' register 3 L 

Source address register 3 M 

Source address register 3 H 

Destination address register 3 

Destination address register 3 

Destination address register 3 

Transfer counter register 3 L 

Transfer counter register 3 M 

Transfer counter register 3 H 

DMA3 mode register L 

DMA3 mode register H 

DMA3 control register 

L 

M 

H 

L 

M 

H 



15 14 13 12 11 10 
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OMAC control register H, L(addresses 69,., 68, 6 ) 

Priority selection bit 
0 : Fixed 
1 : Rotative 

Terminal count pin validity bit 
0 : Invalid. P103 is a normal 1/0 port 
1 : Valid. P103 functions as the TC pin 

OMA request flag 
O : No request 
1 : Request 
Bit 4: Channel 0 

Bit 5: Channel 1 
Bit 6: Channel 2 
Bit 7: Channel 3 

~~-~~--------------Software OMA request bit 
The OMA request is generated when software OMA source is 
selected, and the value "1" is written into this bit 

Bit 8 : Channel O 
Bit 9 : Channel 1 
Bit 10 : Channel 2 
Bit 11 : Channel 3 

~~-~-~--------------------OMA permission bit 

0 : Prohibited. 

Fig.48 DMAC control! register bit configuration 

1 : Permitted. 
Bit 12 : Channel 0 
Bit 13 : Channel 1 
Bit 14 : Channel 2 

Bit 15 : Channel 3 

Address 

[
OMAO control register(address 1.FCE16 )] 

OMA 1 control register( address 1 FOE16) 

OMA2 control register( address 1 FEE16 ) 

DMA3 control register( address 1 FFE16 ) 

~-~-~-~--- OMA request source selection bit 

0 0 0 0 : Prohibited. 
0 0 0 1 : External source(OMAREQi). 
0 0 1 0 : Software OMA source. 
0 0 1 1 : Timer AO 
0 1 0 0 : Timer A 1 
0 1 0 1 : Timer A2 
0 1 1 0 : Timer A3 
0 1 1 1 : Timer A4 

~----------- Edge sense/level sense selection bit 

0 : Edge sense 

1 : level sense 
~------------- OMAACKi validity bit 

Fig.49 DMAi control! register bit configuration 

0 : Invalid 
1 : Valid 

• MITSUBISHI 
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1 0 0 0 : Timer BO 

1 0 0 1 : TimerB1 

1 0 1 0 : Timer B2 

1 0 1 1 : UARTO receive 

1 1 0 0 : UARTO transmit 

1 1 0 1 : UART1 receive 

1 1 1 0 : UART1 transmit 
1 1 1 1 : A-D conversion 
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Fig.50 DMAi mode register bit configuration 
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Address 

( 

DMAO mode register H, L 1 FCD16, 1 FCC16] 

DMA1 mode register H, L 1FDD, •• 1FDc,. 
DMA2 mode register H, L 1 FED16, 1 FEC16 

DMA3 mode register H, L 1 FFD16, 1 FFC16 

Number-of-unit-transfer-bits selection bit 
0 : 16 bits 

1 : 8 bits 

Transfer method selection bit 
0 : 2 bus cycle transfer 
1 : 1 bus cycle transfer 

Transfer mode selection bit 
0 : Burst 
1 : Cycle stealing 

(Spare) 
Fix to "O" 

Transfer source address change direction selection bit 
0 0 : Fixed 
0 1 : Forward 
1 0 : Backward 
1 1 : Prohibited 

Transfer destination address change direction selection bit 
0 0 : Fix_ed 
0 1 : Forward 
1 0 : Backward 
1 1 : Prohibited 

Transfer direction selection bit( 1 bus cycle transfer method) 

0 : From memory to 1/0 
1 : From 1/0 to memory 

Always "O" at 2 bus cycle transfer 

1/0 connection selection bil(1 bus cycle transfer method) 

0 : Data bus low order 
1 : Data bus high order 

(Spare) 
Fix to "O" 

Transfer source wait bit(DMA transfer method) 

0: Wait 
1 : No wait 

Transfer destination wait bit(DMA transfer method) 

0: Wait 
1 : No wait 

Continuous transfer mode selection bit 

0 0 : Normal transfer 
0 1 : Repeat transfer 
1 0 : Array chain transfer 
1 1 : Link array chain transfer 
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Pin descriptions 
The DMAREQi, DMAACKi, and TC pins are used for DMA 
transfer. 
DMAREQi (i=O to 3) is a OMA request input pin, and port 
P91 , P93 , P95 and P97 share with DMAREQO, DMAREQ1, 
DMAREQ2 and DMAREQ3 pins respectively, and used 
when a request for OMA transfer is made from external 
equipment. When the DMAi control register OMA request 
source selection bits (bits 3 through 0) are set to "0001 ", 
the input from this pin becomes the OMA request signal. To 
use the DMAREQi pin function, set the associated bit of the 
port P9 direction register to input. 
DMAACKi (i=O to 3) is a OMA acknowledge output pin, 
and port P90, P92, P94 and P96 share with DMAACKO, 
DMAACK1, DMAACK2 and DMAACK3 pins respectively. 
When bit 5 ( DMAACKi validity bit) of the DMAi control reg
ister of each channel is set to "1", DMAACKi serves as the 
dedicated DMAACKi signal output pins. During OMA trans
fer, the operating channel acknowledge signal output is 
generated no matter whether the 1 bus transfer or 2 bus 
transfer method is employed. When the acknowledge sig
nal is not to be used, set the DMAACKi validity bit to "O" so 
that DMAACKi can be used as the 1/0 pin. 
TC is a terminal count pin and TC pin shares with port 
P103 . When the value "1" is written at bit 1 of the OMA con
trol register, the TC pin takes effect. At this time, the TC 
pin serves as the N-channel open drain output terminal. 
When the transfer counter register or transfer block counter 
value is "O", the TC pin generates a one-cycle </> "L" level 
output. 
When the TC pin validity bit is "1'', any ongoing channel 
OMA transfer can be stopped by changing the level of the 
input from the TC pin from "H" to "L". 

Data transfer method 
Two different data transfer method are used: two bus cycle 
transfer and one bus cycle transfer. The two bus cycle 
transfer method is effective for memory-to-memory data 
transfer, whereas the one bus cycle transfer method is 
effective for memory-to-1/0 or 1/0 to memory data transfer. 
Two transfer method are detailed below. 

(1) Two bus cycle transfer 
When bit 1 of the DMAi mode register shown in Figure 50 
is set to "O'', the two bus cycle transfer method is selected. 
This method accomplishes one unit of transfer by perform
ing one reading bus cycle and one writing bus cycle. One 
unit of transfer refers to the number of bits that can be 
transferred by one OMA transfer operation. It is determined 
by bit 0 of the DMAi mode register. When the bit is set to 
"O", one transfer unit consists of 16 bits (2 bytes). When 
the bit is "1 '', on the other hand, one transfer unit consists of 
8 bits (1 byte). 
At two bus cycle transfer, bit 8 of DMAi mode register must 
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be "O". 
Figure 51 shows an example of two bus cycle transfer. In 
the reading cycle, the transfer source (memory 1) address 
is output to the address bus, its address data is read in 
one-transfer units, and stored in the DMA controller OMA 
data latch (16-bit). In the writing cycle, on the other hand, 
the transfer destination address is output to the address 
bus and the data stored in the OMA data latch is written at 
the transfer destination (memory 2) address. If the read/ 
write operation is not completed by one session, it is di
vided into two sessions (for details see under Bus cycle at 
OMA transfer). 
When two bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op
erations cannot be performed. 
1. The transfer source and destination are DRAM, and an 
odd-numbered address designated as the first address for 
the backward transfer source address change direction. 
2. The transfer destination is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer destination address change direction. 

(2) One bus cycle transfer 
When bit 1 of the DMAi mode register is set to "1", the one 
bus cycle transfer method is selected. 
When data transfer is to be made between 1/0 and mem
ory, this system reads from memory at the same time it 
writes into 1/0, or vice versa, to carry out data transfer at 
high speed. Bit 8 of the DMAi mode register determines 
whether one bus cycle transfer is to be made from memory 
to 1/0 or from 1/0 to memory. When this bit is set to "O", 
data transfer is made from memory to 1/0. When the bit is 
"1 ", on the other hand, data transfer is made from 1/0 to 
memory. 
Figures 52 through 55 show examples of one bus cycle 
transfer. Figure 52 shows a memory-to-1/0 OMA transfer in 
cases where the transfer is effected in 16-bit units with an 
external bus width of 16 bits employed. The memory 
(transfer source) address ·is output to the address bus. The 
R/W signal is "H'', and the BLE and BHE signals are "L". 
The read operation is performed at both even- and odd
numbered addresses. This ensures that the memory data is 
read into the data bus high-order area (08-015 ) and low
order area (00 - 0 7). At the same time, chip selection is 
made in accordance with the acknowledge signal from the 
DMAACKi pin, and the data read from memory is directly 
acquired when the E signal level rises. In this manner, data 
is transferred from memory to 1/0 in one bus cycle. 
In data transfer from 1/0 to memory, chip selection is made 
according to the acknowledge signal from the DMAACKi 
pin and data is read into the data bus from 1/0. At the same 
time, the memory (transfer destination) address is output to 
the address bus, and the R/W signal goes Low to write 
data into memory. To receive the one bus cycle transfer 
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service for OMA purposes, however, the external circuitry 
must be formed in such a manner that the read and write 
signal inputs for 1/0 are the reversal of the M37720S1AFJ>'s 
read and write signal outputs. Figure 53 shows the data 
transfer data flow of Figure 52. 
When the address changes in forward direction, data 1 and 
data 2 are transferred to the I/O's 8 low-order bits and 8 
high-order bits, respectively, in the first cycle of OMA 
transfer. In the next cycle of OMA transfer; data 3 and data 
4 are transferred to the I/O's 8 low-order bits and 8 high
order bits, respectively. In this manner, the memory data 
are sequentially transferred to the 110. 

Read cycle 

OMA data latch 

M37720S1 AFP 
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If the address changes in backward direction, on the other 
hand, data 10 and data 9 are transferred to the 110' s 8 
high-order bits and 8 low-order bits, respectively, in the 
first OMA transfer cycle. 
When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, as shown in Fi
gure 52, 16 bits of data are simultaneously read into the 
data bus. Therefore, determine the transfer start address so 
that transfer begins with an even-numbered address when 
the address change mode is forward or that transfer begins 
with an odd-numbered address when the address change 
mode is backward. 

li; -6 li; ~ -g t; 1! 0 
.c 0 .c 

~ "' ~ "' :c :c 
"' "' ~ ~ "' ~ 0 

E E E E .. .. .. .. 
::;; ::E ::E ::;; 

~ 
Write cycle 

OMA data latch 
.c .c 

"" r :c 
"' "' 

M37720S1AFP 
"' ~ "' ~ 0 0 
E E E E .. .. " .. 
::E ::;; ::E ::E 

Flg.51 Two bus cycle transfer example 
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M 
3 
7 
7 
2 
0 
s 
1 
A 
F 
p 

Address bus 

Data bus high order 

Data bus low order 

Fig.52 1 bus cycle transfer example(memory to l/OX1J 

Even address ~ 

I~ 
-~ 

I~ 

Odd address ~ 

Data 1 

Data 2 

Data 3 

Data 4 

Data 5 

Data 6 

Data 7 

Data 8 

Data 9 

Data 10 

Memory 

Data 1 

Data 2 

Data 3 

Data4 

Data 5 

Data 6 

Data 7 

Data8 

Data 9 

Data 10 

Memory 

Fig.53 Data flow at the date transfer 
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Internal 
clock¢. 

E 

Address =:){ Memory address X 

R/W 

Data 

BLE 

BHE 

"H'' ---------

----------~-

When transfer is effected in 16-bit units with an 
external bus width of 16 bits employed 

Data (X) Low-order 8 bits 
1------------~ 

Data (X+ 1) High-order 8 bits 

1/0 

X= 1, 3, 5, 7 ········· 

X= 9, 7, 5, 3 ........ . 

Data (X) Low-order 8 bits 
1------------~ 

Data (X+l) High-order 8 bits 

------------~ 1/0 
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Figures 54 and 55 indicate the cases where transfer is 

made in 8-bit units with an external bus width of 16 bits 

employed. 
Figure 54 shows the cases where an external bus width of 

16 bits is employed with the 1/0 connected to the 8 low

order bits only. Connect the odd-numbered address 

memories to data bus high-order area ( 0 8 - 0 15 ) and the 

even-numbered address memories to data bus low-order 

area (Do - 0 7 ) . When data is transferred from an odd

numbered memory address to 1/0, the data is read from 
the memory high-order to the data bus high-order. The 

read data first goes into the chip, is copied by the OMA 

controller to the data bus low-order, and then output out

side. Therefore, the data output to the data bus low-order is 

the same as that for the high-order. For the 1/0, chip selec

tion is made according to the DMAACKi signal so that the 

data output to the data bus low-order is acquired. When 

data is transferred from an even-numbered address mem

ory to 1/0, the data read from the memory low-order is 

directly acquired by the 1/0. At this time, M37720S1AFP 
data bus pins 0 0 to 0 7 are floating. 

Internal 
clock¢ 

MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

Data bus high order E 
M 
3 
7 
7 
2 
0 E :;; 
s "E 
1 BHE 0 

A BLE ~ 
F 
p 

R/W ~ 
E 
Q) 

::; 

Data bus low order Address ::::J(Memory (odd) addressXMemory (even) addresl( 

"H'" ----------------
R/W 

Data bus high 
order 

Data bus low 
order 

BLE 

BHE 

----------~-------------
i 

----------~------~-

When transfer is effected in 8-bit units with an external bus width 
of 16 bits employed and the 1/0 connected to 8 low-order bits only 

Fig.54 1 bus cycle transfer example(memoly to 1/0)(2) 
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Figure 55 shows the case where the 1/0 is connected to 
the 8 high-order bits only. When data is transferred from an 
odd-numbered memory address to 1/0, the data read from 
the memory high-order is directly acquired by the 1/0. At 
this time, M37720S1 FP data bus pins Da through D1s are 
floating. When data is transferred from an even-numbered 
memory address to 1/0, the data is read from the memory 
low-order to the data bus low-order. The read data first 
goes into the chip, is copied by the OMA controller to the 
data bus high-order, and then output outside. The 1/0 ac
quires that data. In one bus cycle transfer, data bus pin ( 0 0 

-07, 08-015) 1/0 changeover is automatically effected to 
initiate OMA transfer no matter whether the 8-bit 1/0 is 
connected to the low-or high-order of the data bus. In the 
above data copy between the chip's internal data buses, 
there is limitation on the transfer rate. 
When one bus cycle transfer is effected with an external 
bus width of 8 bit, 1/0 connection selection bit must be "O". 
When one bus cycle transfer is effected in 16-bit units with 
an external bus width of 16 bits employed, the following op
eration cannot be performed. 
1. The object memory is DRAM, and an odd-numbered 
address designated as the first address for the backward 
transfer address change direction. Figure 56 shows the 
data bus status when one bus cycle transfer is made under 
the conditions indicated in Table 5. 

' I 
I 
I 

Ml 
3 L_ 

7 
7 
2 
0 
s 
1 
A 
F 
p 

Data lioW of even address -- -- - - ------ -- ------- - -------, 

E 
BHE 

BLE 

Address bus 

ID 
~ 
.s= 

"' :c 

1.Data bus high 
order 

1oata bus low 

1order 

Fig.55 1 bus cycle transfar example(memory to l/OX3) 
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Table 5. Data bus conditions for one bus cycle 
OMA transfer 

Number Memory 

<D External 

l'.2l Internal 

al External 

© External 
@ External 

® External 
!J) Internal 

® Internal 

® Internal 

® Internal 
@ External 

® Internal 

Internal 
clock .P 

E 

Address 

DMAACKi 

External Transfer 
BLE BHE 

110 

bus width unit position 

16-bit 16-bit 0 0 Upper/Lower 

16-bit 16-bit 0 0 Upper/Lower 

16-bit 8-bit 0 1 Lower 

16-bit 8-bit 0 1 Upper 

16-bit 8-bit 1 0 Lower 

16-bit 8-bit 1 0 Upper 

16-blt 8-bit 0 1 Lower 

16-bit 8-bit 0 1 Upper 

16-bit 8-bit 1 0 Lower 

16-blt 8-bit 1 0 Upper 

8-bit 8-bit - - Lower 

8-bit 8-bit - - Lower 

J' Memory (odd) address XMemory (even) address( 

R/W "H" ---------------

Data bus 
high order 

Data bus 
low order 

---------~-------~ 
! 

------ ----------------~-

Wheri transfer is effected in 8-bit units with an external bus width of 
16 bits employed and the 1/0 connected to 8 high-order bits only 
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I< 
Memory ___,.. 1/0 

>I I< 110 -....;. Memory 

~1 
Internal 
clock~ 

e _J r _J I 
R/W "H" 

"L" 
A,,/Oa- --{ Aa-A10 >----------- --< Aa-A10 }------------ <D A15/015 

A16/0o- --{ A1s-A23 }--------·-- --< A,a-A23 }---- --------A,3/07 

Aa/Oa- --{ Aa-A,s x o.-o,. )-- --{ Aa-A1s }----------A15/015 <Z> 
A1s/Oo- --{ A,s-A23 x Oo-07 )-- --( A,s-A23 >-- - -------A23/07 

Aa/Oa- --{ Aa-A1s x o.-o,. >-- --( Aa-A1s x o.-o,. }--- @ A15/015 

A1e/00- --< A,s-A23 >--------- --< A,a-A23 >-----------A23/07 

A,,/Oa- --{ Aa-A1s x o.-o,. )-.. ..-( Aa-A1s >-fe:;;;;;- ------· © A1s/01s 

f Copy A1s/Oo- --< A,e-A2s }-- ------ --{ A,s-A2s x Oo-07 }---A23/07 

Aa/Oa- --< Aa-A10 }- --------- --< Aa-A1s x o.-o,. }-- @ A15/01s ~ Copy t Copy 
A16/00- --{ A,e-A2s x Oo-07 >-- --{ A,e-A2s >-----------A,3/07 

Aa/Oa- --< Aa-A10 )-- ------- --{ Aa-A1s )----------- ® A,s/015 

A1s/Oo- --( Ate-A2s x Oo".'"'07 )-- --{ A,.-A,. x Oo-07 }---
A23/01 

As/Oa- --< Aa-A1s x o.-o,. >-- --( Aa-A10 x o.-o,. }---
A15/01s 

A,e!Oo- --< A,s-A23 x o.-o, )-- --< A,a-A2s >- - -- ---- --- (j) A,3/0, 

Aa/05- --< Aa-A1s x o.-o,. >-- --< Aa-A1s );---------
A15/01s 

' Cop~ +copy ® 
A,e!Oo- --< A,e-A23 x o.-o, >-- --< A,s-A23 x o.-o, }---A,3!07 

A,,/Oa- --< Aa-A1s x o.-o,. }-- --< Aa-A1s x o.-o,. >---A15/01 6 

x 
i Copy 

>-- >-t~~-------· ® A,s!Oo- --< A,e-A2a o.-o, --< A1s-A23 
A,3/0, 

Aa/Oa- --< Aa-A1s x Da-D1s }-- --{ A8-A,. >----------· A,sl01s 
® 

A,e/Oo- --< A1e-A23 x o.-o, }-- --( A,a-A2a x o.-o, }---
A,3/07 

As/Os- ( Aa-A1s )-- --{ Aa-A1s >---A1slD1s 
® 

A,6/Do....., --< A,e-A2a >- --------- --{ A,e-A2s >----------A23'01 

Aa/Oa- < Aa-A1s >-- --( Aa-A1s >--· A,slD1s 

A,e/Oo- --< A,~-A23 x Oo-07 >-- --( A,o-A23 }---------- ® A,slD1 

Number indicated 
in Table 5 

Fig.56 Data bus status under various conditions of one bus cycle OMA transfer 
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OMA request sources 
One out of fifteen OMA request sources can be selected 
for each channel. There are a total of fifteen DMA request 
sources. The internal OMA request sources are the A-D 
conversion, UARTO transmit/receive, UART1 transmit/re
ceive, timer A4, timer A3, timer A2, timer A 1, timer AO, tim

er 82, timer 81, timer BO and the software OMA source by 
programs. The external OMA request source is one associ
ated with DMAREQi pin input. For DMA request source 
selection, use the DMAi control register DMAi request 
source selection bits (bits O through 3) as shown in Figure 
49. Table 6 indicates the contents of the bits and OMA re

quest sources. The request timing is the same as that for 
interrupt. 
When the software OMA source is selected with the OMA 

request source selection bits, the OMA request flag is set 
to "1" by writing the value "1" for the DMAC control register 
software OMA request bits (bits 8 through 11) . When the 
OMA request flag is "1", the software OMA request bits are 

automatically cleared. When the external source is 
selected with the OMA request source selection bits, the 
input from the DMAREQi pin sets the OMA request flag to 

"1". The OMA transfer request will not be accepted until 
both the DMAC control register OMA permission bit and 
OMA request flag are "1". Therefore, if the OMA permission 
bit is "O" while the OMA request flag is "1", the OMA re
quest will not be accepted. Note that OMA permission bit is 
cleared to "O" upon resetting. Therefore, after DMA transfer 
parameter and other data setup, set to "1" the OMA per
mission bit of a OMA channel to be rendered valid. This 

assures that the transfer request bit of that channel takes 
effect, making is possible to effect OMA transfer. 

Table 6. Relationship between OMA request source selection 
bits (bits 3 to 0) and OMA request sources 

b3 b2 b1 bO Cause 

0 0 0 0 Prohibited 

0 0 0 1 External source (DMAREQi) 

0 0 1 0 Software OMA source 

0 0 1 1 Timer AO 

0 1 0 0 TimerA1 

0 1 0 1 Timer A2 

0 1 1 0 TimerA3 

0 1 1 1 TimerA4 

1 0 0 0 Timer BO 

1 0 0 1 TimerB1 

1 0 1 0 Timer 82 

1 0 1 1 UARTO receive 

1 1 0 0 UARTO transmit 

1 1 0 1 UART1 receive 

1 1 1 0 UART1 transmit 

1 1 1 1 A-D conversion 
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Transfer mode 
Two OMA transfer modes are available: burst transfer mode 
and cycle steal transfer mode. Mode selection is made 
variously for all channeles, using bit 2 of the DMAi mode 

register. When this bit is set to "O", the burst transfer mode 
is selected. This mode is automatically selected upon re

setting. 

(1) Burst transfer mode 
When a OMA request is request is received from a certain 

channel in the burst transfer mode, the OMA request froni· 
another channel will not be accepted until the OMA transfer 
on the former channel is completed. In the burst transfer 
mode, either the edge sense or level sense mode can be 
selected only when the input from the DMAREQi pin 
(external source) is chosen as the request source. 
When DMAi control register bit 4 is set to "O", the edge 

sense mode is selected. The edge sense mode is auto
matically selected upon resetting. In the edge sense mode, 
the OMA request flag is set to "1" when the input from the 
DMAREQi pin falls. In the burst transfer edge sense mode, 

the OMA request flag is cleared to "O" when any of the fol

lowing conditions is met. 
1. The channel i OMA permission bit is cleared to "O" 

(forced termination of transfer). 
2. The channel i OMA request flag is cleared to "O". 
3. Channel i OMA transfer is wholly terminated. 
4. The "L" level is entered to the TC pin during channel i 

transfer execution (forced termination of transfer). 
Figure 57 shows an example of edge sense mode burst 
transfer. In this example, the DMAREQi pin input (external 
source) is chosen as the OMA request source. When the 
DMAREQi pin input changes from the "H" to "L" level dur
ing CPU operation, the OMA request flag is set to "1" and 
the OMA controller acquires the right of bus use and initi

ates transfer. From high to low, the bus use priority is for 
DRAM refresh, HOLD, OMA controller, and CPU. Therefore, 
if the request is made by the DRAM refresh, which has a 

higher priority than the OMA controller, the DMA controller 
halts any ongoing transfer operation at the end of the cur
rent transfer cycle and transfers the bus use right to the 
DRAM controller as shown in Figure 57. Upon getting the 

bus use right, the DRAM controller generates the refresh 
cycle. When refreshing is terminated, the OMA controller 
resumes the execution of the interrupted OMA transfer at 
the point of interruption. Once a OMA request is received 

in the burst transfer mode, no request from another channel 
is accepted unless OMA transfer is entirely terminated or 
the transfer operation is brought to a forced stop. There

fore, even when the request flag of channel 0, which has a 
high priority, is set to "1" in the middle of transfer as shown 
in Figure 57, such a request will not be accepted (the 
priority is explained in the next section). When channel 1 

OMA transfer is completed, the bus use right is once trans-
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ferred to the CPU, and the OMA transfer request from 
channel 0 is later accepted at the end of the current bus 
cycle. 
When bit 4 of the OMAi control register is set to "1 ", the 
level sense mode is selected. The level sense mode can 
only be used for the OMA request from the OMAREQi pin. 
When selecting other sources, be sure to select the edge 
sense mode. 
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DRAM refresh r::-.:-::-: :::==R:::::::::: ::.:-:::=== :::-.:-.:-::::: :::J 
I : 

c:::.:::.-:::.::::: ~-=-----_-_r-_1---- -_-_-_-_-_-_-_-:::_-:::_:::.:::. :::::::.:::.:::.:::.: :J 
.. : : Whole OMA transf~r fnChannel number 

c:::.:::.::-i I 1 I 1I1 l::J 1 I 1 I 1 I 1 I 11=:::.:::.=:::.:::. 11 U Io Io Io I o I 

I i~-=~::a:s::Y:::::.:::.::::- j j~---=----_-_-_-_-_-_-::_J 

HOLD 

OMA controller 

CPU 

DMA1 request flag ___ ~ 

DMAO request flag 
~--------~ 

Refresh request 

Flg.57 Edge sense mode burst transfer example 
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In the level sence mode, the OMAi request flag is set to "1" 
to initiate OMA transfer only while the OMAREQi pin input 
is "L". If the OMAREQi pin input level returns to "H" in the 
middie of transfer, the DMA operation is interrupted at the 
end of the current transfer cycle or next transfer cycle so 
that the bus use right is returned to the CPU. At this time, 
the DMA permission bit is not cleared. When the DMAREQi 
pin input goes Low, the transfer operation is resumed at the 
address subsequent to the point of interruption. In the level 
sense mode, the DMA request flag varies only with the 
level of the input from the OMAREQi pin. Therefore, while 
the DMAREQi pin input level is Low, the OMA request flag 
remains to be "1" even if transfer is completed. 
Figure 58 shows an example of level sense mode burst 
transfer. When the channel 1 OMAREQi pin input level 
changes from "H" to "L" during CPU operation, the DMA 
request flag is set to "1" so that the DMA controller ac
quires the bus use right and initiates transfer. When the 
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OMAREQi pin input returns to the "H" level, the OMA1 re
quest flag is cleared. This causes the OMA transfer opera
tion to be interrupted and returns the bus use right to the 
CPU. When the DMAREQ1 pin input is returned to the "L" 
level again and the OMA1 request flag set to "1", OMA 
transfer is resumed at the point of interruption. As with the 
edge sense mode, no transfer request from a different 
channel is accepted while DMA transfer is executed for a 
certain channel. For instance, if the channel 1 request flag 
is set to "O" and the request flag of channel 0, which has a 
higher priority, is set to "1 ", the new request will not be 
accepted. When channel 1 OMA transfer is wholly termin
ated, the OMA permission bit is set to "O" so that the bus 
use right is transfered to the CPU. The DMA transfer re
quest from channel 0 is then accepted at the end of a bus 
cycle. 

DRAM refresh r-------- -------- --- ----- ----- - ---, 
L---------- -------- ------ --- ----- __ ...J 
~---------------------------------, 

DMA controller 

L- - - - - - - - - - Whole DMA transfer - - - - - - - - ,-- - - - - - - - ...J 
' --- cChannel number 

c.:-.:-.:-::::::::::::::::_I It I 1 It 111_::::::::::::::-r I 1 I 1 11 t.=-.=::::.=11OJ0 I 0 II 
/>. !-+,One transfer cycle f ·1 ; 

..--------;_::::::::::::::::::::::: I c::::_:-:::::::::::::::: c:::::::J:::::::: _-_: .:::"J CPU 

DMA1 request flag _____ ~ 

DMAO request flag------------~ 

Refresh request 

Fig.58 Level sense mode burst transfer example 
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(2) Cycle steal transfer mode 
When bit 2 of the DMAi mode register is set to "1", the cy
cle steal transfer mode is selected. In the cycle steal trans
fer mode, be sure to select the edge sense mode. 
When the OMA request occurs in the cycle steal transfer 
mode, the OMA request flag is set to "1" as in the burst 
transfer mode. When the OMA request from a c:hannel is 

accepted, OMA transfer starts. However, the OMA request 
flag is automatically cleared at the beginning of the first 
OMA transfer cycle. Therefore, if there is no channel OMA 
request at the end of one-unit transfer, the OMA controller 

returns the bus use right to the CPU. If there is a OMA re
quest from any channel, the OMA controller continues to 
use the bus and initiates OMA transfer for the channel. In 
the cycle steal transfer mode, the priorities of the channels 
are considered at all times to assure that the OMA request 
from a channel having the highest priority is accepted to in
itiate OMA transfer execution. Transfer is effected in one 

transfer unit segments. However, the OMA permission bit 
will not be cleared even if the OMA request flag is cleared. 
Therefore, when the OMA request flag is set to "1'', transfer 

is resumed at the point of interruption. When the transfer 
counter value is "O" in normal transfer, or both of the trans
fer counter and transfer block counter value is "O" in array 
chain transfer, the OMA permission bit is cleared to termin
ate the whole OMA transfer operation. 
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Figure 59 shows an example of cycle steal transfer. When 
the DMAREQi pin input changes from "H" to "L", the DMA1 
request flag is set to "1" and the OMA controller acquires 
the bus use right to initiate OMA transfer. The OMA 1 re
quest flag is cleared when the channel 1 transfer cycle 
starts. Therefore, if there is no OMA transfer request from 
the other channels, the OMA controller returns the bus use 

right to the CPU at the end of one transfer cycle. In the ex
ample showed in Figure 59, however, DMAO transfer cycle 
execution continues because the channel 0 request flag is 

set to "1". When the DMAO transfer cycle is terminated, the 
OMA request flags of all channels are set to "O" so that the 
OMA controller returns the bus use right to the CPU. When 
the DMA1 request flag is set to "1", only one cycle of trans
fer operation is performed. Even if the OMA 1 request flag 
is cleared at this time, the DMA1 request flag is set to "1" 
again to effect continued transfer as long as the DMAREQi 

pin input goes Low before the end of the next transfer cy
cle. In cycle steal transfer, the priorities of individual chan
nels are examined at the end of each transfer cycle. There
fore, if the request is sent from channel 0, which has a 
higher priority than channel 1, channel O transfer is ex
ecuted first. Further, if the refresh request is sent from the 
DRAM controller, such a request for bus use takes prece

dence as it has a high priority. 

Refresh cycle 

DRAM refresh c-=.:::.-=. :::.-:.. -_-=. :::.-=--=-== = =-=--=-----=-= -==R==-=--=--=--=-=::::: = .=-..=-::::::: 

c=::::=======~=~=~~--=-~==~-~~i~t==~~-~========~ · h ,....,..£:,Channel number c== __ I I 1 lo c=::::=:::: 1 1 1 o 1 ~~:L..l_.j:::=:-=:=::=-)_1....!...C:::::::::J 
I'. L 1 '* + One transfer cycle ~ "- 1· r----1-, -,--1 1-i--i-----------, I ___ ..._ __ '-------.J_,__,_ . . f--1----------- . ___ ._ ___ __, 

DMA controller 

CPU 
I I I I 

DMAREQ1 

DMA 1 request flag 

DMAREQO 

DMAO request flag _____ _, 

Refresh request 

Fig.59 Cycle steal transfer example 
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Priority 
Priorities are assigned to all OMA channels. Either the fixed 
or rotative priority can be selected. When bit O (priority 
selection bit) of the OMAC control register is set to "O'', the 

fixed priority is selected. Note that the fixed priority is auto
matically chosen upon resetting. In the fixed priority, the 
channels are given fixed priorities and OMA transfer is ex
ecuted in the order of priority. From high to low, the priori

ties are assigned to channels 0, 1, 2, and 3. As indicated in 
Figure 61, the priorities are checked when the first OMA 

request is received in the burst transfer mode or at each 
cycle end in the cycle steal transfer mode. 
When bit 0 of the OMAC control register is set to "1 '', the 

(1) Before the start of transfer (alter resetting) 

Channel 0 > Channel 1 > 
(2) After completion of channel O transfer 
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rotative priority is used. From high to low, the initial priori
ties are assigned to channels 0, 1, 2, and 3 as is the case 
with the fixed priority. When the OMA transfer for one chan

nel is normally terminated with the rotative priority em
ployed, the priorities are rotated in such a manner that the 
channel, for which transfer has just been completed, has 

the lowest priority. For example, when channel 0 transfer is 
normally terminated as shown in Figure 60, the priorities 
are rotated upon completion of transfer so that the new 
priorities are, in decreasing order, channel 1, channel 2, 

channel 3, and channel 0. The priorities remain unchanged 
when OMA transfer is forcibly terminated by TC pin input or 
OMA permission bit clearing. 

Channel 2 > Channel 3 

rl Channel 0 1--1 Channel 1 <E----- Channel 2 Channel 3 I I 

Channel 1 > 
(3) After completion of channel 2 transfer 

cl Channel 1 1~1 

Channel 3 > 

Flg.60 Rotative priority 

0 
Channel 2 > Channel 3 

Channel2 -- Channel 3 

0 
Channel O > Channel 1 
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Transfer address change direction 
The address change direction in OMA transfer can be de
signated independently for the transfer source and destina
tion. Choices are "forward'', "backward", and "fixed". When 
the forward direction is chosen, the address increments. 

When the backward direction is selected, the address de
crements. When the fixed direction is selected, the address 
is fixed(2 bytes when one transfer unit consists of 16 bits or 
1 byte when one transfer unit consists of 8 bits) and does 
not change. Use bits 4 and 5 of the DMAi mode register 
shown in Figure 50 to specify the transfer address change 
direction for the source. For the destination, use bits 6 and 

7. 
Figure 62 shows an example transfer address change 
mode when two bus cycle transfer is effected in 16-bit un
its. Figure 62-(1) shows an example case where both the 

DMAi mode register transfer source and destination 
address change directions are set to "forward". In this type 
of setup, data are transferred from memory 1 to memory 2 
in the CD, (2), @. and ® order. Figure 62-(2) shows a case 
where the transfer source address change direction is "for
ward" and the destination addresses are "fixed''. In this 
setup, the memory 1 data are called up in the forward 
address change direction and written at fixed memory 2 
addresses in one transfer unit segments. Figure 62- (3) 
shows a case where the transfer source address change 
direction is forward and the destination address change 
direction is backward. Figure 62-(4) shows a case where 

the transfer source address change direction is backward 
and the destination addresses are fixed. In this setup, the 

memory 1 data are written at fixed memory 2 addresses in 
one transfer unit segments in the CD, (2), and @ order. 

As explained above, three different address change modes 
are selectable for each of the transfer source and destina
tion. A total of nine different address change direction com
binations are available. 
In one bus cycle transfer, the memory side address change 

direction depends on the memory bits. For data transfer 
from memory to 1/0, therefore, use bits 4 and 5 (transfer 
source address change direction selection bits) of the 
DMAi mode register to determine the memory side 
(transfer source) address change direction. This is not 
affected by bits 6 and 7 (transfer destination address 

change direction selection bits). For data transfer from 1/0 
to memory, use bits 6 and 7 of the DMAi mode register to 
set the memory side (transfer destination) address change 
direction. This is not affected by bits 4 and 5. 
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(1) Forward-Forward 

Transfer source Transfer destination 

Data 1 

Data 2 

CD 
CD 

Data 1 

Data 2 
Data 3 Data 3 
Data 4 Data 4 
Data 5 Data 5 
Data 6 

Data 7 
Data 8 

® 
® 

Data 6 
Data 7 

Data 8 

Memory 1 Memory 2 

(2) Forward-Fixed 

Data 1 
CD 
CD '1/j Data 2 
~ Data 3 
~ Data 4 
@ 

Data 5 

Data 6 
@ 

Data (X) 
Data (X+l) 

X= 1, 3, 5' ...... 

Memory 1 Memory 2 

(3) Forward-Backward 

Data 1 Data 7 
Data 2 Data 8 
Data 3 Data 5 
Data 4 Data 6 
Data 5 Data 3 
Data 6 _Data 4 
Data 7 Data 1 
Data 8 Data 2 

Memory 1 Memory 2 

(4) Backward-Fixed 

Data 1 

Data 2 

Data 3 
Data 4 
Data 5 Data (X) 
Data 6 Data (x+l) 

Memory 1 
X= 5, 3, 1 ........ . 

Memory 2 

Fig.62 Two bus cycle transfer address change direction 
examples (when one transfer unit consists of 16 
bits) 
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Bus cycle at OMA transfer 
The memory or 1/0 read/write cycle (hereinafter referred 
to as the bus cycle) is basically the same as the bus cycle 
of CPU. Figure 63 shows six examples of bus cycle. 
When transfer is made in 8-bit ( 1-byte) units, the operating 
waveform is as shown in Figure 63-(1). Bit 12 of the DMAi 
mode register is the transfer seurce wait bit and bit 13 is 

the transfer destination wait bit for DMA transfer. When the 
transfer source wait bit is set to "O" in cases where the 
OMA controller performs a read operation, the E signal "L" 
output period is extended as shown in Figure 63-(2) so that 

the "L" width of E signal is extended 2 times as long. When 
the transfer destination wait bit is set to "O" in cases where 
the DMA controller performs a write operation, the "L" 
width of E signal is extended 2 times as long. All channels 
have DMAi mode register, it is possible to determine 
whether or not to extend the access time depending on the 
speed of the memory space element to be accessed. The 

OMA controller wait bit is effective for both the internal and 
external memory areas. 
When transfer is made in 16-bit (2-byte) units, the operat
ing waveform looks like Figure 63-(1) if the following two 

conditions are met. 
1. The associated channel transfer address change direc

tion is either forward or fixed. 
2. The first address of the memory to be accessed is even-

numbered. 
However, when the transfer source or destination wait bit is 
"O'', the DRAM area is being accessed, or transfer para
meters are read in the array chain or link array chain trans

fer mode, the E signal "L" period is extended so that the 
operating waveform looks like Figure 63-(2). 
When transfer is made in 16-bit ( 2-byte) units, the operat
ing waveform looks like Figure 63-(3) if the following two 
conditions are met. 

1. The associated channel transfer address change direc
tion is backward. 

2. The first address of the memory to be accessed is odd-
numbered. 

In this case, although the two bytes can be accessed 
simultaneously, one additional internal clock cycle ¢> is 
needed. However, when the transfer source or destination 
wait bit is "O" or the DRAM area is being accessed, the E 

signal "L" period is extended so that the operating wave
form looks like Figure 63-(4). 

When transfer is made in 16-bit ( 2-byte) units, the operat
ing waveform looks like Figure 63-(5) if the following two 
conditions are met. 

1. The associated channel transfer address change direc
tion is forward. 

2. The first address of the memory to be accessed is odd
numbered. 

Internal 
clock¢ 
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0 0 
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Fig.63 Bus cycle example 
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The same waveform results if the following two conditions 
are met. 

1. The associated channel transfer address change direc
tion is backward. 

2. The first address of the memory to be accessed is even-
numbered. 

In these cases, accessing is done in 1 byte units only. 
Therefore, accessing is conducted in two sessions. Howev
er, if the transfer source or destination wait bit is "O" or the 
DRAM area is being accessed, the E signal "L" period is 
extended. If the wait bits of the transfer source and des
tination are both "O", the operating waveform looks like Fi
gure 63..(6). 

OMA continuous transfer 
(1) Normal transfer 
With the normal transfer function, it is possible to effect 
OMA transfer of the preselected number of bytes. As 
shown in Figure 50, first set up the number of one-transfer 
unit bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register, and 
then write the transfer source block first transfer address 
(the block's lowest-order address in the forward or fixed 
transfer address change direction or the block's highest
order address in the backward address change direction) 
into the source address register (hereinafter referred to as 
the SAR). Further, write the destination block first transfer 
address (the lowest-order address in the forward or fixed 
transfer address change direction or the highest-order 
address in the backward transfer address change 
direction) into the destination address register (hereinafter 
referred to as the DAR). Also write the desired number of 
bytes to be transferred, into the transfer counter register 
(hereinafter referred to as the TCR). Write the value 1 or 
more into TCR. The SAR, DAR, and TCR have 24 bits each. 
Be sure to write into all these bits. The SAR, DAR, and TCR 
are located at the addresses shown in Figure 47. The next 
step is to perform OMA source and other setups for the 
DMAi control register shown in Figure 49. Set up bit O 
(priority selection bit) and bit 1 (terminal count validity bit) 
of the DMAC control register shown in Figure 48,and finally 
set the DMAC control register OMA permission bit to "1" so 
as to make the OMA request acceptable. 
When the contents of TCR are "O'', the terminal count TC 
signal output is generated, and at the same time, the inter
rupt request bit of the OMA interrupt control register is set 
to "1". 

To halt transfer, enter the "L" level to the TC pin or write 
the value "O" in the OMA permission bit position. At this 
time, the interrupt request bit of the OMA interrupt control 
register is not set. 

An example normal transfer operation performed under the 
following conditions is presented below. 
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• Transfer unit: 16 bits 
• Transfer method: 2 bus cycle transfer 
•Transfer mode: Burst transfer mode (edge sense) 
• Transfer source address change direction: Forward. 
• Transfer destination address change direction: Forward 
• Transfer source wait: None 
• Transfer destination wait: None 
• OMA source: External input (_D_M_A_R_E_Q-i) 

When the DMAREQi pin input level changes from "H" to 
"L'', the OMA request flag is set to "1" so that the OMA 
transfer request is accepted. 
At this time, if there is no refresh request from the DRAM 
controller or no HOLD request is made from the HOLD pin, 
the OMA request is accepted. If no request is received 
from a channel having a higher priority than the accepted 
OMA channel, the OMA transfer for that accepted channel 
starts. If there is a OMA request from a channel having a 
higher priority, the OMA transfer for such a channel takes 
precedence. 
As two bus cycle transfer is made, a read operation is per
formed in the first bus cycle. First the address written into 
the SAR is output to the address bus and then inputted into 
the incrementor/decrementor (hereinafter referred to as 
the l/D). The l/D adds 1 or 2 to the entered address and 
outputs the result back to the SAR. If one 16-bit transfer 
operation is not enough to complete the read operation, the 
read operation is divided into two sessions to achieve the 
purpose. The operation performed so far is called the read 
cycle and the R/W signal goes High. The data from mem
ory or 1/0 is stored in the data latch within the OMA con
troller. 
The write operation is performed in the next bus cycle. First 
the address written in the DAR is output to the address bus 
and then inputted into the l/D. The l/D adds 1 or 2 to the 
entered address and outputs the result back to the DAR. If 
one 16-bit transfer operation is not enough to complete the 
write operation, the write operation is divided into two ses
sions to achieve the purpose. The operation performed so 
far is called the write cycle and the R/W signal goes Low. 
The data stored in the OMA controller data latch in the read 
cycle is output to the data bus in the write cycle and written 
into the destination memory or 1/0. The operations per
formed so far comprise one data transfer unit. In two bus 
cycle transfer, the read and write cycle combination is cal
led the OMA transfer cycle. OMA transfer is executed by 
repeating the OMA transfer cycle. 
In two bus cycle transfer, the TCR varies in the read cycle. 
The remaining transfer bytes are read from the TCR in con
currence with address output from SAR in the read cycle, 
and inputted into the decrementor (hereinafter referred to 
as the D) . The D subtracts 1 or 2 from the number of re
maining bytes and outputs the result back to the TCR. In 
this manner, the contents of the TCR decrease after each 
one-unit transfer. When the number of remaining bytes, 
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which is read from the TCR, becomes "O", the DMA control
ler outputs the terminal count TC signal to the TC pin, and 
at the same time, sets the interrupt request bit of the DMA 
interrupt control register to "1 ". At this time, the DMA per
mission bit is cleared. As the burst transfer mode is 
selected in this example, the DMA request flag is also 

cleared. 
To halt transfer before completion, enter the "L" level to the 

Internal 
clock(> 

E 
Address 

Data 

R/W 

ALE 

BLE 

BHE 

STO 

ST1 

TC 

DMAACKO 

• Transfer unit : 16 bits 
•Transfer method : 2 bus cycle 
• Transfer mode : Burst 
• Transfer source address change direction : Forward 
•Transfer destination address change direction : Forward 
• Transfer source wait : None 
• Transfer destination wait : Norie 
• sp (source address register value) : Even number 
• dp (destination address register value) : Even number 
• tc (transfer counter value) : 6 

Fig.64 Timing diagram of normal transfer 
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TC pin ( P103 ) or write the value "O" in the DMA permission 

bit. 
In normal transfer, the first values written in the SAR, DAR, 
and TCR are retained in the internal latches. Therefore, if 
DMA transfer is to be effected under the same conditions, 
it can be initiated simply by setting the DMA permission bit 

to "1". 
Figure 64 shows the normal transfer timing diagram. 



(2) Repeat transfer 
The term "repeat transfer" refers to DMA transfer in which 
normal transfer is repeated. First set up the number of unit 
transfer bits, transfer method, transfer mode, and transfer 
address change direction of the DMAi mode register. Next 
write the transfer source block transfer start address in the 
SAR and the transfer destination transfer start address in 
the DAR. Further, write the number of bytes to be transfer

red, into the TCR, and set up the DMAi control register and 
DMAC control register. The DMA request is now accept

able. When the DMA request is received in this state, DMA 
transfer starts. Even when the number of remaining bytes 
(to be read from the TCR) becomes 0, the DMA permis
sion bit is not cleared. When the burst transfer function is 
activated, the DMA request flag is not cleared either. When 
the cycle steal transfer function is selected, the DMA re-

Internal 
clock¢ 

E 
Address 

Data 

R/W 

ALE 

BLE 

BHE 

STO 

ST1 

TC 

DMAACKO 

• Transfer unit : 16 bits 
• Transfer method : 2 bus cycle 
• Transfer mode : Burst 
•Transfer source address change direction : Forward 
• Transfer destination address change direction : Forward 
• Transfer source wait : None 
•Transfer destination wait : None 
• sp (source address register value) : Even number 
• dp (destination address register value) : Even number 
• tc (transfer counter value) : 6 

Fig.65 Timing diagram of repeat transfer 
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quest flag is cleared at the end of each one-unit transfer. 
The first values written in the SAR, DAR, and TCR are re
tained in the internal latches. The contents of the latches 
are transferred to the SAR, DAR and TCR at the end of the 
last transfer cycle. Therefore, when the burst transfer func
tion is selected, the transfer operation is repeated starting 
with the first written values. When the cycle steal transfer 
function is selected, on the other hand, these values are 

used as the initial values and transfer is initiated each time 
the DMA request flag is set to "1 ". 
To terminate this type of transfer, enter the "L" level to the 
TC pin or write the value "O" in the DMA permission bit. 

In repeat transfer, TC signal output and the setting to the 
interrupt request bit of the DMA interrupt control register 
are not performed. 
Figure 65 shows the repeat transfer timing diagram. 
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(3) Array chain transfer 
The term "array chain transfer" refers to the OMA transfer 
in which one channel is used for the data transfer for two or 
more memory blocks. 
Three parameters necessary for transfer, that is, the trans
fer source start address, transfer destination start address, 
and the number of transfer bytes, must be sequentially writ
ten into the transfer parameter memory. The transfer para
meter memory can be located in an arbitrary position in the 
memory space. Figure 66 shows an array chain transfer 
mode transfer parameter memory configuration example. 
All the transfer parameters of the memory block to be 
transferred must be written into the transfer parameter 
memory. The transfer parameter write format is indicated in 
Figure 67. For one bus cycle transfer, the 1/0 side para
meters are not needed. For transfer from memory to 1/0, 
for instance, consecutively write the transfer source start 
address and the number of transfer bytes only as shown in 
Figure 68. As the transfer destination start address needs 
not be written, it is possible to save on the transfer time 
and transfer parameter memory area. 
In normal or repeat transfer, the first values written in the 
SAR, DAR, and TCR are retained in the internal latches. In 
array chain transfer and link array chain transfer, however, 
the latches perform different functions. 
The SAR latch serves as the transfer parameter register 
(hereinafter referred to as the TPR) which indicates the 
first address of the transfer parameter memory. The TCR 
latch serves as the transfer block counter (hereinafter re
ferred to as the TBC) which indicates the number of trans
fer blocks. In array chain transfer and link array chain trans
fer, writing a value at an SAR address causes that value to 
be written in the TPR, and writing a value at a TCR address 
causes that value to be written in the TBC. 
The array chain transfer operations are detailed below. 
As is the case with the other types of transfer, first set up 
the DMAi mode register, DMAi control register, and DMAC 
control register. Write the first address of the transfer para
meter memory into the SAR. This value is then written into 
the TPR. Be sure that an even-numbered address is desig
nated as the first address. Nothing needs to be written into 
the DAR. Into the TCR, on the other hand, write the number 
of memory blocks to be transferred. This number is then 
written into the TBC. When the OMA permission bit is set to 
"1" after completion of the above-mentioned setup, OMA 
transfer is enable. 
In array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. This operations state is called 
the "array state". Figure 69 shows a two bus cycle transfer 
mode array state example. The OMA controller outputs the 
first address of the transfer parameter memory to the 
address bus, and sequentially stores the read data into the 
SAR, DAR, and TCR. 
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Transfer source start address 1 

Transfer destination start address 1 

Number of transfer bytes 1 

Transfer source start address 2 

Transfer destination start address 2 

Number of transfer bytes 2 

Transfer source start address 3 

Transfer destination start address 3 

Number of transfer bytes 3 

Transfer source start address 4 

Transfer destination start address 4 

Number of transfer bytes 4 

1=4 bytes 

4 bytes 

4 bytes 

Flg.66 Array chain transfer mode parameter memory 
configuration example 
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Transfer parameter address ( M) 

Transfer parameter address ( H) 

Fig.67 Parameter memory format 

Transfer source start address 1 

Number of transfer bytes 1 

Transfer source start address 2 

Number of transfer bytes 2 

Transfer source start address 3 

Number of transfer bytes 3 

Transfer source start address 4 

Number of transfer bytes 4 

~Even number address 

Dummy byte 

--. 
I 
I 
I 

I~ Necessary in case 
: of li~k array_~haln 
I transfer only 

J 

-

-J_~ bytes 

J 4 bytes 

Fig.68 Transfer parameter memory at 1 bus cycle 
transfer 



When the transfer parameters for one block are completely 

stored, the contents of the TBC are decremented by 1 and 

then the first DMA transfer starts in accordance with the 
stored parameters. 

In contrast to the array state, the state in which DMA trans

fer is made is called the transfer state. In the transfer state, 

the same operations are performed as in normal transfer. At 

the end of each one-unit transfer, the contents of the trans

fer counter are decremented by 1 in 8-bit transfer or by 2 
in 16-bit transfer. Even when the contents of the transfer 

counter are 0, the DMA request flag and DMA permission 

bit are not cleared and the array state of the next block 

occurs. 

When the contents of the TBC are 0 at the beginning of the 

array state, the entire transfer operation is considered to be 

completed, and the "L" level is output to the TC pin to clear 

the DMA request flag and DMA permission bit and termi

nate array chain transfer. At the same time, the interrupt re

quest bit of the DMA interrupt control register is set to ''1". 

In the cycle steal transfer at the array chain transfer mode, 
one array state and the transfer cycle of one-unit transfer 

are performed by one DMA request. 

Figure 70 shows the array chain transfer timing diagram. 
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Internal clock ¢> 

SAR(L) 

SAR(M) 

SAR(H) 
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3 4 

¢> 18 cycle 
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Aa/Da-A15/D15 ~-~ .__,_.....,.___, 
DAR(L) 

DAR(M) 

DAR(H) 

Internal clock ¢> 

E 

¢> 18 cycle 

3 

A15/Do-A23/D7 ~-

Aa/Da-A15/D15 b;:}- ,.........,.""""",---;. 

5 

5 

5 

TCR(L) 

TCR(M) 

TCR(H) 

ltc(M)I I I I 

~~~~~~~~~~~ ....... ~ 
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sp(L) 

6 sp(M) 

SP(H) 

dP(L) 

dp(M) 

dp(H) 

tc(L) 

le (M) 

IC (H) 

Transfer parameter memory 

6 

6 

SAR : Source address register sp : Transfer source start address 

DAR : Destination address register 

TCR : Transfer counter register 

dp : Transfer destination start address 

tc : Number of transfer bytes 

Fig.69 Array state example at 2 bus cycle transfer 
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• Transfer unit : 16 bits 
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• Transfer mode : Burst 
• Transfer source address change direction : Forward 
• Transfer destination address change direction : Forward 
·_Transfer source wait : None 
• Transfer destination wait : None 
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dp 

• Number of transfer block : 2 

• tc' (transfer counter register value) 
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(4) Link array chain transfer 
Figure 71 shows the link array chain transfer parameter 
memory configuration. As shown in this figure, not only the 
transfer source start address, transfer destination start 
address, and number of transfer bytes, but also the first 
address of the memory block which contains the next trans
fer parameters is stored. In the transfer parameter of the 
last block, set "00000016" as the first address of the next 
transfer parameter. In one bus cycle transfer, the 1/0 side 
parameters are not needed. 
As is the case with the other types of transfer, the DMAi 
mode register, DMAi control register, and DMAC control 
register must be set up for link array chain transfer pur
poses. Into the SAR, write the first address of the memory 
block that stores the parameters for the first transfer. This 
address value is then written into the TPR. Be sure that an 
evennumbered address is designated as the first address. 
Nothing needs to be written in the DAR. Write a numerical 
value other than zero into the TCR. When the OMA permis
sion bit is set to "1" after completion of the above setup, 
OMA transfer is enable. 
In link array chain transfer, the transfer parameters are first 
read from the transfer parameter memory and then written 
into the SAR, DAR, and TCR. Further, the first address of 
the memory block that contains the next parameters is writ
ten into the TPR. In link array chain transfer, the state so far 
is referred to as the array state. 
The OMA controller sequentially outputs to the address bus 
the addresses of the memory block that stores the transfer 
parameters, beginning with the first address. The read data 
are sequentially stored into the SAR, DAR, and TCR, and 
then the first address of the memory block containing the 
next parameters is written into the TPR. OMA transfer is 
made in accordance .with the parameters read from the 
transfer parameter memory. The transfer state is the same 
as in normal transfer. The contents of the TCR are de
cremented by 1 or 2 at the end of each one-unit transfer. 
Even when the contents of the TCR are 0, the OMA request 
flag and OMA permission bit are not cleared to "O" but the 
array state starts again. When the contents of the TPR are 0 
at this time, however, the "L" level is output to the TC pin to 
clear the OMA request flag and OMA permission bit and 
terminate link array chain transfer. At the same time, the in
terrupt request bit of the OMA interrupt control register is 
set to "1". 
In the cycle steal transfer at the rink array chain transfer 
mode, one array state and the transfer cycle of one-unit 
transfer are performed by one OMA request. 
Figure 72 shows the link array chain transfer timing dia
gram. 
Note that the following operations cannot be performed in 
array chain transfer or link array chain transfer. 
1. A 16-bit transfer operation performed with an external 

width of 8 bits employed and the fixed transfer address 
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change direction selected for either the transfer source 
or destination 

2. A 16-bit transfer operation performed with an external 
width of 16 bits employed, the fixed transfer address 
change direction selected, and an odd-numbered 
address designated as the first address for either the 
transfer source or destination. 

8 :c 
~ l-~Tr~a~ns~fe~r~s"'.'o-ur"'.'ce--,st~art-.-a-.dd-.-r-es-s""'1,......-1 
0 ' .E I Transfer destination start address 1 
ro-l>' ! J Number of transfer bytes 1 

E L Transfer parameter address 2 h 

i T----------------------1 

I 
Transfer parameter Transfer source start address 4 1.-<L____ 
address 4 1----------------------11 ~ ' 

Transfer .destination start address 4 

Number of .transfer bytes 4 

Transfer parameter address 5 

Transfer parameter Transfer source start address 3 1 ""-i--i 
address 3 I - I 

Transfer destination start address 3 

Number of transfer bytes 3 

Transfer parameter address 4 

Transfer parameter Transfer ·source start address 2 I ..<.J 
address 2 1 - · 

Transfer destination start address 2 

Number of transfer bytes 2 

Transfer parameter address 3 i--

Fig.71 Link array chain transfer mode parameter 
memory configuration example 
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DRAM CONTROLLER 
The DRAM controller directly controls the DRAM (dynamic 
random access memory). The DRAM control pins are lo
cated at ports P104/CAS, P105/RAS, P106/MA8 , P107/MA9 , 

and A0/MA0 through A7 /MA7. 
Figure 73 shows the DRAM controller block diagram. Fi
gure 74 shows the DRAM control register (address 6416 ) 

bit configuration. Bit 7 of the DRAM control register is a 

DRAM validity bit. When this bit is set to "1 ", port P104 

serves as the CAS (column address strobe) signal output 
pin, port 105 serves as the RAS (Row address strobe) sig

nal output pin, port P106 serves as the MA8 output pin, and 
P107 serves as the MA9 output terminal. Upon resetting, the 
DRAM validity bit is set to "O''. When using the DRAM con
troller, be sure to set this bit to "1 ". 
Bits 0 through 3 of the DRAM control register are the 
DRAM area selection bits. These bits are used to desig
nate the DRAM area in 1 M-byte units. When the DRAM 
area selection bits (bits 3 through O) are set to "0000", the 

DRAM controller concludes that there is no DRAM area. 
This state prevails upon resetting. When the bits are set to 

"0001'', the DRAM area is set to 1 M-byte and the system 
automatically judges that the area between addresses 
F0000016 and FFFFFF16 is provided as the DRAM area. 
When the bits are set to "1111", the DRAM area is set to 
15M bytes and the DRAM controller automatically con
cludes that the area between addresses 10000016 and 
FFFFFF16 is the DRAM area. 
When the area to be accessed is judged to the DRAM 
area, the DRAM controller generates timing signals RAS 

Refresh request 

Refresh timer 

DRAM Bit 0-bit ~ 
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Address 

'-r-'"-"''-"'-"'-r'-.-'-,..&..,,..J DRAM control register 6416 

~--'---'-- DRAM area selection bit 
0000 : No DRAM area 
0001 : FOOOOO-FFFFFF 
0010 : EOOOOO-FFFFFF 
0011 : DOOOOO-FFFFFF 

1100 : 400000-FFFFFF 
1101 : 300000-FFFFFF 
1110 : 200000-FFFFFF 
1111: 100000-FFFFFF 

~-------- DRAM validity bit 

0 : Invalid 
1 : Valid 

Flg.74 DRAM control register bit configuration 

and CAS for latching the address in the bus cycle, and out

puts addresses A0 through A20 to MA0 (A0 pin) through MA7 

(A7 pin) , MA8 , and MA9 by means of time division multi

plexing. The time division multiplexing method varies with 
the external bus connection. Table 7 shows the address 
time-division multiplexing DRAM controller for DRAM 

accessing. 
It should also be noted that when the DRAM area is acces
sed, the "L" level period of E is increased twofold without 
respect to the contents of the wait bit. This also holds true 
when the DRAM area is accessed by the CPU or DMA 

controller. 

Bus access 

controller 

-------, 
.....-~~~~ ..... ~~...., 

RAS, GAS 

generating circuit 

RAS 

GAS 

control register Address comparator 

Fig.73 
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The DRAM controller incorporates an independent 8-bit re
fresh timer. The refresh timer is based on decrement count 
and its clock source employs a clock that is derived by di

viding f(X1N) by sixteen. The refresh interval can be given 
as desired by writing a value (not "O") in the refresh timer 
(address 6616 ). The value must be set in the refresh timer 
before the DRAM validity bit is set to "1 ". Generally, the 

value written in the refresh timer is expressed by the fol
lowing formula. 

Timer value n=refresh interval [ns] X f(X1N)/16-1 

When the contents of the refresh timer is 0016, the refresh 
timer generates the refresh request signal. The refresh re

quest signal sends the bus use request to the bus access 
controller. When the request is accepted, the system stops 
the CPU and DMA controller and sends the response sig
nal to the RAS/GAS generator circuit. The RAS/GAS gener
ator circuit generates the refresh cycle. 
If the CPU or DMA controller is using the data bus, refresh 
cycle generation does not take place even when the re
fresh request is made. When a WIT or STP instruction is 
executed, the refresh operation is not performed. Figure 75 
shows an example refresh operation that is performed 

when the refresh request is made during DMA transfer. Fi
gure 76 shows an example refresh operation that is per
formed when the refresh request is made during CPU op

eration (bus accessing) . Both examples represent the 
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cases where the response delay time is maximized. Table 
8 shows the delay time that denotes the interval between 
the instant at which the contents of the refresh timer be
come 0016 and the instant at which the refresh cycle is in
serted. This table indicates the maximum and minimum 
values prevailing when the RDY input is not provided. If the 
access time is to be increased by RDY input, the time de

lay resulting from such an access time increase must be 
added to the maximum values in the table. 
Figure 77 shows the DRAM accessing bus cycle timing dia
gram. The DRAM controller generates three types of bus 
cycles: read, write, and refresh bus cycles. 
In the read cycle, the RAS pin level falls from "H" to "L", 
and then the GAS pin level falls from "H" to "L" at the end 

of 1 /2 the internal clock cycle ¢. The address bus changes 
from the row address to the column address during the 

time interval between RAS pin level fall and GAS pin level 

fall. 
In the write cycle, the GAS pin level falls one internal clock 

cycle ¢after RAS pin level fall. 
In the refresh cycle, the GAS pin level falls 112 internal 
clock cycle ¢earlier than RAS pin level fall. Refresh occurs 
as the GAS pin level falls earlier than the RAS pin level. 

This method is called the "GAS before RAS refresh 
method". Be sure that the selected DRAM permits "GAS 
before RAS refresh". 

Table 7. DRAM accessing address time-division multiplexing method 

~ 
Regular bus 

DRAM access 

Row address 
External 8-bit 

Column address 

Row address 
External 16-bit 

Column address 

Table 8. Refresh wait time 

Cause of bus use 
Number of delay 

cycles 

CPU 1.5-6.5 

DMA controller 1.5-12.5 

HOLD state 1.5 

Ao A, A2 A3 

MA0 MA1 MA2 MA3 

Ao A, A2 A3 

Aa Ag A10 A,, 

Aia A, A, A3 

Aa Ag A10 A,, 

At 16MHz 

187.5ns-812.5ns (wait provided) 

187.5ns-562.5ns (wait not provided) 

187.5ns-1562.5ns (wait provided) 

187.5ns-1062.5ns (wait not provided) 

187.5ns 

• MITSUBISHI 
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A, As Aa A, P10a P107 

MA4 MAs MAa MA7 MAa MAg 

A, As Aa A, A,a A,a 

A,, A,3 A,, A,s A,, A,g 

A, As Aa A, A,a A20 

A,, A,3 A,, A,s A,, A,g 

At BMHz 

375ns-1625ns (wait provided) 

375ns-1125ns (wait not provided) 

375ns-3125ns (wait provided) 

375ns-2125ns (wait not provided) 

375ns 
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clock .P 

CAS 

Internal 
clock¢ 

RAS 
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clock¢ 

CAS 

_J 

_J 

x Row address 

(1) Timing diagram at reading 

_J 

_J 

x Row address 

(2) Timing diagram at writing 

_J 
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...____.I 

'--~~~~~~~--'' 

x Column address x 

,_____,, 
'--~~~~~~~__.I 

x Column address x 

.____.I 
"H" ---------------------------

x lnvarid x 
(3) Timing diagram at refreshing 

Fig.77 DRAM access timing diagram 
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REAL-TIME OUTPUT 
The M37720S1 AFP has a 4-bit, 2-channel real-time output 

function which is shared with port P6 as the output port. As 

with the other ports, the port P6 direction register is in the 
input state after resetting and therefore functions as a regu

lar 1/0 port. To use the real-time output function, be sure to 

set the port P6 direction register for output. Ports P60 

through P63 correspond to channel· 0, whereas ports 64 

through 67 correspond to channel 1. 
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Real-time output control register 

Address 
62,. 

Real-time output o· validity bit 
0 : Invalid 
1 : Valid 

~--- Real-time output 1 validity bit 
0 : Invalid 
1 : Valid 

Figure 78 shows the real-time output control register 

(address 6216 ) bit configuration. Bits 0 and 1 are the real

time output validity bits for the channels. Bit 0 relates to 

channel 0, and bit 1 relates to channel 1. When the value 

"1" is written in the positions of these bits, the real-time 

output function is enabled. These bits are "O" upon reset

ting. 

Fig.78 Real-time output control register bit configuration 

7 6 5 4 3 2 1 O Address 

Figure 80 shows the real-time output block diagram. In the 

real-time output mode, the values written in the pulse out

put data register are not output immediately. However, 

such an output is delivered to the pin when timer AO 

(channel 0) or timer A1 (channel 1) underflows. Before 

underflow occurrence, the previously written data are 

output. 

Figure 79 shows the pulse output data register bit con

figuration. When the real-time output 0 validity bit is "O", the 
data written in the port P6 latch (address E16 ) is output to 

ports P60 through P63. When the real-time output 0 validity 

bit is "1 ", the values written in the bit O to bit 3 positions of 

pulse output data register 0 (address 1 A16 ) are output to 
ports P60 (RTP00 ) through P63 (RTP03 ), respectively. 

When the real-time output 1 validity bit is "O'', the values 

written for bits 4 through 7 of the port P6 latch (address 

E16 ) are output to ports P64 through P67, respectively. 

When the real-time output 1 validity bit is "1 '', on the other 

hand, the values written in pulse output data register 1 

(address 1C16 ) are output to ports P64 (RTP1 0 ) through P67 

( RTP13). 

Pulse output data register O 1 A,. 

RTP00 output data 
0 : "L" level output 
1 : "H" level output 
RTP01 output data 
0 : "L" level output 
1 : "H" level output 
RTP02 output data 
0 : "L" level output 
1 : "H" level output 
RTP03 output data 
0 : "L" level output 
1 : "H" level output 

RTP1 0 output data 
0 : "L" level output 
1 : "H" level output 
RTP1 1 output data 
0 : "L" level output 

1 : "H" level output 
RTP1 2 output data 
0 : "L" level octput 
1 : "H" level output 
RTP1 3 output data 
0 : "L" level output 
1 : "H" level output 

Address 
1c,. 

Fig.79 Pulse output data register bit configuration 

Fig.80 
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Data bus ---r--{ Port latch ~ 

y Pulse output data register i 1---o Q 

Timer Ai( i=O, 1) 
underflow signal 

Real-time output block diagram 

,__,i>CK 
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WATCHDOG TIMER 
The watchdog timer is used to detect unexpected execu
tion sequence caused by software run-away. Figure 81 
shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (132 ) or by 512 (f512 ). Whether to count f32 or f512 is de
termined by the watchdog timer frequency selection flag 
shown in Figure 82. f512 is selected when the flag is "O" and 
f32 is selected when it is "1". The flag is cleared after reset. 
FFF16 is set in the watchdog timer when "L" or 2Vcc is ap

plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become "O''. 
After FFF16 is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f32 or 151 ,, and after 2048 counts, the 
most significant bit of watchdog timer become "O", and a 
watchdog timer interrupt request bit is set, and FFF16 is 
preset in the watchdog timer. 
Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch
dog timer become "O". If this routine is not executed due to 
unexpected program execution, the most significant bit of 

the watchdog timer become eventually "O" and an interrupt 
is generated. 
The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 

10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the V cc voltage. 
The watchdog timer can also be used to recover from when 

the clock is stopped by the STP instruction. Reier to the 
section on clock generation circuit for more details. 
The watchdog timer is also in the hold state during hold, 
DMA transfer, or refresh. Therefore, the input to the watch
dog timer is prohibited. 
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Watchdog timer frequency selection 
(connection forced to 132 during STP instruction execution) 

f32 ---0 

fs12 --o 

Hold 

Write to watchdog timer 

Fjg.81 Watchdog timer block diagram 

Address 

7 6 5 1 0 6115 

"'IXJ.....,,.XJ,.......,,,.XJ.....,,.X,........,,,,.k>(.....,,\X,......_lXJ_,,---,J :~:~~~~gfl:;er frequency 

L O : Select '"' 
1 : Select f32 

Fig.82 Watchdog timer frequency selection flag 
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RESET CIRCUIT 
Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 5V 
±10%. Program execution starts at the address formed by 
setting the address pins A23 - A16 to 0015, A1s - As to the 

contents of address FFFF16, and A1- Ao to the contents of 

address FFFE15. 
Figure 83 shows the status of the internal registers when a 

reset occurs. 

(1) Port P4 data direction register (Oc,.>- .. 10 I 0 I 0 I 0 I 0 [)<J)<J)<J (38) A-D conversion interrupt control register 

(2) Port P5 data direction register (0016)··· I oo,. I (39) UART O transmission interrupt control register 

(3) Port P6 data direction register c10,.) .. · I oo,. I (40) UARTO receive interrupt control register 

c11,.)··· I oo,. I (41) 

"=1 =====1 ( 14,.)... oo,. . 
~===== 

(15,.)··· I oo,. I 

(4) Port P7 data direction register 

(5) Port PB data direction register 

(6) Port P9 data direction register 

UART1 transmission interrupt control register 

(41) UART1 receive interrupt control register 

(43) Timer AO interrupt control register 

(7) Port P10 data direction register (18,.) .. • I 0010 I (44) Timer A1 interrupt control register 

(B) A-D control register (1E,.)· .. loiolololoJ?J?El (45) Timer A2 interrupt control register 

(9) A-D sweep pin selection register (1F16)··· txXXJ)([XJ)<J:)<J 1I1 I (46) Timer A3 interrupt control register 

(30,.)· .. I oo,. 1 (47) 
~======: 

csa,.)· .. I oo,. I 
(10) UARTO Transmit/Receive mode register 

(11) UART1 Transmit/Receive mode register 

Timer A4 interrupt control register 

(48) Timer BO interrupt control register 

(11) UARTO Transmit/Receive control register 0 ( 341s) ·.. tx1XJ)([XJ 1 I 0 I 0 I 0 I (49) Timer 61 interrupt control register 

(13) UART1 Transmit/Receive control register 0 (3C10)··· tx1XJ)([XJ 1 I 0 I 0 I 0 I (50) Timer 62 interrupt control register 

(14) UARTO Transmit/Receive control register 1 ( 35,.l- .. I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I (51) INT 0 interrupt control register 

(15) UART1 Transmit/Receive control register 1 ( 30, sl · :. I 0 I 0 I 0 I 0 I 0 I 0 I 1 I 0 I (51) INT1 interrupt control register 

(16) Count start flag 

(17) One-shot start flag 

(18) Up-down flag 

(19) Timer AO mode register 

~O) Timer A 1 mode register 

~1) Timer A2 mode register 

~1) Timer A3 mode register 

~3) Timer A4 mode register 

(14) Timer BO mode register 

(15) Timer B1 mode register 

(26) Timer B2 mode register 

~7) Processor mode register 

~8) Watchdog timer 

(19) Watchdog timer trequency selection tlag 

(40,.i··· I oo,. I (53) INT 2 interrupt control register 

(42,.)··· MX1XJ o Io Io Io Io I (54) DMAO mode register L 

(44,.) ... I oo,. I (55) DMAO mode register H 

(56,.)··· 1 oo,. 1 (56) 

"=1 =====1 
DMAO control register 

(57,.)... oo,. . (57) DMA1 mode register L 
"==========' 

(5a,.i··· I oo,. I (58) OMA 1 mode register H 

(qs,.)··· 1 oo,. 1 (59) OMA 1 control register 

(5A,.)··· I oo,. I (60) DMA2 mode register L 

(5B,.) .. · I 0 I 0 I 1 [)<J 0 I 0 I 0 I 0 I (61) DMA2 mode register H 

DMA2 control register ( 5C,.) .. · I 0 I 0 \ 1 [)<J 0 I 0 I 0 I 0 I (61) 

(5D,.)··· I 0 I 0 I 1 [)<J 0 I 0 I 0 I 0 I 

(5E,.)··· Io\ o \ o Io\ o Io I 1 Io I 

(63) DMA3 mode register L 

(64) DMA3 mode register H 

(6010)··· I FFF,. I (65) DMA3 control register 

(61,.)···~ol (66) Processor status register PS 

(30) Real-time output control register (6210)··· l><J><t<t><I)<'. 0 I 0 [ (67) Program bank register PG 

(31) DRAM control register (68) Program counter PC" (64,.)··· Io MX1X1 o Io Io I o I 

(6a,.i .. · \ o Io 1o1o[)<J)<Jo1o1 (69) (31) DMAC control register L Program counter PCL 

(33) DMAC control register H (6s,.)··· 1 oo,. I (70) Direct page register DPR 

(34) DMAO interrupt control register (6C1s)· .. tx1XJ)([XJ 0 \ 0 \ 0 \ 0 [ (71) Data bank register OT 

(35) DMA1 interrupt control register (6D1sl··· tx1XJ)([XJ 0 I 0 \ 0 I 0 I 

<10,.)··· tx1XJ)([XJ o Io Io Io I 

c 11,.i ... t><J)<J)<J)<J o I o I o I o I 

en,.)··· tx1XJ)([XJ o \ o o \ o 1 

(73,.)··· tx1XJ)([XJ o o o I o 

(74,.l··· [)<J)<J)<J><J o o o I o 

(75,.)··· MXlXJ><J o o o I o 

c1s,.)··· tx1XJ)([XJ o o o Io 

cn,.i··· tx1XJ)([XJ o o o Io 

c1a,.)··· tx1XJ)([XJ o o o Io I 

c1s,.)··· ltxXXJ)([XJ o o o Io 

(7 A,.) ... tx1XJ)([XJ 0 I 0 I 0 I 0 

(7B,.)··· tx1XJ)([XJ 0 I 0 I 0 I 0 

(7C,.l··· tx1XJ)([XJ 0 I 0 I 0 I 0 

(7D,.l··· [)<J)<J 0 I 0 I 0 I 0 I 0 I 0 

(7E,.)··· [)<J)<j 0 I 0 I 0 I 0 I 0 I 0 

(7F16)··· [)<J)<J 0 I 0 I 0 [ 0 I 0 I 0 

(1FCC,.)··· I oo,. I 
"==========' 

(1FCD,,) ... I oo,. I 

(1FCE,.)··· [)<J)<J 0 I 0 I 0 I 0 I 0 I 0 I 

(1FDC16) .. · I oo,. I 
"==========' 

(1FDD,.) .. L_ oo,. I 

(1FDE,.) .. [)<J)<j 0 I 0 I 0 I 0 I 0 I 0 I 

(1FEC,.) ... I oo,. I 
=======: 

(1FED,,)· .. I oo,. I 

(1FEE,.)··· [)<J)<j 0 I 0 I 0 I 0 I 0 I 0 I 
(1FFC,.)··· I oo,. I 

~======: 
( 1 FFD,.) ... I oo,. I 

(1FFE,.)··· [)<J)<j 0 I 0 I 0 I 0 I 0 I 0 I 

iololol?l?[olo[ol1 I?[?[ 

I oo,. I 
Contents of address FFFF16 

Contents of address FFFE16 

0000,. 

oo,. 

(36) DMA2 interrupt control register (6E16)··· tx1XJ)([XJ 0 \ 0 I 0 [ 0 I 

(37) DMA3 interrupt control register (6F,6)··· tx1XJ)([XJ 0 I 0 I 0 I 0 I 

Contents of other registers and RAM are not initialized and should be in

itialized by software. 

Flg.83 Microcomputer Internal status during reset 
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Figure 84 shows an example of a reset circuit. The reset in
put voltage must be held 0.9V or lower when the power vol
tage reaches 4.5V. 

M37720S1AFP 
~Poweron 

av 
RESET Vee 

36 41 

av 

Example of a reset circuit (perform careful 
evaluation at the system design before using) 
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INPUT/OUTPUT PINS 
Ports P10 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
"L" voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in
put, the data is written only in the port latch and the pin 
stays floating. 
If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 
Figure 85 presents the port P10 to port P4 block diagrams 
and E pin output format. 
In the evaluation chip mode, port P4 is also used as the 
control signal terminal. Refer to the section on evaluation 

chip mode for more details. 
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•Ports P83, P87, P9s, P94, P92, P9o, P107, P105, P105, P104 (1nside dotted-line not included) 

Ports P54, P52, P5d(lnside dotted-line included) 

Data bus 

,-----
' I I I L _____ .J 

•Ports P4e-P43'(lnside dotted-line not included) 

Ports P47, P57, P55, P55, P53, P51, P8s, P82, P97, P95, 
P93, P91, P102, P101, P10o (Inside dotted-line included, 

Data bus 

• Ports P6,-P6o 

Port latch 

but P82 and P86 are without 
hysterisis) 

•Ports P76-P70 (1nside dotted-line not included) 
Port P77 (Inside dotted-line included) 

Data bus Port latch 

• Ports P8s. Pa •. P8,, P8o 

Data bus 

•PortP103 

Data bus 

Fig.85 Block diagram for ports P10 to P4 in microprocessor mode and the E pin output 
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PROCESSOR MODE BYTE pin 
Either the microprocessor mode or evaluation chip mode is 
selected in accordance with the contents of bit 0 of the 
processor mode register shown in Figure 86. Bit 1 must al
ways be set to 1. 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

Figure 87 shows the port P4, A7/MA7 to A0/MA0 , A15/D15 to 
A8/D8, A23/D7 to A16/D0, R/W, BHE, BLE, ALE, ROY, HOLD, 
and rp 1 functions in the two different processor modes. 

The data bus width is 8 bits when the level of the BYTE pin 
is "H". 

The data bus width is 16 bits when the level of the BYTE 
pin is "L". 

The external memory area varies with the mode. Figure 88 
presents the memory map in each processor mode. When 

the external memory is to be accessed, it is influenced by 
the BYTE pin and processor mode register bit 2 (wait bit) 

as explained below. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 

6 

l Joj J J J J1J J Processor mode register 

Processor mode bit 

0 : Microprocessor mode 
1 : Evaluation chip mode 

'------- Wait bit 
o :wait 
1 : No wait 

~------ Software reset bit 

Address 
5E10 

Reset occurs when this bit is set to "1" 

'------'---------- Interrupt priority resolusion time selection bit 
0 0 : Select 1/f(X,N)X14 
0 1 : Select 1/l(X,N)X8 
1 0 : Select 1/l(X,N)X4 

~----------Test mode bit 

This bit must be "O" 

~------------Stack bank selection bit 

0 : Bank 016 

1 . : Bank FF16 

Fig.86 Processor mode register bit configuration 

• MITSUBISHI 
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F:::::::: CM1 1 1 
CMO 0 1 

Port 

~ Microprocessor mode Evaluation chip mode 

E I .--
Access except DRAM A7/MAi 

~ 
Same as left 

A7/MA, -Ao/MAo 
I 

AolMAo E ---i__r-
Access DRAM A7/MA1 

~ 
Same as left 

-Ao/MAo 
) 

A15-As I r-E 
BYTE="L" A15/D1s ~ 

Same as left 

-As/Ds 
!><:ld 

A1s/D1s 
I 

As/Os 

A,a/D, 
I 

A,slDo 

Fig.87 

2-258 

E -----i___s- E~ 
A1s/D1s ~ 

As/Os ~ BYTE="H" -As/Ds ........ A1s/015 
(odd) 

Port P4, P5 and their direction registers are 
treated as 16-bit bus width. 

E A23-A1s I l 
BYTE="L" 

A2a1D, ~ Same as left 

-A1s/Do (even) 

-

~ BYTE="H" E A,a-A1s I l E 

A23/D, ~ A,alMA, ~ -A1e/Do -A,.IDo 
(even, odd) (even, odd) 

Same as for A15/D, 5-As/Ds 

ALE E ---i.____r-
-

ALE ____f""1__ BHE 

-
BHE~ BLE 

-
BLE~ R/W 

--
R/W~ 

Same as left 
ROY 

HOLD ROY~ 
¢, HOLD~ 

¢, ___fL_JL_JL_ 

I I 
E~ 

E 
P47~ P47 

~ -P43 P4s~ 
Port P4 

P4s ~ 
P44 ~ 
P4a ~ 

--
Processor mode and ports P4, A7/MA7-A0 /MAo, A15/D, 5-A8 /D8 , A23/07-A16/00 , and ALE, R/W, BHE, BLE, 

ROY, HOLD, ¢1 functions 
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Wait bit 
As shown in Figure B9, when the external memory area is 

accessed with the processor mode register bit 2 (wait bit) 

cleared to "O", the "L" width of E signal is becomes twice 
compared with no wait (the wait bit is "1 "). The wait bit is 

cleared during reset. 

When the CPU is operating, the accessing of internal mem

ory area is performed in no wait mode regardless of the 

wait bit. 

The processor modes are described below. 

Microprocessor Evaluation chip 
mode mode 

ao,. 1-----1 

RAM RAM 

FFFFFF16 "'""="""-' 
The shaded area is the external memory area. 

Fig.BB External memory area for each processor mode 

Internal clock </> 

jAH/DL 

Wait bit"1" E 

ALE 

~ 
Address Address 

~ 
__JL_Jl__ 

!
AH/DL~ 

W . b" ,,0,, Address Address 
a1t1tE~ 

ALE~ 

Flg.89 Relationship between wait bit and access time 
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(1) Microprocessor mode [O] 
When the system is reset with the CNV55 pin connected to 

Vss or Vee. this mode is selected. 
Ports A15/D15 through A8 /D8 may be in either of the follow

ing two conditions depending on the BYTE pin level. 

When the BYTE pin level is "L", the ports serve 

as the address output terminals while E is at the "H" level 

or 

as the odd-numbered address data 1/0 terminals while E 
is at the "L" level. 

However, if the internal memory area is read, external data 

is ignored from outside while E is at the "L" level. 

When the BYTE pin level is "H", the ports serve as the 

address output terminals. 

Ports A23/D7 through A16/D0 may be in either of the follow

ing two conditions depending on the BYTE pin level. 

When the BYTE pin level is "L", the ports serve 

as the address output terminals while E is at the "H" level 

or 
as the even-numbered address data 1/0 terminals while 

E is at the "L" level. 

However, if the internal memory area is read, external data 

is ignored from outside while E is at the "L" level. 

When the BYTE pin level is "H", the ports serve 

as the address output terminals while E is at the "H" level 
or 

as the even- and odd-numbered data 1/0 terminals while 

E is at the "L" level. 

However, if the internal memory area is read, external data 

is ignored from outside while E is at the "L" level. 

R/W is the read/write signal. It performs a read operation 

when it is at the "H" level or a write operation when it is at 

the "L" level. 

BHE is the byte high enable signal. When it is at the "L" 

level, it indicates that an odd-numbered address is being 

accessed. BLE is the byte low enable signal. When it is at 
the "L" level, it indicates that a even-numbered address is 

being accessed. Therefore, if BLE is at the "L" level and 

BHE is at the "L" level, it means that two bytes at an odd

numbered address and an even-numbered address are 

being accessed simultaneously. 

ALE is the address latch enable signal. It is used for latch
ing the address signal from a multiplexed signal containing 

addresses and data. When ALE is at the "H" level, the latch 

opens to pass off the address signal. When ALE is at the 

"L" level, it retains the address signal. 

HOLD is the hold request signal. It is an input signal used 

to hold the microcomputer. HOLD input is accepted when 

the internal clock ¢falls from "H" level to "L" level while 

the bus is not used. ST1 and STO notify externally when 

microcomputer enters into hold state. In the hold state, ST1 

= 0, STO = 1 and A7/MA7 through A0 /MA0, A15/D15 through 

A8/D8 , A23/D7 through A16/D0 , R/W, BHE, and BLE are 

floating. These ports are floating after one cycle of the in-
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ternal clock ¢ later than the status signal changes to [ST1 
= 0, STO = 1] . At the removing of hold state, these ports 

are removed from floating state after one cycle of internal 
clock ¢ later than the status signal changes to the value ex
cept [ST1=0, ST0=1] . 

ROY is the ready signal. When it is at the "L" level, the in
ternal clock ¢ stops at the "L" level. The instruction execu
tion of CPU and the bus access of the bus interface unit 
are also stopped. The clock ¢ 1 output is continued. ROY is 
used When a slow external memory is installed. 

(2) Evaluation chip mode [1] 
The evaluation chip mode prevails when the CNVss pin is 
connected to 2Vcc· This mode is usually used for evaluation 
equipment. 
A7 /MA7 to A0/MA0, ALE, BHE, BLE, R/W, ROY, HOLD, and 

¢1 perform the same operations as in the microprocessor 
mode. 

Ports A15/D15 through A8/D8 function irrespective of the 
BYTE pin level. They serve 

as the address output terminals while E is at the "H" level 
or 
as the odd-numbered address data 1/0 terminals while E 
is at the "L" level. 

However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "L", ports A23/D7 through A16/ 

0 0 serve 

as the address output terminals while E is at the "H" level 
or 

as the even-numbered address data 1/0 terminals while 
E is at the "L" level. 

However, if the internal memory area is read, external data 

is ignored from outside while E is at the "L" level. 
When the BYTE pin level is "H", on the other hand, ports 
A23/D, through A16/D0 serve 

as the address output terminals while E is at the "H" level 
or 

as the even- and odd-numbered address data 1/0 ter
minals while E is at the "L" level. 

However, if the internal memory area is read, external data 
is ignored from outside while E is at the "L" level. 
Port P4, port P5, port P4 and port P5 direction register must 
be accessed in 8-bit unit. 
The port P4 and its direction register addresses 
(addresses OA16 and OC16 ) are treated special in the eva
luation chip mode. When these addresses are accessed, 

the data bus width is considered to be 16 bits without re
gard to the BYTE pin level. Further, the access cycle is tre
ated as the internal memory without regard to the wait bit. 
Ports P43 through P46 serve as the MX, QCL, VOA, and 
VPA output terminals, respectively. Port P47 serves as the 
DBC input terminal. 
The MX signal usually carries the contents of flag m. When 

MITSUBISHI MICROCOMPUTERS 
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the CPU uses flag x, however, the MX signal carries the 
contents of flag x. 

QCL is the queue buffer clear signal. It goes High when 
the command queue buffer is to be cleared as a command 
code previously entered in the command queue buffer can
not be used because of jump or other command execution. 
VOA is the valid data address signal .. It is at the "H" level 

while the CPU reads data from or writes data into the data 
buffer. It also goes High when the command first byte (the 
operation code) is read from the queue buffer. 
VPA is the valid program address signal. It is High while 

the CPU reads a command code from the command queue 
buffer. 

DBC is the debug control signal which is used for debug
ging. 

Table 9 summarizes the relationship between the CNVss 
pin input level and processor mode. 

Table 9. Relationship between the CNVss pin input 
levels and processor modes 

CNV55 Mode Description 

Microprocessor mode upon 

Vss • Microprocessor starting after reset. Evaluation 

or chip mode can be selected 

Vee • Evaluation chip by changing the processor 

mode bit by software. 

2Vcc • Evaluation chip Evaluation chip mode only 
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CLOCK GENERATING CIRCUIT 
Figure 90 shows a block diagram of the clock generator. 
When a STP instruction is executed, the internal clock ¢> 

stops oscillating at "L" level. At the same time, FFF16 is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32 . This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 
Oscillation restarts when an interrupt is received, but the 
internal clock ¢>remains at "L" level until the most signifi

cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. When a WIT instruction is executed, the 
internal clock ¢>stops at "L" level, but the oscillator does 
not stop. The clock is restarted when an interrupt is re
ceived. Instructions can be executed immediately because 
the oscillator is not stopped. 

The stop or wait state is released when an interrupt is re
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 

Figure 91 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom
mended values for constants such as capacitance which 
differ for each resonator. Figure 92 shows an example of 
using an external clock signal. 

Interrupt request 

STP instruction WIT instruction R 
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M37720S1 AFP 

X1N XouT 

37 lMQ 38 
\(\/\ 

Rd 

:---~D~ ..J 

r l 
Fig.91 Circuit using a ceramic resonator 

M37720S1 AFP 

37 

External clock source 

Vee n n n r 
Vss .J U U U 

Fig.92 External clock input circuit 

Reset 

STP instruction 

XouT 

38 
Open 

Watchdog 
timer 

Clock ¢>, output 

Fig.90 Block diagram of a clock generator 
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ADDRESSING MODES 
The M37720S1AFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 

the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M37720S1 AFP has 103 machine instructions. Refer to 

the MELPS 7700 machine instruction list for details. 

2-262 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage -0.3-7 

v, Input voltage RESET, CNVss. BYTE -0.3-12 

Input voltage A,,ID8-A15/D15, A10/Do-A23/0,, P43-P4,, 

v, P5o-P5,, P60-P61, P7o-Ph PS,,-P8,, -0. 3-Vee+O. 3 

P9o-P9,, P10o-P10,, ROY, HOLD, X1N, VREF 

Output voltage A0/MAo-A1/MA1, Aa/Ds-A15/015, 

A,.10,-A,,;o,, P4,-P4,, P5o-P5,, 

Vo P6o-P6,, P7o-P7,, PSo-PS,, P90-P91, -0. 3-Vee+O. 3 

P10o-P10,, ~"RESET our. Xour. E, STD, 

ST1, ALE, BLE, BHE, R/W 

Pd Power dissipation Ta=25"C 300 

TQQI' Operating temperature -20-85 

Ts.!ll.. Storage temperature -40-150 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-20-85'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min. Typ. Max. 

Vee Supply voltage 4. 5 5. 0 5.5 v 
A Vee Analog supply voltage Vee v 
Vss Supply voltage 0 v 
AVss Analog supply voltage 0 v 

High-level input voltage P4,-P4,, P5o-P5,, P6o-P6,, 

V1H 
P7o-P7,, P8o-P8,, P9o-P9,, 

0.8Vee Vee v 
P10o-P10.,, ROY, HOLD, BYTE, 

CNVss. X1N. VREF 

V1H High-level input voltage A,,/Da-A10/015, A10/Do-A,,ID1 0. 5Vee Vee v 
Low-level input voltage P43-P41, P5o-P5,, P6o-P6,, 

V1L 
P7o-P77, P6o-P87, P90-P9,, 

P10o-P107, ROY, HOLD, BYTE, 
0 0.2Vee v 

CNVss. X1N. v •• , 

V1L Low-level input voltage Aa/Ds-A1s/D1s. A1&/Do ....... A23/07 0 0.16Vcc v 

High-level peak output current Ao/MAo-A1/MA,, Aa!D,-A1s/015, 

A"/Do-A2a/D1, P4,-P4,, P5o-P5,, 

loHCpeakl 
P6o-P6,, P7o-P7,, PBo-PS,, 

P90-P91, P10o-P107, ;,, 
-10 mA 

--- -
RESET our. STO, ST1, ALE, BLE, 

BHE, R/W 

High-level average output current Ao/MAo-A1/MA1, A,/D,-A10/D1s. 

A,e/Do-A23/07, P4,-P4,, P5o-Ps,, 

loHCavgl P60-P67, P7o-P7,, PBo-PS,, P9o-P9r, 
---

-5 mA 

Pl00-PI07, \11, RESET our. STO, ST!, 
ALE, BLE, BHE, RtW 

La.v-level peak output currenl Ao/MAo-A1/MA1, Aa/Da-A1s/D1s, 

A,e/Do-A,,107, P4,-P4,, PSo-PS,, 

loLCpeakl P60-P61, P7o-Ph PBo-PB,, P9o-P9,. 10 mA 

P10o-P107, ;,, RESET our. STO, ST!, 

ALE, BLE, BHE, RtW 

Low-level average output current A0/MAo-A1/MA1, Aa/Da-A10/015, 

A1e/Do-A.:VD1, P43-P4,, PSo-PS,, 

loLCavg> P6o-P6,, P7o-P7,, PBo-PS,, 5 mA 

P9o-P9,, P10o-P10,, ;,, RESET our. 

STO, ST!, ALE, BLE, BHE, RtW 

f(X,N) External clock frequency Input 16 MHz 

Note 1 • Average output current is the average value of a 100ms interval. 
2. The sum of -'.!llipeakl !~ports PB, P9, Ao/MAo-A7/MA7, A8/08-A15/015, A16/00-Ad07, STO, ST1, 

ALE, BLE, BHE and R/W must be 80mA or less, the sum-2!_1ol!iD§akl for ~rts PB, P9, Ao/MAo-A7/ 
MA7, A8/08-A15/015, A16/00-A23/07, STO, ST1, ALE, BLE, BHE and R/W must be 80mA or less, 

the sum of loL cpeakl for ports P4, P5, PB, P7, P10 and </>1 must be 80mA or less, the sum of 
loHCpeakl for ports P4, P5, P6, P7, P10 and </> 1 must be 80mA or less. 

Unit 

v 
v 
v 

v 

v 

mW 

"C 
"C 
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M37720S1 AFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25"C, l(X,N)=16MHz) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level output voltage Ao/MA0-A1/MA7, Aa/Ds-A15/015, 

A15/Do-A,,JD7, P43-P47, 

VoH 
P50-P57, P6o-P67, P7o-P77, 

PB0-PB7, P90-P97, P100-P101, 
loH=-10mA 3 v 

¢1, RESET our. STO, ST1, ALE, BLE, 

BHE, R/W 

High-level output voltage Ao/MA0-A1/MA7, Aa/Da-A1s/D15, 
-

VoH A16/D0-A23/07, MA8, MA,, RAS, loH=-400µA 4. 7 v 
CAS, ¢1, STO, ST1, BLE, BHE, R/W 

loH=-10mA 3. 1 
VoH High-level output voltage ALE 

loH=-400µA 
v 

4. 8 

VoH High-level output voltage E 
loH=-10mA 3. 4 v 
loH=-400µA 4. 8 

Low-level output voltage A0/MA,-A1/MA1, A8/Da-A15/015, 

A15/Do-AdD1, P4,-P41, P5o-P5,, 

VoL 
P60-P61, P7o-Ph PBo-PB,, 

P9o-P91, P10o-P101. ¢,, 
loL=lOmA 2 v 

--- -
RESET our. STO, ST1, ALE, BLE, 
- -
BHE, R/W 

Low-level output voltage Ao/MA0-A1/MA7, Aa/Ds-A1siD1s. 
-

VoL 
A18/Do-A23/07, MA,, MA,, RAS, 

CAS, ¢,. STO, ST1, BLE, BHE, 
loL=2mA 0.45 v 

-

R/W 

loL=lOmA 1. 9 
VoL Low-level output voltage ALE 

loL=2mA 
v 

0.43 

VoL Low-level output voltage E 
loL=lOmA 1. 6 v 
loL=2mA 0. 4 

Hysteresis ROY, HOLD, TA21N-TA41N. TB01N. TB11N. 

VT+-VT- INTo-INT,, ADrRG• CTSo, CTS1, CLKo, CLK1 0. 4 1 v 
DMAREQO-DMAREQ3, TC 

VT+-VT- Hysteresis RESET 0. 2 0. 5 v 
Vr+-Vr- Hysteresis X1N 0. 1 o. 3 v 

High-level input current As/Da--A1s/015, A15/0o-A2alD1, 

P43-P47, P5o-P57, P60-P61, 

l1H P70-P7,, P80-P87, P9o-P91, V1=5V 5 µA 
P100-P107, ROY, HOLD, BYTE, 

--
CNVss. X1N. RESET 

Low-level input current Aa/Da ........ A15/015, A1e/Do ....... A23/01, 

P43-P47, P5o-P57, P6o-P6r, 

l1L P7o-Pl,, PBo-P87, P9o-P91, V,=OV -5 µA 
P1O,-P107, ROY, HOLD, BYTE, 

--
CNVss. X1N. RESET 

VRAM RAM hold voltage When clock is stopped 2 v 
l(X1N)=l6MHz square waveform 18 36 mA 

Ice Power supply current T a=25'C when clock is stopped 1 

T a=85°C when clock is stopped 20 
µA 
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16-BIT CMOS MICROCOMPUTER 

A-0 CONVERTER CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25'C, f(X,N)=l6MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

- Resolution VREF=Vcc 

- Absolute accuracy VREF=Vcc 

A LADDER Ladder resistance VREF=Vcc 

lcoNv Conversion time 

VREF Reference voltage 

VIA Analog input voltage 

TIMING REQUIREMENTS (Vcc=5V, Vss=OV, Ta=25'C, f(X,N)=l6MHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

le External clock input cycle time 

tw(H) External clock input high-level pulse width 

lw<U External clock input low-level pulse width 

tr External clock input rise time 

If External clock input fall time 

Microprocessor mode 

Symbol Parameter 

tsu(P4D-E) Port P4 input setup time 

tsu(PSD-E) Port PS input setup time 

lsu(P6D-E) Port P6 input setup time 

tsuCP7D-E) Port P? input setup time 

tsu(PBD-E) Port PS input setup time 

tsu(P9D-E) Port P9 input setup time 

tsu(P10D-E) Port P10 input setup time 

lh{E-P4D) Port P4 input hold time 

lh(E-PSD) Port PS input hold time 

lh(E-PSD) Port P6 input hold time 

lh(E-P?D) Port P? input hold time 

lh(E-PBD) Port PS input hold time 

lh(E-P9D) Port P9 input hold time 

th(E-P10D) Port P10 input hold time 

tsu(DH-E) Data high-order input setup time 

tsu(DL-E) Data low-order input setup time 

tsu(RDY-¢) ROY input setup time 

tsu(HOLD-¢) HOLD input setup time 

thce-oH) Data high-order input hold time 

th(E-DL) Data low-order input hold time 

th(</> -ROY) ROY input hold time 

th(</> -HOLD) HOLD input hold time 

Limits 
Unit 

Min. Max. 

8 Bits 

±3 LSB 

2 10 kO 

14. 5 µs 

2 Vee v 
0 VAEF v 

Limits 
Unit 

Min. Max. 

62 ns 

25 ns 

25 ns 

10 ns 

10 ns 

Limits 
Unit 

Min. Max. 

100 ns 

100 ns 

100 ns 

100 ns 

100 ns 

100 ns 

100 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

45 ns 

45 ns 

60 ns 

60 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 125 ns 

tw(TAH) TAj,N input high-level pulse width 62 ns 

lw(TAL) TAj,N input low-level pulse width 62 ns 

Timer A input (gating input in timer mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 500 ns 

tw(TAH) TAi1N input high-level pulse width 250 ns 

iw(TAL) TAi1N input low-level pulse width 250 ns 

Timer A input (external trigger input in one-shot pulse mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 250 ns 

iw(TAH) TAi1N input high-level pulse width 125 ns 

iw(TAL) TAi1N input low-level pulse width 125 ns 

Timer A input (external trigger input in pulse width modulation mode) 

Limits 
Symbol Parameter t Unit 

Min. Max. 

lw(TAH) TAj,N input high-level pulse width 125 ns 

tw(TAL} TAiiN input low-level pulse width 125 I ns 

Timer A input (up-down input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(uP) TAiour input cycle tih1e 2500 ns 

iw(UPH) TAiouT input high-level pulse width 1250 ns 

twcuPU TAiour input low-level pulse width 1250 ns 

tsu<uP-Cu!) TAiour input setup time 500 ns 

tn(Tut-UP) TAiouT input hold time 500 ns 

2-266 



MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

Timer B input (count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TB) TBi1N Input cycle time (one-edge count) 125 ns 

tw(TBH) TBi1N input high-level pulse width (one-edge count) 62 ns 
tw(TBL) TBiiN input low-level pulse width (one-edge count) 62 ns 
tc(TB) TBi1N Input cycle time (both-edges count) 250 ns 
tw(TBH) TBiiN input high-level pulse width (both-edges count) 125 ns 
tw(TBL) TBiiN input low-level pulse width (both-edges count) 125 ns 

Timer B input (pulse period measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

lc(TB) TBj1N input cycle time 500 ns 
lw(TBH) TBiiN input high-level pulse width 250 ns 
lw(TBL} TBJ1N input low-level pulse width 250 ns 

Timer B input (pulse width measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBJ1N input cycle time 500 ns 
lw(TBH) TBiiN input high-level pulse width 250 ns 
lw(TBL) TBJ1N input low-level pulse width 250 ns 

A-0 trigger input 
Limits 

Symbol Parameter 

! 
Unit 

Min. Max. 

tc(AD) ADrRG input cycle time (minimum allowable trigger) 1000 ns 
lw(AOL) ADrRG input low-level pulse width 125 I ns 

Serial 1/0 
Limits 

Symbol Parameter Unit 
Min. Max. 

le( CK) CLKi input cycle time 250 ns 
lw(CKH) CLKi input high-level pulse width 125 ns 
lw(CKL) CLKi Input low-level pulse width 125 ns 
Idec-a> TxD1 output delay time 90 ns 
thee-a> TxDi hold time 0 ns 
tsuco-c> RxDi input setup time 30 ns 
lhcc-ol RxDi input hold time 90 ns 

External interrupt input 
Limits 

Symbol Parameter 

1 
Unit 

Min. Max. 

lw(tNH) INT; input high-level pulse width 250 ns 
twc1NU INT; Input low-level pulse width 250 I ns 

2-267 



MITSUBISHI MICROCOMPUTERS 

M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25°C, f(X1N)=16MHz, unless otherwise noted) 

Microprocessor mode 
Limits 

Symbol Parameter Unit 
Min. Max. 

td(E-P4Q) Port P4 data output delay time 100 ns 

td(E-P5Q) Port PS data output delay time 100 ns 

td(E-P6Q) Port P6 data output delay time 100 ns 

td(E-P7Q) Port P7 data output delay time 100 ns 

td(E-PBQ) Port PB data output delay time 100 ns 

td(E-P9Q) Port P9 data output delay time 100 ns 

ld(E-P10Q) Port P10 data output delay time 100 ns 

Test conditions are shown in Fig. 93. 

When wait bit is "1" 
Limits 

Symbol Parameter Unit 
Min. Max. 

ld(AL-E) Address low-order output delay time 30 ns 

ld(E-DHQ) Data high-order output delay time (BYTE="L") 70 ns 

\m<zCE-DHZ) Floating start delay time ( BYTE="L") 5 ns 

td(AM-E) Address medium-order output delay time 30 ns 

ld(AM-ALE) Address medium-order output delay time 24 ns 

ld(E-DLO) Data low-order output delay time 70 ns 

tQl<Z(E-DLZ) Floating start delay time 5 ns 

td(AH-E) Address high-order output delay time 30 ns 

ld(AH-ALE) Address high-order output delay time 24 ns 

ld(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 35 ns 

ld(BHE-E) BHE output delay time 30 ns 

ld(BLE-E) BLE output delay time 30 ns 

ld(R/W-E) R/W output delay time 30 ns 

td(E-_±t) ¢>, output delay time 0 20 ns 

th(E-AL) Address low-order hold time 25 ns 

1h(ALE-AM) Address medium-order hold time (BYTE="L") 9 ns 

1h(E-DHQ} Data high-order hold time (BYTE="L") 25 ns 

!Q_zx(E-DHZ) Floating clear delay time (BYTE="L") 25 ns 

th(E-AM) Address medium-order hold time (BYTE="H") 25 ns 

th(ALE-AH) Address high-order hold time 9 ns -
th(E-DLQ) Data low-order hold time 25 ns 

'i:!zxCE-DLZ) Floating clear delay time 25 ns 

th(E-BHE) BHE hold time 18 ns 

lh(E-BLE) BLE hold time 25 ns 

lh(E-R/W) R/W hold time 18 ns 

id(</>-STi) STO, ST1 output delay time 50 ns 

tw(eL) E pulse width 95 ns 

Test conditions are shown in Fig. 93. 
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When wait bit is "O", and external memory area is accessed 

Symbol 

td(AL-E) Address low-order output delay time 

ld(E-DHQ) Data high-order output delay time (BYTE="L") 

~XZ(E-DHZ) Floating start delay time (BYTE="L") 

ld(AM-E) Address medium-order output delay time 

ld(AM-ALE) Address medium-order output delay time 

ld(E-DLQ) Data low-order output delay time 

.!.E:!_xz(E-DLZ) Floating start delay time 

ld(AH-E) Address high-order output delay time 

ld(AH-ALE) Address high-order output delay time 

ld(ALE-E) ALE output delay time 

tW(ALE) ALE pulse width 

ld(BHE-E) BH E output delay time 

ld(BLE-E) BLE output delay time 

ld(R/W-E) R/W output delay time 

ldiE-::!J) ¢, output delay time 

1h(E-AL) Address low-order hold time 

lh(ALE-AM) Address medium-order hold time (BYTE="L") 

lh(E-DHQ) Data high-order hold time (BYTE="L") 

~ZX(E-DHZ) Floating clear delay time (BYTE="L") 

lh{E-AM) Address medium-order hold time (BYTE="H") 

lh(ALE-AH) Address high-order hold time 

th(E-DLQ) Data low-order hold time 

!Q_zx(E-DLZ) Floating clear delay time 

th(E-BHE) BHE hold time 

th(E-BLE) BLE hold time 

th(E-RtW) R/W hold time 

td(¢ -STi) STO, ST1 output delay time 

tW(EL) E pulse width 

Test conditions are shown in Fig. 93. 

Ao/MA0-A;/MA7 

Aa/Da-A1slD1s 

A15/Do .......... A23/D7 

P4 

P5 

P6 

P7 

PS 
pg 

P10 

E 

¢, 

Fig.93 Testing circuit for ports 

Parameter 

• MITSUBISHI 
;...ELECTRIC 

Limits 
Unit 

Min. Max. 

30 ns 
70 ns 

5 ns 
30 ns 
24 ns 

70 ns 
5 ns 

30 ns 
24 ns 

4 ns 
35 ns 
30 ns 
30 ns 
30 ns 

0 20 ns 
25 ns 

9 ns 
25 ns 
25 ns 
25 ns 

9 ns 
25 ns 
25 ns 
18 ns 
25 ns 
18 ns 

50 ns 
220 ns 
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16-BIT CMOS MICROCOMPUTER 

DRAM CONTROL SWITCHING CHARACTERISTICS 
Read state 

(Vcc=5V±10%, Vss=OV, Ta=25"C, f(X,N)=16MHz, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tW(AASL) RAS low-level pulse width 210 ns 

tW(CASL) CAS low-level pulse width 160 ns 

tW(RASH) RAS high-level pulse width 90 ns 

td( AAS-GAS) RAS-CAS delay lime 40 ns 

ld(RA-RAS) Row address delay time before RAS 10 ns 

lh(RAS-RA) Row address hold time after RAS 15 ns 

td(CA-CAS) Column address delay time before CAS 0 ns 

lh(CAS-CA) Column address hold lime after CAS 160 ns 

td(R/W-AAS) R/W delay time before RAS 30 ns 

th(CAS-R/W) R/W hold time after CAS 0 ns 

~::-:'~~?L) RAS delay time after E low-level 30 ns 

td(E-CASL) CAS delay. lime after E low-level 100 ns 

td(E-RASH) RAS delay time after E high-level 0 20 ns 

ld(E-CASH) CAS delay lime after E high-level 0 20 ns 

Test conditions are shown in Fig. 93. 

Write state 
Limits 

Symbol Parameter Unit 
Min. Max. 

tW(RASL) RAS low-level pulse width 210 ns 

tw(cASL) CAS low-level pulse width 100 ns 

lw(RASH) RAS high-level pulse width 90 ns 

ld ( RAS-CAS) RAS-CAS delay lime 105 ns 

ld(RA-RAS) Row address delay time before RAS 10 ns 

lh(RAS-RA) Row address hold time after RAS 15 ns 

ld(CA-CAS) Column address delay time before GAS 40 ns 

lh(CAS-CA) Column address hold time after CAS 100 ns 
·"·~--·· 

ld(R/W-RAS) R/W delay time before RAS 30 ns 

lh(CAS-R/W) R/W hold time after CAS 0 ns 

ld(E-RASL) RAS delay time after E low-level 30 ns 

ld(E-CASL) CAS delay time after E low,level 170 ns 

ld(E-RASH) RAS delay time after E high-level 0 20 ns 

ld(E-CASH) CAS delay time after E high-level 0 20 ns 

Test conditions are shown in Fig. 93. 

Refresh state 
Limits 

Symbol Parameter Unit 
Min. Max. 

tW(RASL) RAS low-level pulse width 210 ns 

ld(CAS-RAS) CAS-RAS delay time 40 ns 

lh(RAS-CAS) CAS hold lime after RAS 40 ns 

Test conditions are shown in Fig. 93. 

2-270 



MITSUBISHI MICROCOMPUTERS 

M3772051AFP 

16-BIT CMOS MICROCOMPUTER 

DMAC SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25"C, f(X,N)=16MHz, unless otherwise noted) 

Symbol Parameter 

tsu(DRO-.P) DMAREQi input setup time 

tw(DRQ) DMAREQi input pulse width 

id(E-STi) STO, ST1 output delay time 

ld(¢ -OAK) DMAACKi output delay time 

ld(AL-E) Address low-order output delay time 

ld(E-DHO) Data high-order output delay time (BYTE="L") 

_!p_?CZ( E-DHZ) Data high-order floating start delay time ( BYTE="L") 

ld(AM-E) Address medium-order output delay time 

ld(E-DLQ) Data low-order output delay time 

!m<z(E-DLZ) Data low-order floating start delay time 

ld(AH-E) Address high-order output delay time 

id(ALE-E) ALE output delay time 

tW(ALE) ALE pulse width 

id(BHE-E) BHE output delay time 

id(BLE-E) BLE output delay time 

id(RtW-E) R/W output delay time 

ih(E-AL) Address low-order hold time 

ih(ALE-AM) Address medium-order hold time ( BYTE="L") 

ih(E-OHQ) Data high-order hold time (BYTE="L") 

~X(E-DHZ) Data high-order floating release delay time (BYTE="L") 

th(E-AM) Address medium-order hold time (BYTE="H") 

th(ALE-AH) Address high-order hold time 

lh(E-DLQ) Data low-order hold time 

_!j:gx( E-DLZ) Data low-order floating release delay time 

th(E-BHE) BHE hold time 

lh(E-BLE) BLE hold time 

lh(E-R/W) R/W hold time 

tW(EL) E pulse width 

ld<datal Copy delay time 

Ide. -TC) TC output delay time 

tW(TC} TC output pulse width 

Test conditions are shown in Fig. 94. 

Fig.94 Testing circuit for TC output delay time and 
TC output pulse width 

• MITSUBISHI 
iYli.ELECTRIC 

Limits 
Unit 

Min. Max. 

70 ns 

125 ns 

50 ns 

70 ns 

30 ns 

70 ns 

5 ns 

30 ns 

70 ns 

5 ns 

30 ns 

4 ns 

35 ns 

30 ns 

30 ns 

30 ns 

25 ns 

9 ns 

25 ns 

25 ns 

25 ns 

9 ns 

25 ns 

25 ns 

18 ns 

25 ns 

18 ns 

95 ns 

80 ns 

60 ns 

95 ns 
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TIMING DIAGRAM 

Port P4 output 

Port P4 input 

Port P5 output 

Port P5 input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 

Port pg output 

Port pg input 

Port P1 O output 

Port P10 input 
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16-BIT CMOS MICROCOMPUTER 

TAi1N input ---t ~"·"' \--lw(-TALl __ J...-----..\,__ ___ _ 

~ ~~ 1 
TAjouT input -------f ~'"""' ,~ ~'""' ~-----..\,_ _______ _ 

TAiouT input 

(Up-down input) ) 
In event counter mode 

TBj1N input 

ADTAG input 

CL Ki 

TxDi 

Rx Di 

INT; input 

TAi1N input 
(When count by falling) th(T1N-UP) v 'l tsu(UP-T1N) 

~ -' 
TAi1N input 

(When count by rising) 

t 
~ C(TB) I 

-----1: '"'~' \----1-W-(TB_L_) -----'~---\,_ ________ _ 

t ~(AO) I 
-{ '"••'f i~1~ 

C(CK) 

tw(CKH) j 

l / _A \ 
tw(cKLl 

)< K 
Idec-al lhcc-al 

tsuco-cJ p 
. ~ lhcc-oJ -------.i ~'"" ~.-E ----tw-<1N_Ll ___ __,i Ir----------

• MITSUBISHI 
... ELECTRIC 
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16-BIT CMOS MICROCOMPUTER 

Microprocessor mode (When wait bit="1 ") 

r---------- --- ---- ------~--
' 

ROY input 

tsuCADY-0,) th(#i-ADY) 

(When wait bit="O") 

r--------------------------
1 

ROY input 

tsuCADY-0,) lhCO,-RDY) 

(When wait bit="1" or "O" in common) 

;,, 

tsuCHOL0--1) 

HOLD input 

STi output 

Test conditions 

• Vcc=5V±10% 

•Input timing voltage : v,L =1.0V, V1H=4.0V 

• Output timing voltage : VoL =0.8V, V0 "=2.0V 
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Microprocessor mode (When wait bit="1 ") 

A,,-A7 output 

Aa-A1s/ 
Da--01 5 output 
(BYTE="L") ---------..1 

Aa-A1s output 
(BYTE="H") 

Oa-01s input 

A1s.....,A23/ 
Oo-07 output 

Oo-O, input 

ALE output 

BHE output 

BLE output 

R/W output 

Test conditions 
•Vee= 5 V±10% 

td(R/W-E) 

•Output timing voltage : V0 L =O. 8V, V0 H=2. OV 
• Oo-015 input: v,L =O. av. v,H=2. 5V 

• MITSUBISHI 
.... ELECTRIC 
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16-BIT CMOS MICROCOMPUTER 

Address 
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16-BIT CMOS MICROCOMPUTER 

Microprocessor mode (When wait bit="O", and external memory area is accessed) 

th(E-AL) 
fd(AL-E) 

Ao-A1 output Address Address 

th(E-DHQ) tpzx(E-DHZ) 

Aa-Atsl 
Data ----

td(E-DHQ) 
ld(AM-ALE) Ihle-AM) 

td(AM-E) 

Da-D15 output ----"l'-----1-~ 
(BYTE="L") 

Aa-A1s output Address Address 
(BYTE="H") ----''----+-+------------t--'ll'-----1------------i--~------

Da-D1s input 

A,e-A2sl 
D0- D, output 

D0-D7 input 

ALE output 

BHE output 

BLE output 

R/W output 
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Test conditions 
•Vee= 5 V±10% 

ld(~-DLO) 

tW(ALE) 

Data 

• Output timing voltage : VaL =O. 8V, V0 "=2. OV 
' Do-D1s input : V1L =0. 8V, V1H=2. 5V 

lh(E-DLO) 

Address 

lh(E-R/W) 

• MITSUBISHI 
6'ELECTRIC 

lsu(DH-E) lh(E-DH) 

lpzxCE-DLZI 

-------
lsu(DL-E) lh(E-DLI 

ld(ALE-E) 
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16-BIT CMOS MICROCOMPUTER 

When DRAM control 

At reading 

At writing 

RAS output 

CAS output 

MAo-MAg 
output 

R/W output 

RAS output 

CAS OUl(lut 

MAo-MAo 
output 

R/W output 

{

RAS output 

At refreshing· _ 

CAS output 

td(AAS-CAS) 

~ 

-
f'I thCRASIRAI 

tdcRA-RAS) I 

td(R/ W-RAS) ~ td(E-lSL) 

""\ 
idCE-eASL)~ 

ldCeA- eASJ 

tW(RASL) 

I/ 
j 

ld(E-RASH) --1'1/-------
j 

ld(E-eASH) I~ th(eAS-R/W) 
twceAsLJ -of-+ 11-----

u 

) . Row addr!ess { Column address r _____ ....,....___, "--------------1--1----'I~ 

td( RAS-CAS) 

tw(RASH) 

r--------.... 1\H lhCRAS-RAJ ldCE-RASHl ....... -1-r------
td(RA-R~S) 

'-+------+-------.+fl 
Id R/W-RASJ~lldc•-•ASLJ td(E-eASH) 

lw(CASL) 

lJ._ ~ th(eAS-R/W) 

ld(E-eASL) l\'--------0'1#1 
L tdceA-eASJ lhceAS-eAJ 

lr----+---.1 
) Row add~ess K Column address 

------+---' 

tW(RASL) 

' I/ 
I\ 

_ l td(CAS-RAS) J th(RAS-CAS) 

--1 1 ,._ ______ _,, 

Test conditions 
• Vee= 5 V±10% 
• Output timing voltage : VoL =O. BV, V0 "=2. OV 
• Do-015 input : v,L =O. BV, v,H=2. sv 

I/ 
j 
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When OMA transfer 
• Burst transfer timing (External source DMAREQi) 

E 

STO 

Ao-A1 output 

Aa-A1sf 

Da-D1s outpu' 
(BYTE="L") 

Aa-A15/ 
D6-D15 output 
(BYTE="H") 

A16......,A23/ 

D0-D, output 

ALE output 

BHE output 

BLE output 

R/W output 

2-278 

i..------+~tW(DRQ) 

td(AL-E) 

Address Address Address 

Data Address .............. ... 

Address Address 

Data Address ............... ... 

Test conditions 
• Vcc=5V±10% 
• Output timing voltage : VoL =0.8V, VoH=2.0V 
• Do-D15 input : v,L =0.8V, VoH=2.5V 
• DMAREQi input : V1L =0.8V, V0 H=2.5V 

6 MITSUBISHI 
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16-BIT CMOS MICROCOMPUTER 

th(E-ALI 

Address Address 

td(E-OHQ) 

Address Data Address 

th(ALE-AM) 

Address Address 

tq(E-DLQ) 

Address Data Address 

th(ALE-AH) 



When OMA transfer 
• Cycle steal transfer timing (External source DMAREQi) 

¢, 

E 

DMAREQi 

STO 

Aa-A15/ 

D8-D15 output 

(BYTE="L") 

Aa-A15/ 

D8-D15 output 

(BYTE="H") 

A1s-A23/ 

Do-D1 output 

ALE output 

BHE output 

BLE output 

R/W output 

IE-----~tW(DRQ) 

ld(AL-E) 

Address Address Address 

Data Address Address .............. ... { 
ld(AM-E) 

Address Address Address 

ld(AH-E) 

Data Address Address .............. ... { 
tW(ALE) td(ALE-E) 

td(BHE-E)IE---~ 

Test conditions 
• Vcc=SV±10% 
•Output timing voltage : VoL =0.8V, V0 "=2.0V 
• Do-D15 input : v,L =0.8V, VoH=2.5V 
• DMAREQi input : V1L =0.8V, V0 H=2.5V 

• MITSUBISHI 
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16-BIT CMOS MICROCOMPUTER 

th(E-AL) 

Address Address 

Address x Address ) ................... 
th(E-AM) 

Address Address 

Address x Address ) ................... 
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When OMA transfer 
• 1-bus cycle transfer timing 

E 

DMAACKi 

A0- A7 output 

Aa-A15/ 
Da-015 output 
(BYTE="L") 

Da-015 input 

A1s,.......A23/ 
0 0-07 output 

Do-01 input 

ALE output 

BHE output 

BLE output 

R/W output 

2-280 

tsu{DH-E) 

Address 

Test conditions 
• Vcc=5V±10% 
·Output timing voltage: VoL =0.8V, V0 "=2.0V 
• Do-015 input : v,L=0.8V, VoH=2.5V 

MITSUBISHI MICROCOMPUTERS 

M37720S1AFP 

16-BIT CMOS MICROCOMPUTER 

td(ALE-E) 



When OMA transfer 
•Transfer complete timing 

TC 

STO 

A0-A7 output 

Aa-A15/ 

D8-D15 output 

(BYTE="L") 

Aa-A1s/ 

Da-D1s output 
(BYTE="H") 

A,.-A23/ 

Do-D7 output 

ALE output 

SHE output 

BLE output 

R/W output 

Address 

Test conditions 
• Vcc=5V±10% 

tw(TC) 

th(E-AL) 

Address 

ih(E-DHO) 

Address 

th(E-AM) 

Address 

ih(E-OLQ) 

Address 

lh(E-BHE) 

·Output timing voltage : VoL =0.8V, VaH=2.0V 
• Do-D1s input : v,L =0.8V, VoH=2.5V 

• MITSUBISHI 
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16-BIT CMOS MICROCOMPUTER 

Address Address 

Address 

Address 

Address 

1-E---..-id(BHE-E) 
,.-----. 

1-E----""iid(BLE-E) 
,.-----. 
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M37710 GROUP PROM VERSION 



M37710 GROUP PROM VERSION 
The M37710 group has the PROM version which can be writ
ten into the internal PROM corresponding to the mask ROM 
version. 
There are two types for PROM version : 

•One time PROM version which can be written once 
•EPROM version which can be written and erased repeat

edly 

The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 
General purpose PROM writer can be used for writing, so that 
the PROM version is suitable for a small-quantity and various 
production. 

FEATURES 
•Available one time PROM version and windowed EPROM 

version 
•Choice of low supply voltage ; 2.7V-5.5V, wide operating 

temperature range version {"L" version) 
•Choice of two types as EPROM mode 

•25SK mode ............. equivalent to EPROM M5M27C25SK 
•1 M mode ................. equivalent to EPROM M5M27C 101 K 
* The large internal memory version is fixed to 1 M mode. 

3-4 
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PROM VERSION 

Expansion of M3771 O group PROM version 

ROM Group name Memory size Frequency• Temp Package 

type +Memory {Byte) •Supply Vol. {Note 1) 

identification ROM RAM B L 

One M37710E4 32K 1024 • - 80-pin 

Time QFP 

PROM M37710E8 SOK 2048 ** ** {80PSN-A) 

Windowed M37710E4 32K 1024 • - 80-pin .... ...,.......,. LCC 1c '~· 
(Note2) M37710E8 SOK 2048 ** - {80DO) 

e : NOW i::< : NEW i::<i::< : UNDER DEVELOPMENT 

Note 1. "L" version's package is 80PSD-A. Confirm its pack
age on the following pages. 

2. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop
ment {for evaluation). 



DESCRIPTION 
The M37710E4BXXXFP is a built-in PROM single-chip mic
rocomputers designed with high-performance CMOS sili
con gate technology. This is housed in a 80-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37710M4BXXXFP except that this chip has a 32K

byte PROM built in. 
This single-chip microcomputer has a large 16M bytes 

address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 

is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con
troller that require high-speed processing of large data. 
Since general purpose PROM writer can be used for the 
built-in PROM, this chip is suitable for small quantity pro
duction runs. For program development, the M3771 OE4BFS 
with erasable ROM that is housed in a windowed ceramic 

LCC is also provided. 

FEATURES 
• Number of basic instructions·································· 103 
• Memory size PROM ·······························32K bytes 

RAM································ 1024 bytes 

• Instruction execution time 
The fastest instruction at 25M Hz frequency · ·· · · · · · · 160ns 

• Single power supply·····································5V±10% 

• Low power dissipation (at 25MHz frequency) 
··························· 95mW (Typ.) 

• Interrupts········································· 19 types 7 levels 
• Multiple function 16-bit timer······························· 5+3 

(Pulse motor drive waveform can be output.) 
• UART (may also be synchronous) ............................. 2 

• 10-bit A-D converter······ .. ·················· 8-channel inputs 
• 8-bit D-A converter .. · · · · · .. · · · · · · · ·· · · · · · · ·· 2-channel outputs 

• 12-bit watchdog timer 
• Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)······ .. ········· 68 

MITSUBISHI MICROCOMPUTERS 

M37710E4BXXXFP 
M37710E4BFS 

PROM VERSION of M37710M4BXXXFP 

PIN CONFIGURATION (TOP VIEW) 

Outline 80P6N-A 

*: Used in the evaluation chip mode only 

APPLICATION 
Control devices for office equipment such as copiers, prin
ters, typewriters, facsimiles, word processors, and personal 

computers 
Control devices for industrial equipment such as com
munication and measuring instruments 

NOTE 
(1) Do not use the M37710E4BFS for mass production be

cause it is a tool for program development (for eval

ution). 
(2) Refer to "Chapter 5 PRECAUTIONS" when using this 

microcomputer. 

• MITSUBISHI 
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FUNCTIONS OF M3771 OE4BXXXFP 
Parameter 

Number of basic instructions 

Instruction execution time 

PROM 
Memory size 

RAM 

PO-P2, P4-P8 
lnpuUOutput ports 

P3 

Multi-function timers 
TAO, TA1, TA2, TA3, TA4 

TBO, TB1, TB2 

Serial 1/0 

A-0 converter 

D-A converter 

Watchdog timer 

Interrupts 

Clock generating circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characteristic 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

M37710E4BXXXFP 
Package 

M37710E4BFS 

MITSUBISHI MICROCOMPUTERS 

M37710E4BXXXFP 
M37710E4BFS 

PROM VERSION of M37710M4BXXXFP 

Functions 

103 

160ns (the fastest instruction at external clock 25MHz frequency) 

32K bytes 

1024 bytes 

8-bltX 8 

4-bitX 1 

16-bitX 5 

16-bitX 3 

(UART or clock synchronous serial l/O)X2 

10-bitX 1 ( 8 channels) 

8-bltX 2 

12-bitX 1 

3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 - 7 . ) 

Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 

5V±10% 

95mW(at external clock 25MHz frequency) 

5V 

5mA 

Maximum 16M bytes 

-20-85"C 

CMOS high-performance silicon gate process 

80-pin plastic molded QFP 

80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION 

Pin Name 

Vee. Power supply 

Vss 

CNVss CNVss Input 

RESET Reset Input 

x,. Clock input 

Xour Clock output 

'E Enable oiitput 

BYTE Bus width selection Input 

AVcc Analog supply input 

AVss 

VREF Reference voltage input 

P00-P01 110 port PO 

P1o-Ph 110 port P1 

P2c,-P21 110 port P2 

P30-P33 110 port P3 

P4o-P4, 110 port P4 

P5o-P5r 110 port PS 

P6o-P6, 110 port P6 

P7o-P71 110 port P7 

P8o-P81 110 port PS 

Input/Output 

Input 

Input 

Input 

Output 

Output 

Input 

Input 

110 

110 

110 

110 

110 

110 

110 

110 

1/0 

MITSUBISHI MICROCOMPUTERS 

M37710E4BXXXFP 
M37710E4BFS 

PROM VERSION of M37710M4BXXXFP 

Functions 

Supply 5V±10%toVccand OVtoV88. 

This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 
types. 

To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re-

quired time. 

These are 110 pins of Internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-

tween x,. and Xou» When an external clock Is used, the clock source should be connected to the x,. pin 

and the XouT pin should be left open. 

Data or instruction read and data write are performed when output from this pin is "L". 

In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 

8-bit width or 16-blt width. The width Is 16 bits when "L" signal Inputs and 8 bits when "H" signal inputs. 

Power supply for the A-D converter. AVss is also used for D-A converter. Connect AV cc to Vee and AVss to 

Vss extemally. 

This is reference voltage input pin for the A-D converter and the D-A converter. 

In single-chip mode, port PO becomes an 8-bit 110 port. An 110 direction register is available so that each 

pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7-Ao)is output in memory expansion mode or microprocessor mode. 

In single-chip mode, these pins have the same functions as port PO. When the BYTE pin Is set to "L" in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D15-D8)is input or output when E output is "L" and an address (A15-A8) is output when E output is "H". 

II the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15-As)is output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode low-order data( 0 7-00) is input or output when E output is "L" and an address(A23-A16)is 
-

output when E output is '"H". 

In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic-

roprocessor mode, RiW, BHE, ALE, and HLDA signals are output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or mlcrop-

rocessor mode, P4o and P41 become HOLD and ROY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program-

med for ~ 1 output pin divided the clock to X1N pin by 2. In microprocessor mode, P42 always has the lune-

lion as ~ output pin. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as 110 

pins for timer AO, timer A1, limer A2 and timer A3 .. P50-P56 also function as output pins for pulse motor 

drive waveform. 

In addition to having the same functions as port PO In single-chip mode, these pins also function as 1/0 
---- -

pins for timer A4, external interrupt input INT0, INT1 and INT2 pins, and input pins for timer BO, timer B1 and 

timer B2. P6o also functions as output pin for pulse motor drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

input AN0-AN1 input pins. P71 also has an A-0 conversion trigger input function. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 

T xD. CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 

3-8 ~~ 
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PIN DESCRIPTION ( EPROM MODE) 

Pin Name 

Vee. Vss Power supply 

CNVss Vpp input 

BYTE Vpp input 

--
RESET Reset input 

t-- ---t----
X1N Clock input 

Xour Clock output 

E Enable output 

AVcc. AVss Analog supply input 

VREF Reference voltage input 

POo-PO, Address input (Ao-A1) 

P1o-P11 Address input (Aa-A15) 

P2o-P27 Data 110 (00-07 ) 

P3o-P3, Input port P3 

P4o-P41 Input port P4 

P5o-P57 Control signal input 

P6o-P67 Input port P6 

P70-P77 Input port P? 

PB0-PB1 Input port PB 

* : It is available in 1 M mode. 

Input/Output 

Input 

Input 

Input 

Input 

Output 

Output 

Input 

Input 

Input 

1/0 

Input 

Input 

Input 

Input 

Input 

Input 

Functions 

Supply 5 V±l 0% to Vee and 0 V to Vss. 

Connect to Vpp when programming or verifing. 

Connect to Vpp when programming or verifing. 

Connect to Vss. 

Connect a ceramic resonator between X1N and Xour. 

Keep open. 

Connect AV cc to Vee and AVss to Vss. 

Connect to Vss-

Port PO functions as the lower 8 bits address input (Ao-A7 ). 

Port P1o---P1 7 functions as the higher 8 bits address input (A8-A15). In 256K mode, connect P17 to Vee. 

Port P2 functions as the 8 bits data bus (00-07 ). 

Connect to Vss. 

Connect to Vss. 

P5o * ,P51 and P52 functions as PGM*, OE and CE input pin respectively. 

Connect P53, P54 and P5s to Vee. Connect P5s to Vss in 256K mode and to Vee in 1 M mode. 

Vss· 

Connect to Vss. 

Connect to Vss· 

Connect to Vss. 

• MITSUBISHI 
6'ELECTRIC 

Connect P57 to 
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BASIC FUNCTION BLOCKS 
The M37710E4BXXXFP has the same functions as the 
M37710M4BXXXFP except that the built-in ROM is PROM. 
Therefore, refer to the section on the M37710M4BXXXFP. 

MEMORY 
The memory map is shown in Figure 1. 

-··{ 
000000,. 

OOFFFF,. 

~-. .. { 
010000,. 

01FFFF,. 

;. 

{ 

FEOooo,. 

Bank FE16 

FEFFFF,. 

I 
I 

~ 

I 
I 
I 
I 

000000,. 
00007F,. 
ooooao,. 

00047F16 

\ 00087F1e 

\ 
\ 
\ 
I 
I 
1ooaooo,. 

I 
I 
I 
I 
\ 
I 
I 
I 
\ 
I 

Bank FF16 00FFD61 • \ 
I 

{ 

FF000010 

FFFFFF1s OOFFFF1 6 \ 

Fig. 1 Memory map 
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Internal RAM 

1024 bytes 

Reserved area 

coo not use) 
this area. 

j: 

Internal PROM 

32K bytes 

v 

-- - - - - -r-------. 
000000,. 

'-.. Peripheral devices 
...... 

"- ....._ control registers 

" " ...... 
00007F16 --------' 

OOFFD6 16 
I 

I 

I 

I 
I 

I 

OOFFFE 16 

Interrupt vector table 

A-0 conversion 

UART1 transmission 
UART1 receive 

UARTO transmission 
UARTO receive 

Timer B2 
TimerB1 

Timer BO 
Timer A4 
Timer A3 
Timer A2 
TimerA1 
Timer AO 

IN!.2_ 
INT 
INTu_ 

Watchdog timer 

DBC 
BRK instruction 

Zero divide 

RESET 
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EPROM MODE 
The M37710E4BXXXFP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
"L'', the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 2 
shows the pin connections in the EPROM mode. 
There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 

other is the 1 M mode for the EPROM that is equivalent to 
the M5M27C101 K. 256K mode is selected when port P56 is 

set to "L" level, and 1 M mode is selected when it is set to 
"H" level. 
When in the EPROM mode, ports PO, P1, P2, P50 , P5,, P5,, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101 K) . When in this mode, 

..._-----P70/AN0 - 1 

-------- P67/lB21N - 2 
.,._ _____ f16o/TB11N- 3 
.,._ _____ P6slTB01N - 4 

-----P64/INT;- 5 
-------P6:JiNT, - 6 

-------- P621JNT;;- l 

Equivalent to rr-.----- P6,/TA41N ........ a 
M5M27C256K P6oiTA40 urlRTP1 3 - 9 

.,._ _____ PS7/TA31N - 10 

~ PSefTA3ouT/RTP1 2 - 11 

Eqt1ivalent to L P5s/TA2iN/RTP1, - 12 

M5M27C101K PS4/TA2ouTIRTP1o- 13 

Equivalent to ~----+---- PSJl'TA11NIRTP03 - 14 
M5M27C256K @-- P52/TA1ouT/RTP02 - 15 

~ 
Equivalent to 
M5M27C101 K 

@--- PS1/TA01N/RTP01 - 16 

P50/TAOouTIRTP00 - 17 
P47 - 1s 

.-------- P46 - 19 

..._------P45 - 20 

~ 

"' "' ::1. 
0 
m 
~ 
CJ x 
x 
x 
'Tl 
"O 
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the built-in PROM can be written to or read from using 

these pins in the same way as with the M5M27C256K or 
M5M27C101 K. 
This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 

should specify address 000016 -7FFF16 in 256K mode, and 
address 1800016-1FFFF16 in 1M mode. 

Connect the clock which is either ceramic resonator or ex

ternal clock to X,N pin and XouT pin. 
For one time PROM version, 256K mode should be recom
mended to write more deeply. 
For EPROM version (with window), 1 M mode should be re
commended because EPROM version is repeated to write 
and erase. 1 M mode is faster than 256K mode for writing. 

64 - P84/CTS1/RTS1/DA1 

53 - P85/CLK1 ------< 
02 - P86/Rx01 ------< 
01 - P87/TxD 1 ------< 
so - P00/A0 -----<~I 

59 - P01/A1 -----<._~I 
ss - P02IA2 _____ , 

57 - P03/A3 -----• 

56 - P04/A4 -----0 
ss - POslAs -----( 
54 - P06/A6 ----~ 

s3 - P07!A7 -----0 
s2 - P1 0/A8/D8 ----< 
51 - P1 1/A9/D9 Gi) 
so - P1 2/A10 /D 10 ---WQ) 
49-P1 3/A11 /011 ~ 
48 - P1 4/A12/D 12 ---~ 
47 - Pls/Ao/013 ---~ 
46 -P15/A14I014 ~~ 

L Equivalent to l MSM27C256K 

4s - P11IA1slD1s -----+--o 
44 - P20 /A16/D0 ----® L 
43 - P2 1/A17/0 1 -----------@ ~li) 
42 - P22/A18/02 ------------<PV Equivalent to 

--.,.===========-='_41 ........ p23;A,g/03 -----------cp_i) M5M27C101K 

·~ 

Outline 80P6N-A 

Fig. 2 Pin connection in EPROM mode 

* : Connect to ceramic oscillation circuit. 

O : It is used in the EPROM mode. 
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Table 1. Pin function in EPROM mode 

---- M3771 OE4BXXXFP M5M27C256K l M5M27C101K 

Vee Vee Vee 
Vpp CNVss. BYTE Vpp 

Vss Vss Vss 

Address input Ports PO, P1 * Ao-A1• I Ao-A1s 

Data 1/0 Port P2 Do-D1 
CE P52 CE 

OE P51 OE 

PGM P5o* - l PGM 

* : In 256K mode, connect P11 and P50 to V cc· 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 

Reading 
To read the EPROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A0-A15 ) to be read, and the 

data will be output to the 1/0 pins D0 - D7. The data 1/0 
pins will be floating when either the CE or OE pins are in 

the "H" state. 

Writing 
Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when 12.SV is applied to the Vpp pin. The address to 

be written to is selected with pins A0-A15, and the data to 
be written is input to pins D0-D7 . Set the PGM pin to a "L" 
level to being writing. 

Erasing 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W·s/cm2 . 

MITSUBISHI MICROCOMPUTERS 
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Writing operation 
To program the M37710E4BXXXFP, first set Vcc=6V, Vpp= 
12.SV, and set the address to 1800016. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap
plied ( X) before the data can be read OK, and then write 

the data again, applying a further once this number of 
pulses (0.2X X ms). 

When this series of write operations is complete, increment 

the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Vcc=Vpp=SV(or Vcc=Vpp=5.5V). 

Table 2. 1/0 signal in each mode 

~ 
- - --
CE OE PGM Vpp Vee Data 110 

e 

Read-out VIL VIL x 5V 5V Output 

Output VIL V1H x 5V 5V Floating 

Disable VIH x x 5V 5V Floating 

Programming VIL V1H V1L 12.5V 6V Input 

Programming 
VIL V1L V1H 12.5V 6V Output 

Verify 

Program Disable V1H V1H V1H 12.5V 6V Floating 

Note 1 An x indicates either v,L or V1H· 

Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (T a=25±5"C, Vcc=6V±O. 25V, Vpp=l2. 5±0. 3V, unless otherwise noted) 

Symbol 

!As 

to Es 

los 

!AH 

toH 

toFP 

tvcs 

tvps 

!PW 

topw 

tcES 

toe 

Parameter 

Address setup time 

OE setup time 

Data setup time 

Address hold time 

Data hold time 

Output enable to output float delay 

Vee setup time 

Vpp setup time 

PGM pulse width 

PGM over program pulse width 

CE setup time 

Data valid from OE 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Min. 

2 

2 

2 

0 

2 

0 

2 

2 

0. 19 

o. 19 

2 

Limits 
Unit 

Typ. Max. 

µs 

µS 

µs 

µs 

µS 

130 ns 

µs 

µS 

o. 2 0.21 ms 

5.25 ms 

µs 

150 ns 
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AC waveforms 

V1H 
ADDRESS 

V1L 

V1H/VoH 
DATA 

V1L/VoL 

Vpp 

Vpp 

Vee 

Vee+1 
Vee 

Vee 

V1H 

CE 

V1L 

V1H 

PGM 

VIL 

V1H 

OE 
VIL 

) 
~ 

tos 
~ 

/ tvps p 

/ ~ 

"" tcES 
I+---

\ 
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PROGRAM VERIFY 

x 
_t=1 

DATA SET ' J{DATA OUTPUT v.:I.1;; 

~ ~ 

I~ ~ 
tPW 

topw "\ 

Programming algorithm flow chart 

Test conditions for A.G. characteristics 

Input voltage: v,L =0.45V, v,H=2.4V 

Input rise and fall times ( 10%-90%) : .'.O_ 20ns 
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START 

ADDR=FIRST LOCATION 

,.-------------.,.f Vee=6.0V 
Vpp=12.5V 

X=O 

FAIL 

INCREMENT ADDR 

• MITSUBISHI 
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Reference voltage at timing measurement : Input, Output 

"L"=O.SV, "H"=2V 

FAIL DEVICE 

FAILED 

DEVICE 

FAILED 

* 4.SV .'.O_ Vee=Vpp.'.0_5.SV 



(2) 256K mode (equivalent to the M5M27C256K) 

Reading 
To read the EPROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A0~ A14 ) to be read, and the 
data will be output to the 1/0 pins D0 - D7 . The data 1/0 

pins will be floating when either the CE or OE pins are in 

the "H" state. 

Writing 
To write to the EPROM, set the OE pin to a "H" level. The 

CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins A0 -A14, and the data to be written is input to pins D0 

-D7 . Set the CE pin to a "L" level to being writing. 

Erasing 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 

power necessary for erasing is 15 W·s/cm2 . 

MITSUBISHI MICROCOMPUTERS 
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Writing operation 
To program the M37710E4BXXXFP, first set Vcc=6V, Vpp= 
12.5V, and set the address to "O". Apply a 1 ms write pulse, 

check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying a 1 ms write pulse and 
checking that the data can be read until it can be read OK. 

Record the accumulated number of pulse applied (X) be
fore the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 
Finally, when all addresses have been written, read with 

Vcc=Vpp=5V(or Vcc=Vpp=5.5V). 

Table 3. 1/0 signal in each mode 

~ -
-

CE OE Vpp Vee Data 1/0 
e 

Read-out V1L V1L 5V 5V Output 

Output V1L V1H 5V 5V Floating 

Disable V1H x 5V 5V Floating 

Programming VIL V1H 12.5V 6V Input 

Programming 
V1H VIL 12.5V 6V Output 

Verify 

Program Disable V1H V1H 12.5V 6V Floating 

Note 1 An X indicates either v,L or V1H· 

Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (T a=25±5"C, Vcc=Gv±o. 25V, Vpp=l2. 5±0. 3V, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

(AS Address setup time 2 µS 

to Es OE setup time 2 µS 

tos Data setup time 2 µs 

!AH Address hold time 0 µs 

loH Data hold time 2 µS 

toFP Output enable to output float delay 0 130 ns 

tvcs Vee setup time 2 µs 

tvps Vpp setup time 2 µs 

tFPW CE initial program pulse width 0. 95 1 1. 05 ms 

lopw CE over program pulse width 2. 85 78. 75 ms 

loE Data valid from OE 150 ns 
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AC waveforms 

PROGRAM 

ADDRESS ) 
~ 

DATA SET 
_j 

DATA 

~ ~ 
Vpp 

/ tvPs 
~ 

Vpp 

/~ Vee 

Vee 

~ i/ 
11. 

CE 

tFPW 

lo PW 
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VERIFY 

x 
~ 

DATA OUTPUT 

II._ VALID 

toFP 
J..--.. 

-

to ES 
~ ~ 

\ v 

Programming algorithm flow chart 
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START 

ADDR=FIRST LOCATION 

__________ _,., Vce=6.0V 
v •• =12.SV 

X=O 

PROGRAM ONE PULSE OF 1ms 

FAIL 

INCREMENT ADDA LAST ADDA 9 

• MITSUBISHI 
.... ELECTRIC 

FAIL DEVICE 

FAILED 

DEVICE 

FAILED 

* 4.SVS..Vce=Vpp:!,_5.SV 



SAFETY INSTRUCTIONS 
(1) Sunlight and fluorescent lamp contain light that can 

erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers' fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over
voltage is not applied. Take care especially at power on. 

(5) The programmable M37710E4BFP that are shipped in 
blank is also provided. For the M37710E4BFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 
to the flow below before use is recommended. 

Writing with PROM writer 

Screening (Caution) 

(Leave at 150"C for 40 hours) 

Verify test with PROM writer 

r-------- --------, 
: Function check in target device : 

L-----------------~ 
Caution : Never expose to 150 "C exceeding 100 hours. 

MITSUBISHI MICROCOMPUTERS 
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ADDRESSING MODES 
The M37710E4BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M3771 OE4BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 
(1) M37710E4BXXXFP writing to PROM order confirmation 

form 
(2) 80P6N mark specification form 
(3) ROM data (EPROM 3 sets) 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage -0.3-7 

v, Input voltage RESET, CNV88, BYTE -0. 3-12(Note 1) 

Input voltage P00-PO,, P1 0-P17, P20-P27, P30-P3,, 

v, P40-P47, P50-P57, P60-P67, P70-P7,, -0. 3-Vee+O. 3 

P80 ........ P87, VREF· X1N 

Output voltage P00-P07, P1 0-P11, P20-P27, P30-P33, 

Vo P4o-P4,, P5o-P57, P60-P67, P7o-P7,, -0. 3-Vee+O. 3 

P8o-P8,, Xour. E 
pd Power dissipation Ta=25°C 300 

Topr Operating temperature -20-85 

Ts_!g_ Storage temperature -40-150 

Note 1. Input voltage for CNV88 and BYTE pins is 13V in writing to PROM. 

RECOMMENDED OPERATING CONDITIONS (Vcc=sv±10%, Ta=-20-ss·c, unless otherwise noted) 

Limits 
Symbol Parameter 

Min. Typ. 

Vee Supply voltage 4. 5 5. 0 

A Vee Analog supply voltage Vee 

Vss Supply voltage 0 

AVss Analog supply voltage 0 

High-level input voltage POo-PO,, P30-P33, P4o-P4,, 

V1H 
P5o-P5,, P6o-P6,, P7o-P7,, 

0. 8Vee --
P8o-P8,, X1N. RESET, CNVss. 

BYTE 

V1H 
High-level input voltage P1 0-P1 7, P20-P27 

0. 8Vee 
(in single-chip mode) 

High-level input voltage P1 0-P1 7, P20-P27 

V1H (in memory expansion mode and 0. 5Vee 
microprocessor mode) 

Low-level input voltage P00 ...... P07, P3cr--P33, P4o~P47, 

VIL 
P5o-P57, P6c-P67, P70-P77, 

0 --

P80-P87, X1N, RESET, CNVss. 

BYTE 

V1L 
Low-level input voltage P1 0-P1,, P20-P27 

0 
(in single-chip mode) 

Low-level input voltage P1o-Ph, P2o-P2, 

V1L (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current POo-PO,, P1 0-P1 7, P20-P2,, 

loH<peakl P3o-P3o, P4o-P47, PSo-PS,, 

P6o-P6,, P7o-P77, P80-P81 

High-level average output current P00 ....... P01, P1o ...... Ph, P2o-P27, 

loH<avgl P3o-P3o, P4,-P4r, PSo-PS,, 

P6o-P6,, P7o-P77, PSc-P81 

Low-level peak output current P00-P07, P1 0-P1,, P2o-P27, 

loL<peak> P3o-P33, P4,-P4,, PSo-PS,, 

P6,-P67, P70-P?,, P80-P87 

Low-level average output current POo-POr, P1 0-P1 7, P2o-P27, 

loL<avg> P3o-P3,, P4o-P4,, P5o-P5,, 

P6o-P6,, P7o-P?,, P80-P81 

l(X,N) External clock frequency input 

Note2. 
3. 

Average output current is the average value of a 1 OOms interval. 
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The sum of loL<peak> for ports PO, P1, P2, P3, and PB must be 80mA or less, 
the sum of loH<peak> for ports PO, P1, P2, P3, and PB must be BOmA or less, 
the sum of loL< peakl for ports P4, P5, P6, and P7 must be BOmA or less, and 
the sum of loH<peak> for ports P4, P5, P6, and P7 must be BOmA or less. 

• MITSUBISHI 
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Unit 
Max. 

5. 5 v 
v 
v 
v 

Vee v 

Vee v 

Vee v 

0. 2Vcc v 

0. 2Vce v 

0. 16Vcc v 

-10 mA 

-5 mA 

10 mA 

5 mA 

25 MHz 

Unit 

v 
v 
v 

v 

v 

mW 

·c 
·c 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25'C, f(X,N)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level output voltage POo-PO,, P1o-P1,, P2o-P2,, 

VoH 
P3o, P31, P33, P4o-P47, 

P5o-P5,, P60-P61, P7o-P7,, 
loH=-lOmA 3 v 

P80-P81 

VoH 
High-level output voltage POo-PO,, P1o-P1,, P2o-P2,, 

P3o, P3,, P3, 
loH=-400µA 4. 7 v 

loH=-lOmA 3. 1 
VoH High-level output voltage P32 

loH=-400µA 4. 8 
v 

High-level output voltage E 
loH=-10mA 3. 4 

VoH 
loH=-400µA 4. 8 

v 

Low-level output voltage P00-P07, P1o-P1 7, P2o-P2,, 

VoL 
P30, P31, P33, P40-P41. 

P50-P57, P6o-P67, P7 0-P?,, 
loc=lOmA 2 v 

P80-P81 

VoL 
Low-level output voltage POo-P07, P1 0-P1 7, P2o-P2,, 

PS,,, P31, P33 
loc=2mA 0. 45 v 

loc=lOmA 1. 9 
VoL Low-level output voltage P32 

loL=2mA 
v 

0. 43 

VoL Low-level output voltage E 
loc=lOmA 1. 6 
loL=2mA 

v 
0. 4 

VT+-VT-
Hysteresis HOLD, RDY, TA01N-TA41N. TB01N-TB21N. 

0. 4 1 v - -------
INTo-INT,, ADrRG· CTS0, CTS1, CLK0, CLK1 

VT+-Vr- Hysteresis RESET 0. 2 0. 5 v 
VT+-VT- Hysteresis X1N 0. 1 0. 3 v 

High-level input current P00 ......... P07, P1 0 ........ P1 7 , P20--...P21, 

l1H 
P3o ......... P33, P4o~P47, P5o--P57, 

P6o-P6,, P7o-P7,, P8o-P8,, 
V1=5V 5 µA 

X1N. RESET, CNVss. BYTE 

Low-level input current POo--...P07 , P1o--P1 7 , P2o---P21, 

l1L 
P30-P3,, P40-P47, P50-P5,, 

V1=0V 
P60-P67, P7o-P77, P8o-P8,, 

-5 µA 
--

X1N, RESET, CNVss. BYTE 

VRAM RAM hold voltage When clock is stopped. 2 v 
f(X,N)=25MHz, 

In single-chip mode square waveform 
19 38 mA 

Ice Power supply current 
output only pin is T 8=25°C when clock 

1 
open and other pins is stopped. 

are Vss during reset. T 3 =85'C when clock 
µA 

20 
is stopped. 
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A-D CONVERTER CHARACTERISTICS CVcc=AVcc=5V, Vss=AVss=OV, Ta=25°C, f(X,")=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ. Max. 

- Resolution VReF=Vcc 10 

- Absolute accuracy VReF=Vcc ±3 
RLADDER Ladder resistance VReF=Vcc 5 20 

tcoNv Conversion time 9. 44 

VREF Reference voltage 2 Vee 

V1A Analog input voltage 0 VREF 

D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV, Ta=25°C, f(X,")=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

- Resolution 

- Absolute accuracy 

tsu Set time 

Ro Output resistance 

lvREF Reference power input current (Note 1) 

Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is "0016". 

3-20 

Current that flows to the ladder resistance of A-D converter is excluded. 
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Limits 

Min. Typ. Max. 

8 
1. 0 

3 

1 2.5 4 

3. 2 

Unit 

Bits 

LSB 

kO 

µS 

v 
v 

Unit 

Bits 

% 
µs 

kO 

mA 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, T8 =25°C, f(X,N)=25MHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

le External clock input cycle time 

tw(H) External clock input high-level pulse width 

tw(L) External clock input low-level pulse width 

tr External clock rise time 

If External clock fall time 

Single-chip mode 

Symbol .Parameter 

tsu(POD-E) Port PO input setup time 

tsuCP1D-E) Port P1 input setup time 

tsu(P2D-E) Port P2 input setup time 

tsuCP3D-E) Port P3 input setup time 

tsu(P4o-E> Port P4 input setup time 

tsu(PSD-E) Port P5 input setup time 

tsuCP6D-E) Port P6 input setup time 

tsuCP70-E) Port P7 input setup time 

tsuCPBD-E) Port P8 input setup time 

lh(E-POD) Port PO input hold time 

ih(E-P1D) Port Pt input hold time 

lh(E-P2D) Port P2 input hold time 

ih(E-P3D) Port P3 input hold time 

th(E-P4D) Port P4 input hold time 

th(E-PSD) Port PS input hold time 

thCE-PSD) Port P6 input hold time 

th(E-P7D) Port P7 input hold time 

th(E-PBD) Port PB input hold time 

Memory expansion mode and microprocessor mode 

Symbol 

tsu(P1D-E) 

tsu<P20-E) 

tsu(RDY-¢ ) 

tsu{HOLD-¢ ) 

th(E-P1D) 

th(E-P2D) 

lh(• -ROY) 

lh<• HOLD} 

Port P1 input setup time 

Port P2 input setup time 

RDY input setup time 

HOLD input setup time 

Port P1 input hold time 

Port P2 input hold time 

ROY input hold time 

HOLD input hold time 

Parameter 

• MITSUBISHI 
i'&.ELECTRIC 

------------

Limits 
Unit 

Min. Max. 

40 ns 

15 ns 

15 ns 

8 ns 

8 ns 

Limits 
Unit 

Min. Max. 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
Unit 

Min. Max. 

30 ns 

30 ns 

55 ns 

55 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (Count input in event counter mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 

tw(TAH) TAi1N input high-level pulse width 

tw(TAL) TAi1N input low-level pulse width 

Timer A input (Gating input in timer mode) 

Symbol Parameter 

lc(TA) TAi1N input cycle time 

lw(TAH) TAi1N input high-level pulse width 

tw(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in one-shot pulse mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 
---·· 

tw{TAH) TAi1N input high-level pulse width 

lw(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in pulse width modulation mode) 

Symbol 

lw(TAH) TAi1" input high-level pulse width 

lw(TAL) TAi1N input low-level pulse width 

Timer A input (Up-down input in event counter mode) 

Symbol 

tc(UP) TAiour input cycle time 

lw(UPH) TAiour input high-level pulse width 

tw(UPL) TAioUT input low-level pulse width 

tsu<uP-:r:u;) TAiouT input setup time 

th(Iuil;UP) TAiouT input hold time 
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Parameter 

Parameter 
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Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

160 ns 

80 ns 

80 ns 

Limlts 

! 
Unit 

Min. Max. 

80 ns 

80 I ns 

Limits 
Unit 

Min. Max. 

2000 ns 

1000 ns 

1000 ns 

400 ns 

400 ns 



Timer B input (Count input in event counter mode) 

Symbol Parameter 

ic(TB) TBi1N input cycle time (one edge count) 

lw(TBH) TBirN input high-level pulse width (one edge count) 

lw(TBL) TBirN input low-level pulse width (one edge count) 

tc(TB) TBirN input cycle time (both edges count) 

lw(TBH) TBirN input high-level pulse width (both edges count) 

lw(TBL) TBirN input low-level pulse width (both edges count) 

Timer B input (Pulse period measurement mode) 

Symbol Parameter 

le( TB) TBi1N input cycle time 

lw(TBH) TBirN input high-level pulse width 

lw(TBL) TBlrN Input low-level pulse width 

Timer B input (Pulse width measurement mode) 

Symbol Parameter 

le( TB) TBi1N input cycle time 

lw(TBH) TBirN input high-level pulse width 

lw(TBL) TBirN input low-level pulse width 

A-D trigger input 

Symbol Parameter 

fc(AO) ADTRG Input cycle time (minimum allowable trigger) 

lw(AOL) ADTRG input low-level pulse width 

Serial 110 

Symbol Parameter 

tc(CK) CLK; input cycle time 

lw(CKH) CLK; input high-level pulse width 

iw(CKL) CLK; input low-level pulse width 

Idec-al TxD; output delay time 

lhcc-al TxD; hold time 

lsuco-cl RxDi input setup time 

lh(C-D) RxD; input hold time 

External interrupt INTi input 

Symbol Parameter 

iw(INH) INT; input high-level pulse width 

lw(INL) INT; input low-level pulse width 

M•TSUBISHI MICROCOMPUTERS 

M37710E4BXXXFP 
M37710E4BFS 

PROM VERSION of M37710M4BXXXFP 

Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

160 ns 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 

Min. I Unit 
·Max. 

1000 I ns 

125 I ns 

Limits 
Unit 

Min. Max. 

200 ns 

100 ns 

100 ns 

80 ns 

0 ns 

30 ns 

90 ns 

Limits 

± 
Unit 

Min. Max. 

250 ns 

250 l ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25t, f(X,N)=25MHz, unless otherwise noted) 

Single-chip mode 
Limits 

Symbol Parameter Test conditions Unit 
Min. Max. 

ld(E-POQ) Port PO data output delay time 80 ns 

ldCE-P1Q) Port P1 data output delay time 80 ns 

ld(E-P2Q) Port P2 data output delay time 80 ns 

ld(E-P3Q) Port P3 data output delay time 80 ns 

ld(E-P4Q) Port P4 data output delay time Fig. 3 80 ns 

ld(E-P5Q) Port P5 data output delay time 80 ns 

ld(E-P6Q) Port P6 data output delay time 80 ns 

ld(E-P7Q) Port P7 data output delay time 80 ns 

ld(E-PSQ) Port PS data output delay time 80 ns 

Mem.ory expansion mode and microprocessor mode Cwhenwaitbit="1"J 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 12 ns 

ld<E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

lpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 5 ns 

ld(P1A-E) Port P1 address output delay time 12 ns 

ld(P1A-ALE) Port P1 address output delay time 5 ns 

ld(E-P2Q) Port P2 data output delay time 45 ns 

lpXZ(E-P2Z) Port P2 floating start delay time 5 ns 

ld(P2A-E) Port P2 address output delay time 12 ns 
Id( P2A-ALE) Port P2 address output delay time 5 ns 

Id<~ -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 4 ns 

lw(ALE) ALE pulse wld1h 22 ns 

ld(BHE-E) BHE output delay time 20 ns 

ld(R/W-E) R/W output delay time 
Fig. 3 

20 ns 

ldce-- > ; , output delay time 0 18 ns 

lhCE-POA) Port PO address hold time 25 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port P1 data hold lime (BYTE="L") 25 ns 
lpZX(E-P1Z) Port P1 floating release delay time (BYTE="L") 25 ns 

lh(E-P1A) Port P1 address hold time (BYTE="H") 25 ns 

lh(ALE-P2A) Port P2 address hold time 9 ns 

lh(E-P2Q) Port P2 data hold lime 25 ns 

lpZX(E-P2Z) Port P2 floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 50 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "1", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 12 ns 

ld(E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

tpXZ( E-PlZ) Port P1 floating start delay time (BYTE= "L") 5 ns 

td(P1A-E) Port P1 address output delay time 12 ns 

ld(P1A-ALE) Port P1 address output delay time 5 ns 

td(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ( E-P2Z) Port P2 floating start delay time 5 ns 

ld(P2A-E) Port P2 address output delay time 12 ns 

ld(P2A-ALE) Port P2 address output delay time 5 ns 

id(.p -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 4 ns 

iw(ALE) ALE pulse width 22 ns 

id(BHE-E) BH E output delay time 20 ns 

id(R/W-E) R/W output delay time 
Fig. 3 

20 ns 

td(E-• ) ¢ 1 output delay time 0 18 ns 

ih(E-POA) Port PO address hold time 25 ns 

lh(ALE-P1 A) Port P1 address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port Pl data hold time ( BYTE="L") 25 ns 

tpZX(E-P1Z) Port Pl floating release delay time (BYTE="L") 25 ns 

ih(E-PlA) Port Pl address hold time (BYTE="H") 25 ns 

ih(ALE-P2A) Port P2 address hold time 9 ns 

ih(E-P20) Port P2 data hold time 25 ns 

tpZX(E-P2Z) Port P2 floating release delay time 25 ns 

ih(E-BHE) BH E hold time 18 ns 

th(E-R/W) R/W hold time 18 ns 

iw(EL) E pulse width 130 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay time 92 ns 

td(E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 5 ns 

ld(P1A-E) Port P1 address output delay time 92 ns 

1d(P1A-ALE) Port P1 address output delay time 70 ns 

ld(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ(E-P2Z) Port P2 floating start delay time 5 ns 

ld(P2A-E) Port P2 address output delay time 92 ns 

ld(P2A-ALE) Port P2 address output delay time 70 ns 

ld(¢ -HLDA) HLDA output delay time 50 ns 

id(ALE-E) ALE output delay time 15 ns 

lw(ALE) ALE pulse width 62 ns 

id(BHE-E) BHE output delay time 100 ns 

ld(R/W-E) R/W output delay time 
Fig. 3 

100 ns 

ld(E-¢ ) ¢ 1 output delay time 0 18 ns 

thce-POA) Port PO address hold time 25 ns 

ih(ALE-P1A) Port P1 address hold time (BYTE="L") 20 ns 

ih(E-P1.Q) Port P1 data hold time (BYTE="L") 25 ns 

tpZX(E-P1Z) Port P1 floating release delay time (BYTE="L") 25 ns 

ih(E-P1A) Port P1 address hold time (BYTE="H") 25 ns 

lh(ALE-P2A) Port P2 address hold time 20 ns 

lh(E-P2Q) Port P2 data hold time 25 ns 

tpzX(E-P2Z) Port P2 floating release delay time 25 ns 

ih(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 130 ns 

PO _l_ -0 P1 

P2 

P3 
lOOpF 

P4 * PS 

P6 

P7 

PS 

¢, 

E 

Fig. 3 Testing circuit for ports PO-P8, ¢ 1 
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TIMING DIAGRAM 
Single-chip mode 

l(X,N) 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port P5 output 

Port P5 input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PS output 

Port PS input 

Ir If 
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td(E-PBQ) 
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TAi,. input 

TAiour input 

_J 

{ 
TAiour input 
(Up-down input) 

tW(TAH) 

~ 
~ 

·'"~'\ 

tC(TA) 

tW(TAL) 

lctuPl 

twcuPLl 

) 
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J 
J -1 

4 \ 

In Event counter mode 

re;,. input 

ADroa input 

CLK; 

TxD; 

RxD; 

INT; input 
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v.: tsu(UP-T1) lh(TtN UP) 

TAi,. input 
(When count by falling) 

~ _) 
TAi1N input 
(When count by rising) 

{ 
tee re> 

1 .,,.., \ 
\ 

lwtTBLl 

{ ··~"} 
tel AO) 

1 I 
tC(CK) 

tW(CKH) 

] 

_/ 1' ~ r-._ 
lw<cKLl 

) 
""- ld(c-O) 

I.,_ tsulo-c) lh(C-0) J 

{ .... " ~----: _lw(INH) _i____,/ 
• MITSlBSH 

... B.ECTRIC 

th(C-O) 

_t( 



Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

ROY input 

(When wait bit= "a") 

<P1 

ROY input 
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r----------- -- - - -- - - - - -----
1 

r--------------------------
1 

tsuCRDY-.. ) th101-RDY) 

(When wait bit= "1" or "a" in common) 

tgU(HOLD-1111) 

HOLD input 

HLDA output 

Test conditions 

•Vee= 5V±10% 

• Input timing voltage : v,L = 1. av, v," = 4. av 

• Output timing voltage : VoL =a. 8V, VoH = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 

;, 

Port PO output 
(Ao-A,) 

Port P1 output 

(Aa-A15/Da-D.,) ----------J l'-----tl-'.-'11":-----+-" I"-----+--' 
(BYTE="L") 

Port P1 output 
(Aa-A15) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A,a-A23/Do-D1) ----------J 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 

(BHE) 

Port P3o output 

(R/W) 
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Test conditions 

• Vcc=5V±10% 

·Output timing voltage: VoL=O. BV, VoH=2. OV 

• Ports P1, P2 input 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

Port PO output 
(Ao-A,) 

Port P1 output -------------.. ~----1 ;..-----i--i 
(Aa-A101Da-D1ol 
(BYTE="L") -----------'1'---1-+-"l~----.+-JI 

Port P1 output------------- ---++-------+-.I i,...~..;;..-----~-... 
(A,,-A15) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A,.-A,,ID0-D1) ------------.-.1 
Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P30 output 
(RIW) 

Test conditions 

• Vcc=5V±l0% 

ld(BHE-E) 

• Output timing voltage : VoL =O. av. VoH=2. ov 
• Ports P1, P2 input 

Address 

th<E- RtW) 

Address 

Address 
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Memory expansion mode and microprocessor mode 
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(When wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

E 

Port PO output 
(Ao-A1) 

Port Pt output 
(A8-A15/0a-01sl 
(BYTE="L") 

Port Pt output 
(Aa-A1sl 
(BYTE="H") 

Port Pt input 

Port P2 output 
(A10-A23/0o-01) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P3o output 
(RIW) 
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tc 

Address 

ld(P1A-ALE) 

lh(ALE-P2A) 

Address 

lci(P2A-ALE) 

ld(BHE-E) 
lh(E-BHE) 

ld(RJW-E) 
th(E-R/W) 

Test conditions 

• Vcc=5V±10% 

•Output timing voltage: VoL=O. SV, VoH=2. OV 

• Ports P1, P2 input 



DESCRIPTION 
The M37710E8BXXXFP is a built-in PROM single-chip mic
rocomputer designed with high-performance CMOS silicon 
gate technology. This is housed in a 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M3771 OMSBXXXFP except that this chip has a 32K-byte 
PROM built in. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con
troller that require high-speed processing of large data. 
Since general purpose PROM writer can be used for the 
built-in PROM, this chip is suitable for small quantity pro
duction runs. For program development, the M37710E8BFS 
with erasable ROM that is housed in a windowed ceramic 
LCC is also provided. 

FEATURES 
• Number of basic instructions .. ······················ .. ········103 
• Memory size PROM ············ ········ ···········60K bytes 

RAM································ 2048 bytes 
• Instruction execution time 

The fastest instruction at 25M Hz frequency · ·· · · · · · · 160ns 
• Single power supply·······················:·············5V±10% 
• Low power dissipation (at 25MHz frequency) 

························ ··· 95mW (Typ.) 
• Interrupts ·· · ...... · · · ··· ··· · · .... · .. · · · ····· · · ··· · 19 types 7 levels 
• Multiple function 16-bit timer······························· 5+3 

(Pulse motor drive waveform can be output.) 
• UART (may also be synchronous) ............................. 2 

• 10-bit A-D converter .. ························ 8-channel inputs 
• 8-bit D-A converter · · · ·· · · · · · ·· · ·· ··· · · · · · · · · 2-channel outputs 
• 12-bit watchdog timer 
• Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, PS) ................. 68 

MITSUBISHI MICROCOMPUTERS 

M37710E8BXXXFP 
M37710E8BFS 

PROM VERSION of M37710M8BXXXFP 

PIN CONFIGURATION (TOP VIEW) 

Outline 80P6N-A 

*: Used in the evaluation chip mode only 

APPLICATION 
Control devices for office equipment such as copiers, prin
ters, typewriters, facsimiles, word processors, and personal 
computers 
Control devices for industrial equipment such as com
munication and measuring instruments 

NOTE 
(1) Do not use the M3771 OESBFS for mass production be

cause it is a tool for program development (for 
evaluation). 

(2) Refer to "Chapter 5 PRECAUTIONS" when using this 
microcomputer. 
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FUNCTIONS OF M37710E8BXXXFP 
Parameter 

Number of basic instructions 

Instruction execution time 

PROM 
Memory size 

RAM 

Input/Output ports 
PO-P2, P4-P8 

P3 

Multi-function timers 
TAO, TA1, TA2, TA3, TA4 

TBO, TB1, TB2 

Serial 1/0 

A-D converter 

0-A converter 

Watchdog timer 

Interrupts 

Clock generating circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characteristic 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

M3771 OE8BXXXFP 
Package 

M3771 OE8BFS 

MITSUBISHI MICROCOMPUTERS 

M37710ESBXXXFP 
M37710ESBFS 

PROM VERSION of M37710M8BXXXFP 

Functions 

103 

160ns (the fastest instruction at external clock 25MHz frequ.:_~9y) 

60K bytes 

2048 bytes 

8-bitX 8 

4-bitX 1 

16-bitX 5 

16-bitX 3 

(UART or clock synchronous serial 1/0) X2 

10-bitX 1 ( 8 channels) 

8-bitX 2 

12-bitX 1 

3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 ........ 7 .) 

Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 

5V±10% 

95mW(at external clock 25MHz frequency) 

5V 

5mA 

Maximum 16M bytes 

-20-85"C 

CMOS high~performance silicon gate process 

80-pin plastic molded QFP 

80-pin ceramic LCC (with a window) 

• MITSlDSHI 
;...ELECTRIC 
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PIN DESCRIPTION 

Pin Name Input/Output 

Vee, Power supply 

Vss 

CNVss CNVss input Input 

--
RESET Reset input Input 

X1N Clock input Input 

Xour Clock output Output 

-
E Enable output Output 

BYTE Bus width selection input Input 

AV cc Analog supply input 

AVss ,_____. 
VREF Reference voltage input Input 

POo-PO, 1/0 port PO 1/0 

P1o-P1, 1/0 port P1 1/0 

P2,-P2, 1/0 port P2 1/0 

P3o-P33 1/0 port P3 1/0 

P4o-P4, 1/0 port P4 1/0 

P5o-P57 1/0 port PS 1/0 

P6o-P6, 1/0 port P6 1/0 

P7o-P77 1/0 port P7 1/0 

P8,-P87 1/0 port PS 1/0 

MITSUBISHI MICROCOMPUTERS 

M37710ESBXXXFP 
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Functions 

Supply 5 V±10% to Vee and 0 V to V88. 

This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 

types. 

To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re-

quired time. 

These are 1/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-

tween X1N and Xour- When an external clock is used, the clock source should be connected to the X1N pin 

and the Xour pin should be left open. 

Data or instruction read and data write are performed when output from this pin is "L". 

In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 

8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal inputs. 

Power supply for the A-D converter. AVss is also used for 0-A converter. Connect AV cc to Vee and AVss to 

Vss externally. 

This is reference voltage input pin for the A-D converter and the D-A converter. 

In single-chip mode, port PO becomes an 8-bit 1/0 port. An 1/0 direction register is available so that each 

pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7-A0 )is output in memory expansion mode or microprocessor mode. 

In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(015 ....... Da)is input or output when E output is "L" and an address (A1s ....... A8 ) is output when E output is "H". 

If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15-...A8)is output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode low-order data(D1 ....... Do) is input or output when E output is "L" and an address(A23 ...... A1s)is 
-

output when E output is "H". 

In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic-

roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-
-- --

rocessor mode, P40 and P41 become HOLD and RDY input pin respectively. Functions of other pins are the 

same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program-

med for ¢ 1 output pin divided the clock to X 1N pin by 2. In microprocessor mode, P42 always has the func-

tion as <Pi output pin. 

In addition to having the same functions as port PO in single~chip mode, these pins also function as 1/0 

pins for timer AO, timer A1, timer A2 and timer A3. P5o,...., P56 also function as output pins for pulse motor 

drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 
-- -

pins for timer A4, external interrupt input INT0, INT1 and INT2 pins, and input pins for timer 80, timer 81 and 

timer 82. P60 also functions as an output pin for pulse motor drive waveform. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

input AN 0,....,AN7 input pins. P77 also has an A-0 conversion trigger input function. 

In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 

TxD, CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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PIN DESCRIPTION (EPROM MODE) 

Pin Name Input/Output Functions 

Vee. Vss Power supply Supply 5 V±10% to Vee and 0 V to Vss-

CNVss Vpp input Input Connect to Vpp when programming or verifing. 

BYTE Vpp input Input Connect to Vpp when programming or verifing. 

--
RESET Reset input Input Connect to Vss-

x,. Clock input Input Connect a ceramic resonator between X1N and XouT· 

Xour Clock output Output 

E Enable output Output Keep open. 

AVcc. AVss Analog supply input Connect AV cc to Vee and AVss to Vss-

VREF Reference voltage input Input Connect to Vss-

POo-P07 Address input (A0-A7) Input Port PO functions as the lower 8 bits address input (A0-A7 ). 

P1o--P17 Address input (Aa-A1s) Input Port P1 functions as the higher 8 bits address input (A8-A15). 

P2o-P27 Oata 1/0 (D,-D,) 1/0 Port P2 functions as the 8 bits data bus (00-07 ). 

P3o-P3, Input port P3 Input Connect to V ss-

P4o-P47 Input port P4 Input Connect to Vss-

--- -
P5o-P5, Control signal input Input P5o, P51 and P52 function as PGM, OE and CE input pins respectively. 

Connect P53, P54, P5s and P56 to Vee. Connect P57 to Vss· 

P60-P67 Input port P6 Input Connect to Vss· 

P7o-P7, Input port P7 Input Connect to Vss-

P8o-P87 Input port PB Input Connect to Vss. 
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BASIC FUNCTION BLOCKS 
The M37710E8BXXXFP has the same functions as the 
M37710M4BXXXFP except for the following: 
(1) The built-in ROM is PROM. 
(2) The ROM size is 60K bytes 
(3) The RAM size is 2048 bytes 

Therefore, refer to the section on the M37710M4BXXXFP. 

MEMORY 
The memory map is shown in Figure 1. 

OM•••{ 

00000016 

OOFFFF16 

~ .. , .. { 
01000016 

01FFFF16 

I 
I 

r 

{ 

FE000016 

Bank FE16 

FEFFFF16 

f FF000016 

Bank FF16·l 
FFFFFF16 

Fig. 1 Memory map 

00000016 
00007F16 
00008016 

00087F16 

\ 00100010 

I 
I 
I 
\ 
\ 
\ 
\ 
I 
I 
I 
\ 
I 
\ 
\ 
\ 
I 
I 
I 
\ 
I 

OOFFD616 

OOFFFF16 

Internal RAM 

2048 bytes 

Internal PROM 

60K bytes 

I 

\ 
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Peripheral devices 

control registers 

00007F16 ~-------' 

I 
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I 
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OOFFD6 16 

I 
I 

I 

I 
I 

I 

I 

OOFFFE 16 

Interrupt vector table 

A~D conversion 
UART1 transmission 

UART1 receive 
UARTO transmission 

UARTO receive 
Timer 82 
Timer 81 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
Timer A1 
Timer AO 

INT2 

INT, 
INT0 

Watchdog timer 

DSC 
BRK instruction 

Zero divide 

RESET 
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EPROM MODE 
The M37710E8BXXXFP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
"L", the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 2 
shows the pin connections in the EPROM mode. 

the M5M27C101 K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 
This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 1100016-1 FFFF16. 

The EPROM mode is the 1 M mode for the EPROM that is 
equivalent to the M5M27C101 K. 

Connect the clock which is either ceramic resonator or ex
ternal clock to X1N pin and XouT pin. 

When in the EPROM mode, ports PO, P1, P2, P50 , P51, P52 , 

CNV55 and BYTE are used for the EPROM (equivalent to 

t-------P70/AN0 ++ 1 " ++ P84/CTS1/RTS1/DA1 
o------P67/TB21N ++ 2 " ++ P85/CLK1 ------

t------P6s/TB1oN ++ ' 62 ++ P8s/RxD,.-------..., 
.___----P6ofT801N ++ 4 61 ++ P87/T xD1,.-------.... 
-----P64/INT2++ • so++ POo/Ao @ 
t------P63/INT1 ++ s 59 ++ P01/A1 @ 
..._----P62/INT0++ 1 58 ++P02/A2 @ 
t-----P61/TA41N ++ a 3:: 57 ++ P03/A3 @ 

P6o/TA4ouT/RTP1 3 ++ ' ~ 56 ++ P04/A, @ 
..._----P57/TA31N ++ 10 ::::! 55 ++ P05/A5 @ 

P56/TA3ouT/RTP1 2 ++ 11 o 54 ++ POs/As @ 
,.__+----P55/TA21N/RTP1 1 ++ 12 m 53 ++ POr/Ar @ 

P54/TA2ouT/RTP1o ++ 13 m 52 ++ P1o/As/Ds @ 
'--+----P53/TA1 1N/RTP03 ++ " )( " ++ P1 1/A,/09 @ 

@-P52/TA1ouT/RTP02 ++ 15 >< so ++P12/A10/D10----@ 
@--P51/TA01N/RTP01 ++ 16 ~ " ++ P13/A11/D11~ 
@-PSo/TAOouT/RTPOo ++ 11 "'O " ++ P14/A12/D12~ 

.___------P47 ++ 18 "++P1s/A13/013~ 

..._------P.4s++ 19 "++P16/A14/014------@ 

.___------P45++ 20 "++P1 7/A15/015--@ 

.--------P44 ++ 21 " ++ P20/A1s/Do @ 

..-------P43 ++ 22 " ++ P21/A17/01 @ 
o-------P42/!11 ++ 23 42 ++ P22/A"/D2 @ 
t-----P41/RDY ++ 24 41 ++ P23/A19/03 @ 

'li!lffi!f§@lj~~~~r 
I 1 1 1 I I I I I I I I I I 

1

9 ~ ~1~.; ~IW f61(3 ~1~1~ Q Q Q Q 
o>>rnl.i_ >_,..:ma:';:,';;.~' 
~ID~z~ 

1 
~~~~€€€€ ... C')a:: Q. ll. ""ID II) "I' . . -. . ~l1 

Outline 80P6N-A 
* : Connect to ceramic oscillation circuit. 
0 : It is used in the EPROM mode. 

Fig. 2 Pin connection In EPROM mode 
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Table 1 Pin function in EPROM mode 

--------------
M37710E8BXXXFP 

Vee Vee 
Vpp CNV55, BYTE 

Vss Vss 

Address input Ports PO, P1 

Data 1/0 Port P2 

CE P52 

OE P51 

PGM P5o 
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M5M27C101K 

Vee 
Vpp 

Vss 

Ao-A1s 

Do-D1 

CE 

OE 

PGM 
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FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 

Reading 
To read the EPROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A0-A15 ) to be read, and the 

data will be output to the 1/0 pins 0 0 - 0 7. The data 1/0 

pins will be floating when either the CE or OE pins are in 
the "H" state. 

Writing 
Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 

mode when 12.5V is applied to the V PP pin. The address to 
be written to is selected with pins A0 -A15, and the data to 
be written is input to pins 0 0-07• Set the PGM pin to a "L" 
level to being writing. 

Erasing 
To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W·s/cm2 . 

MITSUBISHI MICROCOMPUTERS 
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Writing operation 
To program the M37710E8BXXXFP, first set Vcc=6V, Vpp= 
12.5V, and set the address to 1100016. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 

pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap
plied ( X) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2X X ms). 

When this series of write operations is complete, increment 

the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Vcc=Vpp=5V( or Vcc=Vpp=5.5V). 

Table 2. 110 signal in each mode 

~ 
- - --

Vee Data 1/0 CE OE PGM Vpp 
M 

Read-out VIL V1L x 5V 5V Output 

Output V1L V1H x 5V 5V Floating 

Disable V1H x x 5V 5V Floating 

Programming VIL V1H V1L 12.5V 6V Input 

Programming 
V1L VIL V1H 12.5V 6V Output 

Verify 

Program Disable V1H V1H V1H 12.5V 6V Floating 

Note 1 An X indicates either V1L or V1". 

Program operation (equivalent to the M5M27C101 K) 
AC ELECTRICAL CHARACTERISTICS (T a=25±5°C, Vcc=6V±O. 25V, Vee=12. 5±0. 3V, unless otherwise noted) 

Symbol 

!As 

lo ES 

los 

!AH 

loH 

toFP 

lvcs 

lvps 

lpw 

lopw 

lees 

loE 

Parameter 

Address setup time 

OE setup time 

Data setup time 

Address hold time 

Data hold time 

Output enable to output float delay 

Vee setup time 

Vpp setup time 

PGM pulse width 

PGM over program pulse width 

CE setup time 

Data valid from OE 

Test conditions 

• MITSUBISHI 
;.,.ELECTRIC 

Min. 

2 

2 

2 

0 

2 

0 

2 

2 

0. 19 

0. 19 

2 

Limits 
Unit 

Typ. Max. 

µs 

µs 

µs 

µS 

µs 

130 ns 

µs 

µs 

0. 2 0. 21 ms 

5. 25 ms 

µs 

150 ns 
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AC waveforms 

ADDRESS 

V1H/VoH 
DATA 

Vee 

PGM 

OE 

PROGRAM 
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VERIFY 

~ _e 
---------<~ll'----D-AT_A_sE_T __ _,'11>---~11..°ATA OUTPUT VAILl~I>------------

~ ~ ~ 

-------..J~ 
-------J~ 

l\'-4-~~---+--+-----1--+--~----+-~~~~~--

_y ~ ~ 
tPW ...... 
to PW \ 'I\. 

Programming algorithm flow chart 

Test conditions for A.G. characteristics 

Input voltage : v,L =0.45V, v,H=2.4V 

Input rise and fall times (10%-90%) : _:S.20ns 
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Reference voltage at timing measurement : Input, Output 

"L"=O.BV, "H"=2V 

FAIL DEVICE 

FAILED 

DEVICE 

FAILED 

* 4.5V .:S_ Vcc=Vpp_:S.5.5V 



SAFETY INSTRUCTIONS 
(1) Sunlight and fluorescent lamp contain light that can 

erase written information. When using in read mode, be 

sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 

the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers' fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over

voltage is not applied. Take care especially at power on. 
(5) The programmable M37710E8BFP that is shipped in 

blank is also provided. For the M37710E8BFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 

to the flow below before use is recommended. 

Writing with PROM writer 

Screening (Caution) 

(Leave at 150°C for 40 hours) 

Verify test with PROM writer 

r-------- --------, 
I I I Function check in target device I 

L--------- -------- _J 

Caution : Never expose to 150 °C exceeding 100 hours. 
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ADDRESSING MODES 
The M37710E8BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 

the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M3771 OE8BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 
(1) M37710E8BXXXFP writing to PROM order confirmation 

form 
(2) 80P6N mark specification form 
(3) ROM data (EPROM 3 sets) 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

A Vee Analog supply voltage. -0.3-7 

v, Input voltage RESET, CNVss. BYTE -0.3-12(Note 1) 

Input voltage POo-P07, P1 0-P1 7, PZ,-P27, P3o-P3,, 

v, P4o-P4,, PSo-PS,, P6o-P6,, P7o-P7,, -0. 3-Vce+O. 3 

PBo-PS,, VRE•• X1N 

Output voltage P00-P01, P1 0-P1,, P20-P27, P30-P3,, 

Vo P40-P4,, P5o-P57, P60-P6,, P70-P7,. -0. 3-Vee+O. 3 
P8o-PS,, Xour. E 

pd Power dissipation Ta=25t 300 

tQe!: Operating temperature -20-85 

Ts!ll.. Storage temperature -40-150 

Note 1. Input voltage for CNV88 and BYTE pins is 13V in writing to PROM. 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-20-85t, unless otherwise noted) 

Limits 
Symbol Parameter 

Min. Typ. 

Vee Supply voltage 4.5 5.0 

A Vee Analog supply voltage Vee 

Vss Supply voltage 0 

AVss Analog supply voltage 0 

High-level input voltage POo-PO,, P3o-P3,. P40-P4,, 

V1H 
PSo-PS,, P6o-P6,, P70-P7,. 

0. 8Vcc --
P8o-P87, X1N. RESET, CNVss, 
BYTE 

VtH 
High-level input voltage P1o-Ph, P20-P21 

0. 8Vcc 
(in single-chip mode) 

High-level input voltage P1o-Ph. P2o-P21 

V1H (in memory expansion mode and 0. 5Vcc 
microprocessor mode) 

Low-level input voltage PO,-PO,, P3o-P3,. P4o-P4,, 

V1L 
PSo-PS,, P6o-P6,, P7o-P7,. 

0 --
P8o-P8,, XtN• RESET, CNVss. 

BYTE 

V1L 
Low-level input voltage P1o-Ph. P2o-P21 

0 
(in single-chip mode) 

Low-level input voltage P1 0-P1 7, P20-P27 

V1L (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current P00-P01. P1o-P1,, P20-P21. 

loHCpeak> P3o-P3a. P4o-P47, P50-PS1. 

P6o-P6,, P70-P77, P8o-PS, 

High-level average output current P00-PO,, P1 0-P1 7, P2o-P27, 

loHCavg> P3o-P3., P4o-P41, P5o-P51, 

P6o-P6,, P7o-P7,. P8o-P81 

Low-level peak output current P00-PO,, P1 0-P1 7, P2o-P27, 

loLCpeak> P3o-P3,, P4o-P4,, PSo-PS,, 

P6o-P6,, P7o-Ph P8o-P8, 

Low-level average output current POo-P01, P1o-Ph, P2o-P2,, 

loLCavg> P3o-P3,, P4o-P4,, PSo-P57, 

P6o-P61, P7o-P7,, P8o-PB1 

f(X,N) External clock frequency input 

Note 2 • Average output current is the average value of a 1 OOms interval. 
3. The sum of loLCpeak> for ports PO, P1, P2, P3, and PB must be 80mA or less, 

the sum of laHCpeakl for ports PO, P1, P2, P3, and PB must be 80mA or less, 
the sum of loLCpeak> for ports P4, PS, P6, and P7 must be 80mA or less, and 
the sum of laHCpeakl for ports P4, PS, P6, and P7 must be 80mA or less. 
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Unit 
Max. 

5.5 v 
v 
v 
v 

Vee v 

Vee v 

Vee v 

0.2Vee v 

0. 2Vce v 

0. 16Vcc v 

-10 mA 

-5 mA 

10 mA 

5 mA 

25 MHz 

Unit 

v 
v 
v 

v 

v 

mW 

°C 
°C 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25"C, f(XIN)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

High-level output voltage POo-PO,, P1 0-P1,, P2o-P27, 

VoH 
P3o, P31, P3,, P4o-P4,, 

loH=-lOmA 3 v 
PSo-PS,, P6o-P61, P7o-P7,, 

P8o-P81 

VoH 
High-level output voltage POo-PO,, P1 0-P1 7, P2o-P27, 

loH=-400µA 4. 7 v 
P3o, P3,, P3:i 

loH=-10mA 3. 1 
VoH High-level output voltage P32 

loH=-400µA 4. 8 
v 

High-level output voltage E loH=-lOmA 3.4 
VoH 

4. 8 
v 

loH=-400µA 

Low-level output voltage P00-P01, P1o-P1,, P2o-P2,, 

VoL 
P3o, P3,, P3:i, P4o-P4,, 

P5o-PS,, P6o-P6,, P7o-P7,, 
10.=lOmA 2 v 

P8o-PS, 

VoL 
Low-level output voltage P00-P07, P10-P1 7, P20-P27, 

loL=2mA 0.45 v 
P3o, P3,, P3:i 

10.=lOmA 1. 9 
VoL Low-level output voltage P32 v 

loL=2mA 0.43 

Low-level output voltage E loL=lOmA 1. 6 
VoL 

0.4 
v 

loL=2mA 

VT+-VT-
Hysteresis HOLD, ROY, TA0,.-TA41N. TBO,.-TB21N. 

INTo-INT,, AO,Ra. CTSo, CTS,, CLKo, CLK1 
0.4 1 v 

VT+-VT- Hysteresis RESET 0.2 0.5 v 
VT+-VT- Hysteresis X1N 0. 1 0.3 v 

High-level input current POo-PO,, P1o-P1,, P20-P2,, 

l1H 
P30-P3,, P4o-P47, P50-P57, 

V1=5V 5 µA 
P60-P6,, P70-P77, P80-P87, 

x,., RESET, CNVss, BYTE 

Low-level input current POo-P07, P1 0-P1 7, P2o-P27, 

l1L 
P3o-P3o. P4o-P4,, PSo-PS,, 

V,=OV -5 µA 
P6o-P6,, P7o-P7,, PS.-PS,, 
--

X1N, RESET, CNV88, BYTE 

VRAM RAM hold voltage When clock is stopped. 2 v 
f(x,.J=25MHz, 

19 38 mA 
In single-chip mode square waveform 

Ice Power supply current 
output only pin is T a=25'C when clock 

1 open and other pins Is stopped. 
are V55 during reset. T 8 =85'C when clock 

µA 
20 

is stopped. 
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A-0 CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=OV, Ta=25'C, f(X,.)=25MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ. Max. 

- Resolution VReF=Vcc 10 

- Absolute accuracy VReF=Vcc ±3 
RLAOOER Ladder resistance VReF=Vcc 5 20 

tcoNv Conversion time 9. 44 

VREF Reference voltage 2 Vee 

V1A Analog input voltage 0 VREF 

D·A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV, Ta=25'C, f(X,.)=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

- Resolution 

- Absolute accuracy 

tsu Set time 

Ro Output resistance 

lvREF Reference power input current {Note 1) 

Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is "0016" 

Current that flows to the ladder resistance of A-D converter is excluded. 
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Limits 

Min. Typ. Max. 

8 
1. 0 

3 
1 2.5 4 

3.2 

Unit 

Bits 

LSB 

kO 

µs 

v 
v 

Unit 

Bits 

% 
µs 

kO 

mA 
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TIMING REQUIREMENTS (Vcc=5V±10%, Vss=OV, T8=25t, f(X,N)=25MHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

le External clock input cycle time 

tw(H) External clock input high-level pulse width 

lw<Ll External clock input low-level pulse width 

tr External clack rise time 

If External clock fall time 

Single-chip mode 

Symbol Parameter 

tsu(POD-E) Port PO Input setup time 

tsu(P1D-E) Port P1 input setup time 

•su(P2D-E) Port P2 input setup time 

tsu(P3D-E) Port P3 input setup time 

•su(P4D-E) Port P4 input setup time 

•su(P5D-E) Port PS input setup time 

•su(P6D-E) Port P6 input setup time 

tsu(P7D-E) Port P7 Input setup time 

•su(PSD-E) Port PS input setup time 

ih(E-POD) Port PO input hold time 

lh(E-P1D) Port P1 input hold time 

ih(E-P2D) Port P2 input hold time 

lh(E-P3D) Port P3 input hold time 

lh(E-P4D) Port P4 input hold time 

lh(E-P5D) Port PS input hold time 

lh(E-P6D) Port P6 input hold time 

lh(E-P7D) Port P7 input hold time 

lh(E-PBD) Port PS Input hold time 

Memory expansion mode and microprocessor mode 

Symbol Parameter 

tsu(P1D-E) Port P1 Input setup time 

•su<P2D-E) Port P2 input setup time 

lsu< RDY-!.i) ROY input setup time 

tsu(HOLD~ HOLD input setup time 

ih(E-P1D) Port P1 input hold time 

lh(E-P2D) Port P2 input hold time 

lh(• -ROY) ROY input hold time 

lh<• -HOLD) HOLD input hold time 

Limits 
Unit 

Min. Max. 

40 ns 

15 ns 

15 ns 

8 ns 

8 ns 

Limits 
Unit 

Min. Max. 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

60 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
Unit 

Min. Max. 

30 ns 

30 ns 

55 ns 

55 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (Count input in event counter mode) 

Symbol Parameter 

le( TA) TAliN Input cycle time 

lw(TAH) TAi1N Input high-level pulse width 

tw(TAL) TAl1N Input low-level pulse width 

Timer A input (Gating input in timer mode) 

Symbol Parameter 

lc(TA) TAi1N input cycle time 

lw(TAH) TAl1N Input high-level pulse width 

tw(TAL) TAi1N input low-level pulse width 

Timer A input (External trigger input in one-shot pulse mode) 

Symbol Parameter 

tc(TA) TAi1N input cycle time 

lw(TAH) TAi1N input high-level pulse width 

lw(TAL) TAl1N input low-level ,pulse width 

Timer A input (External trigger input in pulse width modulation mode) 

Symbol Parameter 

lw(TAH) TAl1N Input high-level pulse width 

lw(TAL) TAi1N input low-level pulse width 

Timer A input (Up-down input in event counter mode) 

Symbol Parameter 

tc(UP) TAlouT Input cycle time 

lw(UPH) TAlouT input high-level pulse width 

twcuPLl TAiouT input low-level pulse width 

tsuCuP-"!J!!) TAlauT input setup time 

th(!Jti:UP) TAiouT Input hold time 
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Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

160 ns 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

2000 ns 

1000 ns 

1000 ns 

400 ns 

400 ns 



Timer B input (Count input in event counter mode) 

Symbol Parameter 

tc(TB) TBi1N input cycle time (one edge count) 

tw(TBH) l'Bi1N mput high-level pulse width (one edge count) 

tw(TBL) TBi1N input low-level pulse width (one edge count} 

tc(TB) TBi1N input cycle time (both edges count) 

tw(TBH) TBi1N input high-level pulse width (both edges count) 

tW(TBL) TBi1N input low-level pulse width (both edges count) 

Timer B input (Pulse period measurement mode) 

Symbol Parameter 

tc(TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

Timer B input (Pulse width measurement mode) 

Symbol Parameter 

le( TB) TBi1N input cycle time 

lw(TBH) TBi1N input high-level pulse width 

lw(TBL) TBi1N input low-level pulse width 

A-D trigger input 

Symbol Parameter 

le( AD) ADTRa input cycle time (minimum allowable trigger) 

lw(AOL) ADTRa input low-level pulse width 

Serial 1/0 

Symbol Parameter 

tc(CK) CLKj input cycle time 

tw(CKH) CLK; input high-level pulse width 

tw(CKL) CLKi input low-level pulse width 

ld(C-Q) TxDi output delay time 

thee-a) TxDi hold time 

tsu<o-c) RxDi input setup time 

lhtc-ol RxDi input hold time 

External interrupt INTi input 

Symbol Parameter 

tw(INH) INT; input high-level pulse width 

tW(INL) INT; input low-level pulse width 
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Limits 
Unit 

Min. Max. 

80 ns 

40 ns 

40 ns 

160 ns 

80 ns 

80 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 
Unit 

Min. Max. 

320 ns 

160 ns 

160 ns 

Limits 

T Unit 
Min. Max. 

1000 T ns 

125 T ns 

Limits 
Unit 

Min. Max. 

200 ns 

100 ns 

100 ns 

80 ns 

0 ns 

30 ns 

90 ns 

Limits 
Unit 

Min. Max. 

250 ns 

250 ns 
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SWITCHING CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=25"C, f(X,N)=25MHz, unless otherwise noted) 

Single-chip mode 
Limits 

Symbol Parameter Test conditions Unit 
Min. Max. 

id(E-POO) Port PO data output delay time 80 ns 

ld(E-P1Q) Port P1 data output delay time 80 ns 

id(E-P2Q) Port P2 data output delay time 80 ns 

id(E-P30) Port P3 data output delay time 80 ns 

ld(E-P4Q) Port P4 data output delay time Fig. 3 80 ns 

td(E-PSQ) Port P5 data output delay time 80 ns 

id(E-P6Q) Port P6 data output delay time 80 ns 

ld(E-P?Q) Port P7 data output delay time 80 ns 

td(E-P80) Port PS data output delay time 80 ns 

Memory expansion mode and microprocessor mode (when wait bit= "1") 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 12 ns 

id(E-P1Q) Port P1 data output delay time (BYTE="L") 45 ns 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 5 ns 

id(P1A-E) Port P1 address output delay time 12 ns 

ld(P1A-ALE) Port P1 address output delay time 5 ns 

id(E-P2Q) Port P2 data output delay time 45 ns 

tpxzc E-P2z> Port P2 floating start delay time 5 ns 

id(P2A-E) Port P2 address output delay time 12 ns 

id(P2A-ALE) Port P2 address output delay time 5 ns 

id(o;t. -HLDA) HLDA output delay time 50 ns 

id(ALE-E) ALE output delay time 4 ns 

iw(ALE) ALE pulse width 22 ns 

id(BHE-E) BHE output delay time 20 ns 

id(R/W-E) R/W output delay time 
Fig. 3 

20 ns 

ldce-• l 1>1 output delay time 0 18 ns 

ih(E-POA) Port PO address hold time 25 ns 

ih(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

ih(E-P10) Port P1 data hold time (BYTE="L") 25 ns 

tpZX(E-P1Z) Port P1 floating release delay time (BYTE="L") 25 ns 

ih(E-P1A} Port P1 address hold time (BYTE="H") 25 ns 

ih(ALE-P2A) Port P2 address hold time 9 ns 

th(E-P2Q) Port P2 data hold time 25 ns 

tpzxc e-P2z> Port P2 floating release delay time 25 ns 

lh(E-BHE) BHE hold time 18 ns 

ih(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 50 ns 
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Memory expansion mode and microprocessor mode 

Symbol Parameter 

ld(POA-E) Port PO address output delay time 

ld(E-P1Q) Port P1 data output delay time (BYTE="L") 

tpXZ(E-P1Z) Port P1 floating start delay time (BYTE="L") 

ld(P1A-E) Port P1 address output delay time 

ld(P1A-ALE) Port P1 address output delay time 

id(E-P2Q) Port P2 data output delay time 

tpXZ( E-P2Z) Port P2 floating start delay time 

ld(P2A-E) Port P2 address output delay time 

ld(P2A-ALE) Port P2 address output delay time 

ld(.p -HLDA) HLDA output delay time 

ld(ALE-E) ALE output delay time 

lw(ALE) ALE pulse width 

ld(BHE-E) BHE output delay time 

ld(R/W-E) R/W output delay time 

td(E-• ) ¢ 1 output delay time 

lh(E-POA) Port PO address hold time 

1h(ALE-P1A) Port P1 address hold time (BYTE="L") 

1h(E-P1Q) Port P1 data hold time ( BYTE="L") 

tpzxc E-P1 z> Port P1 floating release delay time ( BYTE="L") 

lh(E-P1A) Port P1 address hold time (BYTE="H") 

lh(ALE-P2A) Port P2 address hold time 

lh(E-P2Q) Port P2 data hold time 

tpZX(E-P2Z) Port P2 floating release delay time 

lh(E-BHE) BHE hold time 

lh(E-RtW) R/W hold time 

lw(EL) E pulse width 

(when wait bit= "O", wait selection bit= "1", and external memory area is accessed) 

Test conditions 

• MITSUBISHI 
.... ELECTRIC 

Fig. 3 

Min. 

12 

12 

5 

12 

5 

4 

22 

20 

20 

0 

25 

9 

25 

25 

25 

9 

25 

25 

18 

18 

130 

Limits 
Unit 

Max. 

ns 

45 ns 

5 ns 

ns 

ns 

45 ns 

5 ns 

ns 

ns 

50 ns 

ns 

ns 

ns 

ns 

18 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O'', wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay lime 92 ns 

ld<E-P1Q) Port P1 data output delay lime (BYTE="L") 45 ns 

tpxzc E-P1 z) Port P1 floating start delay lime (BYTE="L") 5 ns 

ld(P1A-E) Port P1 address output delay lime 92 ns 

id(P1A-ALE) Port P1 address output delay time 70 ns 

id(E-P2Q) Port P2 data output delay time 45 ns 

tpXZ( E-P2Z) Port P2 floating start delay time 5 ns 

id(P2A-E) Port P2 address output delay time 92 ns 

id ( P2A-ALE) Port P2 address output delay time 70 ns 

ld(QI -HLDA) HLDA output delay time 50 ns 

ld(ALE-E) ALE output delay time 15 ns 

lw(ALE) ALE pulse width 62 ns 

id(BHE-E) BHE output delay time 100 ns 

id(R/W-E) R/W output delay lime 
Fig. 3 

100 ns 

ld<e-• ) ¢ 1 output delay lime 0 18 ns 

thce-POA) Port PO address hold lime 25 ns 

th(ALE-P1A) Port P1 address hold time (BYTE="L") 20 ns 

th(E-P1Q) Port P1 data hold time (BYTE="L") 25 ns 

tpZX(E-P1Z) Port P1 floating release delay lime (BYTE="L") 25 ns 

ih(E-P1A) Port P1 address hold time ( BYTE="H") 25 ns 

ih(ALE-P2A) Port P2 address hold time 20 ns 

th(E-P2Q) Port P2 data hold time 25 ns 

tpZX( E-P2Z) Port P2 floating release delay time 25 ns 

ih(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 130 ns 

PO I -0 P1 

P2 

P3 
lOOpF 

P4 I P5 

P6 

P7 

PS 

¢, 

E 

Fig. 3 Testing circuit for ports PO-PS, <I> 1 
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TIMING DIAGRAM 
Single-chip mode 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PS output 

Port PS input 

tr 
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TAi1N input 

TAiour input 

_J 

{ 
TAiour input 
(Up-down input) 

tW(TAH) J 

J 

1\ 

"'"""'\ 

In Event counter mode 

TAi,N input 
(When count by falling) 

TAi1N input 

(When count by rising) 

TBi1N input 

{ '-"~' \ 

ADTRG input 
i """" } 

tW(CKH) 

J 
CL Ki }! ~ 

TxD; 

Rx Di 

INT; input 
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tC(TA) 

tW{TAL) 

tc1uP1 

tw(uPLl 

) 

l{h(TIN UP) lsu(uP-T1N) 

'i\ .J 

tC(TB) 

tW(TBLl 

le( AO) 

tC(CK) 

twccKLl 

) 
ld<C-Q) 

t lsu(o-cl 
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Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

ROY input 

' 
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r---------- - -- - - -- - - - - -----

tsuCROY-16,) thc~-ROY) 

(When wait bit= "O") 

r--------------------------
1 

ROY input 

tsuCROY-9'1) th(9't-RDY) 

(When wait bit= "1" or "O" in common) 

tsU(HOLo-;,) 

HOLD input 

td(9l1-HLOA) 

HLDA output 

Test conditions 

•Vee= 5V±10% 

• Input timing voltage : v,L = 1. OV, v,H = 4. ov 

• Output timing voltage : VoL = 0. BV, VoH = 2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 

Port PO output 
(Ao-Ar) 

Port P1 output 

(A8-A15/D8-D 15 ) -----------' l'-----+-1 P-----+-"' I'-----+"' 
(BYTE="L") 

Port P1 output 
(A~-A15) 
(BYTE="H") 

Port P1 input 

Port P2 output 

(A10-A2,ID0-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P3o output 

(R/W) 
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Test conditions 

• Vcc=5V±10% 

• Output timing voltage : Vol =0. BV, VaH=2. OV 

• Ports P1, P2 input : v,L =O. av, v,H=2. 5V 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "1", and external memory area is accessed) 

f(X,N) 

¢, 

Port PO output 
(Ao-A,) 

Port P1 output -------------.,,.---1-+--..1 ;-----+-.i 
(A8-A15/D8-D 15) 

(BYTE="L") 

Port P1 output-------------. ,---++-------+-.! Ir--+-------+--.. 
(A8-A15 ) 

(BYTE="H") 

Port P1 input 

Address 

Port P2 output -------------.,,r--+l-ti.------...... 1 

(A16-A23/0o-D1) 
------------~1~---H,.... 

Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P30 output 
(R/W) 

Test conditions 

• Vcc=5V±10% 

·Output timing voltage : VoL =O. BV, VoH=2. OV 

• Ports P1, P2 input : v,L =O. sv, v,"=2. sv 

• MITSUBISHI 
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Address 

Address 
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(When wait bit= "O", wait selection bit= "O", and external memory area Is accessed) 

Port PO output 
(Ao-A,) 

Port P1 output 
(Aa-A10/Da-D1sl 
(BYTE="L") 

Port P1 output 
(Aa-A1sl 
(BYTE="H") 

Port P1 Input 

Port P2 output 
(A10-A2s/Do-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P3o output 
(R/W) 
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----------t-h....,.(ALE-P~A) 
Address Address 

ld(P1A-ALE) 

lh(ALE-P2A) 

Address Address 

td(P2A-ALE) 

td(BHE-E) 
th(E-BHE) 

td(RJW-E) 
th(E-RtW) 

Test conditions 

• Vcc=5V±10% 

• Output timing voltage : VoL =O. BV, VoH=2. OV 

• Ports P1, P2 input 



DESCRIPTION 
The M37710E8LXXXHP is a single-chip 16-bit microcompu
ter designed with high-performance CMOS silicon gate 

technology. This is housed in a small 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37710M8LXXXHP except that this chip has a 60K-byte 

PROM built in. 
This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 

communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro

duction runs. 

FEATURES 
• Number of basic instructions .................................. 103 

• Memory size PROM( one time) ................ 60K bytes 
RAM ................................ 2048 bytes 

• Instruction execution time 
The fastest instruction at 8MHz frequency ........... 500ns 

• Single low supply voltage ............................. 2.7-5.5V 

• Low power dissipation 
(At 3V supply voltage, 8MHz frequency) ... 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) ... 30mW (Typ.) 

• Wide operating temperature range .............. -40-85°C 
• Interrupts ......................................... 19 types 7 levels 

• Multiple function 16-bit timer ............................... 5+3 

(Pulse motor drive waveform can be output) 
• UART (may also be synchronous) ............................. 2 

• 10-bit A-D converter .......................... 8-channel inputs 

• 8-bit D-A converter · .......... · .......... · .. · 2-channel outputs 

• 12-bit watchdog timer 
• Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, PB) ................. 68 

• Small package 
................. 80-pin fine-pitch QFP (0.5mm lead pitch) 

APPLICATION 
Control devices for office equipment such as copiers, prin
ters, typewriters, facsimiles, word processors, and personal 

computers 
Control devices for industrial equipment such as ME, NC, 

communication, portable equipment, and measuring instru
ments 

MITSUBISHI MICROCOMPUTERS 
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PIN CONFIGURATION (TOP VIEW) 

NOTE 

11111 

s:: 
(,) 
--I 

::::! 
0 
m 
co 
~ 
x x 
::c ,, 

s1 -P07/A7 

so - P1 0/Ae/D8 

49 - P1 1/A9/09 

48 -P1 2/A10/D10 

47 - P1 3 /A11 /D,, 
46 -P14/A12/D12 
45 - P15/A1al013 
44 - P1 6/ A14/014 

43 -P11/A1slD1s 
42 - P20/ A 16/D0 

"'"""="'"""""'"""'===o="""-"""',,r-41 - P21/A17/01 

Outline 80P6D-A 

* : Used in the evaluation chip mode only 

Refer to "Chapter 5 PRECAUTIONS" when using this mic
rocomputer. 
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Data Buffer DB"(8) 

Data Buffer DBc(8) 

Instruction Queue Buffer Qo(8) 

Instruction Queue Buffer 01 (8) 

Instruction QUeue Bulfer 02(8) 

lncrementer ( 24) 

Program Address Register PA(24) 

Data Address Register OA(24) 

lncrementer/Decrementer (24) 

Program Counter PC( 16) 

Program Bank Register PG(8) 

Data Bank Register DT(S) 

Input Buffer Register 18(16) 

Processor Status Register PS( 11) 

Direct Page Register DPR(16) 

Stack Pointer S(16) 

Index Register Y(16) 

Index Register X( 16) 

Accumulator B(16) 

Accumulator A(16) 
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FUNCTIONS OF M37710E8LXXXHP 
Parameter Functions 

Number of basic instructions 103 

Instruction execution time 500ns (the fastest instruction at external clock SMHz frequency) 

PROM 60K bytes 
Memory size 

RAM 2048 bytes 

PO-P2, P4-P8 8-bitX8 
Input/Output ports 

P3 4-bitXl 

TAO, TA1, TA2, TA3, TA4 16-bitX5 
Multi-function timers 

TBO, TB1, TB2 16-bitX3 

Serial 1/0 (UART or clock synchronous serial l/O)X2 

A-0 converter 10-bitX 1 ( 8 channels) 

0-A converter 8-bitX2 

. Watchdog timer 12-bitXl 

Interrupts 
3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 - 7 . ) 

Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 

Supply voltage 2. 7-5.5V 

Power dissipation 
12mW (At 3V supply voltage, external clock 8MHz frequency) 

30mW (At SV supply voltage, external clock 8MHz frequency) 

Input/Output voltage 5V 
Input/Output characteristic 

Output current 5mA 

Memory expansion Maximum 16M bytes 

Operating temperature range -40-85"C 

Device structure CMOS high-performance silicon gate process (80P6D-A: 0.5mm lead pitch) 

Package 80-pin plastic molded fine-pitch QFP 
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PIN DESCRIPTION 

Pin Name lnpuVOutput Functions 

Vee. Power supply Supply 2. 7 to 5. 5V to Vee and 0 V to Vss. 

Vss 

CNVss CNVss input Input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vee for external ROM 

types. 

RESET Reset Input Input To enter the reset state, this pin must be kept at a "L" condition which should be maintained for the re-

quired time. 

x,. Clock Input Input These are 110 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-
tween X1N and Xour- When an external clock is used, the clock source should be connected to the x,. pin 

Xour Clock output Output and the Xour pin should be left open. 

E Enable output Output Data or Instruction read and data write are performed when output from this pin is "L". 

BYTE Bus width· selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus Is 
8-bit width or 16-bit width. The width is 16 bits when "L" signal inputs and 8 bits when "H" signal Inputs. 

AVcc Analog supply Input Power supply for the A-D converter. AVss Is also used for D-A converter. Connect AVcc to Vee and AVss to 

AVss Vss externally. 

VREF Reference voltage Input Input This Is reference voltage Input pin for the A-D converter and the D-A converter. 

PO.,-PO, 1/0 port PO 110 In single-chip mode, port PO becomes an 8-bit 1/0 port. An 1/0 direction register is available so that each 

pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7-Ao)is output in memory expansion mode or microprocessor mode. 

P1o-P11 1/0 port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin Is set to .. L" in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 

(015-D,)is input or output when E output is "L" and an address (A15-A0) is output when E output is "H". 
If the BYTE pin is "H" that is an external data bus is 8-bit width, only address(A15-Ae)ls output. 

P2o-P21 110 port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-

rocessor mode low-order data(D7-D0 ) Is Input or output when E output is "L" and an address(A23-A16)is 
-

output when E output is "H". 

P3o-P3o 1/0 port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mlc-
roprocessor mode, RtW, BHE, ALE, and HLDA signals are output. 

P4.,-P4, 1/0 port P4 110 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or mlcrop-
rccessor mode, P4o and P41 become HOLD and ROY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program-

med for ~ 1 output pin divided the clock to X1N pin by 2. In microprocessor mode, P42 always has the lune-
lion as ¢, output pin. 

P5o-P5, 110 port PS 1/0 In addition to having the same functions as port PO In single-chip mode; these pins also function as 1/0 

pins for timer AO, timer A1, timer A2 and timer A3. P50 -P5e also function as output pins for pulse motor 

drive waveform. 

P6o-PS, 1/0 port PS 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0 

pins for timer A4, external interrupt input INT0, INT1 and INT2 pins, and input pins for timer BO, timer B1 and 

timer B2. PS. also functions as an output pin for pulse motor drive waveform. 

P7o-P7, 110 port P7 1/0 In addition to having the same functions as port PO In single-chip mode, these pins also function as analog 
input AN0-AN7 Input pins. P77 also has an A-D conversion trigger input function. 

PBo-PS, 110 port PS 1/0 In addition to having the same functions as port PO In single-chip mode, these pins also function as RxD, 
TxD. CLK, CTS/RTS pins for UART 0 and UART 1, and output pins for D-A converter. 
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PIN DESCRIPTION (EPROM MODE) 

Pin. Name Input/Output Functions 

Vee, Vss Power supply Supply 5 V±10% to Vee and 0 V to V65• 

CNVss Vpp input Input Connect to Vpp when programming or verifing. 

BYTE Vpp input Input Connect to Vpp when programming or verifing. 

--
RESET Reset input Input Connect to Vss. 

X1N Clock Input Input Connect a ceramic resonator between X1N and XouT· 

Xour Clock output Output 

E Enable output Output Keep open. 

AVcc. AVss Analog supply Input Connect AV cc to Vee and AVss to Vss-

VREF Reference voltage input Input Connect to Vss. 

POa-PO, Address input (A0-A7 ) Input Port PO functions as the lower 8 bits address input (A0-A7 ). 

P1 0-P1 7 Address input (A,-A,.) Input Port P1 functions as the higher 8 bits address input (Aa ....... A15). 

P2o-P21 Data 1/0 (D,-D,) 1/0 Port P2 functions as the 8 bits data bus (D0-D7). 

P3o-P3a Input port P3 Input Connect to Vss· 

P4o-P4, Input port P4 Input Connect to Vss-

P5o-P51 Control signal input Input P5o, P51 and P52 functions as PGM, OE and CE input pin respectively. 

Connect P5o. P54, P55 and P56 to Vee- Connect PS, to Vss-

P6o-P61 Input port P6 Input Connect to Vss-

P7o-P71 Input port P7 Input Connect to Vss-

P8o-P81 Input port PS Input Connect to Vss-
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BASIC FUNCTION BLOCKS 
The M3771 OE8LXXXHP has the same functions as the 
M37710M4BXXXFP except for the following: 
(1) The built-in ROM is PROM. 
(2) The ROM size is 60K bytes. 

(3) The RAM size is 2048 bytes. 
(4) The reset circuit is different. 
(5) The package is different. 

Therefore, refer to the section on the M37710M4BXXXFP. 

MEMORY 
The memory map is shown in Figure 1. 

·~ .... { 
00000015 

OOFFFF" 

·~., .. { 
01000015 

01FFFF16 

I 
\ 
I 
I 
\ 
\ 

f ' 

{ 

FEOOOO" 

Bank FE16 

FEFFFF" 

{ 

FF00001s 

Bank FF16 

FFFFFF16 

Fig. 1 Memory map 
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000000,. 
00007F1s 
ooooao,. 

00087F16 

001000,. 

I 
\ 
I 
I 
I 
\ 
\ 
\ 
I 
I 
\ 

OOFFD61 6 

OOFFFF1 6 

I 

\ 
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I' 

Internal RAM 

2048 bytes 

;:: 

Internal PROM 

60K bytes 

f----------1 

-- - - - - -------..... 
000000,. 

"- "- Peripheral devices 

I 
I 

I 

"-, control registers 

I 
I 

I 

' ' "" 00007F16 -------

OOFFD6 16 

I 
I 

I 

I 
I 

I 

I 

OOFFFE 16 

Interrupt vector table 

A-D conversion 
UART1 transmission 

UART1 receive 
UARTO transmission 

UARTO receive 
Timer 82 
Timer 81 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
Timer A1 
Timer AO 

IN!._ 
INT1 
INTo 

Watchdog timer 

DBC 
BRK instruction 

Zero divide 

RESET 



RESET CIRCUIT 
Reset occurs when the RESET pin is returned to "H" level 
after holding it at "L" level when the power voltage is at 2. 7 

to 5. 5V. Program execution starts at the address formed by 
setting the address pins A23 - A16 to 0016, A15 - A8 to the 
contents of address FFFF16, and A7 -A0 to the contents of 
address FFFE16. 

Figure 2 shows the status of the internal registers when a 
reset occurs. 

Figure 3 shows an example of a reset circuit. The reset in
put voltage must be held 0.55V or lower when the power 
voltage reaches 2. 7V. 

Address 

(1) Port PO data direction register (0416 ) .. 1--· 0015 

(2) Port P1 data direction register (0516)··· L 0016 

(3) Port P2 data direction register (0816)"· I 0016 I 
(4) Port P3 data direction register 10916)··· tx1><1X1X1 o Io I Ofol 
(5) Port P4 data direction register (OC16 ) .. • [ 0015 I 
(6) Port P5 data direction register loom)··· I 001s I 
(7) Port P6 data direction register (1016) .. · 1 OOrn I 
(8) Port P7 data direction register 11116) ... 1 0016 I 
(9) Port PB data direction register (14,,) . I 0016 I 
(13) A-D control register 0 11E16) .. · I 0 I 0 I 0 I 0 I 0 I? I? I? I 
(11) A-D control register 1 (1F,,) .. · Io Io IXJ o Io Io I 1I1 I 
(11) UART 0 Transmit/Receive mode register (30,,) ... 1 0016 I 
(13) UART 1 Transmit/Receive mode register (38,,) .. [ 0016 I 
(14) UART 0 Transmit/Receive control register 0 (34,,) ... l><JX[)<]o:1[0[0[0[ 
(15) UART 1 Transmit/Receive control register 0 (3C16)"· l><JX[)<] 0 i 1 I 0 I 0 I 0 I 
(16) UART 0 Transmit/Receive control register 1 (3515) .. · Io Io Io Io i o Io [ 1 Io I 
(17) UART 1 Transmit/Receive control register 1 (30,,)·· Io 1o1 o Io i o Io [ 1 Io I 
(18) Count start flag (40,,) .. · I 0016 _J 
(19) One-shot start flag (42,,) ... l><JXlXJ o 1oIo1o1 o I 
~DI Up·down flag (44,,) ... 1 0016 I 
(11) Timer AO mode register (5616) ... L 0016 I 
(11) Timer A1 mode register (51,,1 ... 1 0016 I 
(13) Timer A2 mode register (5816) ·{ 0016 L 
(14) Timer A3 mode register (59,,) .. [ 0015 I 
(15) Timer A4 mode register (5A16)· .. I 0016 I 
(26) Timer BO mode register (58,,)··· I a 1 o [ 1 Io Io Io Io Io I 
(17) Timer 81 mode register (5C15)"· I 0 I 0 [ 1 l><J 0 I 0 I 0 I 0 I 
(18) Timer 82 mode register (501,)··· Io[ oj 1 l><Jol o[ol ol 

Fig. 2 Microcomputer internal status during reset 
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M37710E8LXXXHP ~Power on 

Vee 
RESET Vee 

26 67 
ov 

RESET 

I av 

Fig. 3 Example of a reset circuit (perform careful 

evaluation at the system design level before using) 

Address 

(19) Processor mode register 0 (5E16 ) ... [ 0016 .=-.J 
(30) Processor mode register 1 (5F 16)···~ 
(31) Watchdog timer (6016)" I FFF16 ==i 
(32) Watchdog timer frequency seleclioo flag 16116) ... t><I><J><1><JXJ o I 
(33) Waveform output mode register (62,,1 ... L 0016 I 
(34) Reserved area (Do not write to this address) (66,,) .. [ 0016 :==i 
(35) A·D cooversioo interrupt cootrol register (7016 )··· ~ojolo[ol 
(36) UART 0 transmission interrupt control register 11116) ... txlXfXJXl o Io Io I oJ 
(31) UART 0 receive interrupt control register 1n,,) ... IXlXIXl><l o Io Io Io 
(38) UART 1 transmission interrupt control register (73,,) ... tx1><IXIXI o Io Io Io I 
(39) UART 1 receive interrupt control register (7415) ... l><JX!Xl><J o Io Io Io I 
(40) Timer AO interrupt control register (7515)· .. lXJXr><l><J o Io Io Io I 
(11) Timer A 1 interrupt control register (76,,) ... r:x:ixrxr,><J o Io Io Io I 
(41) Timer A2 interrupt control register (7715)··· tx1><1X1X1 o Io Io Io I 
(43) Timer A3 interrupt control register (7815) ... tx1><1X1X1 o Io Io Io I 
(44) Timer A4 interrupt control register (79,,) .. IXJXIXl><lo[ojo[ol 
(4$ Timer BO interrupt control register (7A16) ·· IXJXIXl><lolo[olol 
(46) Timer B1 interrupt control register (78,,) ·· [XJX[XJX]o[oiojoj 
(41) Timer B2 interrupt control register (7C15)· .. 1><J.XJXl><J 0 I 0 I 0 I 0 I 
(48) INT 0 interrupt control register 1 m,,) ... rxrxi o I o I o I o I o I o I 
(19) INT 1 interrupt control register (7E,,) .. · l><J.XJ 0 I 0 I 0 I 0 I 0 I 0 I 
(50) INT 2 interrupt control register (7F,,) .. · IXJ><J o Io Io Io Io Io I 
(51) Processor status register PS [ojolo[?l 9 Joloiol1[ 9 l?I 
(51) Program bank register PG I 0016 I 
(53) Program counter PCH ~ntent of FFFF16 I 
(54) Program counter PCL I Content of FFFE16 I 
(55) Direct page register DPR L 000016 I 
(56) Data bank register OT 0016 I 

Contents of other registers and RAM are not initialized and should be in
itialized by software. 
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EPROM MODE CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C101 K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101 K. 

The M37710E8LXXXHP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
"L", the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 1100016-1 FFFF16. The EPROM mode is the 1 M mode for the EPROM that is 

equivalent to the M5M27C101 K. Connect the clock which is either ceramic resonator or ex
ternal clock to X1N pin and XouT pin. When in the EPROM mode, ports PO, P1, P2, P50, P51 , P52, 

Fig. 4 
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I I I I I I I I I I I I I I I 

o------- P6s/TB1 IN++ 1 '° ++ P8s/RxD1 -------. 
.,._ ____ P6s/TB01N ++ 2 59 ++ PS,IT xD1 ------1 
..__ _____ P64 /INT2 ++ ' sa ++ P00/A0 @ 
.._-----P63/INT1++ • ----@ 
..__ _____ P62/INT0 ++ s ----G) 
,.__ _____ P61/TA41N ++ 6 S:: ----G) 

P6o/TA4ouT/RTP13 ++ 7 ~ ----@ 
o------- P57/TA31N++ a :::! ----@ 

o--+--- P5,/TA3ouT/RTP12++ ' o ----@ 
P5s/TA21N/RTP11 ++ 10 C'J 51 ++ P07/A7 (jg) 

P54/TA2ouT/RTP1 0 ++ 11 r so++ P1 0/A8/08 ---@ 
P53/TA11NIRTP03++ 12 X 49 ++ P1 1/A9/09 -----GV 

@- P52/TA1ouT/RTP02 ++ 13 ~ " ++ P12/A10/D10 ---~ 
@- P51/TAO,N/RTP01 ++ 14 :::C 47 ++ P1,IA11/D11 ---w 
~ P50/TAOouT/RTP00 ++ 15 -C 46 ++ P1 4/A12/D12 -@ 

..._-------P47 ++ 1s 45 ++P1 5/A13/013 ---~ 

..._-------P46 ++ 11 44 ++P1 6/A14/D14 ---@ 
.__ _______ P45 ++ 1s 43 ++ P1 7/A15/015 ---~ 

.__ _______ P44 ++ 19 42 ++ P20 /A16/D0 -@ 

.__ _______ P43 ++ 2<l 41 ++ P21/A11/D1 -@ 
·~~~~~~~~~~~~~~ .... 

Pin connection in EPROM mode 

@ 
Outline 80P6D-A 

• MITSUBISHI 
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Table 1 Pin function in EPROM mode --- M3771 OE8LXXXHP M5M27C101K 

Vee Vee Vee 
Vpp CNVss. BYTE Vpp 

Vss Vss Vss 
Address input Ports PO, P1 Ao-A10 

Data 1/0 Port P2 Do-D1 

CE P52 CE 

OE P51 OE 

PGM P5o PGM 

3-67 



FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 

Reading 
To read the EPROM, set the CE and OE pins to a "L" level. 

Input the address of the data (A0-A15 ) to be read, and the 
data will be output to the 1/0 pins 0 0 - 0 7. The data 1/0 
pins will be floating when either the CE or OE pins are in 

the "H" state. 

Writing 
Writing must be performed in 8 bits by a byte program. To 

write to the EPROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins A0-A15, and the data to 
be written is input to pins D0-D7• Set the PGM pin to a "L" 

level to being writing. 

MITSUBISHI MICROCOMPUTERS 
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Writing operation 
To program the M37710E8LXXXHP, first set Vcc=6V, Vpp= 
12.5V, and set the address to 1100016. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap
plied ( N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 
When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 

until the last address has been reached. 
Finally, when all addresses have been written, read with 
Vcc=Vpp=5V(or Vcc=Vpp=5.5V). 

Table 2 1/0 signal in each mode 

~ CE 
-

PGM OE Vpp Vee Data 1/0 
e 

Read-out VIL VIL x 5V 5V Output 
Output V1L V1H x 5V 5V Floating 
Disable V1H x x 5V 5V Floating 
Programming VIL V1H V1L 12.5V 6V Input 
Programming 

VIL V1L V1H 12.5V 6V Output 
Verify 
Program Disable V1H V1H V1H 12.5V 6V Floating 

Note 1 An X indicates either v,L or V1". 

Program operation (equivalent to the M5M27C101 K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, v •• =12.5±0.3V, unless otherwise noted) 

Symbol 

tAS 
to ES 

los 

tAH 
toH 
toFP 

tvcs 

lvps 

lpw 

lo PW 

tcES 

toE 
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Parameter 

Address setup time 

OE setup time 

Data setup time 

Address hold time 
Data hold time 
Output enable to output float delay 
Vee setup time 

Vpp setup time 

PGM pulse width 
PGM over program pulse width 

CE setup time 

Data valid from OE 

Test conditions 

• MITSUBISHI 
"ELECTRIC 

Min. 

2 
2 
2 
0 
2 
0 
2 
2 

o. 19 
o. 19 

2 

Limits 
Unit 

Typ. Max. 

µS 

µs 

µs 

µs 

µS 

130 ns 
µS 

µs 

0. 2 0. 21 ms 
5. 25 ms 

µs 

150 ns 
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AC waveforms 
PROGRAM VERIFY 

V1H 
ADDRESS 

VIL 

V1H/VoH 
DATA 

) K 
~ t 

DATA SET 
'I (DATA OUTPUT VA[LID 

V1LIV0L 1\. 

A toH ~ rl 
Vpp 

Vpp 

Vee 
/ tvps 

H 
Vcc+1 

Vee 
Vee /~ 
V1H 

CE 

VIL ~ 
tees 
~ 

V1H 

PGM 

V1L 
1\ ~ ~ ~ 

IPW 

V1H 

OE 
V1L 

tapw 

' 
Y" 

'!\. 

Programming algorithm flow chart 

Test conditions for A.C. characteristics 

Input voltage : v,L =0.45V, v,H=2.4V 

Input rise and fall times (10%-90%) : ~20ns 

START 

FAIL 

--~~~~~~-..No~~~....._~~-

INCREMENT ADDA LAST ADDA? 

YES 

Vcc=Vpp= * 5.0V 

Reference voltage at timing measurement : Input, Output 

"L"=O.BV, "H"=2V 

DEVICE 

FAILED 

*4.SV ~Vcc=Vpp~5.5V 
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SAFETY INSTRUCTIONS 
(1) A high voltage is used for writing. Take care that over

voltage is not applied. Take care especially at power 
on. 

(2) The programmable M37710E8LHP that is shipped in 
blank is also provided. For the M37702E8LHP, Mitsu
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 

processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 

Writing with PROM writer 

Screening (Caution) 

(Leave at 150t for 40 hours) 

Verify test with PROM writer 

------, 
I Function check in target device I 
L------------_J 
Caution : Never expose to 150°C exceeding 100 hours. 

3-70 

MITSUBISHI MICROCOMPUTERS 

M37710ESLXXXHP 

PROM VERSION of M37710M8LXXXHP 

ADDRESSING MODES 
The M37710E8LXXXHP has 28 powerful addressing modes. 

Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 

MACHINE INSTRUCTION LIST 
The M37710E8LXXXHP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 

DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 
(1) M37710E8LXXXHP writing to PROM order confirmation 

form 
(2) 80P6D mark specification form 

(3) ROM data (EPROM 3 sets) 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3- 7 

A Vee Analog supply voltage -0.3- 7 

v, Input voltage RESET, CNVss. BYTE -0. 3-12(No!e 1) 

Input voltage P00-P07• P1o-P11, P20-P27, P30-P3,, 

v, P4o-P41. P5o-P51. P6o-P67, P70-P7,, -0. 3-Vee+O. 3 
P80.-...P87, VREFo X1N 

Output voltage P00-PO,, P1o-P11, P20-P27, P30-P33, 

Vo P4o-P4,, P5o-P5,, P60-P67, P7o-P77, -0. 3-Vee+O. 3 
P80 ......... P87, XouT. E 

---- -------- -- -~-
Pct Power dissipation Ta=25'C 200 

T<>Q_r Operating temperature -40-85 

Ts!g Storage temperature -65-150 

Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 

RECOMMENDED OPERATING CONDITIONS (Vcc=2. 7-5.5V, Ta=-40-85'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min. Typ. 

Vee Supply voltage 2. 7 

A Vee Analog supply voltage Vee 

Vss Supply voltage 0 

AVss Analog supply voltage 0 

High-level input voltage P00 ....... P07, P3a--P33, P4o--P41, 

VIH 
P5o-P5,, P6o-P6,, P7o-P7,, 

0.8Vee --
P8o-P8,, X1N, RESET, CNVss. 

BYTE 

V1H 
High-level input voltage P1 0-P1 7, P20-P27 

0. 8Vee 
(in single-chip mode) 

High-level input voltage P1 0-P1 7, P20-P27 

V1H (in memory expansion mode and 0. 5Vee 
microprocessor mode) 

Low-level input voltage P00--P01, P3o--P33 , P4o-P41, 

VIL 
P5o-P57, P60-P67, P70-P7,, 

0 --

P8o-P8,, X1N. RESET, CNVss. 

BYTE 

V1L 
Low-level input voltage P1o--P1?, P2o ....... P27 

0 
(in single-chip mode) 

Low-level input voltage P1o-Ph, P2o---P21 

VIL (in memory expansion mode and 0 
microprocessor mode) 

High-level peak output current P00-P07, P1 0-P1 7, P20-P27, 

loHCpeakl P30-P33, P40-P47, P5o-P57, 

P6o-P67, P70-P7,, P8,-P87 

High-level average output current POo-POr, P1o-Ph, P2a-P2r. 

loH<avg> P3o-P33, P4,-P41, P5o-P51, 

P6,-P67, P70-P7,, P80-P81 

Low-level peak output current POo-POr, P1o-P1r, P2o-P2r, 

loupeakl P3o-P3,, P4o-P4,, P5o-P5,, 

P60-P67, P70-P7,, P80-P87 

Low-level average output current PQ0.-..P07, P1 0-P1r, P20-P27, 

loLCavgl P3o-P33, P40-P47, P50-P57, 

P60-P67, P70-P7,, P80-PB7 

f(X,N) External clock frequency input 

Note 2. Average output current is the average value of a 100ms interval. 
3. The sum of 10 ,cpeakl for ports PO, P1, P2, P3, and PS must be BOmA or less, 

the sum of loHCpeakl for ports PO, P1, P2, P3, and PB must be 80mA or less, 
the sum of 10 u peakl for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of loHCpeakl for ports P4, P5, P6, and P7 must be 80mA or less. 

• MITSUBISHI 
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Unit 
Max. 

5. 5 v 
v 
v 
v 

Vee v 

Vee v 

Vee v 

0. 2Vee v 

0. 2Vee v 

0. 16Vcc v 

-10 mA 

-5 mA 

10 mA 

5 mA 

8 MHz 

Unit 

v 
v 
v 

v 

v 
f------

mW 

·c 
'C 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25"C, f(X,N)=BMHz, unless otherwise noted) 

Symbol 

VoH 

VoH 

VoH 

VoH 

VoL 

VoL 

VoL 

VOL 

VT+-VT-

VT+-VT-

VT+-VT-

l1H 

l1L 

VRAM 

Ice 
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Parameter Test conditions 

High-level output voltage POo-PO,, P1 0-P17, P2o-P27, 
Vcc=5V, loH=-10mA 

P3o, P3,, P3,, P40-P47, 

P50-P57, P6o-P67, P70-P7,, 

P8o-P87 
Vcc=3V, loH=-lmA 

High-level output voltage P00-P07, P1 0-P1 7, P20-P27, 
Vcc=5V, loH=-400µA 

P3o, P31, P33 

Vcc=5V, loH=-10mA 

High-level output voltage P32 Vcc=5V, loH=-400µA 

Vcc=3V, loH=-lmA 

Vcc=5V, loH=-10mA 

High-level output voltage E Vcc=5V, loH=-400µA 

Vcc=3V, loH=-lmA 

Low-level output voltage POo-PO,, P1o-Ph. P2o-P2,, 
Vcc=5V, loL =lOmA 

P3o, P3,, P33, P4o-P4,, 

P5o-P57, P6o-P6,, P7o-P7,, 

P80-P87 
Vcc=3V, lo,=lmA 

Low-level output voltage P00-P07, P1 0-P17, P20-P27, 
Vcc=5V, loL =2mA 

P3o, P31, P33 

Vcc=5V, lo, =lOmA 

Low-level output voltage P32 Vcc=5V, loL =2mA 

Vcc=3V, loL =lmA 

Vcc=5V, loL =lOmA 

Low-level output voltage E Vcc=5V, loL =2mA 

Vcc=3V, lo,=lmA 

Hysteresis HOLD, ROY, TA01N-TA41N. TBO,N-TB21N. Vcc=5V 
- -------
INT0-INT,, ADTRa. CTS,,, CTS1, CLKo, CLK1 Vcc=3V 

-- Vcc=5V 
Hysteresis RESET 

Vcc=3V 

Vcc=5V 
Hysteresis X1N 

Vcc=3V 

High-level input current P00-P07, P1 0-P1 7, P20-P27• 
Vcc=5V, V1=5V 

P3o-P33, P4o-P47, P5o-P5,, 

P6o-P6,, P7o-P7,, P8o-P8,, 

X1N. RESET, CNVss. BYTE 
Vcc=3V, V,=3V 

Low-level input current P00 ....... P07, P1o.....,.P1 7 , P20......,P27, 
Vcc=5V, V1=0V 

P30-P3,, P4o-P47, P50-P57, 

P60-P67, P7o-P7,, P80-P87, 
-- Vcc=3V, V1=0V 

X1N. RESET, CNVss. BYTE 

RAM hold voltage When clock is stopped. 

In single-chip f(X1N)=8MHz, l Vcc=5V 

mode output square waveform J Vcc=3V 
only pin is open T a=25°C when clock is 

Power supply current and other pins stopped. 
are Vss during T 8 =85"C when clock is 
reset. stopped. 

• MITSUBISHI 
... ELECTRIC 

Limits 
Unit 

Min. Typ. Max. 

3 
v 

2. 5 

4. 7 v 

3. 1 
4. 8 v 
2. 6 
3.4 

4. 8 v 
2. 6 

2 
v 

0. 5 

o. 45 v 

1. 9 
0.43 v 

0. 4 
1.6 

0.4 v 
0. 4 

0. 4 1 v 
0. 1 0. 7 

0. 2 0. 5 

0. 1 0. 4 
v 

0. 1 0. 3 

0. 06 o. 2 
v 

5 
µA 

4 

-5 

µA 
-4 

2 v 
6 12 

4 8 
mA 

1 
µA 

20 
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A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss=OV, Ta=25'C, l(X,")=8MHz, unless otherwise noted) 

Symbol Parameter Test conditions t-------· Limits -- Unit 

------------ --- -~-"':-l_T\'P I ~.".":_ ------
·-----+--R ___ e __ so_lu_t_io_n __ ·---------·---------- _ -~-EF=Vc~·-------------- _ ··-·---·---.___+-.---------- _______ 1_Q__-J-----~~--

Ab~o!ute accurncj.1 VH1:::l'=Vcc 1-3 LSB 

~~D__Q__~~~er r~sistance ___ _ -------------- VREF=\fc_c___ ___ ------------+---5__ 20 k!1 __ 

__ ----------------- j----- ·--------------+--3-9:_!>_ ____ __, ____ µS 

----------+-----------------+--2_.7 __ -+-- Vee V 

tcoNV Conversion time ·----+- -------------
VREF Reference voltage 

Analog input voltage 0 VREF v 

D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=OV, Ta=25'C, f(X,")=8MHz, unless otherwise noted) 

Limits 
Unit Symbol Parameter Test conditions 1--------------------

1------- --------------------------+---------- _______ _j___M_in_. -"---T-'-Y.P_· ___ M_a_x_. -'--------1 

Resolution 8 Bits f-------t-----------------·-------+--------------------+---------~ ------1------' 
Absolute accuracy 1. 0 % -·--------t------------------------------1------ ____________ , ----+-----1---3--'------

tsu Set time _________________ +-·---·- ______________ -+-----+-----·----+------1-~µ_s _ ___, 

~- Output resistance _::2::._ • ..::_5__j __ 4.c__-+--_kcc._l1 __ --J 

lvREF Reference power input current (Note 1) 3. 2 mA 

Note 1. One D-A converter is used, and the value of D-A register for unused D-A converter is "0016". 

Current that flows to the ladder resistance of A-D converter is excluded. 

• MITSUBISHI 
.... ELECTRIC 
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TIMING REQUIREMENTS (Vcc=2. 7-5. 5V, Vss=OV, T 8=25"C, l(X,N)=BMHz, unless otherwise noted) 

External clock input 

Symbol Parameter 

tc External clock input cycle time 

lw(H) External clock Input high-level pulse width 

1w(L) External clock Input low-level pulse width 

tr External clock rise time 

t1 External clock fall time 

Single-chip mode 

Symbol Parameter 

tsuCPOD-E) Port PO Input setup time 

tsuCP1D-E) Port P1 input setup time 

tsu(P2D-E) Port P2 input setup time 

lsuCP3o-e> Port P3 Input setup lime 

tsu(P4D-E) Port P4 input setup time 

tsu(P5D-E) Port PS input setup lime 

•su(P6D-E) Port P6 Input setup time 

lsuCP70-E) Port P7 Input setup lime 

tsu(PSD-E) Port PS input setup time 

lh(E-POD) Port PO input hold lime 

lh(E-P1D) Port P1 input hold time 

1h(E-P2D) Port P2 input hold time 

lh(E-P3D) Port P3 input hold time 

lh(E-P4D) Port P4 Input hold lime 

lh(E-P5D) Port PS input hold time 

lh(E-P6D) Port P6 input hold lime 

lh(E-P7D) Port P7 Input hold lime 

lh(E-PBD) Port PS input hold time 

Memory expansion mode and microprocessor mode 

Symbol 

tsuCP10-E) 

•suCP2D-E) 

lsu(RDY-~ ) 

lsu< HOLD-_±t} 

lh(E-P1D) 

lh(E-P2D) 

lh(~ -ROY) 

lh(~ -HOLD) 

3-74 

Port P1 Input setup time 

Port P2 input setup lime 

ROY input setup lime 

HOLD Input setup time 

Port P1 input hold lime 

Port P2 Input hold lime 

ADY Input hold time 

HOLD input hold lime 

Parameter 

6 MTSUBISH 
llf'&ELECTRIC 

Limits 
Unit 

Min. Max. 

125 ns 

50 ns 

50 ns 

20 ns 

20 ns 

Limits 
Unit 

Min. Max. 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

300 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

0 ns 

Limits 
Unit 

Min. Max. 

80 ns 

80 ns 

90 ns 

90 ns 

0 ns 

0 ns 

0 ns 

0 ns 
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Timer A input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TA) TAi1N input cycle time 250 ns 

lw(TAH) J'Ai1N input high-level pulse width 125 ns 

lw(TAL) TAi1N input low-level pulse width 125 ns 

Timer A input (Gating input in timer mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TA) TAi1N input cycle time 1000 ns 

lw(TAH) TAi1N input high-level pulse width 500 ns 

lw(TAL) TAi1N input low-level pulse width 500 ns 

Timer A input (External trigger input in one-shot pulse mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TA) TAi1N input cycle time 500 ns 

lw(TAH) TAi1N input high-level pulse width 250 ns 

lw(TAL) TAi1N input low-level pulse width 250 ns 

Timer A input (External trigger input in pulse width modulation mode) 

Limits 
Symbol Parameter t Unit 

Min. Max. 

lw(TAH) TAi1N input high-level pulse width 250 ns 

lw(TAL) TAi1N input low-level pulse width 250 T ns 

Timer A input (Up-down input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( UP) TAiour input cycle time 5000 ns 

tw(UPH) TAiour input high-level pulse width 2500 ns 

tw(upL) TAiour input low-level pulse width 2500 ns 

lsu(uP-!JJi) TAiour input setup time 1000 ns 

th(!JJi-UP) TAiour input hold time 1000 ns 
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Timer B input (Count input in event counter mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TB) TBl1N Input cycle time (one edge count) 250 ns 

tw(TBH) TBi1N Input high-level pulse width (one edge count) 125 ns 

tw(TBL) TBi1" input low-level pulse width (one edge count) 125 ns 

tc(TB) TBi1N input cycle time (both edges count) 500 ns 

tw(TBH) TBl1" Input high-level pulse width (both edges count) 250 ns 

lw(TBL) TBi1" input low-level pulse width (both edges count) 250 ns 

Timer B input (Pulse period measurement mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

le( TB) TBi1N input cycle time 1000 ns 

lw(TBH) TBi1N input high-level pulse width 500 ns 

lw(TBL) TBi1N Input low-level pulse width 500 ns 

Timer B input (Pulse width measurem~nt mode) 

Limits 
Symbol Parameter Unit 

Min. Max. 

tc(TB) TBi1N input cycle time 1000 ns 

lw(TBH) TBi1N input high-level pulse width 500 ns 

lw(TBL) TBi1" input low-level pulse width 500 ns 

A-D trigger input 
Limits 

Symbol Parameter 
Min. T Unit 

Max. 

tc(AO) ADTRG input cycle time (minimum allowable trigger) 2000 T ns 

lw(ADL) ADrRG input low-level pulse width 250 I ns 

Serial 1/0 

Symbol ParSmeter 
Limits 

Unit 
Min. Max. 

tc(CK) CLK; input cycle time 500 ns 

lw(CKH) CLK; Input high-level pulse width 250 ns 

lw(CKL) CLK; input low-level pulse width 250 ns 

Idec-a> TxD; output delay time 170 ns 

thee-a> TxD; hold time 0 ns 

tsuco-c> RxD; input setup time 80 ns 

thcc-o> RxD; input hold time 100 ns 

External interrupt INTi input 
Limits 

Symbol Parameter Unit 
Min. Max. 

lw(INH) INT; input high-level pulse width 250 ns 

lw(INL) INT; input low-level pulse width 250 ns 
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SWITCHING CHARACTERISTICS (Vcc=2. 7-5.5V. Vss=OV, Ta=25'C, l(X1N)=8MHz, unless otherwise noted) 

Single-chip mode 
Limits 

Symbol Parameter Test conditions Unit 
Min. Max. 

ld(E-POQ) Port PO data output delay time 300 ns 

1dCE-P10) Port P1 data output delay time 300 ns 

ld(E-P2Q) Port P2 data output delay time 300 ns 

ld(E-P3Q) Port P3 data output delay time 300 ns 

td(E-P40) Port P4 data output delay time Fig. 5 300 ns 

id(E-P50) Port PS data output delay time 300 ns 
. -----·- -- -----·-----·-- r----t· 300 

ld(E-PBQ) port P6 data output delay time ns 

id(E-P7Q) Port P7 data output delay time 300 ns 

id(E-PBQ) Port P8 data output delay time 300 ns 

Memory expansion mode and microprocessor mode (when wait bit= "1"J 

Limits 
Symbol Parameter Test conditions 

Min. Max. 
Unit 

idCPOA-E) Port PO address output delay time 62 ns 

130 ns 
-~n~-

ld(E-P1a) Port P1 data output delay time (BYTE="L") 

lpxz(E-P1z) Port P1 floating start delay time (BYTE="L") 

tctcP1A-E) Port P1 address output delay time 62 ns 

tct c P1 A-ALE) Port P1 address output delay time 52 ns 

ld(E-P2a) Port P2 data output delay time 130 ns 

tpxzce-P2z) Port P2 floating start delay time 10 ns 

tdcP2A-E) Port P2 address output delay time 62 ns 

ldCP2A-ALE) Port P2 address output delay time 52 ns 

Id<~ -HLDA) HLDA output delay time 120 ns 

ld(ALE-E) ALE output delay time 4 ns 

tw(ALE) ALE pulse width 82 ns 

td(BHE-E) BHE output delay time 

td(R/W-E) R/W output delay time 
Fig. 5 

ns 62 

62 ns 

¢1 output delay time 0 40 ns 

th< E-POA) Port PO address hold time 95 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port P1 data hold time (BYTE="L") 95 ns 

lpZX(E-P1z) Port P1 floating release delay time (BYTE="L") 95 ns 

lhCE-P1A) Port P1 address hold time (BYTE="H") 95 ns 

thCALE-P2A) Port P2 address hold time 9 ns 

th< E-P2a) Port P2 data hold time 95 ns 

tpzx(E-P2z) Port P2 floating release delay time 95 ns 

lh< E-BHE) BP.E hold time 18 ns 

lh< E-Rtw) RIW hold time 18 ns 

tw< EL) E pulse width 220 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O'', wait selection bit= "1", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

ld(POA-E) Port PO address output delay time 62 ns 

td(E-P10) Port P1 data output delay time (BYTE="L") 130 ns 

tpxzc E-P1 z) Port P1 floating start delay time (BYTE="L") 10 ns 

td(P1A-E) Port Pt address output delay time 62 ns 

ld(P1A-ALE) Port P1 address output delay time 52 ns 

ld{E-P2Q) Port P2 data output delay time 130 
! 

ns 

tpxzc e-P2z) Port P2 floating start delay time 10 ns 

ld(P2A-E) Port P2 address output delay time 62 ns 

td(P2A-ALE) Port P2 address output delay time 52 ns 

ld(9'> -HLDA} HLDA output delay time 120 ns 

td(ALE-E) ALE output delay time 4 ns 

lw(ALE) ALE pulse width 82 ns 

ld(BHE-E) BHE output delay time 62 ns 

1d(R/W-E) R/W output delay time 
Fig. 5 

62 ns 

td(E-¢ ) ¢ 1 output delay time 0 40 ns 

lh(E-POA) Port PO address hold time 95 ns 

lh(ALE-P1A) Port Pt address hold time (BYTE="L") 9 ns 

lh(E-P1Q) Port Pt data hold time ( BYTE="L") 95 ns 

tpZX(E-P1Z) Port Pt floating release delay time (BYTE="L") 95 ns 

lh(E-P1A) Port Pt address hold time (BYTE="H") 95 ns 

lh(ALE-P2A) Port P2 address hold time 9 ns 

lh(E-P2Q) Port P2 data hold time 95 ns· 

tpZX(E-P2Z) Port P2 floating release delay time 95 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(eL) E pulse width 470 ns 
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Memory expansion mode and microprocessor mode 
(when wait bit= "O", wait selection bit= "O", and external memory area is accessed) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Max. 

td(POA-E) Port PO address output delay lime 312 ns 

td(E-P1Q) Port P1 data output delay time (BYTE="L") 130 ns 

tpXZ(E-P1Z) Port P1 floating start delay time ( BYTE="L") 10 ns 

ld(P1A-E) Port P1 address output delay lime 312 ns 

ld(P1A-ALE) Port P1 address output delay time 177 ns 

ld(E-P2Q) Port P2 data output delay time 130 ns 

lpXZ(E-P2Z) Port P2 floating start delay time 10 ns 

td(P2A-E) Port P2 address output delay time 312 ns 

ld( P2A-ALE) Port P2 address output delay time 177 ns 

ld(</I -HLOA) H LOA output delay time 120 ns 

ld(ALE-E) ALE output delay time 100 ns 

lw(ALE) ALE pulse width 207 ns 

td(BHE-E) BHE output delay time 312 ns 
Fig. 5 

td(R/W-E) R/W output delay lime 312 ns 

td(E-~) 1> 1 output delay lime 0 40 ns 

th(E-POA) Port PO address hold time 95 ns 

lh(ALE-P1A) Port P1 address hold time (BYTE="L") 105 ns 

lh(E-P1Q) Port P1 data hold time (BYTE="L") 95 ns 

tpzxc e-P1 z> Port P1 floating release delay lime (BYTE="L") 95 ns 

lh(E-P1A) Port P1 address hold lime ( BYTE="H") 95 ns 

lh(ALE-P2A) Port P2 address hold time 105 ns 

lh(E-P2Q) Port P2 data hold time 95 ns 

lpZX(E-P2Z) Port P2 floating release delay time 95 ns 

lh(E-BHE) BHE hold time 18 ns 

lh(E-R/W) R/W hold time 18 ns 

lw(EL) E pulse width 470 ns 

PO I -0 P1 

P2 

P3 
lOOpF 

P4 * P5 

P6 

P7 

PS 

¢, 

E 

Fig. 5 Testing circuit for ports PO-P8, '1>1 
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TIMING DIAGRAM 
Single-chip moc;le 

f(X,N) 

Port PO output 

Port PO input 

Port P1 output 

Port P1 input 

Port P2 output 

Port P2 input 

Port P3 output 

Port P3 input 

Port P4 output 

Port P4 input 

Port P5 output 

Port P5 input 

Port PS output 

Port PS input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 
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Ir 
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th(E-P30) 

lh(E-P70) 



TAi1N inout 

TAiour input 

I 

{ 
TAiour input 
(Up-down input) 

tW(TAH) 

'"'""" ~ 

In Event counter mode 

TAi1N input 
(When count by falling) 

TAi1N input 

I When count by rising) 

TBi 1N input 

{ ~"~" \ 
ADrRG input t~""'} 

tW(CKH) 

J 
CL Ki _;1 ~ 

Tx0 1 

INT; input 
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tW(TALl 

tc<uP1 

tW(UPLl 

) 

YthCT1N UP) tsu(uP-T1~ 

\ _/ 

tee rel 

lw(TBLl 

tC(AD) 

tC(CKl 

lw(CKLl 

) 
ld<c-al 

l tsu<o-cJ 

L 

• MITSUBISHI 
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~ \ 

1 \ 

{ I 
J 

\ 
lh(C-Q) 

K 
thlc-D) j 
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Memory expansion mode and microprocessor mode 

(When wait bit= "1") 

ROY input 

(When wait bit= "O") 

ROY input 

(When wait bit= "1" or "O" in common) 

HOLD input 

HLDA output 

tsu(HOLD-¢1) 

Test conditions 

• Vee= 2. 7-5. 5V 

• Input timing voltage : v,L = 0. 2Vce. v,H = 0. 8Vce 

•Output timing voltage: VoL = 0. 8V, VoH = 2. OV 

MITSUBISHI MICROCOMPUTERS 

M37710ESLXXXHP 
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r---------- - -- - - -- - - - - -----
1 

r--------------------------
1 
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Memory expansion mode and microprocessor mode (When wait bit="1") 

f(X,N) 

Port PO output 

1Ao-A7 ) 

Port P1 output 

1Aa-A15 /D8-D 15 ) ----------"' 1'-----+l-'11-----+-"' l"-----.J 
(BYTE="L") 

Port P1 output 
(A8-A 15 ) 

(BYTE="H") 

Port P1 input 

Port P2 output 

(A15-A23/Do-D1) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 

(BHE) 

Port P30 output 

(RiW) 

Test conditions 

• Vcc=2. 7-5. 5V 

• Output timing voltage : VoL =0. BV, V0 H=2. OV 

• Ports P1, P2 input 

• MITSUBISHI 
111'1.ELECTRIC 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "1", and external memory area is accessed) 

Port PO output 
(Ao-A,) 

Port P1 output ------------........ r---+-......_l lt------+-.1 
(A,-A15/08-015 ) 

(BYTE="L") 
Address 

PortP1output--------------.,..--++-------+-.11,..--1--------1-, ·-------~ 
(A8-A15 ) 

(BYTE="H") 

Port P1 input 

Address 

Port P2 output 
(A1e-A23/0o-01) ------------..J 
Port P2 input 

Port P32 output 
(ALE) 

Port P3, output 
(BHE) 

Port P30 output 
(RiW) 

3-84 

Test conditions 

• Vcc=2. 7-5. 5V 

•Output timing voltage: VoL =0. 8V, VoH=2. OV 

• Ports P1, P2 input : V1L =0. 16Vcc. V,H=O. 5Vcc 

• MITSUBISHI 
.... ELECTRIC 
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Memory expansion mode and microprocessor mode 

(When wait bit= "O", wait selection bit= "O'', and external memory area is accessed) 

Port PO output 
(A0-A7 ) 

Port P1 output 
(A8-A15/D8-D15) 
(BYTE="L") 

Port P1 output 
(As-Ats) 
(BYTE="H") 

Port P1 input 

Port P2 output 
(A16-A23/Do-D,) 

Port P2 input 

Port P32 output 
(ALE) 

Port P31 output 
(BHE) 

Port P30 output 
(R/W) 

Test conditions 

• Vcc=2. 7-5. 5V 

•Output liming voltage : VoL =0. 8V, V0 H=2. OV 

• Ports P1, P2 input : V,L =0. 16Vcc. V1H=O. 5Vcc 

• MITSUBISHI 
... ELECTRIC 

le 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ADDRESSING MODES 
The MELPS 7700 microcomputers support 28 different 
addressing modes, offering extremely versatile and power
ful memory accessing capability. 
When executing an instruction, the address of the memory 
location from which the data required for arithmetic opera-

Mode 

Function 

ex. 

: Implied addressing mode 

: The single-instruction inherently address an 

internal register. 

: Mnemonic 
CLC 

Machine code 

1815 

c 

psi I I I I I I I I I I I I I I I I 
l 

Psi I I I I I I J I I I I I I I I 0 I 

ex. 

x 

A 

: Mnemonic 
TXA 
(m = 1, x =OJ 

The upper-byte 
is not transferred. 

Machine code 

8A1s 

lion is to be retrieved or to which the result of arithmetic 
operation is to be stored must be specified address during 
program execution. Addressing refers to the method of 

specifying the memory address. 
Actual addressing modes are now described by type. 

Instruction 

ex. 

: BRK, CLC, 
DEX, DEY, 
RTI, RTL, 
SEM, STP, 
TAY, TBD, 
TOA, TDB, 
TXA, TXB, 
TYB, TYX, 

: Mnemonic 
TXA 

CLI, 
INX, 

RTS, 

TAD, 
TBS, 
TSA, 
TXS, 

WIT, 

(m = 0, x = 1) 

x 

Al 0 0 0 0 0 0 O O 

CLM, 
INY, 

SEC, 
TAS, 
TBX, 
TSB, 
TXY, 
XAB 

CLV, 
NOP, 

SEI, 
TAX, 
TBY, 
TSX, 
TVA, 

Machine code 
8A1s 

(Note) When the data length differ between the transfer-from and trans

fer-to locations, data is transferred at the data length for the 

transfer-to location. If, however, the index register is specified as 

the transfer-to location and the x flag is set to 1, 0016 is sent as 

the upper byte value. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTERi 

Mode 

Function 

ex. 

8-bit width 

A-A+C+ 

: Immediate addressing mode 

: A portion of the instruction is the actual data. 
Such instruction code may cross over the bank 
boundary. 

: Mnemonic 
ADC A,#OA5H 
(m= 1) 

Memory 
,,... 
t-------1 

Machine code 
691s A51s 

~ 0000,. 

Program 
bank-PG 

Instruction : ADC, AND, CLP, CMP, CPX, 
CPY, DIV, EOR, LOA, LDT, 
LOX, LOY, MPV, ORA, RLA, 
SBC, SEP 

ex. : Mnemonic 
ADC A,# OA5B7H 
(m=O) 

Machine code 
6916 B71s A515 

Memory -,,..-
t-------1 

Op Code (6916 ) 

Operand (B716) 

~ 0000,. 

Program 
bank-PG 

Op Code (6916 ) 

jAs,.j - Operand (AS16) 

Program 
Bank Register 

16-bit width { 

A-A+c+jAs,.[ e1,0 I- Operand (AS16 ) 

Program 
Bank Register 

~ FFFF16 

ex. 

t--------1 
..... 

: Mnemonic 
LOX #OA5H 
(x =1) 

Memory 

~ FFFF16 

Machine code 
A21s A51s 

t- -- - - --1 ~ 0000,. 

Program 
bank-PG 

8-bit width Op Code (A216 ) Program 

X-<- l As10 j- Operand (AS16 ) Bank Register 

J- ______ ~ FFFF16 

4-4 

ex. 

16-bit width 

x~·-jAs,.f e1,. j~{ 

r--------1 

........ -
: Mnemonic 

LOX #OA5B7H 
(x=O) 

Memory 

t--------1 

Op Code (A216 ) 

Operand (8716 ) 

Operand (AS16) 

f--------1 

-

Machine code 
A21s B71s A51s 

~ 0000,. 

Program 
Bank Register 

~ FFFF16 

Program 
bank-PG 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Accumulator addressing mode 

Function : The contents of accumulator are the actual data. 

ex. : Mnemonic Machine code 
ROLA 2A1& 
(m= 1) 

~"1 I 
~~ 

Carry flag Accumulator A 

ex. : Mnemonic Machine code 
ROLA 2A1& 
(m=O) 

Lm"' I 
Carry flag Accumulator A 

Instruction : ASL, DEC, INC, LSR, ROL, 
ROR 

I 
~~ 
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Mode 

Function 

ex. 

ex. 

4-;6 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Direct addressing mode 

: The contents of the bank 016 memory location 
specified by the result of adding the second byte 
of the instruction to the contents of the direct 
page register become the actual data. If, howev
er, addition of the instruction's second byte to the 
direct page register's contents result in a value 
that exceeds the bank 016 range, the specified 
location.will be in bank 116. 

: Mnemonic 
ADC A,02H 
(m=1) 

Memory 

Machine code 
6515 0216 

0000,. 

Instruction 

ex. 

:ADC, AND, ASL, 
CPY, DEC, DIV, 
LOA, LDM, LOX, 
MPV, ORA, ROL, 
STA, STX, STY 

: Mnemonic 
ADC A,02H 
(m=O) 

Memory 

CMP, CPX, 
EOR, INC, 
LOY, LSR, 
ROR, SBC, 

Machine code 
651& 021& 

0000,. 

DATA 
Bank 016 I DATAH i DATA, I+-{ 1236,."""1---~ 

DATA, 

DATA" 

Bank 016 

1236,.~---

t---------

::: 
Op Code (6516 ) 

Operand (0216 ) 

-...... 

: Mnemonic 
LOX 02H 
(x = 1) 

Memory 

DATA 

- ...-' 

t--------
;:: 

Op Code (A61ol 

Operand (02,.) 

..... 

FFFF16 

Direct page 
register 

+ ~=1.236,. 

Machine code 
A61s 021s 

0000,. 

Bank o,. 
1236, • ....._--~ 

FFFF16 

Direct page 
register 

+ I 1234,. I= 1236,. 

ex. 

1--------

~ 
Op Code (6516 ) 

Operand (0216 ) 

: Mnemonic 
LOX 02H 
(x = O) 

Memory 

DATA, 

DATA, 

_..J 

1-------

~ 
Op Code (A616 ) 

Operand (0216 ) 

--

FFFF16 

Direct page 
register 

+ 1 1234,. I= 123s,. 

Machine code 
A616 021s 

0000,. 

Bank 016 
1236,.oE!----

FFFF16 

Direct page 
register 

+ ~=123610 



Mode 

Function 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Direct bit addressing mode 

: Specifies the bank 016 memory location by the 

value obtained by adding the instruction's second 
byte to the direct page register's contents, and 

specifies the positions of multiple bits in the 

memory location by the bit pattern in the third 

and fourth bytes of the instruction (third byte only 

when the m flag is set to 1). If, however, addition 
of the instruction's second byte to the direct page 

register's contents result in a value that exceeds 

the bank 016 range, the specified location will be 
in bank 116. 

: Mnemonic 
CLB :j:\: 5AH, 04H 
(m= 1) 

Memory 

1°I0I 0I7I0I 0I 0 

I----- --

1-------

Op Code (1416) 

Operand (0416 ) 

Operand (SA16 ) 

Machine code 
1416 0416 5A15 

001238,. 

Direct page 
register 

+ @;,:]= 1238,. 

Bank 016 

ex. 

Instruction : CLB, SEB 

: Mnemonic Machine code 
CLB 11 SAASH, 04H 
(m=O) 

1415 0416 A51a 5A16 

Memory 

Op Code (1416 ) 

Operand (0416 ) 

Operand (A516 ) 

Operand (SA16) 

j 

001238,. 

Direct page 
register 

Banko,. 

+ ~=1238,. 
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Mode 

Function 

ex. 

ex. 

4-8 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Direct indexed X addressing mode 

: The contents of the bank 016 memory location 
specified by the result of adding the second byte 
of the instruction, the contents of the direct page 
register and the contents of the index register X 
become the actual data. If, however, addition of 
the instruction's second byte, the direct page 
register's contents and the index register X's con
tents results in a value that exceeds the bank 016 

or bank 115 range, the specified location will be 
in bank 116 or bank 216. 

: Mnemonic 
ADC A,1EH,X 
(m = 1, x = 1) 

Memory 
000010 

Machine code 
7516 1E1s 

Instruction : ADC, AND, ASL, CMP, DEC, 

DIV, EOR, INC, LOA, LDM, 
LOY, LSR, MPV, ORA, ROL, 
ROR, SBC, STA, STY 

ex. : Mnemonic 
ADC A,1EH,X 
(m = O, x= 1) 

Memory 
0000,. 

Machine code 
751s 1E1s 

DATA 
Bank 010 A-A+C+ 

{ DATA, 
Bank 016 

1338,.~-------, 

1-------

~ 

Op Code (7516) 
Operand (1E16 ) 

- ...... 

: Mnemonic 

ADC A,1EH,X 
(m = 1, x = O) 

Memory 

DATA 

1-------, 

::: 

~ 
Op Code (7516) 

1338,.-------

FFFF16 

Direct page Index 
register register X 

+I 1234,.1+~=133810 

000010 

Machine code 

751s 1 E16 

Bank 01 0 

433810«!-------

FFFF16 

Direct page Index 
register register X 

Operand (1E16) + 1123410 I+ I 30E616 I = 433810 

-

I DATA" : DATA,1 .,_ 

ex. 

DATA" 

t------- FFFF16 

1' < Direct page Index 
Op Code (7516 ) register register X 
Operand ( 1 E16 ) +11234101+~= 133810 

: Mnemonic 
ADC A,1EH,X 
(m =O, x = 0) 

Memory· 

000010 

Machine code 
7516 1 E16 

Bank 016 
DATA, 

DATA" 

A-A+c+ 

1 DATA" r DATA, i - { 433810 -------, 

t-------

* Op Code (7516 ) 
Operand (1E16) 

-..... 

FFFF16 

Direct page Index 
register register X 

+I 1234,• I+ I 30E&10 I= 433510 



ex. 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Mnemonic 
LOY 1EH,X 
(x = 1) 

Memory 

DATA 

Machine code 
84, 6 1 E,s 

0000,. 

Bank 016 
1338,.-f----------, 

t------- FFFF16 

; ~ 

Op Code (8416 ) 

Direct page Index 
register register X 

Operand (1E16) + 1-123410 I+~ = 1338,. 

: Mnemonic 
LOY 1EH,X 
(x=O) 

,,....,, 

Machine code 
8416 1E16 

Memory 

0000,. 

Bank 016 

DATA, 4338,. ---+-------~ 

DATAH 

FFFF16 
I-------

l=' 

Op Code (8416 ) 

Operand ( 1 E16 ) 

,.,,,., 

Direct page Index 
register register X 

+ I 123410 I+ I 30E610 I = 433815 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Direct Indexed Y addressing mode 

Function :.The contents of the bank 015 memory location Instruction : LOX, STX 

ex. 

ex. 

specified by the result of adding the second byte 
of the instruction, the contents of the direct page 
register and the contents of the index register Y 
become the actual data. If, however, addition of 
the instruction's second byte, the direct page 
register's contents and the index register Y's con
tents results in a value that exceeds the bank 01 6 

or bank 115 range, the specified location will be 
in bank 115 or bank 21e. 

: Mnemonic 
LOX 02H,Y 
(x= 1) 

Memory 

DATA 

Machine code 
B61e 021& 

0000,. 

Bank 016 

131C18 <E-t------~ 

I-- -- --- FFFF18 

~ 

Op Code ( 8618) 

Operand (0218) 

...... 

: Mnemonic 
LOX 02H,Y 
(x=O) 

.... 

~ Direct page Index 
register legistr y 

+j 1234,. I+ Ea,1 = 1a1c10 

Machine code 
8616 021& 

Memory 
0000,. 

x-l DATA" ! DATAL I ... { DATAL 

DATAH 

Bank 016 
131C18 ~-------, 

1------- - -

~ 

Op Code (8611) 

Operand (0218) 

........ -

4-10 

;:: 

FFFF18 

Direct page Index 
register register Y 

+ i 1234,. I+ I DOE&,. I= 131C,. 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Direct indirect addressing mode 

Function : The value obtained by adding the instruction's 

ex. 

second byte to the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 01 6 , and the contents of these bytes in 
memory bank-OT ( DT is contents of data bank 
register) become the actual data. If, however, the 
value obtained by adding the instruction's second 
byte and the direct page register's contents ex
ceeds the bank 016 range, the specified location 
will be in bank 11s· 

: Mnemonic 
ADC A,(1EH) 
(m=1) 

Memory 

Machine code 
721a 1E1a 

.------;;;.. 12s210 

125310 

DATA l (01 10) 

DATAII (1218) 

Bank 016 

}--1---

Direct pag~ 
register 

I 1234,. I+ 

I--------

::: ' I-------

Op Code (7218 ) 

Operand (1E10) 

I----- --

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, MPV, ORA, SBC, STA 

ex. 

.------- 1252,. 

1253,. 

Direct page 
register 

1 1234,. I+ 

: Mnemonic 
ADC A,(1EH) 
(m=O) 

Memory 

DATA! (01 10) 

DATAII (1211 ) 

t-------

;: ::;: 
t-------

Op Code (7211 ) 

Operand (1E11) 

t-------

" " t-------

Machine code, 
721a 1E1e 

} 
Bank 016 

-.---~ 

A-A+C+ 
I DATAH ! DATAL 1-{ 

Data bank 
register 
~1201,. DAT AL 

DAT AH _ ..... 
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Mode 

Function 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Direct indexed X indirect addressing mode 

: The value obtained by adding the instruction's 
second byte, the contents of the direct page re
gister and the contents of the index register X 

specifies 2 adjacent bytes in memory bank 016, 

and the contents of these bytes in memory bank 
016, and the contents of these bytes in memory 
bank-OT ( DT is contents of data bank register) 
become the actual data. If, however, the value 
obtained by adding the instruction's second byte, 
the direct page register's contents and the index 
register X's contents exceeds the bank 016 or 
bank 1, 6 range, the specified location will be in 
bank 116 or bank 216. 

: Mnemonic 
ADC A, (1EH, X) 
(m=1,x=1) 

Memory 

Machine code 
61,6 1E16 

0000,. 

Bank 016 

Instruction : ADC, AND, CMP, DIV, EOR, 

LOA, MPV, ORA, SBC, STA 

DATA! (0010 ) 133a10--+----------
DATAII (14,.) 

1--------

~ 
1-------

Op Code (61 16 ) 

Operand (1E16 ) 

t--------
~ 

FFFF16 

Direct page Index 
register register X 

+I 1234,. I+ I i E&,. I =1338,. 

Data bank 
register 

l Program 

bank-PG 

A-A+c+I DATA I- DATA ~1400,. 

t-------
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ex. : Mnemonic 
ADC A, (1EH, X) 
(m = 0, x = 1) 

{ 

' 

A-A+c+I DATAH! DATAL I~{ 

ex. : Mnemonic 
ADC A, (1EH, X) 
(m=1,x=O) 

{ 

A-A+c+I DATA j~ 

Machine code 
61 16 1E16 

,MemOry 

DATA I (0016 ) 

DATAII (14,.) 

i-------
;:: 

r--- -----

Op Code (6110) 

Operand (1E16 ) 

i-------

~ 
i-------

DAT AL 

DATAH 

-
Machine code 
61 16 1E1e 

Memory 

,-
_ ...... 

r--------

DATA I (0016 ) 

DATAII (14,.) 

i-------1 
;:: 

1-------1 

Op Code (61 16 ) 

Operand (1E16 ) 

t-------1 

r 
r--------

DATA 

-

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

0000,. 

Bank 016 

1338,. 

FFFF16 

Direct page Index 
register register X 

+~+I ! Es,.1=133810 

Data bank 
register 
~1400,. 

10000,. 

Bank 115 
10338,. <E--+------

1FFFF16 

Direct page Index 
register register X 
+~+I FOEs,.1=10338,6 

Data bank 
register 

@]140010 

) 
Program 

bank-PG 

Program 

bank-PG 
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ex. : Mnemonic 
ADC A, (1EH, X) 
(m = O, x = O) 

A -A+ c +I DATAH DATAL I ~ { 

4-14 

Machine code 
611a 1E1a 

Memory ,,....-
I-------

DATA! (0016 ) 

DATAII (1416 ) 

1--------

::: 
I-------

Op Code (61 16 ) 

Operand (1E16 ) 

1-- -----

~ ~ 
1--------

DAT AL 

DAT AH 

....... - -

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

10000,. 

Bank 116 

10338,. ~-----~ 

1FFFF16 

Direct page Index 
register register X 

+ I 1234,. I + I FOE&,. I =10338,. 

Data bank 
register 

~ 1400,. 

) 
Program 
bank-PG 



Mode 

Function 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Direct indirect indexed Y addressing mode 

: The value obtained by adding the instruction's 
second byte and the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 016 . 

The value obtained by adding the contents of 
these bytes and the contents of the index register 
Y specifies address of the actual data in memory 
bank-OT (DT is contents of data bank register). 
If, however, the value obtained by adding the 
contents of the instruction's second byte and the 

direct page register exceeds the bank 016 range, 
the specified location will be in bank 116 . Also, if 
addition of the contents of memory and index 
register Y generate a carry, the bank number will 
be 1 larger than the contents of the data bank 
register. 

: Mnemonic 
ADC A, (1EH),V 
(m=1,x=1) 

Memory 

Machine code 
71 16 1E16 

Bank 016 

Index 
register Y 

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, MPV, ORA, SBC, STA 

1252,. 

1253,. 

QATAl 

DATAII 

(01,.J 

(12,.) 
+~=12E716 } 

Direct page 
register 
11234,. I + 

1------ --

' 
I-------

Op Code (71 16 ) 

Operand ( 1 E16 ) 

I-------

;o 
I-------

A-A+c+I DATA I- DATA 

Data bank 
register 
[E!J 12E716 

..... ...,,. 

6 MITSUBISHI 
6'ELECTRIC 4-15 



ex. : Mnemonic 
ADC A, (1EH), Y 
(m = 0, x= 1) 

.-----3>-125210 

125310 

Direct page 
register 

1 12341• I + 

A-A+c+I DATA"; DATAL I- { 

ex. : Mnemonic 
ADC A, (1EH), Y 
(m = 1, x = o) 

.----------; ... 125210 

125310 

Direct page 
register 

1 123410 1 + 

Machine code 

711& 1E1& 

Memory 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

DATA I (01 16) 

DATAI! (1216) 

Index 
register Y tBank01s 

} +~=12E716 

t----- - ---1 

t-------1 

Op Code (71 16) 

Operand ( 1 E16) 

1--------1 

1-------

i.---

DAT AL 

DAT AH _ _,,,. 

Machine code 

711& 1E1& 

Memory 

DATA! (01 16) 

DATAII (1216) 

t-------1 

r: 
t-------1 

Op Code (71 16) 

Operand (1 E16) 

t-------1 

Data bank 
register 

} 

~ 12E716 

-!Bank 016 
Index 

register Y 
+I FOE610 I =102E710 

r- r 
t--------1 

Data bank 
register 

A-A+ c +I DATA I--- DATA ~+1,02E716 

.... ...... 
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ex. : Mnemonic 
ADC A, (1EH), Y 
(m = 0, x = O) 

,-----~ 1252, 

1253, 

Direct page 
register 

~+ 

Machine code 
71 16 1 E16 

Memory 

of-- DATA I (01 16 ) 

o DATAil (1216 ) 

I-------

~ 
I-------

Op Code (71 16 ) 

Operand (1E16 ) 

1-------

1-------

A-A+c+I DATA" i DATAc 1-{ DAT Ac 

DAT AH 

-

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Index 
register Y iBank 010 

} +I FOE&,. I =102E7,. 

Data bank 
register 
~+1,02E716 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Direct indirect long addressing mode 

Function : The value obtained by adding the instruction's 
second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank 016, and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction's second 

byte and the direct page register exceeds the 
bank 016 range, the specified location will be in 
bank 116 . The 3 adjacent bytes memory location 
may be spread over two different banks. 

ex. : Mnemonic 
ADCL A, (1EH) 
(m=1) 

Machine code 
6716 1 E16 

r-----....1252,. 

1253, 

125410 
• 

Direct page 
register 

I 1234,. I + 

Memory 

DATA I (EF16 ) 

DATA II (01 16) 

DATA ill (1216 ) 

Bank 016 

) -+------------. 

t-------1 

~ 
t-------1 

Op Code (6716 ) 

Operand ( 1 E16 ) 

1----- - --

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, MPV, ORA, SBC, STA 

ex. : Mnemonic 
ADCL A, (1EH) 
(m=O) 

~------125210 

1253,. 

1254,. 

Direct page 
register 

~+ 

Memory 

DATA I (EF16 ) 

DATA[[ (011sl 

DATAill(12,6) 

!--------

I-------

Op Code(67,6) 

Operand( 1 E16 ) 

1------ --

t-------1 

Machine code 
67,s 1E15 

) 
Bank 01s 

A-A+c+j DATA" i DATAL I-{ DAT AL 

DAT AH 

1201EF16 

- - ,.....,, 

4-18 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode 

Function 

ex. 

: Direct indirect long indexed Y addressing mode 

: The value obtained by adding the instruction's 
second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 

bank 016, and the value obtained by adding the 
contents of these bytes and the contents of the 
index register Y specifies the address of the 
memory location where the actual data is stored. 
If, however, the value obtained by adding the 
contents of the instruction's second byte and the 
direct page register exceeds the bank 016 range, 
the specified location will be in bank 116. The 3 
adjacent bytes memory location may be spread 
over two different banks. 

: Mnemonic 
ADCL A,(1EH), Y 
(m=1, x=1) 

Memory 

Machine code 
7716 1E15 

DATA I (EF16 ) 

Bank 015 

Index 
register Y 

Instruction : ADC, AND, CMP, DIV, EOR, 

LOA, MPY, ORA, SBC, STA 

~--~~125216 

1253,. 

125416 
DATA II (01 16 ) } +I i 2i,. 1 =120210,. 

Direct page 
register 

~+ 

A-A+C+~~ 

DATA ill (1216 ) 

1--------1 
;:: 
f- _____ _, 

Op Code(7716 ) 

Operand(1E16 ) 

t-------

f: 
f-------

DATA 

..... - ....... 
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ex. 

ex. 

4-20 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Mnemonic 
ADCL A,(1EH), Y 
(m=O,x=1) 

Machine code 
n1a 1E1a 

Memory 

Banko,. 

.---~1252,. 

1253,. 

1254,. 

DATA I (EF16 ) 

DATA II (01 16) 

DATA ill (1216 ) l 
Index 

register Y 
+I i 21,. J =120210,. 

Direct page 
register 

I 1234,. I+ 

: Mnemonic 
ADCL A,(1EH), Y 
(m=1, x=O) 

r-------
f: 
r-------

Op Code(7716) 

Operand(1E16) 

r--- -- --
~ 

r-------

.......... 

DAT AL 

DAT AH 

-

Machine code 
771a 1E1a 

Memory 

Bank 016 

~---1252,. 

1253,. 

1254,. 

Direct page 
register 

1234,. I + 

DATA I (EF16 ) 

DATAII (01 16 ) 

DATAill(1216 ) l 
r---------1 

* r--------1 

Op Code(7716 ) 

Operand(1E16 ) 

t-------

r-------
DATA 

_. -

Index 
register Y 

+I E521,. I =12E71o,. 

12E71016 -E------' 



ex. : Mnemonic 
ADCL A,(1EH), Y 
(m=O, x=O) 

~---1252,. 

1253,. 

1254,. 

Direct page 
register 

I 1234,. I + 

Machine code 
n1& 1E1& 

Memory 

DATA I (EF16) 

DATAil (01 16 ) 

DATAffi(1216 ) 

!--------

;: 
t-------

Op Code(7716 ) 

Operand(1E16 ) 

I-------

* I-------
A~A+c+j DATAH i OATAL 1-{ DAT AL 

DATAH 

- ......... 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Bank 016 

Index 

} 
register Y 

+~ =12E71016 

12E71016 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Absolute addressing mode 

Function : The contents of the memory locations specified 

ex. 

by the instruction's second and third bytes and 
the cpntents of the data bank register are the 
actual data. Note that, in the cases of the JMP 
and JSR instructions, the instructions' second and 
third byte contents are transferred to the program 
counter. 

: Mnemonic 
ADC A, OAD12H 
(m=1) 

Memory 

Machine code 
6D1s 121s AD1s 

,.,. _......., 
t-------1 

Op Code (6016 ) 

Operand (1216) 

Operand (AD16) 

Instruction : ADC, AND, ASL, CMP, CPX, 
CPY, DEC, DIV, EOR, INC, 
JMP, JSR, LOA, LDM, LOX, 
LOY, LSR, MPV, ORA, ROL, 
ROR, SBC, STA, STX, STY 

ex. : Mnemonic 
ADC A, OAD12H 
(m=O) 

Memory 

Op Code (6016 ) 

Operand ( 1216) } 
t-------..,------f 

Operand (AD16 ) 

Machine code 
6016 121s AD1s 

f-------- Data bank 
register 

A-A+C+ 

I DATAH i DATAL 1-{ t-----~,,-:,..,~,....:-~----1 
Data bank 
register 
~AD1216 

ex. 

4-22 

DATA [E!)AD1216 

f--------

......... - _ ..... 

: Mnemonic 
LOX OAC14H 
(x=1) 

Memory _......, 
t-------

Op Code (AE16 ) 

Operand (1416 ) 

Operand (AC16) 

t-------1 

DATA 

t-------1 _,.,, 

Machine code 
AE16 1416 AC16 

} 

Data bank 
register 
~ AC1416 

ex. : Mnemonic 
LDXOAC14H 
(x=O) 

Memory 
,... _......, 
t- _____ _, 

Op Code (AE16) 

Operand (1416 ) 

Operand ( AC16) 

t------~ 

DAT AL 

DATAH 

1-------_,.,.,,.. 

Machine code 
AE16 1416 AC16 

} 
Data bank 
register 

~AC1416 



ex. 

Address to be 
executed next. 

: Mnemonic 
JMP OAC14H 

Memory 

..- - ___... 
t-------

Op Code ( 4C16) 

Operand (1416 ) 

Operand (AC16 ) 

t-------_ ..... 

Machine code 

4C1& 141& AC1& 

~oooo,. 

} 

Program 
bank register 
~AC1416 
~ FFFF16 

Program bank register contents are not affected. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Program 
bank-PG 

4-23 



Mode 

Function 

ex. 

4-24 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute bit addressing mode 

: The contents of the instruction's second and third 
bytes and the contents of the data bank register 
specify the memory locations, and data for multi
ple bit positions in the memory locations are spe
cified by a bit pattern specified in the instruction's 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1 ). 

: Mnemonic 
CLB # 5AH, 1234H 

(m=1) 

Memory 

Op Code (1C16) 

Machine code 

1C1s 3416 1216 5A16 

Operand (3416 ) } 
t"-----7,..,..-:---1 

Operand (1216) 

Operand ( SA16 ) 

Data bank 
register 

~ 1234,. 

Data bank 
register 

I OT I 1234,. 

Instruction : CLB, SEB 

ex. : Mnemonic 

CLB #5AA5H, 1234H 
(m=O) 

Memory 

Op Code (1C16 ) 

Machine code 

1C1a 341a 121a A51e 5A1e 

Operand ( 3416) } 
~~ 

Operand (1216) 

Operand (AS16) 

Operand (SA16) 

Data bank 
register 

~ 1234,. 

Data bank 
register 

~ 1234,. 



Mode 

Function 

ex. 

A-A+c+ 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute indexed X addressing mode 

: The contents of the memory locations specified 

by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction's 

second and third bytes with the contents of the 

index register X and the contents of the data 

bank register are the actual data. If, however, 

addition of the numeric value expressed by the 
instruction's second and third bytes with the con

tents of the index register X generates a carry, 

the bank number will be 1 larger than the con
tents of the data bank register. 

: Mnemonic 
ADC A, OAD12H, X 
(m=1, x=1) 

Memory 

,- - _.,.,,. 
I------- -

Op Code (7D16 ) 

Operand ( 1216 ) 

Operand (AD16 ) 

I----- ---

..... 

Machine code 
7016 121a AD16 

Index 
register X 

} +I l EE,.1=AE0015 

A-A+C+ 

Instruction : ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LOA, LDM, 
LOY, LSR, MPV, ORA, AOL, 
ROA, SBC, STA 

ex. : Mnemonic 

ADC A, OAD12H, X 
(m=O, x=1) 

Machine code 
7016 1216 AD16 

Memory 

,- - _.,.,,. 
t-------

Op Code (7D16 ) 

Operand ( 1216 ) 

Operand (AD16 ) 

t-------

t---- ---

Index 
register X 

} + C§J =AE00,6 

Data bank 
register 

I DATA I ~ t---D_A_T_A __ --1 

Data bank 
register 

~AE0016 I DATA"! DATAL I~ { DATAL ~ AE00, 6 

DATA" 

...... -

4-25 



ex. 

ex. 

4-26 

: Mnemonic 
ADC A, OAD12H, X 
(m=1, x=O) 

Memory -,,.- -r-------

Op Code (7D16) 

Operand (1216) 

Operand (AD16) 

1-------

1-------

DATA 

-...... 

: Mnemonic 
LOY OBC12H, X 
(x=1) 

Memory 
,,.- -

-

I-------

Op Code (BC,6 ) 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Machine code 

7D1a 121a AD1a 

Index 
register X 

} +I 1oee,. I =Beoo,. 

Data bank 
register 

ex. : Mnemonic 
ADC A, OAD12H, X 
(m=O, x=O) 

Memory 

(' -
t-------

Op Code (7D16 ) 

Operand (1216) 

Operand (AD16 ) 

r-------

~ 

1-------

~ BE00,6 

A~A+c+I DATA": DATAL ,...._ { 
DATAL 

DAT AH 

Machine code 
BC16 1216 BC16 

Index 
register X 

ex. 

_ ... 
: Mnemonic 

LOY OBC12H, X 
(x=O) 

Memory _ ....... 

1-------

Machine code 

7D1s 121a AD1a 

Index 
register X 

} +I 10EE,. I =BEOO,. 

Data bank 
register 

@!] Beoo,. 

Machine code 
BC16 1216 BC16 

Index 

Operand (1216 ) 

Operand (BC16 ) 
} + I i ee,.1 =BDoo,. 

Op Code (BC16 ) 

Operand (1216 ) 

Operand (BC16) 

register X 

} + J 1oee,. I =CDoo,. 

1-------

t: 
1-------

DATA 

..... 

Data bank 
register 

@TI Booo,. 

1-------

t-------

DATAL 

DAT AH _ ....... 

Data bank 
register 

@!JcDoo,. 



Mode 

Function 

ex. 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute indexed Y addressing mode 

: The contents of the memory locations specified 

by a value resulting from addition of a 16-bit 
numeric value expressed by the instruction's 
second and third bytes with the contents of the 
index register Y and the contents of the data 

bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction's second and third bytes with the con
tents of the index register Y generates a carry, 

the bank number will be 1 larger than the con
tents of the data bank register. 

: Mnemonic 
ADC A,OAD12H, Y 
(m=1, x=1) 

Machine code 

7916 12,6 AD1s 

Memory -,,,,,.. 
t-------

Index Op Code (7916) 

Operand (1216 ) 

Operand (AD16 ) 

} 
register Y 

+I : EE,.1=AE00,. 

t-------

1--------

DATA 

1-------

.... -

Data Bank 
register 

@!:) AE0016 

: Mnemonic 
ADC A,OAD12H, Y 
(m=O, x=1) 

Machine code 
7916 12,6 AD1s 

Memory ,... -
t-------

Op Code (7916 ) 

Operand (1216 ) 

Operand (AD16 ) 

t--------1 

~ 

1--------1 

Index 
register Y 

} +I ; EE,• I =AEoo,. 

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, LOX, MPV, ORA, SBC, 
STA 

ex. 

ex. 

: Mnemonic 
ADC A, OAD12H, Y 
(m=1, x=O) 

Memory 

,,..- -
t-------

Op Code (7916 ) 

Operand (1216 ) 

Operand (AD16 ) 

1-------

: Mnemonic 
ADC A, OAD12H, Y 
(m=O, x=O) 

Memory 

,,.- -
t-------1 

Op Code (7916 ) 

Operand ( 1216) 

Operand (AD16 ) 

t--------j 

~ 
J 

Machine code 
7916 1216 AD16 

Index 
register Y 

} +I 10EE,. I =BE0010 

Data Bank 
register 

[E'f_J BE0016 J 
Machine code 
7916 1216 AD1s 

Index 

} 
register Y 

+~=BEoo,. 

A~A+C+ 

I DATAH ! DATAL I ~ { DAT AL 

DAT AH 

Data bank 
register 

@!] AE0016 
t-------1 

DATAH i DATAL I- { DAT AL 

Data bank 
register 

@!] BEoo,. 
DAT AH 

v-
...-

4-27 



ex. 

4-28 

: Mnemonic 
LOX OBC12H, Y 
(x=1) 

Memory _ .... 
1--------

Op Code (BE16) 

Operand ( 1216 ) 

Operand (BC16 ) 

t-------

1--------j 

DATA 

r-------, 
.... -

Machine code 

BE16 1215 BC16 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

ex. : Mnemonic 
LOX OBC12H, Y 
(x=O) 

Memory 

,,.... 
t-------

Machine code· 

BE16 1216 BC16 

Index 
register Y 

} +I i EE1s l=eooo,. 
Op Code (BE16 ) 

Operand (1216) 

Operand ( BC16) 

Index 
registerY 

} +I 10EE16 I =cooo,. 

Data bank 
register 

~Booo,. X~ DATA"! DATAL 1-{ 

I-------

;: 
t---------1 

DAT AL 

DAT AH 

/ 

Data bank 
register 

@!Jcooo,. 



Mode 

Function 

ex. 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute long addressing mode 

: The contents of the memory locations specified 
by the instruction's second, third and fourth bytes 
become the actual data. Note that, in the cases of 
the JMP and JSR instructions, the instructions' 

second and third byte contents are transferred to 
the program counter and the fourth byte contents 
are transferred to the program bank register. 

: Mnemonic 
ADC A, 123456H 
(m=1) 

Machine code 

6F15 5616 3415 1216 

Memory --
!--------

Op Code (SF16 ) 

Operand ( 5S16 ) 

Operand (3416 ) 

Operand ( 1216 ) l 
!--------

1--------1 

Instruction : ADC, AND, CMP, DIV, EOR, 
JMP, JSR, LOA, MPV, ORA, 
SBC, STA 

ex. : Mnemonic 
ADC A, 123456H 
(m=O) 

Machine code 

6F16 5615 3415 1216 

Memory 
,,,,., 
1--------

Op Code (SF16 ) 

Operand (5S16 ) 

Operand ( 3416 ) 

Operand ( 1216 ) 
} 

1-------

r 
-------

DATA 
1234ss,. I : I 

A~A+c+. DATA": DATA,-<-
DATA, 12345S,. 

: Mnemonic 
JMP 123456H 

!Machine code 
5C15 5616 3416 1216 

Address to be 

executed next. 

Memory 

~ 

f------_, 

Op Code (5C16 ) 

Operand (5S16 ) 

Operand (3416 ) 

Operand (1216 ) 

I-------

t-------

- _.. 

l-
Program 

bank register 

~345S,. 

Program bank register contents are replaced by 
the third operand. 
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Mode 

Function 

ex. 

ex. 

4-30 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute long indexed X addressing mode 

: The contents of the memory location specified by 
adding the numeric value expressed by the 
instruction's second, third and fourth bytes with 
the contents of the index register X are the actual 
data. 

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, MPV, ORA, SBC, STA 

: Mnemonic 
ADC A, 123456H, X 
(m=1, x=1) 

Memory 

-
1--- -----

Op Code (7F16 ) 

Operand (5616 ) 

Operand (3416 ) 

Operand ( 1216 ) 

1--------

I---- ---

DATA 

-

: Mnemonic 
ADC A, 123456H, X 
(m=O, x=1) 

Memory - -
t--------

Op Code (7F16 ) 

Operand (5616 ) 

Operand (3416 ) 

Operand (1216 ) 

1-- ------

1--------

DATA _ .... 

Machine code 

7F1s 561s 341s 121s 

Index 

} 
register X 

+I : E1,. /=123537,. 

ex. : Mnemonic 

ADC A, 123456H, X 
(m=O, x=1) 

Memory 

-
t-------

Op Code (7F16 ) 

Operand (5616 ) 

Operand (3416 ) 

Operand (1216 ) 

t-------

r--------

Machine code 

7F1s 5616 341s 1216 

Index l register X 

f +I i E1,. J =123537,. 

123537,. 
DAT AL 

DAT AH 

123537,. 
A-A+C+ 

I DATAH i DATAL I~ { _ .... 
Machine code 

7F16 5616 3416 1216 

ex. : Mnemonic Machine code 
7F16 561s 341s 1216 

Index 

ADC A, 123456H, X 
(m=O, x=O) 

Memory 

Op Code (7F16 ) Index l register X 

+ [Eru;J =132337,. 

Operand (5616 ) l register X 

t---_O_p_e_ra_nd_(3_4_16_)---l +J EEE1 16 / =13233716 

Operand ( 1216 ) 

132337,. 

0---------1 

I DATAH i DATAL I .,_ { t---DA_T_A_L __ -l 

A-A+C+ DATA" 

• MITSUBISHI 
i'a.ELECTRIC 

132337,. 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Absolute indirect addressing mode 

Function : The instruction's second and third bytes specify 2 Instruction : JMP 

ex. 

Address to be 
executed next. 

adjacent bytes in memory, and the contents of 

these bytes specify the address within the same 

program bank to which a jump is to be made. 

: Mnemonic 
JMP(1400H) 

Memory ,,.. -
1------

Op Code ( 6C16 ) 

Operand (0016 ) 

Operand (1416 ) 

DATA I (FF16 ) 

DATA II ( 1 E16 ) 

1-------

....... - _...,. -

Machine code 

sc,. oo,. 1415 

~ 1400,. } 

Program J 
bank register 

~ 1EFF16 

Program 
bank-PG 

• MITSUBISHI 
..... ELECTRIC 4-31 



Mode : Absolute indirect long addressing mode 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Function : The instruction's second and third bytes specify 3 
adjacent bytes in memory, and the contents of 
these bytes specify the address to which a jump 
is to be made. 

Instruction : JMP 

ex. 

4-32 

: Mnemonic 
JMPL(1234H) 

Memory 

-1-------

Op Code (DC,6 ) 

~{ Operand (3416 ) 

Operand (12,6 ) 

L.___,.. DATA I (1216 ) 

DATA II (B416 ) 

DATA ill (A1 16 ) 

Machine code 

DC16 3416 1216 

Program 
bank register 

}~1234,. 

1-------

be Address to 
executed next. 

lo 
1-------

- --
Program 

bank register 

&Je4121• 

DATA ill is loaded in the program bank register. 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Absolute indexed X indirect addressing mode 

Function : The value obtained by adding the instruction's 

ex. 

246,.= 1 

second and third bytes and the contents of the in
dex register X spcifies 2 adjacent bytes in mem
ory. and the contents of these bytes specify the 
address to which a jump is to be made. 

: Mnemonic 
JMP(1234H, X) 
(x=1) 

Machine code 

7C16 3416 1215 

Index 
register X 

: 12,.1 +{ 

Address to be 
executed next. 

Memory _ ..... 
~------

Op Code (7C16 ) 

Operand (3416 ) 

Operand ( 1216) 

DATA I (1216 ) 

DATA II (BC16 ) 

I-------

1246,. } 

Program 
bank register 

~ec1210 

Instruction : JMP, JSR 

Program 
bank-PG 

• MITSUBISHI 
6'ELECTRIC 4-33 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Mode : Stack addressing mode 

Function : Register contents are saved to or restored from 

ex. 

ex. 

4-34 

S-1 

s 

S-2 

S-1 

s 

the memory location specified by the stack poin
ter. The stack pointer is set in bank 016. 

: Mnemonic 
PHA 
(m=1) 

Memory 

1----------1 

t--------_ ...... 
: Mnemonic 

PHO 

Memory 

DPRL 

DPRH 

1--------

_.,. 

Machine code 
4815 

Stack pointer 

0016~ 

Bank 016 

Machine code 

OB,6 

Stack pointer 

oo,.~ 

Bank 016 

Instruction : PEA, PEI, PER, PHA, PHB, 
PHO, PHG, PHP, PHT, PHX, 
PHY, PLA, PLB, PLO, PLP, 
PLT, PLX, PLY, PSH, PUL 

ex. 

S-2 

S-1 

s 

ex. 

: Mnemonic 
PHA 
(m=O) 

Memory 

AL 

AH 

t--------' 

- ..,..., -

Machine code 

4815 

Stack pointer 
oo,.~ 

Bank 016 

: Mnemonic 
PEA j:j: 1234H 

Machine code• 
F415 3415 1215 

Memory 

34,. 

12,. 

Op Code (F416 ) 

Operand (3416 ) 

Operand (1216 ) 

Stack pointer 

oo,.~ 

Bank 016 



~x. 

S-2 

S-1 

s 

f 

: Mnemonic 
PEI :j:j: 12H 

Memory 

DATA I 

DATA Il 

~ DATA I 

DATA Il 

t--------1 

~ 
1--------1 

Op Code ( 0416 ) 

Operand (1216 ) 

1-- ---- --

-.... _.. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Machine code 

0415 12,. 

341215 ~-----T-

Stack pointer 

0015~ 

Bank Orn 

S-2 

ex. 

Memory 

: Mnemonic 

PER :j:j: 1234H 

1---------1 

Stack pointer 

0016~ 
S-1 AC, 6 

1--------1 
S 6816 

Program 
bank register 

l---0-p_C_o_d_e_(6-2-,6-)--l ~ 567616 

Machine code 

62,. 34,. 12,. 

Bank 01 6 

Operand (3416 ) } 

1---o~p-e-ra-nd-( 1-2~,.-J --1 + I 56 i 1a,. I = ~~€1 (~S1,. 

Program 
bank-PG 

Direct page 
register 

+I 3400,. I= 3412,. 

• MITSUBISHI 
.... ELECTRIC 
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Mode 

Function 

ex. 

ex. 

4-36 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Relative addressing mode 

: Branching occurs to the address specified by the 
value resulting from addition of the contents of 
the program counter and the instruction's second 
byte. In the case of a long branch by the BRA in
struction, a 15-bit signed numeric value formed 
by the contents of the instruction's second and 
third bytes is added to the program counter con
tents. If the addition generates a carry or borrow, 
1 is added to or subtracted from the program 
bank register. 

Instruction : BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, eve, BVS 

: Mnemonic 
BCC *-12 

Machine code 
9016 F416 

Branches to the address * -12 if the carry flag ( C) 

has been cleared. 

Address to be 

executed next. 

: Mnemonic 
BRA 1234H 

Address to be 
executed next. 

( 

Memory --

Op Code (9016 ) 

Operand (F416 ) 
Jump 

* 
....... - -.....___J 

Machine code 

8216 3415 1215 

Memory --1-------1 

Op Code (8216 ) 

Operand (3416 ) 

Operand (1216 ) 

1--------1 

1---- ----1 

Program 
bank register 

~ FF1216 

~ 1146,. 

Advances to the address * if the carry flag (C) 
has been set. 

Address to be 
executed next. 

Program 

bank-PG 

Program 

bank-PG+1 

..... 

Memory 

- ...., 

Op Code (9016 ) 

Operand (F416 ) 

* 

• Mrrslestil ;..ELECTRIC 



Mode : Direct bit relative addressing mode 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

Function : Specifies the bank 016 memory location by the 

value obtained by adding the instruction's second 
byte to the diract page register's conte11ts, anci 

specifies the positions of multiple bits in the 

memory location by the bit pattern in the third 

and fourth bytes (the third byte only if the m flag 

is set to 1). Then, if the specified bits all satisfy 
the branching conditions, the instruction's fifth 

byte (or the fourth byte if the m flag is set to 1 ) is 

added to the program counter as a signed value, 

generating the branching destination address. If, 

however, addition of the instruction's second byte 

to the direct page register's contents result in a 

value that exceeds the bank 016 range, the speci

fied location will be in bank 116. 

Instruction : BBC, BBS 

ex. : Mnemonic 

BBS # 5AH, 04H, OF6H 
(m=1) 

Machine code 

2416 0416 5A16 F616 

e Address to b 
executed nex 

Memory 

0J 1J 1 _ _l111J 0J 1J 1 

- -----

ti 1---------

Jump Op Code (2416 ) 

Operand (0416 ) 

\I 
Operand (5A16 ) 

Operand ( F616 ) 

--
(Branch) 

001238,. 

Program 
bank register 

ru FFFD16 

Direct page 
register 

+ 11234,.1=1238,. 

Program 
bank register 

~ 0001,. 

Bank 016 

Address to be 

executed next. 

• MITSUBISHI 
.... ELECTRIC 

Memory 

oJ ciJ:1J iJ1J oJ iJ 1 

1---------

I-------

Op Code (2416 ) 

Operand (0416 ) 

Operand (5A16 ) -

Operand (F616 ) 

-
(Not branch) 

Direct page 
register 

+ 11234101=1238,. 

Program 
bank register 

~0001,. 

4-37 



ex. 

4-38 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Mnemonic Machine code 

BBS # SAASH, 04H, OF6H 
(m=O) 

2416 04, 6 A516 5A16 F616 

Memory 

001238,. 

-----

Program 

Address to be bank register 
executed next. [l1;j FFFE16 

-----

Direct page 

Jump Op Code (2416 ) register 
Operand (0416 ) +I 1234,.1= 1238,. 

Operand (AS16 ) 

Operand (SA16) Program 
Operand (F6,6 ) bank register Address to be 

~ 0008,. executed next. 

(Branch) 

Memory 

t-------

Op Code (2416 ) 

Operand (0416 ) 

Operand (AS16 ) 

Operand (SA16 ) 

Operand (F616 ) 

-
(Not branch) 

001238,. 

Direct page 
register 

+ 11234,.1= 1238,. 

Program 
bank register 

~000310 

Bank 016 



Mode 

Function 

ex. 

Address to be 

executed next. 

Jump 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Absolute bit relative addressing mode 

: The instruction's second and third bytes and the 

contents of the data bank register specify the 

Instruction : BBC, BBS 

location's multiple bits is specified by a bit pat

tern in the instruction's fourth and fifth bytes (the 

fourth byte only if the m flag is set to 1). Then , if 

the specified bits all satisfy the branching condi

tions, the instruction's sixth byte (or the fifth byte 

if the m flag is set to 1 ) is added to the program 

counter as a signed value, generating the bran

ching destination address. 

: Mnemonic Machine code 
BBS :fl: 5AH, 1234H, OFGH 2C16 3416 1216 5A16 F615 

(m=1) 

Memory Memory 

Program 
bank register 

r---·-------1 rn FFFD16 

Op Code (2C16 ) 

Operand (3416 ) 

Operand (1216 ) 

Operand (5A16 ) Program 
Operand (F616 ) bank register 

~0001,. 

-----

-----
Data bank 
register 

@J 1234,. 

(Branch) 

Address to be 
executed next. 

• MITSUBISHI 
6'ELECTRIC 

_,,,,. 

!-------

t-------

Op Code (2C16 ) 

Operand (3416 ) 

Operand ( 1216 ) 

Operand (5A16 ) 

Operand (F616 ) 

I- - -----

(Not branch) 

Program 
bank register 
§;10001,. 

Data bank 
register 

@!]1234,. 

4-39 



ex. : Mnemonic Machine code 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

BBS #5AA5H, 1234H, 0F6H 
.(m=O) 

2C1e 341e 121e A51e 5A1e F616 

Address to be 
executed next. 

Jump 

4-40 

Memory 

Program 
, ______ ___, bank register 

[!!:!!I FFF0,6 

Op Code (2C16 ) 

Operand ( 3416) 

Operand (1216) 

Operand (AS16 ) 

Operand (SA16 ) 

Operand (F616) 

-----

(Branch) 

} 
Program 

bank register 
§;]0001,. 

Data bank 
register 

@!J.1234,. 

Address to be 
executed next 

Memory 

-
1-------1 

I-------

Op Code (2C16 ) 

Operand (3416) 

Operand ( 1216) 

Operand (AS16 } 

Operand (SA16 ) 

Operand (F616 } 

1-------1 

I-- --- --I 

o1o]1] i] aj_ !l oJ 1 
1J 1J oJ 1.l_ 1_EEI o 

-
(Not branch) 

Program 
bank register 

~0001,. 

Data bank 
register 

@!]1234,. 



Mode 

Function 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Stack pointer relative addressing mode 

: The contents of a bank 01 6 memory location spe
cified by the value resulting from addition of the 
instruction's second byte and the contents of the 
stack pointer become the actual data. If, howev
er, the value obtained by adding the contents of 
the instruction's second byte and the stack point

er's contents exceeds the bank 016 range, the 
specified location will be in bank 116 . 

: Mnemonic 
ADC A, 02H, S 
(m=1) 

Memory 

Machine code 

63,6 0216 

Bank 016 

Instruction : ADC, AND, CMP, DIV, EOR, 

LOA, MPV, ORA, sec, STA 

ex. : Mnemonic 
ADC A, 02H, S 
(m=O) 

Memory 

Machine code' 
6316 0216 

Bank 016 

DATA 
A-A+C+ 

I DATAH i DATAL I --{ 1236,. 

t--------1 

~ 
t---- ---1 

Op Code (6316 ) Stack pointer 
Operand ( 0216) + 1 1234,. I= 123510 

1-- ------j _ ..... 

DAT AL 

DATAH 

t--- - __ _, 

* 1--------

Op Code (6316 ) 

Operand (0216 ) 

1-------

.... -

1236,. 

Stack pointer 

+~=1236,. 
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Mode 

Function 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Stack pointer relative indirect indexed Y addres
sing mode 

: The value obtained by adding the instruction's 
second byte and the contents of the stack pointer 
specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 

and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
( DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 

index register Y generate a carry, the bank num
ber will be 1 larger than.the contents of the data 
bank register. 

: Mnemonic 
ADC A,(1EH, S), Y 
(m=1, x=1) 

1252,. 
1253,. 

Memory 

DATA I (01 16 ) 

DATA II (1216 ) 

I-------

1--------

IMachine code 

7316 1E16 

Index register Y tBank016 

} +I i es,. I= 12e1,0 

Instruction : ADC, AND, CMP, DIV, EOR, 
LOA, MPV, ORA, SBC, STA 

ex. : Mnemonic 

1252,. 

1253,. 

ADC A,(1EH, S), Y 
(m=O, x=1) 

Memory 

DATA I (01 16 ) 

DATA II (1216 ) 

t--------

t--------
r 

Machine code· 

7316 1E16 

+
Bank 016 

} 
Index register Y 
+~=12E716 

Stack pointer 

I 1234,. 1 + 

Op Code (7316) 

Operand (1E16 ) 

Op Code (7316 ) 

Operand (1E16) 

Stack pointe 
J 1234,6 I+ 

I-------

4-42 
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t--------

:j: 
1--------

DAT AL 
DAT AH 

- -

Data bank 
register 

[!IT] 12E716 



ex. 

ex. 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Mnemonic 
ADC A, (1EH, S), Y 
(m=1,x=O) 

Machine code, 

7316 1 E16 

Memory 

1252,. 
1253,. 

DATA I (01 16) 

DATA Il(1216) } fBank01s 

ndex register Y 
+~=102E716 

Stack pointer 

11234,. I + 

1-------j 

~ 
t--------1 

Op Code (7316) 

Operand (1E16) 

t-------i 

: Mnemonic 
ADC A, (1EH, S), Y 
(m=O, x=O) 

Machine code 

7316 1E16 

1252,. 

1253,. 

Stack pointer 
1123410 1 + 

Memory 

DATA I (01 16) 

DATA II (1216) 

1-------

1-------

Op Code (7316) 

Operand (1E16) 

1-------

1---------j 

DAT AL 

DAT AH 

........ - _ _,, 

Index register Y t Bank 016 

} +I FOE6,. I =102E7,. 

Data bank 
register 
~+1,02E716 

4-43 



Mode 

Function 

ex. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

: Block transfer addressing mode 

: The instruction's second byte specifies the trans

fer-to data bank, and the contents of the index 
register Y specify the transfer - to address within 

the data bank. The instruction's third byte speci

fies the transfer-from data bank, and the contents 

of the index register X specify the address in the 

data bank where the data to be transferred is 
stored. The contents of the accumulator A consti

tute the number of bytes to be transfeered. Upon 

termination of transfer, the contents of the data 

bank register will specify the transfer-to data 

bank. The MVN instruction is used for transfer to 

lower address location. In this case, the contents 
of the index registers X and Y are incremented 

each time data is transferred. The MVP instruc

tion is used for transfer to higher address loca

tion. In this case, the contents of the index regis

ters X and Y are decremented each time data is 

transferred. The block of data to be transferred 

may cross over the bank boundary. 

Instruction : MVN, MVP 

: Mnemonic 

MVN OE2H, OE5H 

Machine code 

5416 E216 E51s 

Before transfer 

Memory 

----

----

Op Code(S4, 6 ) 

Operand (E216 ) 

Operand (ES16 ) 

----

----

DATA l 
DATA II 
DATA III 

----

After transfer 

Memory -1------l 

DATA l 
Bank E215 DATA II 

DATA III 

1------l 

1------1 

Al 0003,. I Op Code(5416 ) 

x~ 
v I ss1s,. I 

Operand (E216 ) 

Operand ( ES16 ) 

DTCJ 
1------

1------

} mm,. 
Bank E515 

DATA I 
DATA II 
DATA III 

1------

-

• MITSUBISHI 
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E2567816 

Al FFFF16 

xi 1231,. 

y I S67B,. I 
DTl E2,. I 



ex. : Mnemonic 

MVP OE5H, OE2H 

Before transfer 

DATA I 
DATA II 

DATA]] 

Op Code(4416 ) 

Operand (ES") 

Operand (E216 ) 

Machine code 

4415 E515 E216 

Bank E216 

E2567A16 

Al 0003,. I 
x I 567A,. I 
y~ 

OT CJ 

Bank E5rn 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 
ADDRESSING MODES 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

After transfer 

Memory 

,,.. -
t--------i 

DATA I 

DATA II 
DATA]] 

t-------

i--------

Op Code(4416 ) 

Operand (E516 ) 

Operand ( E216 ) 

-------

~ 

t-------~ 

DATA I 

DATA II 

DATA]] 

t-------
_..,. 

A I FFFF15 

x I 5677" 

v I 1233,, 

DT ~ 

E5123616 
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;,., ELECTRIC 4-45 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

MACHINE INSTRUCTIONS 

Symbol 

ADC 
(Note 1,2) 

Function 

Acc.C - Acc+M+C 

AND Acc+-Acc/\M 
(Note 1,2) 

ASL m=O 

(Note1) @l~o 

m=l 

@l~-o 

BBC Mb=O? 
(Note 3,5) 

BBS Mb=l? 
(Note 3,5) 

sec c=o? 
(Note3) 

BCS C=l? 
(Note 3) 

BEO Z=\? 
(Note3) 

BMI N=l? 
(Note 3) 

BNE Z=O? 
(Note 3) 

BPL N=O? 
(Note 3) 

BRA PC-PC± offset 
(Note4) PG-PG+l 

BRK 

{carry occured) 
PG-PG-1 
(borrow occured) 

PC-PC+2 
M(S)-PG 
s-s-1 
M(S)-PCH 
s-s-1 
M(S)-PC, 
s-s-1 
M(S)-PSH 
s-s-1 
M(S)-PS, 
s-s-1 
1-1 
PCL+-ADL 
PCH+-ADH 
PG-0015 

SVC V=O? 
(Note 3) 

BVS V=l? 
(Note 3) 

CLB Mb-0 
(Note 5) 

CLC C-0 

CLI 1-0 

CLM m-o 

CLP PSb-0 

CLV V-0 

CMP Acc-M 
(Note1,2) 

4-46 

Addressing mode 

Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

Adds the carry, the accumulator and the memory contents. 
The result is entered into the accumulator. When the D 
flag is "O", binary additions is done, and when the D flag is 
"1", decimal addition is done. 

E22 ~42 ~52 7262ITT72nB2 

Obtains the logical product of the contents of the accumu
lator and the contents of the memory. The result is en
tered into the accumulator. 

Shifts the accumulator or the memory contents one bit to 
the left. "O" is entered into bit O of the accumulator or the 
memory. The contents of bit 15 (bit 7 when the m flag is 
"1") of the accumulator or memory before shift is entered 
into the C flag. 

Tests the specified bit of the memory Branches when all 
the contents of the specified bit is "O". 

Tests the specified bit of the memory. Branches when all 
the contents of the specified bit is "1". 

Branches when the contents of the C flag is "O''. 

Branches when the contents of the C flag is "1". 

Branches when the contents of the Z flag is "1 ". 

Branches when the contents of the N flag is "1". 

Branches when the contents of the Z flag is "O". 

Branches when the contents of the N flag is "O". 

Jumps to the address indicated by the program counter 
ptus the offset value. 

Executes software interruption 

Branches when the contents of the V flag is "O" 

Branches when the contents of the V flag is "1 ". 

0015 2 

~ '4ft13 
69 65 

29 2 2 25 4 2 

'4tti ~ 
29 25 

0A210672 

~ 
OA 

Makes the contents of the specified bit in the memory "O". 14 8 3 

Makes the contents of the C flag "O". 18 2 1 

Makes the contents of the I flag "O". 58 2 1 

Makes the contents of the m flag "O''. DB 2 1 

Specifies the bit position in the processor status register by the bit C2 4 2 
pattern of the second byte in the instruction, and sets "O" in that bit. 

Makes the contents of the V flag "O". 88 2 1 

Compares the contents of the accumulator with the contents of 
the memory 

C9 2 Z 

'42'ti 
C9 

C5 4 2 

~ 
C5 

'41ti 42 8 3 42 9 3 4210 3 
75 72 61 71 

35 5 2 32 6 2 21 7 2 31 8 2 

~ 42 8 3 42 9 3 4210 3 
35 32 21 31 

16 7 2 

D5 5 2 D2 6 2 Cl 7 2 Dl 8 2 

~ 42 8 3 42 9 3 4210 3 
D5 D2 Cl DI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

4-47 



Symbol Function 

CPX X-M 
(Note 2) 

CPY Y-M 
(Note2) 

DEC Acc-Acc-1 or 
(Note 1) M-M-1 

DEX x-x-1 

DEY Y-Y-1 

Details 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Addressing mode 

IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

Compares the contents of the index register X with the EO 2 2 E4 4 2 
contents of the memory. 

Compares the contents. of the index register Y with the 
contents of the memory. 

Decrements the contents of the accumlator or memory by 
1. 

Decrements the contents of the index register X by 1. 

Decrements the contents of the index register Y by 1 

co 2 2 

CA 2 1 

88 2 1 

C4 4 2 

IA 2 I C6 7 2 06 7 2 

~ 
IA 

DIV A(quotient)-B,A/M The numeral that places the ccntents a accumulatcr B to the higher crder and the 89 27 3 
29 

89 29 3 
25 

89 30 3 
35 

89 31 3 89 32 3 89 33 3 
(Note 2, 10) B(remainder) cootents ct accumulatcr A to the lcmer crder is divided by the cootents d the memcry 

The quctient is entered into accumulatcr A and the remainder into accum.Jlatcr B 

EOR Acc-Acc.YM 
(Note 1,2) 

INC Acc+--Acc+l or 
(Note 1) M -M+1 

INX 

Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory. The result is 
placed into the accumulator 

Increments the contents of the accumulator or memory by 
1. 

Increments the contents of the index register X by 1. EB 2 1 

49 2 2 

'4tti 
49 

45 4 2 I 
~ 
45 

3A21E672 

~ 
3A 

55 5 2 

~ 
55 

F6 7 2 

32 21 31 

52 6 2 41 7. 2 51 8 2 

J_ 
42 8 3 42 9 3 42 10 3 
52 41 51 

INY 

JMP 

Y-Y+l 

ABS 
Increments the contents of the in_d_e_x_r_eg'-is_t_er_Y~_by_1. __ +C_8+-2+1+-H-+~+++-H-+-+++-H-+-+++-+-H-++++-H 
Places a new address into the program counter and jumps 

JSR 

4-48 

PCL +--AOL 
PCH-AOH 

ABL 
PCL +--AOL 
PCH-AOH 
PG+--ADG 

(ABS) 
PC, -(ADH, AD,) 
PCH -(ADH, AD, +1) 

L(ABS) 
PC, -(ADH, AD,) 
PCH-(ADH,AD,+1) 
PG -(ADH, AD, +2) 

(ABS, X) 
PC, -(ADH,AD,+X) 
PCH - (ADH, AD,+ X 

+1) 

ABS 
M(S)- PCH 
s-s-1 
M(S)- PC, 
s-s-1 
PCL -AOL 
PCH +--AOH 

ABL 
M(S)-PG 
s-s-1 
M(S)-·PCH 
s-s-1 
M(S)-PC, 
s-s-1 
PCL ._..AOL 

PCH +--AOH 
PG +--ADG 

(ABS, X) 
M(S)-PCH 
s-s-1 
M(S)- PC, 
s-s-1 
PC, -(ADH, AD,+X) 
PCH -(ADH, AD, +X 

+1) 

to that new address. 

Saves the contents of the program counter (also the con
tents of the program bank register for ASL) into the stack, 
and jumps to the new address. 

I 

• MITSUBISHI 
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Addressing mode 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Processor status register 

L(DIR) L{DIR},Y ABS ABS,b ABS,X ABS,Y ABL ABL,X {ABS) L{ABS) {ABS,X) STK REL DIR,b,R ABS,b,R SR {SR),Y BLK 10 9 8 7 6 5 4 3 2 1 0 

®"l®n#®nl®nl®n#®nl®nl®nl®nl®nl®n#®nl®n#®nl®nl®nl®n#®n# ~ NVmx DI ZC 

EC 4 3 N z c 
t-+-+--+-+-t-+-+-+--t-t-+-t--t--t-+ +--+-t-+-+--t-t--i-+-t-+-tt-+-1-+-+-+--+-+--t-t--1-+-t-+-f--+-++--+-t-+- - -++-- +-+-+- -1-+--r--+--+-+ +-i -

cc 4 3 N z c 

t-+-+--+-+-t-+C-iEf--7+--3t-t--+--t-DE+8-+-3+--t-t-+-t-+-t-+-+--+-+-+-+-+-+l--+--+-+-t--+--t-t-+--+-+-t-+--+--+-+-+-+-+-+-t-t--+--+-+-+e-+-+-+N--+--+-~-t--t--+-z1-

r-+-t--+-+--l-+-+-+--t--1--+--t-+-r-+--+--+-+-+-+-t--1-l-+-+--t-t-+ -l-+-+-+--t--1--+--f-+-t-+-+---i--+-1-+-t-+-l--f--f--+- , ... -+ -- -- -

89 35 3 89 36 3 
27 37 

4710 2 57 11 2 

4212 3 42 13 3 
47 57 

H--

8929 4 
2D 

4D 4 3 

42 6 4 
4D 

EE 7 3 

4C 2 3 

t-+++i 
20 6 3 

89 31 
JD 

5D 6 

42 8 
5D 

FE 8 

4 89 31 4 89 31 5 89 32 5 
i 39 2F 3F 

8930 3 8933 3 
23 33 

3 59 6 3 4F 6 4 5F 7 4 43 5 2 53 8 2 

4 42 8 4 42 8 5 42 9 5 42 7 3 4210 3 
59 4F 5F 43 53 

3 

5C 4 4 6C 4 3 DC 8 3 ?Cl 6 3 

22 8 4 FC 8 3 

l 

1- 1-1 
N 

-t-+-i 
z 

N Z 

N V z c 

N • Z 

N Z 

N z 
N z 
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Symbol Function Details 

LDA Acc-M Enters the contents of the memory into the accumulator. 
(Note1,2) 

LDM M-IMM Enters the immediate value into the memory. 
(Notes) 

LDT DT-IMM Enters the immediate value into the data bank register. 

LDX X-M Enters the contents of the memory into index register X. 
(Note 2) 

LDY Y-M Enters the contents of the memory into index register Y. 
(Note 2) 

LSR m=O Shifts the contents of the accumulator or the contents of 
(Note 1) o-~-c the memory one bit to the right. The bit O of the accumula-

m=l 
tor or the memory is entered into the C flag. "O" ls entered 

o-~-c 
into bit 15 (bit 7 when the m flag is ''1".) 

MPY 8, A-A*M Multiplies the contents of accumulator A and the contents of the mem-
(Note 2, t 1) ory. The higher order of the result of operation are entered into accu-

mulator B, and the lower order into accumulator A 

MVN Mn+i-Mm+i Transmits the data block. The transmission is done from 
(Note 8) the lower order address of the block. 

MVP Mn-i+-Mm-i Transmits the data block. Transmission is done form the 
(Note9) higher order address of the data block. 

NOP PC-PC+I Advances the program counter, but performs nothing else. 

ORA Acc-AccVM Logical sum per bit of the contents of the accumulator and 
(Note 1,2) the contents of the memory is obtained. The result is en-

tered into the accumulator. 

PEA M(S)-IMM2 The 3rd and the 2nd bytes of the instruction are saved into 
s-s-1 the stack, in this order. 
M(S)-IMM1 
s-s-1 

PEI M(S)-M((DPR)+IMM Specifies 2 sequential bytes in the direct page in the 2nd 
ti) byte of the instruction, and saves the contents into the 

s-s-1 stack. 
M(S)-M((DPR}tlMM} 
s-s-1 

PER EAR-PCtlMM2,IMM1 Regards the 2nd and 3rd bytes of the instruction as 16~bit 
M(S)-EARH numerals, adds them to the program counter, and saves 
s-s-1 the result into the stack 
M(S)-EAR, 
s-s-1 

PHA m=O Saves the contents of accumulator A into the stack. 
M(S)-AH 
s-s-1 
M(S)-A, 
s-s-1 

m=l 
M(S)-A, 
s-s-1 

PHB m=O Saves the contents of accumulator B into the stack. 
M(S)-BH 
s-s-1 
M(S)-B, 
s-s-1 

m=1 
M(S)-B, 
s-s-1 
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IMP 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Addressing mode 

IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIRJ~ 
op n # op n # op n # op n # op n # op n # op n # op n # op n # op n # 

A9 2 2 ;s 4 2 B5 5 2 82 6 2 Al 7 2 Bl 8 2 

~ ~ ~ 42 8 3 42 9 3 42 10 3 
A9 ;s B5 B2 Al Bl 

64 4 3 74 5 3 

89 5 3 
C2 

A2 2 2 A6 4 2 B6 5 2 

AO 2 2 A4 4 2 B4 5 2 

4A 2 I 46 7 2 56 7 2 

~ 
4A 

8916 3 8918 3 8919 3 89 20 3 89 21 3 89 22 3 
09 05 15 12 01 II 

' 

EA 2 I 

I 09 2 2 05 4 2 15 5 2 12 6 2 01 7 2 II 8 2 

~ ~ ~ 42 8 3 42 9 3 42 10 3 
09 05 15 12 01 II 

I 

I 
I 

I 

l 



' Addressing mode 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK 

op n #op n # op n #op n # op n # op n # op n #op n # oP n #op n # oP n #op n # 

Al 10 2 Bl 11 2 AD 4 3 BO 6 3 B!l 6 3 AF 6 4 BF I 4 

~212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 
Al Bl AO BO 89 AF BF 

9C 5 4 9E 6 4 

AE 4 3 BE 6 3 

AC 4 3 BC 6 3 

4E 7 3 5E 8 3 

~924 3 89 25 3 8918 4 8920 4 89 20 4 89 20 5 89 21 5 

~7 17 OD ID 19 OF IF 

0710 2 17 11 2 OD 4 3 ID 6 3 19 6 3 OF 6 4 IF 7 4 

4212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 
07 17 OD ID 19 OF IF 

F4 5 3 

04 6 2 

62 5 3 

48 4 1 

42 6 2 
48 

REL 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Processor status register 

DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 B 7 6 5 4 3 2 1 0 

oP n # op n # op n # oP n # op n # oP n # IPL N V m x D I z c 

A3 5 2 BJ 8 2 N z 

42 7 3 42 10 3 
A3 83 

N z 

N z 

0 z c 

8919 3 89 22 3 N z 0 
03 13 

54 7 3 
+ 

-fx1 

4~+13 
-fx1 

03 5 2 13 8 2 N z 

42 7 3 42 10 3 
03 13 
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Symbol Function Details 

PHO M(S)-DPRH Saves the contents of the direct page register into the 
s-s-1 stack. 
M(S)-DPRL 
s-s-1 

PHG M(S)-PG Saves the contents of the program bank register Into the 
s-s-1 stack. 

PHP M(S)-PSH Saves the contents of the program status register Into the 
s-s-1 stack. 
M(S)-PSL 
s-s-1 

PHT M(S)-DT Saves the contents of the data bank register Into the 
s-s-1 stack. 

PHX x=O Saves the contents of the index register X into the stack. 
M(S)-XH 
s-s-1 
M(S)-XL 
s-s-1 

x=l 
M(S)-XL 
s-s-1 

PHY x=O Saves the contents of the index register Y into the stack. 
M(S)-YH 
s-s-1 
M(S)-YL 
s-s-1 

x=l 
M(S)-YL 
s-s-1 

PLA m=O Restores the contents of the stack on the accumulator A. 
s-s+1 
AL-M(S) 
s-s+1 
AH-M(S) 

m=l 
s-s+1 
AL-M(S) 

PLB m=O Restores the contents of the stack on the accumulator B. 
s-s+1 
BL-M(S) 
s-s+1 
BH-M(S) 

m=l 
s-s+1 
BL-M(S) 

PLO s-s+1 Restores the contents of the stack on the direct page reg-
DPRL-M(S) ister. 
s-s+1 
DPRH-M(S) 

PLP s-s+1 Restores the contents of the stack on the processor status 
PSL-M(S) register. 
s-s+1 
PSH-M(S) 

PLT s-s+1 Restores the contents of the stack on the data bank reg-
DT-M(S) ister. 

PLX x=O Restores the contents of the stack on the index register X. 
s-s+1 
XL-M(S) 
s-s+1 
XH-M(S) 

x=l 
s-s+1 
XL-M(S) 
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IMP 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Addressing mode 

IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n #op n # op n # op n # op n #op n # op n #op n # op n # op n #' 

i 

i 

I 



Addressing mode 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK 

op n :II op n :II op n :II op n :II op n :II op n :II op n :II op n :II op n #op n :II op n :II op n :II 

OB 4 1 

! 

48 3 1 
I 

I OB 4 1 

SB 3 1 

DA 4 1 

SA 4 1 

6B 5 1 

42 7 2 
68 

2B 5 1 

28 6 1 

AB 6 1 

FA 5 1 

REL 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Processor status register 

DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 B 7 6 5 4 3 2 1 0 

op n :II op n :II op n :II op n :II op n :II op n :II IPL N V m x D I z c 

. 

. 

. N z 

N z 

Value saved in stack. 

N . z 

N z 
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MITSUBISHI MICROCOMPUTER! 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Addressing mode 

Symbol Function Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

PLY 

PSH 
(Note 6) 

PUL 
(Note 7) 

ALA 
(Note 13) 

AOL 
(Note 1) 

ROR 
(Note 11 

RTI 

RTL 

ATS 

x=O 
s-s+1 
Y,-M(S) 
s-s+1 
YH-M(S) 

x=l 
s-s+1 
v,-M(S) 

M(S)-A, B, X·· 

A, B. X .. ·-M(S) 

m=O 
n bit rotate left 

[~] 
m=l 
n bit rotate left 

[~] 

m=O 

m=l 

m=O 

m=l 

s-s+1 
PS,-M(S) 

s-s+1 
PSH-M(S) 
s-s+1 
PC,-M(S) 

s-s+1 
PCH-M(S) 
s-s+1 
PG-M(S) 

s-s+1 
PC,-M(S) 
s-s+1 
PCH-M(S) 
s-s+1 
PG-M(S) 

s-s+1 
PC,-M(S) 

s-s+1 
PCH-M(S) 

Restores the contents of the stack on the index register Y. 

Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 

Restores the contents of the stack to the registers among 

accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 

Rotates the contents of the accumulator A, n bits to the 
left. 

Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit. 

Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit 

Returns from the interruption routine. 4011 I 

Returns from the subroutine. The contents of the program 68 8 1 
bank register are also restored. 

Returns from the subroutine. The contents of the program 60 5 1 
bank register are not restored 

SBC Ace, c-Acc-M-C Subtracts the contents of the memory and the borrow from 
(Note 1,2) the contents of the accumulator. 
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89 6 3 
49+ 

i 

E9 2 2 

2A212672 

~ 
2A 

6A216672 

~ 
6A 

E5 4 2 

'4tM ~ 
E9 E5 

36 7 2 

76 7 2 

F5 5 2 F262E172F182 

~ 428 3429 342103 
F5 F2 El Fl 



Addressing mode 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK 

op n #op n # op n #op n # op n #op n # op n #op n # op n # op n # op n #op n # 

1 7A 5 1 

EB 12 2 
+ 

211+12 

FB 14 2 
+ 

311+412 

2E 7 3 3E B 3 

6E 7 3 7E 8 3 

El 10 2 Fl 11 2 ED 4 3 FD 6 3 F9 6 3 EF 6 4 FF 7 4 

f1212 3 42 13 3 42 6 4 42 B 4 42 B 4 42 B 5 42 9 5 
El Fl ED FO F9 EF FF 

REL 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Processor status register 

DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 B 7 6 5 4 3 2 1 0 

op n #op n # op n #op n # op n # op n # IPL N V m x D I z c 
N z 

If restored the contents of PS, 
it becomes its value. And the 
other case is no change. 

N z c 

N z c 

Value saved in stack. 

E3 5 2 F3 B 2 N V • z c 

42 7 3 42 10 3 
E3 F3 
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Symbol Function Details 

SEB Mb-1 Makes the contents of the specified bit in the meniory "1 •. 
(Note 5) 

SEC c-1 Makes the contents of the C flag "1". 

SEI 1-1 Makes the contents of the I flag "1 •. 

SEM m-1 Makes the contents of them flag "1". 

SEP PSb-1 Set the specified bit of the processor status register's low-
er byte (PS,) to "1". 

STA M-Acc Stores the contents of the accumulator into the memory. 
(Note 1) 

STP Stops the osclllatlon of the oscillator. 

STX M-X Stores the contents of the Index register X Into the memory. 

STY M-Y Stores the contents of the index register Y Into the memory. 

TAD DPR-A Transmits the contents of the accumulator A to the direct 
page register. 

TAS S-A Transmits the contents of the accumulator A to the stack pointer. 

TAX X-A Transmits the contents of the accumulator A to the index 
register X. 

TAY Y-A Transmits the contents of the accumulator A to the index 
register Y. 

TBD DPR-B Transmits the contents of the accumulator B to the direct 
page register. 

TBS s-e Transmits the contents of the accumulator B to the stack 
pointer. 

TBX x-e Transmits the contents of the accumulator B to the Index 
register X. 

TBY Y-e Transmits the contents of the accumulator B to the index 
register Y. 

TOA A-DPR Transmits the contents of the direct page register to the 
accumulator A. 

TDB B-DPR Transmits the contents of the direct page register to the 
accumulator B. 

TSA A-S Transmits the contents of the stack pointer to the accumulator A. 

TSB e-s Transmits the contents of the stack pointer to the accumu-
lator B. 

TSX x-s Transmits the contents of the stack pointer to the Index 
register X. 

TXA A-X Transmits the contents of the index register X to the accu-
mulator A. 

TXB e-x Transmits the contents of the index register X to the accu-
mulator B. 

TXS s-x Transmits the contents of the Index register X to the stack 
pointer. 

TXY Y-X Transmits the contents of the index register X to the Index 
register Y. 

TVA A-Y Transmits the contents of the index register Y to the accu-
mulator A. 

TYB e-Y Transmits the contents of the Index register Y to the accu-
mulator B. 

TYX x-Y Transmlfs the contents of the index register Y to the index 
register X. 

WIT Stops the internal clock. 

XAB ~B Exchanges the contents of the accumulator A and the con-
tents of the accumulator B. 
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MELPS 7700 MACHINE 
INSTRUCTIONS 

Addressing mode 

IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n #op n # op n #op n # op n #op n # op n #op n # op n # op n # 

04 8 3 

38 2 1 

78 2 1 

RI 2 1 

E2 3 2 

85 4 2 95 5 2 92 7 2 81 7 2 91 7 2 

~ '421# 42 9 3 42 9 3 42 9 3 
85 95 92 81 91 

DB 3 1 

BB 4 2 96 5 2 

84 4 2 94 5 2 

58 2 1 

18 2 I 

AA 2 1 

AB 2 1 

42 4 2 
5B 

42 4 2 
IS 

42 4 2 
AA 

42 4 2 
AB 

7B 2 1 

42 4 2 
7B 

38 2 1 

~2 4 2 
38 

BA 2 I 

8A 2 1 

42 4 2 
8A 

SA 2 1 

98 2 1 

98 2 I 

42 4 2 
98 

BB 2 I 

8 3 I 

89 6 2 
28 



Addressing mode 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Processor status register 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 8 6 5 

~n#~n#~n#.nl•nl•nl•n#.n#.n#.n#.n#.n#.~1-n#.n#.n#.n#.n# R NVmxD I ZC 

oc 9 4 

8710 2 9711 2 SD 5 9D5 3995 38F6 49F7 

4212 3 42 13 3 42 7 427 4427 4428 5429 
87 97 SD 9D 99 SF 9F 

BE 5 

SC 5 

835 2938 2 

42 7 3 42 10 3 
83 93 

Specified flag be
comes "1". 

N • z • 

N • z 

N z 

N z 

N z 

N z 

N z 
N z 

N z 

N z 

N z 

N z . 
N z 

N z 

N z 

N z 
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Symbols in 
Symbol 

IMP 

IMM 

A 

DIR 

DIR, b 

DIR,X 

DIR, Y 

(DIR) 

(DIR,X) 

(DIR), Y 

L(DIR) 

L(DIR), Y 

ABS 

ABS, b 

ABS,X 

ABS,Y 

ABL 

ABL, X 

(ABS) 

L(ABS) 

(ABS, X) 

STK 

REL 

DIR, b, REL 

ABS,b,REL 

SR 

(SR), Y 

BLK 

c 
z 
I 

D 

x 

m 
v 
N 

IPL 

+ 
-

* 
/ 
/\ 
v 
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machine instructions table 
Description 

Implied addressing mode 

Immediate addressing mode 

Accumulator addressing mode 

Direct addressing mode 

Direct bit addressing mode 

Direct indexed X addressing mode 

Direct indexed Y addressing mode 

Direct indirect addressing mode 

Direct indexed X indirect addressing mode 

Direct indirect Indexed Y addressing mode 

Direct indirect long addressing mode 

Direct Indirect long indexed Y addressing mode 

Absolute addressing mode 

Absolute bit addressing mode 

Absolute indexed X addressing mode 

Absolute indexed Y addressing mode 

Ab.solute long addressing mode 

Absolute long Indexed X addressing mode 

Absolute indirect addressing mode 

Absolute Indirect long addressing mode 

Absolute Indexed X indirect addressing mode 

Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 

Absolute bit relative addressing mode 

Stack pointer relative addressing mode 

Stack pointer relative Indirect indexed Y addressing 
mode 

Block transfer addressing mode 

Carry flag 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 

Index register length selection flag 

Data length selection flag 

Overflow flag 

Negative flag 

Processor interrupt priority level 

Addition 

Subtraction 

Multiplicatlon 

Division 

Logical AND 

Logical OR 

MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

Symbol Description 

Ace 
AccH 
AccL 
A 

AH 

AL 

B 

BH 

BL 

x 
XH 

XL 
y 

YH 

YL 

s 
PC 

PCH 

PCL 

PG 

DT 

DPR 

DPRH 

DPRL 

PS 

PSH 

PSL 

PSb 
M(S) 

Exclusive OR 

Negation 

Movement to the arrow direction 

Accumulator 

Accumulatofs upper 8 bits 

Accumulatofs lower 8 bits 

Accumulator A 

Accumulator A's upper 8 bits 

Accumulator A's lower 8 bits 

Accumulator B 

Accumulator B's upper 8 bits 

Accumulator B's lower 8 bits 

Index register X 

Index register X's upper 8 bits 

Index register X's lower 8 bits 

Index register Y 

Index register Y's upper 8 bits 

Index r9gister Y's lower 8 bits 

Stack pointer 

Program counter 

Program counter's upper 8 bits 

Program counter's lower 8 bits 

Program bank register 

Data bank register 

Direct page register 

Direct page register's upper 8 bits 

Direct page register's lower 8 bits 

Processor status register 

Processor status register's upper 8 bits 

Processa status register's lower 8 bits 

Processor status register's b-th bit 

Contents of memory at address indicated by stack 
pointer 

b-th memory location 

Value of 24-bit address's Upper 8-bit (A23-A16 ) 

Value of 24-bit add.ress's middle 8-blt (A15-A8) 

Value of 24-bit address's lower 8-bit (A7-Ao) 
Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 MACHINE 
INSTRUCTIONS 

The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPRL =O. The number of cycles in the addressing mode concerning the DPR when DPRL *O must be incremented by 1. 
The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by 8YTE="H". 

Note 1 . The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 

Note 2. When setting flag m=O to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 

Note 3. The number of cycles increments by 2 when branching. 

Note 4. The operation code on the upper row is used for branching in the range of -128-+127, and the operation code on the lower row is used for 
branching in the range of -32768-+32767. 

Note 5. When handling 16-bit data with flag m=O. the byte in the table is incremented by 1. 

Note 6. 

A 8 x y DPR DT PG PS 
2 1 

The number of cycles corresponding to the register to be pushed are ·added. The number of cycles when no pushing is done is 12. i1 indicates 
the number of registers among A, 8, X, Y, DPR, and PS to be saved, while i2 indicates the number of registers among DT and PG to be saved. 

Note 7. 

Ty e of re ister A 8 x y DPR DT PS 
Number of c cles 4 3 

The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i1 indicates the 
number of registers among A, 8, X, Y, DT, and PS to be restored, while i2= 1 when DPR is to be restored. 

Note 8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

7+ (i/2) x 7+4 

Note that, ( il2) shows the integer part when i is divided by 2. 

Note 9. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

9+ (i/2) X7+5 

Note that, (i/2) shows the integer part when i is divided by 2. 

Note 10. The number of cycles is the case in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit+16-bit operation. 

Note 11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X16-bit operation. 

Note 12. When setting flag x=O to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 

Note 13. When flag m is 0, the byte in the table is incremented by 1. 
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MELPS 7700 INSTRUCTION 
CODE TABLE 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

INSTRUCTION CODE TABLE-1 

~~~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 

xadecimal 
notation 0 1 2 3 4 5 6 7 8 

ORA ORA SEB ORA ASL ORA 
0000 0 BRK PHP 

A,(DIR,X) A,SR DIR,b A,DIR DIR A,L(DIR) 

ORA ORA ORA CLB ORA ASL ORA 
0001 1 BPL CLC 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,b A,DIR,X DIR,X A,L(DIR!,'!j 

JSR AND JSR AND BBS AND ROL AND 
0010 2 PLP 

ABS A,(DIR,X) ABL A,SR DIR,b,R A,DIR DIR A,L(DIR) 

AND AND AND BBC AND ROL AND 
0011 3 BMI SEC 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,b,R A,DIR,X DIR,X A,L(DIR),~ 
EOR EOR EOR LSR EOR 

0100 4 RTI Note 1 MVP PHA 
A,(DIR,X) A,SR A,DIR DIR A,L(DIR) 

EOR EOR EOR EOR LSR EOR 
0101 5 BVC MVN CLI 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DIR!,'!j 

ADC ADC LDM ADC ROR ADC 
0110 6 RTS PER PLA 

A,(DIR,X) A,SR DIR A,DIR DIR A,L(DIR) 

ADC ADC ADC LDM ADC ROR ADC 
0111 7 BVS SEI 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,X A,L(DIR),Y 

BRA STA BRA STA STY STA STX STA 
1000 8 DEY 

REL A,(DIR,X) REL A,SR DIR A,DIR DIR A,L(DIR) 

STA STA STA STY SIA STX STA 
1001 9 BCC TYA 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,Y A,L(DIR),Y 

LOY LOA LOX LOA LOY LOA LOX LOA 
1010 A TAY 

IMM A,(DIR,X) IMM A,SR DIR A,DIR DIR A,L(DIR) 

LOA LOA LOA LOY LOA LOX LOA 
1011 B BCS CLV 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,Y A,L(DIR),Y 

CPY CMP CLP CMP CPY CMP DEC CMP 
1100 c INY 

IMM A,(DIR,X) IMM A,SR DIR A,DIR DIR A,L(DIR) 

CMP CMP CMP CMP DEC CMP 
1101 D BNE PEI CLM 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DIR),Y 

CPX SBC SEP SBC CPX SBC INC SBC 
1110 E INX 

IMM A,(DIR,X) IMM A,SR DIR A,DIR DIR A,L(DIR) 

SBC SBC SBC SBC INC SBC 
1111 F BEQ PEA SEM 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X OIR,X A,L(DIR),Y 

Note 1 : 4216 specifies the contents of the INSTRUCTION CODE TABLE-2. 
About the second word's codes, refer to the INSTRUCTION CODE TABLE-2. 

2 : 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word's codes, refer to the INSTRUCTION CODE TABLE-2. 
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1001 1010 1011 1100 1101 1110 1111 

9 A B c D E F 

ORA ASL SEB ORA ASL ORA 
PHO 

A,IMM A ABS,b A,ABS ABS A,ABL 

ORA DEC CLB ORA ASL ORA 
TAS 

A,ABS,Y A ABS,b A,ABS,X ABS,X A,ABL,X 

AND ROL BBS AND ROL AND 
PLO 

A,IMM A ABS,b,R A,ABS ABS A,ABL 

AND INC BBC AND ROL AND 
TSA 

A,ABS,Y A ABS,b,R A,ABS,X ABS,X A,ABL,X 

EOR LSR JMP EOR LSR EOR 
PHG 

A,IMM A ABS A,ABS ABS A,ABL 

EOR JMP EOR LSR EOR 
PHY TAD 

A,ABS,Y ABL A,ABS,X ABS,X A,ABL,X 

ADC ROR JMP ADC ROR ADC 
RTL 

A,IMM A (ABS) A,ABS ABS A,ABL 

ADC JMP ADC ROR ADC 
PLY TOA 

A,ABS,Y (ABS,X) A,ABS,X ABS,X A,ABL,X 

STY STA STX STA 
Note 2 TXA PHT 

ABS A,ABS ABS A,ABL 
STA LDM STA LDM STA 

TXS TXY 
A,ABS,Y ABS A,ABS,X ABS,X A,ABL,X 

LOA LOY LOA LOX LOA 
TAX PLT 

A,IMM ABS A,ABS ABS A,ABL 

LOA LOY LOA LOX LOA 
TSX TYX 

A,ABS,Y ABS,X A,ABS,X ABS,Y A,ABL,X 

CMP CPY CMP DEC CMP 
DEX WIT 

A,IMM ABS A,ABS ABS A,ABL 

CMP JMP CMP DEC CMP 
PHX STP 

A,ABS,Y L(ABS) A,ABS,X ABS,X A,ABL,X 

SBC CPX SBC INC SBC 
NOP PSH 

A,IMM ABS A,ABS ABS A,ABL 

SBC JSR SBC INC SBC 
PLX PUL 

A,ABS,Y (ABS,X) A,ABS,X ABS,X A,ABL,X 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 INSTRUCTION 
CODE TABLE 

SINGLE-CHIP 16-B.IT CMOS MICROCOMPUTER 

INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is 4216) 

~o,-~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

xadecimal 0 1 2 3 4 5 6 7 8 9 A B c D E F notation 

ORA ORA ORA ORA ORA ASL ORA ORA 
0000 0 

8,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

ORA ORA ORA ORA ORA ORA DEC ORA ORA 
0001 1 TBS 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X 8,L(DIR),Y B,ABS,Y B B,ABS,X B,ABL,X 

AND . AND AND AND AND AOL AND AND 
0010 2 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

AND AND AND AND AND AND INC AND AND 
0011 3 TSB 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,L(DIR),V B,ABS,Y B B,ABS,X B,ABL,X 

EOR EOR EOR EOR EOR LSR EOR EOR 
0100 4 PHB 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

EOR EOR EOR EOR EOR EOR EOR EOR 
0101 5 TBD 

8,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X 8,L(DIR),V B,ABS,Y B,ABS,X B,ABL,X 

ADC ADC ADC ADC ADC ROA ADC ADC 
0110 6 PLB 

8,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

ADC ADC ADC ADC ADC ADC ADC ADC 
0111 7 TDB 

8,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,L(DIR),V B,ABS,Y B,ABS,X B,ABL,X 

STA STA STA STA STA STA 
1000 8 TXB 

8,(DIR,X) B,SR B,DIR B,L(DIR) B,ABS B,ABL 

STA STA STA STA STA STA STA STA 
1001 9 TYB 

B,(DIR),Y B,(DIR) B,(SR),Y B,OIR,X 8,L(DIR),V B,ABS,Y B,ABS,X B,ABL,X 

LDA LOA LDA LDA LDA LOA LOA 
1010 A TBY TBX 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B,ABS B,ABL 

LDA LDA LOA LOA LDA LDA LDA LDA 
1011 B 

8,(DIR),Y B,(DIR) B,(SR),Y B,OIR,X B,L(DIR),Y B,ABS,Y B,ABS,X B,ABL,X 

CMP CMP CMP CMP CMP CMP CMP 
1100 c 

8,(DIR,X) B,SR B,DIR 8,L(DIR) B,IMM B,ABS B,ABL 

CMP CMP CMP CMP CMP CMP CMP CMP 
1101 D 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B,L(DIR),'1 B,ABS,Y B,ABS,X B,ABL,X 

SBC SBC SBC SBC SBC SBC SBC 
1110 E 

8,(DIR,X) B,SR B,OIR 8,L(DIR) B,IMM B,ABS B,ABL 

SBC SBC SBC SBC SBC SBC SBC SBC 
1111 F 

8,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X 8,L(DIR),V B,ABS,Y B,ABS,X B,ABL,X 

4-61 



MITSUBISHI MICROCOMPUTERS 

MELPS 7700 INSTRUCTION 
CODE TABLE 

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 

INSTRUCTION CODE TABLE-3 (The first word's code of each instruction is 8916) 

~~~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

xadecimal 
0 1 2 3 4 5 6 7 8 9 A B c D E F notation 

MPY MPY MPY MPY MPY MPY MPY 
0000 0 

(DIR,X) SR DIR L(DIR) IMM ABS ABL 

MPY MPY MPY MPY MPY MPY MPY MPY 
0001 1 

(DIR),Y (DIR) (SR),Y DIR,X L(DIR),Y ABS,Y ABS,X ABL,X 

DIV DIV DIV DIV DIV DIV DIV 
0010 2 XAB 

(DIR,X) SR DIR L(DIR) IMM ABS ABL 

DIV DIV DIV DIV DIV DIV DIV DIV 
0011 3 

(DIR),Y (DIR) (SR),Y DIR,X L(DIR),Y ABS,Y ABS,X ABL,X 

RLA 
0100 4 

IMM 

0101 5 

0110 6 

0111 7 

1000 8 

-

1001 9 

1010 A 
I 

1011 B 

LDT 
1100 c 

IMM 

1101 D 

1110 E 

1111 F 
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PRECAUTIONS 
This chapter describes PRECAUTIONS abcut the single-chip 
16-bit microcomputers MELPS 7700. 
These precautions are intended for each group which is 
printed in this book(refer to Figure 1 ). 

MELPS 7700 -- 7700 series 

Fig. 1 7700 series 

M37702 group 

M37703 group 

M37704 group 

M37705 group 

M3770B group 

M3771 O group 

M37720 group 

M37730 group 

M37732 group 
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PRECAUTIONS 

1. NOTES ON SOFTWARE 
•Notes on using instructions 
When programming to the MELPS 7700, the remark de
scribed below applies when any of the instructions of the 
Table 2 is at the most - significant address of the bank or is 
spread over the bank boundary. 

Table 2 Instructions needing notes 

Instruction Addressing mode Bytes 

RTS Implied 1 

JMP Absolute 3 

Absolute Indirect 3 

Absolute Indirect Long 3 

Absolute Indexed x Indirect 3 

JSR Absolute 3 

Absolute Indexed x Indirect 3 

[Note] 
When any of the above instructions, which do not set the pro
gram bank register (PG), is at the most - significant address of 
the bank or is spread over the bank boundary, the content of 
the program bank register (PG) is automatically incremented 
by 1 when a carry is generated by incrementing of the pro
gram counter's (PC) content. 
An example where the JMP absolute instruction is placed at 
the most - significant address of a bank is shown in the Figure 
2. 

Absolute 

ex. Mnemonic 
JMP OAC14H 

Machine Code 
4C16141eAC1e 

Memory 

@Q]ooooio 

,___ ____ _, (I9]AC1416 

Op Code(4C16) 

Operand(141s) The contents of PG ~__j 

Bank boundary • • ~~~r:~dJ~~:..6~.. !£§]FFFFi 6 , J 

Timing 

IJJGf'lJ 

The content ol PG is incremented by 1 

Bank PG 

:~:~~~dt~~~ :::::::;:::::::<:<:>/::: ~AC1415 
Program bank register contents 
are affected 

;sanM.PG+1 
R1W:c1'u: 'H"---------------

Fig. 2 Example where the JMP absolute instruction is placed at the most - significant address of a bank 

• MITSUBISHI 
"ELECTRIC 
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•The influence of the m and x flags when source and destination start addresses can be set into the 
X and Y registers. The bank will be incremented or decremented 
in accordance with the transfer, so there is no need to be 
conscious of the bank boundaries. 

MVN/MVP instructions are executed 
The block transfer instructions (MVN and MVP) are affected 
by the m and x flags, and care must be taken regarding the 
status of these flags when block transfer instructions are ex
ecuted. The influence of them and x flags when block transfer 
instructions are executed are described below. 

·When x = 1 : 
The values (016 to FF16) to be used as the transfer source 
and destination start addresses can be set into the lower 
byte of the X and Y registers. However, when the transfer 
will cross the FF16 and 0016 address boundaries, you must 
pay attention to the transfer region, and for this reason we 
recommend that you use the block transfer instruction with 
x = 0 (operation of the block transfer instruction with x = 1 
and the situation above is shown in the Figure 3). 

em flag ····-·······Affects the number of bytes transferred (the 
transfer units are not affected by the m flag). 

•When m = o: 
The maximum number of bytes that can be transferred is 
65535. 

•When m = 1 : 
The Figure 3 indicates the operation of the MVN and MVP 
transfer instructions when x = 1, and the transfer crosses the 
boundary of XXFF16 and XX0016. 

The maximum number of bytes that can be transferred is 
255. 

ex flag .. Affects transfer source and destination addresses. 
·When x = o: 

The same transfer operation (address change) is performed 
on both the transfer source and the transfer destination, so 
here we only illustrate the transfer source transfer operation. The values (016 to FFFF16) to be used as the transfer 

• MVN instruction (transfer with x = 1) 

When the transfer start address is an even address· 

SS-1 . FFFFl6 ,_ 
SS. 000016 

SS 000116 

SS. 000216 

SS· 00031& 

1Transfer direction u SS OOFC•6 

SS OOF016 

SS· OOFE16 

SS OOFF>6 

SS 0100•6 

SS. 010116 

/-
Transfer source bank 

1 Jr~n:2fsir !Jni] 

/ 
~ (n+2)th transfer 

:=J (n+3)th transfer 

:=Jn th tra11ster 

:J (n+ 1 )th transfer 

• MVP instruction (transfer with x = 1) 

When the transfer start address is an even address: 

I ' --1 SS-2 FFFF15 
SS-1 : 000015 

SS-1 :000115 

Transfer direction 

,_I SS-1 · OOF015 ~ (n+2)th transfer 
SS-1 :OOFE>6 

SS-1 :OOFF>6 

'--r : FFFF16 :J (n+1 )th transfer 
SS 000016 

SS 000116 :Jn th transfer 
SS 000216 

When the transfer start address 1s an odd address: 

SS-I · FFFF16 

SS 0000•6 

I -1 SS 0001•6 
I SS 0002'6 

: SS 000316 

I SS 0004'6 

~ (n+2)th transfer 

=i {n+3)th transfer 

[' '"''j'~;":::: ~ ~"" "'""" 
: ss ooFF·.s ~Im~~~'.?~ ~(n+i}th transfer 

· - - SS 0100·6 ~'''''''''''''';';':'' 
SS 0101 '6 

M@J~}N~ The shaded area indicates the transfer region 

When the transfer start address 1s an odd address: 

I SS-2 FFFF·6 '· --t SS-I 
.. 

0000•6 

SS-I 000116 

Transfer direction 

,_I SS-I OOF016 

SS-I OOFE16 

SS-I oom6 
~ (n+2)th transfer 

SS-1 FFFF•6 

SS 0000:6 

SS 0001 •6 
==1(n+1 )th transfer '· --1 

SS 0002·6 ==1 n th transfer 

U~@mW~ The shaded area indicates the transfer region. 

Fig. 3 The operation of the MVN and MVP transfer instructions when x =1, and the transfer crosses the boundary of 

XXFF1s and XX001s 
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PRECAUTIONS 

2. NOTES ON TIMER A 
•One - shot pulse mode and PWM mode 
Take note of the following when using timer Ai (i = Oto 4 ) of 
the MELPS 7700 (timer Aj (j = 2 to 4) on the M37720S1 AFP) 
with the one - shot pulse or pulse width modulation mode 
(here after PWM) , and when using the timer Ai (or Aj) inter
rupts or interrupt request bit. 

[Note] 
After switching between the modes listed below, the interrupt 
request bit becomes "1 ". Therefore, clear the interrupt re
quest bit to "O" after switching modes. 

•From timer mode to one - shot pulse mode 
•From timer mode to PWM mode 
•From event counter mode to one - shot pulse mode 
•From event counter mode to PWM mode 

The Figure 4 shows an example of the register settings relat
ing to switching from timer or event counter mode to one -
shot pulse mode. 

Set timer Ai mode regisler 
•Set the operating mode selection b11s(bit1,0) to' 10" 
eSetbit2to"1" 
e Select trigger occurrence factor 
• Set bit 5 to "O" 
•Select count source 

Selecting exlernal trigger 

Set timer Ai interrupt control regisler 
•Clear the interrupt request bit(bit3) to "O" 
e Set interrupt priority level 

Set ou1put pulse width 
•Set value to the timer Ai register 

(Interrupt nabled ) 

Selecting internal trigger 

Set the port direction register 
•Set the corresponding bit to TAi,:-.: pm to "O" 

( Set the count ~tart flag to "1" ) 

( Set the count ~tart flag to "1" ) 

Writing "1" to the one-shot start flag 

!Effective edge input to TAi1N pin I 
Trigger l generated. 

Count starts. 

Trigger l generated. 

Count starts. 

Fig.4 Example of the register settings relating to switching from timer or event counter mode to one - shot pulse mode 

6 MITSUBISHI 
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•Timer A two - phase pulse signal processing 
bits 

Use LDM or STA instruction to write to timers A4 to A2 two -
phase pulse signal processing bits (bit 7 to bit 5 of address 
4416) . Do not use SEB or CLB instruction. 
It is possible to use SEB or CLB instruction to write to timers 
A4 to AO up - down flags (bit 4 to bit O of address 4416). When 
SEB or CLB instruction is used timers A4 to AO up - down 
flags, the contents of bit 7 to bit 5 do not change. 

•How to write timers A4 to A2 two - phase signal pro
cessing bits 

a. Use LDM instruction when all bits of address 4416 are 
known. 
(ex.) LDM #011000008, 44H ; Set bit 7 to "O". Set bit 6 

and bit 5 to "1 ''. 

b~ Use STA instruction when all bits of address 4416 are not 
known. 
(ex.) LDM A, 

ORA A, 
AND A, 
STA A, 

44H 

#001000008 
#011111118 
44H 

; The contents of ad dress 
4416 are read. 

; Set bit 5 to "1". 
; Clear bit 7 to "O". 
; Write to address 4416. 

3.NOTES ON A-D CONVERTER 
•setting of unused pins 
Connect the AVcc pin to Vee when it is not used. 
Figure 6 shows the setting example of unused pins with the 
M37702 group. 

7 

MITSUBISHI MICROCOMPUTERS 

PRECAUTIONS 

0 

Up· down flags : address 4416 

~~~Timers A4 to AO up - down flags 

It is possible to use SEB or CLB instruction. 
When SEB or CLB instruction is used 
timers A4 to AO up - down flags, the 
contents of bit 7 to bit 5 do not change. 

~~----Timers A4 to A2 two - phase pulse 
signal processing bits 

Do not use SEB or CLB instruction. 

Fig.5 Up - down flags 

(1) Single-chip mode (2) Memory expansion and microprocessor mode 

Ports P4a;cp47, 
#5'.'.:pg 

(Input mode) 

. IN9W2J~HE 

.• • ~ (Ni:i~ \~~~~ 
'-'J (Note 4JXi:iifr ·"4:.:: ::. ·: .. . i. ? 

&r Hotb 
·:·:<Fiov 

·····< ;\ycic;·,__ __ ~ 
.··· .Avss i-----
•·•:· VREFI------

v~ v~ 

Note 1. When external clock is input to XIN pin. Note 2. When 8YTE="H". 
Note 3. When BYTE="H" and address space is 64K bytes. 
Note 4. When external clock is input to XIN pin. 

Flg.6 Setting example of unused pins with M37702 group 
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4. NOTES ON SERIAL 1/0 
•Clock synchronous serial 1/0 (selecting ex-

ternal clock) 
In case using external input clock for the clock synchronous 
serial 1/0 and start transmitting/receiving from halt state, per
form the following CD, @setting for starting transmitting/receiv
ing when the external input clock is at "H" level. 
However, when setting the next data to transmit data continu
ously, it is impossible that the external input clock is al "H" or 
"L" level. 

Q) Set the UARTi transmit/receive control register 1 
•Transmit enable bit 

Set the bit o to "1 ". 
•Receive enable bit 

Set the bit 2 to "1 ". 

@ UARTi transmission buffer register 
Set transmit data in UARTi transmission buffer register. 

Receive "1" 
enable bit ''O" 

MITSUBISHI MICROCOMPUTERS 

PRECAUTIONS 

[Note 1 ] 
In case the transmitting/receiving starts when the external in
put clock through the CLKi pin is at "L" level by noises and so 
on, the following may occurs. 
Be sure that noises do not generate on the external clock line. 

·Transmitting 
The transmission register empty flag (which is the bit 3 in 
the UARTi transmit/receive control register 0) would be 
set to "1" before the external clock is input 8 limes. 
Accordingly, the transmit operation completes under the 
condition which is that all data (8 bits) is not transmitted. 
When transmitting continuously, all data is not transmitted 
and the next contents of the UARTi transmission buffer 
register is transferred to the UARTi transmission register. 
Accordingly, some bits of the next data are transmitted 
with left clocks which were for transmitting the last data. 

·Receiving 
The receive completion flag ( which is the bit 3 in the 
UARTi transmit/receive control register 1) and the inter
rupt request bit ( which is the bit 3 in the UARTi receive 
interrupt control register) are not set to "1 "when the exter
nal clock is input 8 times or more. 
Accordingly, the receive operation does not complete and 
correct data cannot be read. 

When noises easily generate, it is possible to detect the er
rors at transmitting/receiving by the program example shown 
in the Figure 8. 

"1" ;..I----------------------
Transmit _J 

enable bit .. 0 .. 

I 
Transmission "1"LJ_J 
buffer empty 

flag "O" 
I I 

~-w 
CLK; 

Rx Di 

Receive "1" 

Write dummy data in UARTi i transmission buffer register. 

~--------K UART1 transm1ss1on register 
._._ UARTi transmission buffer register 

LJ 

completion flag "O"-------------~ 

Read UARTi receive v buffer register. 

Conditions : External clock is selected as synchronous clock. Fi : External clock frequency 
RTS function is selected. 

Fig. 7 Clock synchronous serial 1/0 liming diagram al receiving (selecting external clock) 
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Select serial 1/0 
(Bits 2-0 of UARTi transmit/receive 
mode register) 
Set transmit/receive 
(UARTi transmit/receive control 
register 1) 

Disable serial 1/0 
(Bits 2-0 of UARTi transmit/receive 
mode register) 
Disable transmit/receive 
(Bits 0 and 2 of UARTi 
transmit/receive control register 1) 

MITSUBISHI MICROCOMPUTERS 

PRECAUTIONS 

Disable serial 1/0 
(Bits 2-0 of UARTi transmit/receive 
mode register) 
Disable transmit/receive 
(Bits 0 and 2 of UARTi 
transmit/receive control register 1) 

Note 1. Judge with the receive completion flag (which is the bit 3 in the UARTi transmit/receive 
control register 1) 

Note 2. Calculate the time with timers in which the transmit/receive should be completed. 
If the transmit/receive does not complete within this time, perform transmit/receive 
again. 

Fig. 8 Program example for detecting errors 
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5. NOTES ON INTERRUPTS 
•Setting of each interrupt control register 
Use the SEB and CLB instructions for setting each interrupt 
control register. 

•Changing the interrupt priority level 
It is necessary for rewriting the interrupt priority level selection 
bit (Note 1) to take 1 to 4 cycles after executing the instruction 
for it. The number of cycles for rewriting are different with the 
interrupt priority detection time (Note 2). 
Note 1. Selects the interrupt priority level with bit 2 to of each 

interrupt control register. 
Note 2. Selects the interrupt priority level detection time with 

the bits 5, 4 of the processor mode register. 

[Note] 
Time enough for changing the interrupt priority level shall be 
taken in case of changing the interrupt priority level of the 
same interrupt sources in a short execution time among a few 
instructions. Therefore, program as the Figure 9. 
Select 2 cycles for the interrupt priority level detection time as 
much as possible. 

SEB ; rewrite the interrupt priority level selection bit 
(level o -+-1 to 7) 

; add NOP or instructions which have same cycles 
of NOP (except SEB and CLB) (Note.3) 

CLB ; rewrite the interrupt priority level selection bit 
(level 1 to 7-+-0) 

Note.3 The number of instructions are different with 
the interrupt priority detection time 

The number of added instructions 

The interrupt priority The number of added 
detection time instructions 

2 cycles 1 

4 cycles 2 

7 cycles 4 

Fig. 9 Program example 

MITSUBISHI MICROCOMPUTERS 
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• 1NTi Interrupt (selecting level sense mode) 
When the INT1 interrupt is used in level sense, the INT; inter
rupt request bit's function is not available. 

[Note 1 ] 
The interrupt request is not retained when changing from 
valid level to invalid level if the interrupt request is not ac
cepted during valid level. Figure 1 O shows the INT; interrupt 
during level sense mode. 

"1" 
Interrupt (disable)l i----

disable flag I .. 0.. L_J 

INT1 pin level 

(enable) ' : 

Valid 

Invalid 

This interrupt request is not retained, 
because INTI pin returns to invalid level 
before accepting the interrupt request. 

Fig. 10 iNfi interrupt during level sense mode 

(Note 2] 
If the level of the iNT1 pin is valid (did not change from valid 
level to invalid level) when returning to the original routine af
ter processing an interrupt, INf; interrupt is occurred as shown 
in Figure 11. 

(Note 3] 
To change the IN·f, interrupt from level sense to edge sense, 
set the fNfi interrupt control register in the sequence bellow : 

(1) Disable INti interrupt (set the interrupt priority level to level 
0.) 

(?) Select edge sense (set the Level sense/Edge sense se
lection bit to "O".) 

@Clear the interrupt request bit to "O". 
@ Enable the accepting of fNT1 interrupt request (set the in

terrupt priority level to level 1-7.) 

• MITSUBISHI 
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Interrupt request is accepted. 

/i~ Return to main routine 

INTi pin level 

Fig. 11 Repeating INT; interrupt (level sense mode) 
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MELPS 7700 MASK ROM 
ORDERING METHOD 

MASK ROM ORDERING METHOD 
Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROMs in single-chip 

16-bit microcomputers. When placing such order, please 
submit the information described below. 

1 . Mask ROM Order Confirmation Form··················· 1 set 
(There is a specific form to be used for each model.) 

2. Data to be written into mask ROM·················· EPROM 
(Please provide three sets containing the identical 
data.) 

3. Mark Specification Form · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 1 set 

NOTES 
(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Mask ROM Order Confirmation Form may 

be used. 
(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 

of data EPROMs provided. 

Example: 

M37702 
M2 
AXXXFP 

Label 

M37702 
M2 
AXXXFP 

@ 

M37702 
M2 
AXXXFP 

© 

Type 

Identification 
code for each 
of three sets 

(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade

cimal form in the check sum code field of the Mask 
ROM Order Confirmation Form. 

(4) Options 
Refer to the appropriate data book entry and write the 

desired options on the Mask ROM Order Confirmation 

Form. 
(5) Marking specification method 

The permissible marking specifications differ depend

ing on the shape of package. Please fill out the Mark
ing Specification Form and attach it to the Mask ROM 

Order Confirmation Form. 

OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce the mask ROM if at 
least two of the three EPROM sets submitted contain iden

tical data. 
If we find error when the submitted EPROMs are com
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce the mask 
ROMs that contain data other than the data correctly pro

vided by the customer. 
Mitsubishi Electric corp. uses an automatic mask ROM de
sign program to generated the forlling: 

1 : Drafting data for mask ROM production; 
2 : ROM code listing or EPROM for mask ROM produc

tion error check work; 
3 : Mask ROM test program. 

The chart below shows the flow of mask ROM production. 

MELPS 7700 MASK ROM DEVELOPMENT CAD SYSTEM 
From customer Mitsubishi Electric corp. 

Confirmation 
form 

Object program 
generation 

1----------~ 
EPROM 
(3 sets) 

TL8..I 

NO 

NO 

Mask ROM 

Order make 

hec 

Acceptance 

Mask drafting data 

ask 
manufacturing 

rocess 

Mask ROM 
manufacturing1-<-------l 

_process 

•Wafer test 

•Final test 

•OA test 
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MELPS 7700 MASK ROM 
ORDERING METHOD 

GZZ-SH07-25A < 33AO > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M37710M4BXXXFP 
MITSUBISHI ELECTRIC 

Company 
TEL 

name 

I Mask ROM number I 

Date: 

Section head Supervisor 
c. sl_g_nature s~ature 
.iii 
0 
()) 

a: 

Note : Please fill in all items marked* 
Responsible Supervisor officer 

()) UJ 
o e 
c: :::> 

* 
( ) 

Customer "'1il :::> c: 

Date 
:g Ol 

Date: - ·en 
issued 

* 1 • Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con
tained in the EPROMs submitted. 

Checksum code for entire EPROM areas! .... -~-~-_.._-~ (hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

* 3. 

27512 

0000 

m"" .............. 80001 

DATA 32K 

~---~FFFFJ 

STP instruction option 

(2) Address 016 to 1016 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
40 
34 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

Address Address 
42 8 I Option data I 10 
FF 9 
FF A 
FF B 
FF c 
FF D 
FF E 
FF F 

One of the following sets of data should be written to the option data address ( 1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 

0 STP instruction enable I 01,e 

0 STP instruction disable [ 0016 

Mark specification 

Address 1016 

Address 101 e 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37710M4BXXXFP) and attach to the Mask ROM Order Con
firmation Form. * 4 . Comments 

6-4 • MITSUBISHI 
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MELPS 7700 MASK ROM 
ORDERING METHOD 

GZZ-SH07-82A< 38AO > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M3771 OM8BXXXFP 
MITSUBISHI ELECTRIC 

Company 
TEL 

name 

I Mask ROM number I 

Date: 

Section head Supervisor 

a. sl9_!1ature slfi_nature 
·a; 
() 
Q) 

a: 

Note : Please fill in all items marked* 
Responsible Supervisor officer 

Q) UJ 
() ~ 
c: :J ( ) 

Customer m-
:J"' * UJ c: 

Date UJ Cl 

Date: -·c;; 
issued 

* 1 . Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con
tained in the EPROMs submitted. 

Checksum code for entire EPROM areas ~I-~-~-~-~ (hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

* 3. 

* 4. 

27512 

0000 

~ 
0010 

1000 l 
DATA BOK 

FFFFJ 

STP instruction option 

(2) Address 016 to 1016 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
40 
38 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

Address Address 
42 8 I Option data I 10 
FF 9 
FF A 
FF B 
FF c 
FF D 
FF E 
FF F 

One of the following sets of data should be written to the option data address ( 1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 

0 STP instruction enable I 01,e 

0 STP instruction disable I 001e 

Mark specification 

Address 1016 

Address 1016 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37710M8BXXXFP) and attach to the Mask ROM Order Con
firmation Form. 
Comments 

• MITSUBISHI 
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MELPS 7700 MASK ROM 
ORDERING METHOD 

GZZ-SH07-83A < 38AO > 

MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M3771 OMSLXXXHP 
MITSUBISHI ELECTRIC 

TEL 
Company 
name 

I Mask ROM number I 

Date: 

Section head Supervisor 

c. sl.9._nature sj_g_nature 
'Qi 
(,) 
Q) 
a: 

Note : Please fill in all items marked* 

Responsible Supervisor 
"' officer 

Q) Q) 

"~ c ::;J 

* 
( ) 

Customer "'1ii ::;Jc 

Date ~-~ 
Date: - "' 

issued 

* 1 . Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con
tained in the EPROMs submitted. 

Checksum code for entire EPROM areas I 
~~~~~~~~ 

(hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

* 3. 

* 4. 

6-6 

27512 

0000 

~ 
0010 

V,_ -- -- -- _/.'.1 
1000 l 

DATA 60K 

FFFF J 
STP instruction option 

(2) Address 016 to 1016 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
40 
38 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

Address Address 
4C 8 I Option data I 1 0 
FF 9 
FF A 
FF B 
FF c 
FF D 
FF E 
FF F 

One of the following sets of data should be written to the option data address ( 1016 ) of the EPROM you have 
ordered. Check @ in the appropriate box. 

0 STP instruction enable I 011a 

0 STP instruction disable I 001a 

Mark specification 

Address 1016 

Address 1015 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M3771 OM8LXXXHP) and attach to the Mask ROM Order Con
firmation Form. 
Comments 

~~HI 
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MELPS 7700 PROM ORDERING METHOD 

PROM ORDERING METHOD 
Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the one time PROMs in single
chip 16-bit microcomputers. When placing such order, 
please submit the information described below. 

1 . Writing to PROM Order Confirmation Form· ........ ·· 1 set 

(There is a specific form to be used for each model.) 
2. Data to be written into PROM built in ............. · EPROM 

(Please provide three sets containing the identical 
data.) 

3 . Mark Specification Form .................................... 1 set 

NOTES 
(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi Electric corp. that is 

listed in the Writing to PROM Order Confirmation Form 
may be used. 

Example: Label 

M37702 M37702 M37702 
E2 E2 E2 Type 

AXXXFP AXXXFP AXXXFP 

@ c Identification 
code for each 
of th<ee sets 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 

of data EPROMs provided. 
(3) Calculation and indication of check sum code 

Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade

cimal form in the check sum code field of the Writing 
to PROM Order Confirmation Form. 

(4) Marking specification method 
The permissible marking specifications differ depend
ing on the shape of package. Please fill out the Mark
ing Specification Form and attach it to the Writing to 
PROM Order Confirmation Form. 

OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce Writing to PROM if at 

least two of the three EPROM sets submitted contain iden
tical data. 
If we find error when the submitted EPROMs are com
pared, we will contact your representative. ihus, we 
assume responsibility only when we produce Writing to 
PROMs that contain data other than the data correctly pro

vided by the customer. 
The chart below shows the flow of one time PROM produc
tion. 

MELPS 7700 ONE TIME PROM DEVELOPMENT CAD SYSTEM 

From customer Mitsubishi Electric corp. 

Confirmatio 
f--~~~~~~~~~-

f or m 

EPROM 
Object (3 sets) 

generation . ~ 
program i:_ rc=;J 

-~~~~--~~+-~~~~~~ 

'0=1~ 
I 

Acceptance 

•Writing to 
PROM 

•Final test 
•Screening 
•QA test 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 

GZZ-SH06-38A < 28AO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M3771 OE4BXXXFP 
MITSUBISHI ELECTRIC 

Company 
TEL 

name 

ROM number 

Date: 

Section head Supervisor 
c. s_i_g_nature s_i_g_nature 
·a; 
(.) 
Q) 

er: 

Note: Please fill in all items marked* 
Responsible Supervisor 

Q) "' 
officer 

'-' e c: :;J ( ) 
Customer o:1-

:;J"' 
"'c: 

Date "' O> 
Date: 

-·0 
issued 

* 1 . Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 

Checksum code for entire EPROM areas .... I _ _._ _ _._ _ _._ _ _. (hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

27512 

0000 

R 
OOOF 

····~~ 
80001 

DATA 32K 

FFFFJ 

Mark specification 

(2) Address 016 to OF16 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
45 
34 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

42 
FF 
FF 
FF 
FF 
FF 
FF 
FF 

Address 
8 
9 
A 
B 
c 
D 
E 
F 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37710E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. * 3 • Comments 

6-8 • MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 

GZZ-SH07-80A < 38AO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M3771 OESBXXXFP 
MITSUBISHI ELECTRIC 

TEL 
Company 
name 

ROM number 

Date: 

Section head Supervisor 
a. sls!lature s_!anature 
·a; 

" " a: 

Note: Please fill in all items marked* 
Responsible Supervisor officer 

~ ~ 
c:"' ( ) 

Customer "'-"'"' en c: 
Date en O> 

Date: -·w 
issued 

* 1 . Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 

Checksum code for entire EPROM areas !.__ _ _._ _ _._ _ ___.__~ (hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

27512 

0000 

~::::l 
DATA 60K 

~-~FFFFJ 
Mark specification 

(2) Address 016 to OF16 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
45 
38 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

42 
FF 
FF 
FF 
FF 
FF 
FF 
FF 

Address 
8 
9 
A 
B 
c 
D 
E 
F 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37710E8BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

MELPS 7700 PROM ORDERING METHOD 

GZZ-SH07-81A< 38AO > 

MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 

M3771 OEBLXXXHP 
MITSUBISHI ELECTRIC 

Company 
TEL 

name 

ROM number 

Date: 
Section head Supervisor 

15. slg_nature s.!i_nature 
"iii 
0 
Ql 
a: 

Note : Please fill in all items marked* 
Responsible Supervisor officer 

Ql Cl) 

0 ~ 
c :J ( ) 

Customer 
.,_ 
:J "' Cl) c 

Date Cl)"' 

Date: -·u; 
issued 

* 1 . Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 

Checksum code for entire EPROM areas I 
~-~-~-~~ 

(hexadecimal notation) 

EPROM Type: 
(1) Set "FF16" in the shaded area. 

* 2. 

27512 

0000 

~=:1 
DATA 60K 

~----FFFF J 
Mark specification 

(2) Address 016 to OF16 are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

40 
33 
37 
37 
31 
30 
45 
38 

Address 
0 
1 
2 
3 
4 
5 
6 
7 

4C 
FF 
FF 
FF 
FF 
FF 
FF 
FF 

Address 
8 
9 
A 
B 
c 
D 
E 
F 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37710E8LXXXHP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3 . Comments 

6-10 • MITSUBISHI 
;...ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

MARK SPECIFICATION FORM 
Mark specification format differs depending on the pack

age type. 

Fill out the Mark Specification Form for the package type 
being ordered, and submit the form with the Mask ROM 

Confirmation Form. 

6-11 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

80P6N (80-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 

A. Standard Mitsubishi Mark 

Mitsubishi product 
number 

(6-digit, or 7-digit) 

- - - - - - Mitsubishi IC catalog name 

B. Customer's Parts Number+ Mitsubishi IC Catalog Name 

C. Special Mark Required 

6-12 

r - -Customer's Parts Number 
___ J Note : The fonts and size of characters are standard Mitsu-

bishi type. 

-- - Mitsubishi IC catalog name 
Note1 : The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsu
bishi type. 

3: Customer's parts number can be up to 14 alpha
numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4: If the Mitsubishi logo J.. is not required, check the 
box below. 

J..Mitsubishi logo is not required 

D 
Note1 : If special mark is to be printed, indicate the desired 

layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit
subishi product number (6-digit, or 7-digit) and 
Mask ROM number (3-digit) are always marked for 
sorting the products. 

2 : If special character fonts (e.g., customer's trade 
mark logo) must be used in Special Mark, check 
the box below. 
For the new special character fonts, a clean font ori
ginal (ideally logo drawing) must be submitted. 

• MITSUBISHI 
~ELECTRIC 

Special character fonts required 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

80P6S (80-PIN QFP) MARK SPECIFICATION FORM 
80P6D (80-PIN Fine-pitch QFP) 

Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 

A. Standard Mitsubishi Mark 

- - - - - - - Mitsubishi IC catalog name 

- - - - - - - Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi IC Catalog Name 

C. Special Mark Required 

Customer's Parts Number 
// Note : The fonts and size of characters are standard Mitsu-

/ bishi type. 
/ /Mitsubishi IC catalog name ___ / / 

/ 
__ 7/ 

I _ _/ 

/ 

Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsu

bishi type. 
3: Customer's parts number can be up to 10 alpha

numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4: If the Mitsubishi logo J.. is not required, check the 
box below. 

J..Mitsubishi logo is not required 

D 
5: The allocation of Mitsubishi IC catalog name and 

Mitsubishi product number is different on the pack
age owing to the number of Mitsubishi IC catalog 
name's characters, and the requiring Mitsubishi logo 
J.. or not. 

Note 1 : If special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit
subishi product number (6-digit, or 7-digit) and 
Mask ROM number (3-digit) are always marked for 
sorting the products. 

2 : If special character fonts (e.g., customer's trade 
mark logo) must be used in Special Mark, check 
the box below. 
For the new special character fonts a clean font ori
ginal (ideally logo drawing) must be submitted. 

Special character fonts required 

D 

• MITSUBISHI 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN========== 
Overseas Marketing Division 
Semiconductors 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03) 3218-2863 
Facsimile: (03) 3218-2852 

Overseas Marketing Manager 
Kita-ltami Works 
4-1, Mizuhara, ltami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG======== 
Mitsubishi Electric (H.K.) Ltd. 
41st fl., Manulife Tower, 169, 
Electric Road, North Point, Hong Kong 
Telex: 60800 MELCO HX 
Telephone: 510-0555 
Facsimile: 510-9830, 510-9822, 

510-9803 

SINGAPORE========= 
MELCO SALES SINGAPORE PTE, 
LTD. 
307 Alexandra Road II: 05-01 /02 
Mitsubishi Electric Building 
Singapore 0315 
Telex: RS 20845 MELCO 
Telephone: 4732308 
Facsimile: 4738944 

TAIWAN=====~~==== 

MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.0.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO

TAIWAN" 

U.S.A.=========== 
NORTHWEST 
Mitsubishi Electronics America, Inc. 
1070 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
5665 Plaza Drive 
Cypress, CA 90630-0007 
Telephone: (714) 236-6270 
Facsimile: (714) 236-6184 

ROCKY MOUNTAIN 
Mitsubishi Electronics America, Inc. 
1113 Spruce Street, Suite 503 
Boulder, CO 80302 
Telephone: (303) 546-6300 
Facsimile: (303) 546-6242 

NORTHERN 
Mitsubishi Electronics America, Inc. 
9800 Bren Road East, Suite 243 
Minnetonka, MN 55343-9671 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
800 N. Bierman Court 
Mt. Prospect, IL 60056 
Telephone: (708) 298-9223 
Facsimile: (708) 803-4224 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
9000 Royal Lane 
Irving, TX 75063 
Telephone: (214) 929-0046 
Facsimile: (214) 929-5363 

NORTHEAST 
Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617) 937-4300 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (908) 469-8833 
Facsimile: (908) 469-1909 

SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 500 
Cary, NC 27560 
Telephone: (919) 460-0404 
Facsimile: (919) 460-6205 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road II: 21 O 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 

ATLANTA 
Mitsubishi Electronics America, Inc. 
6100 Atlantic Blvd. 
Norcross, GA 30071 
Telephone: (404) 368-4852 
Facsimile: (404) 662-5208 

SAN DIEGO 
Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92127 
Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 

NEW YORK 
Mitsubishi Electronics America, Inc. 
300 Westgate Business Cntr., Ste. 160 
Fishkill, NY 12524 
Telephone: (914) 896-0896 
Facsimile: (914) 896-8639 

PUERTO RICO 
Mitsubishi Electronics America, Inc. 
American Airlines Building, Suite 500 
1509 Lopez Landron 
Santurce, PR 00911 
Telephone: (809) 728-5040 
Facsimile: (809) 728-5180 

CANADA=========== 
Mitsubishi Electric Sales Canada, Inc. 
6185 Ordan Drive, Unit II: 110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 

Mitsubishi Electronic Sales Canada, 
Inc. 
340 March Road, Suite 502 
Kanata, Ontario, Canada K2K 2E4 
Telephone: (613) 591-3348 
Facsimile: (613) 591-3948 

• MITSUBISHI 
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GERMANY-========== 
Mitsubishi Electric Europe GmbH 
Headquarters 
Gothaer Str. 8 
40880 Ratingen, Germany 
Telephone: 2102-486-0 
Facsimile: 2102-486·367 

Mitsubishi Electric Europe GmbH 
Munich Office 
Fraunhoferstr. 
85737 lsmaning, Germany 
Telephone: 89-96 07 94 30 
Facsimile: 89-96 07 94 11 

Mitsubishi Electric Europe GmbH 
Stuttgart Office 
Zettachring 12 
70567 Stuttgart, Germany 
Telephone: 711-728 74 70 
Facsimile: 711-72 47 21 

Mitsubishi Electric Europe GmbH 
Frankfurt Office 
(Power Semiconductors) 
Promenadenstr. 16 
64625 Bensheim, Germany 
Telephone: 6251-62097 
Facsimile: 6251-62099 

FRANCE==========~ 

Mitsubishi Electric France S. A. 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47. 51. 36. 22 

ITALY============ 
Mitsubishi Electric Europe GmbH 
Milano Branch Office 
Centro Direzionale Colleoni 
Palazzo Perseo 2 
20041 Agrate Brianza, Milano, Italy 
Telephone: 39-605 31 
Facsimile: 39-605 32 12 

SWEDEN=========== 
Mitsubishi Electric Europe GmbH 
Hammarbacken 14 
19127 Sollentuna, Sweden 
Telephone: 8-625 10 00 
Facsimile: 8-625 10 33 

SPAIN=========== 
MELCO lberica, S. A. 
Parque Empresarial San Fernando 
Av. de Castilla, 2-Edif, Italia, I. Pl. 
28831 San Fernando de Henares 
Madrid, Spain 
Telephone: 1-677 56 53 
Facsimile: 1-677 55 62 

U.K. ================ 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 
Hatfield 
Herts AL10 8XB, U.K. 
Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 

AUSTRALIA========== 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 
Facsimile: (02) 638-7072 
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