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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers 
Electrical characteristics 

Supply Typ Min. Max 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) ~I.sslpabon time quency 
(rnW) (,us) (MHz) 

M50708-XXXSP/FP ~ 6K-Byte Mask-Prog. ROM, l2S-Byte RAM, C, Si 5±10% 15 2 4 64P4B172P6 Notel 
Serial 1/0 

M50740A-XXXSP/FP ~ 3K-Byte Mask-Prog. ROM, 96-Byte RAM C, Si 5±10% 15 2 4 52P4B/50P6 Notel 

M50740ASP " External ROM Type, 96-Byte RAM C, Si 5±10% 15 2 4 52P4B Notel 

M5074l-XXXSP/FP ~ 4K-Byte Mask-Prog. ROM, 96-Byte RAM C,Si 5±1O% 15 2 4 52P4B/50P6 Notel 

M50742-XXXSP/FP " 
4K-Byte Mask-Prog. ROM, l2S-Byte RAM, C,S, 5±10% 15 2 4 64P4B172P6 Notel 
Serial 1/0 

M50743-XXXSP/FP " 4K-Byte Mask-Prog. ROM, l2S-Byte RAM C,Si 5±10% 30 1 8 64P4B172P6 Notel 

M50744-XXXSP/FP " 4K-Byte Mask-Prog. ROM, l44-Byte RAM C, Si 5±10% 15 2 4 64P4B/72P6 Notel 

M50745-XXXSP/FP x 6K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si 5±10% 15 2 4 64P4B/60P6 Notel 

M50746-XXXSP/FP " 6K-Byte Mask-Prog. ROM, 144-Byte RAM C,S. 5±10% 15 2 4 64P4B172P6 Notel 

M50747-XXXSP/FP '" SK-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5±10% 30 1 8 64P4B/72P6 Notel 

M50747H-XXXSP/FP SK-Byte Mask-Prog. ROM, 256-Byte RAM C,S, 5±5% 45 0,67 12 64P4B/72P6 Notel 

M50752-XXXSP '" 
4K-Byte Mask-Prog. ROM, 12S-Byte RAM, 

C,S. 5±10% 15 2 4 52P4B Notel 
High Voltage Port, CR Oscillation Type 

M50753-XXXSP/FP 
6K-Byte Mask-Prog. ROM, 96-Byte RAM, C, Si 5±1O% 15 2 4 64P4B/60P6 Notel 
S-Bit A-D Converter 

M50754-XXXSP/FP/GP 
6K-Byte Mask-Prog. ROM, 160-Byte RAM, C,S. 4-5.5 20 1. 90 4.2 64P4B/72P61 Notel PWM, High Voltage Port, Serial 1/0 64P6W 

M50757-XXXSP '" 
3K-Byte Mtsk-Prog. ROM, 96-Byte RAM, 

C, Si 5±1O% 15 2 4 52P4B Notel High Voltage Port, CR Oscillation Type 

M50758-XXXSP ~ 
3K-Byte Mask-Prog ROM, 96-Byte RAM, C, Si' 5±1O% 15 2 4 52P4B Notel High Voltage Port, Ceramic Oscillation Type 

M50930-XXXFP 
4K-Byte Mask-Prog. ROM, l2S-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 
LCD ControlierlDriver, Serial 1/0 

M50931-XXXFP 
4K-Byte Mask-Prog. ROM, 512-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 Note2 
LCD Controller/Driver, Serial 1/0 

M50932-XXXFP 
SK-Byte Mask-Prog. ROM, 512-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 LCD ControlierlDriver, Serial 1/0 

M50933-XXXFP 
6K-Byte Mask-Prog. ROM, 192-Byte,RAM, C, Si 3.8-5,5 15 1. 86 4.3 80P6 
LCD ControlierlDriver, Serial 1/0 

Note2 
M50934-XXXFP 

8K-Byte Mask-Prog. ROM, 256-Byte RAM, C, Si 3.8-5.5 15 1. 86 4.3 80P6 LCD ControlierlDrover, Serial 1/0 

4K-Byte Mask-Prog ROM, 12S-Byte RAM, 
M50940-XXXSP/FP S-Bit A-D Converter, H'gh Voltage Port, C, Si 5±10% 15 2 4 64P4B/72P6 

Serial 1/0 
Note2 

SK-Byte Mask-Prog ROM, 192-Byte RAM, 
M50941-XXXSP/FP S-Bit A·D Converter, High Voltage Port, C,S. 5±10% 15 2 4 64P4B172P6 

Serial 1/0 

M50943-XXXSP/FP 
SK-Byte Mask-Prog. ROM, 192-Byte RAM, C,S. 5±10% 30 1 8 64P4B/60P6 Notel 
S-Bit A-D Converter, Serial I/O 

M50944-XXXSP/FP 
12K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 3-5.5 15 1. 91 4,19 64P4B/64P6S Note2 
S-Bit A-D Converter, Two Serial lias 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50945-XXXSP/FP 8-Bit A-D Converter, High Voltage Port, C, Si 5±10% 15 2 4 64P4B/72P6 Note2 

Serial 1/0 

M50950-XXXSP 
6K-Byte Mask-Prog. ROM, 144·Byte RAM, C, Si 5±10% 20 1.6 5 52P4B Notel 
High Voltage Port, Two Serial lias 

M50951·XXXSP 
4K-Byte Mask·Prog ROM, 144-Byte RAM, .C, Si 5±10% 20 '1.6 5 52P4B Notel 
High Voltage Port, Two Serial lias 

M50954-XXXSP/FP/GP 
8K-Byte Mask-Prog. ROM, 192-Byte RAM, C,S. 4-5,5 20 1. 90 4,2 64P4B/72P61 

Notel 
PWM, High Voltage Port, Serial 1/0 64P6W 

M50955-XXXSP/FP/GP 10K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 4-5.5 20 1.90 4,2 64P4B/72P61 Notel PWM, High Voltage Port, Serial 1/0 64P6W 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 
2: Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP a-BIT MICROCOMPUTERS Enlarged 

edition)" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP a-BIT MICROCOMPUTERS) Vall." * : The production of this product .s no longer planned due to announcement of new series or upgrades. 

1-3 



MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers (continued) 
Electrical characteristics 

Supply Typ Mm. Max. 
Type Circuit function and organfzation Structure voltage pwr cycle 1re- Package Page 

(V) issipallon time quency 
(mW) cus) (MHz) 

10K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50957-XXXSP/FP PWM, High Voltage Port, 4-Bit Comparator, C,S, 4-5.5 20 1. 90 4.2 64P4B172P6 

Serial 110 

12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50958-XXXSP/FP PWM, High Voltage Port, 4-Bit Comparator, C,S, 4-5.5 20 1. 90 4.2 S4P4B/72PS Note2 

* Serial 110 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50959-XXXSP/FP ~ PWM, High Voltage Port, 4-Bit Comparator C, Si 4-5.5 20 1. 90 4.2 S4P4B/72PS 

Serial 1/0 

10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50963-XXXSP/FP ~ 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C, Si 5±10% 15 2 4 S4P4B/72PS Notel 

Serial 110 

6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50964-XXXSP/FP " 8-Bit A-D Converter, 5-Bit D-A Converter, PWM. C, Si 5±10% 15 2 4 64P4B/72P6 Notel 

Serial 1/0 

M50734SP/FP 
External ROM, RAM Type, 5-Timer, 8-Bit A-D C, Si 5±1O% 30 1 8 S4P4B/72PS Converter, Serial 1/0 

External ROM, RAM Type, 5-Timer, 8-Bit A-D 
Note2 

M50734SP/FP-l0 Converter, Serial 1/0 
C, Si 5±10% 35 0.8 10 S4P4B/72PS 

M37100MB-XXXSP/FP 
16K-Byte Mask-Prog. ROM, 320-Byte RAM, 

C, Si 5±1O% 27.5 2 4 64P4B/80P6 Note3 Two Serial I10s, A-D Converter, OSD Function 

M37t 02MB-XXXSP/FP * 
16K-Byte Mask-Prog. ROM, 320-Byte RAM, 

C, Si 5±1O% 110 1 4 S4P4B/80P6N Note3 Two Serial I10s, A-D Converter, PWM, OSD Function 

M37103M4-XXXSP * 
8K-Byte Mask-Prog. ROM, 320-Byte RAM, 

C, Si 5±10% 35 2 4 64P4B Note3 Serial 1/0, A-D Converter, PWM, OSD Function 

M37120M6-XXXFP * 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 

C, Si 5±10% 75 1 4 80PSN Note3 Serial 1/0, A-D Converter, D-A Converter, OSD Function 

M37201 MS-XXXSP * 
24K-Byte Mask-Prog. ROM, 384-Byte RAM, 
Two Serial 1I0s, A-D Converter, PWM, OSD Funciion C, Si 5±10% 110 1 4 S4P4B Note3 

12K-Byte Mask-Prog. ROM, 25S-Byte RAM, 
M37202M3-XXXSP** Serial 1/0, A-D Converter, PWM, OSD Function, C,S, 5±10% 110 1 4 S4P4B Note3 

Four Timers 

32K-Byte Mask-Prog ROM, 512-Byte RAM, 
M37204M8-XXXSP** Serial 1/0, A-D Converter, D-A Converter, PWM, C: Si 5±10% 110 1 4 S4P4B Note3 

OSD Function, Four Timers 

24K-Byte Mask-Prog. ROM, 384-Byte RAM, 
M37250M6-XXXSP * Serial 1/0, A-D Converter, PWM, OSD Function, C,Sl 5±10% 137.5 1 4 64P4B Note3 

PLL Function, Four Timers 

M372S0M6-XXXSP** 
24K-Byte Mask-Prog. ROM, 320-Byte RAM, 

C, Si 5±10% 110 1 4 52P4B Note3 8-Byte Serial 1/0, OSD Function, Four Timers 

4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M3740BM2·XXXSP/FP ** Dual-Port RAM, UART, Bus Interface, C, Si 5±10% 50 0.8 10 42P4B/44PSN Note3 

Timer 

M37409M2-XXXSP/FP 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, 

C, Si 5±10% 50 0.8 10 52P4B/5SPSN Note3 Dual-Port RAM, Three UARTs, Bus Interface, Timer 

M37410M3HXXXFP SK-Byte M.ask-Prog. ROM, 192-Byte RAM, C, Si 2.5-5.5 30 1 8 80PSS Serial 1/0, A-D Converter, LCD Controlier/Driver 

M37410M4HXXXFP 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 2.5-5.5 30 1 8 80PSS 
Note3 

M37410MSHXXXFP 12K-Byte Mask-Prog. ROM, 25S-Byte RAM C, Si 2.5-5.5 30 1 8 80PSS 

M37412M4-XXXFP 
8K-Byte Mask-Prog. ROM, 160-Byte RAM,Serial 

C, Si 5±1O% 15 2 4 72PS Note3 liD, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 

M37413M4HXXXFP 
8K-Byte Mask-Prog. ROM, 256-Byte RAM, 

C, Si 2.5-5.5 30 1 8 80PSS Note3 Serial liD, A-D Converter 

M37413M6HXXXFP ** 
12K-Byte Mask-Prog. ROM, 

C, Si 2.5-5.5 30 1 8 80PSS Note3 25S-Byte RAM 

M37414M5-XXXFP * 
10K-Byte Mask-Prog. ROM, 1 SO-Byte RAM, Serial 

C, Si 5±10% 15 2 4 72PS Note3 1/0, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 

M37415M4-XXXFP 
8K-Byte Mask-Prog. ROM, 512-Byte RAM, 

C, Si 2.5-5.5 20 2.5 3.2 80PS Note3 Serial liD, LCD Controlier/Driver, DTMF Generator 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 

1-4 

2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition)" 

3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1." 
* : The production of this product is no longer planned due to announcement of new series or upgrades. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers (continued) 
Electrical characte.,stlcs 

SUpply Typ Min. Max. 
Type ClrcuH function and organization Structure voltage pwr cycle Ire- Package Page 

(V) ~i'.Pabon time quency 
(mW) (us) (MHz) 

M37416M2-XXXSPIFP * 
4K-Byle Mask-Prog. ROM, 12B-Byte RAM, UART, e, SI 5±10% 50 1 8 52P4B/56P6N Note3 Comparator, Bus interface, Key on wake up 

M37420M4-XXXSP 
BK-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, e, Si 5±10% 30 1 8 52P4B 
Serial 1/0, A-D Converter, D-A Converter, Timer Note3 

M37420M6-XXXSP 12K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5±10% 30 1 8 52P4B 

M37421 M6-XXXSP/FP 
12K-Byte Mask-Prog. ROM, 320-Byte RAM, PWM, C,Si 5±10% 25 0.95 4.2 64P4B172P6 Note3 
Serial 1/0, High Voltage Port, 4-Bit Comparator 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, 
M37424M8-XXXSP** Serial 110, 6-Bit A-D Converter, 5-Bit D-A Converter, C, SI 5±10% 30 1 4 64P4B Note3 

Timer 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M37524M4-XXXSP** PWM, Serial 1/0, 6-Bit A-D Converter, 5-B~ C, SI 5±10% 30 1 4 64P4B Note3 

D-A Converter, Timer 

M37428M4-XXXFP ** 8K-Byte Ma$k-Prog. ROM, 384-Byte RAM, C, Si 5±10% 15 1 8 80P6N Note3 UART, LCD Controlier/Drlver, Timer 

4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37450M2-XXXSP/FP 8-Bit A-D Converter, 8-Bit D-A Converter, UART, C, Si 5±10% 30 0.8 10 64P4B/80P6 

DBB, Three Timers, PWM 
3-3 

M37450M4-XXXSP/FP 8K-Byte Mask-Prog. ROM,·256-Byte RAM C, Si 5±10% 30 0.8 10 64P4B/80P6 

M37450M8-XXXSP/FP 16K-Byte Mask-Prog ROM, 384-Byte RAM C, Si 5±10% 30 0.8 10 64P4B/80P6 

M37450S1SP/FP Extemal ROM, 128-Byte RAM C,Si 5±10% 30 0.8 10 64P4B/80P6 

M37450S2SP/FP External ROM, 256-Byte RAM C,SI 5±10% 30 0.8 10 64P4B/80P6 3-43 

M37450S4SP/FP External ROM, 384-Byte RAM C, Si 5±10% 30 0.8 10 64P4B/80P6 

8K-Byte Mask-Prog. ROM, 256-Byte RAM, 64P4BI 
M37451M4-XXXSP/FP/GP * 8-Bit A-D Converter, 8-Blt D-A Converter, UART, C,S, 5±10% 40 0.64 12.5 

80P6N/80PBS DBB, Three Timers, PWM 

M37451M8-XXXSP/FP/GP * 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, Si 5±10% 40 0,64 12.5 64P4BI 3-59 
80P6N/80PBS 

M37451MC-XXXSP/FP/GP ** 24K-Byte Mask-Prog. ROM, 512-Byte RAM C,SI 5±10% 40 0.64 12.5 64P4BI 
80P6N/80P6S 

M37451SSP/FP/GP ** External ROM, 1024-Byte RAM C, SI 5±10% 40 0.64 12.5 64P4BI 3-106 
80P6N/80PBS 

M37470M2-XXXSP * 
4K-Byte Mask-Prog ROM, 128-Byte RAM, C, Si 2.7-5.5 17.5 1 4 32P4B Serial 1/0, A-D Converter 

2.7-5.5 17.5 1 4 
4-3 

M37470M4-XXXSP * 8K-Byte Mask-Prog. ROM, 192-Byte RAM C, Si 32P4B 

M37470M8-XXXSP * 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, SI 2.7-5.5 17.5 1 4 32P4B 

M37471M2·XXXSP/FP * 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, C,Si 2.7-5.5 17.5 1 4 42P4B/56P6N 
Serial 1/0, A-D Converter 

4-30 
M37471M4-XXXSP/FP * 8K-Byte Mask-Prog ROM, 192-Byte RAM C, Si 2.7-5.5 17.5 1 4 42P4B/56P6N 

M37471M8-XXXSP/FP * 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, SI 2.7-5.5 17.5 1 4 42P4B/56P6N 

* : New product **: Under development 
Note1: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 

2: Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition>" 

3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1." * : The production of this product Is no longer planned due to announcement of new series or upgrades. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Extended operating temperature version of microcomputers 
Electrical characteristIcs 

Supply Typ Min Max 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) Issipation time quency 
(mW) (I's) (MHz) 

4K-Byte Mask-Prog. ROM,144-Byte RAM, 
M50744T-XXXSP x Extended Operating Temperature Version of C,Si 5±10% 15 2 4 64P4B Notel 

M50744-XXXSP 

8K-Byte Mask-Prog. ROM,2S6-Byte RAM, 
MS0747T-XXXSP Extended Operating Temperature Version of C, Si 5±10% 30 1 8 64P4B Notel 

M50747-XXXSP 

6K-Byte Mask-Prog ROM,96-Byte RAM, 
MS0753T -XXXSP Extended Operating Temperature Version of C, Si 5±10% 15 2 4 64P4B Notel 

MS0753-XXXSP 

4K-Byte Mask-Prog. ROM,128-Byte RAM, 
M50930T -XXXFP Extended Operating Temperature Version of C, Si 5±10% 20 1.86 4,3 80P6 Note 1 

M50930-XXXFP 

8K-Byte Mask-Prog ROM, 256-Byte RAM, 
M37450M4TXXXSP/J Extended Operating Temperature Version of C, SI 5±10% 30 0.8 10 64P4B/84PO 3-125 

M37450M4-XXXSP 

8K-Byte Mask-Prog ROM, 256-Byte RAM, 
M37451M4DXXXSP/FP ** Extended Operating Temperature C, SI 5±10% 40 0_ 64 12.5 64P4B/80P6N 

Version of M3745l M4-XXXSP/FP 

16K-Byte Mask-Prog ROM, 384-Byte RAM, 
3-139 

M37451M8DXXXSP/FP ** Extended Operating Temperature C, Si 5±10% 40 0.64 12.5 64P4B/80P6N 
Version of M37451 M8-XXXSP/FP 

.Plggyback type microcomputers (EPROM mounted type) 
Electrical characteristics 

Supply Typ Min Max 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) ISslpallon trme quency 
(mW) (I's) (MHz) 

M50740-PGYS PIggyback for M50740/M5074l C, SI 5±5% - 2 4 52S1M Notel 

M50742-PGYS Piggyback for M50742/MS0708 C, Si 5±5% - 2 4 64S1M Notel 

M50743-PGYS Piggyback for MS0743 C, Si 5±5% -. 1 8 64S1M Notel 

M50745-PGYS Piggyback for M50745 C, Si 5±5% - 2 4 64S1M Notel 

M50752-PGYS Piggyback for M50757/M50752 C, SI 5±5% - 2 4 S2S1M Notel 

M50753-PGYS Piggyback for MS0753 C, Si 5±5% - 2 4 64S1M Notel 

M5093l-PGYS Piggyback for M50930/M50931/M50932 C, SI 5±5% - 2 4 80S6M Notel 

M50945-PGYS Piggyback for MS0940/M50941 IM50945 C, Si 5±5% - 2 4 64S1M Note2 

M50950-PGYS Piggyback for M50950/M50951 C, SI 5±5% - 1.6 5 S2S1M Notel 

M50955-PGYS Piggyback for M50754/M50954/M50955 C, SI 5±5% - 1.9 4.2 64S1M Notel 

MS0957-PGY5 Piggyback for M50957/M50958/M509S9 C, SI 5±5% - 1.9 4.2 64S1M Note2 

MS0964-PGY5 Piggyback for M50984/M50963 C,51 5±5% - 2 4 64S1M Notel 

M37409PSS * Piggyback for M37409M2-XXXSP C, SI 5±5% - 0_8 10 S2S1M Note3 

M374l5PFS Piggyback for M374l5M4-XXXFP C, SI 3.0-5.5 - 2.5 3.2 80S6M Note3 

M3742l P-OOOSS Piggyback for M37421 M6-XXXSP C, SI 5±5% - 0_ 95 4.2 64S1M Note3 
M37421P~001SS 

M37450PS\S PIggyback for M37450M2/M4/M8-XXXSP C,51 5±5% - 0.8 10 64S1M 3-141 

M37450PFS Piggyback for M37450M2/M4/M8-XXXFP C, Si 5±5% - 0.8 10 80S6M 3-148 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 
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2: Refer to the "1990 MITSUBI5HI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edItion>" 

3: Refer to the "1992 MITSUBI5HI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1 " * : The productIon of thIs product IS no longer planned due to announcement of new series or upgrades 



MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Bullt-In PROM type microcomputers 
Electrical characteristics 

SUpply Typ. Min. Max 
Type Clrcuil function and orgenlzabon Structure voltage pwr cycle fre- Package Page 

(V) i,slp.bon time quency 
(mW) (1'8) (MHz) 

M50746E-XXXSP/FP One Time Programmable Version of M50746-XXXSP/FP C.Si 5±5% 15 2 4 64P4B172P6 Note1 

M50746ES/EFS PROM Version of M50746-XXXSP/FP C.Si 5±5% 15 2 4 64S1B172S6 Note1 

M50747E-XXXSP/FP One Time Programmable Version of M50747-XXXSP/FP C, SI 5±5% 30 1 8 64P4B172P6 Note1 

M60747ES/EFS PROM Version of M50747-XXXSP/FP C, Si 5±5% 30 1 8 64S1B172S6 Note1 

M50944E-XXXSP/FP One Time Programmable Version of M50944-XXXSP/FP C, Si 3-5_5 15 1.9 4.2 64P4B/64P6S 

M50944ES PROM Version of M50944-XXXSP C, Si 3-5.5 15 1.9 4.2 64S1B 
Note1 

M50957E-XXXSP One Time Programmable Version of M50957-XXXSP C, Si 5±5% 20 1.9 4.2 64P4B 

PROM Version of M50957-XXXSP C, SI 5±5% 20 1.9 4.2 
Note1 

M60957ES 64S1B 

M50963E-XXXSP/FP One Time Programmable Version of M50963-XXXSP C, Si 5±5% 15 2 4 64P4B172P6 Nole1 

M50963ES/EFS PROM Version of M50963-XXXSP/FP C,S, 5±5% 15 2 4 64S1B172S6 Note1 

M37102EB-XXXSP/FP * One Time Programmable Version of M37102MB-XXXSP/FP C, Si 5±10% 110 1 4 64P4B/80P6N Note3 

M37120E6-XXXFP * PROM Version of M37120M6-XXXFP C, Si 5±5% 75 1 4 80P6N Nole3 

M37201E6-XXXSP * One Time Programmable Version of M37201M6-XXXSP 5±10% 110 1 4 64P4B Note3 

M37410E6HXXXFP One Time Programmable Version of M37410M6HXXXFP C, Si 2.5-5.5 30 1 8 80P6S 

PROM Version of M37410M6HXXXFP C, SI 2.5-5.5 30 1 8 8086 
Note3 

M3741 OE6H FS 

M37412E5-XXXFP One Time Programmable Version of M37412M4-XXXFP C, Si 5±5% 15 2 4 72P6 Note3 

M37413E6HXXXFP** One Time Programmable Version of M37413M6HXXXFP C, SI 2.5-5.5 30 1 8 80P6S 

PROM Version of M37413M6HXXXFP C, Si 5±5% 30 1 8 8086 
Note3 

M37413E6HFS ** 
M37414E5-XXXFP * One Time Programmable Version of M37414M5-XXXFP C, Si 5±5% 15 2 4 72P6 Note3 

M37420E6-XXXSP * One Time Programmable Version of M37420M6-XXXSP C, Si 5±5% 30 1 8 52P4B 

PROM Version of M37420M6-XXXSP 5±5% 1 52S1 
Note3 

M37420E6SS * C, SI 30 8 

M37424E8-XXXSP ** One Time Programmable Version of M37424M8-XXXSP C, Si 5±10% 30 1 4 64P4B Note3 

M37524E4-XXXSP ** One Time Programmable Version of M37524M4-XXXSP C, Si 5±10% 30 1 4 64P4B Note3 

M37450E4-XXXSP/FP One Time Programmable Version of M37450M4-XXXSP/FP C, SI 5±5% 30 0.8 10 64P4B/80P6 

M37450E4SS/FS PROM Version of M37450M4-XXXSP/FP C, Si 5±5% 30 0.8 10 64S1B/80S6 
3-156 

M37450EB-XXXSP/FP * One Time Programmable Version of M37450MB-XXXSP/FP C, Si 5±5% 30 0.8 10 64P4B/80P6 

M37450E8SS/FS * PROM Version of M37450MB-XXXSP/FP C, Si 5±5% 30 0.8 10 64S1B/80DO 
3-174 

M37450E4TXXXSP/J * One Time Programmable Version of M37450M4TXXXSP/J C, SI 5±5% 30 0.8 10 64P4B/84PO 3-192 

MS7451E4-XXXSP/FP/GP * One Time Programmable Version of M37451 M4-XXXSP/FP/GP C.SI 5±10% 40 0.64 12.5 64P4B/80P6NI 
80P6S 

M37451 E4SS/FS * PROM Version of M37451M4-XXXSP/FP C,S, 5±10% 40 0.64 12.5 64S1B/80DO 

M37451E8·XXXSP/FP/GP * One TIme Programmable Version of M37451MB-XXXSP/FP/GP C, Si 5±10% 40 0.64 12.5 
64P4B/80P6NI 
80P6S 3-210 

M37451E8SS/FS * PROM Version of M37451M8-XXXSP/FP C,S, 5±10% 40 0.64 12.5 64S1B/80DO 

M37451EC·XXXSP/FP/GP** One T,me Programmable Version of M37451 MC-XXXSP/FP/GP C, SI 5±10% 40 0.64 12.5 
64P4B/80P6NI 
80P6S 

M37451 ECSS/FS ** PROM Version of M37451 MC-XXXSP/FP C, Si 5±10% 40 0.64 12.5 64S1B/80DO 

M37451E4DXXXSP/FP ** One Time Programmable Version of M37451 M4DXXXSP/FP C, Si 5±10% 40 0.64 12.5 64P4B/80P6N 
3-222 

M37451E8DXXXSP/FP ** One Time Programmable Version of M37451 M8DXXXSP/FP C,Si 5±10% 40 0.64 12.5 64P4B/80P6N 

M37470E4-XXXSP * One Time Programmable Version of M37470M4-XXXSP C, Si 2.7-5.5 17.5 1 4 32P4B 
4-64 

M37470E8·XXXSP * One Time Programmable Version of M37470M8·XXXSP C, Si 2.7-5.5 17.5 1 4 32P4B 

M37471E4-XXXSP/FP* One Time Programmable Version of M37471 M4-XXXSP/FP C, Si 2.7-5.5 17.5 1 4 42P4B/56P6N 

M37471E8·XXXSP/FP* One Time Programmable Version of M37471 MB-XXXSP/FP C, Si 2.7-5.5 17.5 1 4 42P4B/56P6N 4-72 

M37471E8SS * PROM Version of M37471MB-XXXSP C,Si 2.7-5.5 17.5 1 4 42S1B 

* : New product **: Under development 

Note1: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 
2: Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition>" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1." 
* : The production of this product fs no longer planned due to announcement of new series or upgrades . 

• Serles 38000 single-chip microcomputers 
Refer to the "1991 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> 
Vol. 3." 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (1) 

MELPS 740 

Type name Processor mode 

M50740A-XXXSP/FP 

M50741-XXXSP/FP Single-chip mode 

M50740ASP 

M50742-XXXSP/FP 
Single-chip mode 

M50708-XXXSP/FP 

M50743-XXXSP/FP Single-chip mode 

M50744-XXXSP/FP 

M50744T-XXXSP Single-chip mode 

M50746-XXXSP/FP 

M50746E-XXXSP/FP Microprocessor 

M507 46ESI EFS mode 

M50745-XXXSP/FP Single-chip mode 

M50747-XXXSP/FP 

M50747H-XXXSP/FP Single-chip mode 

M50747T-XXXSP 
M50747E-XXXSP/FP Microprocessor 

M50747ES/EFS mode 

M50752-XXXSP 

M50757-XXXSP Single-chip mode 

M50758-XXXSP 

M50753-XXXSP/FP 
Single-chip mode 

M50753T -XXXSP 

M50754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP Single-chip mode 

M50955-XXXSP/FP/GP 

M50930-XXXFP 
M50930T -XXXFP 

M50931-XXXFP 
Single-chip mode 

M50932-XXXFP 

M50933-XXXFP 
M50934-XXXFP 

M50940-XXXSP/FP 

M50941-XXXSP/FP Single-chip mode 

M50945-XXXSP/FP 

M50943-XXXSP/FP Single-chip mode 

M50944-XXXSP/FP 

M50944E-XXXSP/FP Single-chip mode 

M50944ES 

M50950-XXXSP 
Single-chip mode 

M50951-XXXSP 

M50957-XXXSP/FP 
M50957E-XXXSP 

M50957ES Single-chip mode 

M50958-XXXSP/FP 

M50959-XXXSP/FP 

M50963-XXXSP/FP 

M50963E-XXXSP/FP 
Single-chip mode 

M50963ES/EFS 

M50964-XXXSP/FP 

* : New products ** : Under development 
Note1: Evaluation board 

Assembler 

SRA74 

Debug system 

Debugger Option board 

PCA4040 

PCA4042 

PCA4043 or 
PCA4043R 

PCA4044G02 or 

PCA4044R 

PCA4044XG02 

PCA4045 or 

PCA4045R 

PCA4047G02 or 

PCA4047RG02 

PCA4047XG02 or 

PCA4047XRG02 

PCA4057 

PCA4053 

PCA4054G02 or 
PCA4054RG02 

PC4000E 

PCA4093 or 

PCA4093R 

PCA4094 or 

PCA4094RG02 

PCA4033 

PCA7044 

PCA4095 

PCA4054G02 or 

PCA4054RG02 

PCA4064 or 

PCA4064R 

2 : Notes for operating temperature range about the extended operating temperature version microcomputer. 
3 : Notes lor supply voltage range about the M50932-XXXFP, M50933-XXXFP. 

1-8 

For evaluation 
Control 
software 

M50740-PGYS 

M50742-PGYS 

M50743-PGYS 

M50746ES/EFS 

(Note 2) 

M50745-PGYS 

M50747ES/EFS 
(Note 2) 

M50752-PGYS 

M50753-PGYS 
(Note 2) 

M50955-PGYS 

RTT74 

M50931-PGYS 
(Note 2,3) 

M50945-PGYS 

PCA4333G02 
(Note 1) 

M50944ES 

M50950-PGYS 

M50957-PGYS 

M50957ES 

M50963ES/EFS 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (2) 

MELPS 740 Debug system 
Assembler 

Type name Processor mode Debugger Option board 

M37100MS-XXXSP/FP Single-chip mode 
M371 OOT -OPT or 

M37100T2-RTI 

M37102MS-XXXSP/FP 

M37102ES-XXXSP/FP Single-chip mode M37102T-RTI 

M37102ESSS/FS PC4000E 

M37103M4-XXXSP Single-chip mode M37100T2-RTI 

M37120MS-XXXFP 
Single-chip mode M37120T-RTI 

M37120ES-XXXFP 

M37201 M6-XXXSP 

M37201 E6-XXXSP 

M37201E6SS 

M37202M3-XXXSP PC4000E 
M37202E3-XXXSP Single-chip mode + M37201T5-POO* 

M37202E3SS PC4S00* 

M37204M8-XXXSP 

M37204E8-XXXSP 

M37204E8SS 

M37250M6-XXXSP 

M37250E6-XXXSP Single-chip mode PC4000E M37250T-RTI* 

M37250E6SS 

PC4000E 

M37260M6-XXXSP 
Single-chip mode + M372S0T5-PO 0* 

M37260E6-XXXSP 
PC4S00* 

M37260E6SS M372S0TX-OPT* 

Microprocessor mode (Be necessary to order 

producing this board) 

M3740SM2-XXXSP/FP Single-chip mode -
M37409M2-XXXSP/FP Single-chip mode M37409T-OPT 

M37410M3HXXXFP 

M37410M4HXXXFP 

M37410M6HXXXFP Single-chip mode SRA74 M37410T-OPT 

M37410ESHXXXFP 

M37410ESHFS 

M37412M4-XXXFP 
Single-chip mode M37412T-OPT 

M37412E5-XXXFP 

M37413M4HXXXFP 

M37413MSHXXXFP 
Single-chip mode M37413T-RTI 

M37413ESHXXXFP 

M37413ESHFS 

M37414M5-XXXFP 
Single-chip mode 

M37414E5-XXXFP 
M37414T-RTI 

PC4000E 
M37415M4-XXXFP Single-chip mode M37415T-OPT 

M37416M2-XXXSP/FP Single-chip mode M3741ST-RTT* 

M37420M4-XXXSP 

M37420MS-XXXSP 
Single-chip mode M37420T-OPT 

M37420ES-XXXSP 

M37420ESSS 

M37421 M6-XXXSP/FP Single-chip mode M37421T-OPT 

M37424MS-XXXSP 

M37424E8-XXXSP Single-chip mode M37424T-RTT* 

M37424E8SS 

M37524M4-XXXSP 

M37524E4-XXXSP Single-chip mode M37524T-RTT* 

M37524E4SS 

PC4000E 

M3742SM4-XXXFP Single-chip mode + M37428RFS 

PC4S00*(Note2) 

* : New products ** : Under development 
Notel: Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM. 

• MITSUBISHI 
r.B.ECTRIC 

For evaluation 
Control 
software 

M37100P-OOOSS 

M37102E8SS/FS** 

~ 

M37120ES-XXXFP* 

M37201 ESSS** 

M37202E3SS** 

M37204E8SS** 

M37250ESSS** 

M372S0ESSS** 

-
M37409PSS* 

RTI74 M37410ESHFS 

M37412E5-XXXFP 

M37413E6HFS** 

M37414E5-XXXFP* 

M37415PFS 

-

M37420ESSS* 

M37421P-OOOSS 

M37421 P-OOI SS 

M37424E8SS** 

M37524E4SS** 

-
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (3) 

MELPS 740 Debug system 
Assembler 

Type name Processor mode Debugger Option board Control 
software 

M50734SP/FP 
PC4000E 

PCA4034G02 or -
M50734SP-10 PCA4034RG02 

Development support systems (4) series 7450 

Series 7450 Debug system 

Assembler Control Base PC4000E Base PC4600 
Type name Processor mode software Debugger Option board Debugger Emulator MCU 

M37450M2-XXXSP/FP 
M37450T-OPT 

M37450M4-XXXSP/FP Single-chip or 
M37450M4TXXXSP/J mode M37450T-RTT 
M37450M8-XXXSP/FP 

M37450E4-XXXSP/FP M37450RSS 

M37450E4TXXXSP/J or 

M37450E4SS/FS Microprocessor PC4DOOE M37450RFS 

M37450E8-XXXSP/FP mode M37450TX-OPT 
(Note 2) 

M37450E8SS/FS 
or 

M37450S1SP/FP 
M37450TX-RTT 

M37450S2SP/FP 
Microprocessor 

M37450S4SP/FP 
mode PC4000E 

RTT74 
M37451 M4-XXXSP/FPIGP SRA74 

(Note 1) + 
M37451 M8·XXXSP/FPIGP PC4600* 

M37451 MC·XXXSP/FP/GP 

M37451 E4·XXXSP/FP/GP Single-chip 

M37451 E4SS/FS mode 
M37451 E8·XXXSP/FP/GP 

M37451RSS 
M37451E8SS/FS 

M37451 EC·XXXSP/FP/GP 
or -

M37451 ECSS/FS 
M37451RFS 

Microprocessor 
(Note 2) 

M37451 M4DXXXSP/FP mode 

M37451 M8DXXXSP/FP 

M37451 E4DXXXSP/FP 

M37451E8DXXXSP/FP 

M37451SSP/FP/GP 
Microprocessor 
mode 

* : New products 
Note1: PC4600 is supported by software version up. 

2 : Pitch converter PCA4932 is necessary to RFS type. 
3 : Notes for operating temperature range about the extended operating temperature version microcomputer 

Development support systems (5) series 7470 

Series 7470 
Assembler Control Type name Processor mode software 

M37470M2-XXXSP 

M37470M4-XXXSP 

M37470M8-XXXSP 

M37470E4-XXXSP 

M37470E8-XXXSP 

M37471M2-XXXSP/FP Single-chip mode SRA74 RTT74 (Note 1) 

M37471M4·XXXSP/FP 

M37471M8-XXXSP/FP 

M37471 E4-XXXSP/FP 

M37471 E8-XXXSP/FP 

M37471E8SS 

* : New products 
Note1: PC4600 is supported by software version up. 

2 : Pitch converter PCA4906 is necessary to M37470 
3 : Pitch converter PCA4907 is necessary to QFP package type. 

1-10 • MITSUBlSHI 
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Debug system 

Debugger Emulator MCU 

PC4000E 

+ M37471 RSS (Note 2,3) 

PC4600* 

For evaluation 

-

For evaluation 

M37450PSS/PFS, 

M37450E4SS/FS 

or 

M37450E8SS/FS* 

(Note 3) 

M37451E4SS/FS*, 

M37451E8SS/FS* 

or 

M37451 ECSS/FS** 

(Note 3) 

For evaluation 

M37470E4-XXXSP* 

M37470E8-XXXSP* 

M37471 E8SS* 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (6) series 38000 

Type name Assembler 
Debug system 

Control software Debugger 

M38002M2-XXXSP/FP 
M38002E2-XXXSP/FP 
M38002E2SSlFS 
M38002M4-XXXSP/FP 
M38002E4-XXXSP/FP 
M3BOO2E4SS/FS 
M38003MS-XXXSP/FP 
M38003E6-XXXSP/FP 
M38003E6SS/FS 
M3BOO4M8-XXXSP/FP 
M38004E8-XXXSP/FP 
M38004E8SS/FS 
M38007M4-XXXSP/FP 
M38007E4-XXXSP/FP 
M38007E4SS/FS 

M38042M3-XXXFP 
M38042E3-XXXFP 
M38042E3FS 

M380S2M3-XXXFP/GP 
M380S2E3-XXXFP/GP 
M380S2E3FS 
M380S2M4-XXXFP/GP 
M380S2E4-XXXFP/GP 
M38062E4FS 
M3BOS3MS-XXXFP/GP 
M380S3E6-XXXFP/GP PC4000E 
M380S3ESFS SRA74 RTT74 (Note 1} + 
M38064M8-XXXFP/GP PC4800* 
M38064E8-XXXFP/GP 
M38064E8FS 

M38102M5-XXXSP/FP 
M38102E5-XXXSP/FP 
M38102E5SS 
M38103MS-XXXSP/FP 
M381 03ES-XXXSP IFP 
M38103ESSS 

M38112M4-XXXSP/FP 
M38112E4-XXXSP/FP 
M38112E4SS 

M38172M4-XXXFP 
M38172E4-XXXFP 
M38172E4FS 
M38173M6-XXXFP 
M38173E6-XXXFf> 
M38173E6FS 
M38174M8-XXXFP 
M3817 4E8-XXXFP 
M38174E8FS 

M38184M8-XXXFP 
M38184E8-XXXFP 
M38184E8FS 

* : New products **: Under development 
Note1: PC 4600 is supported by software version up 

2 : Pitch converter M38007T -PRS is necessary to QFP package type. 
3 : Pitch converter PCA4932 is necessary. 

Emulation MCU 
For evaluation 

M38002 E2SS/FS 
M38002 E4SS/FS 

M38007RSS (Note 2) M38003E6SS/FS 
M38004E8SS/FS 
M38007E4SS/FS 

Under development M38042E3FS 

M38062E3FS 

M38067RFS (Note 3) 
M38062E4FS 
M38063E6FS 
M38064E8FS 

M38107RSS (Note 2) 
M38102E5SS 
M38103E6SS 

M38117RSS (Note 2) M38112E4SS 

M38172E4FS 
M38177RFS (Note 3) M38173E6FS 

M38174E8FS 

M38187RFS** (Note 3) M38184E8FS 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Program writing adapter for built-in 
PROM type microcomputers 

Program writing adapter for built-in 
PROM type microcomputers (continued) 

BUilt-in PROM type microcomputers 
Program writing adapter 

type name 

BUilt-In PROM type microcomputers 
Program writing adapter 

type name 

M50746E-XXXSP 
PCA4700G02 

M50746ES 

M50746EFS 
PCA4701G02 

M50746E-XXXFP 

M50747E-XXXSP 
PCA4700G02 

M50747ES 

M50747E-XXXFP 
PCA4701G02 

M50747EFS 

M50944E-XXXSP 
PCA4715 

M50944ES 

M50944E-XXXFP PCA4714 

M50957E-XXXSP 
PCA4703 

M50957ES 

M50963E-XXXSP 
PCA4700G02 

M50963ES 

M50963E-XXXFP 
PCA4701G02 

M50963EFS 

M371 02E8-XXXSP 
PCA4724 

M37102E8SS 

M37102E8-XXXFP 
PCA4725 

M37102E8FS 

M37120E6-XXXFP PCA4716( Note 1) 

M37201 E6-XXXSP 
PCA4723 

M37201E6SS 

M37202E3-XXXSP 

M37202E3SS 

M37204E8-XXXSP 
PCA4726* 

M37204E8SS 

M37250E6-XXXSP 

M37250E6SS 

M37260E6-XXXSP 
PCA4736* 

M37260E6SS 

M37260E6-XXXFP 
PCA4737* 

M37260E6FS 

M37410E6HXXXFP PCA4705 

M37410E6HFS PCA4706 

M37412E5-XXXFP PCA4720 

M37413E6HXXXFP PCA4728 

M37413E6HFS PCA4729 

M37414E5-XXXFP PCA4720 

M37420E6-XXXSP 
PCA4727 

M37420E6SS 

M37424E8-XXXSP 

M37424E8SS 
PCA4721 

M37524E8-XXXSP 

M37524E8SS 

M37450E4-XXXSP 

M37450E4SS 

M37450E8-XXXSP 

M37450E8SS 

M37451 E4-XXXSP PCA4710 

M37451E4SS 

M37451 E8-XXXSP 

M37451E8SS 

M37451 EC-XXXSP 

1-12 

M37451 ECSS 
PCA4710 

M37450E4TXXXSP 

M37450E4TXXXJ PCA4712( Note 1) 

M37450E4-XXXFP 

M37450E4FS PCA4711 

M37450E8-XXXFP 

M37450E8FS 

M37451E4FS 

M37451E8FS 
PCA4719 

M37451 ECFS 

M37451 E4-XXXFP 

M37451 E8-XXXFP PCA4751* 

M37451 EC-XXXFP 

M37451 E4-XXXGP 

M37451 E8-XXXGP PCA4752* 

M37451 EC-XXXGP 

M37451 E4DXXXSP 

M37451 E8DXXXSP 
PCA4710 

M37451 E4DXXXFP 
PCA4751* 

M37451 E8DXXXFP 

M37460E8-XXXFP PCA4713( Note 1) 

M37470E4-XXXSP 

M37470E8-XXXSP 

M37471 E4-XXXSP PCA4730 

M37471 E8-XXXSP 

M37471E8SS 

M37471 E4-XXXFP 

M37471 E8-XXXFP 
PCA4731 

M38002E2-XXXSP 

M38002E2-XXXFP 

M38002E2SS 
Under development 

M38002E2FS 

M38002E4-XXXSP PCA4738S-64 

M38002E4-XXXFP PCA4738F-64 

M38002E4SS PCA4738S-64 

M3BOO2E4FS PCA4738L-64** 

M3BOO3E6-XXXSP 

M3BOO3E6-XXXFP 

M38003E6SS 

M38003E6FS 

M38004E8-XXXSP 

M38004EB-XXXFP 

M38004E8SS 

M38004E8FS 

M38007E4-XXXSP Under development 

M38007E4-XXXFP 

M38007E4SS 

M38007E4FS 

M38042E3-XXXFP 

M38042E3FS 

M38062E3-XXXFP 

M38062E3-XXXGP 

M38062E3FS 

* : N!"w product **: Under development 
Note1: Be necessary to order producing this board. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Program writing adapter for built-in 
PROM type microcomputers (continued) 

Built-In PROM type microcomputers 
Program writing adapter 

type name 

M380S2E4-XXXFP 

M3BOS2E4-XXXGP Under development 

M380S2E4FS 

M 380S3ES-XXXFP PCA4738F-80 

M38063E6-XXXGP PCA4738G-80 

M38063E6FS PCA4738L-80 

M38064E8-XXXFP 

M38064E8-XXXGP Under development 

M380S4E8FS 

M38102E5-XXXSP PCA4738S-64 

M38102E5-XXXFP PCA4738F-64 

M38102E5SS PCA4738S-64 

M38103E6-XXXSP 

M38103E6-XXXFP Under development 

M38103E6SS 

M38112E4-XXXSP PCA4738S-64 

M38112E4-XXXFP PCA4738F-S4 

M38112E4SS PCA4738S-64 

M38172E4-XXXFP 

M38172E4FS 

M38173E6-XXXFP 

M38173E6FS 
Under development 

M38174E8-XXXFP 

M38174E8FS 

M38184E8-XXXFP PCA4738F-100* 

M38164E8FS Under development 

'!' : New product **: Under development 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type-codes which define the func
tion of the IC/lSls and the package style. 

1. Mitsubishi Original Products 

Example 1. M 5 07 40 - 001 SP -2 

T 
-, - , ~ r- ~ r- -

1-14 

M : Mitsubishi integrated prefix 

Temperature range 

5 : Standard industrial/commercial 
(0 to 70/75'C or -20 to 85'C) 

9 : High reliability 

Series designation using 1 or 2 alphanumeric chracters. 
01-09 : CMOS 
1 : Linear circuit 
3 : TTL 
10-19 : Linear circuit 
32-33 : TTL 

41-47 : TTL (the others) 
81 : P-channel aluminum-gate MOS 
84 : CMOS 

85 : P-channel silicon-gate MOS 
86 : P-channel aluminum-gate MOS 
87 : N-channel silicon-gate MOS 
88 : P-channel aluminum-gate ED-MOS 
89 : CMOS 
9 : DTl 
50-52 : Schottky TTL 

Circuit function identification code using 2 digits. 

A character next to 2-digit alphanumeric chara~ters, "T", is represented 
using for automobile/industrial 

Mask ROM number. 

Package style 
K : Glass-sealed ceramic flat package 
P : Molded plastic 
FP : Molded plastic flat package 
GP : Molded plastic flat package 
5P : Molded plastic shrink package 

5 : Metal-sealed ceramic 

Electrical characteristic identification code using 1 or 2 digits. 

• MITSUBISH. I 
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Example 2. M 374 50 E 4 001 SP 

T 
-, -, -,-- - -

'---

MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

M : Mitsubishi integrated prefix 

3 : Represent an original single-chip microcomputer 

Series designation using 2 alphanumeric chracters 

Circuit function identification code using 2 digits 

Memory identification code using a digit 
E : EPROM 
M : Mask ROM 

N : Mask ROM+EEPROM 
P : Piggyback 
5 : External ROM 

Memory size identification code using a digit 

Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobilelindustrial 

Mask ROM number 

Package style 
J : PLCC, or SOJ package 
K : Glass-sealed ceramic flat package 
P : Molded plastic DIP 
FP : Molded plastic flat package 
F5 : Ceramic flat package 
GP : Molded plastic flat package 
5P : Molded plastic shrink package 
5 : Ceramic (layered type) package 
55 : Ceramic shrink package 

1-15 



MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

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

1-16 

Example: 42 P 4 B 
L...-.-+--+--+-Number of pins 

'---I----I--Package structure 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 

Package outline 
1 : DIP 
2 : SOP 
4 : DIP 
6 : QFP 

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

details, contact your sales representative. 



MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

32P4B 32pin molded plastic DIP Dimension in mm 

28. O±O. 2 

~ co :::;; 
:g 

!::II::' on t1 H ~ H H JU~ Ht\ 
z 

1r~ 
:li III ~ ~ <:> 

U u IV V V M_ V 

1.778 1. O:!::~: ~ 0.59MAX 0.:3 

SEATING PLANE 

10.16 I II +0.\ 
~5_0.02 

42P4B 42pin molded plastic DIP 

36.7 :!::0.5 

!:::::::::~~::::::::]~ 
~ @ 

1. 77B±O. 25 
~;..:..:.== 

1:!::8:f 

Dimension In mm 

0.27~~:~~ 
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42S18 42pin ceramic DIP 

4064+0 40 . _. 
© 

• 
[QJ 

INDEX Q) 

3.05MAX 

1. 78±0.13 

44P6N Plastic 44pin QFP 

1-18 

@ 

® 

O. 46±0. 05 
(0.8) 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

15. 24±0. 25 

Jl 
Uo 25+0.05 

. -0.02 

Dimension in mm 

Dimension in mm 

2.8 O(mln.) 

SEATING PLANE 

0.15:!:~:~~ 

3. 05(max) 
1.4 

SEATING PLANE 

DETAIL F 



50P6 

52P4B 

50pin molded plastic QFP 
15.6±0.3 

10.0±0.15 

52pin molded plastic DIP 

1 778 ± 0 25 

45 85 to 5 
-0 2 

@I 

~ M 

0 0 
+1 +1 ... 0 

~ cO 

@ 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension in mm 

2.0 OMIN 

lliSEATING PLANE 

O. 15:!:8: g~ 
2. 44MAX 

~ 
U1.5±0.2 

Dimension in mm 

1 1 

I ... 152-17 .. I 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

5251 52pin ceramic DIP Dimension in mm 

51.4MAX 

,-

0 x 
..: 
::;: 
00 

cO 

I 
0 

x 0.25±0.08 ..: 
::;: 

15.2+6- 5 0"> 

M 

CD \' INDEX MARK 
@ 

-

(0.9) 

1. 78±0. 15 

5251M 52pin piggyback DIP DimenSion In mm 

50.8 

l 
""'.~ @@@@@@@@@@@@@@ ~ '" ~ 

) D 0"> 0"> co 0"> ... 

~ Lri oi 

0 
.,"''''' @@@@@@@@@@@@@@~""'" 

2.54 

x 
..: 
::;: 
00 

" 

1. 778 z 
44.45 ~ 

co 
M 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

56P6N 56 pin molded plastic QFP Dimension in mm 

16.8±O.3 

14. O±O. 2 

M N 

ci ci 
+1 +1 
00 0 

N d 

Q) 

3.05MAXfF~ 12. 8 

~;~ 

60P6 60pin molded plastic QFP 
18. O±O. 3 

13.2±O.15 

Dimension in mm 

@ 

~ M 

d d 
+1 +1 
N 0 
0) cd 

~SEATING PLANE 

O. 15~~: ~~ 
2.44MAX 

® 

2.4 

'\ "'"'0 "'''"' ~ 
U 1. 3±O.2 
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64P48 

64P6N 

1-22 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

64pin molded plastic DIP(Lead pitch 1.778mm) Dimension In mm 

1 778 ± 0 25 

64pin 

® 

(j) 

@ 

@ 

56 4+0.5 
. -0.2 

molded plastic 
16. 8±O. 3 

14. O±O. 2 

QFP 

@ 

@ 

N 

0 
+1 
0 

~ 

© 

® 

2.8 

(r) 

0 
+1 
00 

0 

SEATING PLANE 

SEE DETAIL F 
O. 35±O. 1 

• MITSUBISHI 
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64P6S 64pin molded plastic QFP 

64P6W 64pin molded plastic QFP 
19. 2±O. 3 

14.0±O.15 

!!' ""' 
d ci 
+1 +1 o N 
d ui 
N N 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension in mm 

Allmruu1Ilrumnnnh 
I 12.B±O.3 I 

Dimension in mm 

2.15 OMIN r 

jtSEATING PLANE 

O.15~~:~~ 
2. 59MAX ~ 

SEATING PLANE U 
1. 3±O. 2 DETAIL F 
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6451 B 64pin ceramic DIP 

585MAX 

@ 

0 
",:,-

CD '\ INDEX 

6451 M 64pin piggyback DIP 

i@ 

D 
\l 

CD 

1-24 

58.0+0.6 -

~~~~~~~~~~~~~~ 

r;;§~~~~~I!!I!![!ij~I!!~§ 
2.54±0.25 

-t--t--

@ 

x « 
:2 
U"l 
U"l 

Q) 

@ 

@ 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

x 
« 
:2 
U"l 
M 

U"l 

Dimension In mm 

·112m.00 'I 
+1.5 

i 19.05 0 .1 

O 25+0.07 
. -0.05 
19.05±0.3 



72P6 

..... .., 
00 

72pin molded plast ic QFP 

OO~ +~I ricio-aDDDDDDDDDDDDDDDDDD lli 1 5+02 
o I I 18+0.2 J I I' . - . 

23.6±0.3 

8000 80pin molded ceramic LCC 

21. O±O. 2 

(20.0) 

9168.8 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

o 0 
+1 +1 
N ~ 

o 

I nnnnn nnn;oonn nnnn I 

I 12.0±0.15 I ~ ~ 
'" ? tl::;; 

~ ~ 
....: C"'i 

DimenSion In mm 

Dimension in mm 

• MITSUBISHI 
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80P6 

L() 

~f 

'l 00 

00 
+1 

L() 

ci [ 
, . 

80P6N 

1-26 

80pin molded plastic QFP 

i@ @ 

@i 

@ 

CD ® 
OJ ~ 

o N 

UL 
~~1 

I. 20+0.2 1.3±0.2tl 
25.2:+-0.3 

80pin molded plastic QFP 

N M 
d d 
+1 +1 o co 

~ gj 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

0.2 if "lr nnnrnnnnnn 
z 

14+0.2 
~ 

1.3± 
L() 

19.2+0.3 
0 

c:i 

Dimension in mm 

SEATING PLANE 

1.4 

3.05MAX 

SEATING PLANE 3J 
-ll-o. 6±O. 2 



80P6S 

O. 6±0. 2 

80S6 

¢8.89 

80pin molded plastic QFP 
~ 14+0.2 

~mrn~rrrn~rnrnmm~~~qD~ x 

z 
~ 
o 

16. 8±0. 3 

80pin molded ceramic QFP 

@J 

@ 

« 
::;; 
en 
o 
O'i 

N 

cO 
+1 
0 
0 

.<f 

",N 
00 

do 
+1 

en 

cO 

N 

cO 
+1 
N 

oi 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension In mm 

AlilililililllifUJ no 0 n n 0 illllh 
I. 16.8±0.3 J 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

80S6M 80pin piggyback QFP Dimension in mm 

Index on the socket 

84PO I 84pin molded plastic leaded chip carrier Dimension in mm 

E~~M" 30.10 MIN 
29.41 MAX 
29.21 MIN 

® (])@ ® 

® - 0 i:J® 

x z xz «- «-
:::i::::i: :::i::::i: 
:;;;:(:;j ",0 

00_ 

aiol 
NN 

do 
MOO 

xz «-
:::i::::i:. 

~ co..,. ® 0 0 ~~ 

® © 

J=c~ I III1JlW~" It"!."'f! no n"n~ ~ 
I1.27l 0.53 MAX ko 0.1 x 

0.33 MIN ~ ~ :ij I 0.81 MAXI 
'" 0.66 MIN 

28.7 MAX 
0", "' 

27.7 MIN "y-J ci 28.7 MAX 
27.7 MIN 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

100P6S Plastic 100pin QFP 

'" N 

~ 

o 
~"'o--_..c....:;;;,-,= ___ "",", +1 

~ 

22.8 16.8 o 

1-29 



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:-

tA(BC-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 0 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 assu med 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 to F may each consists of one or more letters 

2 SubSCripts 0 and E are not used for tranSition times 

3 The "-" In the symbol (1) above IS used to Indicate "to", hence the sym

bol represents the time Interval from signal event B occurlng to signal 

event 0 occurlng, and It IS Important to note that thiS convention IS used 

for all dynamic parameters Including hold times Where no mlsunder 

standing can occur the hyphen may be omitted 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 

when no misunderstanding is likely to arise. For example 

to: 

or tA(B) 

or tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or tBC-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 
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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 

f 

h 
pc 

rec 

rf 

su 

w 

The letter symbols for the dynamic characteristics of 

semiconductor memories are as follows: 

Characteristic Subscript 

Access time a 
Disable time dis 
Enable time en 
Propagation time p 

Recovery time rec 
Transition time T 
Valid time v 
Note Recovery time for use as a characteristiC IS limited to sense recovery limp 

4. SUBSCRIPTS BAND 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 Band 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 0 
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 symbols for time Intervals. bars over the subSCripts, for ex

ample CAS, should not be used 

It should be noted, when further letter symbols are chosen, that the sub· 

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

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

Data Input/output, Read/Wnte) the waveform should be labelled With the 

dual function, If appropriate, but the symbols for the dynamiC parameters 

should mclude only that part of the subSCript 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 le,tter 
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 subscnpts C and E may be abbreViated, and Since subscrtpts Band 0 

may contam an Indeterminate number of letters, It IS necessary to put the 

restnctlon on the subSCripts Band 0 that they should not end With H, L, 

V, X, or Z, so as to avoid possible confUSion 

• MITSUBISHI 
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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 should be in upper-case. 

Modes of operation Subscript 

Power-down PO 
Page-'mode read PGR 
Page-mode write PGW 

Read R 

Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write W 
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SYMBOLOGY 

FOR DIGITAL INTEGRATED CIRCUITS 
New symbol Former symbol 

C, 

Co 

C,/o 

C,(¢) 

f 

f (¢) 

I BB 

I BB(AV) 

Icc 

I CC(AV) 

ICC(PD) 

100 

IDo(AV) 

IGG 

IGG(AV) 

I, 

I'H 

I,L 

ILOAD 

IpEAK 

10H 

IDL 

IDZ 

10ZH 

10ZL 

lOS 

Iss 

Pd 

NEW 

NRA 

A, 

AL 

AOFF 

AON 

ta 

ta(A) ta(AD) 

ta(CAS) 

ta(E) ta(CE) 

ta(G) la(DE) 

ta(PR) 

ta(RAS) 

ta(s) ta(cs) 

tc 

tCR tC(RD) 

tCRF Ic (REF) 

tCPG tC(PG) 

ParametE'r-deflnl lion 

I nput capacitance 

Output capaCllance 

l,-,pu1!output terminal capaCitance 

Input capacitance of clock Input 

Frequency 

Clock frequency 

Current-the current Into an Integrated ClfCUlt terminal I~ defined as a POSitive value and the current out 01 a terminal IS defined as a negative value 

Supply current from VSS 

Average supply current from Vss 

Supply current from Vee 

Avarage supply current from Vee 

Power down supply current from Vee 

Supply current from Voo 

Average supply current from VOO 

Supply current from VGG 

Average supply current from VGG 

Input current 

High-level Input current~the value of the Input current wl1en VOH IS applied to the Input conSidered 

Low level Input current-the value of the Input current when VOL IS applied to the Input COnSidered 

Built-In resistor current 

Peak cu rrent 

High-level output current~the value of the output current when VOH IS applied to the output conSidered 

Low-level output current-the value of the output current when VOL IS applied to the output conSidered 

Off.state (high-Impedance statel output current~the current Into an output haVing a three-state capability With Input condition so applied that 

It wlil establish according to the product specification, the off (high-Impedance) state at the output 

Off-state (high-Impedance state) output current, With high-level voltage applied to the output 

Off-state (high-Impedance state I output current, With low-level voltage applied to the output 

Short-Circuit output current 

Supply current from Vss 

Power diSSipation 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access tlme~the time Interval between the application of a specified Input pulse dUring a read cycle and the availability ot valid data Signal at an output 

Address access tlme~the tl me Interval between the application of an addre~s Input pulse and the availability of valid data Signals at an output 

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe access time 

Chip select access time 

Cycle time 

Read cycle tlme~the time Interval between the start of a read cylce and the start of the next cycle 

Refresh cycle tlme~the time Interval between succeSSive Signals that are Intended to restore the level In a dynamIC memory cell to ItS onglnallevel 

Page-mode cycle time 
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New symbol Former symbol 

tCRMW tC(RMR) 

tcw tC(WR) 

td 

td(~) 

td (CAS-RAS) 

td(CAS-W) td(CAS WR) 

td (RAS-CAS) 

td(RAS-W) td(RAS-WR) 

tdIS(R-O) tdIS(R-OA) 

tdIS(S) tpXZ(CS) 

tdIS(W) tpXZ(WR) 

tDHL 

tDLH _ 

ten(A-Q) tPZV(A-DQ) 

ten(R-Q) tPZV(R-DQ) 

ten(S-Q) t pzx ICS-DQ) 

tf 

th 

theA) th(AD) 

theA-E) th(AD-CE) 

theA-PRJ th(AD-PRO) 

th(CAS-CA) 

th(CAS-D) th(CAS-DA) 

th(CAS-Q) th (CAS-OUT) 

th (CAS-RAS) 

th(CAS-W) th(CAS-WR) 

th(D) th(DA) 

th(D-PR) theDA-PRO) 

theE) th(CE) 

theE-D) th(CE-DA) 

theE-G) th(CE-OE) 

th(R) th(RD) 

th(RAS-CA) 

t h (RAS-CAS) 

th (RAS-D) th(RAS-DA) 

th(RAS-W) th(RAS-WR) 

th(S) th(CS) 

thew) th(WR) 

th(W-CAS) th(WR-CAS) 

theW-D) th(WR-DA) 

th(W-RAS) th(WR-RAS) 

tpHL 

tPLH 

tr 

Irec(w) twr 

treC(PD) tR(FlD) 

tsu 

Isu (A) ISU(AD) 
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Parameter-definitiOn 

Read-modify-wnte 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 nex t cycle 

Wnte cycle time-the time Interval between the start of a write cvcle and the start of the next cycle 

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

Delay time between clock pulses-e 9 • symbology, delay time, clock 1 to clock 2 or clock 2 to dock 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 address strobe to wrtte 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 

High-level to low-level delay time } 

Low-level to high-level delay time 

Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

the time Intervat between specified reference pomts on the mput and on the output pulses, when the output IS 

gOing to the low (high) Jevel and when the deVice IS dnven with a specified loading networks 

HOld time-the mterval of time dunng which a signal at a specified Input terminal appears after an active tranSItion occurs at another specified Input terminal 

Address hold tl me 

Chip enable hold time alter address 

Program hold time after address 

Column address hold time after column address strobe 

Data-m 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 tlrY)e after row address strobe 

Data-In hold time after row address strobe 

Wnte hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-In hold time after wflte 

Row address hold time after wrtte 

High-level to low-level propagation 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 

Low-level to high-level propagation time of stated type 

Rise time 

Write recovery time-the time Interval between the termination of a wrtte 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 specllfed Input terminal and a consecutive active 

tarnSltlon at another specified Input terminal 

Address ~etup time 
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New symbol Former symbol Parameter-definition 

tSU(A-E) tSU(AD-CE) Chip enable setup time before address 

tSU(A-W) tSU(AD-WR) Write setup time before address 

tsu (CA-RAS) Row address strobe setup time before column address 

tSU(D) tsu (DA) Data-In setup time 

tsu (D-E) tsu (DA-CE) Chip enable setup time before data-In 

tSU(D-W) tSU(DA-WR' Write setup time before data In 

tsu (E) tsu (CE) Chip enable setup time 

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

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

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

tsu (PD) Power-down setup time 

tsu (R) tsu (RD) Read setup time 

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

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

tsu (S) tsu (CS) Chip select setup lime 

tSU(S-W) tsu (OS-WR) Wrtte setup time before chip select 

tSU(W) tSU(WR) Write setup time 

tTHL High-level to low-level t,ansltion time } the time Interval between speCified reference pOints on of the output pulse when the output IS 

tTLH 
gOing to the luw (hlgtl} level and when a specified Input IS applied through a specified network and 

Low-level- to high-level transition time the output IS loaded by another speCified network 

tV(A) tdv (AD) Data valid time after address 

tv (E) tdv (CE) Data valid time after chip enable 

tV(E)PR tv (OE)PR Data valid time after chip enable In program mode 

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

tV(PR) Data valid time after program 

tv (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) tW(OE) Chip enable pulse Width 

tW(EH) tW(OEH) Chip enable high pulse Width 

tW(EL) tW(EL) Chip enable low pulse Width 

tW(PR) Program pu I<;e Width 

tWIRl tW(RD) Read pu Ise Width 

tW(S) tW(OS) Chip select pulse Width 

tW(W) tW(WR) Wrtl8 pulse Width 

t W ( ¢) Clock pulse Width 

Ta Ambient temperature 

Topr Operating temperature 

Tstg Storage temperature 

Vss Vee supply voltage 

Veo Vee supply voltage 

VOO Voo supply voltage 

VGG VGG supply voltage 

V, Input voltage 

V,H High-level Input voltage-the value of the permitted high-state voltage at the Input 

V,L 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 VSS supply voltage 

Note 1 _ These letter symbols are based on the lEG publication t 48 except a part of them 
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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 a-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 
Fig. 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 and 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. 
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(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, 100cycles 

3 Lead fatigue 250gr, 90', 2arcs 

Shock 1500G, 0.5msec. 

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

4mtn'/cycle, 4cycles/direction 

Constant acceleration 20000G, Y direction, 1 min. 

5 Operation life 
Ta=125'"C, Vccmax 
1000hours 

6 
High temperature 

Ta=150'"C,1000hours 
storage life 

High temperature and 
85'"C, 85%, 1000hours 

7 high humidity 
Pressure cooker 121'"C, 100%, 100hours 



MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND RELIABILITY TESTING 

DESIGN/ QUALITY PRODUCTION STAGE MARKET SALES PRODUCTION MANUFACTURING ASSURANCE CONTROL ENGINEERING 

1 MARKET SURVEY ) 
Z L-c STRATEGIC PRODUCT PLAN ) 
w 
::;: 
11. 

t a 
...J 
w ( UIo~I\jN/U~ Mgl~~~EW ) > w e ~ ~~AEfIl~'ATION ) Z 

t~'.e~:ct:t~~~~+lliW 1 C!l 
Cii ~ w 

1 Q",u~c",O" " '1 
0 

, 
r--- t-- ( DECISION OF PRE-PRODUCTION 

If PREPARATION 
Z 1\ 1~~i'~3g~bN a t i= u ( PRE-PRODUCTION J ~ :J 

,0 
QUALIFICATION (2) wa 

a: a: 
11.11. 

of 

f--f-- ( DECISION OF MASS PRODUCTION ) 

~ION I 
--'-

~~k'~Uv IIUN 

IC 
MATERIAL Z 

,r' -.1 INCOMING a 
TEST i= 6 f-(WAFFR FAB W u 

...J :J 
0 a: --'- u 

I- a: 0 
enZ KASSEMBLY U a: 

11. en O u en wU ...J 3 en u>-
r<fINAL 

0 
« 01- a: >-::;: a:::::; INSPECTIO~ I- ...J I-11.« II' QUALITY Z 

':J 0 0 '> 
~o ASSURANCE TEST U a: i= 

I- U 

'I 1 
...J Z « 

? ? j 
« 0 11. I- U Z :J C!l W I- a Z 

QUALITY DATA/FAILURE ANALYSIS/QUALITY 0 ::;: Z a: Z a: Z w C!l IMPROVEMENT I- 0 ::;: :;;: f-- t-- Z ...J 
0 a: :J ...J a: 

'> U « l-
t U 

Z 0 ::;: U >-
(INVENTORY) 

Z w 0 en 0 a: 0 w 
i= ~ , 
« ...J a: w r"'M. ) INVENTORY) ff! 0 ORDER 

CONTROL :J. 
en I+<. U f--f-- SHIPPING 

0 a: 
Z w 
« ::;: J'\ I-0 

RETURNED PRODUCT '( _'l 
Z 

l-
I-

W en 
0 :J ::;: 
a: U 11. 
11. FAILURE ANALYSIS/COIRRECTIVE ACTION 5 :J 

0 en ,.. 
w 0 "-' FAILURE ANALYSIS REPORT GENERATION 

J 
...J 
w 

! I 

- FLOW OF PRODUCT ---- FLOW OF INFORMATION 

Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 

1-37 



MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND RELIABILITY TESTING 

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" 

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. 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 

Fig. 2 shows the procedure of returned product control from 
customer. 

I RETURNED PRODUCT 

~ 

/ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 

~ 

FAILURE ANALYSIS r-------------------i 
I I VISUAL INSPECTION I I ~ 
I I ELECTRICAL I 
I CHARACTERISTICS TEST 

I ~ 

I ( CLASSIFICATION OF 
FAILURE MODES 

I z 
I 

ACCEPTANCE 0 
;:: 

I u 
w ..., 

I w 
a: 

I I SIMULATION TEST I INTERNAL VISUAL I I INSPECTION 

I • 
I 1< ELECTRICAL I CHIP ANALYSIS I I CHARACTERISTICS TES 

I REJECTION 
~C.£5~A..!:!..C~ ---------

~ _____ .J ,---------, 
--I CONFIRMATION OF I 

I 
L _ ~I,::!R~ C~U~ __ ....J 

~NVESTIGATION OF CAUSC::::( SURVEY OF 

~ 
PROCESS RECORD 

t I REPORT ~~ GENERATION 

I PRELIMINARY 1 
CORRECTIVE ACTION I 

~ OF QUALITY NO GO 

GO I REPORT TO I 
CUSTOMER 

YFIXED CORRECTIVE ACTl01 
PREVENTIVE MEASURES 

Flg.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS for representative types of Single-chip 8-bit Microcompu-

The reliability test results for Mitsubishi Single-chip 8-bit ters. 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar-
ature operation life and high temperature storage life test 

Table 2. ENDURANCE TEST RESULTS 

Test Series Type Number Test Condition 

M38002M2-XXXFP 

M38063M6-XXXFP 

M38102M5-XXXSP 

38000 Series 
M38112M4-XXXSP 

M38173M6-XXXFP 

M38002E4-XXXFP 

M38063E6-XXXFP 

M38173E6-XXXFP 

M37450M8-XXXFP 

High Temperature M37451 M4-XXXSP 

Operation Life M37450M4TXXXSP 125'C 7V 

37450 Series M37451 M4DXXXSP 

M37450E4-XXXSP 

M37451 E8-XXXSP 

M37451 E8DXXXSP 

M37470M2-XXXSP 

M37470M8-XXXSP 

37470 Series 
M37471 M8-XXXSP 

M37470E8-XXXSP 

M37471 E4-XXXSP 

M37471 E8-XXXSP 

M38002M2-XXXFP 

M38063M6-XXXFP 

M38102M5-XXXSP 

38000 Senes 
M38112M4-XXXSP 

M38173M6-XXXFP 

M38002E4-XXXFP 

M38063E6-XXXFP 

High Temperature M38173E6-XXXFP 
175'C 

Storage Life M37450M8-XXXFP 

37450 Series 
M37451 M4-XXXSP 

M37450E4-XXXSP 

M37451 E8-XXXSP 

M37470M8-XXXSP 

37470 Senes 
M37471 M8-XXXFP 

M37470E4-XXXSP 

M37471 E8-XXXSP 

38000 Series 
M38063M6DXXXFP 

Low Temperature M38063E6DXXXFP 
-55'C 

Storage Life 
5.5V 

M37450M4TXXXSP 
37450 Series 

M37451 E8DXXXSP 

• MITSUBISHI "'ELECTRIC 

Number of Device Hours Number of 
Samples (Hours) Failures 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 
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Table 3 shows the results of the environment tests of ther
mal stress high temperature/high humidity and pressure 
cooker test for the same type of products in regards to en-

Table 3. ENVIRONMENTAL TEST RESULTS 

Test Series Type Number 

M38002M2-XXXFP 

M38063M6-XXXFP 

M38102M5-XXXSP 

M38112M4-XXXSP 

38000 Series M38173M6-XXXFP 

M38002E4-XXXFP 

M38063E6-XXXFP 

M38102E5-XXXFP 
High Temperature 

M38173E6-XXXFP 
High Humidity Life 

M37450M8-XXXFP 

37450 Series 
M37451 M4-XXXSP 

M37450E4-XXXSP 

M37451 E8-XXXSP 

M37470M8-XXXSP 

37470 Series 
M37471 M8-XXXFP 

M37470E4-XXXFP 

M37471 E8-XXXSP 

Test Senes Type Number 

M38002M2-XXXFP 

M38063M6-XXXFP 

M38102M5-XXXSP 

38000 Series 
M38112M4-XXXSP 

M38173M6-XXXFP 

M38002E4-XXXFP 

M38063E6-XXXFP 

M38173E6-XXXFP 
Pressure Cooker 

M37450M8-XXXFP 

37450 Series 
M37451 M4-XXXSP 

M37450E4-XXXSP 

M37451 EB-XXXSP 

M37470MB-XXXSP 

37470 Series 
M37471 MB-XXXSP 

M37470E4-XXXSP 

M37471 EB-XXXSP 

Test Series Type Number 

M38002M2-XXXFP 

M38063M6-XXXFP 

M38102M5-XXXSP 

38000 Senes 
M38112M4-XXXSP 

M38173M6-XXXFP 

M38002E4-XXXFP 

M38063E6-XXXFP 

Temperature Cycling 
M38173E6-XXXFP 

M37450M8-XXXFP 

37450 Series 
M37451 M4-XXXSP 

M37450E4-XXXSP 

M37451 E8-XXXSP 

M37470M8-XXXSP 

37470 Series 
M37471 M8-XXXFP 

M37470E4-XXXSP 

M37471 E8-XXXSP 
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durance tests. 
Table 4 shows the results of mechanical tests for repre
sentative products of various package types. 

Test Condition Number of Device Hours Number of 
Samples (Hours) Failures 

22 22000 0 

22 22000 0 

22 22000 0 
22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 
85·C 85%RH 5.5V 22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

22 22000 0 

Test CoMition 96Hours 240Hours 500Hours 

0/22 0/22 -
0/22 0/22 -
0/22 0/22 -
0/22 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 ~ 

0/22 0/22 -
0/22 0/22 -
0/22 0/22 -
0/22 0/22 -
0/22 0/22 -

Test Condition 10Cycles 100Cycies 300Cycles 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

-65"C-150·C 
0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 

0/22 0/22 0/22 
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Table 4. MECHANICAL TEST RESULTS 

Test Test Condition 
Package 

32P4B 42P4B 64P4B 64P6N 80P6N 80P6 80P6S 

Soldering Heat 260°C 10sec 0/110 0/110 0/110 0/110 0/110 0/110 0/110 
Thermal Shock -40°C_125°C 15cycle 0/110 0/110 0/110 0/110 0/110 0/110 0/110 

Solderebility 230l: 5sec Using a rosm-type Flux 0/110 0/110 0/110 0/110 0/110 0/110 0/110 

Shock 1500G 0.5msec X, Y. and Z directions 3times 0/110 0/110 0/110 0/110 0/110 0/110 0/110 

Vibration 20G X, Y, and Z directions 4times 1 DO-2000Hz 4mmutes/Cycle 0/110 0/110 0/110 0/110 0/110 0/110 0/110 

Constant Acceleration 20000G Y, direction 1 minute 

Free Fall 75cm onto a maple wood board 3tlmes 

Lead Integrity 
250g 90° Berding 2times (OFP, 125g) 

500g Tension 30sec (OFP, 250g) 

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 

Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur
red by temperature storage test of 225°C, 1000hours. 

Fig.4 
Au-AI plague formation 
on bonding pad 

Flg.5 

Fig.3 
Micrograph of 
lifted Au ball trace 
on AI bonding pad 

Lifted Au wire ball base 

0/110 0/110 0/110 0/110 0/110 0/110 0/110 

0/110 0/110 0/110 0/110 0/110 0/110 0/110 

0/110 0/110 0/110 0/110 0/110 0/110 0/110 

0/110 0/110 0/110 0/110 0/110 0/110 0/110 

Au-AI intermetallic formation so-called "Purple plague" 
by thermal overstress makes Au wire' lift off from alumi
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 

(2) Aluminum Corrosion Failure by Temperature/Humidity 

Stress. 
Fig. 6, Fig 7 and Fig. 8 are an example of corroded fa
ilure of aluminum metallization in plastic encapsulated 
Ie after accelerated temperature/humidity storage test 
(pressure cooker test) of 121°C, 100% RH, 1000hours 

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 Fig. 8 . 
.",.---;,.,...".,,~~ 

Flg.6 
Micrograph of corroded 
Aluminum metallization 

• MITSUBISHI 
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Flg.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 

Flg.S 
CI 
distribution 
on corroded 
Aluminum 
bonding pad 

(3) Destructive Failure by Electrical Overstress 

ESD have been performed to reproduce the electrical 
overstress failure in field uses. 

Fig. 9 and Fig. 10 are an example of failure observed 

by surge voltage test. The trace of destruction is veri
fied as the aluminum bridge by X-ray micro analysis. 

Flg.9 
Micrograph of surge 
voltage destruction 

Flg.10 
Aluminum trace 
of destructive spot 

(4) Aluminum Electromigration 

Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the .alumi
num electromigralion. Voids and hillock have been 
formed in aluminum metallization by high current de
nsity. 

5 SUMMARY 

Flg.11 
Voids and 
hillocks 
formation 
by Aluminum 
electromlgratlon 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
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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MITSUBISHI MICROCOMPUTERS 

PRECAUTIONS IN HANDLING MOS IC/LSls 

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 MaS 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 

limlts·will assure maximum equipment performance and 

quality. 

2. Forward bi~s 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 (} 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 MaS le/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 wh ich can frequently be 

strong enough to destroy aMOS 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 !lven for battery-operated equipment. 
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SERIES 38000 

I 





.Typical type 

Sherlesl 
1/0 port 

MITSUBISHI MICROCOMPUTERS 

Series 38000 Index by Function 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Function 
Interrupt 

Clock InStruction 
(number) 

Senail/O cause 
<*IllalJoo Group name frequency execution Timer A·O converter D-A cooverter 8-bit Package 

(MHz) I .. e (blXn_) 
UART IClock- Clock- (bilXchannel) (bilXchannel) PWM (~.) 1/0 synchronIZed Extemal Intemal synchronized (bllXnumber) 

M38DDx 8 0_5 58 SX4 1 - - - - S 6 64P4B/64P6N 
M38D6x S 0_ 5 72 SX4 1 SXl SXS· SX2 - 7 S SOP6N/SOP6S 

.Internal high-breakdown-voltage port type 

S .. I/O port 
Function 

Interrupt 

s~ tj3 (number) 
5enall/0 PWM 

HlghM 
FLP cause 

16::; E .. breakdownM 
Group on § Timer voltage port controller -,.----

1i~ ,,- A-D cooverter Comparalor SUb (number) Package 
name i~ 

(bltXmJOOer) Wllhan 
8 " Clock- automatJc (bitXchannel) (b1IXchannell clock 01 

I -'" " '5 6 Input 0IlpU 1/0 SjOcl1ronized datalransler 8-b.t 14-biI i 8 5- (bdXnumber) IuncbCll Oulput 1/0 Segment Digit - .. c»E (bIXnurmer) w 
UJ: 

M3810x 4.2 0.95 1 28 28 8X4 8X2 - - 4Xl - 1 0 28 - - - 4 
64P4BI 

6 
64PSN 

M3811x 4.2 0.95 1 28 28 8X4 8Xl 8Xl - 4Xl - 1 0 28 - 8-16 8-16 4 9 
64P4BI 

64P6N 

M3817x 6.3 0.63 1 24 45 8X6 8Xl 8Xl 8X~ - 1 1 0 24 8 8-24 4-16 5 12 80PSN 

M3818x 6.3 0.63 3 20 67 8X6 8Xl 8Xl 8X8 - 1 1 0 20 12 8-24 4-16 5 12 100PSS 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3800x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 
The M3800x group is designed for office automation equip
ment, household appliances and include four timers, serial 
I/O function. 
The various microcomputers in the M3800x group include 
variations of internal memory size and packaging. For de
tails, see the section on part numbering. 
For details on availability of microcomputers in the M3800x 
group, see the section on group expansion. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Basic machine-language instructions ....................... 71 
• Instruction execution time .......... · .... · .................. ·0.5,us 

(shortest instruction at 8M Hz oscillation frequency) 

• Memory size 
ROM ................................................ 4K to 32K bytes 
RAM .............................................. '192 to 1024 bytes 

• Programmable input/output ports ............................ 58 
• Interrupts ................................. 15 sources, 15 vectors 
• Timers .. · .... ·· .. · ...... ·· .. ············ .. ·········· .. · .. ·······8 bitX4 
• Serial I/O .......... 8-bitX1 (UART or Clock-synchronized) 
• Clock generation circuit .. · .. "Internal feedback amplifier 

(connect to external ceramic resonator or quartz crystal) 
• Supply voltage .... · ...................................... 3.0 to 5.5V 
• Low power dissipation ...................................... 32mW 

• Memory expansion possible 
• Operating temperature range ................... -20 to 85"C 

APPLICATIONS 
Office automation, factory automation, household ap
pliances, and other consumer applications, etc. 

I I I I I I I I I I I I I I I I 
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M38002M4-XXX FP 

" 5 6 7 B 910111213141516 

I I I I I I I I I I I I I I I I 

Package type : 64P6N 

64-pin plastic-molded QFP 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

Vee 

P56 - 13 

P55/CNTR, - 14 

P54/CNTRo - 15 

P53/1NT5 - 16 

P5,/INT4 "" 17 

P5,/INT3 - 18 

P50 /lNT, - 19 

Vss 

59 .... P35/SYNC 

41 .... P1 7/AD'5 

Package type 64P4B 
64-pin shrink plastic-molded DIP 

• MlTSUBlSHI 
.... B.ECTRIC 
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FUNCTIONAL BLOCK DIAGRAM (Package: 64P4B) 

Clock Input Clock output Reset Input 
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PIN DESCRIPTION 

Pin Name 

Vee Power supply 

Vss 

CNVss CNVss 

---
RESET Reset mput 

X ,N Clock mput 

XOUT Clock output 

POO-P07 I/O port PO 

P1 0 -P1 7 110 port P1 

P20 -P27 I/O port P2 

P30 -P37 I/O port P3 

P40 • P4, I/O port P4 

P4,1INTo• 

P43/1NT, 

P44 /RxD • 

P45/TxD, 

P46/SCLK• 

P47 /SRDy 

P50 /1NT2 - I/O port P5 

P53/1NT5 

P5,/CNTRo• 

P5,/CNTR, 

P56 • P57 

P6o-P67 110 port P6 

P70 • P7, I/O port P7 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply inputs 30 to 5 5V to Vcc. and OV to Vss 

This pin controls the operation mode of the chip. Normally connected to Vss If this pin IS connected to Vee. the IOternal 

ROM IS inhibited and external memory 15 accessed. 

To reset the microcomputer, this pin should be kept at an "L" level for more than 2.us under normal operating condl-

lions 

Input and output Signals for the internal clock generation CirCUIt. Connect a ceramic resonator or quartz crystal between 

the X,N and XOUT pins to set the oscillation frequency If an external clock IS used, connect the clock source to the X,N 

pin and leave the XOUT pin open 

An 8 bit CMOS I/O port An 1/0 direction register allows each Pin to be indiVidually programmed as either mput or out-

put At reset this port IS set to input mode 

In modes other than single-chip, these pms are used as address, data, and control bus I/O pins 

An a-bit CMOS 110 port with the same function as port PO 

External interrupt Input pins 

Senal I/O I/O pins 

-

An a-bit CMOS I/O port with the same funcllon as port PO External Interrupt Input pinS 

Timer X and Timer Y 1/0 PinS 

An a-bit CMOS I/O port with the same funcllon as port PO 

An 2-blt CMOS I/O port with the same functIOn as port PO 

• MITSUBISHI 2-7 
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PART NUMBERING 

Product name M3800 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

M4-XXXSP 

L Package type 

SP: 64P4B package 

FP: 64P6N package 

SS· 64S1 B package 

FS· 6400 package 

'------ ROM number 

Omitted in some types. 

'--------- ROM/PROM sIZe 

·4096 bytes 

8192 bytes 

12288 bytes 

4 . 16384 bytes 

20480 bytes 

24576 bytes 

28672 bytes 

8 . 32768 bytes 

The first 128 bytes and the last two bytes of ROM 

are reserved areas, they can not be used 

'------------ Memo~type 

M. Mask ROM version 

E EPROM or one-time programmable verSion 

'----------- RAM sIZe 

0.192 bytes 

1 256 bytes 

384 bytes 

512 bytes 

.4 640 bytes 

768 bytes 

896 bytes 

7 1024 bytes 

.• MITSUBISHI 
..... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION (2) Packages 

Mitsubishi plans to expand the M3800x group as follows: 64P4B ............................... Shrink plastic molded DIP 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 

64P6N ........................................ Plastic molded QFP 

64S1 B········································ Shrink ceramic DIP 
ROM/PROM capacity·· .. ·· .................. 8K to 32K bytes 6400 .................................................. Ceramic LCC 

RAM capacity································· 384 to 1024 bytes 

Memory expansion plan 

ROM size (bytes) New product Under development 

32K ., .............. ,.... . ........... :~800~M8~r-· .. · .. · .. TC€:38007M8~ 
, . , , , , , , 
• , I , 

28K - - -: ••••••• - • - - - -~ _ •• _ •••••••••• t _. _ •• _ •••••••. ; - - -- _. - _. _ •••• t- - - -- - -- -- - - -! ------------...... --------': 

24K .............•..............• ------~~~.J~8003M6~.---- .. --------, ..... -- ...... -;- .... -.-------j 
, : : : M6: Unde; developm~nt : : 

20K -·-----·------~---·--·~·-·-·r--·-~----:-···1 ----r------ -------1·-·------- --·;--··-·-·~-~~lproduct 

::: ••••.•..•••• r •••• ···'~r~"""·~:mm ..... ; ...... m .... ; ..•.• ·....i~""i"~ 
"' .. m+ ..!~:~'mm .. !mmj mmmimmm 
4K ------- ______ , ______________ l._ .. _._. __ ._ -.---------- ---i-----

192 256 384 512 640 768 896 

RAM sIZe (bytes) 

The development sChedule and other details of products under development may be revised without notice 

Currently supported products are listed below 

1024 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Product name (P) ROM size (bytes) 

M38002M4-XXXSP 

M38002E4-XXXSP 

M38002E4SP 

M38002M4-XXXFP 

M38002E4-XXXFP 
16K 

M38002E4FP 

M38002E4SS 

M38002E4FS 

M38002M2-XXXSP 

M38002E2-XXXSP 

M38002E2SP 

M38002M2-XXXFP 

M38002E2-XXXFP 
8K 

M38002E2FP 

M38002E2SS 

M38002E2FS 
M38004M8-XXXSP 

M38004E8-XXXSP 

M38004E8SP 

M38004M8-XXXFP 

M38004E8-XXXFP 
32K 

M38004E8FP 

M38004E8SS 

M38004E8FS 

M38007M4-XXXSP 

M38007E4-XXXSP 

M38007E4SP 

M38007M4-XXXFP 

M38007E4-XXXFP 
8K 

M38007E4FP 

M38007E4SS 

M38007E4FS 

M38003E6-XXXSP 

M38003E6SP 

M38003E6-XXXFP 

M38003E6FP 
24K 

M38003E6SS 

M38003E6FS 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

RAM ~ize (bytes) 

384 

384 

640 

1024 

512 

Microcomputers of the M3800x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 
Machine-resident MELPS 740 instructions are as follows· 

The FST and SLI/V instructions are not available for use. 
The STP. WIT. MUL. and DIV Instructions can be used. 

CPU Mode Register 
The CPU mode register (address 0038,6) contains proces
sor mode bits that specify the operating mode of the chip. 
The CPU mode register also contains the stack page select 
bit. 

2-10 
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Package Remarks 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable version (blank) 

Mask ROM version 

64P6N One-time programmable version 

One-time programmable version (blank) 

64S1B EPROM version 

64DO EPROM verSion 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable verSion (blank) 

Mask ROM version 

64P6N One-time programmable verSion 

One-time programmable version (blank) 

64S1B EPROM version 

64DO EPROM version 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable version (blank) 

Mask ROM version 

64P6N One-time programmable version 

One-time programmable verSion (blank) 

64S1B EPROM version 

64DO EPROM version 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable verSion (blank) 

Mask ROM verSion 

64P6N One-time programmable version 

One-time programmable version (blank) 

64S1B EPROM verSion 

64DO EPROM version 

One-time programmable version 
64P4B 

One-time programmable version (blank) 

One-time programmable version 
64P6N 

One-time programmable version (blank) 

64S1B EPROM verSion 

64DO EPROM version 

7 0 
I I I I I I I I I CPU mode register 

I I (CPUM address 0038,.) 

Ll.----. Processor mode bits 
bl bIl 
o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Do not use 

L-___ Stack page select bit 

o : RAM in the zero page IS 
used as stack area 

: RAM in page 1 IS used 
as stack area 

Fig. 1 Structure of CPU mode register 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

• RAM 
RAM is used for data storage as well for stack area. 

• ROM 
The first 128 bytes and the last two bytes of ROM are re
served for device testing and the rest is user area for 
storing programs. 

• Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacity 
Address XXXX'6 

(bytes) 

192 00FF'6 
256 013F'6 
384 01 BF'6 
512 023F'6 
640 02BF'6 
768 033F'6 
896 03BF'6 

1024 043F'6 

ROM area 

ROM capacity 
Address YYYY'6 Address ZZZZ'6 

(bytes) 

4096 FOOO'6 F080'6 
8192 EOOO'6 E080'6 

12288 0000'6 0080'6 
16384 COOO'6 C080'6 
20480 BOOO'6 B080, 6 

24576 AOOO'6 A080'6 
28672 9000'6 9080,6 

32768 8000'6 8080'6 

Fig. 2 Memory map diagram 

• Zero Page 
The 256 bytes from addresses 0000 '6 to 00FF'6 are cal

led the zero page area. The internal RAM and the spe
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 

This dedicated zero page addressing mode enables ac
cess to this area with only 2 byt,es. 

• Special Page 
The 256 bytes from addresses FFOO'6 to FFFF'6 are call

ed the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres
sing mode enables access to this area with only 2 bytes. 

0000'6 

0100'6 
RAM [ 

0,040'6 

ROM 

XXXX'6 

0440'6 

YYYY'6 

ZZZZ'6 

FFOO'6 

FFDC'6 

FFFE'6 

FFFF'6 

SFR area 

-----------------
Reserved area 

Not used 

-----------------
Reserved ROM area 

(common ROM area,128 bytes) 

Interrupt vector area 

Reserved ROM area 

] 
Zero 
page 

Special 
page 

• MITSUBISHI 
.... ELECTRIC 
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Fig. 3 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

0000,. 
0001'6 
0002,. 
0003'6 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009'6 
OOOA,. 
OOOB,. 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
0010'6 
0011,6 
0012'6 
0013,. 
0014,. 
0015'6 
0016,. 
0017,. 
0018,. 
0019,. 
001A,. 
001B,. 
001C,. 
0010,. 
001E,. 
001F'6 

Port PO (PO) 
Port PO direction register (POD) 
Port PI (PI) 
Port PI direction reg,ster (PI D) 
Port P2 (P2) 
Port P2 direction reQister (P2D) 
Port P3 (P3) 
Port P3 direction register (P3D) 
Port P4 (P4) 
Port P4 direction register (P40) 
Port P5 (P5) 
Port P5 direction register (P5D) 
Port P6 (P6) 
Port P6 direction register (P6D) 
Port P7 (P?) 
Port P7 direction register (P70) 

Transmit/receive buffer (TB/RB) 
Senal I/O status register (SIOSTS) 
Serial I/O control register (SIOCON) 
UART control register (UARTCON) 
Baud rate generator (BRG) 

0020,. 
0021,. 
0022,. 
0023,. 
0024,. 
0025,6 
0026,. 
0027,. 
0028,. 
0029'6 
002A'6 
002B,. 
002C,. 
0020,6 
002E,. 
002F,. 
0030,. 
0031,. 
0032'6 
0033,. 
0034,. 
0035,6 
0036,. 
0037'6 
0038,. 
0039,. 
003A'6 
003B,. 
003C,. 
0030,. 
003E,. 
003F,. 

Memory map of special function register (SFR) 

• MITSUBISHI 
.... ELECTRIC 

Prescaler 12 (PREI2) 
Timer 1 (Tt) 
Timer 2 (T2) 
Timer XY mode register (TM) 
Prescaler X (PREX) 
Timer X (TX) 
Prescaler Y (PREY) 
TimerY (TY) 

.--

Interrupt edge selection register (INTEDGE) 
CPU mode register (CPUM) 
Interrupt request register 1 (IRE01) 
Interrupt request register 2 (IRE02) 
Interru~t control register 1 (ICON1) 
Interrupt control register 2 (lCON2) 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
Direction Registers 
The M3800x group microprocessors have 72 programmable 
I/O pins arranged in nine I/O ports (ports PO to P7). The 
I/O ports have direction registers which determine the input! 
output direction of each individual pin. Each bit in a direction 
register corresponds to one pin, each pin can be set to be in
put or output. When "0" is written to the bit corresponding to 

a pin, that pin becomes an input pin. When "1" is written to 
that bit, that pin becomes an output pin. 

If data is read from a pin which is set for output, the value of 
the port output latch is read, not the value of the pin itself. 
Pins set to input are floating. If a pin set to input is written to, 
only the port output latch is written to and the pin remains 
floating. 

Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ref No. 

POO-P07 Port PO 
Input/output, CMOS 3-state output Address lower-byte 

CPU mode register 
individual bits CMOS level Input output 

P1 o-P1 7 Port P1 
Input/output, CMOS 3-state output Address upper-byte 

CPU mode register 
individual bits CMOS level input output 

I n put! output, CMOS 3-state output 
Data bus I/O CPU mode register 

(1) 
P2o-P27 Port P2 

individual bits CMOS level input 

P30-P37 Port P3 
Input!output, CMOS 3-state output 

Control signal I/O CPU mode register 
individual bits CMOS level input 

P40 , P4, 

P4211NTo, External Interrupt Interrupt edge selection 
(2) 

P43 /INT, 
Input/output, CMOS 3-state output 

input register 

P44 /RxD, Port P4 (3) 
individual bits CMOS level input Serial I/O control 

(4) P45/TxD, 
Senal 1/0 function 1/0 register 

P4e/ScLK, (5) 
-- UART control register 

(6) P47/SRDy 

P50 /lNT2' 

P5, /INT3 , External interrupt Interrupt edge selecllon 
(7) 

P52/INT4 , 
Input/output, CMOS 3-state output 

input register 

P53 / INT5 Port P5 
individual bits CMOS level input 

P5,/CNTRo, 
Timer XY function I/O (8) 

P55 /CNTR, 

P56 , P57 

P6o-P67 Port P6 
Input/output, CMOS 3-state output 

individual bits CMOS level Input (9) 

P70 , P7, Port P7 
Input/output, CMOS 3-state output 

individual bits CMOS level Input 

Note: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function I/O ports, 
see the applicable sections 

• MITSUBISHI 
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(1) Port PO, P1, P2, P3, P40 or P4, 

Data bus 

(3) Port P4. 

(5) Port P46 

Data bus 

Senal clock output -1>----' 

(7) Port P50 to P53 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

(2) Port P42 or P43 

Data bus 

(4) Port P45 

Serial 110 output -[>-----' 

(6) Port P47 

Senal 1/0 mode select bit 
Serial 1/0 enable bit 

Data bus 

Senal ready output 

(8) Port P5. or P55 

Data bus 

Pulse output mode 

Interrupt input ~CDIf----' 
Timer output ---o~C-o-u-'nter Input 

Interrupt Input 

(9) Port P56 , P57 , P6 or P7 

Data bus 

Fig. 4 Port block diagram (single-chip mode) 
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INTERRUPTS 
A total of 15 sources can generate interrupts: 8 external, 6 in
ternal, and 1 software. 
• Interrupt Control 

Each interrupt is controlled by an interrupt request bit, an 
interrupt enable bit, and the interrupt disable flag-except 

for the software interrupt set by the BRK instruction. An in
terrupt is generated if the corresponding interrupt request 
and enable bits are "1" and the interrupt disable flag is "0". 
Interrupt enable bits can be set or cleared by software 
Interrupt request bits can be cleared by software, but can
not be set by software. 
The I flag disables all interrupts except for the BRK instruc
tion interrupt. 

Table 1 Interrupt vector addresses and priorities 

Interrupt cause Prionty 
Vector address (Note 1) 

High Low 

Reset (Note 2) 1 FFFD'6 FFFC'6 

INTo 2 FFFB,6 FFFA,6 

INT, 3 FFF9'6 FFF8'6 

SenalllO 
reception 

4 FFF7'6 FFF6'6 

SenalllO 5 FFF5'6 FFF4'6 
transmission 

Timer X 6 FFF3'6 FFF2'6 

Timer Y 7 FFF1,6 FFFO'6 

Timer 1 8 FFEF'6 FFEE'6 
Timer 2 9 FFED'6 FFEC'6 

CNTRo 10 FFEB,6 FFEA'6 

CNTR, 11 FFE9'6 FFE8'6 

INT2 12 FFE7,6 FFE6'6 

INT3 13 FFE5,6 FFE4'6 

INT. 14 FFE3'6 FFE2'6 

INTs 15 FFE1'6 FFEO'6 
1---

BRK Instruction I' 16 FFDD'6 FFDC'6 

Notel: Vector addresses contain Interrupt jump destination addresses 

• Interrupt Operation 
When an interrupt is received, the program counter and 
processor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter
rupts from interfering. The corresponding interrupt request 
bit is cleared and the interrupt jump destination address is 

read from the vector table into the program counter. 

• Notes on Use i 
When the active edge of an external interrupt (INTo to 
INTs, CNTRo, or CNTR, ) is changed, the corresponding in
terrupt request bit may also be set. To insure proper opera
tion when selecting the active edge, disable interrupts be

fore setting the interrupt edge selection. 

Interrupt request 
Remarks 

generation conditions 

At reset Non-maskable 

At detection of either rising or External mterrupt (active edge 

failing edge of INTo Input selectable) 

At detection of either rising or External Interrupt (active edge 

falling edge of INT, Input selectable) 

At end of senal 1/01 data re-
ceptlon 

Valid when serial 1/01 IS selected 

At end of senal 1/01 transfer 

shift or when transmission buf- Valid when serial 1/01 is selected 

fer is empty 

At timer X overflow 

At timer Y overflow 

At timer 1 overflow STP release timer overflow 

At timer 2 overflow 

At detection of either nSlng or External Interrupt (active edge 

falling edge of CNTRo input selectable) 

At detection of either rising or External interrupt (active edge 
failing edge of CNTR, Input selectable) 

At detection of either rising or External Interrupt (active edge 

failing edge ~INT2 input selectable) 

At detection of either nSlng or External Interrupt (active edge 
falling edge of INT 3 input selectable) 

At detection of either rising or External Interrupt (active edge 

falling edge of INT. Input selectable) 

At detection of either nSlng or External interrupt (active edge 
failing edge of INT s Input selectable) 

Non-maskable software Inter-
At BRK Instruction execution 

rupt 

2 : Reset function in the same way as an Interrupt With the highest PriOrity 

• MITSUBISHI 
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Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag (I) 

BRK Instruction ------I 
Reset----~_-', 

Interrupt request 

Fig. 5 Interrupt control 

o 
L J J I I I I I I Interrupt edge selectIon regIster 

~
INTEOGE. address 003A,.) 

INTo actIve edge select bit 
INT, active edge select bIt 

'----INT, actIve edge select bIt 
'-----INT. active edge select bit 

'------INT. actIve edge select bIt 
'-------INT. active edge select bit 

'--'---------Not used (returns "0" when read) 

o : Failing edge active 
1 : RIsing edge actIve 

7 o 
I I I I I I I I I Interrupt request register 1 

~IREQ1 address 003(;,.) 

INTo interrupt request bIt 
INT, interrupt request bIt 

'-----Serial 1/0 receive interrupt request bit 
'------SeriaII/O transmit Interrupt request bIt 

'-------Timer X Interrupt request bIt 
'--------Timer Y Interrupt request bit 

'---------Tlmer 1 Interrupt request bIt 
'-----------Tlmer 2 Interrupt request bIt 

7 
I I I I I I I I lint errupt control register 1 

ON1 address 003E,.) 

Lb: INTo Interrupt enable bIt 
INT, interrupt enable bIt 
Serial 1/0 receIve Interrupt enable bit 
Serial 1/0 transmit Interrupt enable bit 
Timer X Interrupt enable bit 
TImer Y Interrupt enable bIt 
Timer 1 Interrupt enable bit 
TImer 2 Interrupt enable bIt 

Fig. 6 Structure of Interrupt-related registers 

2-16 

I I I I I I I I lint errupt request register 2 
REQ2 address 0030,.) 

7 

~ CNTRo interrupt request bIt 
CNTR, interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 

Not used (returns "0" when read) 

: No interrupt request Issued 
: Interrupt request Issued 

I I I I I I I I I Interrupt control regIster 2 

~
ICON2. address 003F,.) 

CNTRo interrupt enable bit 
CNTR, Interrupt enable bIt 

'----INT. interrupt enable bIt 
'------ INT, interrupt enable bit 

'-------INT. Interrupt enable bIt 
'--------INT5 interrupt enable bIt 

'---'--------- Not used (returns "0" when read) 
(Do not write "1" to this bit) 

o : Interrupts disabled 
1 : Interrupts enabled 
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TIMERS 
Microcomputers of the M3800x group have 4 timers: timer X, 
timer Y, timer 1, and timer 2. 

The timers count down. Once a timer reaches 00,6, the next 
count pulse reloads the contents of the corresponding timer 
latch into the timer, and sets the corresponding interrupt re
quest bit to 1. 

The divide ratio of each timer or prescaler is given by 
1/(n+1), where n is the value in the corresponding timer or 
prescaler latch. 

7 o 
I I I I I I I I I 

LL 

'----

Timer XY mode register 
(TM Address 0023,6) 

Timer X operation mode bit 

blbO 
o 0 : Timer mode 
o 1 : Pulse output mode 
1 a : Event counter mode 
1 1 : Pulse width measurement mode 

CNTRo acllve edge select bit 
o : Interrupt at failing edge 

Count at rising edge In event 
counter mode 

: Interrupt at rising edge 
Count at failing edge In event 
counter mode 

Timer X count stop bit 
o : Count start 
1 : Count stop 

Timer Y operatIOn mode bit 

b5b4 
o 0 : Timer mode 
o 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse Width measurement mode 

CNTR, active edge select bit 
o : Interrupt at failing edge 

Count at rising edge In event 
counter mode 

: Interrupt at rising edge' 
Count at failing edge In event 
coul)ter mode 

Timer Y count stop bit 
o : Count start 
1 : Count stop 

Fig. 7 Structure of timer XY register 

Timer 1 and Timer 2 
The count source of prescaler 12 is the oscillation frequency 
divided by 16. The output of prescaler 12 is counted by timer 
1 a'nd timer 2, and a timer overflow sets the interrupt request 
bit. 

Timer X and Timer Y 
Timer X and Timer Y can each be set to operate in one of 
four operating modes by setting the timer XY mode register. 
1. Timer Mode 

In timer mode, the timer counts a signal that is the 
oscillation frequency divided by 16. 

2. Pulse Output Mode 
Timer X (or timer y) counts a signal which is the oscilla
tion frequency divided by 16. Whenever the contents of 
the timer reach "0", the signal output from the CNTRo (or 
CNTR, ) pin is inverted. If the CNTRo (or CNTR, ) active 
edge select bit is "0", output begins at "H". If it is "1", 
output starts at "L". When using a timer in this mode, set 
the corresponding port P54 (or port P55 ) direction regis
ter to output mode. 

3. Event Counter Mode 
Operation in event counter mode is the same as in timer 
mode, except the timer counts signals input through the 
CNTRo or CNTR, pin. 

4. Pulse Width Measurement Mode 
If the CNTRo (or CNTR, ) active edge select bit is "0", 
the timer counts at the oscillation frequency divided by 
16 while the CNTRo (or CNTR, ) pin is at "H". If the 
CNTRo (or CNTR, ) active edge select bit is "1", the 
count continues during the time that the CNTRo (or 
CNTR, ) pin is at "L" 

In all of these modes, the count can be stopped by setting 
the timer X (timer y) count stop bit to "1". Every time a timer 
overflows, the corresponding interrupt request bit is set. 

• MrrsuBlSHI 
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Oscillator 

direction register 

D,v,der 
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Timer X count stop bit 

-....:>-~------<l>--------------------uOO------__+- To eNTRo Interrupt 
request bit 

"1" 

Pulse output 
mode 

eNTRo active 
edge select 

Pulse width 
measurement 
mode 

Q 

"1" Toggle flip-flop T jE---------------/ 

"0" Q R 

Timer Y count stop bit 

Timer X latch write 

Pulse output mode 

To eNTR, Interrupt 
-....:>--+'>-------<1>----------------------1 ;>o------t-.-,.. request bit 

"1" 

Port P55 

latch 

Pulse output 
mode 

eNTR, active 
edge select 
bit 

Q 

"1" Toggle flip-flop T 1---------------/ 
Q 

"0'" '--__ ...:Rr'-__ --' 
Timer Y latch write 

Pulse output mode 

To timer 2 Interrupt 
request bit 

To timer 1 Interrupt 
request bit 

Fig. 8 Block diagram of timer X, timer Y, timer 1, and timer 2 
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Serial I/O can be used as either clock synchronous or asyn
chronous (UART) serial I/O. A dedicated timer is also pro
vided for baud rate generation. 

setting the mode select bit of the serial I/O control regis
ter to "1" 

For clock-synchronized serial I/O, the transmitter and the 

receiver must use the same clock. If an internal clock is 
used, transfer is started by a write signal to the transrnit 
or receive buffer. 

(1) Clock Synchronous Serial I/O 

Clock synchronous serial I/O mode can be selected by 

Address 0018,• 

[~~~~~~J~-':'-I-: Receive buffer full flag \RBF) 

L... ____ ..... Receive Interrupt request (RI) 

Clock control CIrCUit 

Serial 1/0 clock select bit ___ ~ 
BRG count source select bit Frequency diVISion ratio I/(n+l) 

Baud rate generator 1/4 1--1>-+ 
Address 001 C16 

§~~~~~~~f-l~:::-Q~~~~~~~t:Transmlt shift completion flag (TSC) 

P45/TxD 

Fig. 9 Block diagram of clock-synchronized serial I/O 

Transfer shift clock 

(112 to 112048 of the Internal 
clock, or an external clock) 

Serial output T xD 

Serial Input RxD 

Receive enable signal SRDY 

Interrupt signal to 
recelveltransmlt buffer 
(address 0018,.) 

~ 
~~~----------------------------'I ---
TBE~O TBE=1 ~BF=1 

TSC=O TSC=1 
Overrun error (OE) detection 

Notel: The transmit Interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=I) or after the transmit shift 
operation has ended (TSC=I)' by setting the transmit Interrupt source select bit (TIC) of the serial 110 control register 

2 : If data IS written to the transfer buffer when TSC=O, the transmit clock IS generated continuously and serial data IS output continuously 
from the T xD pin 

3 : The receive Interrupt (RI) is set when the receive buffer full (RBF) flag becomes "1" 

Fig. 10 Operation of clock-synchronized serial I/O function 
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(2) Asynchronous serial 1/0 (uART) mode 
Clock ,asynchronous serial 1/0 mode (uART) can be 
selected by clearing the serial 1/0 mode select bit of the 
serial 1/0 control register to "0". 
Eight serial data transfer formats can be selected, and 
the transfer formats used by a transmitter and receiver 
must be identical. 
The transmit and receive shift registers each have a buf
fer, but the two buffers have the same address in mem-

ory. Since the shift register cannot be written to or read 
from directly! transmit data is written to the transmit buf
fer, and receive data is read from the receive buffer. The 
transmit buffer can also hold the next data to be transmit
ted, and the receive buffer can hold a character while 
the next character is being received. 

Senall/O control regIster Address 001A16 

r;;;~~~~~}-'-:==C=: Receive buffer full flag !, (RBF) 
Receive Interrupt request 
(RI) 

Clock control Clrcurt 

Serial lID clock select bit 

UART control register 

Address 001 B,• 

P4~SeLK ~------------------------------------------i>---1 

BRG count source select bit Frequency division ratio 1I(n+l) 

Baud rate generator 

Address 001 C,• 

,------Transmit shift completion flag (TSC) 

P45/TxD C}-________________________ -IT!~~~~~~~-JLT~ra::n:;s~m~'t~ln:t:er~ru:p:t;souree select bit 
Transmit Interrupt request (TI) 

Character length select bit 1~1!!~TJt~~:::}-r.;::::::;:;:;;:::::::;:::;;Tgr;.an~s~mit buffer empty flag (TBE) 

Senal lID status re Ister Address 0019,. 

Fig. 11 Block diagram of UART serial 1/0 
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Transmit or receive clock 

Transmit buffer write Signal 

Senal output T xD 

Receive bufler wnte Signal 

Senal Input RxD 

1 start bit 
7 or 8 data bits 
1 or 0 panty bit 

___________ 1;..0:;r..;:2_:!op blt(s) 

TBE=1 TSC=I* 

,_." _VJ~~r--====~ 

Notel: Error flag detectIOn occurs at the same time that the RBF flag becomes "1" (at 1 sl stop bit, dunng reception) 
2: The transmit Interrupt (TI) can be selected to occur when either Ihe TBE or TSC flag becomes "1", depending on the setting of the 

transmit Interrupt source select bit (TIC) of the senal 110 control register 
3: The receive Interrupt (RI) IS set when the RBF flag becomes "1" 

Fig. 12 Operation of UART serial I/O function 

[Serial 110 Control Register (SIOCON) 001A16] 

The serial I/O control register contains eight control bits for 
the serial 1/0 function. 

[UART Control Register (UARTCON) 001816] 

The UART control register consists of four control bits (bits 
o to 3) which are valid when asynchronous serial 1/0 is 
selected and set the data format of an data transfer. One 
bit in this register (bit 4) is always valid and sets the output 

structure of the P4s/T xD pin. 

[Serial 110 Status Register (SI01STS) 001916] 

The read-only serial 1/0 status register consists of seven 
flags (bits 0 to 6) which indicate the operating status of the 

serial 1/0 function and various errors. 
Three of the flags (bits 4 to 6) are valid only in UART 
mode. 
The receive buffer full flag (bit 1) is cleared to "0" when 

the receive buffer is read. 
If there is an error, it is detected at the same time that data 
is transferred from the receive shift register to the receive 
buffer, and the receive buffer full flag is set. A write to the 
serial I/O status register clears all the error flags OE, PE, 

FE, and SE (bit 3 to bit six, respectively). Writing "0" to the 
serial 110 enable bit SlOE (bit 7 of the Serial 1/0 Control 
Register) also clears all the status flags, including the error 

flags. 
All bits of the serial 1/0 status register are initialized to "0" 
at reset, but if the transmit enable bit (bit 4) of the serial 
1/0 control register has been set to "1 ", the transmitter shift 
completion flag (bit 2) and the transmitter -buffer empty flag 

(bit 0) become "1". 

[Transmit BufferlReceive Buffer (TBIRB) 001816] 

The transmit buffer and the receive buffer are located at 
the same address. The transmit buffer is write-only and the 
receive buffer is read-only. If a character bit length is 7 

bits, the MSB of data stored in the receive buffer is "0" 

[Baud Rate Generator (BRG) 001C16] 

The baud rate generator determines the baud rate for se

rial transfer. 
The baud rate generator divides the frequency of the count 
source by 11 (n + 1 ), where n is the value written to the 

Baud Rate Generator. 

• 'MlTSUBlSHI 
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a 
Senal 110 status register I I I I I I I I I ( 

L' 

'---

-

SIOSTS address 001916 ) 

Transmit buffer empty flag (TBE) 
a : Buffer full 
1 : Buffer empty 

Receive buffer full flag (RBF) 
o : Buffer empty 
1 : Buffer full 

Transmit shift completion flag (TSC) 
o : Transmit shift In progress 
1 : Transmit shift completed 

Overrun error flag (DE) 
a : No error 
1 : Overrun error 

Parity error flag (PE) 
o : No error 
1 : Parity error 

Framing error flag (FE) 
o : No errflr 
1 : Framing error 

Summing error flag (SE) 
o : OEUPEUFE=O 
1 : OEUPEUFE=l 

7 0 
I I I I I I I I I UART control register 

L(UARTCON- address 001B,.) 

Fig. 13 

Character length select bit (CHAS) 
O:Sbits 
1 : 7 bits 

'---- Parity enable bit (PARE) 
o : Panty checking disabled 
1 : Parity checking enabled 

'--- Panty select bit (PARS) 
o : Even parity 
1 : Odd parity 

Stop bit length select bit (STPS) 
a : 1 stop bit 
1 : 2 stop bits 

P4,IT xD P-channel output disable bit 
(POFF) 

o : CMOS output (In output mode) 
1 : N-channel open drain output 

(In output mode) 

Structure of serial I/O control registers 

I I I I I I I I I 
L 

'----

-

2-22 • MITSUBISHI 
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Serial 110 control register 
(SIOI CON address 001 A,.) 

BRG count source select bit (CSS) 
o : f(X ,N ) 
1 : f( X,N ) divided by 4 

Serial 110 synchronization clock select bit 
(SCS) 

o : BRG output divided by 4 when clock 
synchronized senal 110 is selected, 
BRG output divided by 16 when 
UART IS selected 

: External clock Input 

SRDY output enable bit (SRDY) 
o : P4, pin operates as ordlnaly 110 Pin 
1 : P4, pin operates as SRDY output pin 

Transmit interrupt source select bit (TIC) 
a : Interrupt when transmit buffer has 

emptied 
: Interrupt when transmit shift 

operation IS completed 

Transmit enable bit (TE) 
o : Transmit disabled 
1 : Transmit enabled 

Receive enable bit (RE) 
o : Receive disabled 
1 : Receive enabled 

Senall/O mode select bit (SIOM) 
o : Clock asynchronous (UART) senal 110 
1 : Clock synchronous serial 110 

Senall/O enable bit (SIDE) 
o : Senal 110 disabled 

(PinS P4, to P4, operate as ondinary 110 Pins) 
: Senal 110 enabled 
(PinS P4, to P4, operate as senal 110 Pins) 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
A microcomputer in the M3800x group is reset if the RESET 
pin is held at a "L" level for at least 2/.1- s then is returned to 
a "H" level (the power supply voltage should be between 
4.0V and 5.5V). In order to give the X,N clock time to stabil
ize, internal operation does not begin until after 8 to 12 X,N 

clock cycles are complete. After the reset is completed, 
the program starts from the address contained in address 
FFFD16 (upper byte) and address FFFC16 (lower byte). 
Make sure that the reset input voltage Is no more than O.8V 
for a power supply voltage of 4.0V. 

Power 
voltage OV 

Reset Input 0 ___ ....... __ . 
voltage V 

.---------1 Vee 

~------1 RESET 

M51953AL 

+------~-1 Vss 

M3800x 

Fig. 14 Example of reset circuit 

Address Register contents 

(1) Port PO direction register ( 0 0 0 1,.)···1 00,. 1 

(2) Port Pl direction register (0003,·)···1 00,. 1 

(3) Port P2 direction register (0 0 0 5,.)--.·1 00,. 1 

(4) Port P3 direction register (0007,.)· .. 1 00,. 

(5) Port P4 direction register (0009,.)···1 00,. 

(6) Port P5 direction register (0008,·) .. ·1 00,. 

(7) Port P6 dlrecllon register (0000,.)···1 00,. 

(8) Port P7 direction register ( 0 0 0 F,.)· .. I 00,. 

(9) Serial lID status register ( 0 0 1 9,.).+ 10 10 10 10 I 0 I 0 I 0 

00) Serial lID control register (00 1 A,.)'"I 00,. 

(11) UART control register (0 0 1 8,.) ... 11 11 11] 0 I 0 I 0 I 0 I 0 I 

(12) Prescaler 12 (0020,·)",1 FF,. 
I 

(13) Timer 1 ( 0 0 2 1,.)· .. 1 01,. 
I 

(14) Timer 2 (0022,·)",1 FF,. 
I 

(1~Tlmer XY mode register (0023,·)· .. 1 00,. 
I 

(16) Prescaler X (0024,·)",1 FF,. I 

(In Timer X (0025,·)· .. 1 FF, • 
I 

(18) Prescaler Y (0026,·)",1 FF,. 
I 

(19)TlmerY (0027,·)",1 FF,. 
I 

~O) Interrupt edge selection register (0 0 3 A,.) · .. 1 00,. I 

~1) CPU mode register ( a 0 3 8,.)' ··1 0 I 0 I 0 I 0 I 0 I 0 I * I 0 I 

~2) Interrupt control register 1 ( 0 a 3 E,.) .. ·I 00,. I 

~3) Interrupt control register 2 (0 a 3 F,.) .. ·I 00,. I 

~4) Processor status register (P S)"'lxlxlxlxlxlllxlxl 

~5) Program counter (P C H)'"I Contents of address FFFD,.1 

(p C L) "'Icontents of address FFFC16 I 

Note: X : Undefined 
* : The Initial values of CM, are determined by the level at the 

CNVss pin 
The contents of all other registers and RAM are undefined 
after a reset, so they must be initialized by software 

Fig. 15 Internal status of microcomputer after reset 
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REsET 
RESEToUT 
(internal reset) 

SYNC 

Address 

Data 

Fig. 16 Timing of reset 
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FFFC FFFD DH• AD 
Reset address from vector table 

A L 

Note1: f(X,N ) and .p are In the relatIonshIp· f(X,N )=2.p 
. 2 : A question mark ( ? ) Indicates an undefIned status that depends on the 

previous status 



CLOCK GENERATION CIRCUIT 
An oscillation circuit can be created by connecting a re

sonator between X,N and XOUT ' When using an external 

clock signal, input the clock signal to the X,N pin and leave 
the XOUT pin open. 

Oscillation Control 
(1) Stop Mode 

If the STP instruction is executed, oscillation ~tops with 
the internal clock rp at "H". Timer 1 is set to "FF16" and 

prescaler 12 is set to "01 16". 

Oscillation restarts when an external interrupt is re

ceived, but the internal clock rp remains at "H" until tim
er 1 overflows. 

This allows time for'the clock circuit oscillation to sta
bilize. If oscillation is restarted by a reset, no wait time 

is generated, so keep the RESET pin at "L" level until 

oscillation has stabilized. 
(2) Wait Mode 

If the WIT instruction is executed, the internal clock rp 
stops at a "H" level, but the oscillator itself does not 

stop. The internal clock restarts if a reset occurs or 

when an interrupt is received. 

Since the oscillator does not stop, normal operation can 

be started immediately after the clock is restarted. 

To ensure that interrupts will be received to release 

the STP or WIT state, interrupt enable bits must be set 

to "1" before the STP or WIT instruction is executed. 

Interrupt request 

Interrupt disable 
flag (I) 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

When the STP status is released, prescaler 12 and tim

er 1 will start counting and reset will not be released 

until timer 1 overflows, so set the timer 1 interrupt en

able bit to "0" before the STP instruction is executed. 

X,N XOUT 

IDt 
II JI 

C JCOUT 

Fig. 17 Ceramic resonator circuit 

XOUT 

V
CC 1JlJlJ External osclliator 

Vss 

Fig. 18 External clock input circuit 

S 

STP instructIOn R 
WIT 
InstructIOn R STP InstructIOn 

XOUT 

Fig. 19 Block diagram of clock generation circuit 
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PROCESSOR MODES 
Single-chip mode, memory expansion mode, and micro
processor mode can be selected by changing the contents 
of the processor mode bits CMo and CM1 (bits 0 and 1 of 
address 003816), In memory expansion mode and mIcro
processor mode, memory can be expanded externally through 
ports PO to P3. In these modes, ports PO to P3 lose their 
I/O port functions and become bus pins. 

Table 2 Functions of ports in memory expansion mode 
and microprocessor mode 

Port Name Function 

Port PO Outputs lower byte of address 

Port P1 Outputs upper byte of address. 

Port P2 
Operates as 1/0 pms for data 0 7 to Do 
(mcludmg mstruction codes) 

P30 and P3, functIon only as output pms 
(except that the port latch cannot be 
read) 

--
P32 IS the ONW input pin 

Port P3 P33 IS the RESEToUT output pm. (Note) 
P34 IS the rp output pm 
P35 IS the SYNC output pm 
P3s IS the WR output pIn. and P37 IS the 
-
RD output pIn. 

Note: If CNVss IS connected to Vss• the mIcrocomputer goes to slngle
chIp mode after a reset. so thIS pin cannot be used as the 
RESET OUT output pin 

• Single-Chip Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Vss. 

• Memory Expansion Mode 
Select this mode by setting the processor mode bits to 
"01" in software with CNVss connected to Vss. This mode 
enables external memory expansion while maintaining 
the validity of the internal ROM. Internal ROM will take 
precedence over external memory if addresses conflict. 

• Microprocessor Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Vcc• or by setting the processor 
mode bits to "10" in software with CNVss connected to 
Vss· In microprocessor mode. the internal ROM is no lon
ger valid and external memory must be used. 

0000,. 

SFR area 
0008,. 

SFR area 

0040,. 0040,. 

Internal RAM Internal RAM 

reserved area reserved area 

0440,. 0440,. 

YYYY,~ 

Internal ROM 

FFFF,. FFFF, ....... '-'--'-""'-.................... 

Memory expansIon mode MIcroprocessor mode 

The shaded areas are external memory areas 

* : YYYY,. IS the start address of Internal ROM 

Fig. 20 Memory maps in various processor modes 

7 a 
I I I I I I I I I CPU mode regIster 

I I (CPUM address 0038,.) 

LL-Processor mode bIts 
blbO 
o 0 : SIngle-chIp mode 
o 1 : Memory expansIon mode 
1 0 : MIcroprocessor mode 
11 : Do not use 

'----Stack page select bIt 
o : RAM In the zero page IS used 

as stack area 

: RAM In page 1 IS used as 
stack area 

Fig. 21 Structure of CPU mode register 
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Bus Control with Memory Expansion 
Microcomputers of the M3800x group have a built-in ONW 
function to facilitate access to extra memory and I/O func
tions in memory expansion mode or microprocessor mode. 
If an "L" level signal is input to the ONW pin when the CPU 
is in a read or write state, the corresponding read or write 
cycle is extended by one cycle of rp. During this extended 
period, the RD or WR signal remains at "L". This extension 
period is valid only for writing to and reading from addres
ses 000016 to 000716 and 044016 to FFFF16, and only read 
and write cycles are extended. 

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle 

I' ;slo:;: ",I" ;sIr; !<I< !lJw;; 

AD'5 to ADo 

RD 

WR 

ONW 

* * 

* : Period dUring which ONW Input signal IS received 

Write cycle 

~I 

* 

DUring this period, the ONW signal must be fixed at either "H" or "L" At ali other times, the mput level of the ONW signal has no affect 
on operations 
The bus cycles is not extended for an address In the area 0008'6 to 043F'6, regardless of whether the ONW signal is received 

Fig. 22 ONW function timing 
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NOTES ON PROGRAMMING 
Processor Status Register 
The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (I) 
which is "1". Therefore, flags that affect program execution 
must be initialized after a reset 

In particular, it is essential to initialize the T and D flags be
cause of their effect on calculations. 

Interrupts 
The contents of the interrupt request bits do not change im
mediately after they have been written. After writing to an 
interrupt request register, execute at least one instruction 
'before performing a BBC or BBS instruction. 

Decimal Calculations 
To calculate in decimal notation, set the decimal mode flag 
(D) to "1", then execute a ADC or SBC instruction. Only the 
ADC and SBC instructions yield proper decimal results, Af
ter executing an ADC or SBC instruction, execute at least 
one instruction before executing a SEC, CLC, or CLD in
struction. 

In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid, 
The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation, Clear the carry flag before an ADC and set the 
flag before an SSC. 

Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1 I( n+1 ) 

Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags, 
The execution of these instructions does not change the 
contents of the processor status register. 

Ports 
The contents of the port direction registers cannot be read, 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (BBC or BBS), or per
form a read-modify-write instruction such as ROR, CLB, or 
SEB. Use instructions such as LDM and STA to set the port 
direction registers. 

Serial 110 
In clock synchronous serial liD, if the receive side is using 
an external clock and it is to output the SRDY signal, set the 
transmit enable bit, the receive enable bit, and the SRDY 
output enable bit to "1". 
Serial liD continues to output the final bit from the T xD pin 
after transmission is completed. 

Instruction Execution Time 
The instruction execution time is obtained by multiplying 

the frequency of the internal clock '" by the number of cy-
cles needed to execute an instruction. 
The number of cycles required to execute an instruction is 

shown in the list of machine instructions, 

The frequency of the internal clock '" is half of the X1N fre
quency. 
When the ONW function is used in modes other than sing
le-chip mode, the frequency of the internal clock", may be 

one fourth the X1N frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 

1. Mask ROM Order Confirmation Form 
2. Mask Specification Form 
3. Data to be written to ROM, in EPROM form (three 

identical copies) 

ROM Writing Method 
The built-in PROM of the blank one-time programmable ver
sion and built-in EPROM version can be read from and writ
ten to with an normal EPROM writer using a special write 
adapter. 

Package Name of Wrote Adapter 
64P4B, 6481 B PCA47388-64 

64P6N PCA4738F-64 

6400 PCA4738L-64 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper op
eration after writing, the procedure shown in Figure 23 is re
commended to verify programming. 

Note: The screening temperature IS far higher than 

the storage temperature Do not leave the 

microcomputer at 150t for longer than 100 hours 

Fig. 23 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratmgs Unit 

Vee Supply voltage -0.3 to 7. a V 
~~ 

Input voltage POo-PO" P1 o-P1" P2o-P2" 

V, P30-P3" P4o-P4" P50-P5" -0.3 to Vee+O. 3 V 

P6o-P6" P70, P7, 
-- Ali voltages measured with reference to the 

-0.3 to Vee+O. 3 V, Input voltage RESET, X,N V 

V, Input voltage CNVss 
Vss pm, output tranSistors Isolated 

-0.3 to 13 V 

Output voltage POo-PO" P1o-P1" P2o-P2" 

Va P30-P3" P4o-P4" P50-P5" -0.3 to Vec+O. 3 V 

P6o-P67, P7Q, P71, XOUT 

Pd Power diSSipation Ta = 25'C 1000(Note) mW --C-=--. 
-20 to 85 'c Topr Operatmg temp~rature 

--
Tstg Storage temperature -40 to 125 'c 

Note: 300mW In case of the flat package 

RECOMMENDED OPERATIN'G CONDITIONS (Vee = 3.0 to 5. 5V, T a = -20 to 85'C, unless otherwise noted) 

Lrmlts 
Symbol Parameter Unit 

Min Typ Max 

Supply voltage (f (X,N)o;;2MHz) 3. a 5. a 5.5 
Vee 

Supply voltage (I (X,N»2MHz) 5. a V 
4. a 5.5 

Vss Supply voltage 0 V 

V ,H 
"H" Input voltage POo-PO" P1o-P1" P2o-P2" P30-P3" P4o-P4" 

0. 8Vee Vee V 
P50-P5" P6o-P6" Plo, P7, 

V ,H "H" mput voltage RESET, X'N, CNVss 0. 8Vee Vee V 

V'L 
"L" Input voltage POo-PO" P1 o-P1" P2o-P27, P30-P3" P4o-P47, 

0 0. 2Vee V 
P50-P5" P6o-P6" P70, P7, 

V'L "L" Input voltage RESET a 0. 2Vec V 

V'L "L" Input voltage X1N a 0. 16Vee V 

V'L "L" Input voltage CNVss a 0. 2Vce V 

}; IOHlpeakl "H" total peak output current POO-PO?, Pl o-P1 7, P2o-P27, P30-P3, (Note 1) I 
-80 mA 

};loHI~eakl "H" total peak output current P4o-P4" P50-P5" P6o-P6" P7o, P7, (Note 1) -80 mA - . 

}; 10LiOeak) "L" total peak output current POo-PO" P1o-P1" P2o-P2" P30-P3, (Note 1) 80 mA 
:1: 10Lioeaki "L" total peak output current P4o-P4" P50-P5" P6o-P67, P70, P7, (Note 1) 80 mA 
:1: 10HlaVQI "H" total average output current POo-PO" P1o-P1 7, P2o-P2" P30-P37 (Note 1) -40 mA 
}; 10HlaVQI "H" total average output current P4o-P47, P50-P57, P6a-P67, P7a. P71 (Note 1) -40 mA 
:1:loLiavgl "L" total average output current POO-P07, P1 o-Ph, P2o-P2?, P30-P3? (Note 1) 40 mA 
:1:loLiavgl "L" total average output current P4o-P47, P50-P5?, P6o-P6? P7o, P71 (Note 1) 40 mA 

10HIpeaki 
"H" peak output current POO-PO?, P1 o-P1?, P2o-P27, P30-P37, P4o-P4?, 

-10 mA 
P50-P5y, P6o-P6" P70, Pl, (Note 2) 

IOL(peakl 
"L" peak oUlput currenl POo-P07, P1o-P1" P2o-P27, P30-P37, P4o-P4" 

10 mA 
P50-P5" P6o-P6" P70, P7, (Note 2) 

IOH(avgJ 
"H" average output current POO-PO?, P1o-Ph, P2o-P27 , P30-P3?, P4o-P4?, 

-5 mA 
P50-P5" P6o-P6" P70, P7, (Note 3) 

10L(avgl 
"L" average output current POO-PO?, P1o-Ph, P2o-P27, P30-P37, P4o-P47, 

I 
5 mA 

P50-P57, P6o-P6" P70, P7, (Note 3) 

f(X ,N ) 
Internal clock oscillation frequency (Vcc=4. 0--5. 5V) 8 

-- MHz 
Internal clock oscillation frequency (Vcc=3. 0 ........ 5. 5V) 2 

Note 1 The total output current IS the sum of all the currents flOWing through all the applicable ports The total average current IS an average value me· 
asured over lOOms The total peak current IS the peak value of all the currents 

2 The peak output current IS the peak current flOWing In each port 
3 The average output current IOl (avg)' IOH (avg) In an average value measured over lOOms 
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ELECTRICAL CHARACTERISTICS (Vee = 4.0 to 5. 5V. Vss = OV. T a = -20 to 85"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

"H" output voltage POn-PO,. Pl o-Pl,. P2o-P2,. IOH- lOrnA 
Vec-2. a Vee=4. 0-5. 5V 

V OH P30-P3,. P4o-P4,. P50-P5,. 
IOH--IOmA 

P6o-P6,. P70, P7, (Note) Vec=3. 0-5. 5V Vee-I. a 
"L" output voltage POo-PO" Plo-Pl" P2o-P2" IOL-IOmA 

Vee=4. 0-5. 5V 
VOL P30-P3,. P4o-P4" P50-P5" 

IOL-1.0mA 
P6o-P6" Plo. P7, Vee=3. 0-5. 5V 

VT+-YT- Hysteresis CNTRo. CNTR,. INTo-INT, 0.4 

VT+-VT- HysteresIs RxD, SCLK 0.5 

VT+-VT- HysteresIs RESET 0.5 

"H" mput current POC-P07, P1 o-P1 7, P2o-P27, 

I'H P30-P3" P4o-P4" P50-P5" VI=VCC 

P6o-P6" P70, P7, 

I'H "H" mput Gurrent RESET, CNVss VI=VCC 

I'H "H" Input current XIN VI-Vee 4 

"L" Input current POC-P07. P1 o-Ph, P2o-P27, 

I'L 
P30-P3" P4o-P4" P50-P5" 

Vr=Vss 
P6o-P6,. P70• P7, 

RESET. CNVss 

I'L "L" mput current X1N V\=Vss -4 
VRAM RAM hold voltage With clock stopped 2.0 

f(X ,N )=8MHz. Vee=5V 6.4 
f(X,N)=5MHz. Vcc=5V 4 
f(X,N )=2MHz. Vcc=3V 0.8 

When WIT mstructlon IS executed With 

f(X'N)=8MHz. Vcc=5V 
1.5 

When WIT instruction IS executed With 
Icc Supply current 

f(X,N)=5MHz. Vec=5V 
1 

When WIT instruction IS executed With 

f(X,N)=2MHz. Vec=3V 
0.2 

When STP mstructlon IS executed I T a=25'C 0.1 
With clock stopped, output 

I Ta=85"C transistors Isolated 

Note: P4. is measured when the P4./T xD P-channel output disable bit of the UART control register (bit 4 of address 0018,6) IS "0" 
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Unit 
Max 

V 

2.0 
V 

1.0 

V 
,-

V 

V 

5.0 I'A 

5.0 I'A 
I'A 

-5.0 I'A 

I'A 
5.5 V 

13 

8 

2.0 

mA 

I 
I'A 

10 
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TIMING REQUIREMENTS 1 (Vee =4.0t05.5V, Vss=OV, Ta =-20t085'C, unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ. Max 

tWCRESET) Reset Input "l" pulse width 2 

tceXIN) External clock Input cycle time 125 

tWH(XIN) External clock Input "H" pulse width 50 

tWL(XIN) External clock input "L" pulse width 50 

tC(CNTR) CNTRo, CNTR, Input cycle time 200 

tWHCCNTA) CNTRo, CNTR, Input "H" pulse width 80 

tWH(INT) INTo to INT, Input "H" pulse width 80 

tWLCCNTR) CNTRo, CNTR, Input "L" pulse width , 80 

tWL(tNT) INTo to INT, Input "l" pulse width 80 

tC<SCLK) Senal 1/0 clock Input cycle time (Note) 800 

tWHCSCLK) Senal 1/0 clock Input "H" pulse width (Note) 370 

tWLCsCLK) Senal 1/0 clock Input "l" pulse width (Note) 370 

ISU(AXD-SCLK) Senal 110 Input set up time 220 

thCSCLK-RX D ) Senal 1/0 Input hold time 100 

Note: When f(X,N )=5MHz and bit 6 of address 00lA'6 IS "1" DiVide this value by four when f(X,N )=5MHz and bit 6 of address 001A'6 IS "0" 

TIMING REQUIREMENTS 2 (Vec =3.0 to 5. 5V, Vss = OV, T a = -20 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max 

tWCRESET) Reset input "L" pulse width 2 

tC(XIN) External clock Input cycle tIme 500 

IWH(XIN) External clock tnput "H" pulse width 200 

tWL(X,N) External clock Input "L" pulse width 200 

tC(CNTR) CNTRo, CNTR1 mput cycle time 500 

tWH(CNTR) CNTRo, CNTR, Input "H" pulse width 230 

tWH(INT) INTo to INT, Input "H" pulse width 230 

tWL(CNTR) CNTRo, CNTR, Input "l" pulse width 230 

tWLCINT) INTo to INT, Input "l" pulse width 230 

tC(SClK) Senal 1/0 clock Input cycle time (Note) 2000 

tWH(SClKJ Senal 1/0 clock Input "H" pulse width (Note) 950 

tWLCsClK) SenalliO clock mput "l" pulse width (Note) 950 

tSU(RXD-SClK) Senal 110 mput set up time 400 

th(SClK-RXDJ Serral 110 rnput hold time 200 

Note: When j(X'N)=5MHz and bit 6 of address 001A'6 IS "1" D,v,de this value by four when f(X'N)=~MHz and bit 6 of address 001A'6 IS "0" 
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Unit 

!-,S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Untt 

!-,S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SWITCHING CHARACTERISTICS 1 (Vee = 4.0 to 5.5V, Vss= OV. Ta = -20 toB5'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ 

tWH(SCLKl Serial 1/0 clock output "H" pulse width tC(SCLK)/2-30 

tWL(SclK) Senal 1/0 clock output "L" pulse width tCIsCLKI/2 

td<SCL.K-rXO) SenalllO output delay time (Note 1) 

tV(SCLK-TXO) Serial 1/0 output valid time (Note 1) -30 

tr(SCLKl' Serial I/O clock output rise time 

tfCSClK ) Senal 110 clock output fall time 

tr(CMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P4./TxD P-channel output disable bit of the UART control register (bit 4 of address 0016,6) is "0" 
2 : XOUT pin excluded 

30 

10 

10 

Max 

140 

30 

30 

30 

30 

SWITCHING CHARACTERISTICS 2 (Vee =3.0t05.5V. Vss=OV, Ta =-20toB5"C, unless otherwise noted) 

limits 
Symbol Parameter 

Min 

tWHCSCLKl Senal liD clock output "H" pulse Width tCIsCLK)/2-50 

tWLCSCLK) Senal 1/0 clock output "L" pulse width tCIsCLKj/2-50 

tct(SCLK-TXOl Senal 1/0 output delay lime (Note 1) 

tV(SCLK~TXD) Senal 1/0 output valid time (Note 1) -30 

tr(SClKl Senal 1/0 clock output nse time 

tf<SCLK) Senal 1/0 clock output fall time 

tr(CMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P45 /T xD P-channel output disable bit of the UART control register (bit 4 of address 0016,6) IS "0" 
2 : XOUT pin excluded 

Measurement output pin Or----I~-----O'> ... 

~ 100pF 

CMOS output 

Fig. 24 Circuit for measuring output switching characteristics (1) 

Typ 

20 

20 

Max 

350 

50 

50 

50 

50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vcc = 4.0 to 5. 5V. Vss = OV. T a = -20 to 85'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Mm Typ Max 

tSU(ONW-¢) ONW Input set up time -20 ns 

thC¢-ONW) ONW input hold time -20 ns 

tsucos-¢) Data bus set up time 60 ns 

th(,-oB) Data bus hold time 0 ns 

SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vcc= 4.0 to 5. 5V. Vss=OV. Ta= -20 to 85'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Mm Typ Max 

tc (.) 1; clock cycle time 2XtC (XIN) ns 

tWH (¢) ¢ clock "H" pulse Width tcexIN)-lO ns -
tW L(1)) ¢ clock "L" pulse Width tC(XINI-10 ns 

tdC¢-AH) AD 15 to ADs delay time 20 40 ns 
--

tV(¢-AH) ADt5 to ADs valid time 6 10 ns 

td"-AU AD, to ADo delay time 25 45 n.!'_ 

tY(¢-AU AD7 to ADo valid time 6 10 ns 

td(¢-SYNCl SYNC delay time 20 ns 

tV(t>-SYNC) SYN C valid tl me 10 ns 

td('-WR) RD and WR delay time 10 20 ns 

tV(o;l>-WR) RD and WR valid time 3 5 10 ns 

td('-OBJ Data bus delay time 20 70 ns 

tV(¢-DS) Data bus valid time 15 ns 

tdCRESET-RESETOUT) RESET OUT output delay time (Note) 200 ns 
-

tV(¢-RESET) RESET OUT output valid time (Note) 0 200 I ns 
---

Note: The RESET OUT output goes "H" In sync With the rise of the if> clock that IS anywhere between about 1 cycle and 19 cycles after the RESET Input 
goes "H" 

Fig. 25 

2-34 

Measurement output pin Of-----r-r------?>-> 

1100PF 

CMOS output 

Circuit for measuring output switching characteristics (2) 
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TIMING DIAGRAM 

(1) Timing diagram 

CNTRo. CNTR, 

INTo-INT. 

X,N 

SCLK 

RxD 

TxD 

o.avcc 

---.A0' aVee 
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1c(CNTRi 
twH(CNTR) tWL(CNTRl 

O. 2Vcc 

tWHONT) 

No. 2vee 

tWL<INTl y-
'-!o. 2vee 

tW(RESETl yo. aVec 

~.~~ 
tcexlNl 

Jr-tWH{XIN) 

No. 2vee 

tWL(XIN) 

le(ScLKi 

If tWL(SCLK) t, twH(SCLKl 
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(2) Timing diagram in memory expansion mode and microprocessor mode 

AD15-AD. O.5Vcc 

AD,-ADa 0,5Vcc 

SYNC 0. 5Vcc 

RD, WR 

ONW 

DBa-DB, 

(At CPU reading) 
----------------+-------(1 O. BVcc 

1'-0.~2~V~c~c __ +-/1 

DBa-DB, 

(At CPU writing) 
----------------+---f-0.5Vcc 

(3) Timing diagram in microprocessor mode 

RESET 

RESEToUT 
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DESCRIPTION 
The M3806x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 
The M3806x group is designed for controlling systems that 
reqllire analog signal processing and include two serial 1/0 

functions, A-D converters, and D-A converters. 
The various microcomputers in the M3806x group include 
variations of internal memory size and packaging. For de
tails, see the section on part numbering. 
For details on availability of microcomputers in the M3806x 
group, see the section on group expansion. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Basic machine-language instructions······················· 71 
• Instruction execution time···································0.5J.ls 

(shortest instruction at 8MHz oscillation frequency) 

• Memory size 
ROM ................................................ 4K to 32K bytes 

RAM·············································· ·192 to 1024 bytes 
• Programmable input/output ports··············· ............. 72 

• Interrupts································· 16 sources, 16 vectors 

• Timers ····················································· .. ·8 bitX4 
• Serial 1/01 ........ 8-bitX1 (UART or Clock-synchronized) 
• Serial 1/02 ..................... 8-bitX 1( Clock-synchronized) 

• A-D converter·································· 8-bitX8 channels 
• D-A converter·································· 8-bitX 2 channels 

• Clock generation circuit·· ·····Internal feedback amplifier 
(connect to external ceramic resonator or quartz crystal) 

• Supply voltage· ..................................... ·····3.0 to 5.5V 

• Low power dissipation······································ 32mW 

• Memory expansion possible 
• Operating temperature range········· .......... -20 to 85"C 

APPLICATIONS 
Office automation, VCRs, tuners, musical instruments, 
cameras, air conditioners, etc. 

40 - P2o/DBo 
39 - P21/DB1 

38 - P22/DB2 

vee 
M38063M6-XXX FP 

Package type: SOP6N 
SO-pin plastic-molded QFP 
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PIN DESCRIPTION 

Pin Name 

Vee Power supply 

Vss 

CNVss CNVss 

VREF Analog reference 
voltage 

AVss Analog power supply 

RESET Reset Input 

X ,N Clock Input 

XOUT Clock output 

POO-P07 110 port PO 

P1 0 -P1 7 1/0 port P1 

P20 -P27 I/O port P2 

P30-P37 I/O port P3 

P40 , P4, 1/0 port P4 

P42 /INTo, 

P43 /INT, 

P4./RxD, 

P45/TxD, 

P4./ScLK', 
P47 /SRDy, 

P50 I/O port P5 

P5,/INT2-

P5.IINT. 

P54/CNTRo, 

P5,/CNTR, 

P5./DA" 
P57/DA2 

Pao/ANo- 110 port P6 

P67 /AN7 

P7o/S,N2, I/O port P7 

P7,/SOUT2, 

P72/SCLK2, 

P73/SRDy, 

Pl.-Pl7 

P8o-P87 1/0 port P8 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply Inputs 4 0 to 5 5V to Vcc, and OV to Vss-

This pin controls the operation mode of the chip Normally connected to Vss If thiS pin IS connected to Vcc, the Internal 

ROM IS Inhibited and external memory is accessed 

Reference voltage mput pin for A-O and O-A converters 

GNO input pin for A-O and O-A converter Keep at the same potential as Vss 

To reset the microcomputer, thiS Pin should be kept at an "L" level for more than 2,us under normal operating condi-

tionS 

Input and output signals for the Internal clock generation CirCUit Connect a ceramic resonator or quartz crystal between 

the ,X,N and XcUT pinS to set the oscillation frequency If an external clock IS used, connect the cloCk source to the XJN 

pin and leave the XOUT pin open 

An 8 bit CMOS 1/0 port An 110 directIOn register allows each pin to be Individually programmed as either Input or out-

put At reset thiS port IS set to Input mode 

In modes other than single-chip, these PinS are used as address, data, and control bus 110 PinS 

An 8-blt CMOS 1/0 port with the same function as port PO 

External Interrupt Input Pin 

Se"al 1/01 110 pins 

An 8-blt CMOS 1/0 port with the same function as port PO 

External Interrupt Input pin 

Timer X and Timer Y 1/0 pins 

O-A converter output PinS 

An 8-bIt CMOS 110 port With the same function as port PO A-O converter mput PinS 

An 8-bit I/O port with the same function as port PO The Senal 1/02 I/O pins 

output structure of this port is N-channel open drain, and 
, 

the input levels are CMOS compatible 

An 8-blt CMOS 1/0 port wdh the same function as port PO 

2-40 ~~ 



PART NUMBERING 

Product name 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

M3806 3 M 6 - XXX FP 

L Package type 

FP. 80P6N package 

GP 80P6S package 

FS 8000 package 

'------ ROM number 

OmItted In some types 

'--------- ROM/PROM sIze 

.4096 bytes 

8192 bytes 

12288 bytes 

16384 bytes 

20480 bytes 

24576 bytes 

28672 bytes 

32768 bytes 

The first 128 bytes and the last two bytes of ROM 

are reserved areas, they can not be used 

'----------- Memory type 

M· Mask ROM versIon 

E EPROM or one-tIme programmable version 

RAM size 

192 bytes 

256 bytes 

2· 384 bytes 

512 bytes 

640 bytes 

768 bytes 

6· 896 bytes 

1024 bytes 

• MITSUBISHI 
.... ELECTRIC 2-41 



MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCQMPUTER 

GROUP EXPANSION (2) Packages 

Mitsubishi plans to expand the M3B06x -group as follows: BOP6N ..................... O.Bmm-pitch plastic molded QFP 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 

BOP6S ..................... 0.65mm-pitch plastic molded QFP 
BODO ................................ ·O.Bmm-pitch ceramic Lee 

ROM/PROM capacjty ..................... "12K to 32K byles 
RAM capacity .............................. · .. 3B4 to 1024 bytes 

Memory expansion plan 

ROM size (bytes) Being planned Under development 

32K ........ ··T ...... ·· .. ·l .......... ·T .......... ·1'<§06~M8!jDT .... ··· .. T<§:80~7M8~ 
28K •• .... • .... .;.· .... ••• .. ·~ .... • .... • .. ~· .. • ...... ··~ .. • .. • .. • .. ·1 ........ · .. ·1· .... ...... ·~ ...... · .... ·i 

24K ............ i .......... + .... ·~~~r~::06~M6/~! .......... + ......... + ........... ! 
: : : : : : : : 20K •..•...•.••. : ............. : .......•..•• ~ •.•......... : . ........... : .....••.•... ! ............ : ............ ? 
: Underdevelopment : : : : : 

16K ··········+···········r·~·1············1··········-+·········+···········l 
12K .. ·········j .. ·· .. ~·~~·r~-!···········I .. · .. ··· .. l .... · .. ·· .. I .. ·· .. ······1 
8K ••••••.•••• .;. ............ ~ •••••••••••• ~ •••••••••••• ! ............ ! ............ ! ............ ! ............ ! 

: : : : : 
: : : : : 

4K •• .. ·······~··· .. ·······~··········T .. ·········?······· .... l··········'1'········· .. ,············/ 
192 256 384 512 640 768 

RAM size (bytes) 

The development schedule and other details of products under development may be revised without notice 

Currently supported products are listed below 

896 1024 

As of March 1992 

Product name (P) ROM size (bytes) 

M38062M3-XXXFP 

M38062E3-XXXFP 

M38062E3FP 

M38062M3-XXXGP 12K 

M38062E3-XXXGP 

M38062E3GP 

M38062E3FS 

M38062M6-XXXFP 

M38062E6-XXXFP 

M38063E6FP 

M38063M6-XXXGP 24K 

M38063E6-XXXGP 

M38063E6GP 

M38063E6FS 

2-42 

RAM size (bytes) Package 

80P6N 

384 

80P6S 

8000 

80P6N 

512 

80P6S 

8000 
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Remarks 

Mask ROM version 

One-time programmable version 

One-time programmable versIOn (blank) 

Mask ROM versIon 

One-time programmable version 

One-tIme programmable version (blank) 

EPROM version 

Mask ROM version 

One-tIme programmable versIon 

One-time programmable version (blank) 
--

Mask ROM version 

One-time programmable version 

One-time programmable verSIon (blank) 

EPROM versIon 



MITSUBIS." MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
Microcomputers of the M3806x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL, and DIV instructions can he used. 

CPU Mode Register 
The CPU mode register (address 003816 ) contains proces
sor mode bits that specify the operating mode of the chip. 
The CPU mode register also contains the stack page select 
bit. 

7 0 
I I I I I I I I I CPU mode register I I (CPUM address 0038,.) 

~ Processor mode bits 
bl bO 
o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Do not use 

'---- Stack page select bit 
o : RAM in the zero page IS 

used as stack area 
1 : RAM in page 1 is used 

as stack area 

Fig. 1 Structure of CPU mode register 
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

MEMORY 
- Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

- RAM 
RAM is used for data storage as well for stack area. 

-ROM 
The first 128 bytes and the last two bytes of ROM are re
served for device testing and the rest is user area for 
storing programs. 

- Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacity 
Address XXXX'6 

(bytes) 

192 00FF'6 
256 013F'6 
384 01BF'6 
512 023F'6 

--640 02BF'6 
768 033F'6 
896 03BF'6 

1024 043F, 6 

ROM area 

ROM capacity I Address YYYY'6 Address ZZZZ'6 
(bytes) 

4096 FOOO'6 F080'6 
8192 EOOO'6 E080'6 

12288 0000'6 0080'6 
16384 COOO'6 COBO'6 
20480 BOOO'6 B080'6 
24576 AOOO'6 A080'6 
28672 9000'6 9080'6 
32768 BOOO'6 80BO'6 

Fig. 2 Memory map diagram 

- Zero Page 
The 256 bytes from addresses 000016 to 00FF16 are cal

led the zero page area. The internal RAM and the spe
cial function registers (SFR) are allocated to this area. 
The zero page addreSSing mode can be used to specify 
memory and register addresses in the zero page area. 
This dedicated zero page addressing mode enables ac

cess to this area with only 2 bytes. 

- Special Page 
The 256 bytes from addresses FF0016 to FFFF16 are call
ed the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres
sing mode enables access to this area with only 2 bytes. 

0000'6 

0100'6 
RAM l 0040'6 

ROM 

XXXX'6 

0440 16 

YYYY'6 

ZZZZ,. 

FFOO,. 

FFDC,. 

FFFE,. 

FFFF,. 

SFR area 

-----------------
Reserved area 

Not used 

-----------------
Reserved ROM area 

(common ROM area,128 bytes) 

Interrupt vector area 

Reserved ROM area 

Jzero 
page 

Special 
page 
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0000" 
0001,. 
0002,. 
0003,. 
0004,. 
0905,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
0008'6 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
0010,. 
0011'6 
0012,. 
0013'6 
0014,. 
0015,. 
0016'6 
0017,. 
0018,. 
0019,. 
001A,. 
0018,. 
001C,. 
0010,. 
001 E'6 
001 F,. 

Port PO (PO) 
Port PO direction register (POD) 
Port P1 (p1) 
Port P1 direction register (P1 D) 
Port P2 (P2) 
Port P2 direction register (P20) 
Port P3 (P3) 
Port P3 direction register (P30) 
Port P4 (P4) 
Port P4 direction register (P4D) 
Port P5 (P5) 
Port P5 direction register (P50) 
Port P6 (P6) 
Port P6 direction register (P60) 
Port P7 (p7) 
Port P7 direction register (P70) 
Port P8 (P8) 
Port P8 direction register (P80) 

Transmit/receive buffer 1 (T81/RB1) 
Serial 1/01 status register (SI01STS) 
Se"a11/01 control register (SI01CON) 
UART control register (UARTCON) 
8aud rate generator (8RG) 
Se"a11/02 control register (SI02CON) 

Serial 1/02 register (SI02) 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

0020,. 
0021,. 
0022,. 
0023,. 
0024,. 
0025,. 
0026,. 
0027,. 
0028,. 
0029,. 
002A,. 
0028,. 
002C,. 
0020,. 
002E,. 
002F,. 
0030" 
0031,. 
0032,. 
0033,. 
0034,. 
0035,. 
0036,. 
0037,. 
0038,. 
0039,. 
003A,. 
0038,. 
003C,. 
0030,. 
003E,. 
003F,. 

Prescaler 12 (PRE12) 
Timer 1 (T1) 
Timer 2 (T2) 
Timer XY mode register (TM) 
Prescaler X (PREX) 
Timer X (TX) 
Prescaler Y (PREY) 
TimerY (TY) 

AD/OA control register (AOCON) 
A-O conversion register (AD) 
D-A1 conversion register (OA1) 
D-A2 conversion reQister (DA2) 

Interrupt edoe selection reoister (INTEDGE) 
CPU mode register (CPUM) 
tnterrupt re<Juest r"gister 1 (IREQ1) 
Interrupt request re.glster 2 (lREQ2) 
Interrupt control register 1 (ICON1) 
Interrupt control register 2 (ICON2) 

Fig. 3 Memory map of special function register (SFR) 
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
Direction Registers 
The M3806x group microprocessors have 72 programmable 
I/O pins arranged in nine I/O ports (ports PO to P8). The 
1/0 ports have direction registers which determine the inputl 
output direction of each individual pin. Each bit in a direc
tion register corresponds to one pin, each pin can be set to 
be input or output. When "0" is written to the bit corres
ponding to a pin, that pin becomes an input pin. When "1" 
is written to that bit, that pin becomes an output pin. 

If data is read from a pin. which is set for output, the value of 
the port output latch is read, not the value of the pin itself. 
Pins set to input are floating. If a pin set to input is written to, 
only the port output latch is written to and the pin remains 
floating. 

Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ref No 

POa-P07 Port PO 
Input/output, I. CMOS 3-state output Address lower-byte 

CPU mode register 
IndIvidual bits CMOS level Input output 

P1 a-P1 7 Port P1 
Input/output, CMOS 3-state output Address upper-byte 

CPU mode regIster 
IndIvIdual bIts CMOS level Input output 

P2a-P27 Port P2 
Input/output, CMOS 3-state output 

Data bus I/O CPU mode regIster 
(1) 

IndIvidual bIts CMOS revel Input 

P3a-P37 Port P3 
Input/output, CMOS 3-state output 

Control signal I/O CPU mode register 
IndIvidual bits CMOS level Input 

P4a, P4, 

P42/INTo, External interrupt Interrupt edge selection 
(2) 

P43 /INT, input register 

P44 /RxD, Port P4 
InpUt/output, CMOS 3-state output 

(3) 
Individual bIts CMOS level Input Serial I/O control 

~ P45/TxD, 
Serial 1/01 functIon I/O regIster 

P4s/SCLK', (5) 

P47/SRDy, 
UART control regIster ~ 

P5a (1) 

P5,IINT2, 
External Interrupt Interrupt edge selectIon 

P5211NT3, (2) 

P53/INT4 Input/output, CMOS 3-state output 
Input register 

Port P5 
P5.,'CNTRo, indivIdual bits CMOS level Input 

(7) 
P5./CNTR, 

Timer XY function I/O 

P5./DA" 
D-A converter output AO/OA control regIster (8) 

P57 /OA2 

P60/ANo-
Port P6 

Input/output, CMOS 3-state output 
A-O converter Input (9) 

P67 /AN7 Individual bits CMOS level Input 

P70 /S'N2, 00) 

P7,/SOUT2, Serial 1/02 functIon Serial 1/02 control (11) 

P72/ScLK2' Port P7 
Input/output. N·channel open-drain oulpul 

I/O regIster (12) 

P73/SRDY2 
indivIdual bIts CMOS level input 

(13) 

P74 -P77 (14) 

PBa-PB7 Port PB 
Input/output, CMOS 3-state output 

(1) 
indIvIdual bits CMOS level input 

Note: For details of the functions of ports PO to P3 In modes other than Single-chip mode, and how to use double-function ports as function I/O ports, 
see the applicable sections. 
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(0 Port PO, P1, P2, P3, P40 , P4" P5o, or P8 

Data bus 

(3) Port P44 

(5) Port P46 

Data bus 

Senal clock output --1>----' 

(7) Port P54 or P55 

Data bus 

Direction 
re Ister 

Port latch 

Pulse output mode 
Timer output ---D~--' 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

(2) Port P42 , P43 , P5" P52 , or P53 

Data bus 

(4) Port P45 

Senal I/O output -1>---

(6) Port P47 

Senal I/O mode select bit 
Serial I/O enable bit 

Data bus 

Senal ready output 

(8) Port P56 or P57 

Data bus 

O-A converter output +-0 

D-A 1 output enable bit (P56 ) 

D-A2 output enable bit (P5,) 

Fig.4 Port block diagram (single-chip mode) (1) 
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(9) Port P6 

Data bus 

A-O coverter Input .oE-<I 

Analog Input Pin select bit 

(11) Port P7, 

Se"aII/02output-l>----

(13) Port P73 

Serial ready output _1>-_-" 

Fig. 5 Port block diagram (single-chip mOde) (2) 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

(10) Port P70 

Data bus 

Se"al liD Input 

(11) Port P7 2 

Data bus 

Serial clock 2 output 

(14) Port P74 to Port P77 

Data bus 
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
A total of 16 sources can generate interrupts: 7 external, 8 in
ternal, and 1 software. 
• Interrupt Control 

Each interrupt is controlled by an interrupt request bit, an 
interrupt enable bit, and the interrupt disable flag-except 
for the software interrupt set by the BRK instruction. An in
terrupt is generated if the corresponding interrupt request 
and enable bits are "1" and the interrupt disable flag is "0". 
Interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but can
not be set by software. 
The I flag disables all interrupts except for the BRK instruc
tion interrupt. 

Table 1 Interrupt vector addresses and priorities 

Interrupt cause PriOrity 
Vector address (Note 1) 

High Low 

Reset (Note 2) 1 FFFD'6 FFFC'6 

INTo 2 FFFB'6 FFFA'6 

INT, 3 FFF9'6 FFF8'6 

Serial 1/01 

reception 
4 FFF7'6 FFF6'6 

Serial 1/01 5 FFF5'6 FFF4'6 
transmission 

Timer X 6 FFF3'6 FFF2'6 
TimerY 7 FFF1 '6 FFFO'6 
Timer 1 8 FFEF'6 FFEE'6 

Timer 2 9 FFED'6 FFEC'6 

CNTRo 10 FFEB'6 FFEA'6 

CNTR, 11 FFE9'6 FFE8'6 

Serial 1/02 12 FFE7'6 FFE6'6 

INT2 13 FFE5'6 FFE4'6 

INT3 14 FFE3'6 FFE2'6 

INT. 15 FFE1 '6 FFEO'6 

A-O converter 16 FFDF'6 FFDE'6 

BRK instruction 17 FFDD'6 FFDC'6 

Note1: Vector addresses contain interrupt jump destinatIon addresses 

• Interrupt Operation 
When an interrupt is received, the program counter and 
processor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter
rupts from interfering. The corresponding interrupt request 
bit is cleared and the interrupt jump destination address is 
read from the vector table into the program counter. 

• Notes on Use 
When the active edge of an external interrupt (INTo to 
INT4, CNTRo, or CNTR,) is changed, the corresponding in
terrupt request bit may also be set. To insure proper opera
tion when selecting the active edge, disable interrupts be

fore setting the interrupt edge selection. 

Interrupt request 
Remarks 

generation conditions 

At reset Non-maskable 

At detectIon of eIther rising or External Interrupt (actIve edge 
failing edge of INTo Input selectable) 

At detection of either riSing or External Interrupt (actIve edge 
failing edge of INT, Input selectable) 

At end of serial 1/01 data re-

ception 
Valid when serial 1/01 is selected 

At end of serial 1/01 transfer 
shift or when transmission buf- Valid when serial 1/01 IS selected 

fer IS empty 

At tImer X overflow 

At tImer Y overflow 

At tImer 1 overflow STP release timer overflow 

At tImer 2 overflow 

At detection of either rising or External interrupt (active edge 

failing edge of CNTRo input selectable) 

At detection of either riSing or External interrupt (active edge 
falling edge of CNTR, Input selectable) 

At end of serial 1/02 data 
transfer 

Valid when serial 1/02 IS selected 

At detection of either riSing or External interrupt (actIve edge 

failing edge of INT2 Input selectable) 

At detectIon of either rising or External interrupt (actIve edge 
falling edge of INT3 Input selectable) 

At detectIon of eIther rising or External interrupt (actIve edge 

failing edge of INT. input selectable) 

At end of A-D conversion 
~. 

Non-maskable software inter-
At BRK Instruction execution 

rupt 

2 : Reset function in the same way as an interrupt with the hIghest pnority 

• MITSUBISHI 
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Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag (I) -------<::::! 

BRK Instrucllon -----I Interrupt request 
Reset -----~~ __ ~ 

Fig. 6 Interrupt control 

I I I I I I I I I Interrupt edge selection register l_(INTEOGE address 003A16 ) 

INTo active edge select bit 
INT, active edge select bit 

"------ Not used (returns "0" when read) 
"--------- INT, active edge select bit 

"------------INT3 active edge select bit 
'-------------- I NT. active edge select bit 

'-"---------------- Not used (returns "0" when read) 

o 

: Failing edge active 
: RISing edge active 

I 1 1 1 1- I I I I Interrupt request register 1 

l1;(IREOl address 003C,6 ) 
I I I I I I I I lint errupt request register 2 

RE02 address 0030,6 ) 

INTo Interrupt request bit 
INT, Interrupt request bit 

"-------- Senal 1/01 receive Interrupt request bit 
"---------- Senal 1/01 transmit Interrupt request bit 

'------------- Timer X Interrupt request bit 
"--------------Tlmer Y Interrupt request bit 

"-----------------Tlmer 1 Interrupt request bit 
'-----:---------------Tlmer 2 interrupt request bit 

~ CNTRo Interrupt request bit 
CNTR, Interrupt request bit 
Senal 1/02 Interrupt request bit 
INT, Interrupt request bit 
INT 3 Interrupt request bit 
INT. Interrupt request bit 
A-O converter Interrupt request bit 
Not used (returns "0" when read) 

a : No interrupt request Issued 
1 : Interrupt request Issued 

I 1 1 1 1 1 1 1 I Interrupt control register 1 

~
ICONl address 003E ,6 ) 

INTo Interrupt enable bit 
INT, Interrupt enable bit 

errupt control register 2 
CON2 address 003F,6) """'~ 

CNTRo Interrupt enable bit 
CNTR, Interrupt enable bit 
Senal 1/02 Interrupt enable bit 
INT, Interrupt enable bit 

Fig. 7 
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L--_______ Senal 1/01 receive Interrupt enable bit 
"---------- Senal 1/01 transmit Interrupt enable bit 

'------------- Timer X Interrupt enable bit 
'---------------- Timer Y interrupt enable bit 

"----------------- Timer 1 interrupt enable bit 
'------------------- Timer 2 Interrupt enable bit 

Structure of interrupt-related registers 

• MITSUBISHI 
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----

I NT 3 Interrupt enable bit 
INT. Interrupt enable bit 
A-O converter Interrupt enable bit 
Not used (returns "0" when read) 
(Do not wnte "1" to this bit) 

: Interrupts disabled 
: Interrupts enabled 



MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

TIMERS 
Microcomputers of the M3806x group have 4 timers: timer X, 
timer Y, timer 1, and timer 2. 
The timers count down. Once a timer reaches 00,6, the next 
count pulse reloads the contents of the corresponding timer 
latch into the timer, and sets the corresponding Interrupt re
quest bit to 1. 

The divide ratio of each timer or prescaler is given by 
1/(n+1), where n is the value in the corresponding timer or 
prescaler latch. 

7 o 
I I I I I I I I I 

Ll 

L--

Timer XY mode register 
(TM' Address 0023,.) 

Timer X operation mode bit 

blbO 
o 0 : Timer mode 
o 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse Width measurement mode 

CNTRo active edge select bit 
o : Interrupt at falling edge 

Count at rising edge In event 
counter mode 

: Interrupt at rising edge 
Count at falling edge In event 
counter mode 

Timer X count stop bit 
o : Count start 
1 : Count stop 

Timer Y operation mode bit 

b5b4 
o 0 ": Timer mode 
o 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse Width measurement mode 

CNTR, active edge select bit 
o : Interrupt at failing edge 

Count at riSing edge in event 
counter mode 

: Interrupt at rising edge 
Count at failing edge In event 
counter mode 

Timer Y count stop bit 
o : Count start 
1 : Count stop 

Fig. 8 Structure of timer XV register 

Timer 1 and Timer 2 
The count source of prescaler 12 is the oscillation frequency 
divided by 16. The output of prescaler 12 is counted by timer 
1 and timer 2, and a timer overflow sets the interrupt request 
bit. 

Timer X and Timer V 
Timer X and Timer Y can each be set to operate in one of 
four operating modes by setting the timer XY mode register. 
1. Timer Mode 

In timer mode, the timer counts a signal that is the 
oscillation frequency divided by 16. 

2. Pulse Output Mode 
Timer X (or timer y) counts a signal which is the oscilla
tion frequency divided by 16. Whenever the contents of 
the timer reach "0", the signal output from the CNTRe (or 
CNTR, ) pin is inverted. If the CNTRe (or CNTR, ) active 
edge select bit is "0", output begins at "H". If it is "1", 
output starts at "L" When using a timer in this mode, set 
the corresponding port P54 (or port P55 ) direction regis
ter to output mode. 

3. Event Counter Mode 
Operation in event counter mode is the same as in timer 
mode, except the timer counts Signals input through the 
CNTRe or CNTR, pin. 

4. Pulse Width Measurement Mode 
If the CNTRe (or CNTR, ) active edge select bit is "0", 
the timer counts at the oscillation frequency divided by 
16 while the CNTRe (or CNTR, ) pin is at "H". If the 
CNTRe (or CNTR, ) active edge select bit is "1", the 
count continues during the time that the CNTRe (or 
CNTR, ) pin is at "L". 

In all of these modes, the count can be stopped by setting 
the timer X (timer Y) count stop bit to "1" .. Every time a timer 
overflows, the corresponding interrupt request bit is set. 
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Timer X count stop bit 

rrl!P--r:::--:or<>'_~fl~~~.l--------------------blC>-------+_ To CNTAo interrupt 

direction register 

Port P5. 
latch 

Pulse output 
mode 

CNTAo active 
edge select 
bit 

Pulse width 
measurement 
mode 

Q 

"1" Toggle flip-flop T 1--------------./ 

"0" Q A 

Timer Y count stop bit 

Timer X latch write 
Pulse output mode 

request bit 

'<>--+<--':=:":"'~"""'-------------------1 >:>-_____ \--<,..TO CNTA, Interrupt 
request bit 

Fig, 9 
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"1" 

Port P55 

latch 

Pulse output 
mode 

CNTA, active 
edge select 
bit 

"1" 

"0" 

Q 

Toggle flip-flop TI--------------/ 

R 
Timer Y latch write 

Pulse output mode 

Block diagram of timer X. timer Y. timer 1. and timer 2 
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To timer 2 Interrupt 
request bit 

To timer 1 Interrupt 
request bit 
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SERIAL 1/01 
Serial 1/01 can be used as either clock synchronous or asyn
chronous (uART) serial 1/0. A dedicated timer is also pro
vided for baud rate generation. 
(1) Clock Synchronous Serial 1/0 

Clock synchronous serial 1/01 mode can be selected by 

Data bus 

1 r Address 001816 

I Receive buffer 

P44 /RxD 
,..., 

Receive shift register I 

t Shift clock 

P46/SClKl 
,..., 
~ 

setting the mode select bit of the serial 1/01 control reg

ister to "1" 
For clock-synchronized serial 1/01, the transmitter and 
the receiver must use the same clock. If an internal clock 

is used, transfer is started by a write signal to the trans

mit or receive buffer. 

~t 
I Senal 1/01 control reglsterl Address 001 A16 

Receive buffer lull Ilag (RBF) 

I Receive Interrupt request (RI) 

Clock control CIrcUit ~ 

I 
Serial I/O clock select bit 

BRG count source select bit Frequency divIsion ratio 1 /(n+l) 
I(X,N ) 

W Baud rate generator 1/4 

Address 001 C16 

P47/SRDYl F/F Falling-edge detector Clock control CirCUit I-"-1 Shift clock I Transmit shift complellon Ilag (TSC) 

Transmit Interrupt source select bit 
P45/TxD () Transmit shift register 

Transmit Interrupt request (TI) 
1.1 t 

1 Transmit buffer Transmit buffer empty flag (TBE) lr Address 0018,6ISenall/Ol status register 1 Address 0019'6 

Data bus 

Fig. 10 Block diagram of clock-synchronized senal 1/01 

Transler shift clock 

( 1/2 to 1/2048 of the Internal 
clock, or an external clock) 

Senal output T xD 

Senal input RxD 

Receive enable signal SRDYl 

Interrupt signal to 
receive/transmit buffer 
(address 0018,6) ~ 

TBE=O 

I 
~ 

TBE=l 
TSC=O 

I 
t 
RBF=l 
TSC=l 

Overrun error (OE) detectIOn 

Note1: The transmit Interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=l) or aft",r the transmit shift 
operation has ended (TSC=l), by setting the transmit Interrupt source select bit (TIC) 01 the senalll01 control register 

2 : II data IS wntten to the transfer buffer when TSC=O, the transmit clock IS generated continuously and senal data IS output conllnuously 
from the T xD pin 

3: The receive interrupt (RI) IS set when the receive buffer full (RBF) flag becomes "'1"' 

Fig. 11 Operation of clock-synchronized serial 1/01 function 
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(2) Asynchronous serial 1/0 (uART) mode 
Clock asynchronous serial 1/0 mode (UART) can be 
selected by clearing the serial 1/0 mode select bit of the 
serial 1/0 control register to "0". 
Eight serial data transfer formats can be selected, and 
the transfer formats used by a transmitter and receiver 
must be identical. 
The transmit and receive shift registers each have a buf
fer, but the two buffers have the same address in mem-

cry. Since the shift register cannot be written to or read 
from directly, transmit data is written to the transmit buf
fer, and receive data is read from the receive buffer. The 
transmit buffer can also hold the next data to be transmit
ted, and the receive buffer can hold a character while 
the next character is being received. 

Senal 1101 ('ontral register Address 001 A16 

~~~~~!!t]----C:: ReceIve buffer full flag !; (RBF) 
ReceIve Interrupt request 
(RI) 

Clockc::ontrolCIrcurl 

Senal 1/0 clock select bIt 

P4"/SCLK,0-----------------------I>--+ 

BRG count source select bIt Frequency diVISIon ratIo 1/( n+ 1 ) 

Baud rate generator 

Address 001 C'6 

,------TransmIt shift completIon flag (TSC) 

P45/TxD C}-___________ .-.-IT1;§J~~~~~~-J~T.:.:ra:n:sm~'t;ln~te:r~ru:p:t;source select bit 
transmIt Interrupt request (TI) 

Character length select bIt IE::fri~~~~~]-rn:=~~:::;:=!;T~r~a~ns~mlt buffer empty flag (TBE) 

Senal 1/01 status re Ister Address 0019,. 

Flg.12 Block diagram of UART serial 1/0 
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Transmit or receive clock 

Transmit buffer wnte signal 

TSC=1 * 

Senal output T xD '---''---~~ ~~~ 
1 start bit 
7 or 8 data bits----
1 or a panty bit 

ReceIve buffer write sIgnal ___________ I;....;.;or...;;2_~op blt(s) 

Senal mput RxD 

RBF=1 ______ --L 
...J<....Y SP 

Notel: Error flag detecllon occurs at the same tIme that the RBF flag becomes "1" (at 1 st stop bit, dunng recepllon) 
2: The transmit Interrupt (Til can be selected to occur when either the TBE or TSC flag becomes "1", dependmg on the setting of the 

transmIt Interrupt source select bit (TIC) of the serial 110 control regIster 
3: The receIve Interrupt (RI) IS set when the RBF flag becomes "1" 

Fig, 13 Operation of UART serial I/O function 

[Serial I/O Control Register (5101 CON) oo1A16J 
The serial I/O control register contains eight control bits for 
the serial I/O function, 

[UART Control Register (UARTCON) 001 B16] 

The UART control register consists of four control bits (bits 

o to 3) which are valid when asynchronous serial I/O is 
selected and set the data format of an data transfer. One 

bit in this register (bit 4) is always valid and sets the output 

structure of the P4s/TxD pin. 

[Serial V01 5tatus Register (51015T5) 001916] 

The read-only serial 1/01 status register consists of seven 
flags (bits 0 to 6) which indicate the operating status of the 

serial I/O function and various errors. 

Three of the flags (bits 4 to 6) are valid only in UART 

mode., 

The receive buffer full flag (bit 1) is cleared to "0" when 
the receive buffer is read. 

If there is an error, it is detected at the same time that data 

is transferred from the receive shift register to the receive 

buffer, and the receive buffer full flag is set. A write to the 

serial I/O status register clears all the error flags OE, PE, 

FE, and SE (bit 3 to bit six, respectively). Writing "0" to the 

serial I/O enable bit SlOE (bit 7 of the Serial I/O Control 

Register) also clears all the status flags, including the error 

flags. 

All bits of the serial 1/01 status register are initialized to "0" 
at reset, but if the transmit enable bit (bit 4) of the serial 

I/O control register has been seno "1 ", the transmitter shift 
completion flag (bit 2) and the transmitter buffer empty flag 

(bit 0) become "1". 

[Transmit BufferIReceive Buffer (TBIRB) 001816J 
The transmit buffer and the receive buffer are located at 

the same address. The transmit buffer is write-only and the 
receive buffer is read-only. If a character bit length is 7 

bits, the MSB of data stored in the receive buffer is "0". 

[Baud Rate Generator (BRG) 001 C16] 

The baud rate generator determines the baud rate for se
rial transfer. 

The baud rate generator divides the frequency of the count 

source by 1/ (n + 1 ), where n is the value written to the 

Baud Rate Generator 

• MITSUBISHI 
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7 0 
I 1 1 1 1 1 1 1 I Serial 1/01 status register 

I (SIOI STS' address 0019,.) 

L Transmit buffer empty Ilag (TBE) 
o : Buffer lull 
1 : Buffer empty 

- Receive buffer lull flag (RBF) 
o : Buffer empty 
1 : Buffer lull 

- Transmit shift completion Ilag (TSC) 
o : Transmit shift In progress 
1 : Transmit shift completed 

'----- Overrun error Ilag (OE) 
o : No error 
1 : Overrun error 

'------ Parity error Ilag (PE) 
o : No error 
1 : Parity error 

'------ Framing error flag (FE) 
o : No error 
1 : Framing error 

'-------- Summing error Ilag (SE) 
o : OEUPEUFE=O 
1 : OEUPEUFE=1 

7 0 
L J J J .1 1 1 1 I UART control register 

L(UARTCON address 00IB,.) 

Character length select bit (CHAS) 
O:Sbits 
1 : 7 bits 

~ Parity enable bit (PARE) 
o : Parity checkmg disabled 
1 : Parity checking enabled 

'----- Parity select bit (PARS) 
o : Even parity 
1 : Odd parity 

'----- Stop bit length select bit (STPS) 
o : 1 stop bit 
1 : 2 stop bits 

'----- P45/TxD P-channel output disable bit 
(POFF) 

o : CMOS output (m output mode) 
1 : N-channel open dram output 

(in output mode) 

Fig. 14 Structure of serial 110 control registers 
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7 0 
I I I I I I I I I Serial 1/01 control register 

L(SIOICON address 00IA,.) 

BRG count source select bit (CSS) 
o : I(X,N ) 
1 : t(X,N ) divided by 4 

- Serial 1/01 synchronization clock select bit 
(SCS) 

o : BRG output divided by 4 when clock 
synchronized serial 1/0 Is selected, 
BRG output diVided by 16 when 
UART IS selected 

1 : External clock input 

'----- SRDY' output enable bit (SRDY) 
o : P47 pm operates as ordmaly 1/0 pm 
1 : P47 pm operates as SRDY' output pm 

'---- Transmit Interrupt source select bit (TIC) 
o : Interrupt when transmit buffer has 

emptied 
1 : Interrupt when transmit shift 

operation IS completed 

'------ Transmit enable bit (TE) 
o : Transmit disabled 
1 : Transmit enabled 

'------- Receive enable bit (RE) 
o : Receive disabled 
1 : Receive enabled 

'-------- Serial 1/01 mode select bit (SIOM) 
o : Clock asynchronous (UART) serial I/O 
1 : Clock synchronous serial 1/0 

'-------- Serial 1/0 enable bit (SlOE) 
o : Serial I/O disabled 

(pins P44 to P47 operate as oridmary I/O pins) 
1 : Serial 1/0 enabled 

(pms P44 to P47 operate as senal 1/0 pms) 
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SERIAL 1/02 
The serial 1/02 function can be used only for clock syn
chronous serial 1/0. 

7 o 
I I I I II I I I Serial 1/02 control register 

(SI02CON address 0010,.) 

For clock synchronous serial 1/0 the transmitter and the re
ceiver must use the same clock. If the internal clock is 

used, transfer is started by a write signal to the serial 1/02 
register. 

LLL Internal synchronization clock select bits 
b2 bl bO 

Serial V02 Control Register (SI02CON) 001016 
The serial 1/02 control register contains seven bits which 
control various serial 1/0 functions. 

o 0 0 : f(X ,N ) divided by 8 
o 0 1 : f(X ,N ) divided by 16 
o 1 0 : f( X,N ) divided by 32 
o 1 1 : I( X,N ) divided by 64 
1 1 0 : f(X ,N ) divided by 128 
1 1 1 : f(X ,N ) divided by 256 

Senal 1/02 port select bit (SM23 ) 

o : 1/0 port 
1 : SOUT2, SCLK2 signal output 

SRDY' output enable bit (SM2.) 
o : 1/0 port 
1 : SRDY' signal output 

Transfer direction select bit (SM25 ) 

o : LSB first 
1 : MSB first 

SynchronIZation clock select bit (SM2.) 
o : External clock 

P73/SRDY2 

P7 ZlSCLK2 

P7,/SoUT2 

Pl3 latch 

"0" t,. 
~ SRDY2 

"1" 

SADY2 output enable bit 

Pl, latch 

Synchronization 

clock select bit 

SynchrofitzatlOll 
CircUit 

g 
o en 

1 : Internal clock 

Fig. 15 Structure of serial 1/02 control register 

Internal 
synchronization 

''''-':':''::''--Q clock Data bus 
1/8 
1 116 

(;; 1/32 
select bits 

'0 
1/64 :; 

B 1/128 

1/256 

"1" 

"0" 

"1" o;b,;-----Lr-~L...:S~e:.:r::'a~1 ~1/:::O~c::o~u~nt:e:.r :.2;,.:13:]) 1-----1 t------
Senal 1/02 port select bit Senal 1/02 

P71 latch mterrupt request 
. "0" 1,. 

~~<------------+-----, 
Senal 1/02 port select bit 

Fig. 16 Block diagram of serial 1/02 function 
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Transfer clock (Note 1) 

Serial 1/02 register 
wnte signal 

Serial 1/02 output SOUT2 

Serial 1102 Input S'N2 

Receive enable signal 

SRDY2 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

, 
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

t 
Serial 1/02 Interrupt request bit set 

Note 1. When the Internal clock IS selected as the transfer clock. the divide ratio can be selected by setting bits 0 to 2 of the serial 1/02 
control register 

2. When the Internal clock IS selected as the transfer clock. the SOUT2 pin goes to high Impedance after transfer completion 

Fig. 17 Timing of serial 1/02 function 
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A-D CONVERTER 
The functional blocks of the A-D converter are described 
below. 

[A-D Conversion Register] 
The A-D conversion register is a read-only register which 
contains the result of an A-D conversion. This register 
should not be read during an A-D conversion. 

[AD/DA Control Register] 
The AD/DA control register controls the A-D conversion 
process. Bits 0 to 2 select a specific analog input pin. Bit 3 
signals the completion of an A-D conversion. The value of 
this bit remains at "0" during an A-D conversion, and 
changes to "1" when an A-D conversion ends. Writing "0" to 
this bit starts the A-D conversion. Bits 6 and 7 are used to 
control the output of the D-A converter. 

[Comparison Voltage Generator] 
The comparison voltage generator divides the voltage be
tween AVss and VREF into 256 steps for comparison to the 
analog input. 

[Channel Selector] 
The channel selector selects one of the ports P6al ANa to 
P671 AN?, and inputs the voltage to the comparator. 

AD/DA control register 

(address 0034,.) 

P6o/ANo 

P6,/AN, 

P62/AN, 

P63/AN3 

P6./AN. 

P6s/AN5 

P66 /AN 6 

P67 /AN 7 

Fig. 19 Block diagram of A-D converter 

Data bus 

[Comparator and Control Circuit] 
The comparator and control circuit compares an analog in

put voltage with the comparison voltage, then stores the re
sult in the A-D conversion register. When an A-D conver
sion is complete, the control circuit sets the A-D conversion 
completion bit and the A-D interrupt request bit to "1". 
The comparator contains a capacitor, so f(X ,N ) should be at 
least 500kHz during an A-D conversion. 

7 0 
I I I I 1 1 1 1 j AD/DA control register 

I I I (ADCON address 0034,.) 

~ Analog Input pin select bits 

b2 bl bO 
o 0 0 : P6o/ANo 
o 0 '1 : P6,/AN, 
o 1 0 : P62/AN2 

o 1 1 : P63/AN3 
1 0 0 : P6./AN. 
1 0 1 : P6s/ANs 
1 1 0 : P6e/AN. 
1 1 1 : P67 /AN 7 

L-___ A-D conversion completion bit 

o : Conversion in progress 
1 : Conversion completed 

'-------- D-A 1 output enable bit 
o : D-A 1 output disabled 
1 : D-A 1 output enabled 

'--------- D-A2 output enable bit 

o : D-A2 output disabled 
1 : D-A2 output enabled 

Fig. 18 Structure of AD/DA control register 

f---... A-D Interrupt request 

(Address 0035,.) 

VREF AVss 
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O-A CONVERTER 
Microcomputers of the M3806x group have two internal D-A 
converters (D-A1 and D-A2) with 8-bit resolutions. 

The D-A converter outputs a voltage corresponding to the 
value in the D-A conversion register. The voltage is output 
from the DA, or DA2 pin by setting the D-A output enable 
bit to "1 ". 

When using the D-A converter,. the corresponding port 
direction register bit (DA,/P56 or DA2/P57 ) should be set to 
"0" (input status). 

The output analog voltage V is determined by the value n 
(base 10) in the D-A conversion register as follows: 

V=VREF X n/256 (n=O to 255) 

Where VREF is the reference voltage. 

At reset, the D-A conversion registers are cleared to "00", 

the D-A output enable bits are cleared to "0", and the P561 

DA, and P57/DA2 pins are set to input (high impedance). 
The D-A output is not buffered, so the user must supply an 
external buffer when driving a low-impedance load. 
Set Vee to at least 4.0V, when using the D-A converter. 

"0" O-AI output enable bit R 

P51/0AI 

D-AI converSion 
register 

Fig. 21 Equivalent connection circuit of O-A converter 

0---0 P56/0A, 

0---0 P5,/OA2 

Fig. 20 Block diagram of O-A converter 
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RESET CIRCUIT 
A microcomputer in the M3806x group is reset if the RESET 
pin is held at a "L" level for at least 2Jls then is returned to 
a "H" level (the power supply voltage should be between 
4.0V and 5.5V). In order to give the XIN clock time to stabil
ize, internal operation does not begin until after 8 to 12 XIN 

clock cycles are complete. After the reset is completed, 
the program starts from the address contained in address 
FFFD'6 (upper byte) and address FFFC '6 (lower byte). 
Make sure that the reset input voltage is no more than O.8V 
for a power supply voltage of 4.0V. 

Power 
voltage OV 

Reset IOput 0 ___ ..... _ 
voltage V 

r------~--~Vcc 

1-'5 ____ ~ RESET 

M51953AL 

+------->---1 Vss 

M3806x 

Fig. 22 Example of reset circuit 

Address Register contents 

0) Port PO direcllon register (000 1 ,6)00.1 00'6 I 

(2) Port P1 direction register ( 0 0 0 3 ,6)00.1 00'6 I 

(3) Port P2 direction register (0005,6)00·1 00'6 I 

(4) Port P3 dllection register (0007 ,6 )00.1 00'6 I 

(5) Port P4 dllectlon register (0009,6)00·1 00'6 I 

(6) Port P5 dllection register (000B,6)00·1 00,6 1 

(7) Port P6 dllection register (0000 1.)"'1 00,• 

(8) Port P7 dllectlon register (OOOF,.)oo·1 00,• 

(9) Port P8 dllection register (00 1 1,.)00·1 00,. 

00) Sellal 1/01 status register (0 0 1 9,6)00.11 1010 I 0 10 10 10 10 

(11) Sellal 1/01 control register (001 A, .)oo·1 00,• 

(12) UART control register (00 1 B,.)00·11 11 11 10 10 I 0 I 0 I 01 

(13) Sellal 1/02 control register (0010,.)00.1 00,. 
I 

(14) Prescaler 12 (0020,.)00·1 FF,. 

(15) Timer 1 (002 1 ,.)00.1 01 ,• 

(16) Timer 2 (0022 ,.)00.1 FF,. 

(1n Timer XY mode register (0023,.)00·1 00'6 

(18) Prescaler X (0024,·)",1 FF,. 

(19) Timer X (0025,.)00·1 FF,. 

~O) Prescaler Y (0026 ,.)00.1 FF,. I 
~l)TlmerY (0027,6)00·1 FF,• I 

(22) AO/OA control register (0 0 3 4 ,.)00.1 0 I 0 10 I 01 1 10 10 10 I 

~3) O-A 1 conversion register (0036,.)00·1 00,. 
I 

~4) 0-A2 converSion register (0037,6)00·1 00,6 I 

~5) Interrupt edge selecllon register (0 0 3 A,.)oo·1 00,. I 

(26) CPU mode register ( 0 0 3 B,.)oo·1 0 10 I 0 I 0 I 0 I 0 I * 10 I 

~1) Interrupt control register 1 (OO3E,.)00·1 00,. 1 

(28) Interrupt control register 2 ( 0 0 3 F ,.)00·1 00,• I 

(29) Processor status register (P S) Ixlxlxlxlxl11xlxl 

(30) Program counter (p C H) Ic"!'tents of address FFFD,.1 

( P C L) 1 Contents of address FFFC16 I 

Note: X : Undefined 
* : The In,t,al values of CM, are determined by the level at the 

CNVss pin 
The contents of all other reg,sters and RAM are undefined 
after a reset, so they must be In,lIahzed by software 

Fig. 23 Internal status of microcomputer after reset 
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Address 

Data 

Fig. 24 Timing of reset 
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FFFC FFFD 
Reset address from vector table 

ADL 

Notel: f(X'N) and ¢ are In the relationship f(X,N)=2¢ 
2 : A question mark ( ? ) Indicates an undefined status that depends on the 

previous status 
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CLOCK GENERATION CIRCUIT 
An oscillation circuit can be created by connecting a re

sonator between X,N and XOUT. When using an external 

clock signal, input the clock signal to the X,N pin and leave 
the XOUT pin open. 

Oscillation Control 
(1) Stop Mode 

If the STP instruction is executed, oscillation stops with 

the internal clock", at "H". Timer 1 is set to "FF'6" and 
prescaler 12 is set to "01 ,6". 

Oscillation restarts when an external interrupt is re

ceived, but the internal clock", remains at "H" until tim
er 1 overflows. 

This allows time for the clock circuit oscillation to sta

biliz~. If oscillation is restarted by a reset, no wait time 

is generated, so keep the RESET pin at "L" level until 

oscillation has stabilized. 
(2) Wait Mode 

When the STP status is released, prescaler 12 and tim

er 1 will start counting and reset will not be released 

until timer 1 overflows, so set the timer 1 interrupt en

able bit to "0" before the STP instruction is executed. 

x," XOUT 

101 
II JI JCOUT 

If the WIT instruction is executed, the internal clock '" 
stops at a "H" level, but the oscillator itself does not 

stop. The internal clock restarts if a reset occurs or 

when an interrupt is received. 

Fig. 25 Ceramic resonator circuit 

Since the oscillator does not stop, normal operation can 

be started immediately after the clock is restarted. 

To ensure that interrupts will be received to release 

the STP or WIT state, interrupt enable bits must be set 

to "1" before the STP or WIT instruction is executed. 

External oscillator 

XOUT 

I 
Open 

vcc lJU1f 
Vss 

Fig. 26 External clock input circuit 

Interrupt request 

Interrupt disable 
flag (I) 

STP Instrucllon R 
WIT 
InstructIon R 

Fig. 2.7 Block diagram of clock generation circuit 
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STP instruction 

»--------t-- ¢ output 

'--------<---- Reset or STP instruction 
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PROCESSOR MODES 
Single-chip mode, memory expansion mode, and micro
processor mode can be selected by changing the contents 
of the processor mode bits CMo and CM, (bits 0 and 1 of 
address 003B ,6). In memory expansion mode and micro
processor mode, memory can be expanded externally through 

ports PO to P3. In these modes, ports PO to P3 lose their 
1/0 port functions and become bus pins. 

Table 2 Functions of ports in memory expansion mode 
and microprocessor mode 

Port Name Function 

Port PO Outputs lower byte of address. 
--

Port PI Outputs upper byte of address 

Port P2 
Operates as I/O pinS for data 0 7 to Do 
(including Instruction codes) 

--
P30 and P3, function only as output pinS 
(except that the port latch cannot be 
read) 

--
P32 is the ONW input pin. 

Port P3 P33 is the RESET OUT output pin (Note) 
P34 is the 1> output pin. 
P35 IS the SYNC output pin. 

-
P36 IS the WR output pin, and P37 IS the 
RD output pin 

Note: If CNVss IS connected to Vss, the microcomputer goes to single
chip mode after a reset, so thiS pin cannot be used as the 
RESET OUT output Pin 

• Single-Chip Mode 
Select this mode by resetting the microcomputer with 

CNVss connected ,to Vss. 

• Memory Expansion Mode 
Select this mode by setting the processor mode bits to 
"01" in software with CNVss connected to Vss. This mode 
enables external memory expansion while maintaining 

the validity of the internal ROM. Internal ROM will take 
precedence over external memory if addresses conflict. 

• Microprocessor Mode 
Select this mode by resetting 'the microcomputer with 

CNVss connected to Vee, or by setting the processor 
mode bits to "10" in software with CNVss connected to 

Vss. In microprocessor mode, the internal ROM is no lon
ger valid ana external memory must be used. 

0000'6 0000'6 

0008'6 0008'6 
SFR area SFR area 

0040'6 0040'6 

Internal RAM Internal RAM 

reserved area reserved area 

0440'6 0440'6 

Internal ROM 

FFFF '6 FFFF '6 ..... :.....:. ______ ...... :.....:. ..... 

Memory expansion mode Microprocessor mode 

The shaded areas are external memory areas 

* : YYYY'6 IS the start address of Internal ROM 

Fig. 28 Memory maps in various processor modes 

7 0 
I I I I I I I I I CPU mode register 

I I (CPUM address 0038,6) 

~ Processor mode bits 
bl bO 
o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Do not use 

L--___ Stack page select bit 
o : RAM In the zero page IS used 

as stack area 

1 : RAM In page 1 IS used as 
stack area 

Fig. 29 Structure of CPU mode register 
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Bus Control with Memory Expansion 
Microcomputers of the M3806x group have a built-in ONW 
function to facilitate access to extra memory and 1/0 func
tions in memory expansion mode or microprocessor mode. 
If an "L" level signal is input to the ONW pin when the CPU 
is in a read or write state, the corresponding read or write 
cycle is extended by one cycle of <p. During this extended 

period, the RD or WR signal remains at "L". This extension 
period is valid only for writing to and reading frqm addres
ses 000016 to 000716 and 044016 to FFFF16, and only read 
and write cycles are extended. 

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle 

I- -I- + -I- + + 

AD" to ADo 

RD 

ONW 

* * 

* ; Period during which ONW mput signal IS received 

Write cycle 

-I 

* 

During this period, the ONW signal must be fixed at either "H" or "L" At all other tllnes, the Input level of the ONW signal has no affect 
on operations. 
The bus cycles IS not extended for an address 10 the area 0008'6 to 043F,6, regardless of whether the ONW signal IS received 

Fig. 30 ONW function timing 
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NOTES ON PROGRAMMING 
Processor Status Register 
The contents of the processor status register (PS) after a 

reset are undefined, except for the interrupt disable flag (I) 
which is "1". Therefore, flags that affect program execution 

must be initialized after a reset. 

In particular, it is essential to initialize the T and D flags be

cause of their effect on calculations. 

Interrupts 
The contents of the interrupt request bits do not change im

mediately after they have been written. After writing to an 

interrupt request register, execute at least one instruction 

before performing a SSC or SSS instruction. 

Decimal Calculations 
To calculate in decimal notation, set the decimal mode flag 

(D) to 'T, then execute a ADC or SSC instruction. Only the 

ADC and SSC instructions yield proper decimal results. Af

ter executing an ADC or SSC instruction, execute at least 

one instruction before executing a SEC, CLC, or CLD in

struction. 

In decimal mode, the values of the negative (N), overflow 

(V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 

calculation. Clear the carry flag before an ADC and set the 

flag before an SSC. 

Timers 
If a value n (between 0 and 255) is written to a timer latch, 

the frequency division ratio is 1/(n+1). 

Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 

flags. 

The execution of these instructions does not change the 

contents of the processor status register. 

Ports 
The contents of the port direction registers cannot be read. 

Programs can not use the value of a direction register as an 

index, or bit-test a direction register (SSC or SSS), or per

form a read-modify-write instruction such as ROR, CLS, or 

SES. Use instructions such as LDM and STA to set the port 

direction registers. 

Serial 1/0 
In clock synchronous serial 110, if the receive side is using an 

external clock and it is to output the SRDYl signal, set the 

transmit enable bit, the receive enable bit, and the SRDYl out
put enable bit to "1 ". 

Serial 1101 continues to output the final bit from the T xD pin 

after transmission is completed. The SOUT2 pin from serial 

1102 goes to high impedance after transmission is completed 

A-D Converter 
The comparator uses internal capaCitors whose charge will 

be lost if the clock frequency is too low. 

Make sure that f(X,N) is at least 500kHz during an A-D con

version. (If the ONW pin has been set to "L", the A-D conver
sion will take twice as long to match the longer bus cycle, 

and so f(X,N) must be at least 1 MHz.) 

Do not execute the STP or WIT instruction during an A-D 

conversion. 

D-A Converter 
The accuracy of the D-A converter becomes poor rapidly 

under the Vce =4.0V or less condition. So set Vee to at least 
4.0V, when using the D-A converter. 

Instruction Execution Time 
The instruction execution time is obtained by multiplying the 

frequency of the internal clock if> by the number of cycles 

needed to execute an instruction. 

The number of cycles required to execute an instruction is 

shown in the list of machine instructions. 

The frequency of the internal clock if> is half of the X'N fre
quency. 

When the ONW function is used in modes other than single

chip mode, the frequency of the internal clock if> may be one 

fourth the X'N frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 

1. Mask ROM Order Confirmation Form 
2. Mask Specification Form 
3. Data to be written to ROM, in EPROM form (three 

identical copies) 

ROM Writing Method 
The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 

Package Name of Write Adapter 

80P6N PCA4738F-80 

80P6S PCA4738G-80 

8000 PCA4738L-80 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 31 is 
recommended to verify programming. 

Note: The screening temperature IS far higher than 

the storage temperature Do not leave the 

microcomputer at 150'C for longer than 100 hours 

Fig. 31 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3 to 7. 0 V 

Input voltage POo·PO,. Pl 0·Pl,. P20·P2" 

V, P30·P3" P40·P4" P5o·P5" -0.3 to Vee+O. 3 V 

P60·P6" P70·P7" P80·P8" VRE' 
All voltages measured with reference to the 

V, Input voltage RESET, X,N -0.3 to Vee+O. 3 V 
-~ Vss pm, output transistors Isolated 

-0,3 to 13 V V, Input voltage CNVss 

Output voltage POo·PO" Pl 0·Pl" P20·P2" 

Vo P3o·P3" P40·P4" P5o·P5" -0.3 to Vee+O. 3 V 

P60·P6" P70·P7" P80·P8" XOUT :---. 
Pd Power diSSipation Ta ~ 25"C 500 mW 

Topr Operating temperature -20 to 85 "C 

Tstg Storage temperature -40 to 125 "C 

RECOMMENDED OPERATING CONDITIONS (Vee ~ 3.0 to 5. 5V, T a = -20 to 85"C, unless otherwise noted) 

LimIts 
Symbol Parameter Umt 

Min Typ Max 

~uPPIY voltage (I(X,N ) ,,;2MHz) 3.0 5.0 5.5 

Vee Supply voltage (I(X,N) >2MHz) 4.0 5.0 5.5 V 

Supply voltage (when O-A converter IS used) 4,0 5.0 5.5 

Vss Supply voltage 0 V 

Analog reference voltage (when A-D converter IS used) 2,0 Vee 
VREF 

Analog reference voltage (when D-A converter IS used) 
V 

4.0 Vee 

AVss ~~alog power voltage 0 V 
r----='---

V'A Analog mput voltage ANa-AN7 AVss Vee V 
-

V ,H 
"H" Input voltage POo·PO" Pl 0·Pl" P20·P2" P30·P37, P40·P4" 

0. 8Vee Vee V 
P5o·P5" P60·P6" P70·P7" P80·P87 

V ,H "H" mput voltage RESET, X'N, CNVss 0. 8Vec Vee V 

V'L 
"L" mput voltage POo·PO" Pl 0·Pl" P20·P2" P30·P3" P40·P4" 

0 0. 2Vec V 

1--. 
P50·P57, P6o·P67, P70·P7" P8o·P8, 

V'L "L" mput voltage RESET 0 0. 2Vce V 

V'L "L" Input voltage X1N 0 0. 16Vcc V 

~ "L" mput voltage CNVss 0 0. 2Vcc V 

110HIoeaki "H" total peak output current POa·P07, Pl 0·P1 7, P20·P27, P30·P3" P80·P8, (Note 1) -80 mA 

:l: 10HIoeaki "H" total peak output current P40·P4" P5o·P57 , P60·P6, (Note 1) -80 mA 

110Lioeaki "L" total peak output current POo·PO" P1 0·Pl" P20·P2" P3o·P3" P8o·P8, (Note 1) 80 mA 

110Lioeaki "L" total peak output current P40·P4" P50·P5" P60·P6" P70·P7, (Note 1) 80 mA 

:l: 10Hlavgl 
"H" total average output current POO·P07, P10·Ph, P20·P27, P30·P37, 

-40 mA 
P80·P8, (Note 1) 

.. 

~~I "H" total average output current P4a·P47, P50·P57, P60·P67 (Note 1) -40 mA - - .. 

};loLlavgl 
"L" total average output current POo·P07, P10·Ph, P2o·P27, P30·P3" 

40 mA 
P80·P8, (Note 1) 

110LlavQI "L" total average output current P40·P47. P50·P57. P6e·P67, P7o·P7, (Note 1) 40 mA 

10HIpeaki 
"H" peak output current POo·PO" P10·Pl" P20·P2" P30·P3" P40·P4" 

-10 mA 
P5o·P57 , P60·P67, P80·P8, (Note 2) 

IOLCpeakl 
"L" peak output current POo·PO" Pl 0·Pl" P20 ·P27, P30 ·P3" P40·P4" 

10 mA 
P5o·P57, P60·P6" P70·P7" P80·P87 (Note 2) 

10H(avg) 
"H" average output current POa·P07, Pl 0·Ph, P20·P27, P3a·P37, P40·P47, 

-5 mA 
P5o·P5" P60·P6" P8o·P8, (Note 3) 

10Llavg) 
"L" average output current POC·P07, P10·Ph, P20·P27, P30·P37, P40·P47, 

5 mA 
P5o·P5" P6o·P6" P70·P7" P80·P8, (Note 3) _. 

t(X ,N ) 
Internal clock oscillation frequency (Vcc=4. 0 ....... 5. 5V) 8 

Internal clock oscillation frequency (Vcc=3. 0 ....... 5.5V) 
MHz 

2 

Note 1 The total output current IS the sum of all the currents flOWing through all the applicable ports The total average current IS an average value me· 
asured over 1 Dams The total peak current IS the peak value of all the currents 

2 The peak output current IS the peak current flOWing In each port 
3 The average output current IOL (avg), 10H (avg) In an average value measured over lOOms 
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ELECTRICAL CHARACTERISTICS (Vee = 3. a to 5. 5V. Vss = OV. T a = -20 to 85t. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Umt 

Mm. Typ. Max 

"H" output voltage POo-po,. Plo-Ph, P2o-P27• 10H=-IOmA Vee- 2. O 

VOH P30-P3,. P4o-P47. P50-P57• 
Vee=4. 0-5. 5V 

V 
IOH=-1.0mA Vee-La 

P6o-P67. P60-P87 (Note 1) Vee=3. 0-5. 5V 

"L" output voltage POo-P07. Plo-Ph, P2o-P2,. 10L=IOmA 2. a 
VOL P30-P3,. P40-P47. P50-P57• 

Vee=4. 0-5. 5V 
V 

10L=1. OmA 1.0 
Peo-P6,. P7o-Ph P8o-P87 Vee=3. 0-5. 5V 

VT+-VT- Hysteresis CNTRo. CNTR,. INTo-INT, 0.4 V 

VT+-VT- HysteresIs RxD, SCLK1, SIN2, SCLK2 0.5 V 

VT+-VT- HysteresIs RESET 0.5 V 

"H" input current POo-P07• Plo-Ph. P2o-P2,. 

I'H P30-P3,. P4o-P4,. P50-P5,. V,=Vcc 5.0 "A 
Peo-P67• P7o-P7,. P8o-P87 

I'H "H" Input current RESET. CNVss VI-Vee 5.0 "A 
I'H "Hit mput current XIN V\=Vcc 4 "A 

"L" input current POo-PO,. Plo-PI7. P2o-P2,. 

I'L 
P30-P3,. P4o-P47. P50-P5,. 

V,=Vss 
P6o-P6,. P7o-P7,. P8o-P8,. 

-5.0 "A 

RESET. CNVss 

I'L "L" Input current X1N V,=Vss -4 "A 
V RAM RAM hold voltage With clock stopped 2.0 5.5 V 

1(x,N )=8MHz. Vee=5V 6.4 13 

f(X'N)=5MHz. Vee=5V 4 8 

f(X,N)=2MHz. Vee=3V 0.8 2.0 

1.5 
mA 

When WIT instruction IS executed With f(XIN}=8MHz, Vcc=5V 
Icc Supply current 

When WIT instruction IS executed With i(XIN1=5MHz, Vcc=5V 1 

When WIT instruction IS executed With f(XIN)=2MHz, Vcc=3V 0.2 

:~~,~:~r~~~u~goo,sexecuted I.Ta=25°C (Note 2) 0.1 1 

output transistors Isolated ) T a=85'C (Note 2) 10 "A 

Notel: P4, is measured when the P4,/TxD P-channel output disable bit of the UART control register (bit 4 of address 00IB'6) is "0" 
2: With output transistors Isolated and A-D converter haVing completed conversion. and not including current flOWing throug~ VREF pin 

A·D CONVERTER CHARACTERISTICS 
(Vee=3.0 to 5. 5V, Vss=AVss=OV. VREF=2. OV to Vee. T a=-20 to 85°C. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Umt 

Min Typ Max 

- Resolution 8 Bits 

- Absolute accuracy (excluding quantization error) ±1 ±2.5 LSB 

teoNV Conversion time 50 tc (¢) 

RLADDER Ladder resistor 35 kfl 

IVAEF Reference power source mput current (Note) V REF=5.0V 50 150 200 "A 
II (AD) A-O port input current 0.5 "A 

Note: When D-A conversion registers (addresses 0036'6 and 0037,6) contain "00,6' 

D·A CONVERTER CHARACTERISTICS 
(Vee=4.0 to 5. 5V. Vss=AVss=OV. VREF=4. OV to Vee. T a=-20 to 85°C. unless otherwise noted) 

LImits 
Symbol Parameter Test conditions Umt 

Mm Typ Max 

- Resolution 8 Bits 

- Absolute accuracy 1.0 % 
tsu Setting time 3 "s 
Ro Output resistor 1 2.5 4 kO 

--
IVREF Reference power source mput current (Note) 3.2 mA 

Note: USing one D-A converter. With the value in the D-A conversIOn register of the other D-A converter being "00'6'. and excluding currents flowing 
through the A-D resistance ladder 
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TIMING REQUIREMENTS 1 (Vee =4. a to 5. 5V, Vss = av, T a = -20 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max. 

tW(RESET) Reset input "L" pulse width 2 I-/S 

~~ External clock Input cycle time 125 ns 

tWH(X'N) External clock mput "H" pulse width 50 ns 

tWL(X'N) External clock input "L" pulse width 50 ns 

tC(CNTR) CNTRo, CNTR, Input cycle time 200 ns 

tWH(CNTA) CNTRo, CNTR, Input "H" pulse width 80 ns 

~!) INTo to INT, input "H" pulse width 80 ns 

tWL(CNTA) CNTRo, CNTR, Input "L" pulse width 80 ns 

tWL(lNT) INTo to INT, Input "L" pulse wIdth 80 ns 

tC(SCLKl ) Se"a11l01 clock Input cycle time (Note) 800 ns 

tC (SCLK2) Serial 1/02 clock input cycle time 1000 ns 

tWH (ScLK1) Se"a11l01 clock Input "H" pulse wIdth (Note) 370 ns 

tWH (SCLK2) Serial 1/02 clock mput "H" pulse width 400 ns 

tWL(SCLK1) Se"a11/01 clock Input "L" pulse width (Note) 370 ns 

tW L(SCLK2) Serial 1102 clock Input "L" pulse width 400 ns 

tsu( RxD-SCLK1) Senal 1/01 input set up time 220 ns 

~1}(SIN2-SClK2) Serial 1102 Input set up time 200 ns 

th(ScLK1-AXO) Serial 1/01 Input hold time 100 ns 

th(SCLK2-S IN2) Serial 1/02 input hold tIme 200 ns 

Nole : When f(X ,N )=8MHz and bit 6 of address 001A '6 is "1" Divide this value by four when f(X ,N )=8MHz and bit 6 of address a01A'6 is "0" 

TIMING REQUIREMENTS 2 (Vee =3. a to 5. 5V, Vss = OV, T a = -2010 85'C, unless otherwise noled) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

tW(RESET) Reset mput "L" pulse width 2 I-/S 

IC(x'N) External clock input cycle time 500 ns 

IwH(x,N) External clock mput "H" pulse wIdth 200 ns 

IWLCx'N) External clock mput "L" pulse wIdth 200 ns 

tC(CNTR) CNTRo, CNTR, Input cycle time 500 ns 

tWH(CNTR) CNTRo, CNTR, Input "H" pulse width 230 ns 

tWH(INT) INTo to INT, input "H" pulse width 230 ns 

tWL(CNTR) CNTRo. CNTR, input "L" pulse width 230 ns 

tWL<INT) INTo to INT, Input "L" pulse width 230 ns 

t C(SCLKl ) Serrall/01 clock Input cycle time (Note) 2000 ns 

tC(SCLK2) Serial 1/02 clock mput cycle time 2000 ns r--c- -
Serial 1/01 clock Input "H" pulse width (Note) tWH (SCLK1) 950 ns 

tWH (SCLK2) Senal 1/02 clock Input "H" pulse width 950 ns 

tWL{SCLK1) Serial 1/01 clock input "L" pulse width (Note) 950 ns 

tW L<SCLK2) Senal 1/02 clock input "L" pulse width 950 ns 

tsu( RXD-SCLK1) Senal 1/01 mput set up time 400 ns 

tSU(SIN2-SCLK2) Serial 1/02 mput set up time 400 ns 

th(SCLK1-RXO) Serial 1/01 Input hold lime 200 ns 

th(SCLK2-SIN2) Serial 1/02 input hold time 300 ns 

Nole: When f(X ,N )=2MHz and bit 6 of address 001A'6 is "1" Divide this value by four when f(X ,N )=2MHz and bIt 6 of address 001A'6 is "0" 
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 1 (Vee = 4.0 to 5.5V. Vss = OV. Ta = -20 toB5'C. unless otherwise noted) 

Symbol Parameter 
Min 

tWHCSCLK1) Senal 1/01 clock output "H" pulse width tC(SCLK1)/2 30 

tWHCSClK21 Serial 1/02 clock output "H" pulse width tc(SCLK2)/2 160 

tWLCSCLK1) Senal 1/01 clock output "L" pulse Width tC(SCLK1)/2 30 

tWLCSClK2) Senal 1/02 clock output "L" pulse Width tc(SCLK2)12 160 

td(SCLK1~TXD) Senal 1/01 output delay time (Note 1) 

td(SCLK2- S0UT2) Serial 1102 output delay time 

tV(ScLK1-TxD1 Senal 1/01 output valid time (Note 1 ) -30 

tV(ScLK2- S0UT2) Serial 1/02 output valid time 0 

trcsCLKl ) Serial 1/01 clock output rise time 

tfCSCLK1 ) Senal 1/01 clock output fall time 

tf(ScLK') Senal 1/02 clock output fall time 

trccMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001816 ) is "0" 
2 : XOUT pin excluded. 

Measurement output pin o-----I---...----~>~ 

1100PF 

CMOS output 

Measurement output pm 

Limits 

Typ Max 

140 

0. 2XtC(SCLK') 

30 

30 

40 

10 30 

10 30 

:> 1k{l 

.....J- 100pF 

1 
N-channel open-drain output 

Fig.32 Circuit for measuring output switching characteristics (1) 

SWITCHING CHARACTERISTICS 2 (Vce = 3.0 to 5.5V. vss= OV, Ta = -20 to B5'C, unless otherwise noted) 

Symbol Parameter 
Min 

tWHCSCLK1) Senal 1/01 clock output "H" pulse Width tC(SCLKl }/2 50 

tWH(SCLKl) Senal 1/02 clock output "H" pulse Width tC(SCLK2)12 240 
-

tWL(SCLK1) Senal 1/01 clock output "L" pulse width tC(SCLK1 )12 50 

tW L<SCLK2) Serial 1/02 clock output "L" pulse Width tc{SCLK2)/2-240 

td(SCLK1-rXO) Senalll01 output delay lime (Note 1) 

td(SClK2-S0UT2) Senal 1/02 output delay time 

tV (ScLK1- TXD) Senall/Ol output valid time (Note 1) -30 

tV( SCLK2-SoUT2) Serial 1/02 output valid time a 
tr<sCLK1 ) Senal 1/01 clock output rise time 

tf(SCLKl ) Senal 1/01 clock output fall time 

tf<SCLK2) Serial 1/02 clock output fall time 

tr(CMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 0018,6) is "0" 
2 : XOUT Pin excluded. 

• MITSUBISHI 
.... ELECTRIC 

limits 

Typ Max 

350 

0.2XtC(SCLK') 

50 

50 

50 

20 50 

20 50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vee = 4.0 to 5. 5V. Vss = OV. T a = -2b to 85'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min. Typ Max 

tSU(ONW-¢) ONW input set up time -20 ns 

th(1)-ONW) ONW Input hold time -20 ns 

tSU(OB-¢) Data bus set up t~me 60 ns 

th(,p-DB) Data bus hold time 0 ns 

SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vcc =4.0t05.5V, Vss=ov. Ta= -20 to 85'C, unless otherwise noted) 

Limits-
Symbol Parameter Unit 

Min Typ Max 

tel» 1> clock cycle time 2XtCIXIN ) ns 

tWHI¢) ¢ clock "H" pulse width tC(xIN)-10 ns 

tWL(¢) ¢ clock "L" pulse width tClx,N)-10 ns 

tdl¢-AH) AD15 to ADa delay time 20 40 ns 

tV(¢-AH) AD 15 to ADa valid time 6 10 ns 

td(¢-AU AD7 to ADo delay time 25 45 ns 

tV(¢-AU AD? to ADo valid time 6 10 ns 

~::cSYNe) SYNC delay time 20 ns 

tV(¢-SYNC) SYNC valid time 10 ns 

td(¢-wR) RD and WR delay time 10 20 ns 

tV(¢-WR) RD and WR valid time 3 5 10 ns 

td(¢-DB) Data bus delay trme 20 ~ns -------1-"-- --'-
tV(¢-DS) Data bus valid time 15 ns 

td(RESET- RESETOUT) RESET OUT output delay time (Note t) 200 ns 

tV(¢-RESET) RESET OUT output valid time (Note 1) 0 200 ns 
---

Notel: The RESET OUT output goes "H" in sync with the rise of the'" clock that is anywhere between about 1 cycle and 19 cycles after the RESET in

put goes "H" 

Measurement output pin 01------1.,-------"""" 

~ 100pF 

CMOS output 

Fig. 33 Circuit for measuring output switching characteristics (2) 
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TIMING DIAGRAM 

(1) Timing diagram 

CNTRo• CNTRI 

INTo-INT. 

X,N 

SCLKl 

SecK' 

TxD 
SOUT2 

tf"W~ 

--.Ao.8VCC 

MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

tC(CNTR) 

Jr-tWH(CNTRl 

No.2VCC 

tWL(CNTR) 

tWH(INT) 

No.2VCC 

tWUINTl v-
~o.2VCC 

tW(RESETl 

Yo.8VCC 

J,.,,~ 

If 

tC(X1Nl 

tWH(XIN) 

No.2VCC 

tsU(RXO- SCLKl ), 

tSU (SIN2-ScLK2l 

, ... J'..,·...,"'·~, ..... " .... ' ... J' .. r..., I O.8Vcc 
O.2Vcc 

tWUXINl Jr-
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MITSUBISHI MICROCOMPUTERS 

M3806x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

(2) Timing diagram in memory expansion mode and microprocessor mode 

lei.) 

tWL{</Jl 

ADwAD• 0. 5Vcc 

AD,-ADa 0. 5Vcc 

SYNC 0. 5Vcc 

RD. WR 

ONW 

DBa-DB, 

(AI CPU reading) 
----------------+-------<1 0. 8Vcc 

1'o,;.0.~2~V.;;c::.c __ +_,/1 

IVI.-DB) 

----------------+---{-0.5Vcc 
DBa-DB, 

(AI CPU wrillng) 

(3) Timing diagram in microprocessor mode 

RESET 

RESEToUT 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3810x group is made up of 8-bit microcomputers 

based on the MELPS 740 cqre. 
The M3810x group is designed mainly for VCR control, and 
include four 8-bit timers, a PWM function, and a 4-bit c'om

parator circuit. 
T~e various microcomputers in the M3810x group include 
variations of internal memory size and packaging. For de

tails, see the section on part numbering. 
For details on availability of microcomputers in the M3810x 

group, see the section on group expansion. 

FEATURES 
• Basic machine-language instructions .................. · .... 71 
• Instruction execution time .............................. · .. 0.95,us 

(shortest instruction at 4.19MHz oscillation frequency) 

• Memory size 
ROM ................................................ 4K to 32K bytes 

RAM .............................................. '192 to 1024 bytes 

PIN CONFIGURATION (TOP VIEW) 

• Programmable input/output ports ............................ 27 

• High-breakdown-voltage output ports ...................... 28 
• Interrupts ................................. 11 sources, 11 vectors 
• Timers ......................................................... 8-bitX4 

• Serial 1/0 ...... · .............. · 8-bitX 2 (Clock-synchronized) 
• PWM output circuit .................................... · "14-bitX 1 
• Comparator circuit ......................................... 4-bitX 1 

• 2 Clock generation circuit 
Clock (XIN-XOUT) .............. ·Internal feedback amplifier 

Sub clock (XCIN-XCOUT) ...... Internal amplifier without feedback 
• Supply voltage .. · ........................................ 4.0 to 5.5V 

• Low power dissipation 
In high-speed operation .................................... 25mW 

(at 4.19MHz oscillation frequency) 
In low-speed operation" ................................. 300,uW 

(at 32kHz oscillation frequency) 
• Operating temperature range ................ -10 to +85°C 

APPLICATIONS 
VCRs, tuners, musical instruments; office automation, etc. 

o ~ N M ~ ~ w ~ 0 ~ N M ~ ~ w ~ 
000 000 0 0.-'1"'" 'I"'" r,...,... T"" T"" 

D..a..a.c..a..a..c..a..Q.c..a..a.a..a..a..Q. 

1111111111111111 

M38102M5-XXXFP 

18 - P4o/iNTo 

'-1,.,-,r,:'Tr.:Tr:-JT""-Tf":T"""""",rr.:n=r.=-:1rr.=:c:t'-'17 - P4, /1 NT 1 

Package type: 64P6N 

64-pin plastic-molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

2-76 

Vee 

VEE -+ 2 

P6,- 3 

P66/AN - 4 

P63 - 7 

P6,- 9 

P6o/PWM- 10 

P5,/SRDY' - 11 
P56 /SeLK, .... 12 

P5,/SOUT2 - 13 

P5,/S'N' - 14 
P53!SRDY1 ....... 15 

P5,/SeLK' - 16 

P5,/SoUTl - 17 

Package type: 64P4B 

64-pin shrink plastic-molded DIP 
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FUNCTIONAL BLOCK DIAGRAM (Package: 64P4B) 
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PIN DESCRIPTION 

Pm Name 

Vee. Vss Power supply 

VEE Pull-down power 

input 

---
RESET Reset input 

X,N Clock mput 

XOUT Clock output 

XCIN Sub clock Input 

f----

XCOUT Sub clock output 

POO-P07 Output port PO 

P1 o-Ph Output port P1 

P2o-P23 Output port P2 

P24 -P27 I/O port P2 

P30 -P37 Output port P3 

P4ollNTo Input port P40 

P4,/INT" I/O port P4 

P4,/INT, 
---

P43 , P44 

P4,/CNTR 

P46 

P4,/T OUT 

P50 /S ,N1 • I/O port P5 

P5,/Soun , 

P5,/SCLK" 

P53 /SROY' 

P54 /S ,N2 , 

P55/SoUT" 

P56/SCLK2, 
--

P57/SROY2 

P60 /PWM 1/0 port P6 

P6,-P65 

P66 /AN 

P67 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply mputs 4 0 to 5 5V to Vee. and OV to Vss. 

Applies voltage supplied to pull-down resistors of ports PO, P1, P2o-P23, and P3 

To reset the microcomputer, this pm should be kept at an "L" level for more than 2,us under high-speed operating con-

ditions In low-speed operation start mode, internal reset IS not released until the XCIN-XCOUT clock has had time to sta-

bilize 

Input and output signals for the Internal clock generation CircUIt It consist of internal feedback amplifier Connect a 

ceramic resonator or quartz crystal between the X1N and XOUT pms to set the oscillation frequency If an external clock IS 

used, connect the clock source to the XIN pin and leave the XOUT pin open This clock is used as system clok 

Input and output signals for the Internal sub clock generation circuli It consist of Internal amplifier Without feedback 

Connect a ceramic resonator or quartz crystal and external feedback resistor between the X CIN and XCOUT pms If an ex-

ternal clock IS used, connect the clock source to the XCIN pm and leave the XCOUT pin open This clock can also be 

used as the system clock 

8-blt output port The output structure is hlgh-breakdown-voltage P-channe! open drain With Internal pull-down resistors 

connected between the output and the VEE pm 

A 4-blt output port With the same function as port PO. 

A 4-blt I/O port An I/O direction register allows each pm to be individually programmed as either mput or output At re-

set this port IS set to mput mode The output structure of this port is CMOS 3-state, and the Input levels are TTL com-

patible. 

An 8-blt output port With the same function as port PO 

I-bit CMOS input pm 

A 7 -bit CMOS I/O port with the same funcllon as port P24-

P2,. With CMOS compatible input levels. 

An 8-bIt CMOS I/O port With the same function as port 

P24-P2, The outpU! structure of thiS port IS N-channel 

open drain, and the mput levels are CMOS compatible 

Keep the input voltage of this port between OV and Vee 

-

An 8-blt CMOS I/O port With the same function as port 

P24-P27, With CMOS compatible mput levels 

• MrTSUBISHI 
"ELECTRIC 

External Interrupt mput pms 

Event counter mput pin 

Timer output pin 

Senal 1/01 I/O pins 

Senal 1/02 I/O pms 

14-blt PWM output pm 

Comparator mput pin 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

PART NUMBERING 

Product name M3810 2 M 5 - XXX SP 1 L '"'''' ,eo SP : 64P4B package 
FP : 64P6N package 
SS : 64S1 B package 
FS : 64DO package 

ROM number 
Omitted In some types 

~------ ROM/PROM size 
1 4096 bytes 
2 : 8192 bytes 
3 : 12288 bytes 
4 : 16384 bytes 
5 . 20480 bytes 
6 24576 bytes 
7 . 28672 bytes 
8 . 32768 bytes 

The 'lrst 128 bytes and the last two bytes of ROM are reserved areas, they can not be used 

~------- Memory type 
M : Mask ROM verSion 
E : EPROM or one-time programmable version 

L-________ RAM size 

o 192 bytes 
1 256 bytes 
2 384 bytes 
3 512 bytes 
4 640 bytes 
5 768 bytes 
6 896 bytes 
7 1024 bytes 

• MITSUBISHI 
"'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION (2) Packages 

Mitsubishi plans to expand the M381 Ox group as follows: 64P4B ............................... Shrink plastic molded DIP 

(1) Support for mask ROM, one-time' programmable, and 
EPROM versions 

'64P6N ······································"Plastic molded QFP 
64S1 B ........................................ Shrink ceramic DIP 

ROM/PROM capacity,,,,·,,··"""·,,······,, 12K-24K bytes 
RAM capacity,,····································384-512 bytes 

6400 .................................................. Ceramic LCC 

Memory expansion plan 

ROM sIze (bytes) 

32K ......... _-_ .. , .... __ ._-_ .... , ....... ----.. -~.--- .. _-_ .. _-- •... _----.... -- ... ----------.--.~-- .. ---.--- '-.;-'-'-'-' ...... ... , , . . . , , , 
I , • , , I , , 
, I , , • , • • , , , , . , , . , , , , . , , , 
, I • • • , , , , , , . . , , . , , , , . , , , 

28K 
, , , , , , . . .............. : .............. : ... __ .......... :-...... -_ .... -:-........... _-: .............. -:- .............. t··············: 

t~·=~~JTri 24K 

20K 

16K ....... ~~.~~[.~~.~~I·~~~t~38~02v·l .... ··· .. · .. ··i···-· .. --·· .. ··f·· ... ······· .. ; .. -.. --- .. -- .. ~ 
~emg Plan~e~ : : : : : 

--- .... -------;- .. -.. --------,-- M381:02M3 -r .. ------- .... ~-----'- .. -.. --[------- .. --- .. r .... --- ...... l 

:: •••••••••••• 1 ••••••••• ; ••••••••••• 1 •••••••••••• : •••••••••• 1······1········:····; 

12K 

192 256 384 512 640 768 896 1024 

RAM sIze (bytes) 

The development schedule and other details of products under development may be revised wIthout notIce 
Currenlly supported products are listed below 

As of March 1992 

Product name (p) ROM sIze (bytes) RAM sIze (bytes) Package Remarks 

M38102M5-XXXSP Mask ROM verSIon 

M38102E5-XXXSP 64P48 One-lime programmable version 

M38102E5SP One-lime programmable versIon (blank) 

M38102M5-XXXFP 

M38102E5-XXXFP 
20K 384 

Mask ROM versIon 

64P6N One-lime programmable version 

M38102E5FP One-tIme programmable versIon (blank) 

M38102E5SS 64S18 EPROM version 

M38102E5FS 6400 EPROM version 

M38103M6-XXXSP Mask ROM versIon 

M38103E6-XXXSP 64P48 One-time programmable versIon 

M38103E6SP One-tIme programmable version (blank) 

M38103M6-XXXFP 
512 

Mask ROM \(ersion 
24K 

64P6N M38103E6-XXXFP One-tIme programmable versIon 

M38103E6FP One-tIme programmable versIon (blank) 

M38103E6SS 64S18 EPROM version 

M38103E6FS 6400 EPROM version 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

CPU MODE REGISTER 
The CPU mode register is allocated to address 003B16, 

Microcomputers of the M3810x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 

Bits 0 and 1 of this register are processor mode bits and 
should always be set to "0", 
The CPU mode register contains the stack page selection 
bit. 
For details of the XCOUT drivability selection bit, main clock 
stop bit, and internal system clock selection bit, see the 
section on the clock generation circuit. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use, 
The STP, WIT, MUL, and DIV instructions can be used, 

I I II I I I II CP 

1 I, 

Fig. 1 Structure of CPU mode register 

U mode register (CPUM : address 0038,.) 

Processor mode bits 
blbO 
o 0 : Single-chip mode 
01 : Do not use 
1 0 : Do not use 
11: Do not use 

Stack page selection bit 
o : RAM on the zero page IS used as stack area 
1 : RAM in page 1 IS used as stack area 

XeOUT drovablilty selection bit 
0: Low drive 
1 : High drove 

Maon clock (X,N-XOUT) stop bit 
o : Operatong 
1 : Stopped 

-Internal system clock selection bit 
o : X'N-XcUT selected (high-speed operation mode) 
1 : Xc'N-XCOUT selected (low-speed operation mode) 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

MEMORY 
Special Function Register (SfR) Area 

The Special Function Register area contains registers 
which control functions such as liD ports and timers, and is 
located in the zero page area. 
RAM 

RAM is used for data storage as well for stack area. 
ROM 

The first 128 bytes and the last two bytes of ROM are re
served for device testing and the rest is user afea for stor
ing programs. 

Interrupt Vector Area 
The interrupt vector area contains reset and interrupt vec
tors. 

RAM area 

RAM capacity 
Address XXXX ,6 

(bytes) 

1n 00FF'6 

256 013F'6 
384 01BF'6 

512 023F'6 

640 02BF'6 
768 033F'6 

896 03BF'6 

1024 043F'6 

ROM area 

ROM capacity 
Address YYYY'6 Address ZZZZ'6 

(bytes) 

4096 FOOO'6 F080'6 
8192 EOOO'6 E080, 6 

12288 0000'6 0080'6 
16384 COOO'6 C080'6 
20480 BOOO'6 B080, 6 

24576 AOOO'6 A080'6 
28672 9000'6 9080'6 
32768 8000'6 8080'6 

Fig. 2 Memory map diagram 

Zero Page 

The 256 bytes from addresses 0000'6 to 00FF'6 are called 
the zero page area. The internal RAM and the special func
tion registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. This 
dedicated zero page addressing mode enables access to 
this area with only 2 bytes. 

Special Page 

The 256 bytes from addresses FFOO '6 to FFFF'6 are called 
the special page area. The special page addressing mode 
can be used to specify memory addresses in the special 
page area. This dedicated special page addressing mode 
enables access to this area with only 2 bytes. 

0000" 

l 0040'6 

0100'6 
RAM 

XXXX'6 

0440'6 

YYYY'6 

ZZZZ'6 

FFOO'6 

FFDC'6 

FFFE'6 

FFFF,6 

SFR area 

-----------------
Reserved area 

Not used 

-----------------
Reserved ROM area 

(common ROM area.128 bytes) 

Interrupt vector area 

Reserved ROM area 

Jzero 
page 

Special 
page 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

0000'6 
0001'6 
0002'6 
0003'6 
0004,6 
0005'6 
0006'6 
0007'6 
0008'6 
0009'6 
000A'6 
0008'6 
000C'6 
OOOD16 
000E'6 
000F'6 
0010'6 
0011,6 
0012'6 
0013'6 
0014'6 
0015'6 
0016'6 
0017'6 
0018'6 
001916 
001A'6 
0018'6 
001C'6 
001 D16 
001E'6 
001F'6 

Port PO (PO) 

Port PI (p1) 

Port P2 (P2) 
Port P2 directIOn reqister (P2D) 
Port P3 (P3) 

Port P4 (P4) 
Port P4 dlrecllon register (P4D) 
Port P5 (P5) 
Port P5 direction register (P5D) 
PortP6 (P6) 
Port P6 direction register (P6D) --

--

Senall/Ol control reqister (SIOICON) 

Senal 1/01 register (SI01) 

Serial 1/02 control register (SI02CON) 

Senal 1/02 register (SI02) 

0020'6 
0021'6 
0022'6 
0023'6 
0024,6 
002516 
0026'6 
002716 
0028'6 
0029'6 
002A16 
0028'6 
002C'6 
002D16 
002E'6 
002F,6 
003016 
0031'6 
003216 
0033'6 
0034'6 
003516 
0036'6 
0037 16 

0038'6 
003916 

003A'6 
0038'6 
003C'6 
003D'6 
003E'6 
003F'6 

Fig. 3 Memory map of special function register (SFR) 
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Timer 1 (Tt) 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 12 mode register (Tt2M) 
Timer 34 mode register (T34M) 

PWM control register (PWMCON) 
PWM register (upper)(PWMH) 
PWM register (lower)(PWML) 

Comparator reqlster (CMP) 

--
--

--

H;gh:breakdown.vollage port control regISter (HVPC) 

Interrupt edge selection register (INTEDGE) 
CPU mode register (CPUM) 
Interrupt request register 1 (IRE01) 
Interrupt request register 2 (IRE02) 
Interrupt control register 1 (ICON11----
Interrupt control register 2 (ICON2) 

2-83 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

High-Breakdown-Voltage Output POrts 1/0 PORTS 
Direction Registers 
The M381 Ox group microprocessors have 27 programmable 
I/O pins arranged in four I/O ports (ports P24 - P27, P4,
P47, P5, and P6). The I/O ports have direction registers 
,which determine the input/output direction of each individual 
pin. Each bit in a direction register corresponds to one pin, 
each pin can be set to be input or output. 
When "0" is written to the bit corresponding to a pin, that pin 
becomes an input pin. When "1" is written to that bit, that pin 
becomes an output pin. 
If data is read from a pin which is set for output, the value of 
the port output latch is read, nol the value of the pin itself. 
Pins set to input are floating, If a pin set to input is written to, 
only the port output latch is written to and the pin remains 
floating. 

The M3810x group microprocessors have four ports with 
high-breakdown-voltge pins (ports PO, P1, P20-P23, and P3), 
The high-break down-voltage ports have P-channel open 
drain output with a breakdown voltage otVcc-40V, Each pin 
has an internal pull-down resistor connected to VEE. At reset, 
the P-channel output transistor of each port latch is turned off, 

so iUs forced to the level of VEE by the pull-down resistor. 
Writing "1" to bit 0 of the high-breakdown-voltage port control 
register (address 0038,6) slows the transition of the output 
transistors to reduce transient' noise. At reset, bit 0 of the 
high-breakdown-voltage port control register is set to "0" 
(strong drive). 

Pin Name Input/Output I/O Format Non-Port FunctIon 

Hlgh-breakdown-vollage p-

POO-P07 Port PO Output channel open-drain output 
WIth pull-down resistor 

High-breakdown-vollage P-

P1 o-P1 7 Port P1 Output channel open-drain output 
w~h pull-down resistor 

Hlgh-breakdown-voltage P-

P2o-P2, Output channel open-draon output 

Port P2 WIth pull-down resIstor 

P24 -P27 
Input/output, TTL level Input 

individual bits CMOS 3-state output 

High-breakdown-voltage P-

P30-P37 Port P3 Output channel open-drain output 
with pull-down resIstor 

P4o/ INTo Input CMOS level input 
External interrupt 

P4,/INT" 

P42/INT2 
onput 

P43 , P44 Port P4 Input/output, CMOS level input 

P45/CNTR indIvidual bits CMOS 3-state output Event counter input 

P4. 

P47 /ToUT TImer 3 output 

P501S'N', 
P5,/SOUT1, 

Serial 1/01 functIon I/O 
P52/S0lK1o 
P53/SRDy, Input/output, 

CMOS level input 

P54 /SIN2 , 
Port P5 N-channel open-drain 

IndiVIdual bIts 

P55/SoUT2, 
output 

Senal 1/02 functIon 110 
P5./SOlK2, 

P57/SRDY2 

P6o/PWM 14-bit PWM output 

Port P6 
Input/output, CMOS level input 

P6,-P6. individual bIts CMOS 3-state output 

P6e/AN Comparator input 

P67 

Note Make sure that the input level at each pm is either OV or Vee during execution of the STP InstructIon, 
If an Input level is at an Intermediate potential, a current will flow In the input-stage gate 
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Related SFRs 
Diagram 

No 

Hlgh-breakdown-vollage 
port control regIster 

High-breakdown-voltage 
(1) 

port control regIster 

Hlgh-breakdown-voltage 
port control register 

(2) 

High-breakdown-voltage 
(1) 

port control register 

Interrupt edge selectIon 
(3) 

regIster (4) 

(2) 

TImer 34 mode register (4) 

(2) 

Timer 34 mode register (5) 

~ 
Senal 1/01 control regIster (7) 

(8) 
(6) 

Serial 1/02 control regIster (7) 

(8) 

PWM control register 

PWML register '(9) 

PWMH register 
(2) 

Comparator register 00) 

(2) 



(1) Port PO. P1. P2o- P23 • P3 

Data bus 

VEE 

(3) Port P40 

Data bus ------<<11------.------<0 

INTo Interrupt request -.----~r------' 

(5) Port P47 

TImer 3 output selecti~n bIt 

Data bus 

Timer 3 output --ii>---' 

* High-breakdown-voltage P-channeltransistor 

Fig. 4 Port block diagram (1) 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

(2) Port P2.- P27 • P43 • P4 •• P46 • P6,- P65 • P67 

Data bus 

(4) Port P4,. P42 • P45 

Data bus 

INT" INT,. CNTR Interrupt request or ---<::D\--' 
timer 4 external clock Input 

(6) Port P5o• P5. 

Data bus 

DIrectIon 
regIster 

Port latch 
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(7) Port P5,. P52 • P5s• P5s 

SOUT or SCLK ----1>---J 
r Oo ________ ._. ______________________ • _________ •• ______ , 

, , , , 

~ ... ____ ~_~~~~.I_~~~~~_~~~_~~ ___ . ___________________ i 
P52 • P5. Qnly 

(9) Port P60 

PWM output enable bit 

Data bus 

PWM output ---.1I>-...J 

Fig, 5 Port block diagram (2) 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

(8) Port P53 • P57 

Data bus 

SRay output enable bit 

Direction 
register 

Port latch 

SRayOutput 

ao) Port P6s 

Data bus 

Comparator Input __ --...I 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
A total of 11 sources can generate interrupts: 4 external, 6 in-' 

ternal, and 1 software. 

Interrupt Control 
Each interrupt is controlled by an interrupt request bit, an in

terrupt enable bit, and the interrupt disable flag-except for 
the software interrupt set by the BRK instruction. An interrupt 
is generated if the corresponding interrupt request and en
able bits are "1" and the interrupt disable flag is "0". 

Interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but cannot 
be set by software. 
The I flag disables all interrupts except for the BRK instruc

tion interrupt. 

Table 1. Interrupt vector addresses and priorities 

Interrupt cause Pnonty 
Vector address (Note 1) 

High Low 

Reset (Note 2) 1 FFFD '6 FFFC '6 

INTo 2 FFFB'6 FFFA '6 

INT, 3 FFF9 '6 FFF8 '6 

INT2 4 FFF7 '6 FFF6 '6 

Senal 1/01 5 FFF5'6 FFF4'6 

Senall/02 6 FFF3'6 FFF2 '6 

Timer 1 7 FFF1 '6 FFFO'6 

Timer 2 8 FFEF'6 FFEE '6 

Timer 3 9 FFED '6 FFEC '6 

Timer 4 10 FFEB'6 FFEA '6 

CNTR 11 FFE9'6 FFE8 '6 

BRK instruction 12 FFDD '6 FFDC '6 

Note 1 Vector addresses contain interrupt lump destination addresses 

Interrupt Operation 

When an interrupt is received, the program counter and pro
cessor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter
rupts from interfering. The corresponding interrupt request bit 
is cleared and the interrupt jump destination address is read 
from the vector table into the program counter. 

Notes on Use 

If you will change interrupt edge selection from rising edge to 
falling edge, interrupt request bit will be set to "1" automati
cally. Therefore, please make following process; 
(1) Disable INT which is selected. 
(2) Change INT edge selection. 

(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 

Interrupt request 
Remarks 

generation conditions 
-~ 

At reset Non-maskable 

At detection of either nsing or External Interrupt (active edge 

falling edge of INTo Input selectable) 

At detection of either rising or External Interrupt (active edge 

failing edge of INT, Input selectable) 

At detection of either riSing or External Interrupt (active edge 
failing edge of INT2 Input selectable) 

At end of senal 1/01 data 

transfer 
Valid when senal 1/01 is selected 

At end of serial 1102 data 
transfer 

Valid when serial 1/02 IS selected 

At timer 1 overflow 

At timer 2 overflow STP release timer overflow 

At timer 3 overflow 

At timer 4 overflow 

At detection of either nSlng or External Interrupt (active edge 
falling edge of CNTR Input selectable) 

Non-maskable software mter-
At BRK instruction executIOn 

rupt 

2 Reset function In the same way as an Interrupt with the highest Priority 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag( I) -'----<I 

BRK Instruction ----~ 
Reset -----/ 

Interrupt request 

Fig. 6 Interrupt control 

Interrupt edge selection regIster 
(INTEOGE : address 003A,.) 

INTo active edge select bit 
L----INT, active edge select bit 

L-----INT, active edge select bit 
L-..·'------Not used (returns "0" when read) 

'--------CNTR active edge select bit 
'-L---------Not used (returns "0" when read) 

I I I I I I I 1 1 

I 

Int errupt request register 1 
REQl : address 003G,.) (I 

INTo interrupt request bit 
INT, Interrupt request bit 
INT, Interrupt request bit 
Serial 1/01 Interrupt request bit 
Serial 1/02 Interrupt request bit 
TImer 1 Interrupt request bit 
Timer 2 Interrupt request bit 
Timer 3 interrupt request bit 

"""I'~ 
I 

errupt control register 1 
ONl : address 003E,.) 

I NT 0 interrupt enable bit 
NT, interrupt enable bit 
NT, Interrupt enable bit 

Fig. 7 

Senal 1/01 interrupt enable bit 
Senal 1/02 Interrupt enable bit 
Timer 1 interrupt enable bit 
Timer 2 Interrupt enable bit 
Timer 3 Interrupt enable bIt 

Structure of interrupt-related registers 

: Falling edge active 
: Rising edge active 

7 0 
1 
J ~~terruPt request register 2 

LI ,."-1 ,-L,...L.,...L.,.-l.-,-1..,...l."'TL.J (IREQ2: address 0030,.) 

IIIIII I TImer 4 interrupt request bit 
---CNTR interrupt request bit 

Not used (returns "0" when read) 

: No Interrupt request Issued 
: Interrupt request issued 

Interrupt control register 2 
(ICON2 : address 003F,.) 

Timer 4 interrupt enable bit 
CNTR Interrupt enable bit 

L.L...L-L---L----Not used (returns "0" when read) 

L---------Not used (returns "0" when read) 
(00 not write "1" to thiS bit) 

o : Interrupts disabled 
1 : Interrupts enabled 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

TIMERS 
Microcomputers of the M3810x group have four built-in tim

ers. The timers count down. Once a timer reaches 00,6, the 
next count pulse loads the contents of the corresponding tim
er latch into the timer, and sets the corresponding interrupt 
request bit to 1. Each timer also has a stop bit that stops the 

count of that timer when it is set to "1" . 

Note that the system clock ¢ can be set to either high-speed 
mode or low-speed mode by the CPU mode register. 

7 0 

I I I I I I I I I Timer 12 mode register 
(address 0028,.) 

Timer 1 count stop bit 
o : Operating 
1 : Stopped 

~ Timer 2 count stop bit 
0: Operating 
1 : Stopped 

L-.~~~ Timer 1 count selection bit 
0: f(X,N ) or f(XCIN ) diVided by 16 
1 : f(XCIN ) 

'-------- Timer 2 count selection bit 
o : Overflow from timer 1 
1 : f(XCIN ) 

Fig. 8 Structure of timer-related registers 

Timer 1 and Timer 2 
The count sources of timer 1 and timer 2 can be selected by 
setting the timer 12 mode register. 
When the chip is reset or the STP instruction is executed, all 
bits of the timer 12 mode register are cleared, timer 1 is set 

to FF'6' and timer 2 is set to 01,6, 

Timer 3 and Timer 4 
The count sources of timer 3 and timer 4 can be selected by 
setting the timer 34 mode register. 
Timer 3 can also output a rectangular waveform from the P47i 

TOUT pin. The waveform changes polarity each time timer 3 
overflows. 

When timer 4 is assigned to external event count mode, ris
ing edge is active. 

7 0 

l J I I I I I I I Timer 34 mode register 
(address 0029,.) 

Timer 3 count stop bit 
o : Operating 
1 : Stopped 

Timer 4 count stop bit 
o : Operating 
1 : Stopped 

Timer 3 count selection bit 
0: f(X,N ) or f(XCIN ) diVided by 16 
1 : Overflow from timer 2 

'--"---~~~- Timer 4 count selecMn bits 
00: f(X,N ) or f(XCIN ) diVided by 16 
01 : Overflow from timer 3 
10 : External count input CNTR 
11 : Do not use 

'---~~~~~~ Timer 3 output selection bit (P4,) 
o : I/O port 
1 : Timer 3 output 
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XC1N 

"1" 

XIN~ 
I nternal system clock 
selection bit 

Data bus 

RESET 
STP Instruction 

1---,.. Timer 2 Interrupt request 

r~~bd 

P47/ TOUT 

P45 / CNTR 

P47 direction register 

"00" 
"10" 

~--------~ll~----------~----~ 

Fig. 9 Timer block diagram 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

SERIAL I/O 
Microcomputers of the M3810x group have two built-in 8-bit 
clock synchronized serial 1/0 channels (serial 1/01 and serial 

1/02). 

The 1/0 pins of the serial 1/0 function also operate as 1/0 

port P5, and their operation is selected by the serial 1/0 con

trol registers (adresses 0019'6 and 0010,6)' 

Serial 1/01 has the same function as serial 1/02. 

Senal 1/01 port selection bit 

~g,:tch 

~ 

" o 
(j) External cloc 

"0" 

Senal 1/0 counter 1 (3) 

P51/ SOUT1 o------<:J----
"1 "OE----+-------+------. 

s~e~r:la~I~I/~0~1~P:o~rt~s:e:le:c:t:'o~n~b~it1r~1[~~~~~~~~~J!C:} P501 S'N1 ~ 

~~:,th 
P57/SRDY2 ~ SROY2 

"1" 
SRDY2 output selection bit 

"0" . 

~ 
o 

(j) External clock 

P5. latch 

"0" 

Data bus 

I----~ Senal 1/01 Interrupt 

1----,.. Senal 1/02 Interrupt P5./SeLK2 o---tlo---{)- ~===-::-.-:LI~{~~~G:~~~~}--___i "1":: Serial 1/0 counter 2 (3) 
Senal 1/02 port selection bit 

P55 latch 

"0"1 
P55/SouT2~ 

"1""""'----------+-------, 
Senal 1/02 port selection bit 

Fig. 10 Serial I/O block diagram 
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M3810x Group 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

[Serial 110 Control Registers]SI01CON, SI02CON 
Each of the serial liD control registers (addresses 001916 

and 001 D16 ) contains seven bits that select various control 

parameters of the serial liD function. 

o 
I I I I I I I I I 

I I I 

I I I I I I I I I 
I I I 

Fig. 11 Structure of serial liD control registers 
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Serial 1/01 control reglster(Sl01CON : address 0019,6) 

Internal synchronization clock selection bits 
000 : f(XIN ) or f(XCIN ) divided by 8 
001 : I( X,N ) or f( XCIN ) divided by 16 
010: f(X,N ) or f(XCIN ) divided by 32 
011 : f(X,N ) or f(XCIN ) divided by 64 
110: f(X,N ) or f(XCIN ) divided by 128 
111 : I(X,N ) or I(XCIN ) divided by 256 

Serial 1/01 port selection bit (P5, and P5,) 
0: 1/0 port 
1 : SOUT1 and SCLK1 sIgnal pins 

SeD" output selection bit (P53) 
0: 1/0 port 
1 : SRDY' signal pin 

Transfer dIrection selection bIt 
0: LSB Ilrst 
1 : MSB lirst 

Synchronization clock selection bit 
o : External clock 
1 : Internal clock 

Serial 1/02 control register (SI02CON : address 001 D,,) 

Internal synchronization clock selectIOn bits 
000: f(X,N ) or I(XCIN ) divided by 8 
001 : f(X,N ) or I(XCIN ) divided by 16 
010: f(X,N ) or f(XCIN ) divided by 32 
011 : f(X,N ) or I(XCIN ) divided by 64 
110: f(X,N ) or I(XCIN ) divided by 128 
111 : f(X,N ) or f(XclN ) divided by 256 

Serial 1/02 port selection bit (P55 and P56 ) 

0: 1/0 port 
1 : SOUT2 and SCLK2 signal pinS 

SRDY2 output selection bit (P57 ) 

0: 1/0 port 
1 : SRDY' signal pin 

Transfer direction selection bit 
0: LSB first 
1 : MSB first 

Synchronizallon clock selecllon bit 
o : External clock 
1 : I nternal clock 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Operation In Serial 1/0 Mode 
Either an internal clock or an external clock can be 
selected as the synchronization clock for serial 1/0 transfer. 
A dedicated divider is built-in as the internal clock, giving a 
choice of six clocks. 
If internal clock is selected, transfer start is activated by a 
write signal to a serial 1/0 register (address 0018 '6 or 
001 F,6 ). After eight bits have been transferred, the Sour 

pin goes to high impedance. 

SynchrOnizatIOn 
clock 

Transfer clock 

Sellal 1/0 register 

If external clock is selected, the clock must be controlled 
externally because the contents of the serial 1/0 register 
continue to shift while the transfer clock is input. In this 

case, note that the Sour pin does not go to high impedance 
at the completion of data transfer. The interrupt request bit 
is set at the end of the transfer of eight bits, regardless of 
whether the internal or external clock is selected. 

wllte signal _____ -J I--_-+-----+---------..J...-----
Sellal 1/0 output 

SOUT 
Do 

1 I 

- ----:' =' -.;-----
Sellal 1/0 Input 

S'N _____ --1.,--' I 

Receive enable Ul-----------------:------
signal 

SRDY 

Note. If Internal clock IS selected, the SOUT pin IS at high Impedance 

after transfer ends 

Fig. 1.2 Serial 1/0 timing (for LS8 first) 

• MITSUBISHI 
.... ELECTRIC 

I nterrupt request bit set 

2-93 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 

The explanation in the rest of this data sheet assumes X,N 

= 4MHz. 

Microcomputers in the M3810x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency X,N 
is 4MHz, the minimum resolution bit width is 500ns and the 
cycle period is 819211s. The PWM timing generator sup
plies a PWM control signal based on a signal that is half 

the frequency of the X,N clock. 

Data bus 

X,N 
(4MHz) 

Fig. 13 PWM block diagram 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

(1) Date Set-up 
The PWM output pin also functions as port P60. Set port P60 
to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 002B'6) . The upper eight bits of 
output data are set in the upper PWM register PWMH 
(address 002C'6) and the lower six bits are set in the lower 

PWM register PWML (address 0020,6), 

(2) Transfer From Register to Latch 
Date written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192,us), and 
data written to the PWMH register is transferred to the 
PWM latch once in each sub-period (every 128,u s). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates 
whether the transfer to the PWM latch is completed; the 

transfer is completed when bit 7 is "0". 

Table 2. Relationship between lower 6 bits of data and 
period set by the ADD bit 

Lower 6 Blls of Dalal pwMLI Sub-periods tm Lengthened 1m =0 to 63) 

OOOOOL~B None 

000001 m=32 

o 0 0 0 1 0 m=16,48 

o 0 0 1 o 0 m= 8,24,40,56 

o 0 1 o 0 0 rn= 4,12,20,28,36,44,52,60 

o 1 o 0 0 0 rn= 2, 6,10,14,18,22,26,30,34,38,42,46,50,54,58,62 

1 o 0 0 0 0 m=1,3,5,7, .......................... , 57, 59, 61,63 

1281's 

m=O 

315 f.1S 315 f.1S 

Pulse width modulation register H : 

Pulse width modulation register L : 

00111111 

000101 

8192 f.1S 

(3) PWM Operation 
The timing of the 14-bit PWM function is shown in Fig. 16. 
The 14-bit PWM data is divided into the lower six bits and 
the upper eight bits in the PWM latch. 

The upper eight bits of data determine how long an "H"
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 X 
T (128,us) long. The signal is "H" for a length equal to N 
times T, where r is the minimum resolution (500ns). 

The contents of the lower six bits of data enable the leng
thening of the high signal by T (500ns). As shown in Fig. 
13, the six bits of PWML determine which sub-cycles are 
lengthened. 
As shown in Fig. 16, the leading edge of the pulse is leng
thened. By changing the length of specific sub-periods in
stead of simply changing the "H" duration, an accurate 
waveform can be duplicated without the use of complex ex

ternal filters. 

For example, if the upper eight bits of the 14-bit data are 
03'6 and the lower six bits are 05,6, the length of the "H"
level output in sub-periods t8, t24 , t32, t40, and t56 is 4 T , and 
its length 3 T in all other sub-periods. 

128 f.1S 

m=63 

315 f.1S 

Sub-periods where "H" pulse width is 32 f.1S : 

Sub-periods where "H" pulse width IS 31 5 f.1S : 

m = 8, 24. 32. 40. 56 

m = all other values 

Fig. 14 PWM timing 
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M3810x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

LI ...!-I ...!-...!-...!--,--,-....... I T'L PWM mode register (address 0028,.) 

P60 /PWM output selection bit 
a : 110 port 
1 : PWM output 

Fig. 15 Structure of PWM mode register 

PWMH 
register 

PWML 
register 

PWM latch 
( 14b1ts) 

Data 6A" stored at address 002C,. Data 78,. stored at address 002C,. 

59" 1\ 6A,. h 78,. 

Data 24,. stored at address 002D,. ___ 81t 7 cleared after transfer Data 35,. stored at address 002D,. 

13,. I A416 ,i'" 2416 h: 35,. 

I Transfer from register to latch 85,6'/ \ Transfer from register to latch 

11653,.11< IA93,. \, lAA4,. 

T=8192,us 

(64X128,us) 
.----- t=128,us 

11AM,·1 " lEE4,. ~ 1 EF5,. 

"-- When bit 7 of PWML is 0, transfer 
from register to latch IS disabled 

--------'- -. 

1 

Example 1 6A 68 6A 68 6A 68 6A 68 6A 68 68 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 
PWM output 

Q) 

Lower 6-bit output: 
H=6A,., L=24,. 

68,. 
(107) 

. 36tlmes 6A" .. 28tlmes ___ ..,;" ... 106X64+36 
(106) 

Example 2 6A 6A 6A 6A 68 6A 68 6A 68 6A 6A 6A 68 6A 68 6A 68 6A 6A 

Lower 6-bIt output: 
H=6A", L=18,. 

68" 24tlmes 6A" 40tlmes --_~ ... 106X64+24 

------ t=128,us .-.-

Minimum bit Width T = a 5 ,us 
(256XO.5,us) 

6A 68 6A 68 6A 68 6A 6A 

.------- : 02 i oll ..... _______ --1 6A : 69 i 68 : 67: - ------- i 02 : 01 ..... 1 ____ _ 

Fig. 16 

2-96 

8-blt 
counter 

ADD 

: 02 : 01 : 00 FF: FE : FD~ Fe; ------- - : 97 : 96 : 95 ; - --------: 02 : 01 : 00 FF: FE i FD: Fe: - ------- : 97 : 96 ; 95 : ---- --------

The ADD~ 
portions with 
additional rare 

J 
H penod length specified by PWMH 

determined b r---------~v_---------_1 
PWML 256 r (128,us), fixed 

14-bit PWM timing 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

COMPARATOR CIRCUIT 
Comparator Configuration 
The comparator circuit consists of a switch tree, ladder resis
tors, a comparator, a comparator control circuit, a comparator 
register (address 0030,s), and an analog signal input pin 
(P6s/AN) . The analog signal input pin (P6s/AN) also func

tions as an ordinary digital port. 

Comparator Register (CMP) 
The comparator register is a 5-bit register of which bits 0 to 3 
can be used to generate internal reference voltages in steps 
of 1/16 Vcc. The result of the comparison between the analog 
input voltage and an internal reference voltage is stored in bit 
4 of the comparator register. 

Comparator Operation 
To activate the comparator, first set port P6s to input mode 
by setting the corresponding direction register (address 

OOOD,s) to "O"-this ensures that port P661 AN is used as an 
analog voltage input pin. Then write a digital value corres
ponding to the internal comparison voltage into bits 0 to 3 
of the comparator register (address 0030,s). This write op
eration immediately activates the comparison. After 14 cy
cles of the system clock ¢> (the time required for the 

comparison), the comparison result is stored in bit 4 of the 
comparator. 

If the analog input voltage is greater than the internal refer
ence voltage, bit 4 is "1 "; if it is less than the internal refer
ence voltage, bit 4 is "0". To perform another comparison, 
the comparator must be written to again, even if the same 
internal reference voltage is to be used. 

Table 3. Correspondence between bits 0 to 3 of the 
comparator register and internal reference 
voltage 

Comparator register 
Internal reference voltage 

Bit3 Blt2 Bit 1 BitO 

0 0 0 0 1/32Vcc 

0 0 0 1 1/16Vcc;'1/32Vcc 

0 0 1 0 2/16Vcc;'1/32Vcc 

0 0 1 1 3/16Vcc;'1/32Vcc 

,0 1 0 0 4/16Vcc;'1/32Vcc 

'0 1 0 1 5/16Vcc;'1/32Vcc 

0 1 1 0 6/16V cc;'l /32V cc 

0 1 1 1 7 /16Vcc;'1 /32Vcc 

1 0 0 0 8/16Vcc;'1/32Vcc 

1 0 0 1 9/16Vcc;'1/32Vcc 

i 1 0 1 0 1 0/16Vcc;'1 /32Vcc 

! 1 a 1 1 11 /16Vcc;'1 /32Vcc 

! 1 1 0 0 12/16Vcc;'1/32Vcc 

! 1 1 0 1 13/16Vcc;'1/32Vcc 

1 1 1 a 14/16Vcc;'1/32Vcc 

11 1 1 1 15/16Vcc;'1/32Vcc 

Data bus, 

P66 

Fig. 17 Comparator circuit 

(Address 000C'6) 
Comparator result 
output 

Internal reference voltage 

Vss 
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Comparator register (CMP) 
(address 0030,6) 

Vee 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
After a reset, th~ microcomputer will start in high-speed 
mode or low-speed mode depending on a mask
programmable option. 

High-Speed Start Mode 
In high-speed start mode, reset occurs if the RESET pin is 
held at a "L" level for at least 21ls then is returned to a "H" 
level (the power supply voltage should be between 4.0V 
and 5.5V). Both the X,N and the XCIN clocks begin oscillat
ing. In order to give the X,N clock time to stabilize, internal 
operation does not begin until after 13 X,N clock cycles are 
complete. After the reset is completed, the program starts 
from the address contained in address FFFD16 (upper 
byte) and address FFFC16 (lower byte). 

Low-Speed Start Mode 
In low-speed start mode, reset occurs if the RESET pin is 
held at a "L" level for at least 21ls then is returned to a "H" 

!/poweron 

i~ 
oV----Y~:! i 

! : a 2Vcc 
ov ': 

Nole : Reset rel~ase JOltageS : 
In high-speed operation mode: Vcc=4.0V 
In low-speed operation mode: Vcc=2 BV 

Power supply voltage 
- - -, / detection Circuit 

I 
I 
I 
I 

I I 
1 _____ ...1 

Fig. 18 Power-on reset circuit example 

level (the power supply voltage should be between 2.8V 
and 5.5V) . The X,N clock does not begin oscillating. In 
order to give the XCIN time to stabilize, timer 1 and timer 2 
are connected together and 512 cycles of the XcIN/16 are 
counted before internal operation begins. After the reset is 
completed, the program starts from the address contained 
in address FFFD16 (upper byte) and address FFFC16 

(lower byte). 
If the XCIN clock is stable, reset will complete after approx
imately 250ms (assuming f(XcIN )=32.768kHz). Immediate
ly after a power-on, the stability of the clock circuit will de
termine the reset timing and will vary according to the 
characteristics of the oscillation circuit used. 

Note on Use 
Make sure that the reset input voltage is no more than 0.8V 

in high-speed start mode, or no more than 0.5V in low
speed start mode. 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Address Register contents 

(1) Port PO register ( 0 0 0 o,.) ... j 00,. 

(2) Port PI register (0002,.) ... j DO,. 

(3) Port P2 register (0004,.) ... j 00,. 

(4) Port P2 direction register (0 0 0 5,.) ... j DO,. 

(5) Port P3 register (0006,.) ... j 00,. 

(6) Port P4 register (0 0 0 8,.) ... j 00,. 

(7) Port P4 direction register ( 0 0 0 9,.) .. ·j 00,. 

(8) Port P5 register (OOOA'.)"'j 00,. 
(9) Port P5 direction register (OOOB,.) ... j 00,. 
00) Port P6 register (000 c,.) ... j 00,. 

(11) Port P6 direction register (000 D,.) ... j 00,• 

(12) Senal 1/01 control register (00 1 9,.) .. ·j 00,• 

(13) Senal 1/02 control register (001 D,.) ... j DO,. 

(14) Timer 1 register (0024,.) ... j FF,. 

(15) Timer 2 register (0025,.) ... j 01,. 

(16) Timer 3 register ( 0 0 2 6,.) ... j FF,. 

(17) Timer 4 register ( 0 0 2 7,.) ... j FF,. 

(18) Timer 12 mode register (0028'.)"'j 00,. 

(19) Timer 34 mode register ( 0 0 2 9 ,.) ... j 00,. 

~O) PWM control register, (002B,.) ... j 00,. 
~1) Comparator (0030,.) ... j 00,. 
(22) Hlgh-breakdown-voltage ( 0 0 3 8,.) ... j 00,. 

port control register 

(23) Interrupt edge selection register (00 3 A,.)'"I DO,. j 

~4) CPU mode register ( 0 0 3 B,.) ... j * j * jl j 0 j 0 j 0 j 0 j 0 j 

(25) Interrupt control register 1 ( 0 0 3 E,.)· .j DO,. j 

~6) Interrupt control register 2 (0'03 F,.) ... j 00,. j 

(2n Processor status register (P S) ... jxjxjXjXjXjljXjXj 

~8) Program counter (P C H) .. ·jcontents of address FFFO"j 

(p CL) .. ·jcontents of address FFFC,~ 

Note: * : The Imtlal values of bits 7 and 6 of the CPU mode register 
are determined by a mask option 

X : Undefined 
The contents of all other registers and RAM are undefined 
after a reset, so programs must set thelT initial values 

Fig. 19 Internal status at reset 
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5.5V 
V 4.0V 

cc 

XOUT 

(4MHz) 

XCOUT 

(32kHz) 

Internal 
reset 

System 
clock 

Address 

Data 

SYNC 

~.------~~~--<-t_-_-_-_--
Time untIl oscIllatIon starts 

TIme untIl oscIllation starts 

t&Lru=L 
I 

I 

Fig. 20 Reset sequence in high-speed operation mode 

:::,:1tG ----~ ----f -----
P (OscIllatIon stopped) I 

XOUT 

(4MHz) 'I 

'"~, -¥ . ~=\J======== (32kHz) TIme until oscIllatIon starts TIme n=sary for osGlliatlon to stabilize: 

Internal 
reset 

_ System 
clock 

Address 

Data 

SYNC 

Fig. 21 Reset sequence in low-speed operation mode 
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MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the XIN (><CIN) pin and leave the XOUT (XCOUT) pin open. If 
the XCIN clock is not used, connect the XCIN pin to Vss, and 
leave the XCOUT pin open. 
Either high-speed operation start mode or low-speed op
eration start mode can be selected by using a mask option. 

(1) High-Speed Operation Start Mode 
After reset has completed, the internal clock '" is half the 
frequency of XIN. Immediately after power-on, both the XIN 
and XCIN clock start oscillating. To set the internal clock '" 
to low-speed mode, set bit 7 of the CPU mode register 
(address 003B16 ) to "1 ". 

(2) Low-Speed Operation Start Mode 
After reset has completed, the internal clock '" is half the 
frequency of XCIN. Immediately after power-on, only the 
XCIN clock starts oscillating. To set the internal clock '" to 
normal operation mode, first set bit 6 (CMs) of the CPU 
mode register (address 003B16 ) to "0", the set bit 7 (CM7 ) 

to "0" .Note that the program must allow time for oscillation 
to stabilize. 

(3) Oscillation Control 
Stop mode 
If the STP instruction is executed, oscillation stops with the 
internal clock", at an "H" level. Timer 1 is set to "FF1s" and 
timer 2 is set to "01 16". 

Either XIN or XCIN divided by 16 is input to timer 1, and the 
output of timer 1 is connected to timer 2. The timer 1 and 
timer 2 interrupt enable bits must be set to disabled ("0"), 
so a program must set these bits before executing a STP 
instruction. Oscillation restarts at reset or when an external 
interrupt is received, but the internal clock'" is not supplied 
to the CPU until timer 2 overflows. This allows time fgr the 
clock circuit oscillation to stabIlize. 

Wait mode 
If the WIT instruction is executed, the internal clock'" stops 
at a "H" level but the oscillator itself does not stop. The in
ternal clock restarts if a reset occurs or when an interrupt is. 
received. Since the oscillator does not stop, normal opera
tion can be started immediately after the clock is restarted. 

Low-speed mode 
If the internal clock is generated from the sub clock (XCIN ), 
a low power consumption operation can be entered by 
stopping only the main clock XIN. To stop the main clock, 
set bit 6 (CM6 ) of the CPU mode register (003B16) to "1". 
When the main clock XIN is restarted, the program must 
allow enough time to for oscillation to stabilize. 
Note that in low-power-consumption mode the XCIN-XCOUT 
drive performance can be reduced, allowing even lower 

power consumption (20,uA with XCIN = 32kHz). To reduce 
the XcIN-XcOUT drive performance, clear bit 5 (CMs) of the 
CPU mode register (003B1S) to "0". At reset or when a STP 
instruction is executed, this bit is set to "1" and strong drive 
is selected to help the oscillation to start. 

XC1N XCOUT X'N XOUT 

Rf Rd 

HDf- f-mf-

Fig. 22 Ceramic resonator circuit 

Xc'N XCOUT X'N XOUT 

I oJen .1 oJen 

External OSCillator or pulse External OSCillator 

VeeLJLJ 
V •• 

Vee .JlflflJ1f 
V •• 

Fig. 23 External clock Input circuit 
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XCOUT 

Internal system clock 
source selection bit 
eM? (Note) 

Main clock stop bit eM. 

Internal system clock 
source selection bit eM? 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Timer 1 count stop bit 

source selection 
bit 

Timer 2 count stop bit 

Timing 1> 
(Internal clock) 

Q SI------o-------IS 

R STP 
Instruction 

Reset 

WIT 
Instruction 

R R STP instruction 

~---Reset 

Interrupt disable flag I 

'" r--- Interrupt request 

Note: The values of eM? and eM. at reset are determined by a mask option 

Fig. 24 System clock generation circuit block diagram 
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X,N clock oscillating 

XCIN clock oscillating 
4> is stopped ("H") 

Timer operating 

X,N clock oscillating 

Xc'N clock oscillating 
4> IS stopped ("H") 

Timer operallng 
(Note 3) 

X,N clock stopped 
XCIN clock oscillating 

'" IS stopped ("H") 
Timer operallng 

(Note 3) 

WIT 
instruction ----
---Interrupt 

(8 
1 

X,N clock oscilialing 
XCIN clock oscillating 

4> =f(X,N)/2 

High-speed operation 

start mode (Note 4) 

STP 

Instruction 

Interrupt 
(Note 1) 

X,N clock stopped 

XCIN clock stopped 

4> IS stopped ("H") 

[
External INT, ] j 
timer Interrupt, or 

SilO interrupt 

CM,=1 

CM,=O [External INT, or] 
SilO Interrupt 

WIT 
Instruction --
----Interrupt 

WIT 
Instruction --
---Interrupt 

STP 

instruction 
X,N clock oscillating X,N clock stopped 

XCIN clock oscillating XCIN clock stopped 

'" =!(Xc,N)/2 .. '" IS stopped ("H") 

Interrupt 
(Note 1) 

CM.=1 

j 1 
CM.=O 

[
The program must ] 
allow time for X,N 
oscillation to stabilIZe 

X,N clock stopped 
XCIN clock oscillating 

'" =f(XCIN )/2 

STP 

Low-speed operation 

start mode (Note 4) 

X,N clock stopped 
XCIN clock stopped 

'" =stopped ("H") 

The example assumes that 4 MHz IS being applied to the X,N pin and 32 kHz to the XCIN pin 

Note 1 When the STP state IS ended, a delay of approximately 2ms is automatically generated by timer 1 and timer 2 
2 The delay after the STP state ends IS approximately 0 25s 
3 If the internal clock", diVided by 8 IS used as the timer count source, the frequency of the count source IS f(XCIN )/16 
4 Specify thiS option when ordenng a mask ROM version 

Fig. 25 State transitions of system clock 
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M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

NOTES ON PROGRAMMING 
Processor Status Register 
The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (I) 
which is "1". Therefore, flags that affect program execution 

must be initialized after a reset.ln particular, it is essential 
to initialize the T and D flags because of their effect on cal
culations. 

Interrupts 
The contents of the interrupt request bits do not change im
mediately after they have been written. 

After writing to an interrupt request register, execute at 
least one instruction before performing a SSC or SSS in
struction. 

Decimal Calculations 
To calculate in decimal notation, set the decimal mode flag 
(D) to "1", then execute a ADC or SSC instruction. Only the 

ADC and SSC instruction yield proper decimal results. After 
executing an ADC or SSC instruction, execute at least one 
instruction before executing a SEC, CLC, or CLD instruc
tion. 

In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid. The carry flag can be 
used to indicate whether a carry or borrow has occurred, 
but must be initialized before each calculation. Clear the 
carry flag before an ADC and set the flag before an SSC. 

Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1/(n+1). 

Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags. 
The execution of these instructions does not change the 
contents of the processor status register. 

Ports 
The contents of the port direction registers cannot be read. 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (SSC or SSS), or per
form a read-modify-write instruction such as ROR, CLS, or 

SES. Use instructions such as LDM and STA to set the port 
direction registers. 

Serial I/O 
When using an external clock, input "H" to the external 
clock input pin and clear the serial I/O interrupt request bit 
before executing a serial I/O transfer. 

When using the internal clock, set the synchronization clock 
to internal clock, then clear the serial I/O interrupt request 

2-104 

bit before executing a serial I/O transfer. 

Instruction Execution Timing 
The instruction execution time is obtained by multiplying 
the frequency of the internal clock rp by the number of cy
cles needed to execute an instruction. The number of cy
cles required to execute an instruction is shown in the list 
of machine instructions. The frequency of the internal clock 
rp is half of the X,N or XC1N frequency. 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 

(1) Mask ROM Order Confirmation Form 
(2) Mask Specification Form 
(3) Data to be written to ROM, in EPROM form (three iden

tical copies) 

If required, specify the following option on the Mask Con
firmation Form: 

• Operation start mode switching option 

ROM Writing Method 
The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 

Package Name of Write Adapter 

64P48,64S18 PCA4738S-64 

64P6N PCA4738F-64 

64DO PCA4738L-64 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 26 is 
recommended to verify programming. 

Note : The screening temperature IS far higher than 
the storage temperature Do not leave the 
microcomputer at 150t for longer than 100 hours 

Fig. 26 Writing and testing of one-time programmable 

version 

• MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

V •• Pull-down power supply voltage 

V, Input voltage P2,-P2,. P4, -P4" P50-P5" P6o-P6, 

V, Input voltage P40 

V, Input voltage RESET, X,N 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Conditions Ratmgs Umt 

-0.3 to 7. 0 V 

Vee -40 to Vee+O. 3 V -.. ~-
V--0.3 to Vee+O. 3 

-0.3 to Vee+O. 3 V 
All voltages measured based on the Vss pin 

-0.3 to Vee+O. 3 V 
-- Output tranSistors are Isolated. 

V, Input voltage XCIN -0.3 to Vee+O. 3 

Vo Output voltage POo-PO" P1o-P1" P2o-P23, P30-P3, V ee -40 to Vee+O. 3 

Vo 
Output voltage P2,-P2" P4, -P4" P50-P5" P6o-P65, 

-0.3 to Vee+O. 3 
P7o-P77 • XOUT , XCOUT 

Pd Power diSSipation Ta = 25"C 1 OOO( Note 1) 

Topr Operatmg temperature F -10t085 

Tstg Storage temperature -4010125 

Note 1 600mW in case of the flat package 

RECOMMENDED OPERATING CONDITIONS (Vee = 4.0 to 5. 5V, Ta = -10 to 85t, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 
I High-speed operation mode 

I Low-speed operation mode 

Vss Supply voltage 

V •• Pull-down power supply voltage 

V'A Analog mput voltage 

V ,H "H" Input voltage P2,-P2, 

V ,H "H" Input voltage P40 

V ,H "H" Input voltage P4,-P4" P50-P5" P6o-P6, 

V ,H "H" input voltage RESET 

V ,H "H" input voltage XIN. XCIN 

V'L "L" Input voltage P2,-P2, 

V'L "L" Input voltage P40 

V'L "L" Input voltage P4, -P4" P50-P5" P6o-P6, 

V'L "L" Input voltage RESET 

V'L "L" Input voltage X'N, XC1N 

2-106 

Limits 

Min Typ Max 

4.0 5.0 5.5 

2.8 5.0 ~:-5 
0 

Vee-38 Vee 

-h 0 Vee 

0. 4Vee Vee 

0. 75Vee Vee 

0. 75Vee Vee 

0. 8Vee Vee 

0. 8Vee Vee 

0 0. 16Vee 

0 0. 25Vee 

0 0. 25Vec 

0 0. 2Vee 

0 0. 2Vee 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mW 
·C 

·C 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

RECOMMENDED OPERATING CONDITIONS (Vcc=4. a to 5. 5V. T a=-10 to 85·C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

;':loHlpeak) 
"H" total peak output current POC-P07, P1 o-P1 7 , 

-240 rnA 
(Note 1) P2o-P2,. P30-P3, 

;,: IOHlpeak) "H" total peak output current P4,-P4,. P6o-P6, -60 rnA 

;':loLlpeak) 
"L" total peak output current P24-P2" P4,-P4" 

P50-P5,. P6,-P6, 
100 rnA 

;':loLipeak) "L" total peak output current P6a 3.0 rnA 

;':loHlavg) 
"Hoi total average output current POc-POr, P1o-P17. 

-120 rnA 
(Note 1) P2o-P2" P30- P3, 

;':loHlavg) "H" total average output current P41-P41, P60-P67 -30 rnA 

;,: 10Llavg) 
"L" total average output current P24-P27 , P41-P47 , 

·50 rnA 
P50-P5" PS, -P6, 

;':loLlavg) "L" total average output current P6a 1.5 rnA 

IOHlpeak) 
~H" peak output current POO-P07. P1 o-P1 7• P2o-P23• 

-40 rnA 
P30-P3, (Note 2) 

IOHlpeak) "H" peak output current P24-P27 , P4,-P47 • P6a-P67 -10 rnA 
IOLcpeak) "L" peak output current P24-P27 , P6l -P67 10 rnA 
loll peak) "L" peak output current P41-P47, P50-P57 10 rnA 
loll peak) "L" peak output current P6a 3.0 rnA 

IOHlavg) 
"H" average output current POO-P07• P1 o-P1 7, 

-18 rnA 
(Note 3) P2o-P23 • P30-P3, 

IOHcavg) 
"H" average output current P24-P27, P41-P47, 

P6o-P6, 
-5.0 rnA 

IOLcavg) "L" average output current P24-P27, P6 l -P67 5.0 rnA 
loLlavg) "L" average output current P4,-P47, P50-P57 10 rnA 
IOL(avg) "L" average output current P60 1.5 rnA 
f(eNTR) Clock Input frequency for timers 4 (duty cycle 50%) 250 kHz 

f(X,N ) Main clock Input oscillation frequency (Note 4) 4.2 MHz 

f(XCIN ) Sub clock Input oscilialion frequency (Note 4. 5) 32.768 50 kHz 

Note 1. The total output current is the sum of all the currents flowing through all the applicable ports The 
total average current is an average value measured over lOOns The total peak current IS the peak 
value of all the currents. 

2. The peak output current is the peak current flowing In each port 
3. The average output current to an average value measured over lOOms 

4. When the oscillation frequency has a duty cycle of 50%. 
5. When uSing the microcomputer In low-speed mode. make sure that the sub clock's Input frequency 

f(XCIN ) is less than f(X,N )/3 
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ELECTRICAL CHARACTERISTICS (VCC = 4.0 to 5. 5V, Ta = -10 to 85'C, unless otherwise noted) 

Symbol 

V OH 

VOH 

VOL 

VOL 

Vr+-VT-

VT+-VT-

Vr+-VT-

I'H 

I'H 

I'H 

I'H 

I'L 

III 

I'L 

III 

ILOAD 

ILEAK 

V RAM 

Icc 
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Parameter Test conditions 

"H" output voltage POD-PO" Pl o-Pl" P2D-P23, P30-P3, IOH=-18mA, Vcc=4.5 to S. 5V 

"H" output voltage P24-P27 , P41-P47 , P6a-P67 IOH=-IOmA, Vcc=4.S to S. SV 

"L" output voltage P2,-P2" P4,-P4" P5D-P5" P6,-P6, IOL=lOmA, Vcc=4. S to S. SV 

"L" output voltage P60 10L =1. SmA, Vcc=4. S to S. SV 

Hysteresis INTo-I NT" S,N', S,N', CLK1, CLK2, CNTR When using a non-port function 

Hysteresis RESET. X,N RESET: Vcc=2.8V to S. SV 

Hysteresis XC1N 

"H" input current P24-P27, P41-P47, P50·P57, P6a·P6r VI=VCC 

"H" input current P40 VI=VCC 

"H" input current RESET, XCIN VI=VCC 

"H" input current XIN VI=VCC 

"L" Input current P2,-P2" P4,-P4" P5D-P5,,~P6o-P6, VI=VSS 

"L" Input current P40 VI=VSS 

"L" mput current RESET, Xc IN VI=VSS 

"L" Input current X1N VI=VSS 

Output load current POD-PO" P1o-Ph, P2o-P23, P3,-P3, 
VEE=Vcc-36V, Vo=Vcc, 

With output transistors off 

Output leakage current POo-PO" P1o-Pl" P2o-P23, VEE=Vcc-38V, Vo=Vcc-38V, 

P3D-P3, With output transistors off (Except for reset) 

RAM hold voltage When clock IS stopped 

In high-speed operation mode 

f(X,N)=4MHz 

f(XCIN )=32kHz 

Output transistors off 

Comparator operating 

In high-speed operation mode 

f(X,N)=4MHz (In WIT state) 

f(XCIN)=32kHz 

Output transistors off 

Comparator stopped 

In low-speed operation mode 

Power supply current 
f(X,N)= stopped !(XcIN)=32kHz 

Low-power diSSipation mode set 

(CM5=O) 

Output tranSistors off 

In low-speed operation mode 

f(X,N)= stopped 

f(XCIN)=32kHz (In WIT state) 

Low-power dissipation mode set 

(CM5=O) 

Output transistors off 

All OSCillation stopped I T a=25°C 

(In STP state) I 
Output transistors off T a=85°C 

• MITSUBISHI 
"'ELECTRIC 

Limits 
Unit 

Min. Typ. Max 

Vcc-2.0 V 

Vcc-2.0 V 

2.0 V 

0.5 V 

0.4 V 

0.5 V 

0.5 V 

5.0 I"A 
5.0 I"A 
5.0 I"A 

4 I"A 
-5.0 I"A 
-5.0 I"A 
-5.0 I"A 

-4 I"A 

150 500 900 I"A 

-10 I"A 

2.0 5.5 V 

5 10 mA 

1 mA 

60 200 I"A 

20 40 I"A 

0.1 1.0 
I"A 

10 



MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

COMPARATOR CHARACTERISTICS 
(Vcc=4.0 to 5. 5V, Vss=OV, T a=-10 to 85'C, high-speed operation mode, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ 

- Resolution 

- Absolute accurctcy 

TCONV Conversion time 

I'A Analog port Input current 

RLADDER Ladder resistor 30 

TIMING REQUIREMENTS (Vcc =4.0 to 5. 5V, Vss = OV, Ta = -10 to 85'C. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

tW(RESET) Reset Input "L" pulse width 2 

tcexlN) Main clock Input cycle time (X1N Input) 238 

tWH(XIN) Main clock mput "H" pulse width 60 

tWL(XIN) Main clock Input "L" pulse width 60 

tC(XCIN) Sub clock mput cycle time (XC1N ) 2.0 

tW(XCIN) Sub' clock Input pulse width (XCIN ) 1.0 

tC(CNTR) CNTR Input cycle tlm~ __ 4 

tWHCCNTR) CNTR Input "H" pulse width 1.6 

tWL(CNTR) CNTR Input "L" pulse width 1.6 

tWHCINT) INTo-INT, Input "H" pulse width 80 

tWL{INT) INTo-INT, Input "L" pulse width 80 

tC(SCLK) Serial clock mput cycle time 1 

tWHCSCLK) Senal clock Input "HOI pulse width 40 1 

tWL(SCLK) Senal clock mput "L" pulse Width 40 

tr(SCLK) Senal clock Input clock rise time 5 

tr<SCLK) Senal clock mput clock fall time 5 

thCSCLK-SIN) Senal mput hold time 0.2tc 

tSU(SCLK-SIN) Senal mput setup time 0.2tc 

SWITCHING CHARACTERISTICS (Vcc= 4.0 to 5. 5V, Vss=OV,Ta= -10 to 85°C, unless otherwise noted) 

Symbol Parameter Test conditions 

tWH(SCLK) Senal clock output "H" pulse Width C L =1 OOpF, RL =1 kO 

tWL(SCLK) Senal clock output "L" pulse Width C L=100pF, RL=lkO 

td(SCLK-SOUT) Serial clock delay time 

t V ( SCLK-SOUT) Senal clock hold time 

tf(SCLK) Senal clock output fall time C L=100pF, RL=lkO 

tf( Pch_str9) 
P-channel high-breakdown voltage output nse time 

C L =1 OOpF, V EE=Vcc-36V 
(Note 1) 

t r ( Pch_weak) 
P-channel high-breakdown voltage output fall time 

C L =1 OOpF, V EE=Vcc-36V 
(Note 2) 

Note 1. When bit 0 of the high-breakdown Yoltage port control register (address 0038,6) IS at "0" 
2. When bit 0 of the high-breakdown Yoltage port control register (address 0038,6) IS at "1" 

• MITSUBISHI 
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limits 

Min Typ 

tci2-160 
--

tci2--160 

0 

55 

1.8 

Unit 
Max 

4 Bits 

1/2 LSB 

7 I-'S 

5.0 I-'A 

kO 

Unit 
Max 

I-'S 

ns 

ns 

ns 

ms 

ms 

I-'S 

I-'S 

I-'S 

ns 

ns 

1000 I-'S 

% 
% 

50 ns 

40 ns 

ns 

ns 

Unit 
Max 

ns 

ns 

0. 2tc ns 

ns 

40 ns 

ns 

ns 
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Fig, 27 

2-110 

P5./SCLK2 
P52/SCLK1 

Serial clock oulpul port 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PO, Pl, P2o- P23 , P3 

'----«- VEE 
'--------' 

P-channel oulput port 

Output switching characteristics measurement circuit 
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TIMING CHART 

CNTR 

INTo-INT, 

Xc IN 

Sour 

~ 

MITSUBISHI MICROCOMPUTERS 

M3810x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

tC(CNTRl 

tWH(CNTRl tWLlCNTRJ 

/ O .• BVee 

---,1""~ 

~o.2vee 

" 

tW(RESETJ 

• MITSUBISHI 
"ELECTRIC 

"- O. 2Vee /' 

v O. BVee 
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MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3811 x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 
The M3811 x group is designed mainly for VCR timer/func
tion control, and include four 8-bit timers, a fluorescerit dis
play automatic display circuit, a PWM function, and a com
parator. 
The various microcomputers in the M3811 x group include 
variations of internal memory size and packaging. For de
tails, see the section on part numbering. 
For details on availability of microcomputers in the M3811 x 
group, see the section on group expansion. 

FEATURES 
• Basic machine-language instructions···· ................... 71 

• Instruction execution time································· 0.95,us 
(shortest instruction at 4.19MHz oscillation frequency) 

• Memory size 
ROM················································ 4K to 32K bytes 
RAM·············································· ·192 to 1024 bytes 

• Programmable input/output ports ............................ 27 
• High-breakdown-voltage output ports· ..................... 28 

PIN CONFIGURATION (TOP VIEW) 

• Interrupts································· 14 sources, 12 vectors 
• Timers················································ ......... 8-bitX4 
• Serial I/O ......................... Clock-synchronized 8-bitX2 

(Serial 1/01 has an automatic data transfer function) 
• PWM output circuit······································· 14-bitX 1 
• Comparator·················································· 4-bitX 1 

• Fluorescent display function 
Segments······················································ 8 to 16 
Digits ...................................................... ······8 to 16 

• 2 Clock generation circuit 
Clock (XIWXOUT) ················Internal feedback amplifier 
Sub clock (XCIWXCOUT) ······Internal amplifier without feedback 

• Supply voltage···········································4.0 to 5.5V 

• Low power dissipation 
In high-speed operation···································· 25mW 

(at 4.19MHz oscillation frequency) 
In low-speed operation ................................... 300,uW 

(at 32kHz oscillation frequency) 
• Operating temperature range··················· -10 to 85°C 

APPLICATIONS 
VCRs, tuners, musical instruments, office automation, etc. 

M38112M4-XXXFP 
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PIN CONFIGURATION (TOP VIEW) 

Vee 

P6s /AN - 4 

P6, - 9 

P60/PWM - 10 

P5,/SRDY2 - 11 

P56/SCLK2 ........ 12 

P55/SoUT2 """ 13 

P54/S'N2 - 14 

P53/SRDY1/CS/SCLK12""" 15 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

56 - POo/SEG./DIGo 

55 - PO, /SEGg /DIG , ' 

54 - P02/SEG1Q/DIG2 

53 - P03/SEG " /DIG3 

52 - PO./SEG12 /DIG. 

51 - P05/SEG ,3/DIG5 

50 - POs/SEG14/DIGs 

49 - P07/SEG ,5/DIG7 

41 - P1 7/DIG '5 

Outline 64P4B 
64-pin shrink plastic molded DIP 
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FUNCTIONAL BLOCK DIAGRAM 

Sub Sub 
Clock Clock clock clock 
Input output Input output Reset input 
X,N XC1N XCOUT RESET Vee Vss VEE 

1- ~-------------~---~---~----®----------------I 

, 

I , 
I , 
I , 
I , 
I , 
I , 
I 
I 
I , 
I , 
I , 
I , 
I , 

I , 
I 
I 

Clock generation 
cirCUit 

P6(8) JI I II 

I 
RAM 

P5(8) 

[,--' '---t+-t--.j f f I f 

I 
ROM 

Data bus 

I 
CPU 

,..----,A--, 

X 

Y 

S 
-

PCH PCl 

FJ I 

II P3(8) I I 

~, __ _ 
~---~-

110 port P6 1/0 port P5 110 port P4 Output port P3 

T2erl(8) t 
I , 
I , 
I 

L.-
Timer 2(8) 

, 

I , 
1 

TOUT 
Timer 3(8) 

I , 
I 

Timer 4(8) CNTR 

, 

I , 
I , 
I , 
I 
I , 
I , 

P2(8) II P1(8) [, "" J: I I on!Q' 

, 

I 

1/0 port P2 Output port P1 Output port PO 

CIt -Z 
G) 
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1'1"1 . 
C") 
::I: -'V 
00 ~ . 
III =4 --I CIt 

c: 
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PIN DESCRIPTION 

Ptn Name 

Vee. Vss Power supply 

VEE Pull-down power 

input 

---
RESET Reset input 

X IN Clock input 

XOUT Clock output 

><CIN Sub clock Input 

XCOUT Sub clock output 

POo/SEG,1 Output port PO 

DIGo-

PO,/SEG151 

DIG7 

P1 o/DIG,- Output port P1 

P1,/DIG15 

P2o/DIG I6- Output port 

P23 /DIGI9 

P2.-P2, I/O port P2 

P3o/SEGo- Output port P3 

P3,/SEG, 

P4o/iNTo Input port P40 

P4,/INT,. 1/0 port P4 

P42 /1NT2 

P43• P4 •• P4, 

P45 /CNTR 

P4,/T OUT 

P50 /SIN,. 1/0 port P5 

P5,/Soun • 

P52/SCLK11' 

P53 /SROy,1 

CS/SeLK12 

P5./SIN2• 

P55/SoUT2. 

P56/SeLK2. 
-~ 

P5,/SROY2 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply tnputs 40 to 5.5V to Vee. and OV to Vss. 

Applies voltage supplied to pull-down resistors of ports po. Pl. P2o-P23 and P3. 

To reset the microcomputer, this pin should be kept at an "L" level for more than 2,us under high-speed operating con-

ditions. In low-speed operation start mode, internal reset IS not released until the XCIN-XCOUT clock has had time to sta-

bilize 

Input and output signals for the Internal clock generation CirCUIt. It consist of Internal feedback amplifier Connect a 

ceramic resonator or quartz crystal between the X1N and XOUT pins to set the oscillation frequency If an external clock is 

used, connect the clock source to the X1N pm and leave the XOUT pin open This clock IS used as system clock 

Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback 

Connect a ceramic resonator or quartz crystal and external feedback resistor between the XCIN and X COUT pins If an ex-

t'ernal clock is used, connect the clock source to the X CIN pin and leave the XCOUT pin open This clock can also be 

used as the system clock. 

An 8-blt output port The output structure IS high- FLD automatic display pms 

breakdown-voltage P-channel open drain with internal 

pull-down resistors connected between the output and the 

VEE pm Are "L" at reset. 

An a-bit output port with the same function as port PO. FLO automatic display pins 

A 4-bit output port with the same function as port PO FLO automatic display pins 

A 4-blt CMOS I/O port An I/O direction register allows each pm to be individually programmed as either Input or out-

put. At reset this port IS set to input mode The input levels are TTL compatible 

An a-bit output port with the same function as port PO FLO automatic display pins 

A 1-blt CMOS mput pm External mterrupt mput pm 

A 7-bit CMOS 110 port with the same function as port P2.- External interrupt Input pinS 

P27, with CMOS compatible input levels 

Event count mput pin 

Timer output pin 

An a-bit I/O port with the same function as port P24-P27 Senal 1/01 I/O pins 

The output structure of this port IS N-channel open dram, 

and the mput levels are CMOS compatible 

Keep the mput voltage of thiS port between OV and Vee. 

Serial 1/02 I/O pins 
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PIN DESCRIPTION 

Pin Name 

P601PWM 110 port P6 

P6,-P6,. P6, 

P66/AN 

2-116 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Function 

An 8-bit CMOS 1/0 port with the same function as port 

P2,-P2,. with CMOS compatible input levels. 

• MlTSUBlSHI 

"'ELECTRIC 

Alternate Function 

14-bit PWM output pins 

Comparator input pin 



MITSUBISHI MICROCOMPUTERS 

M'3811x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

PART NUMBERING 

Product name M3811 0 M X - XXX 5P r ,-" ... 5P : 64P4B package 
FP : 64P6N package 
55 : 6451 B package 
FS : 6400 package 

ROM number 
Omitted in some types 

L-_____ ROM/PROM sIZe 

1 : 4096 bytes 
2 : 8192 bytes 
3 : 12288 bytes 
4 : 16384 bytes 
5 : 20480 bytes 
6 : 24576 bytes 
7 : 28672 bytes 
8 : 32768 bytes 

The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 

L-______ Memory type 

M : Mask ROM version 
E : EPROM or one-time programmable version 

L-______ RAM size 

0,192 bytes 
1 : 256 bytes 
2' 384 bytes 
3 512 bytes 
4: 640 bytes 
5 768 bytes 
6.896 bytes 
7 . 1024 bytes 
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MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION 
Mitsubishi plans to expand the M3817x group as follows: 
(1) Support for mask ROM, one-time programmable, and 

EPROM versions 
(2) ROM/PROM size ············· .. ····· .. ·· .. · .. 16K to 32K bytes 

RAM size········································ 384 to 640 bytes 
(3) Packages 

64P4B ............................... Shrink plastic molded DIP 

64P6N ········································Plastic molded QFP 
6481 B······················ Window type shrink ceramic DIP 
8000 ................................ Window type ceramic LCC 

Memory Expansion Plan 
ROM size (bytes) Under development 

32K ----T----T----T----T -El1~M~I----,---- r 

I : : : I : I : 
28K ----1- ---1- ---1-- - -1__---1-- --1---- +-- ----/ 

I 1 I I' I I I I 
I I I I I I I I 

24K -- --t- ___ + ____ I ____ I ____ J--___ + __ ---t-----I 
I I I I I I I I 
I I I I I I I I 

20K ---4-- ---1-----1- __ ..l ___ +_ - -1---- t-----r 
I New pr~duct I 1 I I I I 
I , : I I I 1 I 

16K --- -t----I-~112M~-L---I---- -I- ----!- ----j 
I 1 -, ~ I 1 I I I 
I 1 I I I 1 I I 

12K --- -+----+- - -_t----L----t-- ---"- -- -1----, 
I I I I 1 I I I 
I I I I I I I I 

M ----+------t----~---~---_t----L---t-----j 
I I I I I II I I 
I I I I I I I 

4K --- -+ - --- f--- --+----1---- t- ___ ...J. ___ -1-- ----j 

I I I I 1 I I I 
I I I I I I I I 

192 256 384 512 640 768 896 1024 

RAM soze (bytes) 

The development schedule and other details of products under development may be revIsed wIthout notIce. 

Currently supported products are listed below. As of March 1992 

Product name (P) ROM size (byles) RAM size (bytes) Package Remarks 

M38112M4-XXXSP Mask ROM version 

M38112E4-XXXSP 64P4B One-time programmable version 

M38112E4SP One-time programmable version (blank) 

M38112E4SS 
, 382 

64S1B EPROM version 
16K 

M38112M4-XXXFP Mask ROM verSl<)n 

M38112E4-XXXFP 64P6N One-time programmable version 

M38112E4FP One-time programmable version (blank) 

M38112E4FS 6400 EPROM version 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

CPU MODE REGISTER 
The CPU mode register is allocated to address 003B'6' 

Microcomputers of the M3811 x group use the standard 
M ELPS 740 instruction set. Refer to the table of M ELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 

Bits 0 and 1 of this register are processor mode bits and 
should always be set to "0". 
The CPU mode register contains the stack page selection 

bit. 
For details of the XCOUT drivability selection bit, main clock 

stop bit, and internal system clock selection bit, see the 
section on the clock qeneration circuit. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL, and DIV instructions can be used. 

I I I I I I I I I CP 

I I 

Fig. 1 Structure of CPU mode register 

U mode register (CPUM : address 003816 ) 

Processor mode bits 
blbO 
o 0 : Single-chip mode 
o 1 : Do not use 
1 0 : Do not use 
1 1 : Do not use 

Stack page selection bit 
o : RAM In the zero page IS used as stack area 
1 : RAM in page 1 IS used as stack area 

XCOUT dnvability selection bit 
o : Low drove 
1 : High drive 

Main clock (X'N-XOUT ) stop bit 
o : Operating 
1 : Stopped 

Internal system clock selection bit 
o : X'WXOUT selected (high-speed operation mode) 
1 : XC'WXCOUT selected (low-speed operation mode) 
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MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as liD ports and timers, and 
is located in the zero page area. 

• RAM 
RAM is used for data storage as well for stack area. 

• ROM 
The first 128 bytes and the last two bytes of ROM are re
served for device testing and the rest is user area for 
storing programs. 

• Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacity 
Address XXXX,. 

(bytes) 

192 OOFF,. 
256 013F,. 
384 01BF,. 
512 023F,. 
640 02BF,. 

768 033F,. 
896 03BF,. 

1024 043F,. 

ROM area 

ROM capacity, 
Address YYYV,. Address ZZZZ,. 

(bytes) 

4096 FOOO,. F080,. 
8192 EOOO,. E080,. 

12288 0000,. 0080,. 
16384 COOO,. C080,. 
20480 BOOO,. B080,. 
24576 AOOO,. A080,. 
28672 9000,. 9080,. 
32768 8000,. 8080,. 

Fig. 2 Memory map diagram 

2-120 ' 

• Zero Page 
The 256 bytes from addresses 0000'6 to 00FF'6 are cal
led the zero page area. The internal RAM and the spe
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 
This dedicated zero page addressing mode enables ac
cess to this area with only 2 bytes. 

• Special Page 
The 256 bytes from addresses FFOO'6 to FFFF'6 are cal
led the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres
sing mode enables access to this area with only 2 bytes. 

RAM 

ROM 

0000,. 

0040,. 

0060,. 

0100,. 

0120,. 

XXXX,. 

0440,. 

YYYV'6 

ZZZZ,. 

FFOO,. 

FFOC'6 

FFFE,. 

FFFF,. 

SFR area 

FLO automatic display RAM area 

SenalllOautomatlctransfer RAM area 

------------------
Reserved area 

Not used 

r------------------
Reserved ROM area 

(common ROM area, 128 bytes) 

Interrupt vector area 

Reserved ROM area 

] 
Zero 
page 

Special 
page 



MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
0008,. 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
0010,. 
0011,. 
0012,. 
0013,. 
0014,. 
0015,. 
0016,. 
0017,. 
0018,. 
0019,. 
001 A,. 
0018,. 
001C,. 
0010,. 
001E,. 
001F'6 

Port PO (PO) 

Port PI (PI) 

Port P2 (P2) 
Port P2 direction re~ster (P20) 
Port P3 (P3) 

Port P4 (P4) 
Port P4 direction register (P40) 
Port P5 (P5) 
Port P5 direction register (P50) 
Port P6 (P6) 
Port P6 direction register (P60) 

Port PO segment/digit swltchmg register (POSOR) 

Port P2 diQIt/port sWltchlnQ reQlster (P20PR) 
Key-scan blanking register (KSCN) 
FLOC mode register (FLOM) 
FLO data pOinter (FLOOP) 
Serial 1/0 automatic transfer data pointer (SlOOP) 
Serial 1/01 control register (SIOICON) 
Serial 1/0 automatic transler control register (SIOAC) 
Serial 1/01 register (5101 ) 
Sellail/O automatic transler mterval register (SIOAI) 
Serial 1/02 control register (SI02CON) 

Senal 1/02 register (5102) 

Fig. 3 Memory map of special function register (SFR) 

1/0 PORTS 
• Direction Registers 

The M3811 x group microprocessors have 27 programm
able I/O pins arranged in four I/O ports (ports P2.-P27 , 

P4,-P47, P5 and P6). The I/O ports have direction regis
ters which determine the input/output direction of each 
individual pin. Each bit in a direction register corres
ponds to one pin, each pin can be set to be input or 
output. 
When "0" is written to the bit corresponding to a pin, that 
pin becomes an input pin. When "1" is written to that bit, 
that pin becomes an output pin. 
If data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it
self. Pins set to input are floating. If a pin set to input is 
written to, only the port output latch is written to and the 
pin remains floating. 

0020'6 
0021,. 
0022,. 
0023,. 
0024,. 
0025,. 
0026.,. 
0027,. 
0028,. 
0029'6 
002A,. 
0028,. 
002C,. 
0020,6 
002E'6 
002F,. 
0030'6 
0031,. 
0032,. 
0033'6 
0034,. 
0035,. 
0036,. 
0037,. 
0038,. 
0039,. 
003A,. 
0038,. 
003C,. 
0030,. 
003E'6 
003F'6 

Timer 1 (Tt) 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 12 mode register (T12M) 
Timer 34 mode register (T34M) 

PWM control register (PWMCON) 
PWM register (upper)(PWMH) 
PWM register (lower)(PWML) 

Comparator register (CMP) 

Hlgh-breakdown-voltage port control reQlster (HVPC) 

Interrupt edge selectIOn register (INTEOGE) 
CPU mode register (CUPM) 
Interrupt request register 1 (IRE01) 
Interrupt request register 2 (IRE02) 
Interrupt control register 1 (ICON 1 ) 
Interrupt control register 2 (ICON2) 

• High-Breakdown-'Voltage Output Ports 
The M3811 x group microprocessors have four ports with 
high-breakdown-voltage pins(ports PO, P1, P2o-P23, P3). 
The high-breakdown-voltage ports have P-channel open 
drain output with a breakdown voltage of Vcc-40V. Each 
pin in Ports PO, P1, P2o-P23 and P3 has an internal pull
down resistor connected to VEE' At reset, the P-channel 
output transistor of each port latch is turned off, so it is 
forced to the level of VEE by the pull-down resistor. 
Writing "1" to bit 0 of the high-breakdown-voltage port 
control register(address 0038,6)slows the transition of the 
output transistors to redllce transient noise. At reset, bit 0 
of the high-breakdown-voltage port control register is set 
to "0': (strong drive). 
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Pin Name Input/Output 

POo/SEGBI 

DIGo-
Port PO Output 

P07 /SEG'51 

DIG7 

P1 o/DIGB-

P1 7/DIG'5 
Port P1 Output 

P2o/DIG'6-
Output 

P23 /DIG'9 
Port P2 

P24 -P2 7 
Input/output, 

individual bits 

P30 /SEGo- Port P3 Output 
P37/SEG7 

P4o/iNTo Input 

P4,/INT" 

P42/1NT2 Port P4 

P43 , P44 , P46 
Input/output, 

individual bits 
P45/CNTR 

P47/T OUT 

P50 /S,N" 

P5,/SoUT" 

P52/SCLK1. 

P53 /S RDy ,I 
-

Port P5 
Input/output, 

CS/SCLK'2 
individual bits 

P54 /S'N2, 

P55/SoUT2 , 

P56/SCLK2, 

P57/SRDY2 

P60 /PWM 

Port P6 
InpUt/output, 

indiVidual bits 
P6,-P65, P67 

P66/AN 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

1/0 Format Non-Port Function Related SFRs 
Diagram 

No. 

High-breakdown-
FLDC mode register 

Segment/digit 
voltage P-channel 

FLD automatic switching register 
open-drain output (1) 

with pull-down 
display function Hlgh-breakdown-

resistor 
v.oltage port control 

register 

Hlgh-breakdown-
FLDC mode register 

voltage P-channel 
FLD automatic High-breakdown-

open-drain output (2) 

with pull-down 
display function voltage port control 

resistor 
register 

H ig h -breakdown-
FLDC mode register 

Digit/port sWitching 
voltage P-channel 

FLD automatic register 
open-drain output (3) 

with pull-down 
display function Hlgh-breakdown-

resistor 
voltage port control 

, register 

TTL level Input 
(4) 

CMOS 3-state output 

High-breakdown-
FLDC mode register 

voltage P-channel 
FLD automatic Hlgh-breakdown-

open-drain output 
display function voltage port control (5) 

with pull-down 
register 

resistor 

CMOS level Input 
External Interrupt Interrupt edge 

(6) 
Input selection register 

External interrupt Interrupt edge 
(7) 

input selection register 
CMOS level Input 

(4) 
CMOS 3-state output 

(7) Event count input Timer 34 mode register 

Timer 3 output Timer 34 mode register (8) 

Serial 1/01 control ~~ 
Serial 1/01 function 

register 
(10) 

Serial 110 automatic 
1/0 r----------

CMOS level Input transfer control 
(11) 

N-channel register 

open-drain output (9) 
r-----

Serial 1/02 function Serial 1/02 control 
(10) 

1/0 register 

(11) 

PWM mode register 

14-bit PWM output PWML register (11) 

CMOS level Input PWMH register 

CMOS 3-state output 
(4) 

Comparator input Comparator register (13) 

Note, Make sure that the Input level at each pin is either OV or Vce during execution of the STP instruction 
If an input level is at an intermediate potential, a current will flow In the Input-stage gate 



(1) Port PO 

Shift signal from prevIous stage 

Blanking 
register 

Databus---f~~~~~~~:1----r-~i:) 
Local data 
bus 

Shift signal to next stage 

(3) Port P2o-P23 

Shift signal from prevIous stage 

DIP sWitching register 

Dimmer signal ~ 
(Note) 

Port latch 1* 

MITSUBISHI MICROCOMPUTERS 

M3811x Group· 

SINGLE·CHIP B·BIT CMOS MICROCOMPUTER 

(2) Port P1 

Shift signal from previous stage 

j 
Data bus---~"-

Dimmer signal--;.o 
(Note) 

Shift signal to next stage 

r Data bus 

Data bus 

Blanking 
register ~--~-----------------" 

Shift signal to next stage VEE 

(5) Port 1'3 

d\ 

r 
VEE 

(7) Port P4, • P42 • P45 

Data bus 

INT, .INT, interrupt request ~A~ 
CNTR or timer 4 ~
external clock Input 

* : Hlgh-breakdown-voltage P-channel transistor 

Note. The dimmer signal sets the Toll timing 

Fig.4 Port block diagram (1) 

\. 

(6) Port P40 

Data bus 4<;] 0 

I NT 0 Interrupt 
'" request 

(8) Port P47 

Timer 3 output selectIOn bit 

Data bus 

Timer 3 output selection bit ----C>--...l 

2~123 



(9) Port P5o, P5. 

Data bus 

(11) Port P53 , P57 

SROY output selection bit 

Data bus 

r------- -1 
: CS input I 
L ________ J 

P53 only 

(13) Port P6s 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

00) Port P5" P52 , P5s, P5s 

,------- --------., 
: Serial clock input I 
L ____________ _ 

P5" P5, only 

(12) Port P60 

PWM output enable bit 

Data bus 

t 
} 

1 

Comparator input 

Fig. 5 Port block diagram (2) 
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INTERRUPTS 
A total of 14 source can generate interrupts: 4 external, 9 
internal, and 1 software. 
• Interrupt Control 

Each interrupt is controlled by its Interrupt request bit, Its 
interrupt enable bit, and the interrupt disable flag except 
for the software interrupt set by the BRK instruction. An 
interrupt Is generated if the corresponding interrupt re
quest and enable bits are "1" and the interrupt disable 
flag is "0". 
Interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but 
cannot be set by software. 
The I flag disables all interrupts except for the BRK in
struction interrupt. 

Table 1. Interrupt vector addresses and priorities 

Interrupt Cause Priority 
Vector Address (Note 1) 

High Low 

Reset (Note 2) 1 FFFO'6 FFFC'6 

INTo 2 FFFB'6 FFFA,6 

INT, 3 FFF9'6 FFF8'6 

INT. 4 FFF7'6 FFF6'6 

Serial 1/01 .............................. 5 FFF5'6 FFF4,6 Serial I/O automa-
tic transfer 

Serial 1/02 6 FFF3'6 FFF2'6 
Timer 1 7 FFF1,6 FFFO'6 
Timer 2 8 FFEF'6 FFEE'6 
Timer 3 9 FFEO'6 FFEC'6 
Timer 4 10 FFEB,6 FFEA,6 

CNTR 11 FFE9,6 FFE8,6 

FLO blanking 
.............................. 12 FFE5'6 FFE4,6 
FLO digit 

BRK instruction 13 FFOO'6 FFOC'6 

Note 1. Vector addresses contain Interrupt jump destination addresses. 

• Interrupt Operation 
When lin interrupt is received, the program counter and 
processor status register are automatically pushed onto 
the stack. The Interrupt disable flag is set to inhibit other 
interrupts from interfering. The corresponding interrupt 
request bit is cleared and the interrupt jump destination 
address is read from the vector table into the program 
counter. 

• Notes on Use 
If you will change interrupt edge selection from rising 
edge to falling edge, interrupt request bit will be set to 
"1" automatically. Therefore, please make following pro
cess; 
(1) Disable INT which is selected. 
(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 

Interrupt Request 

Generation Conditions 
Remarks 

At reset Non-maskable 

At detection of either rising or External interrupt (active edge 
failing edge of INTo Input selectable) 

At detection of either rising or External interrupt (active edge 
falling edge of INT, Input selectable) 

At detection of either rising or External interrupt (active edge 
falling edge of INT. input selectable) 

At end of data transfer 
Valid when serial I/O normal 
mode is selected . ............................................. .............................................. 

At end of final data transfer 
Valid when serial I/O automa-
tic transfer mode is selected 

At end of data transfer 

At timer 1 overflow 

At timer 2 overflow STP release timer overflow 

At timer 3 overflow 

At timer 4 overflow 

At detection of either riSing or External interrupt (active edge 
falling edge of CNTR input selectable) 

At fall of final digit 
Valid when FLO blanking inter-

.............................................. .. ~l!P.~. !~. ~~.I~~~~.c:' ...•....•....•....•...• 
At rise of each digit Valid when FLO digit interrupt 

is selected 

At BRK instruction execution Non-maskable software interrupt 

2. Reset function in the same way as an interrupt with the highest priority. 
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Interrupt request bit 

Interrupt enable bit 

Interrupt disable lIag(l) ----<1 

BRK Instruction -----I 
Reset -----L 

Interrupt request 

Fig. 6 Interrupt contr~1 

Fig. 7 
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o 
IIJ1JJJ1J 

[I 

I I I I I I I I I 

I 

Int errupt edge selection register 
NTEOGE : address 003A,.) (I 

INTo active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
Not used (returns "0" when read) 

CNTR active edge select bit 
Not used (returns "0" when read) 

Int errupt request register 1 
REQ1 : address 003C,.) (I 

I NT 0 interrupt request bit 
INT, interrupt request bit 
INT, Interrupt request bit 

Serial 1/01 interrupt request bit, or 
Serial 1/0 automatic transfer 
interrupt request bit 

Serial 1/02 interrupt request bit 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 Interrupt request bit 

Interrupt control register 1 
(ICON1 : address 003E,.) 

I NT 0 interrupt enable bit 
~--- INT, interrupt enable bit 

"----- INT, Interrupt enable bit 

L~ Serial 1/01 interrupt enable bit, or 
senal 1/0 automatic transfer 
interrupt enable bit 

Serial 1/02 Interrupt enable bit 
L... ___ • _____ Timer 1 Interrupt enable bit 

~--------- Timer 2 interrupt enable bit 
"----------- Timer 3 Interrupt enable bit 

Structure of interrupt-related registers 

: Falling edge active 
: Rising edge active 

Interrupt request register 2 
(IREQ2 : address 0030,.) 

Timer 4 interrupt request bit 
CNTR interrupt request bit 

~---- Not used (returns "0" when read) 
"------ FLO blanking interrupt request bit, or 

FLO digit interrupt request bit 
"-"--.L..-'-______ Not used (returns "0" when read) 

o : No Interrupt request Issued 
1 : Interrupt request issued 

Interrupt control register 2 
(ICON2 : address 003F,.) 

Timer 4 Interrupt enable bit 
CNTR interrupt enable bit 

~---- Not used (returns "0" when reed) 
~-----FLO blanking interrupt enable bit, or 

FLO digit interrupt enable bit 
"-L-.L.... ______ Not used (returns "0" when read) 

~--------- Not used (returns "0" when read) 
(do not write "1" to this bit) 

: Interrupts disabled 
: Interrupts enabled 
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TIMERS 
Microcomputers of the M3811 x group have four built-in tim
ers. The timers count down. Once a timer reaches 0016, the 
next count pulse loads the contents of the corresponding 
timer latch into the timer, and sets the corresponding inter
rupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to "1 ". 
Note that the system clock ¢ can be set to either high
speed mode or low-speed mode by the CPU mode reg
ister. 
• Timer 1 and Timer 2 

The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 
When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cleared, timer 1 
is set to FF16, and timer 2 is set to 01 16, 

• Timer 3 and Timer 4 

The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 
Timer 3 can also output a rectangular waveform from the 
P47/T OUT pin. The waveform changes polarity each time 

timer 3 overflows. 
When Timer 4 is assigned to external event count mode, 

rising edge is active. 

7 0 

I I I I I I I I I Timer 12 mode register 
(T12M : address 0028,6) 

Timer 1 count stop bit 
o : Operating 
1 : Stopped 

- Timer 2 count stop bit 
o : Operating 
1 : Stopped 

L-___ Timer 1 count source selection bit 
o : f(XIN ) or f(XCIN ) diVided by 16 
1 : f(XCIN ) 

L-_____ Timer 2 count source selection bit 
o : Overflow from timer 1 
1 : f(XCIN ) 

7 0 
I I I I I I I I I Timer 34 mode register . L (T34M : address 0029,6) 

Timer 3 count stop bit 
o : Operating 
1 : Stopped 

'------ Timer 4 count stop bit 
o : Operating 
1 : Stopped 

L--- Timer 3 count source selecllon bit 
o : t( X,N ) or f( XCIN ) diVided by 16 
1 : Overflow from timer 2 

L-'--____ Timer 4 count source selection bits 
b5b4 
o 0 : f( X,N ) or f( XCIN ) diVided by 16 
o 1 : Overflow from timer 3 
1 0 : External count Input CNTR 
1 1 : Do not use 

'-------- Timer 3 output selection bit (p~) 
o : I/O port 
1 : Timer 3 output 

Fig. 8 Structure of timer-related registers 
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Data bus 

RESET 
FF'6 STP instruction 

X1N ~---~--~ 
~ 

~~~~;~~~~~J~jr---'Timer 1 interrupt request 

P4,/ TOUT 

P45/ CNTR 

tnternal system clock 
selection bit 

P4, direction register 

"00" 

~;;,~~~;;~~;r--- Timer 2 interrupt request 
"1" Tlme~ ,2 count 

stop bit 

"1" 

"0" 
~~?;~~;;~~;r--- Timer 3 interrupt request 

~~~~~~;::~r--"" Timer 4 Interrupt request 
"10" Timer 4 count 

stop bit 

~--------~ll:~-----------*------~ t----jlt---~ CNTR interrupt request 

Fig. 9 Timer block diagram 

2-128 • MlTSUBlSHI 
1'& ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

SERIAL '1/0 
Microcomputers of the M3811x group have two built-in 8-bit 
clock synchronized serial I/O channels (serial 1/01 and se
rial 1/02). 
Serial 1/01 has a built-in automatic transfer function. Normal 
serial operation can be set via the serial I/O automatic 
transfer control register (address 001A16). 

Xc'N 

P53/SRDY1 
leS/SCLK12 

P52/SCLKl1 

P51/SoUT1 
~P51latch 

"1" 
Serial 1/01 port selectlOll bit 

P5./S,N1 

P57 1atch 

P57/SRDY2 ~ "1" 

P5s/SCLK2 

P5s/SoouT2 

P5./S'N2 
Senal 1/02 port selection bit 

Serial 1/02 can only be used in normal operation mode. 
The I/O pins of the serial I/O function also operate as I/O 
port P5, and their operation is selected by the serial I/O 
control registers (addresses 001916 and 001016), 

MaIO data Local data 
bus bus 

Senal 1/0 automatic 
transfer Interrupt request 

" 
'; 

, 

:, 
" Senall/Ol 
'1 onterrupt request 

~ 

" 

~ 
.' 

Senall/02 
Interrupt request 

Note. Selection IS by the synchronization clock selection bit, the SRDY1 output selection bit, and the senal 1101 port selection bit of the senal 1101 
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the senal 1/0 automatic transfer 
control register ' 

Flg,.10 Serial I/O block diagram 
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(Serial 1/0 Control Registers) SI01 CON, SI02CON 
Eacl:l of the serial 110 control registers (addresses 001916 

and 001016 ) contains seven bits that select various control 
parameters of the serial I/O function. 

I I I I I I I I I 
I I I 

7 

I I I I I I I I I 
I I I 

S enalll01 control register (SI01CON(SC1) : address 0019,.) 

S 

Internal synchronization clock selection bits 
b2 bl bO 
a a a : I(X'N) or I(XCIN ) divided by 8 
a a 1 : I(X'N) or I(XC'N) divided by 16 
o 1 a : I(X'N) or I(Xc,.) divided by 32 
o 1 1 : I(X'N) or I(XC'N) divided by 64 
1 1 a : I(X'N) or f(XC'N) divided by 128 
1 1 1 : I(X'N) or I(Xc'N) divided by 256 

Serial 1101 port selecllon b,t (P5,. P5,. and P53 ·) 

o : 1/0 port 
1 : SOUT" SCLK". and SCLK12· signal pinS 

SROY' output selection bit (P53 ) 

o : 110 port 
1 : SRDy,/CS· Signal pin 

Transler direction selection bit 
o : LSB Ilrst 
1 : MSBlirst 

SynchrOnization clock selection bit 
o : External clock 
1 : Internal clock 

enal 1/02 control register (SI02CON(SC2) : address 0010,.) 

Internal synchronization clock selection bits 
b2 bl bO 
o a a : I(X'N) or I(XC'N) diVided by 8 
o 0 1 : I(X,.) or I(XC'N) diVided by 16 
o 1 a : I(X'N) or I(XC'N) divided by 32 
o 1 1 : I(X'N) or I(XC'N) diVided by 64 
1 1 0 : I(X'N) or I(Xc'N) diVided by 128 
1 1 1 : I(X'N) or I(XC'N) diVided by 256 

Senal 1102 port selection bit (P5. and P5.) 
o : 110 port 
1 : SOUT2 and SCLK' Signal pinS 

SRDY' output selection bit (P57 ) 

o : 110 port 
1 : SRDY' Signal Pin 

Transler direction selection bit 
o : LSB Ilrst 
1 : MSB first 

Synchronization clock selection bit 
o : External clock 
1 : Internal clock 

* : Valid only In senal 110 automatic transler mode 

Fig. 11 Structure of serial I/O control registers 
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(1) Operation in Normal Serial I/O Mode 
Either an internal clock or an external clock can be 
selected as the synchronization clock for serial I/O 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. _ 
If internal clock is selected, transfer start is activated 
by a write signal to a serial I/O register (address 
001 B16 or 001 FI6 ). After eight bits have been transfer
red, the SOUT pin goes to high impedance. 

Synchronization 
clock 

Transfer clock 

Serial 1/0 regIster 

If external clock is selected, the clock must be control
led e~ternally because the contents of the serial I/O 
register continue to shift while the transfer clock is in
put. In this case, note that the SOUT pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardless of whether the internal or exter
nal clock is selected. 

write sIgnal _____ ....1 I--t--+-----t---------+-:---:---
Serial 1/0 output ------+-"' 

SOUT ------t--' 
Serial 1/0 mput ---------!-

S'N _____ ----!_ 

ReceIve enable _____ -4 
signal 

SRDY 

Interrupt request bIt set 

Note. If internal clock IS selected, the SOUT pin Is at high impedance 
after transfer ends. 

Fig. 12 Serial 110 timing In normal mode (for LSB first) 

(2) Serial 1/0 Automatic Transfer Mode 
The serial 1/01 function has an automatic transfer func
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial 1/0 automatic trans
fer control register (address 001AI6). 

The follOWing memory spaces are added to the circuits 
used for the serial 1/01 function in ordinary mode, to 
enable automatic transfer mode: 
• 32 bytes of serial 1/0 automatic transfer RAM 
• A serial 1/0 automatic transfer control register 
• A serial I/O automatic transfer interval register 
• A serial I/O automatic transfer data pointer 

When using serial 1/0 automatic transfer, set the serial 
1/0 control register (address 001916 ) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the SRDYI output selection 
bit) of the serial 1/01 control register is set to "1", port 
P53 becomes the CS input pin. 

(Serial 1/0 Automatic Transfer Control Register) 
SIOAC 
The serial 1/0 automatic transfer control register (address 
001 A16) contain~ four bits that select various control para
meters for automatic transfer. 

7 0 
IL J J J J J ~ J J Serial 1/0 automatic transfer control regIster 

(SIOAC: address 00IA,.) 

Automatic transfer control bit 
o : Ordinary serial mode 
(serial 1/01 interrupt) 
1 : Automatic transfer mode 
(serial 1/01 automatic transfer mterrupt) 

~ Automatic transfer start bit 
o : Transfer end 
1 : Transferring(start of 1 write) 

'----- Transfer mode switching bit 
o : Fuliduplex( transmit and receive) 

mode 
1 : Transmit-only mode 

'------ Synchronization clock output 
pin selection bit 
o : SCLK11 

1 : SeLK'2 

Fig. 13 Structure of serial 110 automatic transfer 
control register 
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(Serial 1/0 Automatic Transfer Data Pointer) SlOOP 
The serial 110 automatic transfer data pOinter (address 
0018,6 ) contains five bits that indicate addresses in serial 
I/O automatic transfer RAM (each address in memory is 
actually the value in the serial I/O automatic transfer data 

pOinter plus 0100,6). 
Set the serial I/O automatic transfer data pointer to (the 
number of transfer data-1), to specify the storage position 

of the start of data. 
• Serial I/O Automatic Transfer RAM 

The serial I/O automatic transfer RAM is the 32 bytes 

from address 0100'6 to address 011 F'6' 

011F16 

Fig. 14 Bit allocation of serial I/O automatic transfer RAM 

Transfer clock 

Senal 1/0 output 
SOUT 

Serial 1/0 Input 
S'N 

010 01, 

1 byte data 

Fig. 15 Serial I/O automatic transfer interval timing 
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• Setting of Serial I/O Automatic Transfer Data 
When data is stored in the serial I/O automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial 110 automatic transfer data pointer and 

the end of the data at address 0100,6' 

(Serial 1/0 Automatic Transfer Interval Register) 
SIOAI 
The serial I/O automatic transfer interval register (address 
001 C'6) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 
If a value n is written to the serial I/O automatic transfer in

terval register, a value of Ti = (n + 2) X Tc is generated, 
where Tc is the length of one bit of the transfer clock .. 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 

01, 

Ti 
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• Setting of Serial I/O Automatic Transfer Timing 
Use the serial 1/01 control register (address 0019,6) and 
the serial I/O automatic transfer interval register 
(address 001C16 ) to set the timing of serial 1/0 automatic 
transfer. 
The serial 1/01 control register sets the transfer clock 
speed, and the serial 1/0 automatic transfer interval reg
ister sets the serial 1/0 automatic transfer interval. 
This setting of transfer interval is valid only when internal 
clock is selected as the clock source. 

• Start of Serial I/O Automatic Transfer 
Automatic transfer mode is set by writing "1" to bit 0 of 
the serial 1/0 automatic transfer control register (address 
001 A,6), then automatic transfer starts when "1" is written 
to that bit. Bit 1 of the serial I/O automatic transfer control 
register is always "1" during automatic transfer; writing 
"0" to it is one way to end automatic transfer. 

• Operation in Serial I/O Automatic Transfer Modes 
There are two modes for serial 1/0 automatic transfer: full 
duplex mode and transmit-only mode. Either internal or 
external clock can be selected for each of these modes. 

(2.1) Operation in Full Duplex Mode 
In full duplex mode, data can be transmitted and received 
at the same time. Data in the automatic transfer RAM is 
sent in sequence and simultaneously receive data is written 
to the automatic transfer RAM, in 'accordance with the serial 
1/0 automatic transfer data pointer. 
The transfer timing of each bit is the same as in ordinary 
operation mode, and the transfer clock stops at "H" after 
eight transfer clocks are counted. If internal clock is 
selected, the transfer clock remains at "H" for the time set 
by the serial 1/0 automatic transfer interval register, then 
the data at the next address indicated by the serial 1/0 
automatic transfer data pointer is transferred. If external 
clock is selected, the setting of the automatic transfer inter
val register is invalid, so the user must ensure that the 
transfer clock is controlled externally. 
Data transfer ends when the contents of the serial 1/0 auto
matic transfer pOinter reach "00,6", At that pOint, the serial 
1/0 automatic transfer interrupt request bit is set to "1" and 
bit 1 of the serial I/O automatic transfer control register is 
cleared to "0" to complete the serial 1/0 automatic transfer. 

(2.2) Operation in Transmit-Only Mode 
The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial 1/01 register to the serial 1/0 automatic transfer 
RAM. 

Transfer direction selection bit LSB first (SCl s=O) : MSB 
MSB first (SCl s=l) : LSB 

LSB 
MSB 

S'N -

Transfer clock 

Fig. 16 Serial 1/01 register in fuil duplex mode 

007' DO. 

010 , DO, DO.' DOs 1 DO.' 003' 002' DO, , 

01, I 010 0071 00.1 DOs I 00.1 0031 002' 

010 I 0071 00·1 DOs I 00.1 003' 

0171 01. Dis I 01.1 0131 0121 01, I 010 I 
Senal 1/01 register 

SOUT 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/SRDY1/CS/SCLK12 pin 

can be used as the SRDY1 pin by setting the SC1 4 bit to "1". 

If internal clock is selected, the P53 pin can be used as the 

synchronization clock output pin SCLK12 by setting the 

SIOAC3 bit to "1". In this case, the SCLK11 pin is at high im

pedance. 

If using the SCLK11 and SCLK12 pins for switching, set the 

P53/SRDY1/CS/SCLK12 pin to P53 by setting the SC1 4 bit to 

"0", and set the P53 direction register to input mode. 

Make sure that the SIOAC3 bit is switched after automatic 

transfer is completed, while the transfer clock IS still "H". 

Select the function of the P53/SRDY1/CS/SCLK12 and P521 
SCLK11 pins by setting bit 3 (SC1 3), bit 4 (SC1 4 ), and bit 6 
(SC1 6 ) of the serial 1/01 control register (address 0019,6 ) 

and bit 3 (SIOAC3) of the serial I/O automatic transfer con

trol register (address 001A,6). (See Table 2.) 

Table 2. SCLK11 and SCLKI2 selection 

SCI. SCI, SC33 SIOAC3 

0 

1 0 1 
1 

Note. SC1 3 : Serial 1/01 port selection bit 
SC1, : SROYl output selection bit 
SC1. : Synchronization clock selection bit 

P52/ SCLK11 

SCLK11 

High 
Impedanse 

SIOAC3 : Synchronization clock output pin selection bit 

Senal I/O automatic transfer 
control register -11 _______________ _ 
bit 1 wnte signal 

Serial I/O automatic transfer 
control register bit 1 ---I 
Write signal from RAM to 
senal 1/01 register 

---I1-----------n.-- ---\\-__ -0---__ 
I 

Write signal from serial 1/01 
register to RAM 

:fL-------'II-----IL---

Data painter 

Transfer clock 
(Internal or SClK output) 

ReceIVe 
enabled signal 

SRDY 

Senal I/O output 
SOUT 

Senal 110 input 
S'N 

n! ! 

Transfer Interval 

Fig. 17 Timing during serial I/O automatic transfer (internal clock selected, SRDY used) 

Senal I/O automatic transfer n 
control register --1,1.-____________ _ 
bit 1 wnte signal 

SenalllO automatic transfer ---.Jr-------------
control register bit 1 
Wnte Signal from RAM to ---1I1-___________ -'1l. _ --+f--------\ 

00, 

P53/SCLK12 

P53 

ScLK12 

senal liD 1 register 
Wnte Signal from 8enall/Ol fL-- --.....,11-----' ... --11----------
register to RAM I 

Data pOinter m x::::: JiiI\';:=L=~=~~=J!======= 
I SIOAC3 _____________ -r: __ 

Transfer clock 
( Internal) 

SCLK11 output 

SClK12 output ----------------1--

Transfer Interval 

---~ 

Fig. 18 TimIng during serial I/O automatic transfer (internal clock selected, SCLK11 and SGLK1)! used) 
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(2.4) If External Clock is Selected 
If an external clock is selected, the internal clock and the 
transfer interval set by the serial I/O automatic transfer' in
terval register are invalid, but the serial I/O output pin SOUT 
and the internal transfer clock can be controlled from the 
outside by setting the SRDY1 and CS (input) pins. 

If CS input is not being used, note that the SOUT pin will not 
go high impedance, even after transfer is completed. 

When the CS input is "L", the SOUT pin and the internal 
transfer clock are enabled. When the CS input is "H", the 
SOUT pin is at high impedance and the internal transfer 
clock is at "H". 

If CS input is not being used, or if CS is "L", control the ex
ternal clock because the data in the serial I/O register will 
continue to shift while the external clock is input, even after 
the completion qf automatic transfer. (Note that the automa
tic transfer interrupt request bit is set and bit 1 of the auto
matic transfer register is cleared at the point at which the 
specified number of bytes of data have been transferred.) 

Table 3. P53/SROY1/CS selection 
Select the function of the P53/SRDY1/CS/SCLK12 pin by set
ting bit 4 (SC1.) and bit 6 (SC16) of the serial 1/01 control 
register (address 001916) and bit 0 (SIOACo) of the serial 
I/O automatic transfer control register (address 001 A16). 
Make sure that the CS pin switches from "L" to "H" or from 
"H" to "L" while the transfer clock (SCLK input) is "H" after 
one byte of data has been transferred. 

SCI, SCI. SIOACo P53/SROy,/CS 

If external clock is selected, make sure that the external 
clock goes "L" after at least nine cycles of the internal sys
tem clock ¢ after the start bit is set. Leave at least 11 cy
cles of the system clock ¢ free for the transfer Interval after 
one byte of data has been transferred. 

Senal 1/0 automatic trllnsfer 

0 X 

0 
1 

0 

1 
--

Note. SCI.: SROY' output selection bit 
SCI. : Synchronization clock selection bit 
SIOACo : Automatic transfer control bit 

P53 

SRDY1 

CS 

control register n bit 1 wnte signal ---J.I..... ________ -'-______________ _ 

Senal 1/0 automatic transfer 
control register bit 1 ~ 
Wnte signal from RAM to n n senall/Ol register ---II~ ____________ ....J_L __________ _ 

Write signal from senal 1/01 n 
register to RAM _______________ ~IL------------

Data pOinter _......:.:....-____________ -,.!X'-_:.:.n-.:.l ________ _ 

External 1n6~ ,I---------------+----'lf 
I 

Transfer clock -,......-.., 
8cCK Input 

Transfer clock -i---1 
(Internal) 

Senal 1/0 output 
SOUT - x 0 

I 
Senal 1/0 Input ---...;I~D"'I"'V'."...v="""""""V':o:":""\~~;:O:-v::~,.---::--+'V'''"''''''Vv-'V 

S,N---~~~~~~~~~~~~~~-~~-J~~~~,--~'~ 

Fig. 19 Timing during serial 110 automatic transfer (external clock seleoted) 
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PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 
Microcomputers of the M3811 x group have a PWM function 

with a 14-bit resolution. When the oscillation frequency X,N 

is 4MHz, the minimum resolution bit width is 500ns and the 

cycle period is 8192,us. The PWM timing generator sup
plies a PWM control signal based on a signal that is half 
the frequency of the X,N clock. 

Data bus 

X,N 

(4MHz) 

Fig. 20 PWM block diagram 

The explanation in the rest of this data sheet assumes X,N= 

4MHz. 

P60 direction 
register 

P60 latch 
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(1) Data Set-up 
The PWM output pin also functions as port P60 . Set port P6a 
to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 0028,6)' The upper eight bits of 
output data are set in the upper PWM register PWMH 

(address 002C'6) and the lower six bits are set in the lower 
PWM register PWML (address 0020,6)' 

(2) Transfer From Register to Latch 
Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192",s), and 
data written to the PWM H register is transferred to the 
PWM latch once in each sub-period (every 128",s). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates. 
whether the tra,\sfer to the PWM latch is completed; the 

transfer is completed when bit 7 is "0". 

Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 

Lower 6 Bits of Dala(PWML) Sub-pen ods tm Lengthened (m =0 to 63) 

OOOOOL[)" None 

000001 m=32 

000010 m=16,48 

a a a 1 a a m=8,24,40,56 

001000 m = 4 , 12, 20, 28, 36, 44, 52, 60 

a 1 a a 0 a m=2, 6,10,14,18,22,26,30,34,38,42,46,50,54,58,62 

100000 m= 1,3, 5,7, .... 

128 J.lS 

m=O 

315 J.lS 315 J.lS 

Pulse width modulation register H : 

Pulse width modulation register L : 

········,57,59,61,63 

315 J.lS 

00111111 

000101 

81921's 

32 ° J.lS 

(3) PWM Operation 
The timing of the 14-bit PWM function is shown in Fig. 23. 
The 14-bit PWM data is divided into the lower six bits and 
the upper eight bits in the PWM latch. 

The upper eight bits of data determine how long an "H"
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 X 
r (128",s) long. The signal is "H" for a length equal to N 

times r , where r is the minimum resolution (500ns). 

The contents of the lower six bits of data enable the leng
thening of the high signal by r (500ns). As shown in Fig. 20, 
the six bits of PWML determine which sub-cycles are leng
thened. 
As shown in Fig. 23, the leading edge of the pulse is leng
thened. 8y changing the length of specific sub-periods in
stead of simply changing the "H" duration, an accurate 
waveform can be duplicated without the use of complex ex
ternal filters. 

For example, if the upper eight bits of the 14-bit data are 
03'6 and the lower six bits are 05,6, the length of the "H"
level output in sub-periods ta, 124, 132 , 140, and t56 is 4 r , and 
ils length 3 r in all other sub-periods. 

128 J.lS 

m=63 

3151's 315 J.lS 31 5 J.lS 

Sub-periods where "H" p!-,'se width IS 32 J.lS : 

Sub-periods where "H" pulse width IS 31 5 J.lS : 

m = 8, 24, 32, 40, 56 

m = all other values 

Fig. 21 PWM timing 
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7 0 

IL....L1 ....L-L-l..-l......J.....J.I-r'L PWM mode register (address 0028,6) 

P60 /PWM output selecllon bit 
o : 1/0 port 
1 : PWM output 

Fig. 22 Structure of PWM mode register 

PWMH 
register 

PWML 
register 

Data 6A'6 stored at address 002C" 

59'6 I ~ 6A'6 h 
Data 24'6 stored at address 0020'6 ...-- 8it 7 cleared after transfer 

t3" A4'6 \i'" 24,6 

Data 78'6 stored at address 002C'6 

78'6 

Data 35" ~tored at address 0020'6 

h: 35,. 

\ Transfer from register to latch 85,6"/ \ Transfer from register to latch 

PWM latch 
(14bits) 

L 1653,,1 '" 1 A93" 

--" --
I.. lAA4,. 

T=8192,us 

(64X128,us) 

t=128,us 

11AA4'61 '" 1 EE4" ~ 1 EF5'6 I 
'L- When bit 7 of PWML IS 0, transfer 

from register to latch IS disabled -. ~. -. ---.---. 
Example 1 6A 68 6A 68 6A 68 6A 68 6A 68 68 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 
PWM output 

CD 

Lower 6-blt output: 

H=6A'6, L=24" 

68" 
(107) 

36times 6A,. 
(106) 

28tlmes ___ .... _ 106X64+36 

Example 2 6A 6A 6A 6A 68 6A 68 6A 68 6A 6A 6A 68 6A 68 6A 68 6A 6A 

Lower 6·blt output: 
H=6A", L=18'6 -+---' 

24tlmes 

.-' 
Minimum bit width 

PWM output 
(0 ----A""D""D"'" 

6A,.· 40tlmes ---",,..106X64+24 

_.--
t=128,us 
(256XO.5,us) -

ADD 

6A 68 6A 68 6A 68 6A 6A 

8·blt 
counter 

: 02 : 01 : 00 FF: FE: FO: Fe; ------ -- : 97 : 9b : 951-- -------: 02: 01 : 00 FF: FE; FD: Fe: -

The ADD~ 
portions with 
additional!' are 

H pened length speCified by PWMH 

determined by t---------~v__---------_1 
PWML 256 r (128,us). fixed 

Fig. 23 14-bit PWM timing 
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COMPARATOR CIRCUIT 
Comparator Configuration 
The comparator circuit consists of a switch tree, ladder re
sistors, a comparator, a comparator control cricuit, a com
parator register (address 003016), and an analog signal in
put pin (P66/AN). The analog signal input pin (P66/AN) 

also functions as an ordinary digital I/O port. 

Comparator Register (CMP) 
The comparator register is a 5-bit register of which bits 0 to 
3 can be used to generate internal refernce voltage in 

steps of 1116 Vee, The result of the comparision between 
the analog input voltage and an internal reference voltage 

is stored in bit 4 of comparator register. 

Comparator Operation 
To activate the comparator, first set port P66 to input mode 
by setting the corresponding direction register (address 
000D16) to "O"-this ensures that port P66/AN is used as an 
analog voltage input pin. Then write a digital value corres
ponding to the internal comparison voltage into bits 0 to 3 
of the comparator register (address 003016 ), This write op

eration immediately activates the comparison. After 14 cy
cles of the system clock ¢ (the time required for the 
comparison), the comparison result is stored in bit 4 of the 
comparator. 

(Address OOOC,,) 

P6. 

Internal reference voltage 

Fig. 24 Comparator circuit 

If the analog input voltage is greater than the internal refer
ence voltage, bit 4 is "1 "; if it is less than the internal refer
ence voltage, bit 4 is "0". To perform another omparison, 
the comparator must be written to again, even if the same 
internal reference voltage is to be used. 

Table 5. Correspondence between bits 0 to 3 of the 
comparator register and internal reference 
voltage 

Comparator register 
Internal reference voltage 

Bit 3 Bit 2 Bit 1 

0 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 

1 
1 

1 

1 
1 

Vss 

0 0 

0 0 

0 1 

0 1 
1 0 

1 0 

1 1 
1 1 

0 0 

0 0 

0 1 

0 1 
1 0 

1 0 

1 1 
1 1 

Comparator result 
output 

Bit 0 

0 1/32Vcc 
1 1 /16Vcc+1 /32Vcc 
0 2/16Vcc+1/32Vcc --
1 3/16Vcc+1/32y~ 

0 4/16Vcc+1/32Vcc 
1 5/16Vcc+1/32Vcc 
0 6/16Vcc+1/32Vcc 
1 7/16Vcc+1/32Vcc 
0 8/16Vcc+1/32Vcc 
1 9/16Vcc+1/32Vcc 
0 1O/16Vcc+1/32Vcc 
1 11 /16Vcc+1 /32Vcc 
0 12/16Vcc+1/32Vcc 
1 13/16Vcc+1/32Vcc 
0 14/16Vcc+1/32Vcc 
1 15/16Vcc+1/32Vcc 

4 

Comparator register (CMP) 
(address 0030,.) 

Vee 
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FLO CONTROLLER 
Microcomputers of the M3811 x group have fluorescent dis
play (FLO) drive and control circuits. 
The FLO controller consists of the following components: 
• 16 pins for segments 
• 20 pins for digits 
• FLOC mode register 

• FLO data pOinter 
• FLO data pOinter reload register 

• Port PO segment/digit switching register 
• Port P2 digit/port switching register 

• Key-scan blanking register 
• 32-byte FLO automatic display RAM 
Eight to sixteen pins can be used as segment pins and 
eight to sixteen pins can be used as digit pins. 
Note that only 28 pins (maximum) can be used as segment 
and digit pins. 

Main address 
bus FLO automatic display RAM Main data bus Local data bus 

r-
G1 (SEG P3) 

~ .k""""'frk,'.'!'."\".' (Wi.: 

P30/So 0040'6 

G2 (SEG P3) "- P3,/S, 

v P32/S2 

P33/S3 

G15 (SEG P3) 
P34/S4 8 

004F'6 G16 (SEG P3) • P3,/S, 

0050'6 G1 (SEG PO) 
P36/S6 

Local address 
G2 (SEG PO) 

P3,/S, 
bus 

0006'6 
V 

~ S/O POo/Ss/Oo 
G15 (SEG PO) 

~ 
S/O PO,/S9/0, 

005F'6 G16 (SEG PO) ,~~l\) ,'ti'R S/O P02/S lO/02 

H ~ ~ S/O PO,/S11 10, - S/O P04/S'21D4 8 
S/O PO,/S13/0, 

~ S/O P06/S'41D6 

~ S/O PO,/S 15/0, 

t·~ 
.. r; 001216 0000'6 
IY 

i> 
.J 
;"'i::, 

P1o/0s 
Key-scan P1,/09 

blanking P1 2/010 
register 

Pl,/011 
(address 0015,6) 

P1 4/012 
FLO data pOinter reload ,.1- .8 

register (address 0017,6) 
P1,/O'3 .. P1010'4 

P1,/015 

:) Address 

decoder 
0002'6 

H FLO data pOinter 

~ (address 0017,6) -- O/P P2o/0'6 - -.:-- DIP P2,/017 

DIP P22/0 18 8 

«- DIP P23/0 19 

0014,6 0004,6 

J I FLO blanking Interrupt Timing generator I I r-- FLO digit interrupt 

~ Li 

Fig. 25 FLO control circuit block diagram 
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FLOC Mode Register (FLOM) Key-scan Blanking Register (KSCN) 
The FLDC mode register (address 0016,6) is a seven bit 
control register which is used to control the FLO automatic 
display. 

The key-scan blanking register (address 0015,6) is a two 
bit register which sets the blanking period T scan between 
the last digit and the first digit of the next cycle. 

a 
I 1 1 .1 1 J L 1 I FLOC mode register( FLDM : address 0016,6) 

Automatic display control bit( PO, PI, P2, P3) 
o : Normal mode 
1 : Automatic display mode 

Display start bit 
o : Display stopped 
1 : Display in progress 

(display starts when "1" IS written to this bit) 
'-1.---1 ____ T disp control bits 

(digit timing setting, when operating at 4MHz) 
b4 b3 b2 
a a a : 1281'S 
o a 1 : 2561's 
o 1 a : 384.us 
a 1 1 : 512.us 
1 0 0 : 640.us 
1 a 1 : 768.us 
1 1 a : 896.us 
1 1 1 : 1024.us 

Ll _______ T off control bits (digit/segment-oil timing setting) 

Fig. 26 Structure of FLOC mode register (FLDM) 

b6b5 
a 0 : l/16XT disp 
01 : 10/16XTdisp 
1 0 : 12/16XTdisp 
1 1 : 14/16XT disp 

LI_IL...J-.l-.l---.l.---,-I T~Y Key-scan blanking register(KSCN : address 0015,.) 

T scan control bits 
b1 bO 
o 0 FLO digit Interrupt(at nse of each digit) 

1 0 2XT dlsp FLO blanking interrupt 
o 1 1 XT disp \ 

1 1 3XT disR (at fall of 'lnal digit) 

Fig. 27 Structure of key-scan blanking register (KSCN) 

• MITSUBISHI 
"'El..ECTRIC 
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FLO Automatic Display Pins "1". 
The FLO automatic display function of Ports PO, P1, P2o-
P23, and P3 is selected by setting the automatic display 
control bit of the FLOC mode register (address 001618 ) to 

When using the FLO automatic display mode, set the num
ber of segments and digits for each port. 

Table 6. Pins In FLO automatic display mode 

Port Name Automatic Display Pins Seiling Method 

P30 -P37 SEG.-SEG, None (segment only) 

SEG.-SEG" 
The Individual bits of th\l segment/digit sWitching register (address 0012,.) can be used to set each pin to 

POa-P07 or 

DIG.-DIG, 
segment ("1") or digit ("0") (Note) 

P1 a-Ph DIG.-DIG" None (digit only) 

DIG,..DIG19 
The Individual bits of the digit/port switchmg register (address 0014,.) can be used to set each pm to digit 

P20 -P23 or 
P20-P2. 

Note. Always set digits In sequence 

Number of segments 
Number of digits 

Port P3 
(segment only) 

Port PO 
(has segment 
/digit switching 
register) 

Port PI 
(digit only) 

Port P2 
(has digit/port 
switching register 

1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

8 
8 

SEG. 
SEG, 
SEG. 
SEG. 
SEG. 
SEG. 
SEG. 
SEG7 

SEG. 
SEG. 
SEG,. 

SEG" 
SEG,. 
SEG,. 
SEG,. 
SEG,. 

DIG.-G8 
DIG.-G7 
DIG,.-G6 
DIG,,-G5 
DIG,.-G4 
DIG,.-G3 
DIG,.-G2 
DIG,.-Gl 

P2. 
P2, 
P2. 
P2. 

("I") or normal port output ("0") (Note) 

Segm'ent (Note) 

1 
1 
1 
1 
0 
0 
0 
0 

Digit 

1 
1 
1 

Normal port 

1 

12 
16 

SEG. 
SEG, 
SEG. 
SEG. 
SEG. 
SEG. 
SEG. 
SEG7 

SEG. 
SEG. 
SEG,. 

SEG" 
DIG. -G16 
DIG.-GI5 
DIG.-GI4 
DIG7 -G13 

DIG. -G12 
DIG.-Gll 
DIG,.-Gl0 
DIG,,-G9 
DIG,.-G8 
DIG,.-G7 
DIG,.-G6 
DIG,.-G5 

DIG,. -+G4 
DIG17 -G3 
DIG,.-G2 
DIG,.-Gl 

Note: Eight pins are used among the sixteen segment pms (SEG. to SEG,.) 

Fig. 28 SegmenVdlglt setting example 
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Segment 

1 
1 
1 
1 
1 
1 
1 
1 

Digit 

1 
1 
1 
1 

16 
12 

SEG. 
SEG, 
SEG. 
SEG. 
SEG. 
SEG. 
SEG. 
SEG7 

SEG. 
SEG. 
SEG,. 

SEG" 
SEG,. 
SEG,. 
SEG,. 
SEG,. 

DIG. -G12 
DIG. -Gil 
DIG,.-Gl0 
DIG,,-G9 
DIG,.-G8 
DIG,.-G7 
DIG,.-G6 
DIG,.-G5 

DIG,.-G4 
DIG17 -G3 
DIG,.-G2 
DIG,.-Gl 

Segment 

Digit 
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FLO Automatic Display RAM 
The FLO automatic display RAM area is the 32 bytes from 
address 004016 to 005F16. The FLO automatic display RAM 
area can be used to store 2-byte data items for a maximum 
of 16 digits. Addresses 004016 to 004F16 are used for P3 
segment data, addresses 005016 to 005F16 are used for PO 
segment data . 
• FLD Data Pointer and FLD Data Pointer Reload Register 

The FLO data pointer indicates the data address in the 
FLO automatic display RAM to be transferred to a seg
ment, and the FLO data pOinter reload register indicates 
the address of the first digit of segment PO. 

~t 
Address' 

7 6 5 4 

0040'6 SEG, SEG6 SEG5 SEG4 

0041'6 SEG, SEG6 SEG5 SEG4 

0042'6 SEG, SEG6 SEG5 SEG4 

: 

0040,6 SEG, SEG6 SEG5 SEG4 

004E'6 SEG, SEG6 SEG5 SEG4 

004F,6 SEG, SEG, SEG5 SEG4 

005016 SEG 15 SEG'4 SEG 13 SEG 12 

0051 16 SEG'5 SEG'4 SEG 13 SEG 12 

0052'6 SEG 15 SEG'4 SEG 13 SEG 12 

! 

0050 16 SEG 15 SEG'4 SEG13 SEG 12 

005E16 SEG15 SEG'4 SEG13 SEG 12 

005F16 SEG 15 SEG'4 SEG13 SEG 12 

Fig. 29 FLO automatic display RAM and bit allocation 

3 

SEG, 

SEG, 

SEG, 

SEG, 

SEG, 

SEG, 

SEG" 

SEG" 

SEG" 

SEG" 

SEG" 

SEG" 

Both the FLO data pointer and the FLO data pointer re
load register are allocated to address 001716 and are 5-
bits wide. Oata written to this address is written to the 

FLO data pointer reload register, data read from this 
address is read from the FLO data pOinter. 
The actual memory address is the value of the data poin

ter plus 4016, 5016. 

The contents of the FLO data pointer indicate the start 
address of segment PO at the start of automatic display. If 
segment PO data is transferred to the segment, the FLO 
data pointer returns -16; if segment P3 data is transfer
red, it returns + 15. After it reaches "00", the value in the 
FLO data pOinter reload register is transferred to the FLO 
data pointer. In this way, two bytes of data for the PO and 
P3 segments of one digit are transferred. 

2 1 0 
Final digit 

SEG, SEG, SEGo !..- - (final data of 
SEG, SEG, SEGo segment P3) 

SEG, SEG, SEGo 

Segment P3 
data area 

SEG, SEG, SEGo 

SEG, SEG, SEGo 

SEG, SEG, SEGo Final digit 
SEG,o SEG9 SEG8 E- -- (final data of 

SEG,o SEG9 SEG8 segment PO) 

SEG,o SEG9 SEG, 

Segment PO 
data area 

SEG IO SEG9 SEG8 

SEG,o SEG9 SEG8 

SEG IO SEG9 SEG8 

• MITSUBISHI 
~ELECTRIC 
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• Data Setup 
When data is stored in the FLD automatic display RAM, 
the end of segment 1;'3 data is stored at address 0040,6, 

and the end of segment PO data is stored at address 
0050,6 , The head of each of the segment P3 and PO data 
is stored at an address that is the number of digits - 1 
away from the corresponding address 0040,6, 0050,6 , 

For 12 segments and 16 digits 
(FLO data pointer reload register=15) 

81t 
7 

Address 
6 5 4 3 2 1 0 

0040,. 'I I III 'I I '1/1 1/ 1/1 '1/ 'I I I 
0041,. 1//1 /11 III '/ I 1/ / / 'I I 1/ I I II 
0042,. II/I II 'I I I /1 1/1 'I I '/ I I II 
0043,. 'I I / II/I (I I '1/// 1// / 1/ I I (/ I 1//1 
0044,. 'I I 11 I I 'I I I I I! II II I I 'I I ! I / / 
0045,. II I I II ' I / 'I! II I I 'I! '1/ I I 'I I 
0046,. II I! '1/ II I I II II! I 'I I 11 I I I I I 

~047,. r I I / 'I I 'I! II I! 'I I / 1/1 'I I / II/I 
0048,. 'I! II I I II I I I / ' I / II/I II 11 I / 
0049,. '/I ' I I ' I I 'I I / II ' I I / II I I II 
004A,. II I I 'I I II I I 'I I II I I ' I I 11 I I 'I I 
0048,. 'I I I '/ I 'I 1/ II II I I /7 77 717 77 
004C,. '1/ II I I 'I I 11 I I '/ I f777 77 f777 

f-004O,. 'I I '1/1 //1 II II 'I I 777 V77 77/ 
004E,. II I I '/ I / II I I '1/ 1/// 77 1m 77 
004F,. /11 '/ I fI / I 'I I 1//7 77 1777 77 
0050,. '1// [777 77 17T7 
0051,. '/ I r; I I / I I II/I 
0052,. II I I 'I I II I I 'I I 
0053,. II I I 'I I :; I I 'I I 
0054,. 1/1 'I I 'I I I II I I 
0055,. II II I I '/ I II I I 
0056,. 'I I 'I I I / I I '1/ 
0057" II I I I I I II I / / / I 
0058,. III '1/ '1/1 II 
~-

'/ I II I / '/ I II/I 0059,. 
OOSA,. 'I I II I I II III 
0058,. 1/ I I III 'I I II 
005C,. 1/1 'I I :1 I I '/ I 
0050,. III II I I II II I I 
005E,. 77 r777 77 777 
005F,. 1//1 'TTl 77 TTl 

Note. I2ZJ Shaded areas are not used 

Fig. 30 Example of using the FLD automatic display RAM. 
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Set the FLD data pOinter reload regis\er to the value 
given by the number of digits-1. "1" is always written to 
bit 4. Note that "0" is always read from bit 4 during a 

read. 

For 16 segments and 12 digits 
(FLO data painter reload register=ll ) 

81t 
7 6 5 

Address 
4 3 2 1 0 

0040,. II I I III II I I III II III II ,I I I 
0041,. 'I I I 'I I III II II I I III II I I III 
0042,. II II I I 'I I I II I I III 1/ I I III II 
0043,. III/ 1/ 'II 'I II ' I I I I I I II II I I 
0044,. r I I I I I I I I I I rl7 fin '11 / Tl77 'TTl 
0045,. II 1/ I I I I I / If II ' /I) '/7 1m 77 
0046,. II I I I I I I 'I I ! I // 'I I 11 1/ 1/7/ T777 
0047,. II I I 'I I 11 I I 71 fill '/ I I '/7 717 
0048,. ( I I / 1/// 'I I I '/I r /I / '/I 1/77 77 
0049,. II I I '1/1 'I I 11 I I ' I I '1/ I I 'm rTT1 
004A,. II I I I I I '1/ I I 'I I I II III If! f7r1 
0048,. 'I I I II I I r I I I I I I I I I I 'I I II I I 71 
004C,. 
0040,. --~ 
004E,. -
004F,. 
0050,. il I / III II II I I 'I I 11 I I I I I / II I I 
0051,. II I I 'I I II/I III II III II f I I I 
0052,. III 'I I III /1 I I I I 'I I II I I 'I I 
0053,. II I I I I 'I I 1/1 I III 'I I I I I II 
0054,. II I I 1/ II 'I I I 'I I I I I I 'I I II I I 
0055,. III II 1/ I I 'I I II I I II II I I I I I 
0056,. 'I I II I I II II I I '1/1 'I I 'I I I 'I I 
0057,. II I I 'I I I '1/ III II 1//1 II III I 
0058,. I I I II II/ 1/ III I III f/77 'TTl 
0059,. III II II 1/1 II II/ TI -m 77 
005A,. II I I III /I III f! i7r1 17 rT17 
0058,. 11/ 1/ /II 77 I [07 7 I I fI/7 777 

~-I 0050,. 
005E,. 
005F,. I 



• Timing Setting 
The digit timing (T disp) and digit/segment turn-off timing 
(T off) can be set by the FLOC mode register (address 
001616). The scan timing (Tscan) can be set by the key
scan blanking register (address 001516), 

Note that flickering will occur if the repetition frequency 

(l/(Tdisp Xnumber of digits+Tscan)) is an integral mUl

tiple of the digit timing T disp . 
• FLO Start 

To perform FLO automatic display, you have to use the 

following registers. 
• Port PO segment/digit switching register 
• Port P2 digit/port switching register 
• Key-scan blanking register 

• FLOC mode register 
• FLO data pointer 

Automatic display mode is activated by writing "1" to bit 0 
of the FLOC mode register (address 001616 ) , and the 

Gn 

G n-l 

G n-2 

G 1 

Segment 
output 

FLD digit Interrupt generated 

at the rising edge of segment 

data 

Digit 

Segment 

Fig. 31 FLOC timing 

Tdlsp 
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automatic display is started by writing "1" to bit 1 . 
During automatic display bit 1 always keeps "1", automa
tic display can be interrupted by writing "0" to bit 1. 

If key-scan is to be performed by segment during the 
key-scan blanking period T scan, 
1. Write "0" to bit 0 (automatic display control bit) of 

FLOC mode register (address 001616 ). 

2. Set the port corresponding to the segment to the nor
mal port. 

3. After the key-scan is performed, write "1" (automatic 
display mode) to bit 0 of FLOC mode register 

. (address 001616), 

Note on performance of key-scan in the above 1 to 3 
order. 
1. Do not write "0" to bit 1 of FLOC mode register 

(address 001616), 

2. Do not write "1" to the port corresponding to the digit. 

Tscan 

'--~ t Segment setting by software 

FLD blanking Interrupt generated at 
the falling of edge of the last digit 

• MITSUBISHI 
.... ELECTRIC 
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RESET CIRCUIT 
After a reset, the microcomputer will start in high-speed 
operation start mode or low-speed operation start mode 
depending on a mask-programmable option . 
• High-Speed Operation Start Mode 

In high-speed operation start mode, reset occurs if the 
RESET pin is held at an "L" level for at least 2,us then is 
returned to an "H" level (the power supply voltage 
should be between 4.0V and 5.5V). Both the X,,, and the 

XCI" clocks begin oscillating. In order to give the X,N 
clock time to stabilize, internal operation does not begin 
until after 13 X,,, clock cycles are complete. After the re-

I 
~power on 

:~ 
OV--Y i 

~,i : I O. 2Vcc 
OV I 

I I 

Note. Reset release voltages : 
In high-speed operation start mode: Vcc=4. OV 
In low-speed operation start mode: Vcc=2. BV 

Power supply voltage 
_____ ~ detectIOn CIrcuIt 

I 

I 
I 
I 
I 

I I 
L ______ J 

Fig. 32 Power-on reset circuit example 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

set is completed, the program starts from the address 
contained in address FFFD'6 (upper byte) and address 

FFFC '6 (lower byte). 
• Low-Speed Operation Start Mode 

In low-speed operation start mode, reset occurs if the 
RESET pin is held at an "L" level for at least 2,us then is 
returned to an "H" level (the power supply voltage 
should be between 2.8V and 5.5V). The X,N clock does 
not begin oscillating. In order to give the XCIN time to sta
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the Xcl ,,/16 are counted before internal op
eration begins. After the reset is completed, the program 
starts from the address contained in address FFFD '6 
(upper byte) and address FFFC '6 (lower byte). 

If the XCI" clock is stable, reset will 'complete after 
approximately 250ms (assuming f(XcIN )=32.768kHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 

used. 
• Note on Use 

Make sure that the reset input voltage is no more than 
O.8V in high-speed operation start mode, or no more than 
O.5V in low-speed operation start mode. 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(1~ 

(16) 

(11) 

(18) 

(19) 

~O) 

~1) 

~2) 

~3) 

Address Register contents 

Port PO register (oooo,.) ... ! 00,. 

Port Pl register (0002,.)".! 00,. 

Port P2 register (0004,.),,.! 00,. 

Port P2 direction register (0 a Os,.)".! 00,. 

Port P3 register (0006'6)"'! 00'0 

Port P4 register (0008,.)".! 00,. 

Port P4 direction register (0009,.)".! 00'0 

Port P5 register (0 0 0 A,.)".! 00,. 

Port P5 direction register (0008,0)"'! 00,. 

Port P6 register (0 0 0 C,o)"" 00,. 

Port P6 direction register (0 a 00,.)".' 00,. 

Port PO segment/digit ( 0 0 1 2'0)"" 00,. 

switching register 

Port P2 digit/port switching ( 0 0 1 4'6)"', 0016 

register 

Key-scan blanking register (0 0 1 5,6)"" OO,e 

FLOC mode register ( 0 0 1 6,e)"" 00,. 

Serial 1/01 control register (0 0 1 9,.)".' 00,. 

Se"alI/O automatic transfer (001 A,e)"" 00'0 

control register 

Serial 1/0 automatic transfer (0 0 1 C ,.) "., OO,e 

interval register 

Serial 1/02 control register (001 0,.)".' 00,6 

Timer 1 register (0024,e)"" FF,o 

Timer 2 register (0025,6)"" 01,. 

Timer 3 register (0026,.)".' FF,e 

Timer 4 register (0027,.)".! FF,. 

MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Address Register contents 

~4) Timer 12 mode register (0028,.)".! 00,. 

~~ Timer 34 mode register (0029,0)"'! 00'0 

(26) PWM control register (0 0 28,0)"'! 00,. 

~1) Comparator register (0030,0)"'! 00'0 

(28) High-breakdown-voltage port (0 0 38,0)"'! 00'0 

control register 

~9) Interrupt edge selection register (003 A,.)".' 00,. 
, 

(30) CPU mode register ( 0 0 3 8,.) "., * 1 * 11 1 a 1 0 1 a 1 a 1 01 

(31) Interrupt request register 1 (003 C,o)"" 00'0 
, 

(32) Interrupt request register 2 (0 0 3D,.)".' 00,. , 
(33) Interrupt control register 1 (003E,0),,·1 00,. 

, 
(34) Interrupt control register 2 (003 F,o)"" 00,. , 

(35) Processor status register (P S)""xlxlxlxlxlllxlx' 

(36) Program counter ( P C H)" ,'contents of address FFFD,~ 
( P C L)" .'contents of address FFFC,~ 

Note. *: The initial values of bits 7 and 6·of the CPU mode register are determined by a mask option. 
X : Underfined 
The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values 

Fig. 33 Internal status at reset 
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5.5V 
V 4.0V 

cc 

RESET 

XOUT 

(4MHz) 

XCOUT 

(32kHz) 

rr;.-----=~~--+-t_-_-~~-=--
Time until oscilialion starts 

Time until oscillation starts 

Internal ~ reset -+ __________ ....., ~ 
System 
clock 

Address 

Data 

SYNC 

I 

I 
Fig. 34 Reset sequence in high-speed operation mode 

'oc ::~ - --- - - - - - f-----
RESET ~ , 

XOUT P I (Oscillation stopped) I 

(:~::: I, k7~s:--+-1 ---
(32kHz) -f I~-~""'-----+, -----------------

Internal 
reset 

System 
clock 

Address 

Data 

SYNC 

I Time until oscillation starts Time necessary for oscillation to stabilize 

Fig. 35 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the X ,N (XCIN ) pin and leave the X OUT (XCOUT ) pin open. 
If the X CIN clock is not used, connect the X CIN pin to Vss, 
and leave the X COUT pin open. 
Either high-speed operation start mode or low-speed start 
mode can be selected by using a mask option. 
• High-Speed Operation Start Mode 

After reset has completed, the internal clock ¢> is half the 
frequency of X,N. Immediately after power-on, both the 
X,N and ><C'N clock start oscillating. To set the internal 
clock ¢> to low-speed operation mode, set bit 7 of the 
CPU mode register (address 00381S) to "1". 

• Low-Speed Operation Start Mode 
After reset has completed, the internal clock ¢> is half the 
frequency of X CIN• Immediately after power-on, only the 
><C'N clock starts oscillating. To set the internal clock ¢> to 
high-speed operation mode, first set bit 6 (CMs) of the 
CPU mode register (address 00381S) to "0", the set bit 7 
(CM7 ) to "0". Note that the program must allow time for 
oscillation to stabilize. 

• Oscillation Control 
Stop Mode 

If the STP instruction is executed, oscillation stops with 
the internal clock ¢> at an "H" level. Timer 1 is set to 
"FF1s" and timer ,2 is set to "011S". 
Either X ,N or X CIN divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
("0"), so a program must set these bits before executing 
an STP instruction. Oscillation restarts at reset or when 
an external interrupt is received, but the internal clock ¢> 
is not supplied to the CPU until timer 2 overflows, This 
allows time for the clock circuit oscillation to stabilize, 

Wait Mode 
If the WIT instruction is executed, the internal clock ¢> 
stops at an "H" level but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or when 
an interrupt is received. Since the oscillator does not 
stop, normal operation can be started immediately after 
the clock is restarted. 

Low-Speed Mode 
If the internal clock is generated from the sub clock 
(><C,N) , a low power consumption operation can be en
tered by stopping only the main clock X,N . To stop the 
main clock, set bit 6 (CMs) of the CPU mode register 
(00381S) to "1". When the main clock X,N is restarted, the 
program must allow enough time to for oscillation to sta
bilize. 
Note that in low-power-consumption mode the X CIN-

X COUT drive performance can be reduced, allowing even 
lower power consumption (20,uA With XCIN = 32kHz). to 

reduce the XCIN-XCOUT drive performance, clear bit 5 
(CMs) of the CPU mode register (00381S) to "0". At re
set or when an STP instruction is executed, this bit is set 
to "1" and strong drive is selected to help the oscillation 
to start. 

XC1N XCOUT X,N 
28 29 30 31 

Fig. 36 Ceramic resonator circuit 

XC1N XeOUT X,N XOUT 

28, 29\ 30r \31 
Open Open 

External OSCillator or pulse External oscillator 

VccLJLJ 
Vss 

Vcc~ 
Vss 

Fig. 37 External clock Input circuit 
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Fig. 38 
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XC1N 

R 

XCOUT 

Internal system clock 
selection bit 
eM, (Note) 

Main clock stop bit eM. 

Internal system clock 
selection bit eM, 

MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Timer 1 count stop bit 

Timer 1 count 
source selection 
bit 

Timer 2 count stop bit 

Timing ¢> 
(Internal clock) 

~--------~r---------~S Q 
Reset 

STP 
Instruction 

WIT 
instruction 

R R STP instruction 

/------ Reset 

I:)-----Interrupt disable flag I 

1----- Interrupt request 

Note. The values of eM, and eM. at reset are determined by a mask option. 

System clock generation circuit block diagram 
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[ External INT, 

tImer Interrupt, or 

SilO Interrupt 

[ Reset J High-speed operation 

start mode(Note 4) 

t, 1 I C",~" [ External INT, or 

SilO Interrupt 

The program must 

allow time for X,N 

] 

X,N clock stopped 

XCIN clock stopped 

1> IS stopped ("H") 

C",~, j r C",~" 
[ 

oscillation to stabilize 
] 

( Reset J Low-speed operation 

start mode (Note 4) 

The example assumes that 4MHz IS being applied to the X,N pin and 32kHz to the XCIN pin 

Note 1. When the STP state IS ended, a delay of approximately 2ms IS automatically generated by timer 1 and timer 2 
2. The delay after the STP state ends is approximately O. 25s 
3. If the internal clock 1> divided by 8 is used as the timer count source, the frequency of the count source IS f(XcIN )/16 
4. Specify this option when ordering a mask ROM verSion 

Fig. 39 State transitions of system clock 
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NOTES ON PROGRAMMING 
o Processor Status Reg ister 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag 
(I) which is "1". Therefore, flags that affect program ex
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

o Interrupts 

The contents of the interrupt request bits do not change 
immediately after they have been written. 
After writing to an interrupt request register, execute at 
least one instruction before performing a aBC or Bas in
struction. 

o Decimal Calculations 
To calculate in decimal notation, set the decimal mode 
flag (D) to "1", then execute a ADC or SSC instruction. 
Only the ADC and SSC instruction yield proper decimal 
results. After executing an ADC or SSC instruction, ex
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 
In decimal mode, the values of the negative (N), over
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized befqre each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SSC. 

o Timers 

If a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1 I( n+1). 

o Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags. 
The execution of these instructions does not change the 
contents of the processor status register. 

o Ports 

The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg
ister as an index, or bit-test a direction register (SSC or 
SSS), or perform a read-modify-write instruction such as 
ROR, CLS, or SES. Use instructions such as LDM and 
STA to set the port direction registers. 

o Serial 1/0 

When using an external clock, input "H" to the external 
clock input pin and clear the serial 1/0 interrupt request 
bit before executing a serial 1/0 transfer. 
When using the internal clock, set the synchronization 
clock to internal clock, then clear the serial 1/0 interrupt 
request bit before executing a serial 110 transfer. 

o Instruction Execution Timing 
The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy
cles needed to execute an instruction. 
The number of cycles required to execute an instruction 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 
(3) Data to be written to ROM, in EPROM form 

(three identical copies) 
If required, specify the following option on the Mask Con
firmation Form: 
• Operation start mode switching option 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ROM Writing Method 
The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 

Package Name of Wrote Adapter 

64P4B,64S1B PCA4738S-64 

64P6N PCA4738F-64 

6400 PCA4738L-64 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 40 is 
recommended to verify programming 

Note. The screenmg temperature IS far 
higher than the storage temperature Do 
not leave the microcomputer at 150"(; 
for longer than 100 hours 

Fig. 40 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

VEE Pull-down power supply voltage 

V, Input voltage P2,-P2" P4,-P4" P50-P5" P60-P6, 

V, Input voltage P4. 

V, Input voltage RESET. X'N 

V, Input voltage Xe'N 

Va Output voltage PO.-PO" Pl.-PI" P2.·P2,. P30-P3, 

Va 
Output voltage P2,·P2" P4,-P4" P5.·P5" 

P6.·P6" XOUT, XeouT 

Pd Power dissipation 

TODr Operating temperature 

Tstg Storage temperature 

Notel: 600mW in case of the flat package 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP I·BIT CMOS 'MICROCOMPUTER. 

Conditions Ratings Unit 

-0.3 to 7.0 V 

Vee-40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

-0. 3 to Vee+O. 3 V 
All voltages measured based on the Vss prn 

-0.3 to Vee+O. 3 V 
Output transistors are Isolated 

-0.3 to Vee+O. 3 V 

Vee-40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

Ta = 25"<: 1000(Note 1) mW 

-10 to 85 'c 
-40 to 125 'c 

RECOMMENDED OPERATING CONDITIONS (Vee = 4. 0 to 5, 5V, T a = -10 to 85'C, unless otherwise noted) 

Symbol 
Llm,ts 

Parameter Unit 
M,n Typ Max 

Vee Supply voltage 
I H,gh-speed operat,on mode 4.0 5.0 5.5 
I Low-speed operation mode 2.8 5.0 5.5 

V 

Vss Supply voltage 0 V 

VEE Pull-down power supply voltage Vee-38 Vee V 

V'A Analog ,nput voltage 0 Vee V 

V'H "H" Input voltage P2,-P2, 0. 4Vee Vee V 

V'H "H" ,nput voltage P4, 0.75Vcc Vee V 

V'H "H" Input voltage P4,-P4" P5o-P5" P60-P6, 0. 75Vcc' Vee V 

V'H "H" Input voltage RESET O. aVec Vee V 

V'H "H" ,nput voltage X'N, Xc'N O. aVec Vee V 

V'L "L' Input voltage P2,-P2, 0 0. 16Vce V 

V'L "L" rnput voltage P4, 0 0. 25Vce V 

V'L "L" ,nput voltage P4,-P4" P5.-P5" P60-P6, 0 O. 25Vcc V 

V'L "L" ,nput voltage RESET 0 0. 2Vee V 

V'L "L" input voltage X'N, Xc'N 0 0. 2Vee V 
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RECOMMENDED OPERATING CONDITIONS (Vcc=4. 0 to 5. 5V. T a=-10 to 85'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

:i:loHlpeak) 
"H" total peak output current POo-POr. P1 o-Ph, 

-240 rnA 
(Note 1) P2o-P2,. P30-P3, 

:i: IOHipeak} "H" total peak output current P4,-P47, P6a-P6s -60 rnA 

:i: IOLCpeak} 
"L" total peak output current P2,-P2,. P4,-P4,. 

100 rnA 
P50-P5,. P6,-P6, 

:i: IOLCpeak} "L" total peak output current P60 3.0 rnA 

:i: IOHlavg) 
"H" total average output current POQ-P07, P1 o-P1 7• 

-120 rnA 
(Note 1) P2,-P2,. P30-P3, 

:i: 10Hlavg} "H" total average output current P41-P47, P6a-P6r -30 rnA 

:i: 10Llavgl 
OIL" total average output curr,ent P24-P27 , P4,-P47, 

50 rnA 
P50-P5,. P6, -P6, 

:i: 10Llav91 "L" total average output current P60 1.5 rnA 

10HIpeak} 
"H" peak output current POO-P07 • P1 o-P1 7 • P2o-P23 • 

-40 rnA 
P30-P3, (Note 2) 

10HIPeak) "H" peak output current P24-P27 , P41-P47, P6a-P67 -10 rnA 
lOLl peak) "L" peak output current P2,-P2,. P6,-P6, 10 rnA 
loLl peak) "L" peak output current P4,-P47, P50-P57 10 mA 
lOLl peak) "L" peak output current P6a 3.0 rnA 

IOHlavg) 
"H" average output current POc-POr, P1 o-P1 7, P2o-P2s. 

-18 rnA 
(Note 3) P30-P3, 

IOHlavg) 
"H" average output current P24-P27 • P41-P47 • 

-5.0 mA 
P60-P6, 

loLlavQ) "L" average output current P24-P27 , P61-P67 5.0 mA 
loLlavg) "L" average output current P41-P47 , P50-P57 5.0 rnA 
loLlavg) "L" average output current P60 1.5 rnA 
f(CNTR) Clock input frequency for timer 4 (duty cycle 50%) 250 kHz 

f(X,N) Main clock input osCillation frequency (Note 4) 4.2 MHz 

f(XCIN ) Sub clock Input OSCillation frequency (Note 4, 5) 32.768 50 kHz 

Note 1. The total output current IS the sum of all the currents flowing through all the applicable ports The 
total average current IS an average value measured over lOOms. The total peak current IS the peak 
value of all the currents 

2. The peak output current IS the peak current flOWing In each port. 
3. The average output current In an average value measured over lOOms 
4. When the oscillation frequency has a duty cycle of 50% 
5. When using the microcomputer In low-speed operation mode, make sure that the sub clock's Input 

frequency f(XCIN ) is less than f(X,N )/3 
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MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vee = 4.0 to 5. 5V, T a = -10 to B5'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V OH 
"H" output voltage POo'PO" Pto·Pt" P20·P23, 

IOH=-18mA Vee-2.0 V 
P30·P3, 

V OH "H" output voltage P2,·P2" P4,·P4" P60·P6, IOH=-10mA Vcc-2•O V 

VOL 
"L" output voltage P2,·P2" P4,·P4" P50·P5" 

IOL=10mA 2.0 V 
P6,·P6, 

VOL "L" output voltage P60 IOL=1.5mA 0.5 V 

Va-VT- HysteresIs 1NTo-INT2. SIN1. S'N2, SClKlt SCLK2, CNTR When using a non·port function 0.4 V 

Va-VT- Hysteresis RESET, X,N RESET: Vcc=2. BV to 5. 5V 0.5 V 

VT+-VT- HysteresIs XC1N 0.5 V 

I'H "H" input current P2,·P2" P4,·P4" P50·P5" P60·P6, v,=Vcc 5.0 /.'A 

I'H "H" input current P40 V,=Vcc 5.0 /.'A 

I'H "H" input current RESET, XCIN v,=Vcc 5.0 /.'A 

I'H "H" input current X1N v,=Vcc 4.0 /.'A 

I'L "L" mput current P2,·P2" P4,·P4" P5o·P5" P6o·P6, V1-VSS -5.0 /.'A 

I'L OIL" Input current P40 v,=Vss -5.0 /.'A 

I'L "L" input current RESET, XC1N V,=Vss -5.0 /.'A 

I'L "L" Input current XIN Vr=Vss -4.0 /.'A 
VEE=Vcc-36V, 

'LOAD Output load current POo'PO" Pto·Pt" P20·P23, P30·P3, VOL=VCC. 150 500 900 /.'A 
With output transistors off 

Output leakage current POo'PO" Pto·Pt" P20·P23, 
VEE=Vcc-38V, 

ILEAK VOL=Vcc-38V, -10 /.'A 
P3o·P3, 

With output transistors off (Except for reset) 

VRAM RAM hold voltage When clock IS stopped 2.0 5.5 V 

In high-speed operation mode 

f(X ,N )=4MHz 

f(XCIN )=32kHz 5 10 rnA 
Output transistors off 

Comparator operating 

In high-speed operation mode 

f(X ,N)=4MHz (In WIT state) 

f(XCIN)=32kHz 1 rnA 
Output transistors off 

Comparator stopped 

In low-speed operation mode 

Icc Power supply current 
f(X ,N)= stopped. f(XCIN)=32kHz 

Low-power diSSipation mode set 60 200 /.'A 
(CM5=O) 

Output transistors off 

In low-speed operation mode 

f(X,,) = stopped 

f(XCIN )=32kHz (10 WIT state) 
20 40 /.'A 

Low-power dISSipation mode set 

(CM5=O) 

Output transistors off 

Ali osclliation stopped I T a= 25°C 0.1 1.0 
(10 STP state) /.'A 
Output transistors off I T a=85°C 10 
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MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

COMPARATOR CHARACTERISTICS 
(Vcc=4.0 to S. SV, Vss=OV, T a=-10 to 85"<:, high-speed operation mode, !(X,N)=500kHz to 4MHz unless otherw,se noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

- Resolution 4 

- Absolute accuracy 1/2 

TCONV Conversion time 7 

I'A Analog port Input current 5.0 

RLAODER Ladder resistor 30 

TIMING REQUIREMENTS (Vee =4. 0 to S.5V, Vss = OV, Ta = -10 to 8St, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

tW(RESET) Reset Input "L" pulse width 2 

tceX'N) Main clock Input cycle time (X'N Input) 238 

tWH(XN) Main clock Input "H" pulse Width 60 

tWL(XIN) Main clock Input "L" pulse Width 60 

tC(XCIN) Sub clock ,nput cycle time (XCIN Input) 2.0 

tWH(XCIN) Sub clock Input "H" pulse width O.S 

twUXCIN) Sub clock input" L" pulse Width O.S 

tC(CNTR) CNTR Input cycle time 4 

tWH(CNTR) CNTR Input "H" pulse Width 1.6 

tWL(CNTR) CNTR Input "L" pulse Width 1.6 

tWH(INT) INTo-INT, Input "H" pulse width 80 

tWL(INT) INTo-INT, Input "L" pulse width 80 

tC(SCLK) Senal clock mput cycle time 1 

tWH(SCLK) Serial clock Input clock "H" puise Width 400 

twLeselK) SerlSl clock Input clock "L" pulse Width 400 

tSU(ScLK-SIN) Senal Input setup time 200 

these, .-S,.) Serial Input hold lime 200 

SWITCHING CHARACTERISTICS (Vcc =4.0t05.SV. Vss=ov, Ta =-10t085"<:, unless otherwise noted) 

Symbol Paramet~r Test condltlcos 

tWH(SCLK) Senal clock output "H" pulse Width CL=100pF. RL=lkO 

tWL(scU() Senal clock output "L" pulse Width C L =100pF, RL =lkO 

Id(selK-SoUT) Senal output delay time 

tV!selK-SoUT) Senal output hold time 

tf(selK) Senal clock output fall lime C L=100pF, RL=lkO 

tre Pch-strg) 
P·channel high-breakdown voltage output nse time 

CL =100pF, VEE=Vcc-36V 
(Note 1) 

tr(Pch-weak) 
P-channel high-breakdown voltage output rise time 

C L =1 OOpF, VEE=Vcc-36V 
(Note 2) 

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,.) IS at "0" 
2. When bit 0 of the high-breakdown voltage port control register (address 0038,.) is at "1" 

Limits 

Min Typ Max 

tc/2-160 

tc/2-160 

0. 2tc 

0 

40 

55 

1.8 

Unit 

Bits 

LSB 

/-IS 

/-I A 
kO 

Unit 

/-IS 

ns 

ns 

ns 

ms 

ms 

ms 

/-IS 

/-IS 

/-IS 

ns 

ns 

/-IS 

ns 

ns 

ns 

ns 

Unot 

ns 

ns 

ns 

ns 

ns 

ns 

J.<S 
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~ -1l P5./ScLK2 RL po, Pt, P2o-P23, P3 
Serial clock output 

P52/SCLKl P-channel 

port output port 

±~ -11 ;r-eL ~ 

'---< r VEE 

Fig. 41 Output switching characterlstlce measurement circuit 
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Timing Chart 

CNTR 

INTo-INT2 

XC1N 

SCLK 

SOUT 

MITSUBISHI MICROCOMPUTERS 

M3811x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

C(CNTR) 

tWH{CNTA) tWL(CNTA) 

~ o. avcc 1\ O. 2Vcc V 

j; ----/1 o.avcc 

tWH(INT) t r IWL(INT) 

i~_O.2V_CC ___ y--

io.2Vcc v o. avcc 

k"~~ 
tC(XCIN) 

}-tWH(XCIN) 

1{"~~ 
twUXCIN) 

If tWL(SCLK) Ir tWH{SCLK) 

i'\ o. 2Vcc V O. avcc 

'" tSU(SIN-SCLK} 
th(SCLCS,N) 

~ 

~ I~ o.avcc 
~ ~ O.2Vcc /XXXX XXXXXXX XXXXXXXXXX 

td(SCLK-SoUT) tV(SclK-SOUT) 

i-'" ~ 

) K ) r 
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MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3817x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 
The M3817x group is designed mainly for VCR timer/func
tion control, and include six 8-bit timers, a fluorescent dis
play automatic display circuit, a PWM function, and an 8-
channel A-D converter. 
The various microcomputers in the M3817x group include 
variations of internal memory size and packagjng. For de
tails, see the section on part numbering. 
For details on availability of microcomputers in the M3817x 
group, see the section on group expansion. 

FEATURES 
• Basic machine-language instructions ...................... · 71 
• Instruction execution time .. · ........ · .................... · 0.631's 

(shortest instruction at 6.3MHz oscillation frequency) 

• Memory size 
ROM ................................................ 4K to 32K bytes 

RAM""""""""""""""""""""""'"192 to 1024 bytes 
• Programmable input/output ports ............................ 45 
• High-breakdown-voltage output ports ...................... 32 
• Interrupts ................................ · 18 sources, 15 vectors 

PIN CONFIGURATION (TOP VIEW) 

• Timers················································ •........ 8-bitX6 
• Serial I/O ......................... Clock-synchronized 8-bitX2 

(Serial 1/01 has an automatic data transfer function) 
• PWM output circuit ...................................... · 14-bitX1 

8-bitX1 (also functions as timer 6) 
• A-D converter" ................................ 8-bitX8 channels 

• Fluorescent display function 
Segments ...................................................... 8 to 24 
Digits ............................................................ 4 to 16 

• 2 Clock generation circuit 
Clock (X1N-XoUT) ................ Internal feedback amplifier 
Sub clock (XCIWXCOUT) ...... Internal amplifier without feedback' 

• Supply voltage .... · ...................................... 4.0 to 5.5V 

• Low power diSSipation 
In high-speed operation .......................... · ........ · 38mW 

(at 6.3MHz oscillation frequency) 
In low-speed operation ................................... 300l'W 

(at 32kHz oscillation frequency) 
• Operating temperature range ................... -10 to 85·C 

APPLICATIONS 
VCRs, tuners, musical instruments, office automation, etc. 

P20 
P2, 
P22 
P23 
P24 

P25 
P2. 

P8,/SEG, 
PSo/SEG. 
P85/SEG5 
P84/SEG4 
P83/SEG3 
P82/SEG2 
P8,/SEG, 
P8o/SEGo 

vee M38173M6-XXXFP P2, 
Vss 
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VEE 

AVss 
VREF 

P7,/AN, 
P7./AN. 
P75/ANs 
P74 /AN4 

Package type : 80P6N 

80-pin plastic molded QFP 

XOUT 

X'N 
XCOUT 

XCIN 

RESET 
P40/INTo 
P4,/INT, 
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PIN DESCRIPTION 

Pin Name 

Vee, Vss Power supply 

VEE Pull-down power 

Input 

VREF Analog reference 

voltage 

AVss Analog power supply 

---
RESET Reset rnput 

X ,N Clock IOput 
--

XOUT Clock output 

XC1N Sub clock Input 

XCOUT Sub clock output 

POo/SEG,,/ Output port PO 

DIGo-

PO,/SEG,,/ 

DIG7 

P1o/DIGa- Output port P1 

P1,/DIG '5 

P20·P2, 110 port P2 

P30/SEGa-' Output port P3 

P3,/SEG '5 

P4o/ INTo I nput port P40 

P4, /INT, - 110 port P4 

P44 /INT4 

P45 

P46/T1 oUT, 

P4,/T30UT 

P50 /S,N1 , I/O port P5 

P5, /Soun , 

P52/ScLK11' 

P53/SRDY1/ 
-
CS/SClK12 

P54/S,N2, 

P55/SoUT2, 

P5,/SClK2, 

P57/SRDY2 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Function 
~- Alternate Function 

--

Power supply IOputS 40 to 5 5V to Vcc, and OV to Vss 

Applies voltage supplied to pull-down resistors of ports PO, P1, P2 and P3 

Reference voltage input pm for A-O converter 

GND mput pm for A-O converter Keep at the same potential as Vss 

To reset the microcomputer, this pin should be kept at an "L" level for more than 2,us under high-speed operatmg con-

ditions In low-speed operation start mode, Internal reset IS not released until the XCIWXCOUT clock has had ttme to sta-

bilize 

Input and output signals for the rnternal clock generation Circuit It consist of mternal feedback amplifier Connect a 

ceramic resonator or quartz crystal between the XIN and XOUT PinS to set the oscillation frequency If an external clock IS 

used, connect the clock source to the XIN pm and leave the XOUT pin open This clock IS used as system clock 

Input and output signals for the Internal sub clock generation CirCUit It consist of Internal amplifier Without feedback 

Connect a ceramic resonator or quartz crystal and external feedback resistor between the XCIN and XCOUT pms If an ex-

ternal clock IS used, connect the clock source to the XCIN pm and leave the XCOUT pin open This clock can also be 

used as the system clock 

--

An 8-blt output port The output structure IS hlgh- FLD automatic display pinS 

breakdown-voltage P-channel open dram With mternal 

pull-down resistors connected between the output and the 

VEE pm Are "L" at reset 

An 8-blt output port With the same function as port PO FLD automatic display pins 

--

An 8-bit CMOS I/O port An lID direction register allows each pin to be individually programmed as either Input or out-

put At reset thiS port IS set to Input mode The mput levels are TTL compatible 

An 8-bit output port With the same functIon as port PO FLD automatic display pms 

A 1-blt CMOS Input pin External interrupt Input pm 

A 7-blt CMOS I/O port With the same function as port P2, External Interrupt Input pms 

With CMOS compatible mput levels 

Timer output pm 

An 8-blt liD port With the same function as port P2 The Senal 1/01 I/O PinS 

output structure of thiS port IS N-channel open dram, and 

the mput levels are CMOS compatible 

Keep the mput voltage of thIS port between OV and Vee 

Senal 1/02 I/O PinS 
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PIN DESCRIPTION 

Pin Name 

P60/PWMo lID port P6 

P6,/PWM, 

P62/CNTRo, 

P63/CNTR, 

P64 , P6s 

P7o/ANo- lID port P7 

P77/AN7 

P8o/SEGo- lID port P8 

P87 /SEG7 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

A 6-bit CMOS lID port with the same function as port P2, 14-bit PWM output pin 

with CMOS compatible input levelS. 

8-bit PWM output pin 

Event counter input pins 

An 8-bit CMOS 110 port with the same function as port P2, A-D converter input PinS 

with CMOS compatible input levels. 

An 8-bit lID port With the same function as port P2. The FLO automatic display pinS 

output structure of this port is P-channel open drain, and 

the input levels are CMOS compatible. Please note that 

this port does not have internal pull-down resistors. 
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PART NUMBERING 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Product name M38t7 0 M X - XXX FP 

2-164 

IT ,~ .. , . .,. 
FP : 80P6N package 
FS : 80DO package 

ROM number 
Omitted in some types 

L-_____ ROM/PROM size 

1 : 4096 bytes 
2 : 8192 bytes 
3 : 12288 bytes 
4 : 16384 bytes 
5 : 20480 bytes 
6 : 24576 bytes 
7 : 28672 bytes 
8 : 32768 bytes 

The 'lrst 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 

L-______ Memory type 

M : Mask ROM version 
E : EPROM or one-time programmable version 

'-------- RAM size 
o 192 bytes 
1 : 256 bytes 
2 384 bytes 
3'512 bytes 
4 640 bytes 
5 768 bytes 
6' 896 bytes 
7 1024 bytes 

• MITSUBISHI 
"'ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION 
Mitsubishi plans to expand the M3817x group as follows: 
(1) Support for mask ROM, one-time programmable, and 

EPROM versions 
(2) ROM/PROM size .. ·· ........................ '16K to 32K bytes 

RAM size········································ 384 to 640 bytes 

(3) Packages 
80P6N ........................................ Plastic molded QFP 

80DO ································Window type ceramic Lee 

Memory Expansion Plan 
ROM size (bytes) New product 

32K ---------I----,----,~W4M8I~)--I----T---1 
II 1 I~I 1 I 
I I 1 1 I 1 1 1 

28K - - - -1- - - -1- - - -1- - - - f- - - -1- - - -1- - - - +- - - - --I 
1 1 I 1 1 1 I I 
liN ew product 1 1 1 1 

24K ----t----+----+ M38173M6/~-+----+-----I-----I 
1 1 I I 1 1 1 
I I I I 1 1 I 1 

20K - - --+-- - --1------1- - _1-_ - - +- - --t---- t----, 
1 I I I 1 1 1 1 
1 Under deve:op~ent 1 1 I 1 1 

16K ----+----1- M38172M4 -L--~f----t_---+----_I 
I 1 I I I I 1 
1 I 1 I I 1 1 I 

12K -- - -+ -- - +- - -__1---- L __ -+- - --1- -- -1----1 
I I 1 I I 1 1 1 
I 1 I I I 1 1 1 

~ ____ + ___ --t ____ ~---~-----I----L---t_---_I 
I 1 I I I 1 1 
1 1 I I 1 1 I 

4K ----+----f----+--- ---t----J.----I-----I 
1 1 lit I 1 

1 II! 1 iii 
192 256 384 512 640 768 896 1024 

RAM size (bytes) 

The development schedule and other details of products under development may be revised without notice 

Currently supported products are listed below. As of March 1992 

Product name (P) ROM size (bytes) 

M38173M6-XXXFP 

M38173E6-XXXFP 
24K 

M38173E6FP 

M38173E6FS 

M38174M8-XXXFP 

M38174E8-XXXFP 

M38174E8FP 

M38174E8HXXXFP 32K 

M38174E8HFP 

M38174E8FS 

RAM size (bytes) Package 

80P6N 
512 

8000 

80P6N 
640 

8000 

• MITSUBISHI 
"-ELECTRIC 

Remarks 

Mask ROM version 

One-time programmable version --
One-time programmable version (blank) 

EPROM version 

Mask ROM version 

One-time programmable version 
--

One-time programmable version (blank) 

One-time programmable version 

(High-speed operation start version) 

One-time programmable version (blank) 

(High-speed operation start version) --
EPROM version 

2-165 



FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

CPU MODE REGISTER 
The CPU mode register Is allocated to address 003B16-' 

Microcomputers of the M3817x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 

Bits 0 and 1 of this register are processor mode bits and 
should always be set to "0". 
The CPU mode register contains the stack page selection 
bit. 
For details of the XCOUT drivability selection bit, main clock 
stop bit, and internal system clock selection bit, see the 
section on the clock generation circuit. 

Machine-resident MELPS 740 instructions are as follows: 
The FST andSLW instructions are not availa~le for use. 
The STP, WIT, MUL and DIV instructions can be used. 

7 o 
I I I I I I I I I CP 

I I 

Fig. 1 Structure of CPU mode register 
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U mode register (CPUM : address 0036,.) 

Processor mode bits 
blbO 
o 0 : Single-chip mode 
01 : Donol use 
10: Donol use 
11 : Do nol use 

Stack page selection bit 
o : RAM In the zero page IS used as stack area 
1 : RAM In page 1 Is used as stack area 

XCOUT dnvabllily selection bit 
o : Low drive 
1 : High drive 

Main clock (X'N-XOUT) stop bit 
o : Operating 
1 : Stopped 

Internal system clock selection bit 
o : X'N-XOUT selected (h,gh-speed operation mode) 
1 : Xc'N-XCOUT selected (low-speed operation mode) 



MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP a-BIT CM9S MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

• RAM 
RAM is used for data storage as well lor stack area. 

• ROM 
The lirst 128 bytes and the last two bytes of ROM are re
served lor device testing and the rest is user area for 
storing programs. 

• Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacity 
Address XXXX'6 

(bytes) 

192 00FF'6 
256 013F'6 
384 01BF'6 
512 023F'6 
640 02BF'6 
768 033F'6 
896 03BF,. 

1024 043F'6 

ROM area 

ROM capacity 
Address YYYY, 6 Address ZZZZ'6 

(bytes) 

4096 FOOO, 6 F080'6 
8192 EOOO'6 E080'6 

12288 0000,. 0080'6 
16384 COOO'6 C080'6 
20480 BOOO,. B080'6 
24576 AOOO16 A080,. 

28672 9000'6 9080,. 

32768 8000,6 8080'6 

Fig. 2 Memory map diagram 

• Zero Page 

The 256 bytes Irom addresses 0000'6 to 00FF'6 are cal
led the zero page area. The internal RAM and the spe
ciallunction registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specily 
memory and register addresses in the zero page area. 
This dedicated zero page addressing mode enables ac
cess to this area with only 2 bytes. 

• Special Page 
The 256 bytes from addresses FFOO'6 to FFFF'6 are cal
led the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres
sing mode enables access to this area with only 2 bytes. 

RAM 

ROM 

0000'6 

0040'6 

0070" 

0100'6 

0120'6 

XXXX'6 

0440" 

YYYY" 

ZZZZ'6 

FFOO'6 

FFOC" 

FFFE'6 

FFFF'6 

SFR area 

FLO automatic display RAM area 

Senall/Oautomatlctransfer RAM area 

------------------
Reserved area 

Not used 

------------------
Reserved ROM area 

(common ROM area. 128 bytes) 

Interrupt vector area 

Reserved ROM area 

l Zero J page 

Special 
page 
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0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
0008,. 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
0010,. 
0011,. 
0012,. 
0013,. 
0014,. 
0015,. 
0016,. 
0017,. 
0018,. 
0019,. 
001A,. 
0018,. 
001C,. 
0010,. 
001E,. 
001F,. 

Port PO (PO) 

Port Pl (Pl) 

Port P2 (P2) 
Port P2 direction realster (P20) 
Port P3 (P3) 

Port P4 (P4) 
Port P4 direction register (P40) 
Port P5 (P5) 
Port P5 direction register (P50) 
Port P6 (P6) 
Port P6 direction register (P60) 
Port P7 (p7) 
Port P7 direction reQister (P70) 
Port P8 (P8) 
Port P8 direction re~r (P8~_ 

--

SenalllO automatic transfer data ~OInter (SIODP)-
Serial 1/01 control register (SI01CON) 
SenalllO automatic transfer control register (SIOAC) 
Serial 1101 register (SI01) 
Serial If 0 automatic transfer Interval register (SIOAI) 
Serial 1102 control register (Sf02CON) 

"serial 1/02 reQlster (Sf 02) 
--

Fig. 3 Memory map of special function register (SFR) 

1/0 PORTS 
• Direction Registers 

The M3817x group microprocessors have 45 programm
able I/O pins arranged in six I/O ports (ports P2 and P4 
to P8). The I/O ports have direction registers which de

termine the input/output direction of each individual pin. 
Each bit in a direction register corresponds to one pin, 
each pin can be set to be input or output. 
When "0" is written to the bit corresponding to a pin, that 
pin becomes an input pin. When "1" is written to that bit, 
that pin becomes an output pin. 
If data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it
self. Pins set to input are floating. If a pin set to input is 

written to, only the port output latch is written to and the 
pin remains floating. 

0020,. 
0021,. 
0022,. 
0023,. 
0024,. 
0025,. 
0026,. 
0027,. 
0028,. 
0029,. 
002A,. 
0028,. 
002C,. 
0020,. 
002E,. 
002F,. 
0030,. 
0031,. 
0032,. 
0033,. 
0034" 
0035,. 
0036,. 
0037,. 
0038,. 
0039,. 
003A,. 
0038,. 
003C,. 
0030,. 
003E,. 
003F,. 

Timer 1 (Tl) 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 5 (T5) 
Timer 6 (T6) 

Timer 6 PWM realster (T6PWM) 
Timer 12 mode register (Tl2M) 
Timer 34 mode register (T34M) 
~,er 56 mode register (T56M) 
PWM control register (PWMCON) 
PWM register (upper)(PWMH) 
PWM register (lower)(PWML) 

A-O control register (AOCON) 
A-O conversion register (AO) 
Port PO segmentldlgit switching reoister-(POSDRL_ 
Port Pl dlgil£l'0rt sWltchmg regISter (P1DPR) 
Port PB segment/port sWitching regISter (PBSPR) 
Key-scan blankinQ re(:uster (KSCN) 
FLOC mode reQlster (FLOM) 
FLO data pOinter (FLOOP) 
Hlgh-breakdown-voltage port control regISter (HVPC) 

Interrupt edge selection regISter (INTEDGE) 
CPU mode register (CUPM) 
Interrupt request register 1 (IREQ1) 
Interrupt request regISter 2 (IREQ2) 
~~control register 1 (ICON1) 

Interrupt control regISter 2 (lCON2) 

• High-Breakdown-Voltage Output Ports 
The M3817x group microprocessors have four ports with 
high-breakdown-voltage pins (ports PO, Pl, P3, P8). The 
high-breakdown-voltage ports have P-channel open drain 
output with a breakdown voltage of Vcc - 40V. Each pin 
in Ports PO, Pl, and P3 has an internal pull-down resistor 
connected to VEE. Port P8 has no internal pull-down resis
tors and external resistors should be used if necessary. 
At reset, the P-channel output transistor of each port latch 
is turned off, so it is forced to the level of VEE by the pull

down resistor. 
Writing "1" to bit 0 of the high-breakdown-voltage port 
control register(address 0038,6)slows the transition of the 
output transistors to reduce transient noise. At reset, bit 0 
of the high-breakdown-voltage port control register is set 

to "0" (strong drive). 

2-168 • MlTSUBlSHI 
;"ELECTRIC 



Pin Name Input/Output 

POo/SEG'61 

OIGo-

P07/SEG 231 
Port PO Output 

DIG7 

P1 o/DIGa-

P1 3/DIGl1 

Port P1 Output 

P1./DIG'2-

P1 7/0lG'5 

P2o-P27 Port P2 
Input/output, 

individual bits 

P30 /SEGa- Port P3 Output 
P3,/SEG'5 

P4o/iNTo Input 

P4,/INT,-

P4./INT. Port P4 

P45 
Input/output, 

mdividual bits 
P46/T1 oUT, 

P47/T30UT 

P50 /S'N', 
P51/SoUT1 , 

P52/SCLK', 
--

P53/SRDy, I 
- Input/output, 
CS/SCLK'2 Port P5 

indiVidual bits 
P5./S'N2, 
P55/SoUT2, 

P5./SCLK2, 
--

P57/SRDY2 

P6o/PWMo 

P6,/PWM, Port P6 
Input/output, 

individual bits 

P62/CNTRo, 

P63/CNTR, 

P6., P65 

P7o/ANo-
Port P7 

Input/output, 

P77 /AN 7 individual bits 

P8o/SEGo-
Port P8 

Input/output, 

P87/SEG7 individual bits 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

1/0 Format Non-Port Function Related SFRs 
Diagram 

No 

High-breakdown-
FLDC mode register 

Segment/digit 
voltage P-channel 

FLD automatic switching register 
open-drain output (1) 

with pull-down 
display function Hlgh-breakdown-

resistor 
voltage port control 

register 

FLDC mode register 

High-breakdown-
(2) 

High-breakdown-
voltage port control 

register 
voltage P-channel 

FLD automatic FLOC mode register 
open-drain output 

with pull-down 
display function Digit/port switching 

resistor 
register 

(3) 
High-breakdown-

voltage port control 

register 

TTL level Input 
(4) 

CMOS 3-state output 

High-breakdown-
FLOC mode register 

voltage P-channel 
FLO automatic High-breakdown-

open-drain output (5) 

with pull-down 
display function voltage port control 

resistor 
register 

CMOS level Input 
External mterrupt Interrupt edge 

(6) 
input selection register 

External Interrupt Interrupt edge 
(7) 

Input selection register 
CMOS level Input 

(4) 
CMOS 3-state output 

Timer output 
Timer 12 mode register 

(8) 
Timer 34 mode register 

Serial 1/01 control (9) 

Serial 1/01 function 
register 

(10) 
Serial 1/0 automatic 

1/0 
CMOS level mput transfer control 

(11) 
N-channel register 

open-dram output (9) 

Serial 1/02 function Serial 1/02 control 
(10) 

1/0 register 

(11) 

PWM control register 

14-bit PWM output PWML register (12) 

PWMH register 

CMOS level input 
8-blt PWM output 

Timer 56 mode register 
(8) 

CMOS 3-state output Timer6 PWM register c---------
External count mput 

Interrupt edge 
(7) 

selection register 

(4) 

CMOS level Input 
A-O converter input A-O control register (13) 

CMOS 3-state output 

CMOS level mput FLOC mode register 

Hlgh-breakdown- Segment/port 

voltage P-channel FLO automatic sWitching register 
(14) 

open-drain output display function High-breakdown-

Without pull-down voltage port control 

resistor reglstor 

Note. Make sure that the Input level at each pin IS either OV or Vee dUring execution of the STP Instruction 
If an input level is at an intermediate potential, a current Will flow in the input-stage gate 
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(1) Port PO 

Shift signal from prevIous stage 

SID sWitchlng,register 

Blanking Dimmer signal __ 
register (Note) 

Databus---f~~~:!P~o~rt~l~at§c~h~~~r-~t:) 
Local data 
bus 

Shift signal to next stage 

Shift signal from prevIous stage 

DIP switching register 

Dimmer signal ~ 
(Note) 

Port latch 

VEE 

;r* 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

(2) POit P1 o-P1 3 

Shift signal I from :::: :::~: __ 

(Note) 

Data bus--~-"-

Shift signal to next stage VEE 

(4) Port P2, P45 , P64 , P65 

r Data bus 

Data bus 

Blanking 
register .---.-----------

Shift signal to next stage 

(5) Port P3 

Dimmer Signal __ 
(Note) 

(7) Port P4,-P44 , P62 , P63 

Data bus 

* : High-breakdown-voltage P-channel transistor 

Note. The dimmer signal sets the Tolf timing 

Flg.4 Port block diagram (1) 

VEE 

t* r 
VEE 

(6) Port P40 

Data bus 

~<;J 
INTo Interrupt 

E 
request 

(8) Port P46 , P47 , P6, 

Timer 1 output Selection bit 
Timer 3 output selection bit ---I>_...J 
TImer 6 output selection bit 

2-170 A~' 
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(9) Port P5o• P54 

Data bus 

Direction 
register 

Port latch 

(11) Port P53 • P57 

SRDY output selection bit 

Data bus 

(13) Port P66 

Data bus 

A-D converter Input 

* : Hlgh-breakdown-voltage P-channel transistor 
Note 

. Note The dimmer signal sets the Toft timing 

Fig. 5 Port block diagram (2) 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

(10) Port P5,. P52 • P55 • P56 

r---------------, 
: Senal clock Input I 
L ______________ J 

P5,. P56 only 

Port P60 

PWM output enable bit 

(14) Port P8 

Local data 
bus 

Data bus 
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M3817x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

INTERRUPTS 
A total of. 18 source can generate interrupts: 5 external, 12 
internal, and 1 software. 

• Interrupt Control 

Each interrupt is ?Ontrolled by its interrupt request bit, its 

interrupt enable bit, and the interrupt disable flag except 

for the software interrupt set by the BRK instruction. An 

interrupt is generated if the corresponding interrupt re

quest and enable bits are "1" and the interrupt disable 
flag is "0". 

Interrupt enable bits can be set or cleared by software. 

Interrupt request bits can be cleared by software, but 

cannot be set by software. 

The I flag disables all interrupts except for the BRK in

struction interrupt. 

Table 1. Interrupt vector addresses and priorities 

Interrupt Cause Priority 
Vector Address (Note 1) 

High Low 

r-"!-",set (Note 2) 1 FFFO'6 FFFC'6 

INTo 2 FFFB'6 FFFA'6 

INT, 3 FFF9'6 FFF8'6 
r------ -

INT2 4 FFF7'6 FFF6'6 

Serial 1/01 
. . . . . . . . . . . .. ................ 5 FFF5'6 FFF4'6 Serial 110 automa-
tic transfer 

Serial 1/02 6 FFF3'6 FFF2'6 
-' 
Timer 1 7 FFF1'6 FFFO'6 

Timer 2 8 FFEF'6 FFEE'6 

Timer 3 9 FFEO'6 FFEC'6 
Timer 4 10 FFEB'6 FFEA'6 
Timer 5 11 FFE9'6 FFE8'6 

Timer 6 12 FFE7'6 FFE6'6 

INT3 13 FFE5'6 FFE4'6 

INT4 
............... . ..... .... 14 FFE3'6 FFE2'6 
A-O converter 

FLO blanking 
.............................. 15 FFE1'6 FFEO'6 
FLO digit 

BRK instruction 16 FFOO'6 FFOC'6 

Note 1. Vector addresses contain Interrupt Jump destination addresses 

• Interrupt Operation 

When an interrupt is received, the program counter and 

processor status register are automatically pushed onto 

the stack. The interrupt disable flag is set to inhibit other 
interrupts from interfering. The corresponding interrupt 

request bit is cleared and the interrupt jump destination 

address is read from the vector table into the program 
counter. 

• Notes on Use 

If you will change interrupt edge selection from rising 

edge to falling edge, interrupt request bit will be set to 

"1" automatically. Therefore, please make following pro
cess; 

(1) Disable INT which is selected. 

(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 

(4) Enable INT which is selected. 

Interrupt Request 
Remarks 

Generation Conditions 

At reset Non-maskable 

At detection of either rising or External Interrupt (active edge 
falling edge of INTo input selectable) 

At detection of either riSing or External Interrupt (active edge 
failing edge of INT, Input selectable) 

At detection of either rising or External interr4pt (active edge 
failing edge of INT2 Input selectable) 

Valid when senal 1/0 normal 
At end of data transfer 

mode is selected . .. . .... .. , ................... . ......... . .......................•...•................ 

At end of fmal data transfer 
Valid when serial 1/0 automa-
tiC transfer mode IS selected 

At end of data transfer 

At timer 1 overflow 

At timer 2 overflow STP release timer overflow 

At timer 3 overflow 

At timer 4 overflow 

At timer 5 overflow 

At timer 6 overflow 

At detectIOn of either rising or External interrupt (active edge 
falling edge of INT 3 input selectable) 

At detection of either rising or External interrupt valid when INT 4 Inter· 

.. fal~l.n~. "d.\l.e. "fl.~! 4. inp.ut .. ... .. . ru~t is. sel~cte.d. \ active. ed.Qe. se.le.ct~ble) . 

At end of A-O conversion 
Valid when A-O Interrupt IS 
selected 

At fall of final digit 
Valid when FLO blanking Inter-

........ ........ ......... .................. . ,upt 1~.13?I.",,,~?d ............. . ...... 
Valid when FLO digit Interrupt 

At riSe of each digit 
is selected 

-
At BRK instruction execution Non-maskable software interrupt 

2. Reset function in the same way as an interrupt with the tlighest priOrity 
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M3817x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag( I) ----q 

BRK instruction ------I 
Reset -----/ 

Interrupt request 

Fig. 6 Interrupt control 

I I I I I I 111 

l 

7 

I I I I I I I I I 

I 

Int errupt edge selectIOn register 
TEDGE : address 003A,.) (IN 

Int 

INTo active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
I NT 3 active edge select bit 
INT. active edge select bit 
INT./A-D conversion 
interrupt switching bit 

CNTRo active edge select bit 
CNTR, active edge select bit 

errupt request register 1 
EQ1 : address 003C,.) (IR 

INTo Interrupt request bit 
INT, interrupt request bit 
INT, Interrupt request bit 

o : Falling edge active 
1 : Rising edge active 

o : INT. interrupt 
1 : A-D Interrupt 

o : Count at rising edge 
1 : Count at failing edge 

o 
I I I I I I I I lint 

l~ 
Serial 1/01 Interrupt request bit. or 
Senal I/O automatic transfer 
Interrupt request bit 

errupt request register 2 
REQ2 : address 003D,.) 

Timer 4 interrupt request bit 
Timer 5 interrupt request bit 
Timer 6 Interrupt request bit 
INT3 interrupt request bit 

INT. interrupt request bit, or 
A-D conversion Interrupt request bit 

Senal 1/02 interrupt request bit 
Timer 1 Interrupt request bit 
Timer 2 Interrupt request bit 
Timer 3 Interrupt request bit 

I I I I I I I I I Interrupt control register 1 
(ICON1 : address 003E,.) Il INTo Interrupt enable bit 

---- INT, interrupt enable bit 
INT, Interrupt enable bit 

L _____ Serial 1/01 interrupt enable bit, or 
Serial I/O automatic transfer 
Interrupt enable bit 

1-______ Senal 1/02 Interrupt enable bit 
'---------- Timer 1 interrupt enable bit 

'---------- Timer 2 Interrupt enable bit 
'------------- Timer 3 interrupt enable bit 

Fig. 7 Structure of Interrupt-related registers 

FLD blanking Interrupt request bit, or 
FLD digit interrupt request bit 
Not used (returns "0" when read) 

o : No interrupt request Issued 
1 : Interrupt request issued 

Interrupt control register 2 
I I I I I III ~I I (ICON2: address 003F,.) 

Timer 4 interrupt enable bit 
Timer 5 interrupt enable bit 

L ____ Timer 6 Interrupt enable bit 
L _____ INT3 interrupt enable bit 

L------INT. interrupt enable bit, or 
A-D conversion Interrupt enable bit 

L _______ FLD blanking interrupt enable bit, or 
FLD digit Interrupt enable bit 

L ________ Not used (returns "0" when read) 
L _________ Not used 

(do not write "1" to thiS bit) 

o : Interrupts disabled 
1 : Interrupts enabled 

• MITSUBISHI 
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M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMERS 
Microcomputers of the M3817x group have six built-in 
timers. The timers count down. Once a timer reaches 0016, 

the next count pulse loads the contents of the correspond
ing timer latch into the timer, and sets the corresponding 
interrupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to "1". 
Note that the system clock ¢ can be set to either high
speed mode or low-speed mode by the CPU mode reg
ister. 

• Timer 1 and Timer 2 
The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 

Timer 1 can also output a rectangular waveform from the 
P46/T1 0uT pin. The waveform changes polarity each time 
timer 1 overflows. 
The active edge of the external signal CNTRo can be set 
by the interrupt edge selection register. 
When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cleared, timer 1 
is set to FF16, and timer 2 is set to 01 16. 

• Timer 3 and Timer 4 
The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 
Timer 3 can also output a rectangular waveform from the 
P47/T30UT pin. The waveform changes polarity each time 
timer 3 overflows. 

The active edge of the external signal CNTR1 can be set 
by the interrupt edge selection register. 

• Timer 5 and Timer 6 
The count sources of timer 5 and timer 6 can be selected 
by setting the timer 56 mode register. 
Timer 6 can also output a rectangular waveform from the 
P61/PWM1 pin. The waveform changes polarity each time 
timer 6 overflows. 

• Timer 6 PWM1 Mode 
Timer 6 can also output a rectangular waveform of n 
cycles high and m cycles low. The n is the value set in 
timer latch 6 (address 002516 ) and m is the value in the 
timer 6 PWM register (address 002716), If n is "0", the 
PWM1 output is "L", if m is "0" and n is not "0", then the 
PWM1 output is "H". In PWM mode, interrupts are gener
ated at the rising edge of the PWM1 output. 
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XC1N 

X,N 

P46/Tl oUT 

P46 direction register 

P62/CNTRo 

P47/T30UT rc ... 

P63/CNTR, 

MITSUBISHI MIC~OCOMPUTERS 

M3817x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Data bus 

~~""'i1(~~~~1PYI------ Timer 2 Interrupt request 

"10" Timer 2 
count stop 
bit 

~o-----'~;{~~~~DT-I-----";o Timer 3 Interrupt request 

t~~~~}I-1J------ Timer 4 Interrupt request 

~;~=~?t~~~~DT-I--~ Timer 5 Interrupt request 

t~~~m}I-1I------ Timer 6 Interrupt request 

P6, direction register 

Fig. 8 Timer block diagram 
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M3817x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

I I I I I I I I I TI mer 12 mode register 
12M: address 0028,.) (T I I I I I I I I I Timer 34 mode register 

(T34M : address 0029,.) 

I I 

-

----

Timer 1 count stop bit 
o : Operating 
1 : Stopped 

Timer 2 count stop bit 
o : Operaling 
1 : Stopped 

Timer 1 count source selection bit 
o : f(XIN ) or f(XCIN ) divided by 16 
1 : f(XCIN ) 

Timer 2 count source selection bits 
b5 b4 
o 0 : Overflow from tl mer 1 
01 : f(XCIN ) 
1 0 : External count Input CNTRo 
1 1 : Do not use 

Timer 1 output selection bit (P4.) 
o : 1/0 port 
1 : Timer 1 output 

I I I I I I I 
TI mer 56 mode register 

56M : address 002A'6) (T 

-

Timer 5 count stop bit 
o : Operatmg 
1 : Stopped 

Timer 6 count stop bit 
o : Operating 
1 : Stopped 

Timer 5 count source selection bit 
o : f(XIN ) or f(XCIN ) divided by 16 
1 : Overflow from timer 4 

Timer 6 operalion mode seleclion bit 
o : Timer mode 
1 : PWM mode 

Timer 6 count source selection bits 
b5b4 
o 0 : f(X ,N ) or f(XCIN ) diVided by 16 
o 1 : Overflow from timer 5 
1 0 : Overflow from timer 4 
1 1 : Do not use 

-

~ 

Timer 3 count stop bit 
o : Operating 
1 : Stopped 

Timer 4 count stop bit 
o : Operating 
1 : Stopped 

Timer 3 count source selection bit 
o : f(XIN ) or f(XCIN ) diVided by 16 
1 : Overflow from timer 2 

Timer 4 count source selection bits 
b5 b4 
o 0 : !(X,N ) or f(XCIN ) diVided by 16 
o 1 : Overflow from timer 3 
1 a : External count input CNTR, 
1 1 : Do not use 

Timer 3 output seleclion bit (P4,) 
o : 1/0 port 
1 : Timer 3 output 

'---------Timer 6 (PWM,) output seleclion bit (P6,) 
o : 1/0 port 
1 : Timer 6 output 

Fig. 9 Structure of timer-related registers 

Fig. 10 

2-176 

Timer 6 
count source 

Timer 6 
PWM mode 

_ - -JUlJUl --- nhnn-
J I I 

I nXts I mXts I 
: 3 o(n+m)Xts : 

y o 
Timer 6 Interrupt request Timer 6 interrupt request 

Note. If the value set in timer 6 IS n and the value set In the timer 6 PWM register IS m. a PWM waveform with 
duty cycle n/(n+m) and period (n+m)Xts IS output (where IS ts the frequency of the timer 6 count source) 

Timing in timer 6 PWM, mode 
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MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

SERIAL 1/0 
Microcomputers of the M3817x group have two built-in 8-bit 
clock synchronized serial 1/0 channels (serial 1/01 and se
rial 1/02). 

Serial 1/01 has a built-in automatic transfer function. Normal 
serial operation can be set via the serial 1/0 automatic 
transfer control register (address 001A16 ). 

Serial 1/02 can only be used in normal operation mode. 
The 1/0 pins of the serial 1/0 function also operate as 1/0 

port P5. and their operation is selected by the serial 1/0 

control registers (addresses 001916 and 001016 ), 

Main data Local data 
bus bus 

L.. ___ -ISI/?r:nU;~~atlcl-----IIII---I Senal I/O automatic 
transfer mterrupt request 

XC1N 

X,N 

P53/SRDYl 
/CS/SCLK12 

controller 

Senall/01 
Interrupt request 

_ Jo1 ~ P5, latch 
P5, /Soun ~ "------I-I--------+-+----~ 

"1" 
Senal 1/01 port selection bit 

P50/S,NI 

P57 latch 

~ "1"'0-.--""'''''-1 

~~~~=~'4-~~~~~~~~~}_---_1~------Senal 1/02 ~ Interrupt request 

P55/SOUT2 

Senal 1/02 port selection bit 

Note. Selection is by the synchronlzallon clock selection bit, the SRDYI output selecllon bit, and the senal 1/01 port selecllon bit of the senal 1/01 
control register, and the automatic transfer control bit and synchronization clock output pin selectIOn bit of the senal I/O automatic transfer 
control register 

Fig. 11 Serial 1/0 block diagram 
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MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

(Serial 110 Control Registers) SI01CON, SI02CON 
Each of the serial I/O control registers (addresses 0019'6 
and 001 D'6) contains seven bits that select various control 
parameters of the serial I/O function. 

I I I I I I I I I 
I I I 

7 0 

I I I I I I I I I 

S e"al 1/01 control register (SI01CON(SC1) : address 001916 ) 

Internal synchronization clock selection bits 
b2 bl bO 
o 0 0 : f(X ,N ) or f(XCIN ) divided by 8 
o 0 1 : !(X'N) or f(Xc,,) divided by 16 
o I 0 : f(X ,N ) or f(XCIN ) divided by 32 
o I I : f(X ,N ) or f(XCIN ) divided by 64 
I I 0 : f(X'N) or !(XC'N) divided by 128 
1 I I : f(X'N) or f(XCIN ) divided by 256 

Serial 1/01 port selection bit (P5" P5,. and P53 *) 
o : 1/0 port 
1 : SOUT1, SCLK11> and SCLK12 * signal pins 

SRD~ output selection bit (P53) , 
o : 1/0 port 
I : SRDy,/CS * signal pin 

Transfer direction selection bit 
o : LSB first 
1 : MSB first 

SynchronizatIOn clock selection bit 
o : External clock 
1 : Internal clock 

Se"a11/02 control register (SI02CON(SC2) : address 001016 ) 

,--IL-J.II_--Internal synchronfzatlon clock selection bits 
b1 bl bO 
o 0 0 : !(X,N ) or f(XCIN ) divided by 8 
o 0 1 : f(X,N ) or f(XCIN ) divided by 16 
o I 0 : f(X'N) or f(XC'N) divided by 32 
o 1 1 : f(X ,N ) or f(XCIN ) divided by 64 
I I 0 : f(X,N ) or f(XCIN ) divided by 128 
I I I : !(X,N ) or f(XCIN ) divided by 256 

'-------Se"aII/02 port selection bit (P55 and P56 ) 

o : 1/0 port 
1 : SOUT2 and SCLK2 signal pins 

L-______ SRDY' output selection bit (P5,) 
o : 1/0 port 
1 : SRDY' signal pin 

'--------- Transfer direction selection bit 
o : LSB first 
I : MSB first 

L-________ SynchronizatIOn clock selection bit 

o : External clock 
I : Internal clock 

* : Valid only In'senal I/O automatic transfer mode 

Fig. 12 Structure of serial I/O control registers 
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(1) Operation in Normal Serial liD Mode 
Either an internal clock or an external clock can be 
selected. as the synchronization clock for serial liD 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. 
If internal clock is selected, transfer start is activated 
by a write signal to a serial 110 register (address 
0016'6 or 001 F,6 ). After eight bits have been transfer
red, the SOUT pin goes to high impedance. 

Synchronization 
clock 

Transfer clock 

Sellal I/O register 
wllte signal 

Sellal I/O output ------+-..... 

If external clock is selected, the clock must be control
led externally because the contents of the serial liD 
register continue to shift while the transfer clock is in
put. In this case, note that the SOUT pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardless of whether the internal or exter
nal clock is selected. 

'07 

-----------+I-J, ~I~~------

Sellall/O In~~~ -----------L!~~_r_i ________ _ 
SOUT 

Receive enable Ul I I 
signal -------j : 

SRDY t 
Interrupt request bit set 

Note. If Internal clock IS selected, the SOUT pin is at hIgh Impedance 
after transfer ~nds 

Fig. 13 Serial 110 timing In normal mode (for LSB first) 

(2) Serial I/O Automatic Transfer Mode 
The serial 1/01 function has an automatic transfer func
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial liD automatic trans
fer control register (address 001 A,s). 
The following memory spaces are added to the circuits 
used for the serial 1/01 function in ordinary mode, to 
enable automatic transfer mode: 
• 32 bytes of serial liD automatic transfer RAM 
• A serial liD automatic transfer control register 
• A serial liD automatic transfer interval register 
• A serial liD automatic transfer data pOinter 

When using serial I/O automatic transfer, set the serial 
liD control register (address 0019,6) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the SRDY1 output se.lection 
bit) of the serial 1/01 control register is set to "1", port 
P53 becomes the CS input pin. 

(Serial 1/0 Automatic Transfer Control Register) 
SIOAC 
The serial liD automatic transfer control register (address 
001 A,6) contains four bits that select various c(;mtrol para
meters for automatic transfer. 

7 0 
II I I I I I I I I Serial I/O automatIc transfer control regIster 

(SIOAC : address 001 A,.) 

AutomatIc transfer control bit 
o : Ordinary sellal mode 
(serial 1/01 interrupt) 
1 : Automatic transfer mode 
(serial 1/01 automatic transfer Interrupt) 

- Automatic transfer start bit 
o : Transfer end 
1 : Transferring(start of 1 wllte) 

L-___ Transfer mode .swltchlng bit 
o : Fullduplex(transmit and receive) 

mode 
1 : Transmit-only mode 

L..... ____ Synchronization clock output 
pin selection bIt 
o : SoLK11 

1 : SeLK12 

Fig. 14 Structure of serial 110 automatic transfer 
control register 
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(Serial I/O Automatic Transfer Data Pointer) SlOOP 
The 'serial liD automatic transfer data pOinter (address 
001816) contains five bits that indicate addresses in serial 
I/O automatic transfer RAM (each address in memory is 
actually the' value in the serial liD automatic transfer data 
pointer plus 010016 ). 

Set the serial liD automatic transfer data pOinter to (the 
number of transfer data-1), to specify the storage position 

of the start of data. 
o Serial liD Automatic Transfer RAM 

The serial liD automatic transfer RAM is the 32 bytes 
from address 010016 to address 011 F16• 

010016 

010116 

011E16 

011F16 

Fig. 15 Bit allocation of serial liD automatic transfer RAM 

Transfer clock 

Serial 1/0 output 
SOUT 

Serial 1/0 onput 
S'N 

DOo 

Dlo DI, 

Tc 

1 byte data 

Fig. 16 Serial liD automatic transfer interval timing 
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o Setting of Serial ItO Automatic Transfer Data 
When data is stored in the serial liD automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial liD automatic transfer data pointer and 
the end of the data at address 010016• 

(Serial I/O Automatic Transfer Interval Register) 
SIOAI 
The serial liD automatic transfer interval register (address 
001C16 ) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 
If a value n is written to the serial liD automatic transfer in
terval register, a value of Ti = (n + 2) X Tc is generated, 
where Tc is the length of one bit of the transfer clock. 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 

DI7 

T, 



• Setting of Serial I/O Automatic Transfer Timing 
Use the serial 1/01 control register (address 001916) and 
the serial I/O automatic transfer interval register 
(address 001G1e) to set the timing of serial I/O automatic 
transfer. 

The serial 1/01 control register sets the transfer clock 
speed, and the serial I/O automatic transfer interval reg
ister sets the serial I/O automatic transfer interval. 
This setting of transfer interval is valid only when internal 
clock is selected as the clock source. 

• Start of Serial I/O Automatic Transfer 
Automatic transfer mode is set by writing "1" to bit 0 of 
the serial I/O automatic transfer control register (address 
001 Ale), then automatic transfer starts when "1" is written 
to that bit. Bit 1 of the serial I/O automatic transfer control 
register is always "1" during automatic transfer; writing 
"0" to it is one way to end automatic transfer. 

• Operation In Serial I/O Automatic Transfer Modes 
There are two modes for serial I/O automatic transfer: full 
duplex mode and transmit-only mode. Either internal or 
external clock can be selected for each of these modes. 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

(2.1) Operation in Full Duplex Mode 

In full duplex mode, data can be transmitted and received 
at the same time. Data in the automatic transfer RAM is 
sent in sequence and simultaneously receive data is written 
to the automatic transfer RAM, in accordance with the serial 
I/O automatic transfer data pointer. 
The transfer timing of each bit is the same as in ordinary 

operation mode, and the transfer clock stops at "H" after 
eight transfer clocks are counted If internal cloCk is 
selected, the transfer clock remains at "H" for the time set 
by the serial I/O automatic transfer interval register, then 
the data at the next address indicated by the serial I/O 
automatic transfer data pointer is transferred. If external 
clock is selected, the setting of the automatic transfer inter
val register is invalid, so the user must ensure that the 
transfer clock is controlled externally. 
Data transfer ends when the contents of the serial I/O auto
matic transfer pointer reach "0016". At that pOint, the serial 
I/O automatic transfer interrupt request bit is set to "1" and 
bit 1 of the serial I/O automatic transfer control register is 
cleared to "0" to complete the serial I/O automatic transfer. 

(2.2) Operation in Transmit-Only Mode 
The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial 1/01 register to the serial I/O automatic transfer 
RAM. 

Transfer dIrection selection bIt LSB first (SC1,=O) : MSB LSB 
MSB first (SC1,=1) : LSB MSB 

Transfer clock 

Fig. 17 Serial 1/01 register in full duplex mode 

00,[00.[00,[004 [003 [00,[00,[000 / 

S'N _ 010 [ DO, [ DO. [ DO, [ 004 [ 003 [ DO, [ DO, / 

-- 01, [ 010 [ DO, [ DO. [ DO, [ 004 [ 003 [ 00,/ 

- 01, [ 01, [ 010 [ DO, [ DO. [ DO, [ 004 [ 003 ' 

01, [ 01. [ 01, [ 014 [ 013 [ 01, [ 01, [ 010 / 

Senal 1/01 register 

• MfTSUBISHI 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/SRDY1/CS/ScLK12 pin 
can be used as the SRDY1 pin by setting the SC1 4 bit to "1". 
If internal clock is selected, the P53 pin can be used as the 
synchronization clock output pin SCLK12 by setting the 
SIOAC3 bit to "1". In this case, the SCLK11 pin is at high im
pedance. 

If using the SCLK11 and SCLK12 pins for switching, set the 
P53/SRDY1/CS/SCLK12 pin to P53 by setting the SC1 4 bit to 
"0", and set the P53 direction register to input mode. 
Make sure that the SIOAC3 bit is switched after automatic 
transfer is completed, while the transfer clock is still "H". 

Table 2. SCLK11 and SCLK12 selection 
Select the function of the P53/SRDY1/CS/SCLK12 and P521 
SCLK11 pins by setting bit 3 (SC1 3), bit 4 (SC1 4 ), and bit 6 
(SC1 6 ) of the serial 1/01 control register (address 0019,6 ) 

and bit 3 (SIOACa) of the serial 1/0 automatic transfer con
trol register (address 001A,6). (See Table 2.) 

SC1. SC1, se3, SIOAC, P52/ SCLK11 P5s/SCLK12 

0 SCLK11 P5, 

1 0 1 High 
1 SclK12 

Impedanse 

Senal 1/0 automatic transfer 
control register 
bit 1 wnte Signal 

Senal 110 automatic transfer 
control register bit 1 

Wnte Signal from RAM to 
senal 1/01 register 

Write signal from senal 1101 
register to RAM 

I Data pOinter 

Transfer clock 
(,nternal or SCLK output) 

Receive 
enabled Signal 

SRDY 

Senal 1/0 output 
SOUT 

Senal 1/0 Input 
S'N 

Note. SC1,: Senal 1/01 port selecllon bit 
SC1, : SRoYl output selection bit 
SC1. : Synchronization clock selection bit 
SIOAC, : SynchronizatIOn clock output pin selection bit 

--fl~ ________________ __ 

--.J 

~~--------------~~----~~--------I : ~------4~----~1------
n! i 

DO, 

DI6 Dh 

Transfer Interval 

Fig. 18 Timing during serial 1/0 automatlo transfer (Internal clock selected, SRDY used) 

Senal 1/0 automatic transfer n control register ___ u'--____________ _ 

bit 1 wnte Signal 

Senal 1/0 automatic transfer .--1..-------------
control register bit 1 
Wnte Signal from RAM to ----"'--___________ ....In. _ -....,j-------If---.JL------
senal 1/01 register 
Wnte Signal from serial 1/01 f1- -----"If-----'L..--\\----------
register to RAM I 

Data pOlnter=::J!mC==========t. J 
I SIOAC, _____________ +I ___ 

Transfer clock I 
(Internal) 

SCLK11 output 

SCLK12 output-------------~--

Senal 1/0 output 
SOUT---- 000 DO, DO~ 00 DO. DO~ 0 007 

Se"alI/O Input __ _.""'"""''''''"'''"''''''"'''''"''=-''''''''''''""'I-S'N __ -'''o",I':I\.:o",I'";;:O,,,I' "",OI':I\.:0"'I'A:;.o"," "-",01,, ..... o",",+-__ 

Transfer Interval 

---~ 

Fig. 19 Timing during serial 1/0 automatic transfer (internal clock selected, SCLK11 and SCLK1. used) 
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(2.4) If External Clock is Selected 
If an external clock is selected, the internal clock and the 
transfer interval set by the serial I/O automatic transfer in
terval register are invalid, but the serial I/O output pin SOUT 
and the internal transfer clock can be controlled from the 
outside by setting the SRDY1 and CS (input) pins. 
When the CS input is "L", the SOUT pin and the internal 
transfer clock are enabled. When the CS input is "H", the 
SOUT pin is at high impedance and the internal transfer 
clock is at "H". 

Select the function of the P53/SRDY1/CS/SClI<12 pin by set
ting bit 4 (SC1 4 ) and bit 6 (SC1 e) of the serial 1/01 control 
register (address 001916) and bit 0 (SIOACo) of the serial 
I/O automatic transfer control register (address 001A16). 
Make sure that the CS pin switches from "L" to "H" or from 
"H" to "L" while the transfer clock (SClK input) is "H" after 

, one byte of data has been transferred. 
If external clock is selected, make sure that the external 
clock goes "L" after at least nine cycles of the internal sys
tem clock '" after the start bit is set. Leave at least 11 cy
cles of the system clock", free for the transfer interval aiter 
one byte of data has been transferred. 

Senal 1/0 automatic transfer 

If CS input is not being used, note that the SOUT pin will not 
go high impedance, even after transfer is completed, 
If CS input is not being used, or if CS is "L", control the ex
ternal clock because the data in the serial I/O register will 
continue to shift while the external clock is input, even after 
the completion of automatic transfer. (Note that the automa
tic transfer interrupt request bit is set and bit 1 of the auto
matic transfer register is cleared at the point at which the 
specified number of bytes of data have been transferred.) 

Table 3. P53/SRDY1/CS selection 

SCt. SCt, SIOACo P53/ SRDy,/CS 

0 X 

0 0 
1 

1 

Note. SCI.: SRDY' output selection bit 
SCt. : Synchronization clock selection bit 
SIOACo : Automatic transfer control bit 

P53 

SRDY1 

CS 

control register n bit I write signal ---I.L..-_______________________ _ 

Senal 1/0 automatic transfer 
control register bit I ---.J 
Wnte signal from RAM to n n senall/Ot register -...J.'--____________ ..... L.. _________ _ 

Wnte signal from serial 1/01 n 
register to RAM ----------------I,L....----------

Data pOinter _....:;n:...... ____________ ~!X'--...:n.:..-.:..l ________ _ 

External in6~ --, 

I 
Transfer clock 

SeLK input 

Transfer clock 
(Internal) 

Senal 1/0 output - X 0 DO 
SOUT 

I 
Senal 1/0 input I 

DI DI 
S'N I 

0 0 0 0 

DI2 DI, DI DI 

0 

DI 

DO, 

DI 

I 
I 
I -1"--------
I 
I 

X X X X X 

Note. Data marked With X IS invalid 

Fig. 20 Timing during serial 1/0 automatic transfer (external clock selected) 
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PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 
Microcomputers of the M3817x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency X1N 

Is 4MHz, the minimum resolution bit width is 500ns and the 
cycle period is 8192,us. The PWM timing generator sup
plies a PWM control signal based on a signal that is half 
the frequency of the X1N clock. 

Data bus 

X,N 

(4MHz) 

Fig. 21 PWM block' diagram 

( Setto1at) 
write ~ 

The explanation in the rest of this data sheet assumes X1N= 

4MHz. 

P60 direction 
register 

P60 latch 
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(1) Data Set-up 
The PWM output pin also functions as port P60 . Set port 
P60 to be the PWM output pin by setting bit 0 of the 

I PWM mode register (address 002B16). The upper 
eight bits of output data are set in the upper PWM reg
ister PWMH (address 002C16) and the lower six bits 
are set in the lower PWM register PWML (address 
002016), 

(2) Transfer From Register to Latch 
Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192,us), 
and data written to the PWMH register is transferred to 
the PWM latch once in each sub-period (every 128,us). 
When the PWML register is read, the contents of the 
latch are read. However, bit 7 of the PWML register in
dicates whether the transfer to the PWM latch is com
pleted; the transfer is completed when bit 7 is "0". 

Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 

Lower 6 Bits of Data(PWML) Sub-penods tm Lengthened 1m =0 to 63) 

OOOOO'tJB None 

000001 m=32 

000010 m=16,48 

a a a 1 a a m- 8 ,24,40,56 

001000 m- 4,12,20,28,36,44,52,60 

a 1 a a a a m= 2, 6,10,14,18,22,26, 30, 34, 38, 42, 46,50, 54, 58,62 
100000 m= 1,3,5,7, ------------------------

128 J1,S 

m=O 

315 J1,S 315 J1,S 

Pulse width modulation register H : 

Pulse Width modulation register L : 

315 J1,S 

00111111 

000101 

",57,59,61,63 

8192 J1,S 

32.0 J1,S 

(3) PWM Operation 
The timing of the 14-bit PWM function is shown in Fig. 
24. The 14-bit PWM data is divided into the lower six 
bits and the upper eight bits in the PWM latch. 

The upper eight bits of data determine how long an 
"H" -level signal is output during each sub-period. 
There are 64 sub-periods in each period, and each 
sub-period is 256X r (128,us) long. The signal is "H" 
for a length equal to N times r, where r is the mini
mum resolution (500ns). 

The contents of the lower six bits of data enable the 
lengthening of the high signal by r (500ns). As shown 
in Fig. 21, the six bits of PWML determine which sub
cycles are lengthened. 
As shown in Fig. 24, the leading edge of the pulse is 
lengthened. By changing the length of specific sub
periods Instead of simply changing the "H" duration, an 
accurate waveform can be duplicated without the use 
of complex external filters. 

For example, if the upper eight bits of the 14-bit data 
are 0316 and the lower six bits are 0516, the length of 
the "H"-Ievel output in sub-periods ts, 124, 1:!2, t40, and 
t56 is 4 r , and its length 3 r in all other sub-periods. 

128 J1,S 

m=63 

31.5 J1,S 315 J1,S 315 J1,S 

Sub-penods where "H" pulse Width IS 32 J1, S : 

Sub-periods where "H" pulse Width IS 31 5 J1,S : 

m = 8, 24, 32, 40, 56 

m = all other values 

Fig. 22 PWM timing 
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LI....!...I ....!.......!.......!.......!.......!...~l "'L PWM mode register (address 0028,.) 

P6o/PWM output selection bIt 
o : I/O port 
1 : PWM output 

Fig. 23 Structure of PWM mode register 

PWMH 
reglsler 

PWML 
register 

Data 6A,. stored at address 002C,. 

59,. 1'\ 6A,. 1'\ 
Data 24,. stored at address 002D,. ___ 81t 7 cleared after transfer 

13,. 1 A4,. "Ii' 24,. 

Data 78,. stored at address 002C,. 

78,. 

Data 35,. stored at address oo2D,. 

Ii: 35,. 

I Transfer from reglsler 10 latch 85, • ../' I Transfer from regIster to latch 

PWM latch 
(14blls) 

11653,.1 "lA93,. 

--------
\. 

--

lAA4,. 

T=8192,us 

(64X128,us) 

t=128,us 

11AA4,.1 .... lEE4,. ~ lEF5,. I 
L-When bit 7 of PWML IS O. transfer 

from register to latch IS disabled -. ----------. 
Example 1 6A 68 6A 68 6A 68 6A 68 6A 68 68 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 68 6A 
PWM output 

CD 

Lower 6-blt output: 
H=6A, •• L=24,. 

68,. 
(107) 

3611mes 6A, •. 

(106) 
28tlmes __ ------"" ... 106X64+36 

Example 2 6A 6A 6A 6A 68 6A 68 6A 68' 6A 6A 6A 68 6A 68 6A 68 6A 6A 6A 68 6A 68 6A 68 6A 6A 

Lower 6-blt output: 
H=6A, •. L=18,. _+_.....J 

M 

PWM output 
o 

8-bit 
counter 

Inlmum bit width 

[68 

ADD 

: 02 : 01 : 00 

TheADDJ 
portions with 
additional Tare 
determined by 
PWML 

Fig. 24 14-blt PWM timing 
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2411mes 6A, ...... 40tlmes 1--..-;"'" 1 06X64+24 

~.---- t=128,us .-.-
T =0.5,us 

(256XO.5,us) 

6A i 69 : 68 i 67 i -------- : 02: 011 

ADD 

FF: FE I FO: Fe: --------- : 97 : 9b : 95; --------- : 02 : 01 : 00 

J 
H period length specifIed by PWMH 

256 T (128,us). fixed 

• MlTSUBlSHI 
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6A; 69 : 68 : 67 : .... -.... : 02 : 01 I 
• I I. I I 

FF : FE : FD: Fe: --------- : 97 : 96 • 95 ; -------------



A-D CONVERTER 
The functional blocks of the A-D converter are described 
below. 

(A-D Conversion Register) AD 
The A-D conversion register is a read-only register that 
contains the result of an A-D conversion. This register 
should not be read during an A-D conversion. 

(A-D Control Register) ADCON 
The A-D control register controls the A-D conversion pro
cess. Bits 0 to 2 of this register select specific analog input 
pins. Bit 3 signals the completion of an A-D conversion. The 
value of this bit remains at "0" during an A-D conversion, 
then changes to "1" when the A-D conversion is completed. 
Writing "0" to this bit starts the A-D conversion. 

(Comparison Voltage Generator) 
The comparison voltage generator divides the voltage be
tween AVss and VREF by 256, and outputs the divided vol
tages. 

(Channel Selector) 
The channel selector selects one of the input ports P77/AN 7 

to P7o/ANo 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

(Comparator and Control Circuit) 
The comparator and control circuit compares an analog in
put voltage with the comparison voltage and stores the re
sult in the A-D conversion register. When an A-D conver
sion is complete, the control circuit sets the A-D conversion 
completion bit and the AcD interrupt request bit to "1". 
Note that the comparator is constructed linked to a capaci
tor, so set f (X,N ) to at least 500kHz during A-D conversion. 

7 0 

I I I I I I I I I 

III 
A-D control register 
(ADCON : address 0030,6) 

Analog Input pin selection bits 
b2 bl bO 

o 0 0 : P7o/ANo 
o 0 1 : P7,/AN, 
o 1 0 : P7,/AN, 
o 1 1 : P73/AN3 
1 0 0 : P7./AN. 
1 0 1 : P7,/AN, 
1 1 0 : P7,/AN, 
1 1 1 : P7,/AN, 

'------ A-D conversion completion bit 
o : Conversion In progress 
1 : Conversion completed 

'-------- Do not use 
'--------~ Do not use 

Fig. 25 Structure of A-O control register 

A-D control register L.._L.......JL-....I __ --"-,r-'"....,. ....... ..,.. ...... -;-I 

P7,/AN, 

P7,/AN, 

P73/AN3 

P7.1 AN. '-./-~-. 

P7,1 AN, '-./_~., 

P7,/AN, 

P7,/AN, 

Fig. 26 A-O converter block diagram 

VREF AVss 

• MITSUBISHI 
.... ELECTRIC 

A-D Interrupt request 
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FLO CONTROLLER 
Microcomputers of the M3817x group have fluorescent dis J 

play (FLO) drive and control circuits. 
The FLO controller consists of the following components: 

• 24 pins for segments 
• 16 pins for digits 
~. FLOC mode register 

• FLO data pointer 
• FLO data pointer reload register 

Main address 
bus 

0040,6 

004F'6 
0050,6 

Local address 
bus ,----v' 

005F'6 
0060,6 

006F'6 

Address 
decoder 

FLD automatic display RAM 

G1 (SEG P8) 
G2 (SEG P8) 

G15 (SEG P8) 

G16 (SEG P8) 
G1 SEG P3 
G2 (SEG P3) 

G15 (SEG P3) 

G16 (SEG P3) 
G1 SEG PO 
G2 (SEG PO) 

. 

G15 (SEG PO) 
G16 (SEG PO) 

f:~. .. 
L' 
\~, 

FLD data pOinter reload I. 
register(address 0037,6)1 

FLD data pOinter 
(address 0037,6) 

I Timing I 

1 generator 

Fig. 27 FLO control circuit block diagram 

• Port PO segment/digit switching register 
• Port P1 digit/port switching register 
• Port P8 segment/port switching register 

• Key-scan blanking register 
• 48-byte FLO automatic display RAM 
Eight to twenty-four pins can be used as segment pins and 
four to sixteen pins can be used as digit pins. 
Note that only 32 pins (maximum) can be used as segment 

and digit pins. 

Main data Local data 
bus bus 

n SIP P8o/So 
SIP P8,/S, 

v SIP P8,/S, 

SIP P8jS3 

SIP P8,/S, ,.. SIP P85/S5 

SIP P86/S6 
SIP P87/S7 

0034,6 0010'6 

P30 /S, 

,. P3,/Sg 

P3,/S" 
P33/S11 

P3,/S12 

P35/S'3 
P36/S14 

P37 /S15 

0006'6 

r SID POO/S16/Do 
SID PO,/S17/D, 
SID PO,/S18/D, 

~ SID P03/S,g/D3 
"- SID PO,/S20/D, 

3>-

.L SID P05/S21 /D5 

~ SID P06 /S22/D6 

~ SID P07/S'3 /D7 -.. 003216 0000'6 

Key-scan 
blanking 
register P1o/D, 

(address 003516 ) P1,/Dg 

P1,/D" 

"III I·; ~ P1 3/D l1 

DIP P1,/D12 

DIP P1 5 /D'3 - DIP P1 6 /D 14 

DIP P17/D15 

0033'6 0002'6 

FLD blanking Interrupt 

~ FLD digit Interrupt 
::1 
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MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FLOC Mode Register (FLOM) Key-scan Blanking Register (KSCN) 
The FLOC mode register (address 0036,6) is a seven bit 

control register which is used to control the FLO automatic 

display. 

The key-scan blanking register (address 0035,6 ) is a two 

bit register which sets the blanking period T scan between 

the last digit and the first digit of the next cycle. 

I I I I I I I I I FLOC mode register(FLDM : address 0036,6) 

Automatic display control blt(PO, P1, P3, P8) 
o : Normal mode 
1 : Automatic display mode 

Display start bit 
o : Display stopped 
1 : Display in progress 

(display starts when "1" IS written to thiS bit) 
L....I...-l. ____ T dlsp control bits 

(digit timing setting, when operating at 4MHz) 
b4 b3 b2 
o 0 0 : 128,us 
o 0 1 : 256,us 
o 1 0 : 384,us 
o 1 1 : 512,us 
1 0 0 : 640,us 
1 0 1 : 768,us 
1 1 0 : 896,us 
1 1 1 : 1024,us 

L....I. _______ T off control bits (digit/segment-off timing setting) 

Fig. 28 Structure of FLDC mode register (FLDM) 

b6 b5 
00 : 1/16XTdiSP 
01 : 10/16XTdisp 
1 0 : 12/16XTdisp 
1 1 : 14/16XTdisp 

LI .J1---l..-l.....l.L..l-L1 T[Ly Key-scan blanking reglster( KSCN : address 0035,,) 

T scan control bits 
bl bO 
o 0 FLO digit Interrupt(at rise of each digit) 

1 0 2XT dlsp FLO blanking Interrupt 
o 1 1 XTdlsp \ 

1 1 3XT disp (at fall of final digit) 

Fig. 29 Structure of key-scan blanking register (KSCN) 

• MITSUBISHI 
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M3817x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

FLO Automatic Display Pins the FLOC mode register (address 0036,6) to "1". 

The FLO automatic display function of Ports PO, P1, P3, and 
P8 is selected by setting the automatic display control bit of 

When using the FLO automatic display mode, set the num· 
ber of segments al)d digits for each port. 

Table 5. Pins in FLO automatic display mode 

Port Name AutomatIc Display Pins 

SEGo·SEG, 

paa·pa7 or 

PBo·PB, 

P3a·P37 SEGa·SEG15 

SEG,..SEG" 

POa·P07 or 

DIGo·DIG, 

Pl a·P1 3 DIGa·DIG" 
DIG12·DIG ,5 

Pl.·P1 7 or 

Pl,·Pl, 

Note. Always set digots on sequence. 

Number of segments 
Number of digots 

Port P8 
(has segment/port 
switching register) 

Port P3 
(segment only) 

Port PO 
(has segment/dogit 
swotchong register) 

Port Pl 
(has digit/port 
switching register) 

0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 

I Setting Method 
, 

The individual bits of the segment/port sWltchmg register (address 003416) can be used to set each pm to 

eother segment ("1") or normal port input ("0") (Note) 

None (segment only) 

The indiVidual bits of the segment/digit sWltchmg register (address 003216) can be used to set each pin to 

segment ("1") or digit ("0") (Note) 

None (dogit only) 

The individual bits of the digit/port switching register (address 003316 ) can be used to set each pin to digIt 

("1") or normal port output ("0") (Note) 

16 
12 

P80 0 PSo 0 
P8 , 0 P8, 0 
P8, 0 P82 0 
P83 0 P83 0 
ps. a P8. 1 
P8s a P8, 1 
PB. a P8. 1 
PB, 0 P8, 1 

SEG. SEG. 
SEGg SEGg 

SEG" SEG" 
SEG" SEG" 
SEG" SEG12 

SEG '3 SEG'3 
SEG,• SEG,• 
SEG,S SEG,S 

SEG" 0 DIGo -G12 1 

SEG" 0 DIG, -Gll 1 
SEG,• 0 DIG,-Gla 1 
SSG'9 0 DIG3 -G9 1 

SEG" 0 DIG.-G8 a 
SEG21 0 DIG,-G7 a 

SEG" 0 DIG.-G6 a 

SEG'3 0 DIG,-G5 0 

DIG.-G4 DIG. -G4 , 
DIGg -G3 DIGg -G3 

DIG" -G2 DIG ,o -G2 
DIG,,-Gl DIG,,-Gl 

Pl. 0 Pl. 1 
Pis 0 Pl, 1 
Pl. 0 Pl. 0 
PI, 0 Pl, 0 

16 
10 
P80 

P8, 
P82 

P83 
SEG. 
SEG, 
SEG. 
SEG, 

SEG. 
SEGg 

SEG" 
SEG" 
SEG12 

SEG'3 
SEG" 
SEG" 

SEG,• 

SEG" 
SEG,• 
SEG '9 

DIG. -Gl0 
DIG,-G9 
DIG.-G8 
DIG, -G7 

DIG. -G6 
DIG, -G5 

DIG" -G4 
DIG" -G3 
DIG '2 -G2 
DIG'3 -Gl 

Pl. 
P1 7 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

~ 1 
1 
1 

1 
1 
1 
1 

24 

SEGo 
SEG, 
SEG, 
SEG, 
SEG. 
SEG, 
SEG. 
SEG, 

SEG. 
SEGg 

SEG" 
SEG" 
SEG" 
SEG '3 

SEG, • 

SEG" 

SEG,• 
SEG" 
SEG,• 
SEG'9 

~Q",--
SEG2l 

SEG22 

SEG23 

~~~ 
DIGg -G7 
DIG,o -G6 

DIG" -G5 
DIG 12 -G4 
DIG '3 -G3 
DIG ,• -G2 
DIG" -Gl 

1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 

16 
16 
SEGo 
SEG, 
SEG, 
SEG3 

SEG. 
SEG, 
SEG. 
SEG, 

SEG. 
SEGg 

SEG" 
SEG" 
SEG" 
SEG'3 

SEG,• 

SEG" 

DIGo -G16 
DIG, -G15 
DIG,-G14 
DIG3 -G13 
DIG. -G12 
DIG, -Gll 
DIG.-Gl0 
DIG,-G9 

DIGB -G8 
DIGg -G7 
DIG,o -G6 

DIG" -G5 
DIG'2 -G4 
DIG ,3 -G3 
DIG,• -G2 
DIG" -Gl 

Fig. 30 Segment/digit setting example 

2-190 •. MITSUBISHI 
"ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

FLO Automatic Display RAM 
The FLO automatic display RAM area is the 48 bytes from 
address 004016 to 006F16. The FLO automatic display RAM 

area can be used to store 3-byte data items for a maximum 
of 16 digits. Addresses 004016 to 004F16 are used for P8 
segment data, addresses 005016 to 005F16 are used for P3 
segment data, and addresses 006016 to 006F16 are used for 

PO segment data. 
• FLO Data Pointer and FLO Data Pointer Reload Register 

The FLO data pointer indicates the data address in the 
FLO automatic display RAM to be transferred to a seg
ment, and the FLO data pointer reload register indicates 

the address of the first digit of segment P3. 

~t 
Address 

7 6 5 4 

004016 SEG7 SEG6 SEG, SEG4 

0041 16 SEG7 SEG6 SEG, SEG4 

: 

004E,6 SEG, SEG6 SEGs SEG4 

004F'6 SEG, SEG6 SEG, SEG4 

0050'6 SEG" SEG'4 SEG'3 SEG12 

0051,6 SEG15 SEG'4 SEG 13 SEG12 

: 

005E'6 SEG" SEG'4 SEG 13 SEG" 

005F16 SEG15 SEG'4 SEG 13 SEG12 

0060'6 SEG'3 SEG" SEG21 SEG20 

0061,6 SEG" SEG" SEG21 SEG20 

: 
: : : i I I I 

006E'6 SEG'3 SEG" SEG21 SEG20 

006F'6 SEG'3 SEG" SEG21 SEG" 

Fig. 31 FLD automatic display RAM and bit allocation 

I 

3 

SEG3 

SEG3 

Both the FLO data pOinter and the FLO data pOinter re

load register are allocated to address 003716 and are 6-
bits wide. Data written to this address is written to the 
FLO data pointer reload register, data read from this 
address is read from the FLO data pOinter 
The actual memory address is the value of the data poin

ter plus 4016, 5016, or 6016, 

The contents of the FLO data pointer indicate the start 
address of segment PO at the start of automatic display. If 
segment PO or P3 data is transferred to the segment, the 
FLO data pOinter returns - 16; if segment P8 data is 

transferred, it returns + 31. After it reaches "00", the 
value in the FLO data pointer reload register is transfer
red to the FLO data pOinter. In this way, three bytes of 
data for the PO, P3, and P8 segments of one digit are 

transferred 

2 1 

SEG, SEG, 

SEG, SEG, 

0 

SEGo ~ 
SEGo 

Final digit 
-~ (f,nal data of 

segment P8) 

Segment P8 
data area 

SEG3 SEG, SEG, SEGo 

SEG3 SEG, SEG, 

SEGl1 SEG10 SEGg 

SEGl1 SEG10 SEGg 

SEG" SEG,o SEGg 

SEG" SEG,o SEGg 

SEG'9 SEG 18 SEG17 

SEG'9 SEG 18 SEG17 

I I 

SEG'9 SEG 18 SEG 17 

SEG,g SEG'8 SEG 17 

SEGo 

SEG8 i"-
SEG8 

SEG8 

SEG8 

SEG'6 

SEG'6 

I 

SEG'6 

SEG'6 

Final digit 
-~ (final data of 

segment P3) 

Segment P3 
data area 

Final digit 
-- (fmal data of 

segment PO) 

Segment PO 
data area 

• MITSUBISHI 
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• Data Setup 

When data is stored in the FLD automatic display RAM, 
the end of segment P8 data is stored at address 004016, 

the end of segment P3 data is stored at address 005016, 

and the end of segment PO data is stored at address 
006016. The head of each of the segment P8, P3, and PO 
data is stored at' an address that is the number of 
digits-1 away from the corresponding address 004016, 

005016, 006016, 

For 17 segments and 15 digits 
(FLD data painter reload register=14) 

~ Addres 
7 6 5 4 3 2 1 0 

0040,• II II II II II 'II III III 
0041 ,• /1 /1 /1 /1 /1 II IIII III 
0042,• II II II II II IIII IIII III 
0043;. II /1 /1 /1 II IIII III III 
0044,• II II II II II IIII IIII II 
0045,• II II II III III VII III /1 
0046,• /1 /1 /1 III III IIII II II 
0047,• II II IIII III III III II II 
0048,• II II IIII III II II II /1 
0049,• III III VII III /1 II II II 
004A,• IIII III V/I II 'II 'II /1 II 
0048,• IIII III VII II II II II 'II 
004C,• VII III VII. II 'II II II II 
004D,• IIII II II // II II. '/1 II 
004E,• VII 1/ '/1. '/1 1/ 1/ II 1// 
004F,. 
0050,• II II II II II II II III 
0051 ,• II II II II II II IIII III 
0052,• 'II 'II 'II 'II /1 II IIII VII 
0053,• II II II II III III IIII IIII 
0054,• /1 /1 /1 III III III VII VII 
0055,• II II II IIII III III VII II 
0056,• II II /1 IIII III II VII II 
0057,• II III III IIII III II II II 
0058,• II IIII III VII III II /1 II 
0059,• /1 IIII III IIII II II 'II II 
005A,• III IIII III VII II II II II 
0058,• III VII II II II 'II 'II /1 
005C,• III VII /1 II II II II 'II 
005D,• III 'II II II II 'II /1 II 
005E,• II II II II II II 'II /1 
005F,• 
0060,• ._- ---m 0061 ,• 
006216 ILL 
0063, • 'LL 
0064,• II 
0065,• 'II 
0066,• II 
0067, • 'II 
0068, • II 
0069, • /1 
006A,• 'II 
0068,• II 
006C, • 'II 
006D, • 'II 
006E,• /1 
006F,• 

Note. EZ2I Shaded areas are not used 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Set the FLD data painter reload register to the value 
given by the number of digits-1. "1" is always written to 
bit 5, and "0" is always written to bit 4. Note that "0" is al
ways read from bit 5 or 4 during a read. 

For 24 segments and 8 digits 
(FLD data pOinter reload reglster=7) 

~ Address 
7 6 5 4 3 2 1 0 

0040,• III 'II II /1 'II /1 III III 
0041 ,• III 'II II 'II 'II /11 III 'II 
0042, • III /1 II 'II /1 IIII III II 
0043,• III /1 'II 'II /1 IIII VII II 
0044,• III /1 'II II II IIII ,III /1 
0045,• III 'II II /1 'II IIII VII /1 
0046, • 'II 'II II 'II 'II IIII ,/11 'II 
0047,• 'II II II 'II /1 II II II II 'II 
0048, • 
0049,• 
004A, • 
004B, • 
004C,• 
004D,• 
004E,• 
004F,• 
0050,• IIII III 'II 'II II 'II IIII III 
0051 ,• IIII 'II II II 'II 'II IIII III 
0052,• IIII II /1 /1 'II 'II IIII III 
0053,• IIII II /1 'II II /1 IIII III 
0054,• IIII 'II 'II 'II II /1 IIII 'III 
0055,• II 'II II II III III VII 'II 
0056,• II II /1 /1 III III VII II 
0057,• /1 /1 'II 'II III III IIII /1 
0058,• 
0059,• 
005A,• 
005B,• 
005C,• 
005D,• 
005E,• 
005F,• 
0060,• IIII II /1 'II 'II III III IIII 
0061 ,• /1 'II 'II 'II /1 !III III VII 
0062,• '// 'I.! II II II 1/// 1// '/1. 
0063,• II II II II II I/./..L '/J '/J 
0064,• II II II II II II I I II II 
0065,• 'II 'II 'II II II II I I II II 
0066,• II /1 /1 /1 III II I I II II 
0067,• II /1 /1 III III VII /1 II 
0068,• .-
0069,• 
006A,• 
006B,• 
006C,• 
006D,• 
006E '6 

006F'6 

Fig. 32 Example of using the FLD automatic display RAM. 
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• Timing Setting 

The digit timing (T disp) and digit/segment turn-off timing 
(T off) can be set by the FLOC mode register (address 
003616). The scan timing (Tscan) can be set by the key
scan blanking register (address 003516). 

Note that flickering will occur if the repetition frequency 
(lI(Tdisp Xnumber of digits+Tscan)) is an integral mUl
tiple of the digit timing T disp. 

• FLO Start 
To perform FLO automatic display. you have to use the 
following registers. 

• Port PO segment/digit switching register 
• Port P1 digit/port switching register 
• Port P8 segment/port switching register 
• Key-scan blanking register 
• FLOC mode register 
• FLO data pOinter 
Automatic display mode is activated by writing "1" to bit 0 
of the FLOC mode register (address 003616) • and the 

Gn 

G n-1 

G n-2 

G1 

Segment 
output 

FLO digit Interrupt generated 

at the rising edge of segment 

data 

Digit 

Segment \ 

Tofl 

Fig. 33 FLOC timing 

I 

Tdlsp 

automatic display is started by writing "1" to bit 1 . 
During automatic display bit 1 always keeps "1". automa
tic display can be interrupted by writing "0" to bit 1. 

If key-scan is to be performed by segment during the 
key-scan blanking period T scan. 
1. Write "0" to bit 0 (automatic display control bit) of 

FLOC mode register (address 003616). 

2. Set the port corresponding to the segment to the nor
mal port. 

3. After the key-scan is performed. write "1" (automatic 
display mode) to bit 0 of FLOC mode register 
(address 003616). 

Note on performance of key-scan in the above 1 to 3 
order. 
1. Do not write "0" to bit 1 of FLOC mode register 

(address 003616). 

2. Do not write "1" to the port corresponding to the digit. 

Tsean 

----.. 

"--v------I t Segment setting by software 

FLO blanking Interrupt generated at 
the failing of edge of the last digit 

, , 
I 
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RESET CIRCUIT 
After a reset, the microcomputer will start in high-speed 
operation start mode or low-speed operation start mode 
depending on a mask-programmable option. 
• High-Speed Operation Start Mode 

In high-speed operation start mode, reset occurs if the 
RESET pin is held at an "L" level for at least 2,us then is 
returned to an "H" level (the power supply voltage 
should be between 4.0V and 5.5V). Both the XIN and the 
XcIN clocks begin oscillating. In order to give the XIN 
clock time to stabilize, internal operation does not begin 
until after 13 XIN clock cycles are complete. After the re
set is completed, the program starts from the address 
contained in address FFFD16 (upper byte) and address 
FFFC16 (lower byte). 

• Low-Speed Operation Start Mode 
In low-speed operation start mode, reset occurs if the 
RESET pin is held at a "L" level for at least 2,u s then is 

I 
r--power on 

:~ --V" I (Notel 

OV~:l 
: I O. 2Vcc OV I 
I I 

Note. Reset release voltages: 
In high-speed operation start mode: Vcc=4.0V 
In low-speed operation start mode: Vcc=2. BV 

Power supply voltage 
_____ ~ detection circuit 

I 
I 
I 
I 
I 

I I 
L ______ J 

Fig. 34 Power-on reset circuit example 
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returned to an "H" level (the power supply voltage 
should be between 2.BV and 5.5V). The XIN clock does 
not begin oscillating. In order to give the XCIN time to sta
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the XcIN/16 are counted before internal op
eration begins. After the reset is completed, the program 
starts from the address contained in address FFFD16 

(upper byte) and address FfFC16 (lower byte). 
If the XCIN clock is stable, reset will complete after 
approximately 250ms (assuming f(XclN)=32.76BkHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 
used. 

• Note on Use 
Make sure that the reset input voltage is no more than 
O.BV in high-speed operation start mode, or no more than 
O.5V in low-speed operation start mode. 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(11) 

(1!) 

(19) 

(20) 

(21) 

(22) 

(23) 

(14) 

(25) 

Address Register contents 

Port PO register (0000 ,6) ... 1 ,0016 

Port P1 register (0002 16) ... 1 0016 

Port P2 register (0004 ,6) ... 1 0016 

Port P2 direction register (0005 ,6) ... 1 0016 

Port P3 register (0006 ,6) ... 1 00'6 

Port P4 register (0008,6)",1 0016 

Port P4 direction register (0009 ,6 ) ... 1 00'6 

Port P5 register (000 A'6)···1 00'6 

Port P5 direction register (000B'6)···1 00'6 

Port P6 register (000C ,6) .. ·1 00'6 

Port P6 direction register (0000 ,6) ... 1 00 '6 

Port P7 register (000E ,6)···1 00'6 

Port P7 direction register (000F ,6)···1 00'6 

Port P8 register ( 0 0 1 0 ,6 ) ... 1 00'6 

Port P8 direction register ( 0 0 1 1 16) .. ·1 00'6 

Senal 1/01 control register ( 0 0 1 9 ,6) ... 1 00'6 

Senal I/O automatic transfer ( 0 0 1 A ,6) .. ·1 0016 

control register 

Senall/O automatic transfer (001 C'6)···1 00'6 

Interval register 

Senal 1/02 control register (0010 16 ) ... 1 00'6 

Timer 1 register (0020,6)···1 FF16 

Timer 2 register ( 0 0 2 1,6)···1 0116 

Timer 3 register (0022 16) ... 1 FF16 

Timer 4 register ( 0 0 2 3 16)' ·1 FF'6 

Timer 5 register ( a 0 2 4 16) I FF16 

Timer 6 register (0025 16) ... 1 FF16 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Address Register contents 

1 
(26) Timer 12 mode register (0028 ,6) ... 1 00'6 I 

I (27) Timer 34 mode register (0029 ,6) ... 1 00'6 I 
I (2!) Timer 56 mode register (002 A ,6 )···1 0016 ~ 
1 

(29) PWM control register (002B ,6)···1 00'6 I 
I (30) A-O control register (0030,6)···1 08'6 I 
I (31) Port PO segment/digit (0032,6)···1 0016 I 
I sWitching register 

I (32) Port PI digit/port SWIlchln9 regISter (0033,6)···1 00'6 

I (33) Port P8 segment/port (0034 ,6) ... 1 00'6 

I sWitching register 

I (34) Key-scan blanking register ( 0 0 3 5 16) ···1 00'6 

I (35) FLOC mode register (0036 ,6) ... 1 00'6 

I (36) Hlgh-breakdown-voltage port (003816) .. ·1 00'6 

I control register 

I (31) Interrupt edge selection register (003A ,6 )···1 OO'b I 
I (3!) CPU mode register (0 036 16) ... 1 * 1* 11 10 10 I 0 10 10 I 

I (39) Interrupt request register 1 (003c ,6)···1 00'6 I 
(40) Interrupt request register 2 (0030 ,6) ... 1 00'6 I 
(41) Interrupt control register 1 (003 E 16)· .. 1 00'6 I 
(42) Interrupt control register 2 (003F 16)···1 00'6 I 
(43) Processor status register (PS)"'lxlxlxlxlxI1Ixlxl 

(44) Program counter' (p C H)'" Contents of address FFFD16 

(p C L)'" Contents of address FFFC16 

Note. * : The initial values of bits 7 and 6 of the CPU mode register are determined by a mask option 
X : Underfined 
The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values 

Fig. 35 Internal status at reset 

•. MlTSUBiSHI 
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5.5V 
V 4.0V 

cc 

XOUT 

(4MHz) 

XCOUT 

(32kHz) 

rb.----=~~--+-~---------

Time until oscillation starts 

Time until oscillation starts 

Internal =C&u=Ln= reset -+ __________ ---.1. ~ 

System 
clock 

Address 

Data 

SYNC 

I 

I 
Fig. 36 Reset sequence in high-speed operation mode 

::::]©---------f-----
P (Oscillation stopped) I 

XOUT 

(4MHz) 'I 

~O"' --V ~=:\J==:====== (32kHz) 'Time until oscillation starts Time n=sary for oscillation to stabilIZe: 

Internal 
reset 

System 
clock 

Address 

Data 

SYNC 

Fig. 37 Reset sequence in low-speed operation mode 
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MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the X ,N (XCIN ) pin and leave the X OUT (XCOUT) pin open. 
If the XCiN clock is not used, connect the Xc'N pin to Vss, 

and leave the X COUT pin open. 
Either high-speed operation start mode or low-speed op
eration start mode can be selected by using a mask option. 

• High-Speed Operation Start Mode 
After reset has completed, the internal clock'" is half the 
frequency of X,N• Immediately after power-on, both the 
X,N and XCIN clock start oscillating. To set the internal 

clock '" to low-speed operation mode, set bit 7 of the 
CPU mode register (address 00381S) to "1". 

• Low-Speed Operation Start Mode 
After reset has completed, the internal clock", is half the 
frequency of Xc,N' Immediately after power-on, only the 
X CIN clock starts oscillating. To set the internal clock", to 
high-speed operation mode, first set bit 6 (CM6 ) of the 
CPU mode register (address 003816) to "0", the set bit 7 
(CM7 ) to "0". Note that the program must allow time for 
oscillation to stabilize. 

• Oscillation Control 
Stop Mode 
If the STP instruction is executed, oscillation stops with 
the internal clock '" at an "H" level. Timer 1 is set to 
"FF1S" and timer 2 is set to "01 16". 

Either X ,N or X CIN divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
("0"), so a program must set these bits before executing 
a STP instruction. Oscillation restarts at reset or when an 
external interrupt is received, but the internal clock '" is· 
not supplied to the CPU until timer 2 overflows. This 
allows time for the clock circuit oscillation to stabilize. 
Wait Mode 
If the WIT instruction is executed, the internal clock '" 
stops at a "H" level but the oscillator itself does not stop. 
The internal clock restarts if a reset occurs or when an 
interrupt is received. Since the oscillator'does not stop, 
normal operation can be started immediately after the 
clock is restarted. 
Low-Speed Mode 
If the internal clock is generated from the sub clock 
(XCIN ), a low power consumption operation can be en
tered by stopping only the main clock X,N , To stop the 
main clock, set bit 6 (CMs) of the CPU mode register 
(003816) to "1". When the main clock X,N is restarted, the 
program must allow enough time to for oscillation to sta
bilize, 
Note that in low-power-consumption mode the Xc'N
X COUT drive performance can be reduced, allowing even 
I,ower power consumption (20,uA with X CIN = 32kHz). To 
reduce the XCIN-XCOUT drive performance, clear bit 5 
(CMs) of the CPU mode register (00381S) to "0", At re-

set or when a STP instruction is executed, this bit is set 
to "1" and strong drive is selected to help the oscillation 
to start, 

Xc'N XOUT 

28 29 30 31 

Fig. 38 Ceramic resonator circuit 

XC1N XCOUT X,N XOUT 

28, 29
1 301 T1 

Open Open 

External OSCillator or pulse External oscillator 

VccLSLI 
vss 

VccJUUln[' 
vss 

Fig. 39 External clock input circuit 
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XC1N XCOUT 

Intemal system clock 
selectIon bit 
eM, (Note) 

MaIn clock stop bit eM. 

Internal system clock 
selectIon bIt eM, 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

TImer 1 count stop bIt 

TImer 1 count 
source selectIon 
bit 

Timer 2 count stop bIt 

TImIng if> 
(Internal clock) 

Q S~---------r--------~S 
Reset 

R STP 
instruction 

WIT 
Instruction 

1---- Reset 

b---- Interrupt dIsable flag I 

1---- Interrupt request 

Note. The values of eM, and eM. at reset are determined by a mask optIon. 

Fig. 40 System clock generation circuit block diagram 
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[
External INT, 

timer Interrupt, or 

SilO Interrupt 

[ Reset J 

High-speed operation 

start model Note 4) 

External INT, or 

SilO interrupt ] 

The program must 

allow time for X,N 

oscillation to stabilize 

Low-speed operation 

start mode (Note 4) 

The example assumes that 6. 3MHz IS being applied to the X,N pin and 32kHz to the XCIN pin 

] 

Note 1. When the STP state IS ended, a delay of approximately 1. 3ms is automatically generated by timer 1 and timer 2 
2. The delay after the STP state ends is approximately O. 25s 
3. If the internal clock <P divided by 8 IS used as the timer count source. the frequency of the count source is f(XcIN )/16 
4. Specify thiS option when ordering a mask ROM version 

Fig. 41 State transitions of system clock 
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NOTES ON PROGRAMMING 
• Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag 
(I) which is "1". Therefore, flags that affect program ex
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

• Interrupts 
The contents of the interrupt request bits do not change 
immediately after they have been written. 
After writing to an interrupt request register, execute at 
least one instruction before performing a BBC or BBS in
struction. 

• Decimal Calculations 
To calculate in decimal notation, set the decimal mode 
flag (D) to "1", then execute a ADC or SBC instruction. 
Only the ADC and SBC instruction yield proper decimal 
results. After executing an ADC or SBC instruction, ex
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 
In decimal mode, the values of the negative (N), over
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SBC. 

• Timers 
If a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1 I( n+ 1). 

• Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags. 
The execution of these instructions does not change the 
contents of the processor status register. 

• Ports 
The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg
ister as an index, or bit-test a direction register (BBC or 
BBS), or perform a read-modify-write instruction such as 
ROR, CLB, or SEB. Use instructions such as LDM and 
STA to set the port direction registers. 

• Serial 1/0 
When using an external clock, input "H" to the external 
clock input pin and clear the serial 1/0 interrupt request 
bit before executing a serial 1/0 transfer. 
When using the internal clock, set the synchronization 
clock to internal clock, then clear the serial 1/0 interrupt 
request bit before executing a serial 1/0 transfer. 

• Instruction Execution Timing 
The instruction 'execution time is obtained by multiplying 
the frequency of the internal clock <P by the number of cy
cles needed to execute an instruction. 
The number of cycles reqUired to execute an. instruction 

., 
is' shown in the list of machine instructions. 
The frequency of the internal clock <P is half of the X1N or 

XCIN frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 

(3) Data to be written to ROM, in EPROM form 
(three identical copies) 

If required, specify the following option on the Mask Con
firmation Form: 
• Operation start mode switching option 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

ROM Writing Method 
The built-in PROM of the blank one-time programmable 

version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 

Package Name of Write Adapter 

80P6N PCA4738F-80 

8000 PCA4738L-80 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 42 
is recommended to verify programming. 

Note. The screening temperature IS far 
higher than the storage temperature Do 

not leave the microcomputer at 150·C 
for longer than 100 hours 

Fig. 42 Writing and testing of one-time programmable 

version 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

VEE Pull·down power supply voltage 

V, 
Input voltage P20·P2,. P4,·P4,. P50·P5,. 

P60·P6s• P7 o·P7 2 

V, Input voltage P40 

V, Input voltage P8o·P8, 

V, Input voltage RESET. X,N 
V, Input voltage XC1N 

Va 
Output voltage POo·PO,. Pto'P1" P30·P3,. 

PBo·P8, 

Va 
Output voltage P2,·P2,. P4,·P4,. P50·P5,. 

P6o~P651 P7o-P77 , XOUT , XCOUT 

Pd Power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Conditions Ratings Unit 

-0.3 to 7. 0 V 

Vee-40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

All voltages measured based on the Vss pin Vee-40 to Vee+O. 3 V 
Output transistors are isolated -0.3 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

Vee-40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

Ta = 25'C 600 mW 

-10 to 85 ·C 
-4010125 ·C 

RECOMMENDED OPERATING CONDITIONS (Vcc =4.0t05.5V. Ta = -10 to 85·C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max. 

I High~speed operation mode 4. a 5.0 5.5 
Vee Supply voltage V I Low-speed operation mode 2. a 5.0 5.5 

Vss Supply voltage 0 V 

VEE Pull·down power supply voltage Vcc-38 Vee V 

VREF Reference input voltage 2 Vee V 

AVss Analog power voltage 0 V 

V'A Analog input voltage 0 Vee V 

V ,H "H" input voltage P20·P2, 0. 4Vee Vee V 

V ,H "H" input voltage P40 O. 75Vcc Vee V 

V ,H 
"H" input voltage P4,·P4,. P5o·P5,. P60·P6s• 

O. 75Vec Vee V 
P7o-P77 

V ,H "H" input voltage P80·P8, O. aVec Vee V 

V ,H "H" input voltage RESET O. aVec Vee V 

V ,H "H" input voltage X1N , XCIN O. aVec Vee V 

V'L "L" input voltage P2,·P2, a O. 16Vcc V 

V'L "L" Input voltage P40 a O. 25Vcc V 

V'L 
"L" mput voltage P41-P47• P50-P57 , P6o-P65• 

0 O. 25Vcc V 
P70·P7, 

V'L "L" input voltage P8o·PB, 0 0. 2Vee V 

V'L "L" input voltage RESET 0 0. 2Vee V 

V'L "L" input voltage X1N , XCIN 0 0. 2Vee V 
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RECOMMENDED OPERATING CONDITIONS (Vcc=4.0 toS.sv. Ta=-10 t08S"C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

"H" total peak output current POO-P07, Plo-P17, 

S IOHlpeak) (Note 1) P2o-P2,. P30-P3,. -240 mA 
P8o-P8, 

SloHlpeak) 
"H" total peak output current P4,-P4,. P6o-P6s. 

P7o-P7, 
-60 mA 

"L" total peak output current P24-P27, P41-P47, 

SloLipeak) P50-P57, P6, -P6s, 100 rnA 
P7o-P7, 

SIOLIpeak) "L" total peak output current P6a 3.0 mA 
"H" total average output current PDQ-PO?, Pl o-P1 7• 

SloHlavg) (Note 1) P2o-P2,. P30-P3,. -120 mA 
P8o-P8, 

~loHlavg) "H" total average output current P4rP47, P6a-P6s -30 rnA 
"L" total average output current P2o-P27, P4,-P47. 

~ 10Llavg) P50-P5,. P6,-P6s. 50 rnA 
P7o-P7, 

~ 10Llavg) "L" total average output current P6a 1.5 mA 

IOH(peakl 
"H" peak output current POQ-PO? P1o-P1;, P30-P37 , 

-40 mA 
(Note 2) P8o-P8, 

IOHlpeak) 
"H" peak output current P2o-P27 . P4,-P47, P6a-P67, 

-10 rnA 
P7o-P7, 

10L(peak) "L" peak output current P2o-P2" P6,-P6s, P7o-P7, 10 mA 
10L(peak) "L" peak output current P4, -P47• P50-P57 10 rnA 
lOLl peak) "L" peak output current P60 3.0 rnA 

10Hlavg) 
"H" average output current POO-P07, P1o-P17, 

-18 mA 
(Note 3) P30-P3" P8o-P8, 

10Hlavg) 
"H" average output current P2o-P27, P41-P47, 

-5.0 mA 
P6o-P6" P7o-P7, 

10Llavg) 
"L" average output current P2o-P27, P6l -P65, 

5.0 mA 
P7o-P7, 

10L!avQl "L" average output current P4l-P47, P50-P57 5.0 mA 
10Llavg) "L" average output current P60 1.5 rnA 
f(CNTRo) Clock mput frequency for timers 2 and 4 

250 kHz 
f(CNTR,) (duty cycle 50%) 

f(X ,N ) Main clock mput oscillation frequency (Note 4) 6.3 MHz 

f(XCIN ) Sub clock Input oSCillatIOn frequency (Note 4, 5) 32.768 50 kHz 

Note 1. The total output current IS the sum of all the currents flowing through all the applicable ports The 
total average current IS an average value measured over lOOms The total peak current is the peak 
value of all the currents. 

2. The peak output current IS the peak current flowing in each port 
3. The average output current in an average value measured over lOOms 
4, When the oscillation frequency has a duty cycle of SO% 
5. When uSing the microcomputer in low-speed operation mode, make sure that the sub clock's Input 

frequency f(XCIN ) IS less than f(X,N )/3 
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ELECTRICAL CHARACTERISTICS (Vee = 4.0 t05.5V, Ta = -10 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Umt 

Min Typ Max 

VOH 
"H" output voltage POo-PO" P1 o-P1" P30-P3" 

P8o-P8, 
IOH=-18mA Vcc-2. O V 

VOH 
"H" output voltage P2o-P27, P4,-P47, P6o-P6s, 

IOH7-1OmA Vcc- 2. O V 
P7o-P7, 

VOL 
"L" output voltage P2,-P2" P4,-P4" P50-P5" 

P6,-P6s 
IOL=10mA 2.0 V 

VOL "L" output voltage P6a IOL=1.5mA 0.5 V 

VT+-VT-
HysteresIs INTo-INT4, SIN1. SIN2. SCLK1> SClK2. 

CNTRo, CNTR, 
When using a non-port function 0.4 V 

VT+-VT- HysteresIs RESET, X,N RESET: Vcc=2. 8V to 5. 5V 0.5 V 

VT+-VT- HysteresIs XCtN 0.5 V 

I'H 
"H" Input current P2o-P2" P4,-P4" P50-P5" 

P6o-P6s, P7o-P7, 
Vr=Vcc 5.0 /-LA 

I'H "H" Input current P40 VI=VCC 5.0 /-LA 

I'H "H" Input current P8o-P8, (Note 1 ) VI=VCC 5.0 /-LA 

~- "H" Input current RESET, XC1N VI=VCC 5.0 /-LA 

I'H "H" input current X1N VI=VCC 4 /-LA 

I'L 
"L" input current P2o-P2" P4,-P47, P50-P5" 

P6o-P6s. P7 o-P7 7 
v,=Vss -5.0 /-LA 

I'L OIL" mput current P40 V,=Vss -5.0 /-LA 

I'L "L" Input current P8o-P8, (Note 1) V,=Vss -5.0 /-LA 

I'L "L" mput current RESET, XCIN v,=Vss -5.0 /-LA 

I'L "L" input current X1N V,=Vss -4 /-LA 
VE,=Vcc-36V, 

ILOAD Output load current POO-P07 • P1 o-P1 7, P30-P37 VOL=VCC , 150 500 900 /-LA 
With output transistors off 

Output leakage current POo-PO" P1o-P17, P30-P37, 
VEE=Vcc -3SV, 

'LEAK VOL =Vcc -3BV, -10 /-LA 
P8o-P8, 

With output transistors off (Except for reset) 

VRAM RAM hold voltage When clock IS stopped 2.0 5.5 V 

Note 1. Except when reading ports PB. 
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ELECTRICAL CHARACTERISTICS (Vee = 4.0 to 5. 5V, Ta = -10 to 85°C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions Umt 
Min Typ Max 

In high-speed operation mode 

f(X ,N )=6.3MHz 

f(XcIN)=32kHz 7.5 15 rnA 
Output transistors off 

A-D converter operatmg 

In high-speed operation mode 

f(X ,N )=6. 3MHz (In WIT state) 

f( XeIN)=32kHz 1.5 rnA 
Output transistors off 

A-O converter stopped 

In low-speed operation mode 

Icc Power supply current 
f(X,N)= stopped, f(XeIN)=32kHz 

Low-power diSSipatIOn mode set 60 200 ~A 

(CM5=O) 

Output transistors off 

In low-speed operation mode 

f(X,N)= stopped 

f(XCIN )=32kHz (In WIT state) 

Low-power diSSipation mode set 
20 40 ~A 

(CM5=O) 

Output transistors off 

All oscillatIOn stopped I T a=25'C 0.1 1.0 
(In STP state) ~A 

Output transistors off I T a=85'C 10 

A-D CONVERTER CHARACTERISTICS 
(Vee=4.0 to 5. 5V, Vss=OV, T .=-10 to 85'C, high-speed operation mode, unless otherwise noted) 

Symbol Parameter 

- Resolution 

- Absolute accuracy 

TeoNv Conversion time 

V REF Reference Input voltage 

IVREF Reference mput current 

I'A Analog port Input current 

RLADDER Ladder resistor 

Test conditions 

Vee=VREF=5.12V 

V REF=5V 

• MITSUBISHI 
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Min 

49 

2 

50 

Limits 
Unit 

Typ. Max 

8 Bits 

±1 ±2.5 LSB 

50 te (¢) 

Vee V 

150 200 f1A 

0.5 5.0 ~A 

35 kO 
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TIMING REQUIREMENTS (Vcc =4.0t05.5V, Vss=ov, Ta=-10t085"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

tW(RESET) Reset input "L" pulse width 2 
-

tC(XtN) MaIO clock Input cycle time (X1N Input) 158 

tWH(XIN) Main clock Input "H" pulse width 40 

tWL(XIN) Main clock input "L" pulse width 40 

tC(XCIN) Sub clock input cycle time (XCIN Input) 2.0 

tWH(XCIN) Sub clock input "H" pulse width 0.5 

tWUXCIN) Sub clock Input "L" pulse Width 0,5 

tC(CNTR) CNTRo, CNTR, Input cycle time 4 

tWHCCNTR) CNTRo, CNTR" onput "H" pulse Width 1.6 

twLCCNTR) CNTRo, CNTR" Input "L" pulse Width 1.6 

tWH(INT) INTo-INT, Input "H" pulse Width 80 

tWLCINT) INTo-INT, Input "L" pulse Width 80 

tC(SCl.K) Senal clock Input cycle time 1 
-------

tWHCSCLK) Serial clock rnput clock "H" pulse width 400 

tWLCSCLK) Senal clock Input clock "L" pulse Width 400 

tSU(SCLK-SIN) Serial rnput setup time 200 

th (SCI K-S'N) Serial Input hold time 200 

SWITCHING CHARACTERISTICS (Vcc =4.0t05.5V, Vss=OV, Ta=-10t085"C, unless otherwise noted) 

Symbol Parameter Test conditions 

tWHCSCLK) Senal clock output "H" pulse Width C L=100pF, RL=lk!1 

tWLCSCLK) Senal clock output "L" pulse Width C L =100pF, RL =1 k!1 
---

tdCSCLK-SOUT) Serial output delay time 

tV(SCLK-SOUT) Senal output hold time 

tfCSCLK) Senal clock output fall time C L=100pF, RL=lk!1 

tr(Pch-strg) 
P-channel high-breakdown voltage output nse time 

C L =1 OOpF, V EE=Vcc-36V 
(Note 1) 

t r( Pch-weak) 
P-channel high-breakdown voltage output nse time 

C L =1 OOpF, V EE=Vcc-36V 
(Note 2) 

Note 1. When bit 0 of the high-breakdown voltage port control register (address 003816 ) is at "0" 
2. When bit 0 of the high-breakdown voltage port control register (address 0038,6) IS at "1" 
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limits 

Min Typ 

tc12- 16O 

tc/2-160 

0 

55 

1.8 

Umt 
Max 

f1S 

ns 

ns 

ns 

ms 

ms 

ms 

f1S 

f1S 

f1S 

ns 

ns 

f1S 

ns 

ns 

ns 

ns 

Unit 
Max 

ns 

ns 

0. 2tc ns 

ns 

40 ns 

ns 

f1S 



P56/SCLK' RL 

Serial clock output 
P5,/SCLK1 

port 

~l i CL 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

~! PO, P1, P3, P8 

P-channel 

1 output port 
(Note) 1 CL 

~ '}- VEE 

Note: Port P8 has no Internal pull-down resistors and external resistors should be used If necessary. 

Fig. 43 Output switching characteristics measurement circuit 
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Timing Chart 

CNTRo• CNTR, 

INTo-INT. 

X,N 

XC1N 

S'N 

Sour 

2-2-08 

MITSUBISHI MICROCOMPUTERS 

M3817x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

C(CNTR) 

tWH(CNTR) tWL{CNTR) 

1I 0. 8Vcc , 
r 0. 2Vcc V 

tWH(INT) 

=v 0.8Vcc 

If·m~ 
tC(XIN) 

Jr-tWH(XIN) 

No.2Vcc 

tWL(XIN) 

rf·,,~ 
tC(XCIN) 

Jr-tWH(XcIN) 

UO~~ 
IwL(XcIN) 

I ( C SCLK 

If tWUScLK) Ir tWHCSCLK) 

'\ 0. 2Vcc I 0. 8Vcc 

""'" 
tSU(SIN-SclK) Ih(ScLK-SIN) ---

~ ~ 0. 8Vcc ~ ~ 
0. 2Vcc /xxxx XXXXXXX xxxxxxxxxx xxx'\. 

tdCScLK-Sour) ty( ScLK- SOUT) -- ~ 

) K ) r 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 
; , 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3818x group is made up of 8-bit microcomputers' 
based on the MELPS 740 core, 
The M381'6x group is designed mainly for VCR timer/func
tion control, and include six 8-bit timers, a fluorescent dis
play automatic display circuit, a PWM function, and an 8-
channel A-D converter, 

The various microcomputers in the M3818x group include 
variations of internal memory size and packaging, For de
tails, see the section on part numbering, 

FEATURES 
• Basic machine-language instructions"""""""""'"'' 71 

• Instruction execution time""""'"'''''''''''''''''''''' 0.63"s 
(shortest instruction at 6,3M Hz oscillation frequency) 

• Memory size 
ROM " .. """" .. """." .. ".,,.,,".,, ..... ,,". 4K to 40K bytes 

RAM" .. "" ...... " .. """""""" .. """,,,,·192 to 1024 bytes 

• Programmable input/output ports " .. """""" .. " .. " .. ,, 67 
• High-breakdown-voltage output ports " .... " .... " .. ,," .. 32 

• Interrupts """"""""""""""""'18 sources, 15 vectors 

PIN CONFIGURATION (TOP VIEW) 

P87/SEG7 -81 

0 P86/SEG6 -82 
P8,/SEG, -83 

P84/SEG4 -84 

P8,/SEG3 -85 

P8,/SEG, -86 

P8,/SEG, -87 
P80/SEGo -88 

VEE - 89 

• Timers' """. ". " ... "" ... " .. " .. "". " ..... ""'''''''''' 8-bitX6 

• Seriall/O""""""""""""'Clock-synchronized 8-bitX2 
(Serial 1/01 has an automatic data transfer function) 

• PWM output circuit .. "" ............ " .. """"""",,· 14-bitX1 

8-bitX1 (also functions as timer 6) 
• A-D converter" .... " .. " .. " .. " .. "" ........ 8-bitX8 channels 

• Fluorescent display function 
Segments ...................................................... 8 to 24 
Digits .. " .. " ...... " ........................ " ............ " .. " 4 to 16 

• 2 Clock generation circuit 
Clock (X,N-XOUT) .............. "Internal feedback amplifier 

Sub clock (XCIN-XcOUT) ... Internal amplifier without feedback 

• Supply voltage"""""""""'"'''''''''''''''''''''' 4.0 to 5.5V 
• Low power disSipation 

In high-speed operation .................................... 38mW 

(at 6.3MHz oscillation frequency) 
In low-speed operation ................................... 300"W 

(at 32kHz oscillation frequency) 
• Operating temperature range ................... -10 to 85°C 

APPLICATIONS 
VCRs, microwave ovens, domestic appliances, ECRs, etc. 

P16 
P1 7 
P20 
P2, 
P2, 
P23 
P24 
P2, 
P26 

PB, -90 
M38184M8-XXXFP Vee 91 

P27 
vss 

PBo - 92 
AVss - 93 
VREF -94 

P77/AN7 - 95 
P7s/AN 6 - 96 
P7s/ANs - 97 
P74/AN 4 
P73/AN3 
P72/AN 2 

Package type :, 100P6S 

100·pin plastiC molded QFP 

XOUT 
X,N 
><COUT 
~ 
RESET 
P40/INTo 
P4,/INT1 
P42/1NT2 
P43/1NT3 

2-209 



N 

I 
~ 
C> 

,. 
II 
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PIN DESCRIPTION 

Pin Name 

Vee, Vss Power supply 

VEE Pull-down power 

mput 

V REF Analog reference 

voltage mput 

AVss Analog power supply 

~~-

RESET Reset mput 

X ,N Clock mput 

XOUT Clock output 

XCIN Sub clock Input 

XCOUT Sub clock output 

POo/DIG 8 - Output port PO 

P07/DIG'5 

P1 o-P1 7 I/O port P1 

P2o-P27 I/O port P2 

P30/SEG16/ Output port P3 

DIGo-P3,/ 

SEG23/DIG7 

P4o/ INTo Input port P40 

P4,/INT,- I/O port P4 

P44 /1NT4 

P45 

P46 /T1 oUT• 

P47/T3oUT 

P50/S ,N,. I/O port P5 

P5,/Soun. 

P5,/SCLKl1. 
--

P53/SROY'/ -
CS/SCLK12 

P54/S,N,. 

P55/SouT2• 

P56/ScLK,. 
~-

P57/SROY, 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply Inputs 40 to 5 5V to Vee. and OV to Vss. 

Applies voltage supplied to pull-down resistors of ports PO, P3 and 8 

Reference voltage Input pin for A-O converter 

GND input pin for A-p converter Keep at the same potential as Vss 

To reset the microcomputer, this pin should be kept at an "L" level for more than 2,us under high-speed operatmg con-

dltions In low-speed operation start mode, Internal reset is not released until the XCIW)(COUT clock has had time to sta-

bilize. 

Input and output signals for the internal clock generation circuit It ConSiSt of mternal feedback amplifier Connect a 

ceramic resonator or quartz crystal between the XIN and XOUT pms to set the OSCillation frequency If an external clock IS 

used, connect the clock source to the XIN pm and leave the XOUT pm open This clock IS used as system clock 

Input and output signals for the Internal sub clock generation CirCUIt It consist of mternal amplifier without feedback 

Connect a ceramiC resonator or quartz crystal and external feedback resistor between the XelN and XeouT pIns If an ex-

ternal clock IS used, co~nect the clock source to the XCIN pm and leave the XCOUT pm open This clock can also be 

used as the system clock 

An 8-blt output port The output structure IS hlgh- FLD automatic display pms 

breakdown-voltage P-channel open drain with mternal 

pull-down resistors connected between the output and the 

VEE pm Are "L" at reset 

An 8-bit CMOS I/O port An I/O direction register allows 

each pin to be mdlvldually programmed as either Input or 

output At reset this port IS set to Input mode 

The Input levels are CMOS compatible 

An 8-bit CMOS I/O port with the same function as port P1 The mput levels are TTL compatible 

An 8-blt output port with the same function as port PO FLD automatic display pms 

A 1-blt CMOS Input port External mterrupt mput pm 

A 7 -bit CMOS I/O port with the same funcllon as port Pl. External Interrupt Input pms 

with CMOS compatible mput levels 

Timer output pm 

An a-bit I/O port with the same function as port P1 The Senal 1/01 I/O pins 

output structure of this port IS N-channel open dram, and 

the input levels are CMOS compatible 

Keep the mput voltage of this port between OV and Vee -

Senal 1/02 1/0 pinS 
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PIN DESCRIPTION 

Pin Name 

PBo/PWMo I/O port P6 

P6, /PWM, 

P6,/CNTRo• 

PB3/CNTR, 

P64 - P67 

P7o/ANo- I/O port P7 

P77/AN 7 

P8o/SEGo- I/O port P8 

P87/SEG 7 

P90/SEG,- I/O port P9 

P93/SEG ll 

P94/SEG12- Output port P9 

P9,/SEG15 

PAo-PA7 I/O port PA 

PBo• PB, Input port PB 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

An 8-blt 9MOS 110 port with the same function as port P1, 14-blt PWM output pin 

with CMOS compatible input levels 

8-blt PWM output pin 

Event counter Input pins 

An 8-bIt CMOS I/O port with the same functIOn as port PI. A-O converter input pins 

with CMOS compatible input levels 

An a-bit liD port with the same function as port P1 The FLD automatic display pins 
output structure of this port IS P-channel open dram, and \ 

the mput levels are CMOS compatible Please note that 

this port does not have Internal pull-down resistors 

A 4-blt I/O port with the same function as port P1 The out FLD automatic display pms 

put structure of this port is P-channel open drain, and the 

Input levels are CMOS compatible This port has Internal 

pull-down resistors 

A 4-blt output port with the same function as port PO FLO automatic display pins 

An 8-blt CMOS I/O port with the same functIOn as port PI. with CMOS compatible mput levels 

A 2-blt CMOS mput port 

• MITSUBISHI 
..... ELECTRIC 



PART NUMBERING 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Product name M3818 a M x - XXX FP r -~."~ FP : 100P6S package 
FS : 100DO package 

ROM number 
Omitted in some types 

~----- ROM/PROM sIZe 
1 : 4096 bytes 
2 : 8192 bytes 
3 : 12288 bytes 
4 : 16384 bytes 
5 : 20480 bytes 
6 : 24576 bytes 
7 : 28672 bytes 
8 : 32768 bytes 

36864 bytes 
A 40960 bytes 
S 45056 bytes 
C 49152 bytes 
D 53248 bytes 
E 57344 bytes 

The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 

'-------- Memory type 
M : Mask ROM version 
~ : EPROM or one-time programmable verSIOn 

~------RAM size 
a 192 bytes 
1 .256 bytes 
2·384 bytes 
3·512 bytes 
4: 640 bytes 
5 768 bytes 
6·896 bytes 
7 . 1024 bytes 

• MlTSUBlSHI 
"'B.ECTRIC 

2-213 



MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION 
Mitsubishi plans to expand the M3818xgroup as follows: 
(1) Support for mask ROM, one-time programmable, and 

EPROM versions 
(2) ROM/PROM size ··· .. ························32K to 40K bytes 

RAM size ",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 640 bytes 

(3) Packages 
1 00P6S""" ................................. Plastic molded QFP 

100DO"""""""'''''''''''''''''Window type ceramic Lee 

Memory Expansion Plan Under development 

R~~slZe~b~e~ ~_ - -1----;----1- --I--E84~A3>~I---~ 
I I I I I I I I 

K ____ ~---+---~----L---~---~----~---~ 
I : u:nder develo~me~ .: : : 

32K ----t-----t----i----t--~ -i----t------j 
i i : : I : : : 

28K - - - -1- - - -1- - - -1- - - - f- - - -1- - - -1- - - - +- - - - --t 
1 I I I I 1 I I 
I 1 1 1 1 1 1 1 

24K - - - - t-- - - - + - - - -+ - - - --'- - - - ~ - - - -+ - - - --t - - - --t 
1 Iii 1 1 1 1 

I I I 1 I I I 
20K - - - - -l-- - - - -I- - - - -J- - - ..1_ - - + - - - --r - - - t-- - - -, 

1 1 I 1 I 1 I 1 

1 1 1 1 1 1 1 1 
16K --- --t----I-----.L----L---l-----I----+_ ---'1 

1 1 : 1 1 I 1 1 
I I I 1 1 1 I 1 

12K --- -~ -- -+- - _~----L-- -~-- -~- -- -I----~ 
1 1 I 1 1 1 1 I 
I I I I 1 1 1 1 

8K ----+--- -'--+- -- -1-- --I- --- --t - - - _L_ - - t- - ----j 

1 1 1 1 1 1 I I 
1 I 1 1 I 1 1 1 

4K --- -+ - --- f-- --+----1--- - t- --- -1--- -1-- - --I 
I I I 1 1 1 I 1 
I I I 1 I : I I 

192 256 384 512 640 768 896 1024 

RAM Size (bytes) 

The development schedule and other details of products under development may be revised without notice 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CPU MODE REGISTER 
The CPU mode register is allocated to address 003B16. 

Microcomputers of the M3818x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions, or the 
MELPS 740 Software Manual for details on the instruction 

set. 

Bits 0 and 1 of this register are processor mode bits and 

should always be set to "0". 
The CPU mode register contains the stack page selection 
bit. 
For details of the XCOUT drivability selection bit, main clock 
stop bit, and internal system clock selection bit, see the 

section on the clock Qeneration circuit. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL and DIV instructions can be used. 

o 
lLLLllllJ CP 

II 

Fig. 1 Structure of CPU mode register 

U mode register (CPUM : address 0038,.) 

Processor mode bits 
blbO 
o 0 : Single-chip mode 
o 1 : Do not use 
1 0 : Do not use 
1 1 : Do not use 

Stack page selection bit 
o : RAM in the zero page IS used as stack area 
1 : RAM In page 1 IS used as stack area 

XCOUT drivabllity selection bit 
o : Low drive 
1 : High drive 

Main clock (X,N-XOUT) stop bit 
o : Operating 
1 : Stopped 

Internal system clock selection bit 
o : X,N-XOUT selected (high-speed operation mode) 
1 : XCIN-XCOUT selected (low-speed operation mode) 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
o Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as 1/0 ports and timers, and 
is located in the zero page area. 

o RAM 

RAM is used for data storage as well for stack area. 
oROM 

The first 128 bytes and the last two bytes of ROM are re

served for device testing and the rest is user area for 
storing programs. 

o Interrupt Vector Area 

The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacIty 
Address XXXX'6 

(bytes) 

192 00FF'6 
256 013F'6 
384 01BF'6 
512 023F'6 
640 02BF'6 

768 033F'6 
896 03BF'6 

1024 043F'6 

ROM ar~a 
ROM capacity 

Address YYYY'6 Address ZZZZ'6 
(bytes) 

4096 FOOO'6 F080'6 
8192 EOOO'6 E080'6 

12288 DOOO'6 D080'6 
16384 COOO'6 C080'6 
20480 BOOO'6 B080'6 
24576 AOOO, 6 A080'6 
28672 9000'6 9080'6 
32768 8000,6 8080'6 
36864 7000'6 7080'6 
40960 6000'6 6080'6 

Fig, 2 Memory map diagram 

2-216 

o Zero Page 

The 256 bytes from addresses 0000 '6 to 00FF'6 are cal

led the zero page area. The internal RAM and the spe
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 

This dedicated zero page addressing mode enables ac
cess to this area with only 2 bytes. 

o Special Page 

The 256 bytes from addresses FFOO'6 to FFFF'6 are cal
led the special page area. The special page addressing 

mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres
sing mode enables access to this area with only 2 bytes. 

RAM 

ROM 

0000'6 

0040'6 

0070'6 

0100'6 

0120 '6 

XXXX ,6 

0440 '6 

YYYY ,6 

ZZZZ,6 

FFOO '6 

FFOC'6 

FFFE'6 

FFFF'6 

SFR area 

FLO automatIc dIsplay RAM area 

SenalllOautomatlctransfer RAM area 

------------------
Reserved area 

Not used 

------------------
Reserved ROM area 

(common ROM area, 128 bytes) 

Interrupt vector area 

Reserved ROM area 

1 Zero 
page 

SpecIal 
page 



MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
OOOB,. 
OOOC,. 
OOOD,. 
OOOE,. 
OOOF,. 
0010,. 
0011,. 
0012,. 
0013,. 
0014,. 
0015,. 
0016,. 
0017,. 
0018,. 
0019,. 
00IA,. 
00IB,. 
00IC,. 
00ID,. 
00IE,. 
00IF,. 

Port PO (PO) 

Port PI (pO 
Port PI direction register (PI D) 
Port P2 (P2) 
Port P2 direction register (P2D) 
Port P3 (P3) 

Port P4 (P4) 
Port P4 direction rellister (P4D) 
Port P5 (P5) 
Port P5 directIOn register (P5D) 
Port P6 (P6) 
Port P6 direction register (P6D) 
Port P7 (P7) 
Port P7 direction register (P7D) 
Port P8 (P8) 
Port P8 direction register (paD) 
Port P9 (pg) 
Port pg direction register (P9D) 
Port PA (PA) 
Port PA direction register (PAD) 
Port PB (PB) 

Senall/O automatic transfer data pOinter (SlOOP) 
Senal 1/01 control register (SIOI CON) 
Senal 110 automatic transfer control register (SIOAC) 
SenailiOI register (StOl) 
Senall/O automatic transfer mterval register (SIOA;) 
Senall/02 control register (SI02CON) 

Senal 1/02 r"gister (SI02) 

Fig. 3 Memory map of special function register (SFR) 

1/0 PORTS 
• Direction Registers 

The M3818x group microprocessors have 67 programm
able I/O pins arranged in nine I/O ports (ports P1, P2, 
P4,-P47 , P5-P8, P90-P93 and PA ). The I/O ports have 
direction registers which determine the input/output 
direction of each individual pin. Each bit in a direction 
register corresponds to one pin, each pin can be set to 
be input or output. . 

When "0" is written to the bit corresponding to a pin, that 
pin becomes an input pin. When "1" is written to that bit, 
that pin becomes an output pin. 
If data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it
self. Pins set to input are floating. If a pin set to input is 
written to, only the port output latch is written to and the 
pin remains floating. 

0020,. 
0021,. 
0022,. 
0023,. 
0024,. 
0025,. 
0026,. 
0027,. 
0028,. 
0029,. 
002A,. 
002B,. 
002C,. 
002D,. 
002E,. 
002F,. 
0030,. 
0031,. 
0032,. 
0033,. 
0034,. 
0035,. 
0036,. 
0037,. 
0038,. 
0039,. 
003A,. 
003B,. 
003C,. 
003D,. 
003E,. 
003F,. 

Timer 1 (TO 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 5 (T5) 
Timer 6 (T6) --

Timer 6 PWM r~ster (T6PWM) 
Timer 12 mode r~ster (T12M) 
Timer 34 mode r~ster (T34M) 
Timer 56 mode r~ster (T56M) 
PWM control r9l!'ster (PWMCON) 
PWM register (llPper)(PWMH) 
PWM register (lower)(PWML) 

A-D control register (ADCON) 
A-D conversion register (AD) 
Port P3 segmentldlglt swrtchlng register (P3SDR) 
Port PO dlgillport SWitching register (POOPR) 
Port P8 segmentlport switchmg register (P8SPR) 
K<3}I-scan blanking register (KSCN) 
FLOC mode r9l!'ster (FLDM) 
FLD datapolnter (FLDDP) 
HIgh-breakdown-vol~ort control register (HVPC) 

Interrupt edge selection r~ster (INTEOGE) 
CPU mode register (CUPM) 
Interrupt request register 1 (IRE01) 
Interrupt request register 2 (IRE02) 
Interrupt control register 1 (ICON1) 
Interrl!Ql control rE!ll!ster 2 (ICON2) 

• High-Breakdown-Voltage Output Ports 
The M3818x group microprocessors have four ports with 
high-breakdown-voltage pins(ports PO, P3, P8, P9). The 
high-breakdown-voltage ports have P-channel open drain 
output with a breakdown voltage of Vcc -40V. Each pin 
in Ports PO, P3, and P9 has an internal pull-down resistor 
connected to VEE. Port P8 has no internal pull-down resis
tors and external resistors should be used if necessary. 
At reset, the P-channel output transistor of each port latch 
is turned off, so it is forced to the level of VEE by the pull
down resistor. 
Writing "1" to bit 0 of the high-breakdown-voltage port 
control register(address 0038,6)slows the transition of the 
output transistors to reduce transient noise. At reset, bit 0 
of the high~breakdown-voltage port control register is set 
to "0" (strong drive). 
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Pin Name Input/Output 

POo/SEG.-

P03/DIG l1 

Port PO Output 

P04 /SEG'2-

P07/SEG'5 

Input/output, 
P1 o-Ph Port P1 

individual bits 

P2o-P27 Port P2 Input/output, 

individual bits 

P30 /SEG,.1 

DIG,.-P371 Port P3 Output 

SEG23/DIG7 

P4o/iNTo Input 

P4,/INT,-

P44 /1NT4 Port P4 
Input/output, 

P45 
individual bits 

P45 /T1 oUT, 

P47/T30uT 

P50 /S,N " 

P51/SoUT1. 

P52/SCLK', 
--

P53/SRDY1! 

CS/SCLK'2 Port P5 
Input/output, 

Individual bits 
P54 /S,N2, 

P55/SoUT2, 

P5./SCLK2, 
--

P57/SROY2 

P6o/PWMo 

P6,/PWM, Port P6 
I nput/ output, 

individual bits 

P62/CNTRo, 

P63/CNTR, 

P64 - P67 

P7o/ANo-
Port P7 

Input/output, 

P77/AN7 Individual bits 

P8o/SEGo- Input/output, 
Port P8 

P87/SEG7 individual bits 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

1/0 Format Non-Port Function Related SFRs 
Diagram 

No. 

FLDC mode register 

High-breakdown-
(1) 

Hlgh-breakdown-
voltage port control 

FLD automatic register 
voltage P-channel 

display function FLDC mode register 
open-drain output 

with pull-down 
Digit/port switching 

resistor 
register 

(2) 
Hlgh-breakdown-

voltage port control 

register 

CMOS level input 

CMOS 3-state (3) 

output 

TTL level Input (3) 
CMOS 3-state output 

High-breakdown-
FLDC mode register 

voltage P-channel 
Segment/dlgit 

FLD automatic sWitching register 
open-drain output (4) 

with pull-down 
display function Hlgh-breakdown-

resIstor 
voltage port control 

register 

CMOS leve'l input 
External Interru pt Interrupt edge 

(5) 
Input selection register 

External Interrupt Interrupt edge 
(6) 

Input selection register 
CMOS level Input .-

-~ 

CMOS 3-state output 

Timer output 
Timer 12 mode register 

(7) 
Timer 34 mode register 

Serial 1101 control (8) 
r-----

Serial 1/01 functIOn 
regIster 

(9) 
Serial 1/0 automatic 

1/0 
CMOS level input transfer control 

(10) 
N-channel register 

open-drain output (8) 

Serial 1/02 function Serial 1/02 control 
(9) 

1/0 register 

(10) 

PWM control register 

14-bit PWM output PWML register (11) 

PWMH register 

CMOS level Input 
8-blt PWM output 

Timer 56 mode register 
(7) 

CMOS 3-state output Timer 6 PWM register 

External count input 
Interrupt edge 

(6) 
selection register 

(3) 

CMOS level Input 
A-O converter input A-D control register (12) 

CMOS 3-state output 

CMOS level input FLDC mode register 

High-breakdown- Segment/port 

voltage P-channel FLD automatic sWitching register 
(13) 

open-drain output display function Hlgh-breakdown-

without pull-down voltage port control 

resistor registor 

Note. Make sure that the Input level at each pin IS either OV or Vee dUring execution of the STP instruction 
If an Input level IS at an intermediate potential, a current will flow In the input-stage gate 
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Pin Name Input/Output 

P90 /SEG.- Input/output, 

P93 /SEG l1 individual bits 

Port P9 

P94 /SEG'2-

P97 /SEG'5 
Output 

PAo-PA7 Port PA 
Input/output, 

individual bits 

PBo, PB, Port PB Input 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

1/0 Format Non-Port Function Related SFRs 
Diagram 

No. 

CMOS level input 

High-breakdown-

voltage P-channel 
(14) 

open-drain output 

with pull-down 
FLOC mode register 

FLO automatic High-breakdown-
resistor 

display function voltage port control -
High-breakdown-

registor 
voltage P-channel 

open-drain output (15) 

with pull-down 

resistor 

CMOS level input 
(3) 

CMOS 3-state output 

CMOS level Input (16) 
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Fig. 4 

2-220 

(1) Port POO-po3 

Shift signal from prevIous stage 

j 
Data bus---"---

Dimmer slgnal~ 
(Note) 

Shift signal to next stage 

(3) Port Pi, P2, P45 , P64 - P67 , PA 

Data bus 

(5) Port P40 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Shift signal from previous stage 

Data bus 

Blanking 

D/P sWitching register 

Dimmer slgnal-..o 
(Note) 

Port latch 

register ~--r---------' 

Shift signal to next stage 

(4) Port P3 

Shift signal from previous stage 

Blanking 
register 

Databus--r~~~~~~~-f---r--L-f 

Local data 
bus 

Shift signal to next stage 

(6) Port P4,-P44 , P62 , P63 

Data bus --~~~~~<l:<;J-n---"----<O 
INTo interrupt -E _ 

request 

Data bus 

(7) Port P46 , P47 , P6, 

Data bus 

Timer 1 output selection bit 
Timer 3 output selecllon bit __ 1>_-' 
Timer 6 output selectIon bIt 

* : Hlgh-breakdown-voltage P-channel transistor 

Note. The dimmer signal sets the T off timing 

Port block diagram (1) 

(8) Port P5o, P54 

Data bus 

• MITSUBISHI r&ELECTRIC-

Direction 
register 

Port latch 

Senal I/O Input 



(9) Port P5,. P52 • P5s• P56 

r------ - - -------, 

: Serial clock Input I 
L ____________ _ 

P5,. P5, only 

(11) Port P60 

PWM output enable bit 

Data bus 

(13) Port P8 

Local data 
bus 

Data bus 

(15) Port P94 -P97 

* : Hlgh-breakdown-voltage P-channel transistor 

Note. The dimmer signal sets the T off timing 

Fig. 5 Port block diagram (2) 

MITSUBISHI MICROCOMPUTERS 
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(10) Port P53 • P57 

SRDY output selection bit 

Data bus 

(12) Port P7 

Data bus 

Local data 
bus 

Data bus 

(16) Port PB 

A-D converter Input 

Data bUS---<l----o 
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INTERRUPTS 
A total of 18 source can generate interrupts: 5 external, 12 
internal, and 1 software . 
• Interrupt Control 

Each interrupt is controlled by its interrupt request bit, its 

interrupt enable bit, and the interrupt disable flag except 
for the software interrupt set by the BRK instruction. An 
interrupt is generated if the corresponding interrupt re
quest and enable bits are "1" and the interrupt disable 

flag is "0". 
Interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but 

cannot be set by software. 
The I flag disables all interrupts except for the BRK in

struction interrupt. 

Table 1. Interrupt vector addresses and priorities 

Interrupt Cause PriOrity 
Vector Address (Note 1) 

High Low 

Reset (Note 2) 1 FFFD'6 FFFC'6 

INTo 2 FFFB'6 FFFA'6 

INT, 3 FFF9'6 FFF8'6 

INT2 4 FFF7'6 FFF6'6 

Serial 1101 
............................. 5 FFF5'6 FFF4'6 Serial 1/0 automa-
tic transfer 

Serial 1/02 6 FFF3'6 FFF2'6 
Timer 1 7 FFF1'6 FFFO'6 

Timer 2 8 FFEF'6 FFEE'6 

Timer 3 9 FFED'6 FFEC'6 -
Timer 4 10 FFEB'6 FFEA'6 

Timer 5 11 FFE9'6 FFE8'6 

Timer 6 12 FFE7'6 FFE6'6 

INT3 13 FFE5'6 FFE4'6 

INT. 
.............................. 14 FFE3'6 FFE2'6 

A-D converter 

FLD blankong 
.................... ......... 15 FFE1'6 FFEO'6 
FLD digit 

BRK instruction 16 FFDD'6 FFDC'6 

Note 1. Vector addresses contain Interrupt jump destination addresses 

• Interrupt Operation 

When an interrupt is received, the program counter and 
processor status register are automatically pushed onto 
the stack. The interrupt disable flag is set to inhibit other 
interrupts from interfering. The corresponding interrupt 

request bit is cleared and the interrupt jump destination 
address is read from the vector table into the program 
counter. 

• Notes on Use 
If you will change interrupt edge selection from rising 

edge to falling edge, interrupt request bit will be set to 
"1" automatically. Therefore, please make following pro
cess; 
(1) Disable INT which is selected. 
(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 

Interrupt Request 

Generation Conditions 
Remarks 

At reset Non-maskable 

At detection of either rlsmg or External interrupt (active edge 
failing edge of INTo Input selectable) 

At detection of either rising or External interrupt (active edge 
failing edge of INT, Input selectable) 

--
At detection of either rising or External interrupt (active edge 

failing edge of INT2 Input selectable) 

Valid when senal 1/0 normal 
At end of data transfer 

mode IS selected -, ... , .... . ... ," . -... ........ .... . ... . ......... .... ,- ...... ,-, . ........ ..... 

At end of final data transfer 
Valid when serial 1/0 automa-

tic transfer mode IS selected 

At end of data transfer 

At timer 1 overflow 

At timer 2 overflow STP release timer overflow 

At timer 3 overflow 

At timer 4 overflow 

At timer 5 overflow 

At timer 6 overflow 

At detection of either rising or External Interrupt (active edge 

failing edge of INT 3 Input selectable) 

At detection of either rising or External Interrupt valid when INT 4 mter-

fallin!;!. "d.liI.e .. ofl. r-JT ~.'nJJ.~t .. .... . .'u.~t Is.selected .(acti.ve ed.~e. Sel?ctabl~). 

At end of A-D conversion 
Valid when A-D Interrupt is 

selected 

At fall of fonal digit 
Valid when FLD blanking Inter-

....... .... ...... ,-, .... .... ... ... . . rup.t.'s~el.ecte.d . . ............... 
Valid when FLD digit Interrupt 

At rise of each dIgIt 
IS selected 

At BRK Instruction execution Non-maskable software Interrupt 

2. Reset function In the same way as an Interrupt With the highest Priority 
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Fig. 6 
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Interrupt request bit 

Interrupt enable bit 

Interrupt disable Ilag(l) ---<:I 

BRK instruction ------I Interrupt request 

Interrupt control 

7 

II I I I I J I I 
Int errupt edge selection register 

NTEDGE : address 003A16 ) (I 

I 

I I I I I I I I I 

I 

Int 

INTo active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
INT 3 active edge select bit 
INT. active edge select bit' 
INT./A-D conversion 
Interrupt sWitching bit 

CNTRo active edge select bit 
CNTR, active edge select bit 

errupt request register 1 
EOl : address 003C,.) (IR 

INTo Interrupt request bit 
INT, Interrupt request bit 
INT, Interrupt request bit 

Senal 1/01 Interrupt request bit, or 
Senal 1/0 automatic transler 
Interrupt request bit 

Serial 1/02 Interrupt request bit 
Timer 1 Interrupt request bit 
Timer 2 Interrupt request bit 
Timer 3 Interrupt request bit 

7 0 
I I I I I I I I I Interrupt control register 1 

(ICONl : address 003E,.) 

Il INTo Interrupt enable bit 
---- INT, Interrupt enable bit 

'------ INT, Interrupt enable bit lL_- ~=-- Senal 1/01 Interrupt enable bit, or 
Senal 1/0 automatic transler 
interrupt enable bit 

Senal 1/02 Interrupt enable bit 
'---------- Timer 1 Interrupt enable bit 

'----------- Timer 2 Interrupt enable bit 
'------------ Timer 3 Interrupt enable bit 

Reset -----/ _/ 

: Failing edge active 
: RISing edge active 

: I NT. Interrupt 
: A-D Interrupt 

: Count at nSlng edge 
: Count at lailing edge 

I I I I I I I I lint 

I~ 
errupt request register 2 

RE02 : address 003D,.) 

Timer 4 Interrupt request bit 
Timer 5 interrupt request bit 
Timer 6 interrupt request bit 
INT3 Interrupt request bit 

INT. Interrupt request bit. or 
A-D conversion Interrupt request bit 

FLD blanking Interrupt request bit, or 
FLD digit Interrupt request bit 
Not used (returns "0" when read) 

: No interrupt request Issued 
: Interrupt request Issued 

I I I I I I I I I Interrupt control register 2 

I
I I (ICT~::r :4ai~~;:::~~~::I~ bit 

~ Timer 5 mterrupt enable bit 
'------ Timer 6 Interrupt enable bit 

'-------INT3 Interrupt enable bit 

'------- INT. Interrupt enable bit, or 
A-D converSion Interrupt enable bit 

'-------- FLD blanking Interrupt enable bit, or 
FLD digit Interrupt enable bit 

'--------- Not used (returns "0" when read) 
'---------- Not used 

(do not wnte "1" to this bit) 

o : Interrupts disabled 
1 : I nterrupts enabled 

Fig. 7 Structure of interrupt-related registers 
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TIMERS 
Microcomputers of the M3818x group have six built-in 
timers. The timers count down. Once a timer reaches 0016, 

the next count pulse loads the contents of the correspond
ing timer latch into the timer, and sets the corresponding 
interrupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to "1". 

Note that the system clock ¢ can be set to either high
speed mode or low-speed mode by the CPU mode reg
ister. 

• Timer 1 and Timer 2 

The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 

Timer 1 can also output a rectangular waveform from the 
P461T1 ouT pin. The waveform changes polarity each time 
timer 1 overflows. 

The active edge of the external signal CNTRo can be set 
by the interrupt edge selection register. 

When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cieared, timer 1 
is set to FF16, and timer 2 is set to 01 16, 

• Timer 3 and Timer 4 
The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 

Timer 3 can also output a rectangular waveform from the 
P47/T30uT pin. The waveform changes polarity each time 
timer 3 overflows. 

The active edge of the external signal CNTR1 can be set 
by the interrupt edge selection register. 

• Timer 5 and Timer 6 
The count sources of timer 5 and timer 6 can be selected 
by setting the timer 56 mode register. 
Timer 6 can also output a rectangular waveform from the 

P61/PWM1 pin. The waveform changes polarity each time 
timer 6 overflows. 

• Timer 6 PWM1 Mode 
Timer 6 can also output a rectangular waveform of n 

cycles high and m cycles low. The n is the value set in 
timer latch 6 (address 002516 ) and m is the value in the 
timer 6 PWM register (address 002716 ), If n is "0", the 
PWM 1 output is "L", if m is "0" and n is not "0", then the 

PWM1 output is "H". In PWM mode, interrupts are gener
ated at the rising edge of the PWM 1 output. 
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P46 direction register 

P62/CNTRo 

P4,/T30UT O---<:r--t-"G 

P6,ICNTR, 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP B-BIT CMOS MICROCOMPUTER 

Data bus 

RESET 

STP Instrucllon 
interrupt request 

~(~~~~JP1l-----Tlmer 2 Interrupt request 

~(~~)::~}I-Il-----Timer 3 Interrupt request 

tG!~~~}r-ll----- TImer 4 Interrupt request 

t~~:=~}I--1t----- Timer 5 Interrupt request 

q~~~Q}I--Il-----Tlmer 6 interrupt request 

P61 directIOn register 

Fig. 8 Timer block diagram 
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I I I I I I I I I Ti mer 12 mode register 
12M: address 0028,6) (T 

TImer 1 count stop bit 
o : Operating 
1 : Stopped 

'------ Timer 2 count stop bit 
o : Operating 

I I I I I I I I I TI 

1 : Stopped 
TImer 1 count source selection bit 

o : f(X,N ) or f(XCIN ) divided by 16 
1 : f(XCIN ) 

TImer 2 count source selection bits 
b5 b4 
o 0 : Overflow from timer 1 
o 1 : f(XCIN ) 

1 0 : External count input CNTRo 
1 1 : Do not use 

Timer 1 output selection bit (P46) 
o : 1/0 port 
1 : Timer 1 output 

mer 56 mode register 
56M : address q02A'6) (T 

Timer 5 count stop b,t 
o : Operating 
1 : Stopped 

'--- Timer 6 count stop bit 
o : Operating 
1 : Stopped 

Timer 5 count source selection bIt 
o : f(XIN ) or f(XCIN ) dIvided by 16 
1 : Overflow from timer 4 

Timer 6 operation mode selection bit 
o : Timer mode 
1 : PWM mode 

Timer 6 count source selection bits 
b5b4 
o 0 : f( X,N ) or f( XCIN ) divided by 16 
o 1 : Overflow from timer 5 
1 0 : Overflow from timer 4 
1 1 : Do not use 

Timer 6 (PWM,) output selectlon,blt (P6,) 
o : 1/0 port 
1 : Timer 6 output 

Fig. 9 Structure of timer-related registers 

Lllllli II 
L 

~ 

~ 

Timer 34 mode register 
(T34M : address 0029,6) 

Timer 3 count stop bit 
o : Operating 
1 : Stopped 

Timer 4 count stop bit 
o : Operating 
1 : Stopped 

Timer 3 count source selection bit 
o : f(X,N ) or f(XCIN ) divided by 16 
1 : Overflow from timer 2 

TImer 4 count source selection bits 
b5 b4 
o 0 : f(X,N ) or f(XCIN ) divided by 16 
o 1 : Overflow from timer 3 
1 0 : External count input CNTR, 
1 1 : Do not use 

Timer 3 output selection bit (P4,) 
o : 1/0 port 
1 : Timer 3 output 

Timer 6 
count source _ -- - -JUUlJL nMn-
Tlmer6 
PWM mode J I ' I 

I nXts I mXts I 
~: 3E(n+m)Xts : 

y o 
Timer 6 Interrupt request TImer 6 Interrupt request 

Note. If the value set In timer 6 IS n and the value set In the timer 6 PWM register IS m, a PWM waveform with 
duty cycle n/(n+m) and penod (n+m)Xts is output (where IS ts the frequency of the timer 6 count source) 

Fig.10 Timing in timer 6 PWM, mode 
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SERIAL 1/0 
Microcomputers of the M3818x group have two built-in 8-bit 
clock synchronized serial 1/0 channels (serial 1/01 and se
nall/02). 

Serial 1/01 has a built-in automatic transfer function.Normal 
serial operation can be set via the serial 1/0 automatic 
transfer control register (address 001A'6). 

P53tSRDy, 

teStSCLK12 

P5,tSCLKl1 

Serial 1/02 can only be used in normal operation mode. 
The I/O pins of the serial 110 function also operate as 1/0 

port P5, and their operation is selected by the serial 1/0 

control registers (addresses 0019;6 and 0010,6). 

MaIn data Local data 
bus bus 

Senal 110 automatIc 
transfer Interrupt request 

Senalll01 
Interrupt request 

_ ~ ~ P5, latch 
P5,tSOUT1 ~ "------t--------I--t---

"1" 
Senal 1/01 pori selection bit 

P50tS'N' 

P57 1atch 

~ "1"o-~~:;;;;;;:;;:~ 

~==~=.l!+-;o~~~~~~~ill}-___ I _____ senal 1102 
:- interrupt request 

P5StSOUT, 

Serial 1/02 port selection bit 

No\e. SelectIOn IS by the synchronIZatIon clock selectIon bIt, the SRDY' output selectIon bIt, and the senal 1101 port selectIon bIt of the senal 1101 
control regIster, and the automatIc transfer control bIt and synchronozatlon clock output pm selectl~n bIt of the senal 110 automatIc transfer 
control regIster 

Fig. 11 Serial I/O block diagram 
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(Serial 1/0 Control Registers) 8101 CON, 8102CON 
Each of the serial 110 control registers (addresses 001916 

and 001016 ) contains seven bits that select various control 
parameters of the serial I/O function, 

7 o 
I I I I 1 I I LI S 

I I I 

o 
I I I I I I I I I S 

I I I 

erial 1/01 control register (SI01CON(SC1) : address 0019,.) 

Internal synchronization clock selection bits 
b2 bl bIJ 
o 0 0 : "X,N ) or I(XCIN ) divided by 8 
o 0 1 : f(X,N) or I(XClN ) divided by 16 
o 1 0 : f(X ,N ) or I(XCIN ) divided by 32 
o 1 1 : f(X ,N ) or f(XCIN ) divided by 64 
1 1 0 : f(X,N ) or f(XCIN ) divided by 128 
1 1 1 : f(X ,N) or I(Xc,N) divided by 256 

Serial 1/01 port selection bit (P5" P52, and P53 ·) 

o : I/O port 
1 : SOUTO. SCLK11, and SeLK12· signal pins 

SRDY' output selection bit (P53 ) 

o : I/O port 
1 : SRDY'/CS· signal pin 

Transler direction selection bit 
o : LSB Ilrst 
1 : MSBfirst 

Synchronization clock selection bit 
o : External clock 
1 : Internal clock 

erial 1/02 control register (SI02CON(SC2) : address 0010,.) 

Internal synchronization clock selection bits 
b2 bl bIJ 
o 0 0 : I( X,N ) or I( XCIN ) divided by 8 
00 1 : f(X,N ) or f(XCIN ) divided by 16 
o 1 0 : I(X,N ) or f(XCIN ) divided by 32 
o I I : f(X,N ) or f(XCIN ) divided by 64 
1 I 0 : I(X,N ) or I(XCIN ) divided by t28 
1 1 1 : "X,N ) or I(XCIN ) divided by 256 

Senal 1/02 port selection bit (P55 and P5.) 
o : I/O port 
1 : SOUT2 and SCLK2 signal pons 

SRDY2 output selection bit (P57 ) 

o : I/O port 
1 : SRDY2 signal pin 

Transfer direction selection bit 
o : LSB first 
1 : MSB first 

Synchronization clock selection bit 
o : External clock 
1 : Internal clock 

* : Valid' only In senal I/O automaticc transler mode 

Fig, 12 Structure of serial 1/0 control registers 
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(1) Operation in Normal Serial I/O Mode 
Either an internal c.lock or an external clock can be 
selected as the synchronization clock for serial I/O 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. 
If internal clock is selected, transfer start is activated 
by a write signal to a serial I/O register (address 
001816 or 001 FI6). After eight bits have been transfer
red, the SOUT pin goes to high impedance. 

Synchroruzallon 
clock 

Transfer clock 

Serial I/O register 
write signal 

Sellal I/O output -------i-....,. 
SOUT 

Sellall/O input ------...1-
S'N 

Receive enable -------i 
signal 

SROY 

If external clock is selected, the clock must be control
led externally because the contents of the serial I/O 
register continue to shift while the transfer clock is in
put. In this case, note that the SOUT pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardless of whether the internal or exter
nal clock is selected. 

Interrupt request bit set 

Note. If internal clock is selected, the SOUT pin is at high Impedance 

after transfer ends 

Fig.13 Serial I/O timing in normal mode (for LSB first) 

(2) Serial I/O Automatic Transfer Mode 
The serial 1/01 function has an automatic transfer func
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial I/O automatic trans
fer control register (address 001AI6). 
The following memory spaces are added to the circuits 
used for the serial 1/01 function in ordinary mode, to 
enable automatic transfer mode: 
• 32 bytes of serial I/O automatic transfer RAM 
• A serial I/O automatic transfer control register 
• A serial I/O automatic transfer interval register 
• A senal I/O automatic transfer data pOinter 

When using serial I/O automatic transfer, set the serial 
I/O control register (address 001916) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the SRDYI output selection 
bit) of the serial 1/01 control register is set to "1 ", port 
P53 becomes the CS input pin. 

(Serial 1/0 Automatic Transfer Control Register) 
SIOAC 
The serial I/O automatic transfer control register (address 
001 A16) contains four bits that select various c~ntrol para
meters for automatic transfer. 

7 0 
I I I I I I I I Sellal I/O automatic transfer control register 

(SIOAC : address 001A,.) 

Automatic transfer control bit 
o : Ordinary sellal mode 
(sellal 1/01 Interrupt) 
1 : Automatic transfer mode 
(sellal 1/01 automatic transfer Interrupt) 

- Automatic transfer start bit 
o : Transfer end 
1 : Transferring(start of 1 wllte) 

'---- Transfer mode sWitching bit 
o . Fullduplex(transmll and receive) 

mode 
1 : Transmit-only mode 

'------ SynchrOnization clock output 
pin selection bit 
o : SecK11 

1 : SecK12 

Fig. 14 Structure of serial I/O automatic transfer 
control register 
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(Serial 1/0 Automatic Transfer Data Pointer) SIODP 
The serial I/O automatic transfer data pOinter (address 
001816) contains five bits that indicate addresses in serial 
I/O automatic transfer RAM (each address in memory is 
actually the value in the serial I/O automatic transfer data 
pOinter plus 010016). 

Set the serial 110 automatic transfer data pOinter to (the 
number of transfer data-1), to specify the storage position 

of the start of data. 
• Serial I/O Automatic Transfer RAM 

The serial I/O automatic transfer RAM is the 32 bytes 
from address 010016 to address 011 F16. 

011D16 

011E16 

Fig.15 Bit allocation of serial I/O automatic transfer RAM 

Transfer clock 

Serial 1/0 output 
SOUT 

Serial 110 input 
S'N 

Dlo DI, 

Tc 

1 byte data 

Fig. 16 Serial I/O automatic transfer interval timing 

• Setting of Serial I/O Automatic Transfer Data 
When data is stored in the serial I/O automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial I/O automatic transfer data pOinter and 
the end of the data at address 010016. 

(Serial 1/0 Automatic Transfer Interval Register) 
SIOAI 
The serial I/O automatic transfer interval register (address 
001 C16 ) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 
If a value n is written to the serial I/O automatic transfer in
terval register, a value of Ti = (n + 2) X Tc is generated, 
where Tc is the length of one bit of the transfer clock. 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 

Db 

T, 

2-230 • MlTSUBlSHI 
.... aECTRIC 



• Setting of Serial I/O Automatic Transfer Timing 
Use the serial 1/01 control register (address 0019,6) and 
the serial I/O automatic transfer interval register 
(address 001C'6) to set the timing of serial I/O automatic 
transfer. 
The serial 1/01 control register sets the transfer clock 
speed, and the serial I/O automatic transfer interval reg
ister sets the serial I/O automatic transfer interval. 
This setting of transfer interval is valid only when internal 
clock is selected as the clock source. 

• Start of Serial I/O Automatic Transfer 
Automatic transfer mode is set by writing "1" to bit 0 of 
the serial I/O automatic transfer control register (address 

001 A'6), then automatic transfer starts when "1" is written 
to that bit. Bit 1 of the serial I/O automatic transfer control 

register is always "1" during automatic transfer; writing 
"0" to it is one way to end automatic transfer. 

• Operation in Serial I/O Automatic Transfer Modes 
There are two modes for serial I/O automatic transfer: full 
duplex mode and transmit-only mode. Either internal or 
external clock can be selected for each of these modes 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

(2.1) Operation in Full Duplex Mode 

In full dupl~x mode, data can be transmitted and received 
at the s.ame time. Data in the automatic transfer RAM is 
sent in sequence and simultaneously receive data is written 
to the automatic transfer RAM, in accordance with the serial 

I/O automatic transfer data pointer. 
The transfer timing of each bit is the same as in ordinary 
operation mode, and the transfer clock stops at "H" after 
eight transfer clocks are counted. If internal clock is 
selected, the transfer clock remains at "H" for the time set 

by the serial I/O automatic transfer interval register, then 
the data at the next address indicated by the serial I/O 
automatic transfer data pOinter is tranSferred. If external 

clock is selected, the setting of the automatic transfer inter
val register is invalid, so the user must ensure that the 
transfer clock is controlled externally. 
Data transfer ends when the contents of the serial I/O auto

matic transfer pOinter reach "00'6'" At that point, the serial 
I/O automatic transfer interrupt request bit is set to "1" and 
bit 1 of the serial I/O automatic transfer control register is 
cleared to "0" to complete the serial I/O automatic transfer. 

(2.2) Operation in Transmit-Only Mode 
The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial 1/01 register to the serial I/O automatic transfer 
RAM. 

Transfer direction selection bit LSB first (SC1 5 =O) : MSB 
MSB first (SC1 5=1) : LSB 

LSB 
MSB 

Transfer clock 

Fig. 17 Serial 1/01 register in full duplex mode 

007 ] 006 ] 005 ] DO,] 003] 002] DO, ] 000 1 

010 ] 007] 006 ] 005 ] DO,] 003] 002 ] DO, 1 

01, ] 010 ] 007 ] 006 ] 005 ] 004] 0031 0021 

01 2 ] 01, ] 010 ] 007] 006 ] 005 ] 004 ] 0031 

01 71 016 ] 015] 014 ] 013 ] 012 ] 01, ] 010 1 

• MITSUBISHI 
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Senal 1/01 register 

SOUT 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/SADY1/CS/SClK12 pin 
can be used as the SADY1 pin by setting the SC1 4 bit to "1". 

If internal clock is selected, the P53 pin can be used as the 

synchronization clock output pin SClK12 by setting the 

SIOAC3 bit to "1". In this case, the SClK11 pin is at high im
pedance. 

If using the SClK11 and SClK12 pins for switching, set the 

P53/SAIW1/CS/SClK12 pin to P53 by setting the SC1 4 bit to 
"0", and set the P53 direction register to input mode. 

Make sure that the SIOAC3 bit is switched after automatic 
transfer is completed, while the transfer clock is still "H". 

Select the function of the P53/SAD~/CS/SClK12 and P521 
SClK11 pins by setting bit 3 (SC1 3), bit 4 (SC1 4 ), and bit 6 
(SC1 6) of the serial 1101 control register (address 001916 ) 

and bit 3 (SIOAC3) of the serial 1/0 automatic transfer con

trol register (address 001A16). (See Table 2.) 

Table 2. SCLK11 and SCLK12 selection 

~. SC16 SC1 4 SC3, SIOAC, 

0 
1 0 1 

1 

Note. SC1,: Serial 1/01 port selection bit 
SC1 4 : SRDY~ output selection bit 
SC1 6 : Synchronization clock selection bit 

P52/SCLK11 

SCLK11 

High 

Impedanse 

SIOAC, : Synchronization clock output pin selection bit 

Senal 1/0 automatic transfer 
control register ~------------------bit 1 wnte Signal 

Serial 1/0 automatic transfer 
control register bit 1 ---1 
Write Signal from RAM to 
senal 1/01 register . ~~--------------~~----~r--------I 

: r----------~~----~I~-----Wnte Signal from senal 1/01 
register to RAM 

Data painter 

Transfer clock 
(internal or SCLK output) 

Receive 
enabled signal 

SRDY 

Serial 1/0 output 
SOUl 

Serial 1/0 Input 
SIN 

n 1 ! 

Transfer Interval 

Fig. 18 Timing during serial 1/0 automatic transfer (internal clock selected, SRDY used) 

Serial lID automatic transfer n control register __ .JlL.... _____________ _ 

bit 1 write signal 

Senal 1/0 automatic transfer -.Jr--------------
control register bit 1 
Wnte signal from RAM to --1IL-____________ Il _ --H------..., 
serial 1/01 register. 
Write Signal from "enal 1/01 fI-- _ 
register to RAM :=:m:============+=p Data pOInter m . 

I 
SIOAC3 _____________ ,.1 __ 

Transfer clock I 
(internal) 

SClKl1 output 

SeLK12 output ---------------t--

P53/SCLK12 

P53 

SCLK12 

Senal 1/0 output --@@C!~@!OO@;)l@§:X2!@(~)@~ SOUT---- 000 DO, DO, 003 DO, 005 006 DO, ---~ 

Senal 1/0 Input:==:X:E:)(]DCEI@;)CS)@X1!!i)(:5:+:= ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Transfer Interval 

Fig.19 Timing during serial 1/0 automatic transfer (internal clock selected, SCLK11 and SCLK12 used) 
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(2.4) If External Clock is Selected 

If an external clock is selected, the internal clock and the 

transfer interval set by the serial I/O automatic transfer in

terval register are invalid, but the serial I/O output pin SOUT 
and the internal transfer clock can be controlled from the 

outside by selting the SRDY1 and CS (input) pins. 

If CS input is not being used, note that the SOUT pin will not 

go high impedance, even after transfer is completed. 

When the CS input is "L", the SOUT pin and the internal 

transfer clock are enabled. When the CS input is "H", the 

SOUT pin is at high impedance and the internal transfer 

clock is at "H". 

If CS input is not being used, or ifCS is "L", control the ex

ternal clock because the data in the serial I/O register will 

continue to shift while the external clock is input, even after 
the completion of automatic transfer. (Note that the automa

tic transfer interrupt request bit is set and bit 1 of the auto

matic transfer register is cleared at the point at which the 

specified number of bytes of data have been transferred.) 

Table 3. P53/SRDY1/CS selection 

Select the function of the P53/SRDY1/CS/SCLK12 pin by set
ting bit 4 (SC1 4 ) and bit 6 (SC1 6 ) of the serial 1/01 control 

register (address 0019,6 ) and bit 0 (SIOACo) of the serial 

I/O automatic transfer control register (address 001A ,6 ). 

Make sure that the CS pin switches from "L" to "H" or from 

"H" to "L" while the transfer clock (SCLK input) is "H" after 

one byte of data has been transferred 

~6 SG1, SIOAGo P53/SRDY1/GS 

If external clock is selected, make sure that the external 

clock goes "L" after at least nine cycles of the internal sys

tem clock 1> after the start bit is set. Leave at least 11 cy
cles of the system clock 1> free for the transfer interval after 

one byte of data has been transferred. 

Senal I/O automatic transfer 

0 X 

0 0 
1 

1 

Note. SG1,: SRDY' oulput selection bit 
SG1 6 : Synchronization clock selection bit 
SIOACo : Automatic transfer control bit 

P53 

SRDY1 

CS 

control register --1l 
bit 1 wnte Signal '---------------------------

Senall/O automatic transfer j,.-_________________________ _ 

control register bit 1 ---l 

Wnte Signal from RAM to n n 
senal 1/01 reg,s1er ----11'-____________ --'. L. __________ _ 

Wnte Signal from senal 1/01 n 
register to RAM ----------------""',L.....-----------

Data pOinter _....:~ _____________ -,J!XI._::.n-.:.l ________ _ 

External1n6~ ''"'--------------.....J---...!lt 
I 

Transfer clock -;--, 
SCLK Input 

Transfer clock -;---1 
(Internal) 

Senal I/O output 
SOUT - x 

I 
0 0 DO, 

Senal I/O Input ---~I "'0'"10"'0'"'1"", .r::""'=""'".,...""'~,.".,-v",.,..V"-.....",.._--..h'""~"V'_::_v-:r 
S'N ____ ~~~~~~~~~~~~~~~-~'-~~~~~~A-~ 

Fig. 20 Timing during serial I/O automatic transfer (external clock selected) 
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PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 
Microcomputers of the M3818x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency X'N 
is 4MHz, the minimum resolution bit width is 500ns and ihe 

cycle period is 8192flS. The PWM timing generator sup
plies a PWM control signal based on a signal that is half 
the frequency of the X'N clock. 

Data bus 

X,N 
(4MHz) 

Fig. 21 PWM block diagram 

( Set to 1 at ) 
write ~ 

The explanation in the rest of this data sheet assumes X'N= 
4MHz. 
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(1) Data Set-up 

The PWM output pin also functions as port P60 . Set port P60 

to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 0028,6), The upper eight bits of 
output data are set in the upper PWM register PWMH 
(address 002C'6) and the lower six bits are set in the lower 
PWM register PWML (address 0020,6), 

(2) Transfer From Register to Latch 

Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192,us), and 

data written to the PWM H register is transferred to the 
PWM latch once in each sub-period (every 1281'S). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates 
whether the transfer to the PWM latch is completed; the 
transfer is completed when bit 7 is "0". 

Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 

Lower 6 a,ts 01 Data(PWML! Sub-periods tm Lengthened (m =0 to 63) 

OOOOOL&" None 

000001 m-32 

o 0 0 0 1 0 m=16,48 

o 0 0 1 00 m= 8,24,40,56 

o 0 1 00 0 m= 4,12,20,28,36,44,52,60 

o 1 o 0 0 0 m= 2, 6.10,14,18,22,26,30,34,38,42,46,50,54,58,62 

1 00 0 0 0 m=1,3,5,7,'" ----------- ....... ,57, 59, 61,63 

81921's 

m=O 

Pulse Width modulation register H : 00111111 
Pulse Width modulation register L : 000101 

(3) PWM Operation 
The timing of the 14-bit PWM function is shown in Fig. 24. 
The 14-bit PWM data is divided into the lower six bits and 

the upper eight bits in the PWM latch. 

The upper eight bits of data determine how long an "H"
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 X 
T (1281'S) long. The signal is "H" for a length equal to N 
times T, where T is the minimum resolution (500ns). 

The contents of the lower six bits of data enable the leng
thening of the high signal by T (500ns). As shown in Fig. 21, 
the six bits of PWML determine which sub-cycles are leng

thened. 
As shown in Fig. 24, the leading edge of the pulse is leng
thened. 8y changing the length of specific sub-periods in
stead of simply changing the "H" duration, an accurate 
waveform can be duplicated without the use of complex ex

ternal filters. 

For example, if the upper eight bits of the 14-bit data are 

03'6 and the lower six bits are 05,6, the length of the "H"
level output in sub-periods ts, t24, t32, t40, and t56 is 4 T , and 
its length 3 T in all other sub-periods. 

m=63 

Sub-periods where" H" pulse width IS 321' s : m=8, 24, 32, 40, 56 
Sub-periods where "H" pulse Width is 31. 51's: m=all other values 

Fig. 22 PWM timing 
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LI....LI....L-L-J.--,--,--I'-r'L P_WM mode register (address 002B,.) 

P60 /PWM output selection bit 
o : 1/0 port 
1 : PWM output 

Fig. 23 Structure' of PWM mode register 

PWMH 
register 

PWML 
register 

Data 6A,. stored at address 002C,. 

59,. I' 6A,. I \ 
Data 24,. stored at address 002D,. ~. Bit 7 cleared after transfer 

13,. 1 A4,. 'Ii"" 24,. 

Data 7B,. stored at address 002C16 

7B,. 

Data 35,. stored at address 002D,. 

h: 35,. 

I Transfer from register to latch B5,. / I Transfer from register to latch 

PWM latch 
(14bits) 

11653,.1 "1A93,. I,.. 

--

1AA4,. 

T=8192,us 

(64X128,us) 

t=128,us 

11AA4,·1 '" 1EE4,. ~ 1EF5,. 1 
L-When bit 7 of PWML IS O. transfer 

from register to latch is disabled 

----~--------
Example 1 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 
PWM output 

CD 

Lower 6-bit output: 
H=6A, •. L=24,. 

6B,., 

(107) 
36times 6A,. 

(106) 
28times ___ ...,,,,~ 106X6H36 

Example 2 6A 6A 6A 6A 6B 6A 5B 6A 5B 6A 5A 5A 5B 6A 5B 6A 6B 5A 5A 

Lower 6-blt output: 
H=6A,., L=18,. -+---' 

6B,." 24tlmes 6A,. ' , , 40tlmes ___ 106X64+24 

------- t=128,us '-
(256XO.5,us) 

Minimum bit width T =0. 51' S 

6A 6B 6A 6B 6A 6B 6A 6A 

PWM output ____ ...... 6 ... B'"i 6A : 69 : 68 : 67 i -- ---- ! 02: 01 L.. _______ ---l6A: 69 ; 68 : 67 : 

~ ADD ADD 

8-blt 
counter 

: 02 : 01 : 00 FF: FE: FD: Fe; ---- ---- : 97 : 9b : 95; -----. -- : 02 : 01 : 00 FF: FE i FD: Fe: --------- : 97 : 96 : 95 : -----

Fig. 24 

2-236 

The ADD~ 
portions with 
additional Tare 

H penod length specified by PWMH 

determined by 1'---------~v_---------_1 
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A-O CONVERTER 
The functional blocks of the A-D converter are described 
below. 

(A-O Conversion Register) AD 
The A-D conversion register is a read-only register that 

contains the result of an A-D conversion. This register 

should not be read during an A-D conversion. 

(A-O Control Register) ADCON 
The A-D control register controls the A-D conversion pro

cess. Bits 0 to 2 of this register select specific analog input 

pins. Bit 3 signals the completion of an A-D conversion. The 

value of this bit remains at "0" during an A-D conversion, 

then changes to "1" when the A-D conversion is completed. 
Writing "0" to this bit starts the A-D conversion. 

(Comparison Voltage Generator) 
The comparison voltage generator divides the voltage be

tween AVss and VREF by 256, and outputs the divided vol
tages. 

(Channel Selector) 
The channel selector selects one of the input ports P77/AN 7 

to P7o/ANo. 

Data bus 

(Comparator and Control Circuit) 
The comparator and control circuit compares an analog in

put voltage with the comparison voltage and stores the re

sult in the A-D conversion register. When an A-D conver

sion is complete, the control circuit sets the A-D conversion 

completion bit and the A-D interrupt request bit to "1". 

Note that the comparator is constructed linked to a capaci

tor, so set f (X'N) to at least 500kHz during A-D conversion. 

7 0 

LlllllllJ 

III 
A-D control register 
(ADCON : address 0030,.) 

Analog mput pm selection bits 
b2 bl bO 

o 0 0 : P7o/ANo 
o 0 1 : P7,/AN, 
o I 0 : P7,/AN, 
o 1 1 : P73/AN3 
1 0 0 : P74 /AN4 

1 0 1 : P7,/AN, 
1 1 a : P7./AN. 
1 1 1 : P77/AN 7 

"----- A-D conversion completion bit 
o : Conversion In progress 
1 : Conversion completed 

~------ Do not use 
~------- Do not use 

Fig. 25 Structure of A-O control register 

A-D control register L...---iL-......I'----L-....L--r-'-...,. ..... -r ....... ..,. 

P7o/ANo '-.J --, 

~7,/AN, 

P7,/AN, 

P73/AN3 '-.J --, 

P7 4/AN 4 '-.J --, 

P7,/AN, 

P7s/AN. 

P77 /AN, 

Fig. 26 A-O converter block diagram 

• MlTSUBlSHI 
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FLO CONTROLLER 
Microcomputers of the M3818x group have fluorescent dis
play (FLO) drive and control circuits. 

The FLO controller consists of the following components: 
• 24 pins for segments 
• 16 pins for digits 

• FLOC mode register 
• FLO data pOinter 
• FLO data pointer reload register 

• Port P3 segment! digit switching register 
• Port PO digit/port switching register 

• Port P8 segment!port switching register 
• Key-scan blanking register 
• 48-byte FLO automatic display RAM 
Eight to twenty-four pins can be used as segment pins and 
four to sixteen pins can be used as digit pins. 
Note that only 32 pins (maximum) can be used as segment 
and digit pins. 

Main address 
bus 

Main data Local data 
bus bus 

FLD automatic display RAM [1 SIP PBo/So 
0040'6 G1 (SEG PB) SIP PB,/S, 

G2 (SEG PB) , SIP PB2/S2 

SIP PB3/S3 

SIP PB./S. B 
SIP PBs/Ss 

G15 (SEG PB) SIP PB6 /S6 

004F'6 G16 (SEG PB) SIP PB,/S, 

0050'6 G1 SEG P9) 0034'6 0010'6 
G2 (SEG P9) P90 /S. Local address "-

: 
P9 ,/S9 bus 

i-v' .' P92/S1O 

P93/S11 
G15 (SEG P9) P9./S12 8 

005F'6 G16 (SEG P9) P9s/S '3 
0060'6 G1 SEG P3 P96 /S ,• 

G2 SEG P3) 
P9,/S,s 

, 0012'6 

h SID P30 /S ,6/Do 
G15 (SEG P3) SID P3, /S17/D , 

006F'6 G16 (SEG P3) 
",.' " 

->!io SID P32 /S ,./D2 • G SID P33/S ,9/D3 :, ,-

SID P3./S2o/D. 8 
I:: SID P3,1§z"/Qo, 

f---';. SID P36/S22/D6 

f--"" SID P3,/S23/D, 
), 

0032'6 0006,6 

FLD data pOinter reload I AI. 
Key-scan 

reglster(address 0037,6) I "f" blanking 
register POo/D. 

(address 0035,6) PO, 109 

Address FLD data pOinter P021D1O .. 
decoder (address 0037,6) " POjDI1 

DIP PO./D 12 B 
DIP POs/D'3 

.. DIP P06 /D,• 
DIP PO,/D" 

0033'6 0000'6 

J Timing L FLD blanking Interrupt 

I generator I FLD digit Interrupt 

Fig. 27 FLO control circuit block diagram 
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Key-scan Blanking Register .(KSCN) 
The FLOC mode register (address 003616 ) is a seven bit 
control register which is used to control the FLO automatic 
display. 

The key-scan blanking register (address 003516 ) is a two 

bit register which sets the blanking period T scan between 
the last digit and the first digit of the next cycle. 

I I I I I I I I I 

L--

Fig. 28 Structure of FLDC mode register (FLOM) 

FLOC mode reglster(FLDM : address 0036,,) 

Automatic display control blt(PO. P3. P8. P9) 
o : Normal mode 
I : Automatic display mode 

Display start bit 
o : Display stopped 
I : Display in progress 

(display starts when "1" IS written to this bit) 
T disp control bits 

(digit timing setting. when operallng at 4MHz) 
b4 b3 b2 
000:128,«s 
o 0 1 : 256,«s 
o I 0 : 384,«s 
o 1 1 : 512,«s 
I 0 0 : 640,«s 
1 0 1 : 768,«s 
1 I 0 : 896,«s 
1 I 1 : 1024,«s 

Tolf control bits (dlglt/segment-olf timing setting) 
b6 b5 
00 : 1/16XTdisp 
o 1 : 10/16XTdisp 
1 0 : 12/16XTdlsp 
1 1 : 14/16XT disp 

11........11---,--,---,---,---,-1 'LLy Key-scan blanking register( KSCN : address 0035 16 ) 

T scan control bits 
bl bG 
o 0 FLO digit Interrupt(at rise of each digit) 

1 0 2XT disp FLO blanking Interrupt 
01 1XTdisp I 
I I 3XT dlsp (at fall of final digit) 

Fig. 29 Structure of key-scan blanking register (KSCN) 
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FLO Automatic Display Pins the FLOC mode register (address 0036,6 ) to "1". 

The FLO automatic display function of Ports P3, PO, P9, and 
P8 is selected by setting the automatic display control bit of 

When using the FLO automatic display mode, set the num
ber of segments and digits for each port. 

Table 5. Pins in FLO automatic display mode 

Port Name AutomatIc Display PinS Settmg Method 

SEGo-SEG7 
The individual bits of the segment/port sWitching register (address 003416 ) can be used to set each pin to 

P8o-P87 or 

P8o-P8, 

P90 -P97 SEGs-SEG" 

SEG,..SEG23 

P30 -P37 or 

DIGo-DIG7 

POO-P03 DIGs-DIG" 

DIG"-DIG,, 

PO.-P07 or 

PO,-P07 

Note. Always set digits In sequence 

Number of segments 
Number of digits 

Port P8 
(has segment/port 
sWitching register) 

Port P9 
(segment only) 

Port P3 
(has segment/digit 
sWitching register) 

Port PO 
(has digit/port 
sWitching register) 

either segment ("1") or normal port Input ("0") 

None (segment only) 

The IndiVidual bits of the segment/digit sWitching register (address 003216) can be used to set each pin to 

segment ('"1"') or digit ("0") (Note) 

None (digit only) 

The mdlvldual bits of the digit/port sWitching register (address 003316) can be used to set each pm to digit 

("1") or normal port output ("0") (Note) 

16 

a P80 

a P8, 

a P8, 
a PB3 
a PB, 

~--"~-
-~~---
a P87 

SEGs 
SEG, 

SEG10 

SEG" 

~~ 
~~-
~~--
SEG" 

1 SEG'6 
1 SEG 17 

1 SEG" 
1 SSG" 
1 SEG" 
1 SEG" 
1 SEG" 
1 SEG'3 

DIGs ~G4 
DIG, ~G3 
~-----:-c-

DIG10 ~G2 

-::- .DIG" ~G1_ 
a PO. 
Q PO, 
a p06 

a P07 

12 

a PBo 
a PB, 

a PB, 

a PB3 

~~.---
a PB, 

a P8G 
-

a P87 

SEGs 
SEG, 

SEG 10 

SEG" 

SEG'2 

SEG'3 

SEG" 
SEG 15 \. 

a DIGo~G12 
0 DIG,~G11 

a DIG, ~G10 
-=-r---~ a DIG3 ~G9 

a DIG4~G8 
a DIG, ~G7 

a DIG6 ~G6 

a DIG7 -G5 

DI.Gs ~G4 
DIG,~G3 

DIG10 ~G2 

DIG" ~G1 
a PO. 
0 PO, 

a P06 
a P07 

a 

16 
10 
P8a 

a P8, 
ro~~-
ro-'p8,-~ 

1 SEG. 

~I-~EG, __ 
1 SEG6 
1 SEG7 

SEGs 
SEG, 

SEG 10 

SEG" 
SEG" 

~.--
SEG" 

SEG" 

1 SEG'6 
1 SEG" 
1 SEG" 
1 SEG" 
a DIG, ~G10 

a DIG, -G9 
a DIG6 ~G8 

a DIG7 ~G7 

DIGs ~G6 

DIG, ~G5 
DIG,o ~G4 

DIG" ~G3 
1 DIG" ~G2 
1 DIG'3~G1 

a p06 

a P07 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
,1 
1 
1 

24 
B 

SEGa 
SEG, 
SEG2 
SEG3 
SEG, 

SEGs 

SEG. 
SEG7 

SEGs 
SEG, 

SEQ10 -~ 

SEG" 
SEG" 

SEG'3 

SEG" 
SEG,s 

SEG'6 

SEG" 
SEG,s 

SEG" 

SEG" 
SEG" 

SEG" 

SEG'3 

DIGs ~G8 

~~.G2 
DIG10 ~G6 

DIG" ~G5 
DIG" ~G4 

DIG" ~G3 

DIG" ~G2 
DIG,s-G1 

1 
1 
1 
1 
1 

I-~ 
1 
1 

a 
a 
0 
a 
a 
a 

16 
16 
SEGo 
SEG, 

SEG, 
SEG3 
SEG, 

~--
SEG6 
SEG7 

SEGs 
SEG, 

SEG10 

SEG" 

~---
SEG'3 
SEG,. 

SEG" 

DIGa ~G16 

DIG, ~G15 

DIG, -G14 

DIG3~G13 

DIG, ~G12 

DIGs ~G11 
a DIG6 ~G10 Of-DIG7 -.:::(39 

DIGs ~G8 
DIG, ~G7 
DIG10 ~G6 

DIG" ~G5 
1 DIG" ~G4 
1 DIG" ~G3 
1 DIG" ~G2 
1 DIG,s ~G1 

Fig. 30 Segment/digit setting example 
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FLO Automatic Display RAM 
The FLD automatic display RAM area is the 48 bytes from 

addresses 0040'6 to 006F'6' The FLD automatic display 
RAM area can be used to store 3-byte data items for a 
maximum of 16 digits. Addresses 0040'6 to 004F'6 are used 
for P8 segment data, addresses 0050'6 to 005F'6 are used 
for P9 segment data, and addresses 0060'6 to 006F'6 are 
used for P3 segment data. 
o FLD Data Pointer and FLD Data Pointer Reload Register 

The FLD data pOinter indicates the data address in the 
FLD automatic display RAM to be transferred to a seg
ment, and the FLD data pointer reload register indicates 
the address of the first digit of segment P9. 

~it 
Address 

7 6 5 4 

0040'6 SEG, SEG6 SEG, SEG, 

0041'6 SEG, SEG6 SEG, SEG, 

: 

004E" SEG, SEG6 SEG, ' SEG, 

004F'6 SEG, SEG6 SEG, SEG, 

0050'6 SEG 15 SEG14 SEG'3 SEG12 

0051" SEG15 SEG 14 SEG'3 SEG 12 

00SE'6 SEG 15 SEG 14 SEG'3 SEG 12 

005F'6 SEG 15 SEG 14 SEG 13 SEG 12 

0060'6 SEG" SEG" SEG 21 SEG,o 

0061" SEG'3 SEG" SEG" SEG,o 

: 

j I I I 

006E" SEG" SEG" SEG21 SEG,o 

006F" SEG'3 SEG" SEG21 SEG,o 

Fig. 31 FLD automatic display RAM and bit allocation 

3 

SEG3 

SEG3 

SEG3 

SEG3 

Both the FLD data pointer and the FLD data pointer re

load register are allocated to address 0037'6 and are 6-
bits wide. Data written to this address is written to the 
FLD data pointer reload register, data read from this 
address is read from the FLD data pOinter. 
The actual memory address is the value of the data poin

ter plus 40,6, 50,6, or 60,6' 
The contents of the FLD data pOinter indicate the start 
address of segment P9 at the start of automatic display. If 
segment P3 or P9 data is transferred to the segment, the 

FLD data pOinter returns - 16; if segrnent P8 data is 
transferred, it returns + 31. After it reaches "00", the 
value in the FLD data pointer reload register is transfer
red to the FLD data pointer. In this way, three bytes of 

data for the P3, P9, and P8 segments of one digit are 
transferred. 

2 1 

SEG, SEG, 

SEG, SEG, 

SEG, SEG, 

SEG, SEG, 

0 

SEGo 

SEGo 

SEGo 

SEGo 

~ 

Final digit 
-- (final data of 

segment P8) 

Segment P8 
data area 

SEGll SEGlO SEG. SEG. ~ 
Final digit 

-- (final data of 
segment P9) SEGll SEG,o SEG. 

SEGll SEG lO SEG. 

SEGll SEG lO SEG. 

SEG,. SEG,. SEG 17 

SEG,. SEG,. SEG 17 

SEG,. SEG 18 SEG 17 

SEG,. SEG,. SEG17 

SEG. 

SEG. 

SEG. 

SEG'6 ~ 

SEG'6 

SEG'6 

SEG'6 

Segment P9 
data area 

Final digit 
-- (final data of 

segment P3) 

Segment P3 
data area 

• MITSlBSHI 
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• Data Setup 
When data is stored in the FLO automatic display RAM, 
the end of segment P8 data is stored at address 004016, 

the end of segment P9 data is stored at address 005016, 

and the end of segment P3 data is stored at address 
006016, The head of each of the segment P8, P9, and P3 
data is stored at an address that is the number of 
digits-1 away from the corresponding address 004016, 

005016,006016, 

For 17 segments and 15 digits 
(FLO data pointer reload register=14) 

~ Addres 
7 6 5 4 3 2 1 0 

0040,. '// '// '// '// 1/ 1/ V /1 //1 
0041,. '// '/V '/V '/V '/V r/v V/I V/I 
0042,. IV/ 1// 'VV 'VV rvv V// 1/// V/; 
0043,. ·vv 'VI 'IV 'VI IVV 1/1 1/11 1/ 
0044,. '// '// 'V/ r// //1 V// V// 1/ 
0045,. 1// rv/ [// V/ VVI V// V// '// 
0046,. '// i/V r/v V// IV/I V// 'V/ '// 
0047,. rv/ [// 1// V// VLL VLV '// '/V 
0046,. 'VI IVI IVVI IVII II IV 'IV 'vv 
0049,. r/I IVI IVII VII 'vv 'vv 'vv 'IV 
004A,. IIV IV VI VIV 'vv IV IV 'vv 'IV 
0048,. IVV IVVI VII 'vv 'vv 'IV II IV 
004C,. IVI 'II IV IV II 'vv 'IV 'vv 
0040,. IVVI 'VI 'VI 'vv 'VI IV 'II 'vv 
004E,. VVI 'II 'vv 'vv 'IV 'vv 'VI II 
004F,. 
0050,. 'vv 'vv 'VI '// '// r// V/I V/I 
0051,. 'VI 'II 1// 1// r/ / r// V /1 V/I 
0052,. 'vv '// '// '// r// r// 1//1 V/I 
0053,. '// '// '// '// r// 1//1 V/I V/I 
0054,. 1// 1// r// [/ / 1// IV/I V// '// 
0055,. '// '// r// r// 1//1 II/I V// '// 
0056,. 1// r/ / V /1 V/I IV/I '// V// '// 
0057,. '// r// 1//1 V/I V/I '// '// '// 
0058,. r/ / r// 1//1 V/I '// '/V 1// 1// 
0059,. r// 1/// V/I V/I '// '// '// '// 
005A,. 1// 1/// V// '// '// 1// '// '// 
0058,. 1// IV/I V// '// '// '/V '// '/ / 
005C,. V/I V/I V// '// 1// '// 'V/ [//. 
0050,. IV/I '// '// '// '// '/V r/ / V/ 
005E,. 1/1 1// 1// 1// 1// '// 1/ 1// 
005F,. 
0060,. IVL 
0061,. V/ 
0062,. V/V 
0063,. VVI 
0064,. VVI 
0065,. IV 
0066,. IV 
0067,. II 
0068,. II. 
0069,. IV 
006A,. 1/ 
0068,. '// 
006C,. 1/ 
0060,. 1/ 
006E,. r/v 
006F,. 

" Note. I?Z2I Shaded areas are not used 

Fig. 32 Example of using the FLO automatic display RAM. 
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Set the FLO data pOinter reload register to the value 
given by the number of digits-1. "1" is always written to 
bit 5, and "0" is always written to bit 4. Note that "0" is al
ways read from bit 5 or 4 during a read. 

For 24 segments and 8 digits 
(FLO data pOinter reload reglster= 7) 

~ Addres 
7 6 5 4 3 2 1 0 

0040,. V/L 'IL L/, ,/L LL lLLL lilL VLL 
0041,. lilL LL 'LL LL LL lLLL lilL LL 
0042,. IVLL '/L 'LV 'LV '/L lLLL lilL 'LV 
0043,. I/LL '/L 'LV LL 'LV lLLL VLL LL 
0044,. VLL 'LV LL '/L LL ILLL' VLL '/L 
0045,. VLL LL LL 'LV lliL ILLL' VLL '/L 
0046,. 'LV LL 'LV II II I.L lilL VLL 'LV 
0047,. VLL LL 'LV 'LL lliL ILLL' VLL 'LL 
0048,. 
0049,. 
004A,. 
0048,. 
004C,. 
0040,. 
004E,. 
004F,. 
0050,. V/I '// '// '// '// V/ V /1 V/I 
0051,. V/I '// 1// '/V '// r// V /1 V/I 
0052,. V/I 1// 1// '// '// V/ V/I V/I 
0053,. V/I '// '/V '// IV V/I V/I V/I 
0054,. V// '/V '// '// r/v V /1 V// V// 
0055,. '// '// '// IIV 1// 1//1 V// '// 
0056,. '// IL/ '/V '/L lLL ILLL' VLL 'LL 
0057,. '// '/V '// '/L lliL lLLL VLL '/L 
0058,. 
0059,. 
005A,. 
0058,. 
005C,. 
0050,. 
005E,. 
005F,. 
0060,. VLL LL LV II II LL.L lilL ILL 
0061,. VII. VI II II II, II IIIV VII 
0062,. 'LL LL LV II. IL LL.L lilL LL 
0063,. II II II II III III VIV II 
0064,. II II II II III III VIV II 
0065,. IV. II II II III, III VIV II. 
0066,. II II II II. III VI IV. VI, 
0067,. II II II VI, IIII VI II VI 
0068,. 
0069,. 
006A,. 
0068,. 
006C,. 
0060,. 
006E,. 
006F,. 



• Timing Setting 

The digit timing (T disp) and digit/segment turn-off timing 
(T off) can be set by the FLOC mode register (address 
0036,6 ). The scan timing (Tscan) can be set by the key
scan blanking register (address 0035,6)' 
Note that flickering will occur if the repetition frequency 
(1 /(T dispX number of digits+ T scan)) is an integral mUl

tiple of the digit timing T disp. 

• FLO Start 
To perform FLO automatic display, you have to use the 
following registers. 
• Port P3 segment/digit switching register 
• Port PO digit/port switching register 

• Port P8 segment/port switching register 
• Key-scan blanking register 

• FLOC mode register 
• FLO data pointer 

Automatic display mode is activated by writing "1" to bit 0 

Gn 

G n-1 

G n-2 

G 1 

Segment 
output 

Tdlsp 

FLO digit Interrupt generated 

at the "sing edge of segment 

data 

O.g.t 

Segment \. 

Toff 

Fig. 33 FLOC timing 

" Td.sp 
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of the FLOC mode register (address 0036,6 ), and the 

automatic display is started by writing "1" to bit 1. 
Ouring automatic display bit 1 always keeps "1", automa
tic display can be interrupted by writing "0" to bit 1. 

If key-scan is to be performed by segment during the 

key-scan blanking period T scan, 
1. Write "0" to bit 0 (automatic display control bit) of 

FLOC mode register (address 0036,6), 
2. Set the port corresponding to the segment to the nor

mal port. 
3. After the key-scan is performed, write "1" (automatic 

display mode) to bit 0 of FLOC mode register 
(address 0036,6). 

Note on performance of key-scan in the above 1 to 3 
order. 
1. 00 not write "0" to bit 1 of FLOC mode register 

(address 0036,6). 

2.00 not write "1" to the port corresponding to the digit. 

Tscan 

'---~ t Segment setting by software 

FLO blanking Interrupt generated at 
the failing of edge of the last digit 

~ 
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RESET CIRCUIT 
After a reset, the microcomputer will start in high-speed op
eration start mode or low-speed operation start mode depend-
ing on a mask-programmable option. -
• High-Speed Operation Start Mode 

In high-speed operation start mode, reset occurs if the 
RESET pin is held at an "L" level for at least 2,us then is 
returned to an "H" level (the power supply voltage 
should be between 4.0V and 5.5V). Both the XII'! and the 
XCIN cldcks begin oscillating. In order to give the X,N 
clock time to stabilize, internal operation does not begin 
until after 13 X,N clock cycles are complete. After the re
set is completed, the program starts from the address 
contained in address FFFD16 (upper byte) and address 
FFFC16 (lower byte). 

• Low-Speed Operation Start Mode 
In low-speed operation start mode, reset occurs if the 
RESET pin is held at an "L" level for at least 2,us then is 

I 
r-power on 

~' I I (Note) 

OV I I 

~,i : I O. 2Vcc 
OV I 

I I 

Note. Reset release voltages: 
In high-speed operation start mode: Vcc=4.0V 
In low-speed operation start mode: Vcc=2. BV 

Power supply voltage 
_____ ~ detection circuit 

I 
I 
I 
I 
I 

I I 
L ______ J 

Fig. 34 Power-on reset circuit example 
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returned to an "H" level (the power supply voltage 
should be between 2.8V and 5.5V). The X,N clock does 
not begin oscillating. In order to give the XCIN time to sta
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the XclN/16 are counted before internal op
eration begins. After the reset is completed, the program 
starts from the address contained in address FFFD16 

(upper byte) and address FFFC16 (lower byte). 
If the XCIN clock is stable, reset will complete after 
approximately 250ms (assuming f(XcIN)=32.768kHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 
used. 

• Note on Use 
Make sure that the reset input voltage is no more than 
O.8V in high-speed operation start mode, or no more than 
O.5V in low-speed operation start mode. 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

~O) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

Address Register contents 

Port PO register (0000,.)···1 0016 

Port PI register (0002,·)··:1 0016 

Port PI direction register (0003,·) .. ·1 0016 

Port P2 register (0 a a 4,.)···1 DO,. 

Port P2 direction register ( a a a 5,.)···1 DO,. 

Port P3 register (0006,6)···1 0016 

Port P4 register (0008 16) ... 1 DO,. 

Port P4 direction register (0 a a 9,6)· .. 1 DO,. 

Port P5 register (0 a a A'6)···1 aD" 

Port P5 direction register (000B'6)···1 aD" 

Port P6 register (0 a OC'6)···1 aD" 

Port P6 direcllon register (0 a 00,6) .. ·1 00,6 

Port P7 register (0 a a E'6)···1 00'6 

Port P7 direction register (0 a a F'6)···1 00'6 

Port P8 register (0 a 1 0,6)···1 00,6 

Port P8 direction register (0 01 1,6)···1 DO,. 

Port P9 register (0 a 1 2,6)· .. 1 00'6 

Port P9 direction register (0 01 3 ,6)···1 00'6 

Port PA register (0 a 1 4 ,6)···1 00,6 

Port PA direction register (0 a 1 5,,)···1 DO,. 

Serial 1/01 control register (0 a 1 9'6)"') 00'6 

Serial 1/0 automatic transfer ( a a 1 A '6)"') 00'6 

control register 

Serial 1/0 automatic transfer ( a Ole '6) ... ) 0016 

interval register 

Serial 1/02 control register (0 a 1 0,6), .. 1 00'6 

Timer 1 register (0 a 2 0 16) ... 1 FF'6 

Timer 2 register ( a a 2 1 ,,) ... ) 01,. 

Timer 3 register (0 a 2 2,.) ... ) FF'6 

Timer 4 register (0023,,)···1 FF'6 

Timer 5 register (0024 16 ) ... 1 FF'6 

Timer 6 register (0025,,) ... ) FF" 

MITSUBISHI MICROCOMPUTERS 
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Address Register contents 

(31) Timer 12 mode register (0 a 2 8,.)··:1 00,. 

(32) Timer 34 mode register ( a a 2 9,.)· .. 1 00,. 

(33) Timer 56 mode register (0 a 2 A,.)· .. I DO,. 

(34) PWM control register ( a a 2 B ,.)···1 DO,. 

(35) A-O controt register (0 a 3 0,.)···1 08,. 

(36) Port P3 segment/digit (0 a 3 2,.) .. { __ ~ DO,. 

SWitching register 

(37) Port PO digit/port switching regISter (0033,6)···1 00'6 

(38) Port P8 segment/port (0034,6) .. ·1 DO" 

switching regisfu; 

(39) Key-scan blanking register (0035,6)· .. 1 00'6 

(40) FLOC mode register (0 a 3 6,6)···1 00'6 

(41) Hlgh-breakdown-voltage port (0 a 3 8,6)···1 00'6 

control register 

(42) Interrupt edge selection register (0 a 3 A'6)"'1 00'6 

(43) CPU mode register ( a a 3 B ,.) ···1 * I * 11 I a I a I 0 I 0 I a I 

I (44) Interrupt request register 1 (0 a 3C'6)···1 aD,. I 

I (45) Interrupt request register 2 (0 a 30,6)···1 00'6 I 
] (46) Interrupt control register 1 (003E'6)···1 DO" I 

) (47) tnterrupt control register 2 (003F,.) ... ) 0016 I 

) (48) Processor status register (p S)"'lxlxlxlxlx)llx)x) 

) 
(49) Program counter ( P C H)'" Contents of address FFFD, 

( P C L) ... )contents of address FFFC,~ 

Note. *: The initial values of bits 7 and 6 of the CPU mode register are determined by a mask option 
X : Underlined 
The contents of all other registers and RAM are undefined after a reset, so programs must set their Initial values 

Fig. 35 Internal status at reset 

• MITSUBISHI 
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5.5V 

V 4.0V 
cc 

XoUT 

(4MHz) 

XCOUT 

(32kHz) 

~---------t-----

Time until oscillation starts 

Time until oscillation starts 

Internal {;&LruL reset --+-__________ ~ 12.51'';.1 

System 
clock 

Address 

Data 

SYNC 

Fig. 36 Reset sequence in high-speed operation mode 

I 

I 

:::w---------f-----------
P (Oscillation stopped) I 

XOUT 

(::~:: I, . kI ....... s:----+I-------
(32kHz) -t' . 1=-==-~----_4,f----------------

Internal 
reset 

System 
clock 

Address 

Data 

SYNC 

, Time until oscillation starts Time necessary for oscillation to stabilize 

Fig. 37 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the X ,N (XCIN ) pin and leave the X OUT (XCOUT ) pin open. 

If the X C1N clock is not used, connect the X CIN pin to Vss, 
and leave the X COUT pin open. 
Either high-speed operation start mode or low-speed op

eration start mode can be selected by using a mask option. 
• High-Speed Operation Start Mode 

After reset has completed, the internal clock ¢ is half the 
frequency of X,N • Immediately after power-on, both the 
X ,N and X C1N clock start oscillating. To set the internal 
clock ¢ to low-speed operation mode, set bit 7 of the 
CPU mode register (address 003816) to "1". 

• Low-Speed Operation Start Mode 
After reset has completed, the internal clock ¢ is half the 
frequency of X CIN ' Immediately after power-on, only the 
X CIN clock starts oscillating To set the internal clock ¢ to 
high-speed operation mode, first set bit 6 (CM6) of the 
CPU mode register (address 003816) to "0", the set bit 7 

(CM?) to "0". Note that the program must allow time for 
oscillation to stabilize. 

• Oscillation Control 
Stop Mode 
If the STP instruction is executed, oscillation stops with 
the internal clock ¢ at an "H" level. Timer 1 is set to 

"FF16" and timer 2 is set to "0116", 
Either X ,N or X C1N divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
("0"), so a program must set these bits before executing 

an STP instruction. Oscillation restarts at reset or when 
an external interrupt is received, but the internal clock 1> 

is not supplied to the CPU until timer 2 overflows. This 
allows time for the clock circuit oscillation to stabilize 

Wait Mode 
If the WIT instruction is executed, the internal clock ¢ 

stops at an "H" level but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or when 
an interrupt is received. Since the oscillator does not 
stop, normal operation can be started immediately after 
the clock is restarted. 
Low-Speed Mode 
If the internal clock is generated from the sub clock 
(XCIN ), a low power consumption operation can be en

tered by stopping only the main clock X,N . To stop the 
main clock, set bit 6 (CM6) of the CPU mode register 
(003816) to "1". When the main cloCk X,N is restarted, the 
program must allow enough time to for oscillation to sta
bilize. 
Note that in low-power-consumption mode the X CIN-

X COUT drive performance can be reduced, allowing even 
lower power consumption (20,uA with X CIN = 32kHz). To 

reduce the XCIN-XCOUT drive performance, clear bit 5 
(CM5 ) of the CPU mode register (003816) to "0". At re-

set or when an STP instruction is executed, this bit is set 
to "1" and strong drive is selected to help the oscillation 
to start. 

XOUT 

36 37 38 39 

Fig. 38 Ceramic resonator circuit 

XC1N XCOUT X,N XOUT 

361 37
1 

381 1
39 

Open Open 

External OSCillator or pulse External OSCillator 

VccLSLr 
Vss 

Vcc~ 
Vss 

Fig. 39 External clock input circuit 
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Xc IN XCOUT 

Internal system clock 
selection bit 
eM, (Note) 

Main clock stop bit eM. 

Internal system clock 
selection bit eM, 
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Timer 1 count stop bit 

Timer 1 count 
source selection 
bit 

Timer 2 count stop bit 

Timing ¢ 
(Internal clock) 

Q SI------.---------I S 
Reset 

R STP 
instructIOn 

WIT 
instruction 

R R STP instruction 

r--- Reset 

b----Interrupt disable flag I 

f----Interrupt request 

Note. The values of eM, and eM. at reset are determined by a mask optIOn 

Fig. 40 System clock generation circuit block diagram 
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[
External INT. 

timer Interrupt, or 

SilO mterrupt 

High-speed operation 

start mode( Note 4) 

External INT. or 

SilO Interrupt ] 

'M.~' 1 r '".~O [ The program must 

allow time for X,N 
oscillation to stabilIZe 

Low-speed operation 

start mode (Note 4) 

The example assumes that 6. 3MHz IS bemg applied to the X,N pin and 32kHz to the XCIN pm 

] 

Note 1. When the STP state IS ended. a delay of approximately 1. 3ms IS automatically generated by timer 1 and timer 2 
2. The delay after the STP state ends IS approximately O. 25s 
3. If the internal clock ¢ divided by 8 IS used as the timer count source.)he frequency of the count source IS f(XcIN )/16 
4. Specify this option when ordering a mask ROM version 

Fig. 41 State transitions of system clock 
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NOTES ON PROGRAMMING 
• Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable .flag 
(I) which is "1". Therefore, flags that affect program ex
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

• Interrupts 
The contents of the interrupt request bits do not change 
immediately after they have been written. 
After writing to an interrupt request register. execute at 
least one instruction before performing a SSC or BBS in
struction. 

• Decimal Calculations 
To calculate in decimal notation, set the decimal mode 
flag (D) to "1", then execute a ADC or SBC instruction. 
Only the ADC and SBC instruction yield proper decimal 
results. After executing an ADC or SBC instruction, ex
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 
In decimal mode, the values of the negative (N), over
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SBC. 

• Timers 
If a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1 /(n+1). 

• Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 

flags. 
The execution of these instructions does not change the 
contents of the processor status register. 

• Ports 
The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg
ister as an index, or bit-test a direction register (BBC or 
BSS), or perform a read-modify-write instruction such as 

ROR, CLB, or SEB. Use instructions such as LDM and 
STA to set the port direction registers. 

• Serial I/O 
When using an external clock, input "H" to the external 
clock input pin and clear the serial I/O interrupt request 
bit before executing a serial I/O transfer. 

· When using the internal clock, set the synchronization 
clock to internal clock, then clear the serial I/O interrupt 
request bit before executing a serial I/O transfer. 

• Instruction Execution Timing 
The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy
cles needed to execute an instruction. 
The number of cycles required to execute an Instruction 

is shown in the list of machine instructions. 
The frequency of the internal clock ¢ is half of the X,N or 
XC1N frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 

(3) Data to be written to ROM, in EPROM form 
(three identical copies) 

If required, specify the following option on the Mask Con
firmation Form: 
• Operation start mode switching option 

ROM Writing Method 
The built-in PROM of the blank one-time programmable 
version and buil.t-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 

write adapter. 

In case PROM is 32K bytes or under; 
Package Name of Write Adapter 

100P6S PCA4738F-100 

10000 PCA4738L-100 

In case PROM is 36K bytes or over; 
Package Name of Write Adapter 

100P6S Under development 

10000 Under development 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 42 is 
recommended to verify programming. 

Note. The screening temperature IS far 
higher than the storage temperature 00 

not leave the microcomputer at 150'C 
for longer than 100 hours 

Fig. 42 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

VEE Pull-down power supply voltage 

Input voltage Pl o·PI7. P20·P27• P4,-P47• P5o·P57. 

V, P60·P67. P7 o·P7 2. P90·P9,. PAo·PA7 

PBo. PB, 

V, Input voltage P40 

V, Input voltage paO·pa7 

V, Input voltage RESET. X'N 

V, Input voltage XCIN 

Vo 
Output voltage POO·P07. P30·P37• 

paO·pa7. P9o·P97 

Vo 
Output voltage Plo·PI7. P2o·P27• P4,-P47. P5o·P57. 

P6a-P67, P7o-P7J, PAo-PA7, XOUT, XCOUT 

Pd Power dissipatIon 

Topr Operating temperature 

Tstg Storage temperature 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Conditions Ratings Unit 

-0.3 to 7. 0 V 

Vee -40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

All voltages measured based on the Vss pm -0.3 to Vee+O. 3 V 
Output translstors are Isolated Vee-40 to Vce+O. 3 V 

-0.3 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

Vee-40 to Vee+O. 3 V 

-0.3 to Vee+O. 3 V 

Ta = 251: • 600 mW 

-101085 ·C 

-4010125 ·C 

RECOMMENDED OPERATING CONDITIONS (Vee = 4. 0 to 5. 5V. T a = -10 to 85·C. unless otherwise noted) 

Symbol 
Limits 

Parameter Umt 
Min Typ Max 

Vee Supply voltage 
L High-speed operation mode 4.0 5.0 5.5 

I Low-speed operation mode 2.8 5.0 5.5 
V 

, Vss Supply voltage 0 V 

VEE Pull-down power supply voltage Vee-38 Vee V 

V REF Reference input voltage 2 Vee V 

AVss Analog power voltage 0 V 

V'A Analog input voltage 0 Vee V 

··H·· Input voltage Plo·PI7. P4,·P47. P50·P57. 

V'H P60·P67• P70·P77. PAo·PA7. 0. 75Vee Vee V 

PBo. PB, 

V'H ··W Input voltage P20·P27 O· 4Vee Vee V 

V'H ··H·· input voltage P40 0. 75Vee Vee V 

V'H ··W input voltage paO·pa7• P9o·P9, O.BVee Vee V 

V'H ··H·· Input voltage RESET O.BVee Vee V 

V'H "Hit input voltage XIN, XcIN 0. 8Vee Vee V 

V'L 
"L" Input voltage P1o-P17, P4t -P47, P50-P57, P60-P67, 

P70·P77. PAo·PA7. PBo. PB, 
0 0. 25Vee V 

V'L ··L·· input voltage P20·P27 0 0. 16Vee V 

V'L ··L·· ,nput voltage P40 0 0. 25Vee V 

V'L ··L·· ,nput voltage paO·pa7. P9o·P9, 0 0. 2Vee V 

V'L "L·· ,nput voltage RESET 0 O. 2Vee V 

V'L "L" Input voltage XIN, XCIN 0 0. 2Vee V 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

RECOMMENDED OPERATING CONDITIONS (Vcc=4.0 to 5. 5V, Ta=-10 to 85"(;, unless otherwise noted) 

Limits 
Symboi Parameter Unit 

Min Typ Max 

"H" total peak output current PO,-PO" PI,-PI" 

:!:loHlpeak) (Note I) P2,-P2,. P30-P3" -240 rnA 
P8,-P8" P90-P9, 

:!:loHlpeak) 
"H" total peak output current P4,-P4r. P60-P6., 

P7,-Ph PAo-PA, 
-60 rnA 

"L" total peak output current PI,-PI" P2,-P2" P4,-P4r, 

:!:loLlpeak) P5,-P5,. P6,-P6" 100 rnA 
P7,-P7" PA.,-PA, 

:!:IOLlpeak) "L" total peak output current P6, 3.0 rnA 
"H" total average output current PO,-PO,. PI ,-Ph, 

:!:loHlavg) (Note 1) P2,-P2" P30-P3" -120 rnA 
P8,-P8" P90-P9, 

:!:IOHlavg) "H" total average output current P4,-P4,. ps,-per. 

P7,-Ph PAo-PA, 
-30 rnA 

"L" total average output current Pl.-PI,. P2,-P2,. 

l:loLlavg) 
P4,-P4" P5,-P5" 

ps,-pSr. P7,-P7,. 
50 rnA 

PAo-PA, 

l:loLlavg) "L" total average output current P60 1.5 rnA 

IOHlpeak) 
"H" peak output current po,-po." P30-P3,. P8,-P8" 

-40 rnA 
P9,-P9, (Note 2) 

IOHlpeak) 
"H" peak output current PI,-Ph. P2,-P2" P4,-P4,. 

PS,-P6,. P7,-Ph PAo-PA, 
-10 rnA 

lOLl peak) 
"L" peak output current PI,-Pl,. P20-P2" P4,-P4,. 

pS,-PSr, P7,-Ph PAo-PA, 
10 rnA 

IOLlpe8k) "L" peak output current P5,-P5, 10 rnA 
IOLlpe8k) "L" peak output current P60 3.0 rnA 

IOHI8Vg) 
"H" average output current PO,-PO" P3,-P3" 

P80-P8" P9,-P9, 
-18 rnA 

IOHI8vg) 
"H" average output current Pt,-Ph, P20-P2" P4,-P4,. 

P6,-PSr. P7,-Ph PAo-PA, 
-5.0 rnA 

"L" average output current PI,-PI" P2,-P2,. 

IOLl8vg) (Note 3) P4,-P4,. P6,-P6,. 5.0 rnA 
P7,-Ph PA,-PA, 

IOLI8vg) "L" average output current P50·P57 5.0 rnA 
IOLI8vg) "L" average output current P60 1.5 rnA 
f(CNTR.) Clock Input frequency for timers 2 and 4 

250 kHz 
i(CNTR,) (duty cycle 50%) 

f(X,N ) Main clock Input oscillation frequency (Note 4) 6.3 MHz 

f(XCIN ) Sub clock Input oscillation frequency (Note 4. Note 5) 32.768 50 kHz 

Note 1. ,he total output current is the sum of all the currents flOWing through all the applicable ports The 
totel average current is an average value measured over lOOms The total peak current IS the peak 
value of all the currents 

2. The peak output current IS the peak current flowing In each port 
3. The average output current in an average value measured over lOOms 
4. When the OSCillation frequency has a duty cycle of 50% 
5. When using the microcomputer in low-speed operation mode, make sure that the sub clock's Input 

frequency f()(CIN) IS less than f(X,N)/3 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc = 4.0 t05.5V, Ta = -10 toB5"C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min. Typ Max 

V OH 
"H" output voltage POo-PO,. P30-P3" P8o-P8" 

P90-P9, 
'loH=-18mA Vcc-2.0 V 

VOH 
"H" output voltage P1 o-P1,. P2o-P2" P4,-P4" 

IOH=-IOmA Vcc-2. O V 
P6o-P6" P7o-P7" PAo-PA, 

"L" output voltage P1 o-P1,. P2o-P2" P4,-P4" 

VOL P50-P5,. P6,-P6" P7o-P7" 10L=IOmA 2_ 0 V 

PAo-PA7 

VOL "L" output voltage P60 IOL=1.5mA 0_ 5 V 

VT+-VT-
HysteresIs INTo-INT4. SIN1. SIN2. SCLK1, SClK2. 

CNTRo, CNTR, 
When uSing a non-port function 0.4 V 

VN-VT- Hysteresis RESET, X,N RESET: Vcc=2. 8V to 5. 5V 0.5 V 

VT+-VT- Hysteresis Xc IN 0.5 V 

I'H 
"H" input current P1 o-P1 7 • P2o-P27• P4,-P4J, P50-P57• 

P6o-P6" P7o-P7" PAo-PA" PSo, ps, 
VI=VCC 5_ 0 I-/A 

I'H "H" Input current P40 VI=VCC 5.0 I-/A 

I'H "H" Input current P8o-P8" P90-P93 (Note 1) VI=VCC 5.0 I-/A 

I'H "H" Input current RESET, XCIN VI=VCC 5.0 I-/A 

I'H "H" mput current X1N VI=VCC 4.0 I-/A ---

I'L 
"L" Input current P1o-Ph, P2o-P27, P4rP47. P50-P57. 

P6o-P6" P7o-P7" PAo-PA" pSo, ps, 
VI=VSS -5_0 I-/A 

III "L" Input current P40 VI=VSS -5.0 I-/A 

I'L "L" input current P8o-P8" P90-P93 (Note 1) VI=VSS -5_0 I-/A 
III "L" Input current RESET, XCIN VI=VSS -5.0 I-/A 

I'L "L" Input current X1N VI=VSS -4.0 I-/A 
v,,=Vcc-36V, 

ILOAD Output load current POo-PO" P30-P3" P90-P9, VoL=Vcc, 150 500 900 I-/A 
With output transistors off 

Output leakage current POo-PO" P30-P3" P8o-P8" 
VEE=Vcc-38V, 

ILEAK VOL =Vcc-38V, -10 I-/A 
P90-P9, 

With output transistors off (Except for reset) _. 

VRAM RAM hold voltage When clock IS stopped 2.0 5.5 V 

In high-speed operation mode 

f(X ,N )=6.3MHz 

f(XCIN)=32kHz 7.5 15 mA 
Output tranSistors off 

A-D converter operatrng 

In ~Igh-speed operation mode 

f(XIN )=6. 3M Hz (In WIT state) 

f(XcIN )=32kHz 1.0 mA 
Output transistors off 

A-O converter stopped 

In low-speed operation mode 

Icc Power supply current 
f(X,N)= stopped, f(xCIN)=32kHz 

Low-power diSSipation mode set 60 200 I-/A 
(CM,=O) 

Output transistors off 

In low-speed operation mode 

f(X,N)= stopped 

f(XCIN)=32kHz (,n WIT state) 

Low-power dissipatIon mode set 
20 40 I"A 

(CM5=O) 

Output transistors off 

All oscillation stopped ITa = 25'C 0.1 1.0 
(In STP state) I-/A 
Output transistors off I T a=85'C 10 

Note 1. Except when reading ports P8 or ports P90-P93 
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MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

A-O CONVERTER CHARACTERISTICS 
(Vcc=4.0 to 5. 5V, Vss=OV, T a=·-10 to 85'C, high-speed operation mode, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

- Resolution 8 
- Absolute accuracy Vce=VREF=5.12V ±1 ±2.5 

TCONV ConversIOn time 49 50 

V REF Reference Input voltage 2 Vee 

IVREF Reference input current VREF=5V 50 150 200 

I'A Analog port mput current 0.5 5.0 

RLADDER Ladder resistor 35 

TIMING REQUIREMENTS (Vcc =4,Ot05.5V, Vss=OV, Ta =-10t085'C, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

tW(RESETl Reset mput "L" pulse width 2.0 

tcexlNl Mam clock Input cycle time (X1N mput) 158 

twHeXIN) Main clock mput "H" pulse width 40 

tWL(XIN) Main clock mput "L" pulse width 40 

tC(XCIN) Sub clock mput cycle time (XC1N Input) 2.0 

twHeXCIN) Sub clock Input "H" pulse width 0.5 

tWL(XcINl Sub clock mput "L" pulse width 0.5 

tC(CNTR) CNTRo, CNTR, Input cycle time 4.0 

tWHCCNTRl CNTRQ, CNTR1, Input "H" pulse width 1.6 

tWLCCNTR) CNTRo, CNTR" Input "L" pulse width 1.6 

tWH(INT) INTo-INT4 Input "H" pulse width 80 

tWL(INT) INTo-INT, Input "L" pulse width 80 

tC<SCLK) Senal clock mput cycle time 1.0 

tWHCSCLK) Senal clock mput clock "H" pulse width 400 

tWL(SCLK) Senal clock mput clock "L" pulse width 400 

tSUCSCLK-SIN) Senal Input setup time 200 

th<sc K-SIN) Senal Input hold time 200 

SWITCHING CHARACTERISTICS (Vcc =4.0t05.5V, Vss=OV, Ta =-10t085'C, unless otherwise noted) 

Symbol Parameter Test conditions 

tWH(SCLK) Senal clock output "H" pulse width C L=lQOpF, RL=lk!1 

tWL(SCLK) Senal clock output "L" pulse width C L =100pF, RL=l k!1 

td (SCLK-SOUT) Senal output delay time 

tV(SCLK-SOUT) Senal output hold time 

tf<SCLK) Senal clock output fall time CL=100pF, RL=lk!1 

tr(Pch-strg) 
P-channel high-breakdown voltage output rise time 

C L =1 OOpF, VEE=Vee -36V 
(Note 1) 

tr(Pch-weak) 
P-channel high-breakdown voltage output rise time 

C L=100pF, VEE=Vee-36V 
(Note 2) 

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,,) is at "0" 
2. When bit 0 of the high-breakdown voltage port control register (address 0038,,) IS at "1" 

• MITSUBISHI 
;"ELECTRIC 

Limits 

Min Typ Max 

tc12 - 16O 
tcl2-160 

0. 2tc 

0 

40 

55 

1.8 

UOII 

Bits 

LSB 

tc (¢) 

V 

I-/-A 

I-/-A 

k!1 

Unit 

I-/-S 

ns 

ns 

ns 

ms 

ms 

ms 

I-/-S 

I-/-S 

I-/-S 

ns 

ns 

I-/-S 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

I-/-S 
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-v 
P56/SCLK2 RL 

Senal clock output P52/ScLK1 
port 

-11 1 CL 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

. SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

-1J 
PO, P3, P8, P9 

P-channel fe, output port 
(Note) 

'---' >-- VEE 

Note: Port P8 has no Internal pull-down resistors and external resistors should be used If necessary 

Fig. 43 Output switching characteristics measurement circuit 
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Timing Chart 

tWH(CNTRl 

CNTRo, CNTR, / o. BVee 

~O'2vce 

~o",o, tWH(XIN) 

X,N 

tWH(XCIN) 

/ o. BVee 

SCLK O. 2Vec 

SOUT 

MITSUBISHI MICROCOMPUTERS 

M3818x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

C(CNTA) 

twL{CNTRl 

'\ ~ O. 2Vee / 

:;1. r tWLIINT) 

1~_o.2vee _y--

v O. BVec 

tC(XINl 

ir-No, 2vee 

tWL(XIN) 

t ( C Xc\N) 

tWL(XCIN) 

i\ O. 2Vee / 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2.XXXSP/FP,M374S0M4·XXXSP/FP 
M374S0MS·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37450M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an BO-pin plastic 
molded QFP. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
It is suited for office automation equipment and control de
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 
The differences among M37450M2-XXXSP/FP, M37450M4-
XXXSP/FP and M37450MB-XXXSP/FP are as shown below. 
The descriptiQns that follow describe the M37450M2-
XXXSP/FP (abbreviated as M37450) unless otherwise 
noted. 

Type. name ROM size RAM size 

M37450M2-XXXSP/FP 4096 bytes 12B bytes 
M37450M4-XXXSP/FP B192 bytes 256 bytes 
M37450MB-XXXSP/FP 163B4 bytes 3B4 bytes 

The number of analog input pins for the BO-pin model (FP 
version) is different from the 64-pin model (SP version). In 
addition, the BO-pin model has special pins for RD, WR, 
RESET OUT, DAVREF, ADVREF, AVec and the 64-pin model 
has a special VREF pin. 

FEATURES 
• Number of basic instructions .... · ................ · .... · ........ 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Instruction execution time 
(minimum instructions at 10MHz frequency) ........ ·O.BJ.ls 

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

• Power dissipation normal operation mode 
(at 10MHz frequency) .................. · .. · ............ ·30mW 

• Subroutine nesting .......... · .. 64 levels max.(M37450M2) 
96 levels max.(M37450M4, M37450MB) 

• Interrupt ............................ · .................... · "'15 events 
• Master CPU bus interface ................................ · 1 byte 
• 16-bit timer .. · ........................................................ · 3 

• B-bit timer (Serial I/O use) ...... · ...... · ...... · .............. · .. 1 
• Serial I/O (UART or clock synchronous) .................... 1 
• A-D converter (B-bit resolution) ......... 3 channels (DIP) 

B channels (QFP) 
• D-A converter (B-bit resolution) .................. 2 channels 
• PWM output (B bit or 16 bit) .............. · .. · .............. · .... 1 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) ............................ 3(DIP), B(QFP) 
• Output ports (Ports D-A" D-A2 ) ................................ 2 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers. 

PIN CONFIGURATION 

I/O port P3 

I/O port P5 

P6,/INT2 - 23 w"'"'r 
Read/WnteP6o/lN~ - 24 

status output R/W - 25 
Synchronous SYNC _ 26 
Signal output 

Reset mput 

Clock Input 

Clock output 

Timing output 

Vss 

(TOP VIEW) 
Vee 

AVss 

62 - V REF Reference voltage mput 

61 -D-A, I 
60 _ O-A2 I D-A output 

59 ~ P4o/ANo I 
58 - P4,/AN, I Input port P4 

57 - P42 /AN2 

56 - POo/Ao 

110 port PO 

1/0 port P1 

110 port P2 

Outline 64P4B 

Outline BOP6 
NC : No connection 

HDD, optical disk, inverter, and industrial motor controllers. 
Industrial ro~ots and machines. 
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MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
M37450MS-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37450M2-XXXSP/FP, M37450M4-XXXSP/FP, M37450M8-XXXSP/FP 
Parameter 

Number of basIc instructIOns 

Instruction execution time 

Clock frequency 

ROM 
M37450M2-XXXSP/FP 

RAM 

ROM 
Memory sIze M37450M4-XXXSP/FP 

RAM 

ROM 
M37450M8-XXXSP/FP 

RAM 

PO-P3, P5, P6 I/O 

InputlOutput ports P4 Input 

D-A Output 

Senall/O 

Timers 

A-D converter 

D-A converter 

Pulse width modulator 

Data bus buffer 

Subroutine nestmg 

Interrupt 

Clock generatmg Circuit 

Supply voltage 

Power dissipation 

Input/Oulput voltage 
Input/Output characters 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

M37450M2-XXXSP 

M37450M4-XXXSP 

M37450M8-XXXSP 
Package 

M37450M2-XXXFP 

M37450M4-XXXFP 

M37450M8-XXXFP 
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Functions 

71 (69 MELPS 740 basIc mstructions+2) 

o B,us (minimum instructions, at 10MHz frequency) 

10MHz (max) 

4096 bytes 

128 bytes 

8192 bytes 

256 bytes 

16384 bytes 

384 bytes 

8-bltX6 ' 

3-bltXl (8-bltXl for 80-pln model) 

2-bltXl 

UART or clock synchronous 

16-blt tlmerX3, 

8-blt timer (senal 110 baud rate generator) X 1 

8-bltX3 channels (8 channels for 80-pm model) 

8-bltX 2 channels 

8-bIt or 16-bltXl 

1-byte mput and output each 

64-levels (max for M37450M2) 
,,~-.-

96-levels (max tor M37450M4, M37450M8) 

6 external mterrupts, 8 mternal mterrupts 

1 software mterrupt 

BUilt-m (ceramic or quarts crystal oscillator) 

5V±10% 

30mW (at 10MHz frequency) 
-

5V 

±5mA(max.) 

Possible 

-10 to 70'C 

CMOS Silicon gate 

64-pm shrink plastic molded DIP 
--

80-pln plastic molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Inputl 

Output 

Vee, Supply voltage 

Vss 

CfNVss CNVss 

---
RESET Reset input Input 

X'N Clock input Input 

XOUT Clock output Output 

</> Timing output Output 

SYNC Synchronous Output 
signal output 

-
R/W Read/Write Output 

status output 

POO-P07 1/0 port PO 1/0 

Pl o-P1 7 1/0 port Pl 1/0 

P2o-P27 1/0 port P2 1/0 

P30 -P37 1/0 port P3 1/0 

P4o-P4, Input port P4 Input 
( P4o-P47 ) 

P50 -P57 1/0 port P5 1/0 

P60 -P67 1/0 port P6 1/0 

O-A"O-A, D-A output Output 

VREF Reference voltage Input 
Input 

ADVREF A-O reference Input 
voltage Input 

DAVREF D-A reference Input 
voltage Input 

AVss Analog power supply 

AVec Analog power supply 

-
RD Read signal Output 

output 

-
WR Write Signal Output 

output 

RESEToUT Reset output Output 

Functions 

Power supply inputs 5V±1O% to Vee, and OV to Vss 

Controls the processor mode of the chlp_ Normally connected to Vss or Vee 

To enter the reset state, the reset mput pm must be kept at a "L" for mare than 8 clock cycles (under nor-
mal Vee conditions). If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 
be malntamed for the required time 

This chip has an mternal clock generating Circuit To control generating frequency, an external ceramiC or a 

quartz crystal oscillator IS connected between the X1N and XOUT pms If an external clock 1$ used, the clock 
source should be connected to the X1N pin and the XOUT pm should be left open 

Outputs signal consisting of oscillating frequency divided by four 

This signal IS output "H" dUring operation code fetch and IS used to control single stepPing of programs 

This signal determines the direction of the data bus It IS "H" dunng read and "L" dUring write 

Port PO IS an 8-blt I/O port with directional registers allowing each I/O bit to be Individually programmed as 
Input or output The output structure IS CMOS output The low-order bits of the address are output except 
In single-chip mode 

Port P1 IS an 8-blt I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except In smgle-chlp mode 

Port P2 IS an 8-blt I/O port and has basically the/same functions as port PO Used as data bus except In 

single-chip mode 

Port P3 IS an 8-bit I/O port and has basically the same functions as port PO Senal 1/0, PWM output, or 
event I/O function can be selected with a program 

Analog Input pin for the A-D converter The 64-pln model has three PinS and the SO-Pin model has eight 
pms They may also be used as digital Input PinS 

Port P5 IS an a-bit liD port and has basically the same functions as port PO This port fUnctions as an a-bit 
data bus for the master CPU when slave mode IS selected With a program 

Port P6 IS an a-bit I/O port and has basically the same function as port PO PinS P63-P67 change to a control 
bus for the master CPU when slave mode IS selected With a program PinS P6o-P62 may be programmed as 

external Interrupt Input pins 

Analog signal from D-A converter IS output 

Reference voltage Input Pin for A-D and D-A converter ThiS pm IS for 64-pln model only 

Reference vqLtage Input pin for A-D converter ThiS pm IS for aD-pin model only . 
Reference voltage Input pin for D-A converter ThiS pin IS for aD-pm model only 

( 

Ground level mput pin for A-D and D-A converter Same voltage as VSS IS applied 

Power supply mput pm for A-D converter ThiS pm IS for BO-pm model only Same voltage as Vcc IS applied 
In the case of the 64-pin model, AVcc IS connected to Vcc Internally 

Control Signal output as active "L" when valid data IS read from data bus ThiS pin IS for aD-pm model only 

Control slgn~1 output as active "L" when wntmg data from data bus to external component ThiS pm IS for 

aD-pm model only 

Control Signal output as active "H" dUring reset 
nents ThiS pm IS for 80-pln model only 

• MITSUBISHI 
.... ELECTRIC 

-

It IS used as a reset output Signal for peripheral compo-

3-7 



MITSUBISHI MICROCOMPUTERS 

M37450M2·XXXSP/FP,M37450M4·XXXSP/FP 
M37450M8·XXXSP/FP 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

The M37450 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions can be used. 
The WIT instruction can be used. 
The STP instruction can be used. 

MISRG2 Register 
The MISRG2 register is allocated to address 00DF,6. Bits 0 
and 1 of this register are processor mode bits. This register 
also has a stack page selection bit. 

7 a 
MI 

I I 

, 

SRG2 (address OODF,.J 

Processor mode bIt 
00 : Single-chip mode 
01 : Memory expandmg mode 
10 : Microprocessor mode 
11 : DIsable 
Bus mterface enable bit 
0: Disable 
1 : Enable 
Bus interface mode bIt 
0: RD, WR bus 
1 : R/W bus 
PWM enable bIt 
0: Disable 
1 : Enable 
PWM mode selectIon bIt 
o : B-bit high speed PWM 
1 : 16-bit hIgh precIsIon PWM 
Bus cycle control bIt 
o : Normal bus cycle 
1 >Normal bus cycleX2 
Stack page selectIon bIt 
o : In page 0 area 
1 : In page 1 area 

Fig. 1 Structure of MISRG2 register 
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MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 

addresses used at reset or when an interrupt is generated. 

0000, 6 

RAM( 128 bytes) 
RAM (192 bytes) for 

for M37450M2 
M37450M4 
M37450M8 

RAM( 192 bytes) r RAM(64 bytes) 
for 

M37450M8 

ROM( 16K bytes) 
for 

M37450M8 

Fig. 2 Memory map 

1 

ROM 
(8K bytes) 

for 
M37450M4 

for 
M37450M4 

ROM 
(4K bytes) 

for 
M37450M2 

007F, 6 

OOBF, 6 

0000, 6 

{ OOFF, 
0100, 

013F, 

6 

6 

6 

01BF, 6 

COOO, 6 

EOOO, 6 

FOOO, 6 

FFOO, 6 

FFEO, 6 

FFFF, 6 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
• Special Page 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Interrupt vector area 

Zero page 

Special page for 
subroutine call 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0M8-XXXSP/FP 

PO register 

PO directional register 

P1 register 

P1 directional register 

P2 register 

P2 directional register 

P3 register 

P3 directional register 

P4 register 

Reserved 

PS register 

PS directional register 

6 P6 register 

000016 

0001 16 

0002'6 

00D3" 

00D4" 

00DS'6 

0006'6 

00D7'6 

0008,6 

0009'6 

00DA'6 

00DB'6 

OODC, 

0000, 

00DE'6 

00DF'6 

00EO'6 

00E1'6 

00E2'6 

00E3'6 

00E4'6 

00ES'6 

00E6'6 

00E7" 

00E8'6 

00E9'6 

OOEA, 

6 P6 directIOnal register 

MISRG1 

MISRG2 

D-A 1 register 

D-A2 register 

A-D register 

A-D control register 

Data bus buffer register 

Data bus buffer status register 

ReceivelTransmlt buffer register 

Serial 1/0 status register 

Senal 1/0 control register 

UART control register 

, Baud rate generator 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

6 PWM register (low-order) OOEB, 

OOEC, 

OOED, 

OOEE, 

00EF'6 

00FO'6 

00F1'6 

00F2'6 

00F3'6 

00F4'6 

00FS'6 

00F6'6 
001'7, 

6 PWM register (high-order) 

6 Timer 1 control register 

6 Timer 2 control register 

Timer 3 control register 

Timer 1 register (low-order) 

Timer 1 register (high-order) 

Timer 1 latch (low-order) 

Timer 1 latch (high-order) 

Timer 2 register (low-order) 

Timer 2 register (high-order) 

Timer 2 latch (low-order) 

6 Timer 2 latch (high-order) 

6 Timer 3 register (low-order) 00F8, 

00F9, 

OOFA, 

00F8, 

OOFC, 

OOFD, 

OOFE, 

00FF'6 

6 Timer 3 register (high-order) 

6 Timer 3 latch (low-order) 

6 Timer 3 latch (high-order) 

6 Interrupt request register 1 

6 Interrupt request register 2 

6 Interrupt control register 1 

Interrupt control register 2 

SFR (Special Function Register) memory map 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 15 different events consisting 
of six external. eight internal. and one software events. 

Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted. the registers are pushed in
terrupt inhibit flag I is set. and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis
abled when the interrupt inhibit flag is set. 

Table 1. Interrupt vector address and priority. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 

and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1". interrupt 
request bit is "1". and the interrupt inhibit bit is "0". The in
terrupt request bit can be reset with a program. but not set. 
The interrupt enable bit can be set and reset with a 

program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

Event Priority Vector addresses Remarks 

RESET 1 FFFF, •• FFFE, • Non-maskable 

Input buffer full interrupt 2 FFFD, •• FFFC,• Valid only ,n slave mode 

Output buffer empty interrupt 3 FFFB, •• FFFA, • Valid only in slave mode 

INT, interrupt 4 FFF9, •• FFF8, • External interrupt (phase programmable) 

INT2 interrupt 5 FFF7, •• FFF6, • External interrupt (phase programmable) 

INT. Interrupt 6 FFF5, •• FFF4, • External interrupt (phase programmable) 

Timer 1 interrupt 7 FFF3, •• FFF2, • 

Timer 2 Interrupt 8 FFF1 , •• FFFO, • 

Timer 3 interrupt 9 FFEF, •• FFEE '6 

EV, .interrupt 10 FFED,6• FFEC '6 External event Interrupt (phase programmable) 

EV2 interrupt 11 FFEB ,6• FFEA '6 External event interrupt (phase programmable) 

EV. interrupt 12 FFE9,6• FFE8'6 External event interrupt (phase programmable) 

Serial 1/0 receive Interrupt 13 - FFE7 ,6• FFE6'6 Valid only when serial 1/0 is selected 

Serial 1/0 transmit interrupt 14 FF;E5 ,6• FFE4'6 Valid only when serial 1/0 is selected 

A-D conversion completion flag 15 FFE3,6• FFE2 '6 

BRK instruction Interrupt 16 FFE1 ,6• FFEO,• Non-maskable software interrupt 

3-11 
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MITSUBISHI MICROCOMPUTERS 

M37450M2·XXXSP/FP,M37450M4·XXXSP/FP 
M37450MS·XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

I I I I I I I I II nterrupt request register 1 
(address OOFC 16 ) 

Interrupt request register 2 
(address OOFD'6) 

~ Input buffer full interrupt request bit 

Output buffer empty interrupt 

o 
111111111 

L 
-

INT, interrupt request bit request bit 

INT, interrupt request bit 

INT3 interrupt request bit 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 

Interrupt control register 1 
(address OOFE,6) 

Input buffer full interrupt enable bit 

Output buffer empty interrupt 

INT, interrupt enable bit enable bit 

INT, interrupt enable bit 

INT3 interrupt enable bit 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

Timer 3 Interrupt enable bit 

EV, interrupt request bit 

EV, interrupt request bit 

EV3 interrupt request bit 

L ____ Serial 1/0 receive interrupt request bit 

L ______ Serial 1/0 transmit interrupt request bit 

L _______ A-O conversion completion mterrupt 

o : Interrupt disable 
1 : Interrupt requested 

Interrupt control register 2 
(address OOFF,6) 

EV, interrupt enable bit 

EV, interrupt enable bit 

request bit 

EV3 interrupt enable bit 

L----Serial 1/0 receive interrupt enable bit 

L-----Senal 1/0 transmit Interrupt enable bit 

--~---A-D conversion completton interrupt 
enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

Fig. 4 Structure of registers related to interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt inhibit flag 

Fig. 5 Interrupt control 

3-12 
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MITSUBISHI MICROCOMPUTERS 

M37450M2.XXXSP/FP,M37450M4·XXXSP/FP 
M37450M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMER 
The M37450 has three independent 16-bit internal timers 

as shown in Figure 6. 
The timers are controlled by the timer i control register (i= 

1, 2, 3) and MISRG1 shown in Figure 7 and 8. 

The timer and the timer latch are independent of each 

other and a value must be written in both when setting a 

timer. 
A write to a timer is performed in the order of T L to T H after 

setting the count enable bit to count inhibit "0". 
A read from a timer is performed in the order of T H to T L· 

The value of T L is latched in the read timer latch at the tim

ing when THis read. All timers are decrement counters and 

are started by setting the timer i count enable bit to "1". 

When the value of the timer reaches 000016, and overflow 
occurs and the timer i interrupt request bit is set to "1" at 

the next count pulse. 
During a reset or an STP instruction execution, the low

order byte of the timer 1 register is set to FF16 and the 

high-order byte is set to 0316 Also, when an STP instruction 

is executed, a frequency obtained by dividing the oscillat
ing frequency by four becomes the timer 1 input regardless 

of the timer 1 count source selection bit. This condition is 

canceled and the original count source is resumed when 

the timer i interrupt request bit is set to "1" or when a reset 

occurs. Refer to the section on the clock generator for de
tails concerning the operation of the STP instruction. 

The M37450 provides seven timer modes selectable with 

the timer mode selection bit in the timer i control register. 

INT 

EV 0 

a 
I I I I I I I \I Timer i control register (i=1,2,3) 

Timer 1 control register(address OOED,,) 
Timer 2 control register(address OOEE,,) 
Timer 3 control register(address OOEF'6) 

L-L-L· Timer mode selection bit 
000: 16-bit timer mode 
001 : Event count mode 
010: Pulse output mode 
011 : Pulse period measurement mode 

100: Pulse width measurement mode 
101 : Programmable waveform 

genratlon mode 
11 0: Programmable one-shot 

generation mode 
Timer count source selection bit 

0: f(X IN )/4 
1 : INTi pin input 

Output level latch 

Event phase selection bit 
0: Fall 
1: Rise 

Fig. 7 Structure of timer i control register 

7 a 
I I I I I I I I I MISRG1 (address 00DE'6) 

~:NT' input polanty selection bit 

INT2 Input polanty selection bit 

INT3 input polarity selection bit 
0: Fall 
1 : Rise 

Timer 1 count enable bit 

Timer 2 count enable bit 

Timer 3 count enable bit 
a : Count disabled 
1 : Count enabled 

Fig. 8 Structure of MISRG1 

Timer Interrupt request bit 

Data bus 

Fig. 6 Timer block diagram 
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MITSUBISHI MICROCOMPUTERS 

M37450M2·XXXSP/FP,M37450M4.XXXSP/FP 
M37450M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

(1) 16-bit Timer Mode [000] 
In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the til1)er each time the timer 
overflows. 
The timer count source is set to f (X,N ) divided by four re
gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+1). 

Figure 9 shows the timer operation duruing 16-bit timer 
mode. 

FFFF'6 

TL 

TR TR 

Fig.9 16-bit timer mode operation 

TL ; Value set In 
timer latch 

TR ; Timer Interrupt 
request 

(2) Event Count Mode [001] 
In this mode, the EVi pin input signal are counted in the 
direction selected by the event input polarity selection bit. 
The input signal from the EVi pin is used as the count 
source regardless of the count source selection bit. The 
operation is the same as with the 16-bit timer mode except 
for the difference in the count source. 
Both the "H" and "L" pulse width of the EVi pin input signal 
must be not less than (4/f(X ,N ) )+100ns. 
Figure 10 shows the timer operation during event count 
mode. 

Fig. 10 

3-14 

TR TR 

TL , Val'ue set in 
timer latch 

TR . Timer Interrupt 
request 

Event counter mode operation 

(3) Pulse Output Mode [010] 
In this mode, a 50% duty pulse is output from the EVi pin. 

The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 
When this mode is selected, the EVi pin output level is in
itialized to "L". 
Figure 11 shdws the timer operation during pulse output 

mode. 

FFFF'6 

Fig. 11 Square wave output mode 

TL . Value set In 
timer latch 

TR . Timer Interrupt 
request 

(4) Pulse Period Measurement Mode 
[011] 

This mode IS used to measure the pulse period of the EVi 
pin input signal. 

The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 

At a valid edge on the EVi pin input, the 1 's complement of 
the timer value is stored in the timer latch and the timer 
value is set to FFFF,6. 

Figure 12 shows the timer operation during pulse frequency 
measurement mode. 

OOO~6t1t2V12J---------------------- --
T3 -- - - - - - - - ---

1'2 --- --- ----

T1 ---- -

FFFF'6f, --;;-;?,;';:::;:;;:-:;-*~=::::~::::::=~~=~=:t;:;, 
EV pin i. FFFF+T1 TR.iii[jj T3 • Fi FFFF .~ 
~~P~~I EVR EVR EVR EVR 

g Event phase IS valid rising edge 

Fig. 12 Pulse period measurement mode 



MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0M8-XXXSP/FP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

(5) Pulse Width Measurement Mode [100] 
This mode measures the pulse width while the EVi pin in-

put signal is "H" or "L". 

Whether to measure the "H" or "L" interval is determined 
by the event input polarity selection bit. If this bit is "0", the 

count source selected with the count source selection bit is 

counted while the input pulse is "H". If it is "1 ", the count 

source is counted while the input pulse is "L". A 1's com
plement of the timer value is stored in the timer latch for a 

valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF'6 for an edge (both rise and fall) on the EVi 

pin input. Figure 13 shows the timer operation during pulse 

width measurement mode. 

00:6~---------------------------

T3 _ - ------
1'2 - - - ---

T1 ----- - -- ----
FFFF'6, FFFF+T2 TR "T3' , ;..' __ _ 
EV pin Ie .~ T1id 
Input EVR EVR EVR 
signal 

Event mterrupt input pola"ty IS valid "sing edge 
Measure width "L"of pulse 

Fig. 13 Pulse width measurement mode 

In pulse period measurement mode [011] and pulse width 

measurement mode [100], an EVi interrupt request is issued 

at the valid edge selected by the event phase selection bit. 

That is, an interrupt occurs at the end of the pulse period 

measurement or pulse width measurement. Also, when a 
timer overflow occurs, the count continues from FFFF'6 

without the value of the timer latch being loaded in the 

timer. 

Write to timer latch is inhibited in these modes. Furth

ermore, EVi interrupt is disabled during STP instruction ex
ecution. 

(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the level set in the output level latch of the 

timer i control register is .output to the EVi pin every time 

the timer overflows. 

The timer counts the source selected by the count source 

selection bit and when it overflows, the value in the timer 

latch is loaded in the timer. 

After it overflows, the value of the output level latch and the 
timer latch can be modified to generate any waveform from 

the EVi pin. 
Figure 14 shows the timer operation during programmable 

waveform generation mode. 

FFFF'6 

T3 

L 
T2 
T1 

0000161 ~ • , 

EVpm~T1~ T2 I 
output' ~ l.!..!...J '" L...!-=-.J 
signal TR TR TR TR 

L , TLH and TLL 
mitial values 

Fig. 14 Programmable waveform generation mode 

(7) Programmable One-shot Generation 
Mode [110] 

This mode uses the INTi pin input signal as a trigger and 
counts by writing the value of the timer latch in the timer. 

The output level of the EVi pin goes "H" when the trigger is 

issued and goes "L" when the timer overflows. 

The EVi pin level is initialized to "L" when this mode is 

selected. 

The timer count sauce is set to t( X,N ) divided by four re
gardless of the count source selection bit. 

A valid edge of the INTi pin input trigger signal is deter

mined by the INTi phase selection bit of MISRG1 (00DE ,6). 
Figure 15 shows the timer operation during programmable 

one-shot generation mode. 

FFFF'6 

L 

0000'6 '-+-:::+-r-=:'I'-r--:=--
:~;ufm p p b 
Signal iLl" U 
EV pin L L L 
output signal 

L IS one-shot 
pulse width 

Fig. 15 Programmable one-shot generation mode 

When the INTi pin input signal is selected as the count 

source for pulse output mode [010], pulse period measure

ment mode [011], pulse width measurement mode [100], 

and programmable waveform generation mode [101], the 

"H" and "L" pulse width of the input signal must not be less 
than (6/f(X ,N ) )+100ns. 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0MS-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

SERIAL I/O eration timer (baud rate generator) is provided for serial 

I/O operation. Figure 16 shows the structure of the regis
ters used for serial I/O. 

Serial I/O can operate in either clock synchronous or clock 

asynchronous (UART) mode. An exclusive baud rate gen-

Fig. 16 

3-16 

7 a 
L J. I I I I I I I Senal 1/0 status register 

(address OOE7,6) 
L Transmit buffer empty flag 

a : Buffer full 
1 : Buffer empty 

Receive buffer full flag 
a : Buffer empty 
1 : Buffer full 

f-.- Transmit shift register shift 
'completion flag 

a : Busy shifting 
1 : Shift complete 

~--- Overrun error (OE) flag 
0: No 
1: Yes 

'------ Parity error (PE) flag 
0: No 
1: Yes 

'------- Framing error (FE) flag 
0: No 
1: Yes 

L-_______ Summing error (SE) flag 
0: No 
1: Yes 

7 a 

7 a 
I I I I I I I I I Serial 1/0 contr~1 register (address OOE8,6 ) 

L BRG count source selection bit 
a : f(X ,N ) divided by 2 
1 : f(X,N ) divided by 8 

~ Serial 1/0 synchronous clock selecllon bit 
a : BRG output divided by 4 

(when clock synchronous serial 1/0 IS selected) 
BRG output divided by 16 

(when UART IS selected) 

1 : External input clock 

'-............. SRDY output enable bit 
a : P3, operates as normal 1/0 pin 
1 : P3, change to SRDY output pin 

L..... ___ Transmit Interrupt source selection bit 
a : When transmit buffer becomes empty 
1 : When transmit shift operation IS complete 

L... _____ Transmit enable bit 
a : Transmit disabled 
1 : Transmit enabled 

L... ______ Receive enable bit 
0: Receive disabled 
1 : Receive enabled 

L-_______ Serial 1/0 mode selection bit 
0: Clock asynchronous (UART) senal 1/0 
1 : Clock synchronous senal 1/0 

L--------- Senal 1/0 enable bit 
a : Senal 1/0 disabled 

I I I I I I I I I UART control register (address OOE9,6 ) (P34-P3, are normal 1/0 ports) 
1 : Senal 1/0 enabled t Character length selection bit 

0: 8 bits 
1 : 7 bits 

Parity enable bit 
a : Panty disable 
1 : Parity enable 

- Parity selection bit 
a : Even panty 
1 : Odd parity 

L... ____ Stop bit length selection bit 
0: 1 stop bit 
1 : 2 stop bit 

Structure of registers related to serial 1/0 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPU'TER 

(1) Clock Synchronous Serial 1/0 
Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial I/O control register to "1", 
Figure 17 shows a block diagram of clock synchronous se
rial I/O and Figure 18 shows its operation, 

With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv
ing microcomputers. If an internal cl~k is used for operat
ing clock, transmit/receive is started by writing a signal in 
the transmit/receive buffer register, 

r; bil 

P3s P3, If address OOE6,s 
Receive buNer register 

1~ 

RxD '-/ 
Receive shiltreglster I 

RE + Shift clock 

'-/ 
Frequency dividing 

CSS ratio 1/(n+1) 

1/2 ~ Baud rate generator 

lJ!mY address OOEA,s 

SRDY 

V " ~Fall detect I 1 Shift clock 

~ 

1& 
I Senal 110 control register I addr ess OOE8,s 

BF) 

I 
Receive buffer full flag (R 

Receive inte rrupt request (RI) 

Clock control circuLI I---
A 

r 
Clock T .r-
selection~ 
bit 

~ 1/4 .... 

Clock control circuit I-------

Transmit shift register 

TIC A 1f T 
Transmit shift register shift complellon flag (TSC) 

terrupt request (TI) Transmit in 

I Transmit bufler regLster Transmit buffer empty flag (TBE) 
P35 'II' I Senal 1/0 status regl~er 1 addre P3, II address OOE6,s 

JL 
ss OOE?,6 

"' 

Fig. 17 Clock synchronous serial I/O block diagram 

Internal clock ¢ 

Transmit/receive shift clock---...., 
112 to 1/2048 of internal clock 

or external clock 

Serial output T xD 

Serial input RxD 

Receive ready signal 

SRDY 

Receive/transmit 
buffer register 
write Signal to 
address 00E6'6 

I 

-IlL' -~-----------------------ir----
~ I I 

TBE= a 'I t 
TBE= 1 RBF= 1 
TSC= a TSC= 1 

Overrun error (OE) detected 

Note 1. Use the transmit interrupt source selection bit (TIC) In the senal 110 control register to speCify whether to generate a transmit 
interrupt (TI) when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes (TSC=1) 

2. If data is written in the transmit buffer register when TSC=O, transmit clock IS generated continuously and senal data is output 
continuously from the T xD pin, 

3. The receive interrupt (RI) is set when the receive buffer full flag (RBF) IS set 
4. ThiS example shows the case that the BRG count source is f(X'N)/2 and the contents of BRG reload latch is "00'6" 

Fig. 18 Clock synchronous serial I/O operation 
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MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M37450M8-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

(2) Asynchronous Serial 1/0 (UART) 
UART is selected by setting the mode selection bit of the 
serial I/O control register to "0". Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 
With the M37450, one of eight serial data transmission for
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 
side. 

RxD o----~., 

The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans
fer (same memory addresses). 
Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con
secutively. 

Senal 1/0 control register address OOE816 

UART control register 

address 00E9,. 

,.....,+-.... -+-+---SIIO clock selection bit 
SeLK V-----io ...... -------I>--' 

Frequency dividing ratio 1/(n+1) 

TE r-=,.--Transmit shift register shift complellon flag (TSC) f(X'N)o::1~i~~~iiiB";d~ .. '~·g~·":· .. :,..~i;~;~~;; T xD Ch~"'., Transmit Interrupt request (TI) 
length 

P3. P3. "'.'''~~ Transmit buffer empty flag (TBE) 

=~=~======:!Jm~i:====:s"':'.:"/:o:.ta~'"~.:'.:g":ta:' :::a:d:d:ress OOE7
16 

Flg.19 UART serial I/O block diagram 

Transmit or receive --_.., 
clock 

Transmit buffer 
register write 
signal 

Serial output T xD 

Receive buffer 
register read 
signal 

~ 
TBE=O TBE=O 

TSC=O 
TBE= 1 

t 
~~_'L_.J 

1 start bit. 
7/8 data bits 
1/0 parity bits 
1/2 stop bits 

SerlalinputRxD ~~ ~ 

Note 1. Error flag detection IS performed as soon as RBF=1 (first stop bit for receive) 

TSC= l' 

t 
~~'.'-~ 
* Generated at the second 

stop bit If 2 stop bits set 

RBF= 1 

. --v--\rL-
.A-' SP 

2. Transmit interrupt (TI) is set to either TBE=1 or TSC=1 according to the transmit Interrupt source selection bit (TIC) In 
the serial 110 cpntrol register 

3. Receive interrupt (RI) is set by RBF=1 

Fig. 20 UART serial I/O operation 
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[Serial 1/0 control register] SIOCON 
The serial 1/0 control register is an 8-bit register consisting 
of selection bits for controlling the serial 1/0 function. 

• Serial 1/0 enable bit SlOE 
When this bit is set to "1", serial 1/0 is enabled and pins 
P34-P37 can be used as serial 1/0 function pins. 

· Serial 1/0 mode selection bit SIOM 
This bit is used to select the serial 1/0 operation mode. 
When this bit is "0", asynchronous serial 1/0 .(UART), which 
transfers data using start and stop bits, is selected. When it 
is "1", clock synchronous serial 1/0 which performs trans
mission and receive using the same clock is selected. 

· Receive enable bit RE 
Receive operation is enabled when this bit is set to "1" and 
pin P34 becomes a serial data input pin. 

· Transmission enable bit TE 
Transmission operation is enabled when this bit is set to 
"1". Pin P35 becomes a serial data output pin and shift data 
is output. 

· Transmission interrupt source selection bit TIC 
This bit is used to selelct events that can cause a transmis
sion interrupt. 

· SRDY output enable bit SRDY 
If this bit is set to "1" when clock synchronous serial 1/0 is 
selected, pinP37 becomes an SRDY signal output pin and 

SRDY signal is output. 
When an external clock is used during clock synchronous 

serial 1/0, the SRDY signal is used to notify the clock sender 
that it can send the serial clock signal. It goes "L" when 

data is written in the transmit/receive buffer register and 
goes "H" at the first fall of the receive clock. When using 
the SRDY signal, the transmission enable bit must be set to 
"1" even when performing receive only. 

· Serial 1/0 synchronous clock selection bit SCS 
When this bit is "1", pin P36 becomes an input pin and the 
external clock input from the SCLK pin is selected as the 
serial I/O synchronous clock. When this bit is "0", the baud 
rate generator (BRG) overflow signal is selected as the se
rial 1/0 synchronous clock. Also, when this bit is "0" during 
clock synchronous serial 1/0, pin P36 becomes an output 

pin and the shift clock is output from the SCLK pin. 
When clock synchronous serial 1/0 is selected, the baud 
rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

· BRG count source selection bit CSS 
The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 

00EA'6) , the count source selected by the BRG count 
source selection bit is divided by (n+1). 

[UART control register] UARTCON 
The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con
tent of this register is used to set the data format for serial 
data transmission/receiving. 

• Character length selection bit CHAS 
This bit is used to select the transmissionlreceiving charac
ter length. 

· Parity enable bit PARE 
When this bit is set to "1", a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

· Parity selection bit PARS 
This bit is used to specify the type of parity to be gener
ated during transmission and checked when data is re
ceived. The number of 1's in the data is set to even or odd 
according to this bit. 

• Stop bit length selection STPS 
This bit is used to determine the number of stop bits to be 
used during transmission. 

[Serial 1/0 status register] SIOSTS 
The serial 1/0 status register is a 7-bit read only register 
conSisting of serial 1/0 operation status flags and error 
flags. Bits.4 to 6 are valid only during UART mode. 
All bits of this register are initialized to "0" at reset, and 
when the transmit enable bit in the serial 1/0 control regis
ter is set to "1", bits "0" and "2" change to "1". 

· Transmission buffer empty flag TBE 
This bit is cleared to "0" when transmission data is written 
in the transmission buffer register and set to "1" when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=O. 

· Receive buffer full flag RBF 
When receiving serial data, data is transferred to the re
ceive buffer register and this bit is set to "1" when the re
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=O. 

• Transmit shift register shift completion flag TSC 
This bit is cleared to "0" when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to "1" when data shift completes. It is also set to 
"1" when TE=O. 

· Overrun error flag OE 
When continuously receiving serial data, this bit is set when 

the next data fill the receive shift register before the data in 
the receive buffer register has been read. 
· Parity error flag PE 

When receiving serial data with parity, this bit is set to "1 " 

if the parity of the received data differs from the specified 
parity. 
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• Framing error flag FE 
This bit is set to "1" when there is no stop bit when trans

ferring data from the receive shift register to the receive 
buffer . 

• Summing error flag SE 
This bit is set when either overrun, a parity, or a framing 
error occurs. 
Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receiv~ buffer full 
flag is set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial 1/0 status 
register. Also, all status flags including error flags are 
cleared when SIOE=O. 
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BUS INTERFACE 
The M37450 is equipped with a bus interface that is func
tionally similar to the MELPS 8-41 series. Its operation can 
be controlled with control signals from the host CPU (slave 
mode). 

The M37450 bus interface can be connected directly to 
either a RiVii type CPU or separate RD, WR type CPU, Fig
ure 21 shows a block diagram of the bus interface function. 
Slave mode is selected with MISRG2 (address OODF,6 ) bit 
2 and 3 as shown in Figure 22. 

An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by the host CPU. 
In slave mode, ports P50-P57 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

Furthermore, ports P64-P67 become host CPU control signal 
input pins and P63 becomes a slave status output pin. 

[Data bus buffer status register] DBBSTS 
This is an 8-bit register, Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer, Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set wit~ a_program. The host CPU can only read these 
flags by setting the AO pin to "H". 

P50/ DBo 

P5,/DB, ! .c 
P5,/DB, 

~ 
P53/DB" '0 

it 
P5./DB. (.) 

P5s/ DBs I 
P5./DB,; :::Ii 

P57/ DB7 

Per/R/IN/IN 

P6./ElF! 

7 a 
MISRG2 (address OODF,.) 

L.'--_~ processor mode bIt 
00: Single-chIp mode 
01 : Memory expanding mode 
10: MIcroprocessor mode 
11: DIsable 

L. ____ Bus interface enable bit 
0: DIsable 
1: Enable 

1--_____ Bus interface mode bit 
0: RD, WR bus 
1: R/IN bus 

1.-______ PWM enable bIt 

0: DIsable 
1: Enable 

'------'---- PWM mode selectIon bIt 
a : 8-blt hIgh speed PWM 
1 : 16-bIt hIgh precisIon PWM 

L. _________ Bus cycle control bIt 

o : Normal bus cycle 
1 : Normal bus cycleX2 

1.-_________ Stack page selectIon bIt 

7 a 
o : In page a area 
1 : In page 1 area 

Data bus buffer status regIster 
(address 00E5,.) 

Output buffer full flag 
o : Buffer empty 
1: Buffer full 

L.. ___ Input buffer fuliliag 
a : Buffer empty 
1: Buffer full 

L.. ____ User definable flag 
User may freely define this flag 

L. _____ AO flag 

IndIcates the AO status when the 
IBF flag IS set 

L.-'--'---'--______ User definable flag 

User may freely define this flag 

Fig. 22 Structure of bus interface relation registers 

Input data 
bus buffer 

RDWR DBB 
DBBSTS 

P63/PRDy o---~=====~~======<~t:~==~ 
Fig. 21 Bus interface circuit diagram 
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• Output buffer full flag OBF 
This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to "1" at reset and 
cleared to "0" when the slave mode is selected with the 
bus interface enable bit set. 

AQ Flag 
The level of the AO pin is latched when the host CPU writes 
data in the input data bus buffer. 

[Input data bus buffer) OBBIN 
Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E416). 

• Input buffer full flag IBF 
This flag is set when the host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to "0" 
at reset. [Output data bus buffer) OBBOUT 

Data is written in DBBOUT by writing data in data bus buf
fer register (SFR address 00E416). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the AO pin to "L". 

Table 2. Control I/O pin functions when bus Interface function Is selected 

P,n Name 
Bus Interface 

mode b,t 

P63 PRCY -

P64 AO -

P6. es -

P6. R 0 

E 1 

P67 W 0 

R/W 1 
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Input! 
Function 

Output 

Output Status output The NOR 01 OBF and IBF 's output 

Input Address ,nput Used to select between OBBSTS and OBBOUT durong host CPU read 

Also used to Identify commands and data dUring write 

Input Ch,p select onput Used to select the data bus bulfer Select when "L" 

Input Tim,ng s,gnal used by the host CPU to read data from the data bus buffer 

Input Inputs a timing signal E or mverse of t/J 

Input Tim,ng s,gnal used by the host CPU to wrote data to the data bus buffer 

Input Input R/W signal used to control the data transfer direction When thiS signal IS "L", 

data bus buffer write IS synchronized With the E signal When It IS "H", data bus buffer 

read IS synchrOnized With the E signal 

• MlTSUBlSHI 
..... B.ECTRIC . 
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PWM 
The PWM generator has two program-selectable modes; 
the high-speed mode (a-bit resolution) and the high
precision mode (16-bit resolution). Figure 23 shows a 
block diagram. 

The register MISRG2 (address OODF,6 ) shown in Figure 22 

is used to enable/disable the PWM and change its mode. 
When the PWM enable bit is set, the PWM timer starts 
from its initial state. 
As shown in Figure 24, the output frequency is 

(2X255)/f(X ,N ) 51"s at f(X ,N )=10MHz 
in high-speed mode and 

(2X65535)/f(X,N ) 13.107ms at f(X ,N )=10MHz 

in high-precision mode. 
The "H" width of the output pulse is determined by setting 
a value only in the PWML register for high-speed mode and 

in both the PWMH and PWML in this order for high
precision mode. 

If the value set in the PWM register is m, the "H" width of 
the output pulse is 

(PWM periodXm)/255 for high-speed mode and 

(PWM periodXm)/65535 for high-precision mode. 

Changes according to the valu"" 
set in the PWM register 

I 

" 

PWMO~ 
I 
I 

I 
"I 

1""1 ·>----Fixed penod~ 

Fig. 24 PWM output 

Data bUS 

PWM enable bit 

Fig. 23 PWM generator block diagram 

L 
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A-O CONVERTER 
An A-O converter is an a-bit successive approximation 
method. Figure 26 shows a block diagram of the A-O con
verter. 

The 64-pin model has three analog voltage input pins, the 
aO-pin model has eight. 

A-O conversion is started by a write operation to the analog 
input pin selection bit of the A-O control register shown in 

Figure 25 and by selecting the analog voltage input pin. 
The A-O interrupt request bit in the interrupt request regis
ter 2 is set when A-O conversion completes. The result of 
A-O conversion is stored in the A-O register. 
The contents of the A-O register must not be read during 
A-O conversion and f(X ,N ) must be no less than 1 MHz dur
ing A-O conversion. 

7 a 

I I I I I I I I I~~~d~~~~~or:~i:t 
I I Analog Input pin 
'---'---'---selectlon bit 

[ b2 
bl bO 

64 pin model g a a : ANo 
0 1 : AN, 
1 0 : AN, 

1 : AN3 
0 : AN. 
1 : AN5 
0 : AN, 
1 : AN? 

Note: Do not select PinS other than ANo-AN, With the 64-pln model 

Fig. 25 Structure of A-O control register 

Data bus 

P4o/ANo 

P4,/AN, 

P4,/AN, 

P45/AN5 

P46/AN6 

P4?/AN? 

AVec 

Fig. 26 A-O converter block diagram 

O·A CONVERTER 
Two a-bit resolution O-A converter channels are provided. 
Figure 27 shows a block diagram of the O-A converter. 
O-A conversion is performed by setting a value in the O-Ai 

register (addresses OOEO'6 and OOE1'6)' The result of O-A 
conversion is output from the O-Ai output pin. 
The output analog voltage VDA is determined by the value n 
(decimal) set in the O-Ai register as follows: 

VDA=OAVREF * Xn/256 
*VREF for 64-pin model. 
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A-D control register 
(address OOE316 ) 

AVss 

~ 

---- A-D Interrupt request 

Data bus 

~ 
O-A converSIon 

register 

{} 
R-2R ladder resistor 

6 6 
AVss DAVREF 

(VREF ) 

Fig. 27 O-A converter block diagram 
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RESET CIRCUIT 
The M37450 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF'6 as the high order 
address and the content of the address FFFE'6 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 8 clock cycles while the power voltage is 5V± 

address 

(1) Port PO directional register 0001,. I 00,. I 
(2) Port Pl directional register 0003,. I 00,. I 
(3) Port P2 directional register 0005,. I 00,. I 
(4) Port P3 directional register 0007,. I 00,. I 
(5) Port P4 directional register 0008,. I 00,. 

(6) Port P5 directional register 0000,. I 00,. 

(7) MISRGl OOOE,. 
10 10 10 1 10 10 10 

(8) MISRG2 OOOF,. 00,. 

(9) O-Al register ODEO,. 00,. 

(10) 0-A2 register 00E1,. 00,. 

(11) Data bus buffer status register 00E5,. I I I I I 10 11 1 

(12) Serial I/O status register 00E7,. [ 101010101010101 

(13) Serial I/O control register OOES,. 00,. I 
(14) UART control register 00E9,. I I I 10 10 10 10 1 

(15) Timer 1 control register OOEO,. I lololololo~ 
(16) Timer 2 control register OOEE,. I 1010101010101 

(17) Timer 3 control register OOEF,. I 1010101010101 

(11) Timer 1 register (low order) OOFO,. FF,. I 
(19) Timer 2 register (high order) 00F1,. I 03,. I 
~O) Interrupt request register 1 OOFC,. I 00,. 

~1) Interrupt request register 2 OOFO,. I I 101'010101010 

~2) Interrupt control register 1 OOFE,. I 00,. 

~3) Interrupt control register 2 OOFF,. I I 10[0[01010[0 

~4) Processor status register (PS) I I I I I 111 I 
~~ Program counter (PCH ) I Contents of address 

FFFF16 

(PCL ) I Contents of address 
FFFE16 

Note. Since the contents of both registers other than those hsted 
above (including timer 1, timer 2, timer 3, and the senal I/O 
register) and the RAM are undefined at reset, it IS necessary 
to set Initial values 

Fig. 28 Internal state of microcomputer at res'et 

10% and the crystal oscillator oscillation is stable and then 
returned to "H" level. The internal initializations following 
reset are shown in Figure 28. 
An example of the reset circuit is shown in Figure 29. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

Supply voltage 

I I 

~ 
OV I I 

Reset input voltage 

I I ~I 

OV IIO.6V 

Vcc~---"" 
r--- ------------------, , 
i 

! 
RESET I---+,'-t' 

VSS~ __ ~, _~ ___ --J 
, 
1 ______ ---- ____ ______ __ _ 

M37450 

Fig. 29 Example of reset circuit 
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--+-......................... +-................................... ~ 
Address 

Data 

8 to 12 clock cycles 

Reset address from 
the vector table 

Notel: Frequency relation of f(X,N) and ~ is f(X'N)=4·~. 
2 : The mark ,. ? .. means that the address is changable 

depending upon the previous state. 

Fig. 30 Timing diagram at reset 
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1/0 PORTS 
(1) Port PO 

Port PO is an S-bit 1/0 port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 0000,6. 
Port PO has a directional register (address 0001 ,6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg
ister (bit 0 and bit 1 at address 00DF,6 ), three different 
modes can be selected; single-chip mode, memory ex
panding mode and microprocessor mode. 
In these modes it functions as address (ArAo) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Aw 
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (00-07 ) in

put/output port. Refer to the section on processor mod
es for details. 

(4) Port P3 

Port P3 is an S-bit 1/0 port with function similar to port 
PO. All pins have program selectable dual functions. 
When a serial 1/0 function is selected, the input and 
output from pins P34-P37 are determined by the con
tents of the serial 1/0 registers. 
This port is unaffected by the processor mode. 

(5) Port P4 

This is an input-only port ~nd may be used as an ana
log voltage input port. The number of ports is different 
for the 64-pin model and SO-pin model. The 64-pin 
model has three ports and the SO-pin model has eight 
ports. 

(6) Port P5 

This is an S-bit 1/0 port with function similar to port PO. 
When slave mode is selected with a program,. all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. 

This port is unaffected by the processor mode register. 
(7) Port P6 

This is an S-bit input/output port with function similar to 
port PO. 
When slave mode is selected with a program, ports 
P63-P67 change to the control bus for the bus interface 
function. In this case, port input/output is unaffected by 
the directional register. 
Ports P60-P62 are shared with the external interrupt in
put pins (INT, -INT3 ) . The INT interrupt constantly 
monitors the status of this port and generates an inter
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

(8) Port D-A 
Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 

(9) ,p pin 

The internal system clock (114 the frequency of the 
oscillator connected between the X'N and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex
ecuted, output stops after going "H". 

(10) SYNC pin 
This pin outputs a signal that is "H" during one cycle of 
the ,p during operation code fetch. 

(11) R/W pin 

This is a control signal output pin that indicates the loc
al bus direction in memory expanding and microp
rocessor modes. 

(12) RD, WR pins 
These are local bus write and read timing signal output 
pins for memory expanding and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 

separated by the ,p signal is output. 
These pins are used exclusively by the SO-pin model. 

(13) RESET OUT pin 
This pin goes "H" while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 
This pin is used exclusively by the SO-pin model. 

3-27 



Port PO, P1, P2 

Data bus 
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P35 

Data bus 

Senal I/O output 

P36 

Senal I/O clock selection bit 

Serial I/O enable bit X»-~---, 

Senal 1/0 mode selection bit 
Senal 1/0 enable bit 

Directional register 

Data bus 

Senal 1/0 clock output 
External clock Input 

Fig. 31 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (1) 
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Serial 110 mode selection bit 
SRoy output enable bit 

DIrectional register 

Data bus 

Data bus 

Data bus 

Interrupt Input 

DBB control Input 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

Port P4 

1>, R/W, SYNC, RD, WR, RESET OUT 

(j)P5o does not have a status register and OBF flag IS set 
(gJP5, does not have a status register and IBF flag IS set 
@P53 does not have a status register and AD flag IS set 

P63 

Bus Interface enable bit 

Data bus 

Parallel ready output 

DBB control Input P6,······AD Input 
P6s······CS Input 
P66······R/E Input 
P67·····-W/R/W Input 

Fig. 32 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address 00DF,6), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode, and microprocessor mode 
In the memory expanding mode and the microprocessor 
mode, ports PO-P2 can be used as address, and data in
put/output pins. 

Figure 34 shows the functions of ports PO-P2. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 33. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows: 

FFFF16r------. FFFF,6~....,...,~.....,....,., 

Internal ROM 

0006'61n+Fr7-';"""'I-- - - - .0006'6!-r.,.;:;:.;;::;.::r:.,....,l 

...,....,..,.'+""""""1---- - _0000,6",,",4:,,"-,4:,,"-,4 

Internal RAM 
0000'6 '--___ --' 

Memory 
expanding 
mode 

Internal RAM 
0000'6~ ___ --' 

MIcroprocessor 
mode 

The shaded area is external memory area 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Ports PO-P2 will work as original 11.0 
ports 

(2) Memory expanding mode (01) 

The microcomputer will be placed in the memory ex
panding mode when CNVss is connected to Vss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem-
9ry is not sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and the original 110 pin function is lost. 

Port P2 becomes the data bus of DrDo (including in
struction code) and loses its normal I/O functions. 

(3) Microprocessor mode (10) 

After connecting CNVss to Vee and initiating a reset or 
connecting CNVss to Vss and the processor mode bits 
are set to "10", the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
inhibited so the external memory is required Other 
functions are same as the memory expanding mode. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 3. 

Fig. 33 External memory area in processor mode (M37450M2) 
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MITSUBISHI MICROCOMPUTERS 

M37450M2·XXXSP/FP,M37450M4·XXXSP/FP 
M37450MS·XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

0 0 1 

0 1 0 

Single-chip mode MemOf}' expanding mode Microprocessor 

mode, 

91J I I 91J I r 
Ports P07-PO. Ports P07-PO. Same as left 

)( 1/0 port -:x Address A7-A. 'f:. 

91J I I 91J I r 
Ports Ph-P1. Ports Ph-P1. Same as left 

)( 110 port ~ Address A'5-Aa x= 

d I I 91J, I r 
Ports P27-P2. Ports P27-P2. Same as left 

)( 1/0 port }----~ Data ~-0 7-0. 

Fig. 34 f>rocessor mode and function of port PO-P2 

'Table 3. Relationship between CNVss pin input level and processor mode 

CNVss Mode Explanation 

Vss • Single-chip mode The slOg Ie-chip mode IS set by the reset 

• Memory expanding mode All modes can be selected by changing the processor mode bit with the program 

• Microprocessor mode 

Vee • Microprocessor mode The microprocessor mode IS set by the reset 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0MS-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
37. 

When an STP instruction is executed, the internal clock ¢ 

stops oscillating at "H" level At the same time, FF'6 is set 

in the low-order byte of timer 1, 03 '6 is set in the high-order 

byte, and timer 1 count source is forced to f (X ,N ) divided 

by four. This c'onnection is cleared when timer 1 overflows 

or the reset is in, as discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted 

However, the clock ¢ keeps its "H" level until timer 1 over
flows. 

This is because the oscillator needs a set-up period if a 

ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 

the "H" level but the oscillator continues running. This walt 

state is cleared when an interrupt is accepted Since the 

oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en

able bit must be set to "1" before executing STP or WIT In

struction. Especially, to return from the stop status, the tim

er 1 count enable bit must be set to "1" and the tirher 1 in

terrupt enable bit must be set to "0" before executing STP 
instruction. 

With the M37450, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 

UART, and PWM operations are unafffected. This facilitates 

Fig. 37 

Interrupt 
request 

Interrupt 
disable flag I Q 

STP Instruction R 

Bus cycle control bit 

Timer 1 count enable bit 

Block diagram of clock generating circuit 

accessing of slow peripheral LSls when external memory 

and 1/0 are extended in memory expanding mode or mic

roprocessor mode Note that this bit also affects the bus cy
cle in single-chip mode. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 35. 

The constant capacitance will differ depending on which 

oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 36. 
X,N is the input, and XOUT is open. 

M37450M2-XXXSP 

X,N XOUT 

29 1Mil 30 

HD~ 
Rd 

I CIN rCOUT 

Fig. 35 External ceramic resonator circuit 

M37450M2-XXXSP 

29 

External oscillating CirCUit 
Vccl n n r 
Vss u U U 

Fig. 36 External clock input circuit 

Reset 

Timer 1 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2.XXXSP/FP,M374S0M4·XXXSP/FP 
M374S0M8·XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) Processor status register 

1, Except for the interrupt inhibit flag (I) being set to 
"1", the content of the processor status register (.PS) 
is unpredictable after a reset. Therefore, flags affect
ing program execution must be initialized. 
The T flag and 0 flag which affect arithmetic opera
tions, must always be initialized. 

2, A NOP instruction must be used after the execution 
of a PLP instruction. 

(2) Interrupts 
Even though the BBC and BBS instructions are ex
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the er:ecution of the BBC and BBS instructions. 

(3) Decimal operations 
1, Decimal operations are performed by setting the de

cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be
fore executing the SEC, CLC, or CLD instruction. 

2, The N (Negative), V (Overflow) , and Z(Zero) flags 
are ignored during decimal mode. 

(4) Timers 

1. The frequency dividing ratio when n (0 to 65535) is 
written in the timer latch is 1/(n+1). 

2. When directly writing a value in the timer, set the 
count enable bit to count disable (0) and write in the 
low-order byte first and then in the high-order byte. 

3. The timer value must be read from the high-order 
byte first. 

(5) Serial I/O 
In clock synchronous serial I/O mode, if the receiver is 
to output an SRDY using an external clock, the receive 
enable bit, SRDY output enable bit, and transmission en
able bit must be set to "1". 

(6) A-D conversion 
The comparator consists of coupling capacitors that 
lose their charge when the clock frequency is low. 
Therefore,f(XIN ) must be no less than 1 MHz during A-D 
conversion. (If the bus cycle control bit is "1", the bus 
cycle is doubled and the A-D conversion time is also 
doubled, therefore, f ((<IN) must not be less than 
2MHz.) Also, the STP and WIT instructions must not be 
executed durin~ A-D conversion. 

(7) STP instruciton 
The STP instruction must be executed after setting the 
timer 1 count enable bit (bit 4 at address 00DE16 ) to 
enable ("1"). 

(8) Multiply/Divide instructions 
1. The MUL and DIV instructions are not affected by 

the T and 0 flags. 
2. The contents of the processor status register are un

affected by multiply or divide instructions. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
• mask ROM order confirmation form 
• mark specification form 
• ROM data .. · .. ·EPROM 3 sets 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2.XXXSP/FP,M374S0M4·XXXSP/FP 
M374S0MS·XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vcc Supply voltage 

V, Input voltage X,N. RESET 

Input voltage POO-P07, P1o-P17, P2o-P27, 

V, 
P30·P3" P40·P4" P50·P5" 

With respect to Vss 
P6o·P6" ADVREF, DAVREF, 

Output tranSistors are 
VREF, AVec 

at "off" state 
V, Input voltage CNVss 

Output voltage POo·PO" Pl0·Pl" P2o·P2" 

Vo P30·P3" P50·P5" P60·P6" XOUT, ¢ 

R/Vii, RD, WR, SYNC, RESET OUT 

Pd Power diSSipation Ta =25'C 

Topr Operating temperature 

Tstg Storage temperature 

Note 1: 500mW 10 case of the flat· package 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=-10 to 70'C unless otherwise noted) 

Symbol Parameter 
limits 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 

Vss Supply voltage 0 

V ,H "W Input voltage RESET, X'N, CNVss (Note 1 ) 0. 8Vee Vee 

"H" Input voltage POo·PO" P10·Pl" P2o·P2" 

V ,H 
P30·P3" P40·P4" P50·P5" 

2.0 Vee P6o·P6, 
(expect Note 1) 

V'L "L" Input voltage CNVss (Note 1) 0 0. 2Vee 

"L" Input voltage POo·PO" Pl o·Pl" P20·P27, 

V'L 
P30·P3" P40·P47, P50·P57, 

0 0.8 
P6o·P67 
(expect Note 1) 

~ "L" mput voltage RESET 0 0. 12Vee 

V'L "L" Input voltage X1N a 0. 16Vee 
"L" peak output current POO-PO?, P10·P17, 

10Lipeaki P2o·P27• P30·P3" 10 

P5o·P5" P6o·P6, 

"L" average output current POC-P07. Pl 0·Pl" 

loc<avgl P2o-P27, P30-P37, 5 
P50·P5" P60·P6, (Note 2) 

"H" peak output current POC-P07. Pl0·Pl" 

10HIpeaki P2o-P27• P30·P3" -10 
P50-P57. P60·P6, 

"H" average output current POO-PO?! P10·Pl" 

IOHlavgl P20·P2" P30·P3" -5 
P50·P5" P60·P6, (Note 2) 

f(X ,N ) Internal clock oscillatmg frequency 1 10 

Notel: Ports operating as special function pins INT,-INT3 (P60·P6,), EV,·EV3 (P3o·P3,), RxD(P34 ), 

SCLK(P3,) 
2 : 10Llavgl and 10Hlavgl are the average current In lOOms 
3 : The total of 10L of Port PO, Pl and P2 should be 40mA (max.) 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

MHz 

The total of 10L of Port P3, P5, P6, R/W SYNC, RESET OUT, RD, WR and 1> should be 40mA (max) 
The total of 10H of Port PO, Pl, and P2 should be 40mA (max) 
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The total of 10H of Port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR, and 1> should be 40mA (max). 
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Ratmgs Unit 

-0.3 to 7 V 

-0.3 to 7 V 

-0.3 to Vee+O. 3 V 

-0.3 to 13 V 

-0.3 to Vee+O. 3 V 

1 OOO( Note 1) rnW 
-10 to 70 ·C 

-40 to 125 ·C 



MITSUBISHI MICROCOMPUTERS 

M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 
M37450M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss= OV, Ta=-10 to 70"C, f(X ,N )=10MHz) 

Symbol 
limits 

Parameter Test conditions 
Min Typ 

VOH "H" output voltage RD, WR, R/W, SYNC, RESET OUT, ¢ 10H =-2 rnA Vee-1 

VOH 
"H" output voltage POO·P07, P1o-P1" P2o-P2" 

IOH=-5mA Vee-1 
P30-P3" P50-P5" P6o-P6, 

"L" output voltage POo-PO" P1o-P1" P20·P2" 

VOL P30·P3" P50·P5" P6o-P6" 10L =2mA 
RD, WR, R/W, SYNC, RESEToUT1 ¢ 

VOL 
ilL" output voltage POO·P071 P10·Ph, P20·P27, 

IOL =5mA 
P30-P3" P50·P5" P60·P6,· 

VT+ - VT-
Hysteresis INT,·INT,(P6o-P3,), EV,·EV,(P30·P3,), 

Function Input level 0.3 
RxD(P3,), SCL.(P3,) 

VT+ - VT- HysteresIs RESET 

VT+ - VT- HysteresIs X1N 0.1 

"L" input current POC·P071 P10·P17! P20·P2" 

I'L P30·P371 P40·P471 PSO-PS7, VI =Vss -5 
P60·P67! RESET, X,N 

"H" Input current POC·P071 P10·P171 P20·P2" 

I'H P3o·P371 P40·P4" P50·P5" VI =Vcc -5 

P6o·P6" RESET, X,N 

V RAM RAM retention voltage At stop mode 2 

f(X,N)=10MHz 
'6 

lee Supply current 
At system operation 

At stop mode 
1 

(Note 1) 

Note1: The terminals RD, WR, SYNC, R!W, RESET OUT, ¢, D·A, and D-Az are all open The other ports, which are In the Input 
mode, are connected to Vss A-D converter IS in the A·D completion state The current through ADVREF and DAVREF IS not 
included. (Fig 41) 

A-O CONVERTER CHARACTERISTICS 

Unit 
Max 

V 

V 

0.45 V 

1 V 

1 V 

0.7 V 

0.5 V 

5 /.<A 

5 /.<A 

V 

10 rnA 

10 /.<A 

(Vcc=AVcc= 5 V, Vss=AVss= 0 V, T a =25'C, f(X ,N )=10MHz unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Mill Typ 

- Resolution 

- Absolute accuracy Vcc=AVcc=ADVREF=5.12V ±1.5 

tCONV Conversion time 

V'A Analog mput voltage AVss 

VADVREF Reference mput voltage 2 

RLADDER Ladder resistance value ADVREF= 5 V 2 7.5 

IIADVREF Reference input current ADVREF= 5 V 0.5 0.7 

V AVCC Analog power supply mput voltage Vee 

V AVSS Analog power supply Input voltage 0 

O-A CONVERTER CHARACTERISTICS (Vcc= 5 V, Vss=AVss= 0 V, T a =25°C unless otherwise noted) 

Symbol Parameter 

- Resolution 

- Full scale deviation 

tsu Set time 

Ro Output resistance 

V AVSS Analog power supply mput voltage 

VDAVREF Reference mput voltage 

IOAVREF Reference power mput current (Each pin) 

Test conditions 

Vcc=DAVREF=5V 

• MITSUBISHI 
..... B.ECTRIC 

Min 

1 

4 

0 

Limits 

Typ 

2 

0 

2.5 

Umt 
Max 

8 Bits 

±3 LSB 

49 tcC¢» 

AVee V 

Vee V 

10 kO 

2,5 rnA 

V 

V 

Unit 
Max 

8 Bits 

1.0 % 
3 /.<S 

4 kO 

V 

Vee V 

5 mA 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Port/single-chip mode (Vcc=5V±1O%, Vss=ov, Ta=-10 to 70t, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Mm, Typ Max 

tsu (POO-1» Port PD mput setup time 200 ns --
tS U (P10-op) Port Pl input setup time 200 ns 

tSU(P2D-1» Port P2 mput setup time 200 ns 

tSU (P3D-.p) Port P3 input setup time 200 ns 

tSU (P4D-¢) Port P4 mput setup time 200 ns 

tSU (P50-1» Port P5 Input setup time 200 ns 

tSU (P60-1» Port P6 tnput setup time 200 ns 

th(<,6-poo) Port PD Input hold time 40 ns 

th(¢-P10) Port Pl Input hold time 40 ns 

th(¢-P20) Port P2 mput hold time Fig 38 40 ns 

th<O-P30} Port P3 mput hold time 40 ns 

th(¢-P40) Port P4 Input hold time 40 ns 

th(¢-P50) Port P5 Input hold time 40 ns 

th(¢-P60) Port P6 Input hold time 40 ns 

tC(X,N ) External clock mput cycle time 100 1000 ns 

tW(X,NU External clock input "L" pulse width 30 ns --
tw(X,NH) External clock input "H" pulse width 30 ns --
tr(X ,N ) External clock riSing edge time 20 ns 

-~ 

tt(X,N ) External clock failing edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10 to 70t, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-R) CS setup time 0 ns 

tSU(CS-w) CS setup time 0 ns 
--

th(R-CS) CS hold time 0 ns 
--

th(w-cs) CS hold time 0 ns 

tSU(A-R) AO setup time 40 ns 

tSU(A-W) AO setup time Fig 39 40 ns 

th(R-A} AD hold time 10 ns 
--

th(W-A} AD hold time 10 ns 

tW(R} Read pulse width 160 ns 

tw(w) Write pulse width 160 ns 
--

tsu(o-w) Date Input setup time before write 100 ns 
-

th(w-o} Date Input hold time after wnte 10 ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±10%, Vss=ov, T a=-10 to 70'C, unless otherwise noted) 

Symbol Parameter 

tSU(CS-E) CS setup time 

th(E-CS) CS hold time 

tSU(A-E) AD setup time 

th(E-A} AD hold time 

tSU(RW-E) RfW setup time 

th(E-RW) R/W hold time 

tW(EU Enable clock "L" pulse width 

tW(EH) Enable clock "H" pulse width 

tr(E) Enable clock rising edge time 

tf(E) Enable clock failing edge time 

tSU(O-E) Data Input setup time before wnte 

th(E-o) Data Input hold time after write 
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Fig 39 

Min 

0 

0 

40 

10 

40 

10 

160 

160 

100 

10 

Limits 
Unit 

Typ, Max, 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

25 ns 

25 ns 

ns 

ns 



MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0MS-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Local bus/memory expansion mode, microprocessor mode 

Symbol Parameter 

tsu{o-q.,) Data mput setup time 

thC¢-o) Data mput hold time 

tSU(O-RO) Data input setup time 

thCRO-O) Data mput hold time 

(Vcc=5V±10%, Vss=ov, Ta=-10 to 70·C, unless otherwise noted) 

Test condition 

• MITSUBISHI ~ELECTRIC 

Fig 40 

Min 

130 
a 

130 
a 

Limits 
Unit 

Typ Max 

ns 

ns 

ns 

ns 
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MITSUBISHI MICROCOMPUTERS 

M37450M2·XXXSP/FP,M37450M4·XXXSP/FP 
M37450M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 
Port/single-chip mode (Vcc=5V±10%, Vss=ov, Ta=-10 to 70t, unless otherwise noted) 

limits 
Symbol Parameter Test conditt on Unit 

Min. Typ Max 

td(~-POQ) Port PO data output delay time 200 ns 

td<¢-P10) Port PI data output delay time 200 ns 

td(¢-P2Q) Port P2 data output delay time 200 ns 

td<¢-P30) Port P3 data output delay time 200 ns 

td<o-pso) Port P5 data output delay time 200 ns 

td<O-P60) Port P6 data output delay time Fig 38 200 ns 

tc<o) Cycle time 400 4000 ns 

tW(¢H) 1> clock pulse width ("H" level) 190 ns 

tw<oU 1> clock pulse width ("L" level) 170 ns 

t,<o) 1> clock rising edge time 20 ns 

tl<o) 1> clock falling edge time 20 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10 to 70'C, unless otherWise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

~Fl-D) Data output enable time after read 120 ns --
10 85 tvCR-D) Data output disable time after read ns 

tPLH(R-PR) PRDY output transmiSSion time after read 
Fig 39 

150 ns 

tPLH(W-PR) PROY output transmiSSion time after write 150 ns 

Master CPU bus interface (Rm type mode) (Vcc=5V±10%, Vss=ov, Ta=-10 to 70'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

ta(E-D) Data output enable time after read 120 ns 

tV(E-D) Data output disable time after read Fig 39 10 85 ns 
--

tPLHCE-PR) PRDy output transmission time after E clock 150 ns 

Local bus/memory expansion mode, microprocessor mode 
<Vcc=5V±10%, Vss=OV, Ta=-10 to 70'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min. Typ. Max 

td<¢-A) Address delay time after ¢ 150 ns 

tVCrf>-A) Address effective time after ¢ 10 ns 

tV(RO-A) Address effective time after RD 10 ns 

tVCWR-A) Address effective time after WR 10 ns 

td<¢-D) Data output delay time after 1> 160 ns 

td<WR-D) Data output delay time after WR 160 ns 

tVCrf>-o) Data output effective time after ¢ 
Fig 40 

20 ns 

tV(WR-D) Data output effective time after WR 20 ns 

td<O-RW) R/W delay time after 1> 150 ns 

td(4)-SYNC) SYNC delay time after ¢ 150 ns 

twCRO) RD pulse Width 170 ns 

tW(WR) WR pulse Width 170 ns 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2·XXXSP/FP,M374S0M4·XXXSP/FP 
M374S0MS·XXXSP/FP 

TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L 0.45V 

Outputtest level: VOH 2.0V 

VOL 0.8V 

PO 
PI 
P2 
P3 ± 100pF P4 
P5 
P6 

¢ .() 
.L 

50pF 
J; 

Fig. 38 Test circuit in 
single-chip mode 

Vee 

RESET 

PO 
PI 
P2 
P3 
P4 
P5 
P6 
CNVss 
AVss 

Vss 

X,N 

Vee 
AVec 

ADVREF 

DAVREF 

D-Al 

D-A2 

RD 
WR 
R/W 

SYNC 
RESETouT 

¢ 

XOUT 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

P5 i WOpF 

P63~ 
~ 50pF 

Fig. 39 Master CPU bus interface 
test circuit 

Vee 

I Icc 
, (test point) 

other power 
supply 

open 

PO I r, 

PI ~ 50p F 

P2 .() 
.L 

100 

, ) ~ R/W 
SYNC 

.L ~ 

RD 
;:J;. 

50p 

WR 

pF 

F 

Fig. 40 Local bus test circuit 

Fig. 41 Icc (at stop mode) test condition 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2-XXXSP/FP,M374S0M4-XXXSP/FP 
M374S0M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAM 

Port/single-chip mode timing diagram 

X,N 

I ( ) c" 

2.0 2.0 

-1 O.S 
tW(~H) 

Port Pi Inpul 

Id(.-Plo) 

} 2.0 
I 

O. S 
Port PI oulpu 

Nole : V,H=O. SVec, V'L =0. 16Vce of X,N 

Master CPU bus Interface/ Rand W separation type timing diagram 

Read 

AO 
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SU(A-R) 

)< 2.4 
0.45 

0.4~ 
ISu(eS-R) 

2.4 
0.45 

ta(R-O) 
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If(. ) 

IW(R) 

2.0 
O.S 

Iwto Ll ~ 
2.0 

O.S 

-00 1-- 1,(;) 

tSU(PIO-Ij6) 

2.4 ~ 0.45 0.45 

Ihto -PIO) 

R-A 

2.4 K 0.45 

thCR-CS 

)1Ya.45 

2.4 
0.45 

2.0 

..,;Il' O.S 

f------ IV(R-O) 

J 
2.0 

tPLH(R-PR) 



Write 

MITSUBISHI MICROCOMPUTERS 

M374S0M2.XXXSP/FP,M374S0M4.XXXSP/FP 
M374S0MS·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

-w W-A 

AO )< 2.4 2.4 
~ 0.45 0.45 

0.4r-

tsu(cs-w) th(w-cs )oE---->o 

VO•45 cs 
twew) 

2.4 ~- 2.4 
0.45 0.45 

I--- theW-D) 

2.4 2.4 

" 0.45 0.45 
tsu(o-W) 

fLO 
tPLH(W-PR) -.,... 

Master CPU interface/ Riw type timing diagram 

W{EH 

E \ '-2.4 2.4 ~ 
0.45 0.45 0.45 

~ 1--- tm) ~ I--- tfCE) 

tsu(A-e) 
~ theE-A) 

AO 

R/W ~ 2.4 K= 0.45 

cs 

t------ theE-CS)-

:f;. 0.4~ 
tsU(cs-e) 

II;-

read 
2.0 

DBo-DB? 
I 0.8 

ta(e-o) 
f..f--.. tv(e-o) 

write 

tsu(o-e) --.. 
I 

theE-D) 

~ *2.4 
I lo.. 0.45 

DBo·DB? 

Jr:' 
/ 2. 

tPLH(E-PA) 
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MITSUBISHI MICROCOMPUTERS 

M374S0M2·XXXSP/FP,M374S0M4.XXXSP/FP 
M374S0M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Local bus timing diagram 

R/W 

SYNC 

CPU read 

CPU wrote 

CPU read 

WR 

Do-D7 

CPU write 

J 

t ( ) c ~ 

IW(~H) 

Id<O-RW) 

)< 
Id<O-A) 

)< 

\ 

\ 

IW(~L) 

11( .. ) ""'" f-- Ir(o) 

~ IV<O-A) 

K= 
ISU(o- .. ) - i--Ih<o-o) 

I 
~ ,.. 

!d(O-O) i----o- Iv(.-o) 

v--
tW(RO) 

~ tV(RO-A) 

Isu(o-RO) 
I-< !h(RO-O) 

tW(WR) 
I--- tY(WR-A) 

Id(WR-O) 
~ tV(WR-O) 



MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

DESCRIPTION 
The M37450S1SP/FP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP or an 80-pin plastic 
mOlded OFP. In addition to its simple instruction sets, the 
ROM, RAM and I/O addresses are placed on the same 
memory map to enable easy programming. It is suited for 
office automation equipment and control devices. The low 
power consumption made possible by the use of a CMOS 
process makes it especially suitable for battery powered 
devices requiring low power consumption. It also has a uni
que feature that enables it to be used as a slave micro
computer. 
M37450S1SP/FP, M37450S2SP/FP and M37450S4SP/FP 
have basically the same functions as M37450M2-XXXSP/FP 
except the RAM size and the fact that these three need ex
temal ROM area. The differences among M37450S1 SP/FP, 
M37450S2SP/FP and M37450S4SP/FP are as shown below. 

Type RAM size 

M37450S1SP/FP 128 bytes 

M37450S2SP/FP 256 bytes 

M37450S4SP/FP 448 bytes 

Also M37450S1 SP has the same function as M37450M2-
XXXSP/FP in microprocessor mode and M37450S2SP/FP 
has the same function as M37450M4-XXXSP/FP in micro
processor mode. 

FEATURES 
• Number of basic instructions······· ............................ 71 

69 MELPS 740 basic instructions+ 2 multiply/divide in
structions 

• Memory size ROM .......................................... None 

RAM"""'" 128 bytes (M37450S1SP/FP) 
256 bytes (M37450S2SP/FP) 
448 bytes (M37450S4SP/FP) 

• Instruction execution time 
(minimum instructions at 10 MHz frequency) ""·0.8j.ls 

• Single power suppIY"""'''''''''''''''''''''''''''''''5V±10% 
• Power dissipation normal operation mode 

(at 10MHz frequency) """'''''''''''''''''''''''''''''30mW 
• Subroutine nesting ""64 levels max. (M37450S1SP/FP) 
• Interrupt ................ · ........................ · .......... · 15 events 

• Master CPU bus interface ................................. 1 byte 
• 16-bit timer ............................................................ 3 

• 8-bit timer (Serial 1/0 use) """"""''''''''''''''''''''''''''1 
• Serial I/O (UART or clock synchronous) """""''''''''''1 
• A-D converter (8bit resolution) .......... 3 channels (DIP) 

8 channels (OFP) 
• D-A converter (8-bit resolution) """.""""." 2 channels 

• PWM output (8-bit or 16-bit) """"''''''''''''''''''''''''''''1 

• Programmable I/O 
(Ports PO, Pl, P2, P3, P5, P6) ............. " ............... 48 

• Input (Port P4) ................................ 3 (DIP), 8 (OFP) 

• Output (Port D-A" D-A2 ) '"'''''''''''''''''''''''''''''''''''''' 2 

8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

110 
port P3 

110 
port P5 

110 
port 

P37/SROY """ 1 

P36/SCLK """ 2 

P35 /TxD- 3 

P34 /RxO- 4 

P33/PWMoUT """ 5 

P32/EV3 - 6 

P3,/EV2 - 7 

P30/EV,""" 8 

P57/DB7 - 9 

PS6/DBs - 10 

P5s/DBs- 11 

P54 /DB4 - 12 

P53/DB3 - 13 

P52JD82 - 14 

PSo/DBc- 16 

P67/W- 17 

P6a/PROY""'" 21 

P62/1NTs - 22 

Puo/INT, - 24 
Read/Wnte --

status output R/W - 25 
Synchronous 
Signal output 

Reset Input 

Clock Input 

Clock output 

Timing output 

Vee 
63 AVss 
62 _ V Reference 

REF voltage Input 

61 - O-A, I D.A 

SO - D-A2 I output 

Address 

b" 

Data bus 

Outline 64P4B 

NC , 

P3,/EV2 - 2 
P30/EV,- 3 

P57/DB7 - 4 

P56IDB6 - 5 

P5s/DBs- 6 
P54/DB4- 7 
P53/DB3 - 6 
P52IDB2 _ 9 

P51IDB, .... 10 

P50/DBo - 11 
P67/W- 12 

~/R_13 

P6;/C8_:I' P64/AO - 15 

P6a/PRDy - 16 

P62/1NT3 - 17 

P6,/INT2 - 18 

P6oJINT1 _ 19 

WR+- 20 

AD- 21 

R/W- 22 
SYNC _ 23 

§ 
>' ~ 9c q jl ~ 

()~~~~~I~;g 8~; 
zo..o..o..o..o..o..»« 

1ooI~~~1;67t57t4 7J 72 7170 

z - ,,~ 

66i 
t t j 

~ - P4,/AN1 
6, -P42/AN2 

62 _ P43/AN3 

61 -P44/AN 4 

60 -P4s/AN5 
59 +- P46/AN6 
58 -P47JAN7 
57_A.:, 
56 -A, 
55 -A2 

54 --t' A3 

53 -A4 
52 -As 
51 -A6 
50 -A7 
49 -A8 

48_Ag 

47 -AlO 

46 -AI' 
45 -A'2 

44 -A'3 

43 -A14 
42 -A'5 

RESETOUT-="~~0@ITTIillill@]]jjlliiJljffi~IJ!!ffi~~41 NC 
~~V~~W~~DM~~TIW~~ 

t t t j 11111111 
ll~~JJ~~~S~~dB568 
oi~ 

Outline SOP6 NC: No connection 

APPICATION 
Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor.controllers 
Industrial robots and machines 
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M37450S1SP BLOCK DIAGRAM 

Clock Clock T,mlng Reset 
Input input output output 

X,N XOUT ~ , RESET R/W SYNC Vee Vss 
~ T---Tf--~-@------

Clock generating circuit 
TNotejlJl 

INT, 
INT, 
INT3 

.--L 
8-bit 

anthmetlc 

logiC umt 

IT 
~ 

RAM I Program Program 
counter counter 

128 pCHI') PCc!B) 

bytes 

UIl3F,OBE 

Bus inter/ace 

AD 
COMP 

Data bus 

~ 

C1ilJ' -
TI 

2 

~ 

J:-------. ~ 

--- ---- - ---

Instruction 
register 

Instruction 
decoder 

Control s'gnal 

I 

I , 

I 

I 

I 

I 

I P5(8) 1 IIII' i 
J1HHH l J 

Ii A-D convener I 

3 !j,,!' r I P6(8) I 

I_-~-_~-t~-----j! 12345678 -
'-----y------- '----y------JVREF AVss'----v-----'D-A2 D-A, ~ CNVss 

I/O port P6 I/O port P5 Input port P4 1/0 port P3 1/0 port P2 Data bus Address bus 

Note 1 256 bytes for M37450S2SP and 448 bytes for M37450S4SP 

~ 
W --.. 
,a:. 
en c 
(I) .... 
(I) 
"'a 

GO ......... 1: . "'11-m "'aU: --t .. C 
(') ~~ ! 
I: WW til 
0 --.. --.. = til 

I: 
,a:.,a:. I: 
en en -n cc ~ 

;U (I) (I) 0 0 ,a:.N g (') 
0 (I) (I) I: I: "'a "'a 'V 'V 
C .................. ~ 
-t "'11 "'11 '" '" "'a "'a = ;U 
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M37450S1 FP BLOCK DIAGRAM 

Clock 
Input 
X,N 

Clock Timing Reset Reset 
output output Input output 
XOUT ~ RESET RESET OUT WR RD R/W SYNC Vee Vss Vss 

~ -tT- ----tTff---~----

Clock generating circuit 
(Note 1) 1 

RAM 

128 
bytes 

Program Program 
counter counter 
PC" (.) PCL (8) 

Data bus 

r-- h T 1 

~ 
~ Timer 3 r- Timer 3 lateh~ 

~ 
T ~6) '--,J4-.. (16) K:::=::>t 

a-bit ~ Pulse width I 
anthmetlc Ptoces I d Stack ~ modulator r 

I log"""" ~%;:"- ,,,.. ~"d.te' lff·;"~:' p~"'., ~"'"P''' regIster regis r IdlVlder , li ''') PS") X(8) Y(8, S(8) 3 

! '~-·'-I" - ~I 
I I~i; COMP TI 2 

INT3 ,---J Is ~ BR 
r-- 2-f IBF, OBE ~ - ----'I, 

------ -, 

Instruction 
register 

Instruction 
decoder 

Control signal 

I Bus mterface r-iA..o converter ~ c!~:rter Senal 1/0 I 
I 

) L ) L I 
r-----t- ~ I - Mode 

3 4 8 ~8 ~ 'r--' L 

, I -P6(S) I I P5(S) I P4(S) P3(S) D I A II A J ! 

"t-t- ,--~~ I
t, T l. '-- J 

-- --41 4 5 t 7 t 60 1 6 1- -
'---------y---- ~ / AVss~ DD"A1 '------v------' ~ , y , CNVss 

I/O port P6 1/0 port P5 I.V:C VREF Input port P4 DAV;E: 1/0 port P3 Data bus Address bus 

Note 1: 256 bytes for M37450S2FP and 448 bytes for M37450S4FP 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

a-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37450S1SP/FP, M37450S2SP/FP, M37450S4SP/FP 
Parameter Function 

Number of basIc instructions 71(69 MELPS 740 basic mstructions+2) 

Instruction execution time O. 8.us{mmlmum instructions, at 1 OMHz of frequency) 

Clock frequency 10MHz(max) 

M37450S1 SP/FP 12S bytes 

RAM size M374S0S2SP/FP 2S6 bytes 
~-

M374S0S4SP/FP 44S bytes 

P3, PS, P6 I I/O S-bltX3 

Input/Output port P4 I Input ~~bltX1(S-bltX1 for SO-pm model) 

I 
--

D-A Output 2-bltX1 

SenalliO UART or clock synchronous 

Timers 
16-blt timerX3, 

8-blt trmer( senal I/O baud rate generator) X 1 
--

A-D converter S-bltX3 channels(S channels for SO-pm model) 

D-A converter S-bltX2 channels 

Pulse width modulator S-bit or 16-bltX 1 

Data bus buffer 1-byte Input and output each 

64-levels(max for M37450S1SP/FP) \ 
Subroutine nesting 

96-levels(max for M37450S2SP/FP, M37450S4SP/FP) 

Interrupt 6 external Interrupts, 8 Internal Interrupts one software Interrupt --
Clock generating Circuit BUJlt-m(ceramlc or quarts crystal oscillator) 

Supply voltage 5V±10% 

Power diSSipation 30mW(at 10MHz frequency) 

Input/Output voltage SV 
Input/Output characters 

Output current ±SmA(max) 
c--- --

Operatmg temperature range -10-70°C 

Device structure CMOS SIlicon gate 

Package 
M37450S1SP, M37450S2SP, M37450S4SP 64-pm shrink plastiC molded DIP 

M37450S1FP, M37450S2FP, M37450S4FP SO-pm plastiC molded QFP 
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PIN DESCRIPTION 

Pin Name 
Input! 

Output 

Vee. Supply voltage 

Vss 

CNVss CNVss Input 

RESET Reset mput Input 

X'N Clock input Input 

XOUT Clock output Output 

¢ Timing output Output 

SYNC Synchronous signal Output 

output 

-
R/W Read/Write Output 

status output 

Ao.--A15 Address bus Output 

Do~D7 Data bus 110 

P30 -P37 Input!Output port P3 110 

P4o-P42 Input port P4 Input 

(P4o-P47 ) 

P50 -P57 Inpul/Output port P5 1/0 

P6o-P67 Inpul/Output port P6 1/0 

D-A,.D-A, D-A output Output 

VREF Reference voltage Input 

Input 

ADVREF A-O reference voltage Input 

mput 

DAVREF D-A reference voltage Input 

mput 

AVss Analog power supply· 

AVec Analog power supply 

-
RD Read Signal output Output 

-
WR Write Signal output Output 

RESETouT Reset output Output 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

S-BIT CMOS MICROCOMPUTER 

Functions 

Power supply inputs 5V±10% to Vee. and OV to Vss 

This IS connected to Vee 

To enter the reset state, the reset Input pin must be kept at a "L" for more than 8 clock cycles(under nor-

mal Vee conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 

be maintained for the required time 

This chip has an Internal clock generatmg circuit To control generatmg frequency, an external ceramic or a 

quartz crystal OSCillator IS connected between the XIN and XOUT PinS If an external clock IS used, the clock 

source should be connected to the XIN pm and the XOUT pm should be left open 

Outputs signal consisting of oscillatmg frequency diVided by four 

This signal IS output "H" dUring operation code fetch and IS used to control Single stepping of programs 

ThiS Signal determines the direction of the data bus It IS "H" dUring read and "L" dunng wnte 

-~ 

ThiS IS 16-blt address bus 

ThiS IS S-blt data bus 

Port P3 IS an S-blt 1/0 port With directional registers allOWing each 1/0 bit to be Individually programed as 

Input or output The output structure IS CMOS output Senal 110, PWM output, or even 1/0 function can be 

selected With a program 

Analog mput pin for the A-D converter The 64-pin model has three pins and the BO-pln model has eight 

PinS They may also be used as digital Input pms 

An B-blt input/output port With the same function as P3 ThiS port functions as an a-bit data bus for the mas-

ter CPU when slave mode IS selected With a program. 

An S-blt Input/output port With the same function as P3 Pins P63---P67 change to a control bus for the mas-

ter CPU when slave mode IS selected With a program Pins P6a""'" P62 may be programmed as external in-

terrupt Input pinS 

Analog Signal from O-A converter IS output 

Reference voltage mp'ut pm for A-D and D-A converter ThiS pin IS for 64-pm model only 

Reference voltage Input pin for A-D converter ThiS pm IS for SO-pm model only 

Reference voltage Input pin for O-A converter ThIS pm IS for SO-pm model only 

Ground level mput pin for A-D and D-A converter Same voltage as VSS IS applied 

Power supply Input pin for A-O converter ThiS pin IS for SO-pin model only Same voltage as Veels applied 

In the case of the 64-pm model AVcc IS connected to Vee Internally 

Control Signal output as active "L" when valid data IS read from data bus ThiS pm IS for BO-pm model only 

Control Signal output as active "L" when wntlng data from data bus to external component ThiS pm IS for 

80-pm model only 

Control Signal output as active "H" dUring reset It IS used as a reset output Signal for penpheral compo-

nents ThiS pin IS for BO-pm model only 
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BASIC FUNCTION BLOCKS 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

8·BIT CMOS MICROCOMPUTER 

• Interrupt Vector Area 
The differences between M37450M2-XXXSP/FP and 
M37450S1 SP/FP, are noted below, Other functions are the 
same as M37450M2-XXXSP/FP in microprocessor mode. 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
This area must be located in ROM area. 

MEMORY 
• Special Function Register (SFR) Area 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes. 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers . 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with only 2 bytes • RAM 

RAM is used for data storage as well as a stack area. 

RAM for 
M37450S2 
M37450S4 
(192 bytes) 

RAM for { 
M37450S4 
(256 bytes) 

Fig. 1 Memory map 

RAM for 
M37450S1 
(128 bytes) 

RAM for 
M37450S2 
(64 bytes) 

{ 

0000'6 

007F'6 ~ _________ -I 
I 
I I 
I I 00BF'6 ~ ___________ , 

I I 

0006,61'1 1 

. SFR area . 

{ 0100'6 I 

013F'6 ~ _ _ ..:... ___ _____ ~ 
01FF'6 I- - - _____ -- __ J 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I . I 

FFOO 1-------------4 
'6 I I 

I I 
I I 

FFEO r------------I 
16 I I 

I Interrupt vector area I 
I I FFFF'6 .... ___________ ...J 

3-48 .t.~1 

Zero page 

} 
Specisl page for 
subroutine call 



0006,. 

0007,. 

0008,. 

0009,. 

OODA,. 

OODS,. 

OODC,. 

000016 

OODE,. 

OODF,. 

OOEO,. 

OOEI,. 

00E2,. 

00E3,. 

00E4,. 

OOES,. 

00E6,. 

OOE?,. 

00E8,. 

00E9,. 

OOEA,. 

P3 register 

P3 directional register 

P4 register 

Reserved 

P5 register 

PS directional register 

P6 register 

P6 directional register 

MISRGf 

MISRG2 

D-A I register 

D-A2 register 

A-D register 

A-D control register 

Data bus buffer register 

Data bus buffer status register 

Receive/transmit buffer register 

Senal 1/0 status register 

Senal I/O control register 

UART control register 

Saud rate generator 

MITSUBISHI MICROCOMPUTERS 

M374S0S lSP/FP ,M374S0S2SP/FP 
M374S0S4SP/FP 

OOES,. 

OOEC,. 

OOED,. 

OOEE,. 

OOEF,. 

OOFO,. 

OOFf,. 

00F2,. 

00F3,. 

00F4,. 

OOFS,. 

00F6,. 

OOF?,. 

00F8,. 

00F9,. 

OOFA,. 

OOFS,. 

OOFC,. 

OOFO,. 

OOFE,. 

OOFF,. 

a·BIT CMOS MICROCOMPUTER 

PWM register (low-order) 

PWM register (high-order) 

Timer I control register 

Timer 2 control register 

Timer 3 control register 

Timer f register (low-order) 

Timer f register (high-order) 

Timer I latch (low-order) 

Timer I latch (high-order) 

Timer 2 register (low-order) 

Timer 2 register (high-order) 

Timer 2 latch (low-order) 

Timer 2 latch (high-order) 

Timer 3 register (low-order) 

Timer 3 register (high-order) 

Timer 3 latch (low-order) 

Timer 3 latch (high-order) 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register I 

Interrupt control register 2 

Fig. 2 SFR (Special Function Register) memory map 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

I·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vcc Supply voltage 

V, Input voltage RESET, X,N 
Input voltage 00-0,. P30-P3" P40-P4" 

V, PSo-P5" P60-P6,. ADVREF, With respect to Vss 

DAVR'F, VR'F, AVcc Output transistors are 
V, Input voltage CNVss at "0 FF" state 

Output voltage Ao-A,s. 00-0" P30-P3" 

Vo P50-P5" P50-P6" XOUT• 

1>, RD, WR, R/W, RESETouT, SYNC 

Pd Power diSsipation Ta- 25t 
Top. Operating temperature 

Tstg Storage temperature 

Note 1 . 500mW for QFP type 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=-10-7ot unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Mm Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V'H "H' Input voltage RESET, X'N, CNVss (NoI.n 0. 8Vee Vee V 

V,H 
"H" Input voltage 00-0" P30-P3" P40-P4" 

2.0 Vee V 
P50-P5" P6o-P6, (except Note 1 ) 

V'L "L" Input voltage CNVss (Note 1) 0 0. 2Vee V 

V,L 
"L" Input voltage 00-0" P30-P3" P40-P4" 

0 0.8 V 
P50-P5" P50-P6, (except Note 1) 

V'L "L" Input vollage RESET 0 0. 12Vee V 

V,L "L" Input voltage X'N 0 0. 16Vee V 

"L" peak output current Ao ...... A1s, 0 0 ...... 0 7, 

10L(peakJ P30-P3" P50-P5" 10 rnA 
PSo-P6, 

"L" average output current Ao ...... Ai5, 00-07, 

IOLCavg) P30-P3" P50-P5" 5 rnA 
P50-P6, (Note 2) 

"H" peak output current A,-A,s, 00-0" 

10H(peak) P30-P3" P50-P5" -10 rnA 
P60-P6, 

"H" average output current Ao-A1s, 00 ...... 07, 

IOH(avg) P30-P3" P50-P5,. -5 rnA 

f(X,N) 

Note 1 
2 
3 

3-50 

PSo-P6, (Nole2) 

Clock oscillalmg frequency 1 10 MHz 

Ports operate as INT, -INT3 (P6o-P62 l. EV, -EV3(P3,-P32 ), RxD(P3.) and SCLK(P3.) 
The average output current 10H(avg) and 10L(avg) are the avera.!!.e value dUring a lOOms _ 
The total of "L" output current 10LCpeakJ of port P3. P5, P6, R/W, SYNC, RESETouT, RD, WR and 
if> IS less than 40mA 
The total of "H" output current 10H(peakJ of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
1> IS less than 40mA 

Ratmgs Unit 

0.3 7 V 
-0.3-7 V 

-0. 3-Vce+0. 3 V 

-0.3-13 V 

-0. 3-Vee+0. 3 V 

1000 (Note 1) rnW 
-10 70 "C 

-40-125 "C 



MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

a-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (vee = 5V±10%, Vss = OV, Ta = -10-70'C, f(X,N ) = 10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH "H" output voltage RD, WR, R/W, SYNC, RESET OUT, ¢ IOH=-2mA Vee-l V 

VOH 
"H" output voltage Ao-A15, Do~D7' P30~P37' 

IOH=-5mA Vee-l V 
P50~P57, P6o~P67 

"L" output voltage Ao~A15, Do~D7, P30~P37, 

VOL P50~P57' P6o~P67' RD, WR, IOL=2mA 0.45 V 
-

R/W, SYNC, RESET OUT, ¢ 

VOL 
"L" output voltage Ao--AI5 , 00 ........ 0 7 , P30 ....... P37 , 

JoL=5mA 1 V 
P50~P57, P6o~P67 

VT+-VT-
Hystensls INT,~INT3(P6o~P621. EV,~EV3(P30~P32)' 

Function mput level 0.3 1 V 
RxD(P3,), SeLK(P3,) 

VT+-VT- HysterlSls RESET 0.7 V 

VT+-VT- Hystensis X1N 0,1 0,5 V 

"L" mput current °0 ....... 07, P30~P37, P4o~P47, 
-5 5 III -- VI=VSS /-LA 

P50~P57, P6o~P67' RESET, X,N 

I'H 
"H" Input current 00 ....... D7, P30 ....... P37, P4o-P47, 

VI=VCC -5 5 /-LA 
P50~P57, P6o~P67' RESET, X,N 

VRAM RAM retention voltage At stop mode 2 V 

At system operation 
6 10 rnA 

Icc Supply current f(X,N)=10MHz 

At stop mode (Note 1) 1 10 /-LA 
- - -

Note 1 The terminals RD, WR, R/W, SYNC, RESET OUT, </>, D-A, and D-A2 are all open The other ports, which are in the Input mode, are connected 
to Vss A-D converter IS in the A-D complellon state. The current through ADVREF and DAVREF IS not Included(Flg 6) 

A-O CONVERTER CHARACTERISTICS 
(Vcc = AVec = 5V, Vss = AVss = OV, Ta = 25'C, f(X'N)=10MHz, unless otherwise noted) 

Symbol Parameter 
limits 

Test conditions 
Min Typ Max 

- Resolution 8 
- Absolute accuracy Vcc= AVcc=ADVREF=5.12V ±1.5 ±3 

tCONV Conversion time 49 

V'A Analog Input voltage AVss AVee 

VAOVREF Reference mput voltage 2 Vee 

RLAOOER Ladder resistance value ADVREF=5V 2 7.5 10 

IIAOVREF Reference Input current ADVRE,=5V 0.5 0.7 2.5 

V AVCC Analog power supply input voltage Vee 

V AVSS Analog power supply Input voltage 0 

O-A CONVERTER CHARACTERISTICS (Vee = 5V, Vss = AVss = OV, Ta = 25'C, unless otherwise noted) 

Symbol 

-
-

tsu 

Ro 
V AVSS 

VOAVREF 

IOAVREF 

Parameter 

Resolution 

Absolute accuracy 

Setup time 

Output resistance 

Analog power supply mput voltage 

Reference Input voltage 

Reference power Input current (Each pm) 

Test condition 

Vec -DAVREF=5.12V 

• MITSUBISHI 
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Limits 

Min Typ Max 

8 

1.0 

3 

1 2 4 

0 

4 Vee 

0 2.5 5 

Umt 

Bits 

LSB 

tcr</» 

V 

V 

kO 

rnA 

V 

V 

UOII 

Bits 

% 
/-LS 

kO 

V 

V 
.-
rnA 
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TIMING REQUIREMENTS 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

I-BIT CMOS MICROCOMPUTER 

Port/Single-chip mode (Vcc=5V±10%, Vss=ov, Ta=-l0-70'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(P3D-¢) Port P3 input setup time 200 ns 

tSU(P4D-cp) Port P4 input setup time 200 ns 

tSU (P50-¢» Port P5 input setup time 200 ns 

tSU (P60-¢) Port P6 input setup time 200 ns 

th(¢-P3O) Port P3 Input hold lime 40 ns 

thel>-P4o) Port P4 input hold time 40 ns 

thel>-P5O) Port P5 input hold time Fig 3 40 ns 

thel>-P6o) Port P6 Input hold time 40 ns 

tC<X,N ) External clock mput cycle time 100 1000 ns 

tw(X,NLl External clock input "L" pulse width 30 ns 

tw(X,NH) External clock input "H" pulse width 30 ns 

t,(X,N ) External clock rising edge time 20 ns 

tt(X,N ) External clock falling edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10-70'C: unless otherwise noted) 

LImits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-R) CS setup time 0 ns 

tsu(cs-w) CS setup time 0 ns 

th(R-CS) CS hold time 0 ns 

thew-cs) CS hold time 0 ns 

tSU(A-R) AO setup time 40 ns 

tSU(A-W) AO setup time Fig. 3 40 ns 

theR-A) AD hold time 10 ns 

theW-A) AD hold time 10 ns 

tweR) Read pu Ise width 160 ns 

twew) Write pulse wIdth 160 ns 

tsu(o-w) Date mput setup time before write 100 ns 

thew-D) Date mput hold time after write 10 ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-l0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-E) CS setup time 0 ns 

theE--CS) CS hold time 0 ns 

tSU(A-E) AD setup time 40 ns 

theE-A) AD hold time 10 ns 

tSU(RW-E) R/W setup time 40 ns 

th(E-RW) R/W hold time 10 ns 

tW(EU Enable clock "L" pulse width 
Fig 4 

160 ns 

tW(EH) Enable clock "H" pulse width 160 ns 

t,eE) Enable clock riSing edge time 25 ns 

tteE) Enable clock failing edge time 25 ns 

tsu(o-e) Data mput setup time before write 100 ns 

theE-D) Data Input hold time after write 10 ns 
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MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

S·BIT CMOS MICROCOMPUTER 

Local bus/Memory expansion mode, Microprocessor mode 
(Vcc=5V±10%, Vss=OV, Ta=-l0-70'C, unless otherwise noted) 

LimIts 
Symbol Parameter Test condItion Unit 

Moo Typ. Max. 

tSU(D-~) Data Input setup tIme 100 ns 

th(~-o) Data onput hold tIme 0 ns 

tSU(O-RD) Data Input setup time 
FIg 5 

100 ns 

th(RO-O) Data onput hold time 0 ns 
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SWiTCHING CHARACTERISTICS 

MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 

Port/Single-chip mode (Vcc=5V±10%, Vss=OV, Ta=-10-70'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Mrn Typ Max 

td<O-P30) Port P3 data output delay time 200 ns 

tdc¢-P50) Port P5 data output delay time 200 ns 

IdC¢-P6o) Port P6 data output delay time 200 ns 

tcC¢) Cycle time 400 4000 ns 

tW(¢H) ¢ clock pulse width ("H" level) 
Fig 3 

190 ns 

tw(¢L> ¢ clock pulse Width ("L" level) 170 ns 

I,c¢) q" clock rlsmg edge time 20 ns 

tfC¢) ¢ clock failing edge time 20 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T a=-10-70'C, unless otherwise noted) 

Symbol Parameter Test condition 
Limits 

Unit 
Mrn Typ Max 

ta(R-D) Data output enable tlme after read 120 ns 

tV(R-D) Data output dlsa.ble time after read 10 85 ns 

tPLH(R-PR) PADy output transmiSSion time after read 
Fig 4 

150 ns 

tPLH{W-PR) PRDy output transmiSSion time after wnte 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±10%, Vss=OV, Ta=-10-70'C, unless otherWise noted) 

Limits 
Symbol Parameter Test condition Unit 

Mrn Typ Max 

tacE-D) Data output enable time after read 120 ns 

tV(E-D) Data output disable time after read Fig 4 10 85 ns 

tPLH(E-PR) PRDy output transmiSSion time after E clock 150 ns 

Local bus/Memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=ov, Ta=-10-70'C, unless otherWise noted) 

Symbol Parameter 

tdC¢-A) address delay time after ¢> 

tV(<t>~A) address effective time after ¢ 

tV(RD~A) address effective time after RD 

tV(WR~A) address effective time after WR 

tdC¢-o) data output delay time after ¢ 

td(WR~D) data output delay lime after WR 

tV(¢~D) data output effective time after ¢ 

tV(WR~O) data output effective time after WR 

tdC¢-Rw) R/W delay time after ¢ 

td(¢~SYNC) SYNC delay time after ¢ 

tW(Rol RD pulse width 

tW<WR) WR pulse Width 
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Min 

10 

10 

10 

20 

20 

170 

170 

limits 
Unit 

Typ Max 

120 ns 

ns 

ns 

ns 

140 ns 

140 ns 

ns 

ns 

120 ns 

120 ns 

ns 

ns 



TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L O.45V 

Output test level: VOH 2.0V 

VOL O.8V 

P4 P31 
P5 ~ 100pF P6 

¢ .n 
.L 50pF 

~ 

Fig. 3 Test circuit in 
single-chip mode 

Vee 

RESET 
open or no A 
output current 

Vee or Vss D 

P3 
P4 
P5 
P6 
CNVss 
AVss 

Vss 

Vee 
AVec 

D-A1 

D-A2 

flO 
WR 
R/W 

SYNC 
RESETouT 

¢ 

Fig. 6 Icc (at stop mode) test condition 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

I-BIT CMOS MICROCOMPUTER 

P5 

1100PF 

P63 .L 

~ 
50pF 

Fig. 4 Master CPU bus interface 
test circuit 

Vee 

I Icc 
V (test POint) 

other power 
supply 

open or no output 
current 
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Fig. 5 

A 

~ 
.n 

50pF 

D .L 
.n 

¢ J. 100pF 

R/W 
SYNC 

.L ~ 

RD 
;:J;. 

50pF 

WR 

Local bus test circuit 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

2. a 

--.l 

Port PI Input 

Port PI outpu t 

MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 
M37450S4SP/FP 

8-BIT CMOS MICROCOMPUTER 

Cl,) 

tW (I1ILl Ir--
2. a 2. a 

0.8 0.8 

tW(iflH) 
Ifl') - I--- trw 

tSU(PID-,p) 

2.4 ~ 0.45 0.45 

Idl,-pio) th(<i>-PID) 

~ 
2. a 
0.8 

Master CPU bus interface/ R and IN separation type timing diagram 

Read 

SU(A-R) R-A 

AD )< 2.4 2.4 K 0.45 0.45 

0.4;.r 

tSU(CS-RJ thIR-cs) 

h.45 
" 

cs 

,tW(RJ 

2.4 2.4 
0.45 0.45 

2.0 2.0 

0.8 0.8 
ta(R-O) .......... tV(R-O) 

I 2.0 

tPLH(R-PR) 
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Write 

AO 

DBo_DB, 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

S-BIT CMOS MICROCOM.,UTER 

I e SU A-W W-A 

l 
)< ~ 2.4 2.4 

0.45 0.45 

I---- tSU(cs-w) Ihew-cs) i--" 

0.45\ lIO. 45 

I . Iwew) 
-I I 

2.4 2.4 
0.45 0.45 

I::i Ihew-o) 

11"2.4 ~ 2.4 
~0.45 I 0.45 

Isueo-w) 

,,-;:-;;--
/ 2.0 

tPLH(W-PR) 

Master CPU interfacel R/W type timing diagram 

E 

AO 

RIW 

cs 

read 

DBn-DB, 

write 

DBo_DB, 

, 

\ 
0.45 

I 

\. 
I 

--
0.45 

--
tSU(A-E) 

:x 2.4 
0.45 

I~UCCS-~) 
O.~ 

f------
Ie) W EH 

2.4 2.4 
0.45 

I-- ireE) --- I-- If(E) 

f--- IheE-A) 

C 
I 

IheE-CS) -

iK45 

2.0 
O.S 

laCE-D) 
I-- tY(E-O) 

ISUeO-E) I- IheE-O) 
I 
f2.4 
~0.45 

It: 
/ 2. o 

tPLH(E-PR) 
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Local bus timing diagram 

SYNC 

Ao-A15 

CPU read 

CPU write 

, 0 0-0, 

CPU read 

0 0_0, 

CPU wrlle 

....J 

IWe"HI 

Ide.-Aw) 

> 
td"'-A) 

> 

==>< 

MITSUBISHI MICROCOMPUTERS 

M374S0S1SP/FP,M374S0S2SP/FP 
M374S0S4SP/FP 

I-BIT CMOS MICROCOMPUTER 

Iwe"Ll 

IIC.I 
~ r-- Ire "I 

I--- Iye.-A) 

K= 
tsueD-.I - I-- Ih"'-DI 

j, 
""io.. 

!de"-DI I------- tyeo-DI 

-K 
tweAD) -- tV{RO-A) 

\ 

tSU(O-RD) 
theRD-DI 

twewAI 
~ tV(WR-A) 

\ 

tdeWA-DI 
I--- tV(WR-O) 



MITSUBISHI MICROCOMPUTERS 

M37451 M4-XXXSP/FP/GP 
M37451 M8-XXXSP/FP/GP 
M37451 MC-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37451 M4-XXXSP/FP/GP is a single-chip micro
computer designed with CMOS silicon gate technology. It 
is housed in a 64-pin shrink plastic molded DIP or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de
vices The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37451 M4-XXXSP/FP/GP, M37451 
M8-XXXSP/FP/GP and M37451 MC-XXXSP/FP/GP are as 
shown below. The descriptions that follow describe the 
M37451M4-XXXSP/FP/GP (abbreviated as M37451) un
less otherwise noted. 

Type name ROM sIZe RAM size 

M37451 M4-XXXSP/FP/GP 8192 bytes 256 bytes 

M37451 M8·XXXSP/FP/GP 16384 bytes 384 bytes 

M3Y451 MC·XXXSP/FP/GP 24576 bytes 512 bytes 

The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 

In addition, the 80-pin model has special pins for RD, WR, 
RESET OUT, DAVREF , ADVREF , AVec and the 64-pin model 

has a special VREF pin. 

. FEATURES 
• Number of basic instructions' .................................. 71 

69 MELPS 740 basic instructions+2 multiply/divide 

instructions 

• Instruction execution time 
(minimum instructions at 12.5MHz frequency) .... 0.64,us 

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

• Power disSipation normal operation mode 
(at 12.5MHz frequency) ................................. 40mW 

• Subroutine nesting ...... · ...... 96 levels max. (M37 451 M4) 
96 levels max.(M37451M8) 

128 levels max.(M37451MC) 
• Interrupt .. · .. · .............. · .. · .............. · ...... · .. · .... 15 events 

• Master CPU bus interface .... · ........ · .......... · ........ 1 byte 
• 16-bit timer· ...... · .. · ...... · .......... · ...... · .... · ...... · ............ 3 

• 8-bit timer (Serial I/O use) ...................................... 1 

• Serial I/O (UART or clock synchronous) ................... ·1 
• A-D converter (8-bit resolution) ......... 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (a-bit resolution) .................. 2 channels 

• PWM output with 8-bit prescaler 
(Either resolution 8 bit or 16 bit is software selectable) .... 1 

PIN 

1/0 port P3 

1/0 port P5 

1/0 port P6 

CONFIGURATION 

P37 /SRDy - 1 

P36 /Scu<- 2 

P35/TxD- 3 

P34/R)(O- 4 

P33/PWM oUT - 5 

P32/EV3 - 6 

P31/EV2 - -7 

P30/EV, - 8 

P57/DB7 - 9 

P5s/DB6 - 10 

P63/PRDV - 21 

P62/tNT:3 - 22 

P6a/INTl - 24 
Read/Wnte -

status output R/W - 25 
Synchronous SYNC _ 26 
Signal output 

Reset mput 

Clock mput 

Clock output 

Timing output 

(TOP VIEW) 

Vee, 

AVss 

62 - V REF Reference voltage Input 

61 -D-A, l 
60 _ O-A2 I D·A output 

59 - P401 ANa f 
58 - P4 1/AN 1 Input port P4 

57 - P42 /AN 2 

I/O port PO 

1/0 port P1 

lID port P2 

Outline 64P4B 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) ............................ 3(DIP), 8(QFP) 

• Output ports (Ports D-A1' D-A2 ) .. • .. • .. • .......... • ...... • .... ·2 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers. 
HOD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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MITSUBISHI MICROCOMPUTERS 

M37451 M4-XXXSPI FPI GP, M37451 M8-XXXSPI FPI GP 
M37451MC-XXXSP/FP/GP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

3-60 

M37451 M4·XXXFP 

or 

M37451 M8·XXXFP 
or 

M37451 MC·XXXFP 

Outline 80P6N 

M37451 M4·XXXGP 

or 

M37451 M8-XXXGP 

or 
M37451 MC-XXXGP 

Outline 80P6S 

• MITSUBISHI 
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NC : No connection 
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M37451 M4-XXXSP BLOCK DIAGRAM 

Clock 
Input 
X,N 

Clock 
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XOUT 
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mput 

RESET R/W SYNC Vee Vss 

l------~-~--@------------------l 

Data bus 

Clock generating ~ 
CirCUit 

INT, 
INT, 
INT3 

~ 
8-blt I 

nthmetl 
logIC 

unit 

1r 
,------

AD 
COMP 

r-------' 

t---;-

l]1-

TI 2p 
"'""""" 

h I 

BRG 

Instruction 
register 

(81 

decoder 

Control signal 

I 

I 

L_ 3 9 _.J 
~ '-------v------ ~ ~ '-------y----' CNVss 
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M37451 M4-XXXFP BLOCK DIAGRAM 
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1/0 port P6 
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Note 1 384 bytes for M37451M8-XXXFP and 512 bytes for M37451 MC-XXXFP 
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M37451 M4-XXXGP BLOCK DIAGRAM 
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L 
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Note 384 bytes for M37451M8-XXXGP and 512 bytes for M37451 MC-XXXGP 
16384 bytes for M37451 M8-XXXGP and 24576 bytes for M37451 MC-XXXGP 
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MITSUBISHI MICROCOMPUTERS 

M37451M4-XXXSP/FP/GP,M37451MS-XXXSP/FP/GP 
M37451 MC-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37451 M4-XXXSP/FP/GP, M37451 M8-XXXSP/FP/GP, M37451 MC-XXXSPIFP/GP 
Parameter Functions 

Number of basic instructions 71 (69 MELPS 740 basIc Instructlons+2) 

Instruction execution time O.64,us (minimum Instructions, at 12 5MHz frequency) 

Clock frequency 12 5MHz (max) 

ROM 8192 bytes 
M37451 M4-XXXSP/FP/GP 

RAM 256 bytes 

ROM 16384 bytes 
Memory size M37451 M8-XXXSP/FP/GP 

RAM 384 bytes 

ROM 24576 bytes 
M37451 MC-XXXSP/FP/GP 

RAM 512 bytes 

PO-P3, P5, P6 1/0 8-bltX6 

Input/Output ports P4 Input 3-bltX1 (8-bitX1 for 80-pm model) 

D-A Output 2-bltX1 

Serial 1/0 UART or clock synchronous 

Timers 
16-bit tlmerX3, 

8-bit timer (serial 1/0 baud rate generator)X1 

A-O converter 8-bitX3 channels (8 channels for 80-pln model) 

D-A converter 8-bltX2 channels 

Pulse width modulator with 8-blt prescaler 8-bIt or 16-bltX1 

Data bus buffer 1-byte mput and output each 

Subroutine nesting 
96-levels (max for M37451 M4, M37451 M8) 

128-levels (max for M37451 MC) 

Interrupt 
6 external mterrupts, 8 mternal rnterrupts 

1 software mterrupt 

Clock generating circuit BUilt-m (ceramic or quarts crystal oscIllator) 

Supply voltage 5V±10% 

Power dissipation 40mW (at 12 5MHz frequency) 
-

Input/Output voltage 5V 
Input/Output characters 

Output current ±5mA (max) 

Memory expansion Possible (64K bytes max) 

Operating temperature range -20 to 85°C 

Device structure CMOS silicon gate 

M37451 M4-XXXSP 

M37451 M8-XXXSP 64-pm shnnk plastic molded DIP 

M37451 MC-XXXSP 

M37451 M4-XXXFP 

Package M37451 M8-XXXFP 
80-pm plastic molded QFP 

M37451 MC-XXXFP 
(0 8mm-pltch) 

M37451M4-XXXGP 

M37451 M8-XXXGP 
aO-pm plastic molded QF? 

M37451 MC-XXXGP 
(0 65mm-pltch) 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Input! 

FunctIOns 
Output 

Vee. Supply voltage Power supply Inputs 5V±10% to Vee, and OV to Vss 

Vss 

CNVss CNVss Input Controls the processor mode of the chip Normally connected to Vss or Vee 

---
RESET Reset mput Input To enter the reset state, the reset Input pm must be kept at a "L" for more than 8 clock cycles (under nor-

mal Vee conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 
be malntamed for the reqUIred time 

X ,N Clock IOput Input This chip has an Internal clock generating Circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator IS connected between the X1N and XOUT pms If an external clock IS used, the clock 

XOUT Clock output Output source should be connected to the X1N Pin and the XOUT pm should be left open 

¢ Tlmmg output Output Normally outputs signal conslstmg of oscillatmg frequency divided by four 

SYNC Synchronous Output This signal IS output "H" dUring operation code fetch and IS used to control smgle stepping of programs 
signal output 

-
R/W Read/Write Output This signal determines the direction of the data bus It IS "H" dUring read and "L" dUring write 

status output 

POo-PO, 1/0 port PO 1/0 Port PO IS an 8-blt 110 port with directional registers allowing each 110 bit to be individually programmed as 
Input or output The output structure IS CMOS output The low-order bIts of the address are output except 
In single-chip mode 

P1 o-P1 7 1/0 port P1 1/0 Port P1 IS an 8-blt 110 port and has basIcally the same functions as port PO The high-order bits of the 
address are output except m single-chip mode 

P2o-P2, 1/0 port P2 1/0 Port P2 IS an B-blt 110 port and has basically the same functions as port PO Used as data bus except m 
single-chip mode 

P30 -P3, 1/0 port P3 1/0 Port P3 IS an 8-blt 110 port and has basically the same functions as port PO Serial 1/0, PWM output, or 
event 110 function can be selected with a program 

P4o-P4, Input port P4 Input Analog mput pin for the A-D converter The 64-pm model has three pms and the 80-pm model has eight 
(P4o-P4,) puis They may also be used as digital Input PinS 

P50 -P5, 1/0 port P5 1/0 Port P5 is an 8-blt 110 port and has basically the same fUnctIOns as port PO ThiS port functions as an 8-blt 
data bus for the master CPU when slave mode IS selected with a program 

P6o-P67 1/0 port P6 1/0 Port P6 IS an 8-blt 1/0 port and has baSically the same function as port PO Pms P63-P67 change to a control 
bus for the master CPU when slave mode IS selected with a program Pms P6o-P62 may be programmed 
as external Interrupt mput pms 

D-A"D-A, D-A output Output Analog signal from O-A converter IS output 

VREF Reference voltage Input Reference voltage mput pin for A-D and D-A converter ThiS pm IS for 64-pln model only 
mput 

ADVREF A-O reference Input Reference voltage Input pm for A-D converter ThiS pin IS for 80-pm model only 
voltage mput 

DAVREF D-A reference Input Reference voltage Input pm for O-A converter ThiS pm IS for 80-pm model only 
voltage mput 

AVss Analog power supply Ground level mput pin for A-O and D-A converter Same voltage as Vss IS applied 

AVec Analog power supply Power supply mput Pin for A-D converter ThiS pIn IS for SO-pm model only Same voltage as Vee IS applied. 
In the case of the 64-pm model, AVec IS connected to Vce mternally 

-
RD Read signal Output Control signal output as actIve "L" when valid data IS read from data bus ThiS pm IS for SO-Pin model only. 

output 

-
WR Wnte signal Output Control signal output as active "L" when writing data from data bus to external component ThiS pin IS for 

output 80-pm model only 

RESET OUT Reset output Output Control signal output as active "H" dUring reset It IS used as a reset output signal for peripheral compo-
nents ThiS Pin IS for BO-pm model only 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

The M37451 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided, 
The MUL and OIV instructions can be used. 
The WIT instruction can be used. 
The STP instruction can be used. 

MISRG2 Register 
The MISRG2 register is allocated to address 000F'6' Bits 0 
and 1 of this register are processor mode bits. This register 
also has a stack page selection bit. 

'0 

I I I I I I I I I MISRG2 (address OODF,6) 
L...J'-__ Processor mode bits 

00 : Single-chip mode 
01 : Memory expansIOn mode 
10 : Microprocessor mode 
11 : Disable 

'------ Bus Interface enable bit 
a : Disable 

1 : Enable (slave mode) 
'----- Bus interface mode bit 

0: RD, WR bus 
1 : R/W bus 

'------ PWM enable bit 
0: Disable 
1 : Enable 

'------- PWM mode selection bit 
a : 8-bit high speed PWM 
1 : 16-bit high precision PWM 

'--------- Bus cycle control bit 
o : Normal bus cycle 
1 : Normal bus cycleX2 

'---------- Stack page selection bit 
a : In page a area 
1 : In page 1 area 

Fig. 1 Structure of MISRG 2 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg

isters relating to functions such as 1/0 ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes. 

• Special Page 

Special page addressing mode is useful because it en
ables access to this area with only 2 bytes. 

1 
0000,. 

RAM 

(192 bytes) 
OOBF,. 

RAM 

(320 bytes) 

for 

M37451MC 

ROM 

(24K bytes) 

for 

M37451MC 

Fig. 2 Memory map 

RAM 

(192 bytes) 

for 

M37451M8 

ROM 

(16K bytes) 

for 

M37451M8 

RAM 

(64 bytes) 

for 

M37451M4 

ROM 

(8K bytes) 

for 

M37451M4 

OODO,. 

OOFF,. 
0100,. 

OI3F,. 

0IBF,. 

023F,. 

AOOO,. 

COOO,. 

EOOO,. 

FFOO'6 

FFEO, 

FFFF, 
• 
• 

Not used 

SFR area 

Not used 

Interrupt vector area 

• MITSUBISHI 
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Zero page 

Special page 
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PO register 

PO directional register 

Pl register 

Pl directional register 

P2 register 

P2 directional register 

P3 register 

P3 directional register 

P4 reglster/PWM prescaler latch 

Additional function register 

• P5 register 

0000,. 

0001,. 

0002,. 

0003,. 

0004,. 

0005,. 

0006,. 

0007,. 

0008,. 

0009,. 

OOOA, 

OOOB, 

OOOC, 

0000, 

OOOE, 

OOOF, 

OOEO,. 

00E1,. 

00E2,. 

00E3,. 

00E4, 

OOE5,. 

OOE6,. 

00E7,. 

00E8, 

00E9, 

OOEA, 

• P5 directional register 

• P6 register 

• P6 directional register 

• MISRGl 

• MISRG2 

O-A 1 register 

0-A2 register 

A-O register 

A-O control register 

• Data bus buffer register 

Data bus buffer status register 

Receive/Transmit buffer register 

Serial I/O status register 

• Serial I/O control register 

• UART control register 

• Baud rate generator 

Fig. 3 SFR (Special Function Register) memory map 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

• PWM register (low-order) OOEB, 

OOEC, 

OOEO, 

OOEE, 

OOEF, 

OOFO,. 

OOF1,. 

00F2,. 

00F3,. 

00F4,. 

00F5,. 

OOF6,. 
00F7, 

OOF8, 

00F9, 

OOFA, 

OOFB, 

OOFC, 

OOFO, 

OOFE, 

OOFF, 

• PWM register (high-order) 

• Timer 1 control register 

• Timer 2 control register 

• Timer 3 control register 

Timer 1 register (low-order) 

Timer 1 register (high-order) 

Timer 1 latch (low-order) 

Timer 1 latch (high-order) 

Timer 2 register (low-order) 

Timer 2 register (high-order) 

Timer 2 latch (low-order) -

• Timer 2 latch (high-order) 

• Timer 3 register (low-order) 

• Timer 3 register (high-order) 

• Timer 3 latch (low-order) 

• Timer 3 latch (high-order) 

• Interrupt request register 1 

• Interrupt request register 2 

• Interrupt control register 1 

• Interrupt control register 2 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 15 different events consisting 

of six external, eight internal, and one software events. 
I nterrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op

eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 

Table 1. Interrupt vector address and priority. 

All interrupts except the BRK instruction interrupt have an 

interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 

and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt e'nable bit is "1 ", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 

set. The interrupt enable bit can be set and reset with a 

program. 
Reset is treated as a non-maskable interrupt with the high

est priority. Figure 5 shows interrupts control. 

Event Priority Vector addresses Remarks 

RESET 1 

Input buffer full Interrupt 2 

Output buffer empty interrupt 3 

INT, Interrupt 4 

INT2 Interrupt 5 

I NT 3 Interrupt 6 

Timer 1 interrupt 7 

Timer 2 interrupt 8 

Timer 3 interrupt 9 

EV, interrupt 10 

EV2 interrupt 11 

EV3 interrupt 12 

Serial I/O receive Interrupt 13 

Serial I/O transmit interrupt 14 

A-O conversion completion flag 15 

BRK Instruction Interrupt 16 

FFFF'6, FFFE '6 

FFFD'6, FFFC '6 

FFFB ,6 , FFFA'6 

FFF9 ,6 , FFF8 '6 

FFF7'6, FFF6 '6 

FFF5 ,6 , FFF4 '6 

FFF3'6, FFF2 '6 

FFF1 ,6 , FFFO '6 

FFEF'6, FFEE '6 

FFEO,6, FFEC '6 

FFEB ,6 , FFEA'6 

FFE9,6, FFE8 '6 

FFE7 ,6 , FFE6'6 

FFE5 ,6 , FFE4'6 

FFE3,6, FFE2 '6 
FFE1 ,6, FFEO'6 

• MITSUBISHI 
.... ELECTRIC 

Non-maskable 

Valid only In slave mode 

Valid only In slave mode 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External event Interrupt (phase programmable) 

External event Interrupt (phase programmable) 

External event interrupt (phase programmable) 

Valid only when serial I/O IS selected 

Valid only when senal I/O is selected 

Non-maskable software interrupt 
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&..,o..L,..,...,........,..L,...L..,.-Io.,...i.,-.J Interrupt request register 1 
(address OOFC,,) 

Input buffer full interrupt 
request bit 

Output buffer empty interrupt 
request bit 

INT, interrupt request bit 

L ____ INT, interrupt requ.est bit 

L _____ INT3 interrupt request bit 

'-------- Timer 1 Interrupt request bit 

'--------- Timer 2 interrupt request bit 
L _________ Timer 3 interrupt request bit 

o : Interrupt disable 
1 : Interrupt requested 

o 
I I I I 111 T 11 nterrupt control register 1 

(address OOFE,,) L 
'--

~ 

o : Interrupt disable 
1 : Interrupt enabled 

Input buffer full interrup.t 
enable bit 

Output buffer empty interrupt 

INT, interrupt enabf~t~le bit 

INT, Interrupt enable bit 

INT3 interrupt enable bit 

Timer 1 Interrupt enable bit 

Timer 2 Interrupt enable bit 

Timer 3 interrupt enable bit 

~INGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

L.....L.....L.,.....I.,...i.,-..L~..,....i.,-.J Interrupt request register 2 
(address OOFD,,) 

7 

EV, interrupt request bit 

EV, interrupt request bit 

EV3 interrupt request bit 

'----- Serial 1/0 receive Interrupt request bit 

'------- Serial 1/0 transmit interrupt request bit 

'-------- A-D conversion completion interrupt 
request bit 

o : Interrupt disable 
1 : Interrupt requested 

o 
I I I I I I I I II nterrupt control register 2 

(address OOFF,,) L 
-

EV, Interrupt enable bit 

EV, interrupt enable bit 

EV3 Interrupt enable bit 

Serial 1/0 receive interrupt enable bit 

Serial 1/0 transmit Interrupt enable bit 

A-D conversion completion Interrupt 
enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

Fig. 4 Structure of registers related to interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag 

Fig. 5 Interrupt control 
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TIMER 
The M37451 has three independent 16-bit internal timers 
as shown in Figure 6. 
The timers are controlled by the timer i control register (i= 
1, 2, 3) and MISRG1 shown in Figure 7 and 8. 

The timer and the timer latch are independent of each 
other and a value must be written in both when setting a 
timer. 
A write to a timer is performed in the order of T L to T H after 
setting the count enable bit to count inhibit "0". 

A read from a timer is performed in the order of T H to T L. 

The value of T L is latched in the read timer latch at the tim
ing when THis read. All timers are decrement counters and 
are started by setting the timer i count enable bit to "1". 
When the value of the timer reaches 0000,6, and overflow 
occurs and the timer i interrupt request bit is set to "1" at 
the next count pulse. 

During a reset or an STP instruction execution, the low
order byte of the timer 1 register is set to FF'6 and the 
high-order byte is set to 03,6' Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat

ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 
the timer i interrupt request bit is set to "1" or when a reset 
occu'rs. Refer to the section on the clock generator for de

tails concerning the operation of the STP instruction. 
The M37451 provides seven timer modes selectable with 
the timer mode selection bit in the timer i control register. 

INT 

EV 

Fig. 6 Timer block diagram 

Timer i control register (,=1,2,3) L-"-"'-y-...,....,...,....,......, ... Tlmer 1 control register (address OOED,.) 
Timer 2 control register(address OOEE,.) 
Timer 3 control reglster(address OOEF,.) 

Timer mode selection bits 
000: 16-bit timer mode 
001 : Event count mode 
010: Pulse output mode 
011 : Pulse period measurement mode 
100: Pulse width measurement mode 
101 : Programmable waveform 

generation mode 
11 0: Programmable one-shot 

generation mode 

'------Timer count source selection bit 
0: f(X'N)/4 
1 : INTi pin mput 

'------Qutput level latch 

'-------Event phase selection bit 
0: Fall 
1: Rise 

Fig. 7 Structure of timer i control register 

o 
I I I I I I I I I MIS RGl (address OODE,.) 

l:= INT, input polarity selection bit 

INT, input polarity selection bit 

I NT, Input polarity selection bit 

Fig. 8 Structure of MISRG1 

0: Fall 
1: Rise 

Timer 1 count enable bit 

Timer 2 count enable bit 

Timer 3 count enable bit 
o : Count disabled 
1 : Count enabled 

Timer Interrupt request bit 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

(1) 16-bit Timer Mode [000] 
In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 

overflows. 
The timer count source is set to f( X,N ) divided by four re
gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+1). 

Figure 9 shows the timer operation during 16-bit timer 

mode. 

FFFF'6 

TL 

TL . Value set In 
timer latch 

TR . Timer Interrupt 
L.. ___ -+ ___ -+_ request 

TR TR 

Fig.9 16-bit timer mode operation 

(2) Event Count Mode [001] 
In this mode, the EVi pin input signal are counted in the 
direction selected by the event Input polarity selection bit. 
The input signal from the EVi pin is used as the count 
source regardless of the count source selection bit. The 
operation is the same as with the 16-bit timer mode except 
for the difference in the count source. 
Both the "H" and "L" pulse width of the EVi pin input signal 
must be not less than (4/f(X,N ) )+100ns. 

Figure 10 shows the timer operation during event count 
mode. 

FFFF'6 

TL 

TR TR 

TL . Value set In 

timer latch 

TR . Timer Interrupt 
request 

Fig. 10 Event counter mode operation 

(3) Pulse Output Mode [010] 
In this mode, a 50% duty pulse is output from the EVi pin. 

The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 
When this mode is selected, the EVi pin output level is in
itialized to "L". 

Figure 11 shows the timer operation during pulse output 
mode. 

FFFF'6 

Fig. 11 Pulse output mode 

TL . Value set In 
timer latch 

TR . Timer Interrupt 
request 

(4) Pulse Period Measurement Mode 
[011] 

This mode is used to measure the pulse period of the EVi 
pin input signal. 
The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 
At a valid edge on the EVi pin input, the 1 's complement of 
the timer value is stored in the timer latch and the timer 

value is set to FFFF ,6 · 

Figure 12 shows the timer operation during pulse frequency 
measurement mode. 

"""''"V1SVV]. T3 --- - --------

1'2 --- --- ----

1'1 - --- -

FFFF'6, 'n I EV Pin I. FFFF+ T1 TR ~tLiiJj T3 FFFF' TR 

Input EVR EVR EVR EVR 
signal Event phase IS valid "sing edge 

Fig. 12 Pulse period measurement mode 
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(5) Pulse Width Measurement Mode [100] 
This mode measures the pulse width while the EVi pin in
put signal is "H" or "L". 

Whether to measure the "H" or "L" interval is determined 
by the event input polarity selection bit. II this bit is "0", the 
count source selected with the count source selection bit is 
counted while the input pulse is "H". II it is "1", the count 
source is counted while the input pulse is "L". A 1 's com
plement of the timer value is stored in the timer latch lor a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF'6 for an edge (both rise and lall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 

000:6~---------------------------

T3 - - -- ___ _ 

T2 - - - ---

f1 ----- - -- ----
FFFF,6 , FFFF+T2 TR "T3' , ,....' __ _ 
EVplnk .~ T1b1 
Input EVR EVR EVR 
signal 

Event interrupt Input polarity is valid rising edge 
Measure width "L"of pulse 

Fig. 13 Pulse width measurement mode 

In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse width measurement. Also, when a 
timer overflow occurs, the count continues from FFFF'6 
without the value 01 the timer latch being loaded in the 

timer. 
Write to timer latch is inhibited in these modes. Furth
ermore, EVi interrupt is disabled during STP instruction ex
ecution. 

(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the level set in the output level latch of the 
timer i control register is output to the EVi pin every time 
the timer overllows. 
The timer counts the source selected by the count source 
selection bit and when it overflows, the value in the timer 
latch is loaded in the timer. 
After it overflows, the value of the output level latch and the 
timer latch can be modified to generate any waveform from 

the EVi pin. 
Figure 14 shows the timer operation during programmable 

wavelorm generation mode. 

FFFF'6 

T3 

L 
T2 
T1 

L ; TLH and TLL 
Initial values 

TR TR 

Fig. 14 Programmable waveform generation mode 

(7) Programmable One-shot Generation 
Mode [110] 

This mode uses the INTi pin input signal as a trigger and 

counts by writing the value 01 the timer latch in the timer. 
The output level 01 the EVi pin goes "H" when the trigger is 
issued and goes "L" when the timer overflows. 
The EVi pin level is initialized to "L", when this mode is 
selected. 
The timer count souce is set to I (X,N ) divided by four re

gardless 01 the count source selection bit. 
A valid edge 01 the INTi pin input trigger signal is deter
mined by the INTi phase selection bit 01 MISRG1 (00DE,6 ). 

Figure 15 shows the timer operation during programmable 
one-shot generation mode. 

FFFF'6 

L 

L IS one-shot 
0000'6 L-+-___ Jf-.1~~..;...~..1.- pulse width 

:~:uf'n p p TR: 0 TR 

signal (U U 
EV pin L L L 
oulput signal 

Fig. 15 Programmable one-shot generation mode 

When the INTi pin input signal is selected as the count 
source lor pulse output mode [010], pulse period measure
ment mode [011], pulse width measurement mode [100j, 

and programmable wavelorm generation mode [101], the 
"H" and "L" pulse width 01 the input signal must not be less 
than (6/1(X,N ) )+100ns. 
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SERIAL I/O 
Serial lID can operate in either clock synchronous or clock 
asynchronous (UART) mode. An exclusive baud rate gen-

7 o 
I I I I I I I I I Senal 110 status register 

(address 00E7,.) 
Transmit buffer empty flag 

0: Buffer full 

"---

1 : Buffer empty 

Receive buffer full flag 
o : Buffer empty 
1: Buffer full 

Transmit shift register shift 
completIOn flag 

o : Busy shifting 
1 : Shift complete 

Overrun error (OE) flag 
O:No 
1: Yes 

Panty error (PE) flag 
0: No 
1: Yes 

Framing error (FE) flag 
0: No 
1: Yes 

Summing error (SE) flag 
0: No 
1: Yes 

L ...... ....L....L....Ii..,-JL.,-L,..L.J UART control register 
(address 00E9,.) 

Character length selection bit 
O:Sblts 
1:7b1ts 

Panty enable bit 
o : Parity disable 
1 : Panty enable 

Parity selection bit 
o : Even panty 
1 : Odd parity 

'------Stop bit length selection bit 
0: 1 stop bit 
1 : 2 stop bit 

Fig. 16 Structure of registers related to serial I/O 

7 

eration timer (baud rate generator) is provided for serial 
lID operation. Figure 16 shows the structure of the regis
ters used for serial 110. 

o 
111111111 Serial 1/0 control register (address OOES,.) 

L 

'---

~ 

BRG count source selection bit 
o : t( X,N ) divided by 2 
1 : f(X,N ) divided by S 

Senal 1/0 synchronous clock selection bit 
o : BRG output divided by 4 

(when clock synchronous senal 1/0 
IS selected) 

BRG output divided by 16 
(when UART IS selected) 

1 : External input clock 

SRDY output enable bit 
o : P31 operates as normal 1/0 pin 
1 : P31 change to SRDY output pin 

Transmit interrupt source selection bit 
o : When transmit buffer becomes empty 
1 : When transmit shift operation is complete 

Transmit enable bit 
o : Transmit disabled 
1 : Transmit enabled 

Receive enable bit 
o : Receive disabled 
1 : Receive enabled 

Senal 110 mode selection bit 
o : Clock asynchronous (UART) senal 1/0 
1 : Clock synchronous senal 1/0 

Senal 1/0 enable bit 
o : Senal 1/0 disabled 

(P34-P31 are normal 1/0 ports) 
1 : Senal 1/0 enabled 

(P34 -P31 are serial 1/0 function Pins) 
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(1) Clock Synchronous Serial I/O 
Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial I/O control register to "1". 
Figure 17 shows a block diagram of clock synchronous se
rial I/O and Figure 18 shows its operation. 

With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv
ing microcomputers. If an internal clock is used for operat
ing clock, transmit/receive is started by writing a signal in 
the transmit/receive buffer register., 

SRDY 

L $9(1811/0 contrOl register I address OOE816 

[:::::=~;S:::=:J--I"""'Recelve buffer full flag (RBF) 

1'--______ Receive interrupt request (RI) 

Clock control CirCUit I-----
.... 

I 
Clock .r
selection~ 

,....-:--_-'-~.....,bit 1/4 • 

" ~Fall detect 1 Shift clock 

TxO 0}--+_~r,T~Ef----t--[:::2T::":",:m~'''~h~'ft:: .. ~g'~'''~'=:J--=~A~-Transmit shift register shift completion flag (TSC) 

Clock control CircUit J---

P35 

P37 

It TIC,,", A>-----_Transmlt interrupt request (TI) 

1[~T':,":'m~"~b~,,,~,,~,,~g~'''~.'=J_~=-TI.=: Transmit buffer empty flag (TBE) 

~ address 00E6'6 .. , 

I Serlatl/O status register I address OOE716 

,~ 

Fig. 17 Clock synchronous serial I/O block diagram 

Internal clock ¢ 

Transmit/receive shift clock----, 
1/2 to 1/2048 of Internal clock 

or external clock 

Serial output T xD 

Serial Input RxD 

Receive ready signal 

SRDY -w 
Receive/transmit 
buffer register 
write signal to 
address 00E6'6 

, I 
, I 

J1L-~ __________________________ ~: __ __ 
" I 

TBE= a ~ 
TBE= 1 RBF= 1 

TSC= a TSC= 1 

Overrun error (OE) detected 

Note 1. Use the transmit Interrupt source selection bit (TIC) In the serial I/O control register to specify whether to generate a transmit 
Interrupt (TI) when the transmit buffer becomes empty (TBE=I) or when transmit shift operation completes (TSC=I) 

2. If data IS written In the transmit buffer register when TSC=O, transmit clock IS generated continuously and serial data IS output 
conllnuously from the T xD pin 

3. The receive Interrupt (RI) IS set when the receive buffer full flag (RBF) IS set 

4. ThiS example shows the case that the BRG count source IS f(X'N)/2 and the contents of BRG reload latch IS "00'6" 

5. If the transmit enable bit (TE) goes from "0" to "I" when the serial 110 enable bit is at "I", the TxO pin goes to "H" level 
After the TxD has transmitted serial data, It IS held at the "0," level of the final bit of the last data to be transmitted until the next 
serial data IS transmitted 

Fig. 18 Clock synchronous serial I/O operation 
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(2) Clock Asynchronous Serial 1/0 (UART) 
UART is selected by setting the mode selection bit of the 
serial I/O control register to "0". Figure 19 shows a block 

diagram of UART and Figure 20 shows its operation. 

The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans
fer (same memory addresses). 
Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con

secutively. 

With the M37451, one of eight serial data transmission for
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 
side. 

RxDo----~/""I 

Senall/O control regIster address OOE816 

UAAT control register 

address OOE9, • 

.--4--+----+--+---SI/O clock selection bit 

SCLK (}----.. ~------~~~ 
Frequency dividing ratio I/(n+l) 

Baud rata generator 

C)-__ +:~~::S;,TI~PEIP~A~~~~~~J~~ii~~:'"' Transmit shift register shift completion flag (TSC) TE 
TxD C",,,,,,, Transmit interrupt request (TI) 

length [::E::~~~EJf----~=: P3. P35 "'''t,~,: Transmit buffer empty flag (TBE) 

::~~~~~~~;;;;~~~~~~~::~~S'~"~"~VO~~'''~t,~,,~.g~,,~,,~,~a~d;d~reSSOOE716 

Fig. 19 UART serial I/O block diagram 

Transmit or receive - __ --, 
clock 

Transmit buffer 
register write 
Signal 

Serial output T xD 

Receive buffer 
register read 
signal 

Serial input RxD 

TBE= 0 TBE= 0 
TSC=O 
TBE= 1 

t 

~~ 
1 start bit 
7/8 data bits 
110 panty bits 
1/2 stop bits 

Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive) 

TSC= 1 • 

t 
.--~ 

A-..J SP 

* Generated at the second 
stop bit If 2 stop bits set 

RBF=l 

.~~~ 
2. Transmit Interrupt (TI) is set to either TBE=1 or TSC=l according to the transmit Interrupt source selection bit (TIC) In 

the serial 1/0 control register 
3. Receive Interrupt (RI) IS set by RBF=I. 

Fig. 20 UART serial I/O operation 
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[Serial 1/0 control register] SIOCON 
The serial 1/0 control register is an 8-bit register consisting 
of selection bits for controlling the serial 1/0 function. 

· Serial 1/0 enable bit SlOE 
When this bit is set to "1", serial 1/0 is enabled and pins 
P34-P37 can be used as serial 1/0 function pins. 

• Serial 1/0 mode selection bit SIOM 
This bit is used to select the serial 1/0 operation mode. 
When this bit is "0", asynchronous serial 1/0 (UART), which 
transfers data using start and stop bits, is selected. When it 
is "1", clock synchronous serial 1/0 which performs trans

mission and receive using the same clock is selected. 

· Receive enable bit RE 
Receive operation is enabled when this bit is set to "1" and 
pin P34 becomes a serial data input pin. 

· Transmission enable bit TE 
Transmission operation is enabled when this bit is set to 
"1". Pin P3s becomes a serial data output pin and shift data 
is output. 

· Transmission interrupt source selection bit TIC 
This bit is used to selelct events that can cause a transmis
sion interrupt. 

· SRDY output enable bit SRDY 
If this bit is set to "1" when clock synchronous serial 1/0 is 

selected, pin P37 becomes an SRDY signal output pin and 
SRDY signal is output. 
When an external clock is used during clock synchronous 
serial 1/0, the SRDY signal is used to notify the clock sender 
that it can send the serial clock signal. It goes "L" when 
data is written in the transmit/receive buffer register and 
goes" H" at the first fall of the receive clock. When using 
the SRDY signal, the transmission enable bit must be set to 
"1" even when performing receive only. 

· Serial 1/0 synchronous clock selection bit SCS 
When this bit is "1", pin P36 becomes an input pin and the 
external clock input from the SCLK pin is selected as the 
serial I/O synchronous clock. When this bit is "0", the baud 
rate generator (BRG) overflow signal is selected as the se
rial 1/0 synchronous clock. Also, when this bit is "0" during 
clock synchronous serial 1/0, pin P36 becomes an output 
pin and the shift clock is output from the SCLK pin. 
When cloCk synchronous serial 1/0 is selected, the baud 
rate generator (BRG) output signal divided by four or an 

external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

· BRG count source selection bit CSS 
The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 

00EA'6) , the count source selected by the BRG count 
source selection bit is divided by (n+1 ). 

[UART control register] UARTCON 
The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con

tent of this register is used to set the data format for serial 
data transmission/receiving. 

· Character length selection bit CHAS 
This bit is used to select the transmissionlreceiving charac
ter length. 

· Parity enable bit PARE 
When this bit is set to "1", a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

· Parity selection bit PARS 
This bit is used to specify the type of parity to be gener
ated during transmission and checked when data is re
ceived. The number of 1 's in the data is set to even or odd 
according to this bit. 

· Stop bit length selection STPS 
This bit is used to determine the number of stop bits to be 
used during transmission. 

[Serial 1/0 status register] SIOSTS 
The serial 1/0 status register is a 7 -bit read only register 
consisting of serial 1/0 operation status flags and' error 
flags. Bits 4 to 6 are valid only during UART mode. 
All bits of this register are initialized to "0" at reset, and 
when the transmit enable bit in the serial 1/0 control regis
ter is set to "1", bits "0" and "2" change to "1". 

· Transmission buffer empty flag TBE 
This bit is cleared to "0" when transmission data is written 
in the transmission buffer register and set to "1" when that 
data is transferred to the transmit shift register. It is also 

cleared when TE=O. 

· Receive buffer full flag RBF 
When receiving serial data, data is transferred to the re
ceive buffer register and this bit is set to "1" when the re
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=O. 

· Transmit shift register shift completion flag TSC 
This bit is cleared to "0" when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to "1" when data shift completes. It is also set to 
"1" when TE=O. 

· Overrun error flag OE 
When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read 

· Parity error flag PE 
When receiving serial data with parity, this bit is set to "1 " 
if the parity of the received data differs from the specified 
parity. 

• MITSUBISHI 
"'ELECTRIC 

3-77 



MITSUBISHI MICROCOMPUTERS 

M37 451 M4-XXXSPI FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451MC-XXXSP/FP/GP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

. Framing error flag FE 
This bit is set to "1" when there is no stop bit when trans
ferring data from the receive shift register to the receive 

buffer. 
. Summing error flag SE 

This bit is set when either overrun, a parity, or a framing 

error occurs. 
Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag is set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial I/O status 
register. Also, all status flags including error flags are 

cleared when SIOE=O. 

Usage cautions 
(1) To reset the serial I/O control register 

Reset the serial I/O control register after disabling the 
transmit and receive enable bits that were enabled at 
that point and resetting the transmit and receive cir
cuits. If the serial I/O control register is reset without 
resetting the other items, th~ settings will not operate 

correctly. 

(2) Transmit and receive interrupt requests when transmit 

and receive enable bits are set. 
Setting the transmit and receive enable bits to "1" sets 
the receive buffer empty flag and the transmit shift reg
ister shift completion flag to "1". Therefore, an interrupt 
request is generated and the transmit interrupt request 
bit is set, regardless of which timing is selected for the 
generation of transmit interrupts. 
If interrupts of this timing are not used, first clear the 
transmit interrupt enable bit to "0" (disabled status), 
set the transmit enable bit, then clear the transmit in
terrupt request bit again after executing one instruction 
(e. g., the NOP instruction). Finally, set the transmit in
terrupt enable bit to "1" (enabled status). 

(3) To disable transmission after one byte of data has 
been transmitted. 
The method used in the M37451 to post the completion 
of data transmission is to reference the transmit shift 
register shift completion flag (TSC flag). The TSC flag 
is cleared to "0" while data is being transmitted, and it 
is set to "1" when the data transmission is completed. 
Therefore, if transmission is disabled after it has been 
confirmed that the TSC flag has been set, transmission 
can be forced to end after one byte of data is trans

mitted. 
However, the TSC flag can also be set by enabling se
rial I/O, but it is not cleared by shift clock generation 
and transmission start (after data has been transferred 
from the transmit buffer to the transmit shift register, af-

ter 0.5 to 1. 5 cycles of the shift clock), so if the TSC 
flag is referenced and transmission is disabled at this 
point, data will not be transmitted. Make sure that the 
TSC flag is referenced after transmission has started . 
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BUS INTERFACE 
The M37451 is equipped with a bus interface that is func
tionally similar to the MELPS 8-41 series. Its operation can 

be controlled with control signals from the host CPU (slave 
mode). 

An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by the host CPU. 

The M37451 bus interface can be connected directly to 
either a R/W type CPU or separate RD, WR type CPU. Fig
ure 21 shows a block diagram of the bus interface function. 
Slave mode is selected with MISRG2 (address OODF,6) bit 
2 and 3 as shown in Figure 22. 

In slave mode, ports P50-P57 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

r-
PSo/OBoo--

PS,/OB, 0-- ;l 

PS,/OB, 0-- ~ 
1a 

PS3/OB3 0-- ~ 

PS4 /OB4 0-- P5 
PS5/OB5 0-- $ 

"' PS6 /OB6 0-- ::1 
P57/OB7 0-- r- t--

-

,-l 

Furthermore, ports P64-P67 become host CPU control signal 
input pins and P63 becomes a slave status output pin. 

r-'" 

RO WR OBB 

Input data OBBSTS 

bus buffer 

-==0-
R...I "' " J:J 

I =fJ-
f;j 
"0 

~ Output data 
bus buffer $ 

E 

r{ U7 U6 U5 U4 AD U, IBF OBF 

t ~ ~ ~ ~ ~ ~ I--P67/:~ ~ 

P66/R;:F J-r--:r) Lr 

P65/CS ~ 
P64 /AD 

r.J 

-

H 

Fig. 21 Bus interface circuit diagram 

~ 
V 

One-shot pulse 
I-

generatIon CirCUit 

One-shot pulse 

generation CIrcUIt f--
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7 0 

I I I I I I I I I MISRG2 (address OODF,,) 

I I
i I' I I I ' Processor mode bits 

I 00 : Single-chip mode 

I 'I 01 : Memory expansion mode 
j 10 : Microprocessor mode 

1 
11 : Disable 

!, I Bus Interface enable bit 

I 
0 : Disable 

" 
/ ~ 1 : Enable (slave mode) 

~ Bus Interface mode bit 

['_L ____ ~~ L:~~~: bb~: o : Disable 

1 : Enable 

PWM mode selection bit 

o : 8-bit high speed PWM 

1 : 16-bIt high precIsion PWM I L_ __ Bus cycle control bit 
o : Normal bus cycle 

1 : Normal bus cycleX2 

-----Stack page selecllon bit 

o : In page 0 area 

1 : In page 1 area 

7 0 
I I I I I I I I I Data bus buffer status register 

/: II 
(address 00E5 16 ) 

Output buffer full flag 

I
I~'I 0 : Buffer empty , 1 : Buffer full 

'-----Input buffer full flag 

o : Buffer empty 

1 : Buffer full 

----User definable flag 

User may freely define this flag 
----AOflag 

Indicates the AO status when the 

IBF flag IS set 

'--'-----'---'---------User definable flags 

User may freely define this flag 

Fig, 22 Structure of bus Interface relation registers 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

7 0 

I I I I I I I I I AdditIOnal funcllon register (address 0009 ,6 ) 

lie II -Timing output stop bit 

o : Output 

: 1 : Stop ("H" output) 

I II _ _ Timing output clock selection bit 

I 
0 : Internal system clock 

1 : Oscilialion frequency f(X ,N ) 
divided by 4 regardless of the value L of bus cycle control bit 

PRDY output mode selection bit 

o : Output the logical sum of OBF and 

IBF (Same as the M37450) 

I, 1 : One shot pulse output when OBF or 

IBF changes from 0 to 1 

'I l' P63/P~ pm function selectIOn bit 
a : PRDy output when DBBE= 1, and 

Port P63 functIOn when DBBE=O 

I 
1 : Port P63 funcllon 

-'------PWM clock source selecllon bit 

o : OSCillation frequency f(X ,N ) 

I I 
diVided by 2 (Same as the M37450) 

, , 1 : 8-blt prescaler output 
L--l-________ Not used 

'---'--------Not used 

This bit must be set to "0" 
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[Data bus buffer status register] DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 

indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 

flags by setting the AO pin to "H" . 

• Output buffer full flag OBF 
This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. When the PRDy output mode 
selection bit is "0", OBF is initialized to "1" only at reset 
and is cleared to "0" by setting the bus interface enable bit 
to "1". In this case, OBF is set to "1" when the bus interface 
enable bit changes from "1" (enable) to "0" (disable). But 
when the bus interface enable bit is set to "1" again, it is 
set to the value directly before clearing the bus interface 
enable bit. When the PRDy output mode selection bit is "1", 
OBF is initialized to "1" when the bus interface enable bit 

is cleared to "0" or reset. 
In this case, OBF is set to "1" by clearing the bus interface 
enable bit and it is cleared to "0" by setting the bus inter

face enable bit. 
• Input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 

data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. When the PRDy output 
mode selection bit is "0", IBF is initialized to "0" only at 
reset. 
When the PRDy output mode selection bit is "1", IBF IS in
itialized to "0" when the bus interface enable bit is cleared 
to "0" or reset. 

AO Flag 
The level of the AO pin is latched when the host CPU writes 
data in the input data bus buffer. 

[Input data bus buffer] DBBIN 
Data on the data bus is latched in DBBIN when there is a 

write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E4,6 )· 

[Output data bus buffer 1 DBBOUT 
Data is written in DBBOUT by writing data in data bus buf
fer register (SFR address OOE4,6 ). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the AO pin to "L". 

Table 2. Control I/O pin functions when bus interface function is selected 

Pin Name 
Bus mterface PRDyoutput P63/PRDY pm 

mode bit mooeslectloobrt Iunclia1selo:boobrt 

--
P63 P RDY - 0 0 

1 

1 0 

1 

P64 AO - - -

-
P6s CS - - -

-
P66 R 0 - -

E 1 - -

-

P67 W 0 - "-

-

R/W 1 - -

Input! 

Output 
Function 

Output Status output The NOR of OSF and ISF IS output 

I/O Port P63 function 

Output Status output Normally output "0" 

One shot pulse whose length IS half of a penod of Internal system clock ¢ IS output, 
-

when OBF or ISF changes from "0" 10 "1" 

(See Fig 23) 

I/O Port PB3 function 

Input Address IOPUt Used to select between OSSSTS and OSSOUT dUring host CPU read 

Also used to Identify commands and data durmg wnte 

Input Chip select mput Used to select the data bus buffer Select when "L" 

Input Tlmmg signal used by the host CPU to read data from the data bus buffer 

Input Inputs a tlmmg signal E or Inverse of ¢ 

Input Tlmmg signal used by the host CPU to write data to the data bus buffer 

-

Input Input R/W signal used to control the data transfer direction When this signal IS "L", 

data bus buffer write IS synchronized with the E signal When It IS "H", data bus buffer 

read IS synchronized with the E signal 
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PWM 
The PWM generator has two program-selectable modes; 
the high-speed mode (8-bit resolution) and the high
precision mode (16-bit resolution). 
Also two clocks listed below can be selected as the count 
clock of each PWM mode. 

Oscillation frequency f(XIN ) divided by 2 
• 8-bit prescaler output (The count source of prescaler is 

oscillation frequency f(XIN ) divided by 2) 
Figure 26 shows a block diagram of PWM. 
The count clock of PWM can be selected by the PWM 
clock source selection bit of additional function register 
(address 000916), And the register MISRG2 (address 
000F16 ) is used to enable/disable the PWM and change its 
mode. When the PWM enable bit is set, the PWM gener
ator starts from its initial state. 
When PWM clock source selection bit is "0", as shown in 
Figure 24, the output period is fixed. 
In high-speed mode 

(2X255)/f(XIN ) 40.81Ls at f(XIN )=12.5MHz 
In high-precision mode 

(2X65535)/f(XIN ) 10.4856ms at f(>(IN)=12.5MHz 
When PWM clock source selection bit is "1", as shown in 
Figure 25, the output period can be changed by'setting the 
value to prescaler latch (address 000816).(Note) 
In high-speed mode 

{2 (n + 1) X 2551 /f (XIN ) 40.8 (n + 1 )ILS at f (XIN ) = 
12.5MHz 

In high-precision mode 
{2(n+1)X655351/f(XIN ) 10.4856(n+l)msatf(X,N ) 

=12.5MHz 
n : Set value to prescaler latch 

The "H" width of the output pulse is determined by setting 
a value only in the PWML register for high-speed mode and 
in both the PWMH and PWML in this order for high
precision mode. 
If the value set in the PWM register is m, the "H" width of 
the output pulse is 

(PWM periodXm)/255 for high-speed mode and 
(PWM periodXm)/65535 for high-precision mode. 

Note: Address 000816 functions as port P4 register (read 
only) when read, and functions as PWM prescaler 
latch (write only) when write. So the value of PWM 
prescaler can not be read out. 

Changes according to the value 
set In the PWM register 

I" 
I 

PWMO~ 
I 
I 
""I &-----Fixed perlod~ 

Fig. 24 PWM output (when PWM clock source 
selection bit is "0") 

Changes according to the value set In 
the PWM register 

I..;; 

I 

I 
~ 
I I 

Changes accordind to the value set In the 
PWM prescaler latch (changeable period) 

Fig. 25 PWM output (when PWM clock source 
selection bit is "1") 

Notes on PWM start 
(1) Notes on PWM start 

L 

PWM starts after the PWM enable bit is set to enable 
and "L" level is output from the PWMOUT pin. The 
length of this "L"-Ievel output is as follows: 
If the PWM prescaler is not used (PWM clock source 
selection bit=O): 1/2 clock cycle 
If the PWM prescaler is used (PWM clock source 
selection bit=1): (1+n)/2 clock cycle (where n is the 
value set in the prescaler) 

(2) Notes on PWM restart (only when PWM clock source 
selection bit is "1") 
If the PWM enable bit is set to enabled, then to dis
abled, then back to enabled, temporarily clear the 
PWM clock source selection bit to "0" then reset it to 
"1" to re-enable PWM. 
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PWM clock source 
selection bit 

f( X,N ) 12-.,.--+---1 

Fig. 26 PWM generator block diagram 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

Data bus 
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A-O CONVERTER 
An A-D converter is an 8-bit successive approximation 
method. Figure 28 shows a block diagram of the A-D con
verter. 
The 54-pin model has three analog voltage input pins; the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 27 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 

7 0 

I I I I I I I I I f~~d~~~~~~~~I:t 
,-I ......LI----'I'--_ Analog Input pm 

selection bits 

[ b2 
bl bO 

64 pm model ~ a a 
a 1 
1 a 

0 1 1 
1 a a 
1 a 1 
1 1 a 

: ANo 
: AN, 
: AN, 

: AN3 
: AN. 
: AN. 
: AN. 

1 1 1 : AN, The contents of the A-D register must not be read during 
A-D conversion and f(XIN ) must be no less than 1 MHz dur
ing A-D conversion. 

Note: Do not select pms other than ANo-AN, with the 64-pm model 

Fig. 27 Structure of A-O control register 

Data bus 

P4o/ANo 

P4,/AN, 

P4,/AN, 

P43/AN3 

P4./AN. 

P4./AN. 

P4,/AN, 

Fig. 28 A-O converter block diagram 

O-A CONVERTER 

AVec 
(Vee) 

Two 8-bit resolution D-A converter channels are provided. 
Figure 29 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-Ai 

register (addresses OOEO'6 and OOE1'6)' The result of D-A 
conversion is output from the D-Ai output pin. 
The output analog voltage VOA is determined by the value n 
(decimal) set in the D-Ai register as follows: 

VOA=DAVREF * Xn/255 

*VREF for 54-pin model. 

A-D control register 
(address OOE3,.) 

AVss 

't 

A-D Interrupt request 

Data bus 

~J 
D-A converSion 

register 

II 
R-2R resistor ladder 

6 0 
AVss DAVREF 

(VREF ) 

Fig. 29 O-A converter block diagram 
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RESET CIRCUIT 
The M37451 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF '6 as the high order 
address and the content of the address FFFE'6 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 8 clock cycles while the power voltage is 5V± 

(1) Port PO directIOnal register 

(2) Port P1 directional register 

(3) Port P2 directIOnal register 

(4) Port P3 directIOnal register 

(5) Additional function register 

(6) Port P5 directional register 

(71 Port P6 directional register 

(8) MISRG1 

(9) MISRG2 

(10) O-A 1 register 

(111 0-A2 register 

(12) Data bus buffer status register 

(13) Senal I/O status register 

(14) Serial I/O control register 

(15) UART control register 

(16) Timer 1 control register 

(17) Timer 2 control register 

(1&) Timer 3 control register 

(191 Timer 1 register (low order) 

(20) Timer 2 register (high order) 

(21) Interrupt request register 1 

(221 Interrupt request register 2 

123; Interrupt control register 1 

(24) Interrupt control register 2 

{ZSi Processor stal~s register 

(26 Program counter 

address 

0001 16 

0003 16 

0005 16 

0007 16 

000916 

0008,. 

DODD,. 

OOOE,. 

OOOF,. 

ODED,. 

00E1,. 

00E5,. 

OOE7'6 

Co~tents of address 

Cont-ents~;f address 
FFFE~~ 

Note 1 Since the contents of both registers other than those listed 
above (Including timer 1, timer 2, timer 3, and the serial I/O 
register) and the RAM are undefined at reset, It IS necessary 
to set initial values 

Fig. 30 

The Imtlal value of CM1 depends on the level on the CNVss 
pin 

Internal state of microcomputer at reset 

10% and the crystal oscillator oscillation is stable and then 
returned to "H" level. The internal initializations following 
reset are shown in Figure 30. 
An example of the reset circuit is shown in Figure 31. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

~ Supply voltage OV I I 

: :.-----
Reset Input voltage OV~. 6V 

Vcc/-----, 

RESET /---i--f" 

Vssr-----~~--------~ 

M37451 

Fig. 31 Example of reset circuit 
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SYNC 

Address 

Data 

8 to 12 clock cycles 

Flg.32 Timing diagram at reset 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Reset address trom 
the vector table 

Note 1: Frequency relation of f(X ,N ) and ¢ is t(X ,N )=4' ¢ 
2 : The mark" ? .. means that the address IS changable 

depending upon the prevIous state. 
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I/O PORTS 
(1) Port PO 

Port PO is an S-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 0000,6' 
Port PO has a directional register (address 0001,6) 
which can be used to program each individual bit as 
input ("0") or as output (':1"). If the pins are program

med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is written into the 

input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the conlents of the processor status reg
ister (bit 0 and bit 1 at address 00DF'6), three different 
modes can be selected; single-chip mode, memory ex
pansion mode and microprocessor mode. 
In these modes it functions as address (ArAo) output 
port (excluding single-chip mode). For more details, 
see the processor mode information 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Aw 
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (00-07 ) in

put/output port. Refer to the section on processor mod
es for details. 

(4) Port P3 

Port P3 is an S-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
Wl)en a serial I/O function is selected, the input and 
output from pins P34-P37 are determined by the con
tents of the serial I/O registers. 
This port is unaffected by the processor mode. 

(5) Port P4 
This is an input-only port and may be used as an ana
log voltage input port. The number of ports is different 
for the 64-pin model and SO-pin model The 64-pin 
model has three ports and the SO-pin model has eight 

ports. 
(6) Port P5 

This is an S-bit I/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register 

This port is unaffected by the processor mode register. 

(7) Port P6 

This is an S-bit input/output port with function similar to 
port PO. 

When slave mode is selected with a pr()gram, ports 
P6a-P67 change to the control bus for the bus interface 
function. In this case, port input/output is unaffected by 
the directional register. 

Ports P60-P62 are shared with the external interrupt in
put pins (INT,-INTa). The INT interrupt constantly 
monitors the status of this port and generates an inter
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

(8j Port D-A 

Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 
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(9) '" pin 
The '" pin normally outputs the internal system clock 
(the oscillation frequency of the resonator connected 
between the XIN and XOUT pins, divided by four). 

The timing clock output from the '" pin is in output 
mode if the timing output stop bit (bit 0 of address 
000916) is set to "0", and in stop mode if that bit is set 
to "1" and the timing clock output is "H". 
If the timing output clock selection bit (bit 1 of address 
000916 ) is set to "0" when the timing output stop bit is 
"0" (timing output is being output), the internal system 

clock that is output from the '" pin is the oscillation fre
quency divided by four if the bus cycle control bit is 
"0", or the oscillation frequency divided by eight if that 
bit is "1". If the timing output clock selection bit is "1", 
the bus cycle control bit is ignored - the clock that IS 

output is the oscillation frequency divided by four. (See 
Fig. 33) 

SEB 6, $DF 

Internal system clock '" 

SYNC 

(10) SYNC pin 

This pin outputs a signal that is "H" during one cycle of 
the'" during operation code fetch. 

(11) Riw pin 

This is a control signal output pin that indicates the loc
al bus direction in memory expansion and microp
rocessor modes. 

(12) RO, WR pins 

These are local bus write and read timing signal output 
pins for memory expansion and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 
separated by the'" signal is output. 
These pins are used exclusively by the 80-pin model. 

(13) RESET OUT pin 

This pin goes "H" while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 

This pin is used exclusively by the 80-pin model. 

CLB 6, $DF LDA 

JI'----__ ----' L-_______ ~ 

R/W LJ 
RD 

WR 

'" output when timing output clock selection bit IS "0" 

'" output when timing output clock selection bit IS "I" 

Fig. 33 Output from '" pin 
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Port PO. P1. P2 

Data bus 

Data bus 

o 

PWM enable bit 

PWM output 

Data bus 

P3s 

P3. 

Serial 110 enable bit 
Receive enable bit 

Serial 110 clock selection bit 
Serial 110 enable bit X»-<r---, 

Serial 110 mode sel,ectlon bit 
Serial 110 enable bit 

Directional register 

Data bus 

Senal 110 clock output 
External clock Input 

Fig. 34 Ports POopS block diagram (single-chip mode) and output only pin output format (1) 
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Serial I/O enable bit 
Senal I/O mode selection bit 

SRDY output enable bit 

DIrectional register 

Data bus 

Port P4 

Input butter 

(j)P50 does not have a status register and OBF flag IS set 
~P5, does not have a status register and IBF flag IS set 
aJP53 does not have a status register and AO flag IS set 

Data bus 

Interrupt Input 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

R/W. SYNC. RD. WR. RESET OUT 

Timing output clock selection bit 

Osciliatlon,-!)o....t==F==t:>-, 
frequency 
divided by 4 

Intrnal 
system -l1»--=::f==t>...J 
clock 

Timing output stop bit 

P63 

P63/PRDy pin function 
selection bit 

Bus Interface enable bit 

Directional register 

Data bus 

Bus Interface enable bit 

Directional register 

Data bus 

DBB control Input 

DBB control Input P6.""··AO Input 
PS, ..... CS Input 
PS."··,,R/E Input 
P6,······W/R/W Input 

Fig. 35 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 
By changing the contents of the processor mode bits (bits 
o and 1 at address 00DF,6 ), three different operation mod
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO-P2 can be used as address, and data in
put/output pins. 

Figure 37 shows the functions of ports PO-P2 
The memory map for the single-chip mode is shown in Fi
gure 2 and for other modes, in Figure 36. 
By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows 

FFFF, • ..-----.. FFFF ,. r.,-""-7'":"'"?-'" 

Internal ROM 

OOCO,. ____ OOCO, ................... """""'"'"""i 
Internal RAM Internal RAM 0000,. 0000, ...... ___ ....... 

Memory Microprocessor 
expansion mode 
mode 

The shaded area IS external memory area 

Fig. 36 External memory map In processor mode 
(M37451M4) 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con

nected to Vss. Port,s PO-P2 will work as original I/O 
ports, 

(2) Memory expansion mode (01) 

The microcomputer will be placed in the memory ex
pansion mode when CNVss is connected to Vss and 
the processor mode bits are set to "01" This mode is 
used to add external memory when the internal mem
ory is not sufficient 

In this mode, port PO and port P1 are as a system 

address bus and the original 1/0 pin function is lost 
Port P2 becomes the data bus of DrDo (including in
struction code) and loses its normal 110 functions. 

(3) Microprocessor mode (10) 

After connecting CNVss to Vee and initiating a reset or 
connecting CNVss to Vss and the processor mode bits 
are set to "10", the microcomputer will automatically 
default to this mode, In this mode, the 'internal ROM is 
disabled so the external memory is required. Other 
functions are same as the memory expansion mode, 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 3, 
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1\ CM, 0 0 1 

CM. 0 1 0 

~ Port Smgle-chlp mode Memory expansion mode Microprocessor 
mode 

91J I r 91J I r 
PorI PO Ports PO,-po. Ports PO,-PO. Same as left 

)( I/O port y. Addresses A,-A. K. 

91J I r 91J I I 
Port Pt Ports Pt,-Pt. Ports Pt,-Pt. Same as lefl :x I/O port J. Addresses A,s-A. '£ 

~J I I 91J I r 
PorI P2 Ports P2,-P2. Ports P2,-P2. Same as left 

)( I/O port }-----< Dala )--0,-00 

Fig. 37 Processor mode and function of ports PO-P2 

Table 3. Relationship between CNVss pin Input level and processor mode 

CNVss Mode Explanation 

• Single-chip mode The single-chip mode IS set by the reset 

Vss • Memory expansion mode All modes can be selected by changing the processor mode bit with the program 

• Microprocessor mode 

Vee • Microprocessor mode The microprocessor mode IS set by the reset 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 

40. 
When an STP instruction is executed, the internal clock ¢ 

stops oscillating at "H" level. At the same time, FF16 is set 

in the low~order byte of timer 1, 0316 is set in the high-order 

byte, and timer 1 count source is forced to f(X'N) divided 

by four. This connection is cleared when timer 1 overflows 

or the reset is in, as discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its "H" level until timer 1 over

flows. 

This is because the oscillator needs a set-up period if a 

ceramic or a quartz crystal oscillator is used 

When the WIT instruction is executed, the clock ¢ stops in 
the "H" level but the oscillator continues running. This walt 

state is cleared when an interrupt is accepted. Since the 

oscillation does not stop, the next instructions are executed 

at once. 
To return from the stop or the wait status, the interrupt en

able bit must be set to "1" before executing STP or WIT in

struction. Especially, to return from the stop status, the tim

er 1 count enable bit must be set to "1" and the.timer 1 in

terrupt enable bit must be set to "0" before executing STP 

instruction. 
With the M37451, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 

UART, and PWM operations are unafffected. This facilitates 

Interrupt 
request 

Interrupt 
disable flag I Q 

STP ,nstructlon R 

Bus cycle control bit 

accessing of slow peripheral LSls when external memory 

and I/O are extended in memory expansion mode or mic

roprocessor mode. Note that this bit also affects the bus cy

cle in single-chip mode. 
The circuit example using a ceramic OSCillator (or a quartz 

crystal oscillator) is shown in Figure 38. 

The constant capacitance will differ depending on which 

oscillator is used, and should be set to the manufactures 

suggested value. 
The example of external clock usage is shown in Figure 39. 

X'N is the input, and XOUT is open. 

M37451 M4-XXXSP 

X,N XOUT 

29 1M.ll 30 
t------N'v'v-

HOI- Ad 

ICIN r COUT 

Fig. 38 External ceramic resonator circuit 

M37451 M4-XXXSP 

29 

External OSCillating ClrcUlt V
CC lJ1JlJ 

Vss 

Fig. 39 External clock input circuit 

WIT 
Instruction 

S 

R A STP instruction 

Internal clock ¢ 

T,mer 1 

TI'mer 1 count enable bit 

Fig. 40 
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PROGRAMMING NOTES 
(1) Processor status register 

,. Except for the interrupt disable flag_ (I) being set to 

"1", the content of the processor status register (PS) 

is unpredictable after a reset. Therefore, flags affect

ing program execution must be initialized. 

The T flag and D flag which affect arithmetic opera

tions, must always be initialized. 

2. An Nap instruction must be used after the execution 

of a PLP instruction. 

(2) Interrupts 

Even though the SSC and SSS instructions are ex

ecuted just after the interrupt request bits are modified 

(by the program), those instructions are only valid for 

the contents before the modification. Also, at least one 
instruction cycle must be used (such as an Nap) be

tween the modification of the interrupt request bits and 

the execution of the SSC and SSS instructions. 

(3) Decimal operations 
,. Decimal operations are performed by setting the de

cimal mode flag (D) and executing the ADC or SSC 

instruction In this case, there must be ·at least one 

instruction following the ADC or SSC instruction be

fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V(Overflow), and Z(Zero) flags 

are ignored during decimal mode. 
(4) Timers 

,. The frequency dividing ratio when n (0 to 65535) is 

written in the timer latch is 1/(n+1). 

2. When directly writing a value in the timer, set the 

count enable bit to count disable (0) and write in the 

low-order byte first and then in the high-order byte. 

3. The timer value must be read from the high-order 

byte first. 
(5) Serial I/O 

In clock synchronous serial I/O mode, if the receiver is 

to output an SRDY using an external clock, the receive 

enable bit, SROY output enable bit, and transmission en

able bit must be set to "1" 

(6) A-D conversion 

The comparator consists of coupling capacitors that 

lose their charge when the clock frequency is low. 
Therefore,f(X,N)must be no less than 1MHz during A-D 

conversion. (If the bus cycle control bit is "1", the bus 

cycle is doubled and the A-D conversion time is also 

doubled, therefore, f (X'N) must not be less than 

2MHz.) Also, the STP and WIT instructions must not be 

executed during A-D conversion 

(7) STP instruciton 

The STP instruction must be executed after setting the 

timer 1 count enable bit (bit 4 at address 00DE,6) to 

enable ("1 "). 

(8) Multiply/Divide instructions 

,. The MUL and DIV instructions are not affected by 

the T and D flags. 

2. The contents of the processor status register are un
affected by multiply or divide instructions. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

• mask ROM order confirmation form 
• mark specification form 

• ROM data······EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage X'N, RESET 

Input voltage POO-PO? P1 o-P1 7 , P2o-P27 , 

V, 
P3o·P3" P40·P4" P50·P5" 

With respect to Vss 
P6o-P6l, ADVREF, DAVREF , 

VREF, AVec 
Output transistors are 

at "off" state 
V, Input voltage CNVss 

Output voltage POo·PO" P10·P1" P20·P2" 

Vo P30-P37, P50-P57, P6a-P67, XOUT, cp, 

R/W, RD, WR, SYNC, RESET OUT 

Pd Power diSSipation Ta = 25'C 

Topr Operating temperature 

Tstg Storage temperature 

Note 1 500mW In case of the flat package 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=-20 to 85'C unless otherw,se noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 

Vss Supply voltage 0 

I-Y'H 
"H" Input voltage RESET, XIN. CNVss (Note 1) 

"H" Input voltage POo·PO" P10·P1" P20·P2" 

0. 8Vee Vee 

V'H 
P30·P3" P40·P4" P50·P5" 
P60·P6, 

2.0 Vee 

(expect Note 1) 

V'L "L" Input voltage CNVss (Note 1) 0 0. 2Vee 

"L" input voltage POo'PO" P1 0·P1" P20·P2" 

V'L 
P30·P3" P40·P4" P50·P5" 
P60·P6, 

a 0.8 

(expect Note 1) 

V'L "L" Input voltage RESET 0 0. 12Vee 

V'L "L" Input voltage X1N 0 0. 16Vee 

"L" peak output current POO-POl, P10·P1" 

10L(peak) P2o-P27. P30·P3" 10 
I 

P50·P5" P60·P6, 

"L" average output current POO-POl. P1 o·P1" 

IOL<avg) P2o·P2" P3o·P3" 5 

P5o·P5" P6o·P6, (Note 2) 

"H" peak output current POO-P07, P1 0·P1" 

10Hlpeak) P2o-P27, P30·P3" -10 
P50-P57, P60·P6, 

"H" average output current POo-P07. P1 0·P1" 

IOH(avg> P2o-P27. P30·P3" -5 

P50-P57, P60·P6, (Note 2) 

t(X'N) Internal clock osclllatmg frequency 1 12.5 

Note1: Ports operating as spec,al functIOn pinS INT,·INT3 (P60·P6,), EV,·EV3 (P3o·P3,), RxD(P34 ), 

SCLK(P36 ) 

: 10Llavgl and IOHlav9) are the average current 'n lOOms 
: The total of 10L of Port PO, P1, and P2 should be 40mA (max) 

Unit 

V 

V 

V 

V 

V 

V 

V 
-~ 

V 
--

mA 

mA 

mA 

mA 

MHz 

The total of 10L of Port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 1> should be 40mA (max) 
The total of 10H of Port PO, P1, and P2 should be 40mA (max) 
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The total of 10H of Port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR, and 1> should be 40mA (max) 
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Ratings Unit 

-0.3 to 7 V 

-0.3 to 7 V 

-0.3 to Vee+O. 3 V 

-0.3 to 13 V 

-0.3 to Vee+O. 3 V 

1000( Note 1) mW 

-20 to 85 'C 

-40 to 125 'c 



MITSUBISHI MICROCOMPUTERS 

M37 451 M4-XXXSPI FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451 MC-XXXSP/FP/GP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V±1 0%, Vss= 0 v, T a=-20 to 85'C, f(X,N )=12, 5MHz) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

VOH "H" output voltage RD, WR, R!W, SYNC, RESET OUT, ¢ IOH=-2mA Vee-1 

VOH 
"H" output voltage POo·PO?, P1a·P17l P2o-P2" 

IOH=-5mA Vee-l 
P3u·P371 P50·P571 P6o-P6, 

"L" output voltage POo-PO" Pl a· P1 7! P2o-P2" 

VOL P30-P3" P50-P5" P6o-P6" IOL =2mA 

RD, WR, R!W, SYNC, RESET OUT, ¢ 

VOL 
"L" output voltage POo-PO" Pl a·P1 7 ! P2o-P2" 

IOL =5mA 
P30·P37! P50·P571 P6o-P6, 

VT+ - VT-
HysteresIs INT1-INT3(P6o-P6,), EV,-EV3(P30-P3,), 

Function mput level 0,3 
RxD(P3,), SCLK(P36 ) 

I 

VT+ - VT- Hysteresis RESET 

VT+ - VT- HysteresIs X1N 0,1 

"L" Input current POO·POl ! Pl a·P1 7, P2o-P2" 
I I'L P30·P371 P40·P471 PSo·P57, VI =Vss -5 

--
P60·P6l ! RESET, X,N --

"H" Input current POo·PO?, Pla·P1 7. P2o-P2" 

I'H P30-P3" P4o-P47 , P50-P5), VI =Vcc -5 

P60·P6l , RESET, X,N 

VRAM RAM retention voltage At stop mode 2 
f(X,N)=125MHz 

8 
At system operation 

lee Supply current 
At stop mode 

1 
(Note 1) 

- - -

Note1: The terminals RD, WR, SYNC, R/W, RESET OUT, ¢, D-A, and D-A, are all open The other ports, which are In the Input 
mode, are connected to Vss A-O converter IS In the A-O completion state The current through ADVREF and DAVREF IS not 

Included. (Fig 45) 

A-O CONVERTER CHARACTERISTICS 

Unit 
Max 

V 

V 

0,45 V 

1 V 

1 V 

0,7 V 

0,5 V 

5 I-'A 

5 I-'A 

V 

15 mA 

10 I-'A 

(Vcc=AVcc=5V±10%, Vss=AVss= 0 v, T a =-20 to 85'C, t(X,N )=12, 5MHz unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

- Resolution 8 
- Absolute accuracy Vcc= AVcc=ADVREF=5V±lO% +1,5 +3 

tCONV ConverSion time 49 

V'A Analog Input voltage AVss AVee 

VADVREF Reference Input voltage 2 Vee 

RLADDER Ladder resistance value ADVREF= 5 V 20 35 50 

IIADVREF Reference Input current ADVREF= 5 V 0,1 0.14 0,25 

V AVCC Analog power supply Input voltage Vee 

V AVSS Analog power supply Input voltage 0 

O-A CONVERTER CHARACTERISTICS (Vcc=5V±10%, Vss=AVss= 0 v, T a =-20 to 85'C unless otherwise noted) 

Symbol Parameter 

- Resolution 

- Full scale deViation 

tsu Set time 

Ro Output resistance 

V AVSS Analog power supply Input voltage 

VDAVREF Reference Input voltage 

IOAVREF Reference power mput current 

Test conditions 

Vcc=DAVREF=5V±10% 

• MITSUBISHI .... ELECTRIC 

MIn __ 

1 

4 

0 

Limits 

I---Typ Max 

8 
1,0 

3 

2 4 

0 

Vee 

5 10 

Unit 

Bits 

LSB 

tc(¢) 

V 

V __ 

kO 

mA 

V 

V 

Unit 

Bits 

% 
I-'S 

kO 

V 

V 

mA 
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MITSUBISHI MICROCOMPUTERS 

M37451M4.XXXSP/FP/GP,M37451M8.XXXSP/FP/GP 
M37451MC·XXXSP/FP/GP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Portlsingle-chip mode (Vcc=5V±10%, Vss=ov, Ta=-20 10 85t, unless olherwlse noled) 

Symbol Parameter 
Limits 

Test conditions Unll 
Min Typ Max 

tsu(POo-~) Port PO mput setup time 160 ns 

tSU(P1D-4» Port P1 mput setup time 160 ns 

Isu(p2o-~) Port P2 Input setup time 160 ns 

tSU(P30-</J) Port P3 Input setup trme 160 ns 

tSU (P4D-4» Port P4 Input setup time 160 ns 

tSU (P5D-¢) Port P5 Input setup time 160 ns 

tSU (P60-4» Port P6 Input setup time ~- ns 

th(~-POo) Port PO Input hold time 40 ns 

th(<'-Pl0) Port PI Input hold lime 40 ns 

th(<'-P20) Port P2 Input hold lime Flg41 40 ns 

th(<'-P30) Port P3 input hold time 40 ns 

,th(orP-P40) Port P4 Input hold lime 40 ns 

th(¢-P50) Port P5 Input hold time 40 ns 

th(~-P6o) Port P6 rnput hold time 40 ns 

tC<X,N ) External clock rnput cycle time 80 1000 ns 

tW(X,NL) External clock Input "L" pulse width 20 ns 

tw(X,NH) External clock rnpul "H" pulse width 20 ns 

tr(X,N ) External clock riSing edge time 20 ns 

tf(X,N) External clock failing edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T a=-20 to 8S"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIons Unit 

Min Typ Max 

tSU(CS-R) CS setup time a ns 

tSU(cs-w) CS setup time a ns 

th(R-CS) CS hold time a ns 

th(w-cs) CS hold time a ns 

tSU(A-R) AO setup time 10 ns 

tSU(A-W) AO setup time Fig 42 10 ns 

th(R-A) AO hold time a ns 

th(W-A) AO hold time a ns 

tW(R) Read pulse width 120 ns 

tw(W) Write pulse width 120 ns 

tsu(o-w) Date Input setup time before write 50 ns 

th(W-D) Date Input hold time after write a ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±10%, Vss=ov, T a=-20 to 85"C, unless otherwise noted) 

Symbol Parameter Test conditions 
~Imlts 

Unit 
Mrn Typ Max 

tsu{cs-e) CS setup time a ns 

th(e-cs) CS hold time 0 ns 

tsu(A-e) AO setup time 10 ns 

th(e-A) AO hold time 0 ns 

tSU(RW-E) R/W setup time 0 ns 

th(e-Rw) R/W hold time 0 ns 

tw(eU Enable clock "L" pulse width 
Flg42 

120 ns 

tw(eH) Enable clock "H" pulse width 120 ns 

tr(e) Enable clock rising edge time 25 ns 

tf(e) Enable clock failing edge lime 25 ns 

tsu(o-e) Data mput setup time before write 50 ns 

th(e-o) Data Input hold time after write 0 ns 
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MITSUBISHI MICROCOMPUTERS 

M37 451 M4-XXXSPI FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451MC-XXXSP/FP/GP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=ov, Ta=-20 to 85'C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

tsueo-~) Data input setup time 60 ns 

the..-o) Data input hold time 0 ns 

lSU(O-RO) Data Input setup time 
Fig 43 

60 ns 

theRo-oJ Data Input hold time 0 ns 

Clock synchronous serial I/O '(Vcc=5V±10%, Vss=OV, T a=-20 to 85'C, unless otherwise noted) 

Symbol Parameter 

lSU(RxD-ScLK) Serial input setup time 

th<SCLK-RXO) Senal input hold time 

lr(Rxo) Senal mput rlsmg edge time 

t!eRXO ) Serial input falhng edge time 

tr(sClK) Senal input clock rising edge time 

tf(SCLK) Serial input clock falling edge time 

tC<SCLK) Serial Input clock penod 

tW(SCLKL) Serial Input clock "L" pulse width 

tW(SCLKH) Serial mput clock "H" pulse width 

, Test conditions 

Fig, 44 

• MITSUBISHI "'ELECTRIC 

Min 

160 

80 

640 

290 

290 

limits 
Unit 

Typ Max 

ns 

ns 

30 ns 

30 ns 

30 ns 

30 ns 

ns 

ns 

ns 
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MITSUBISHI MICROCOMPUTERS 

M37451M4-XXXSP/FP/GP,M37451M8--XXXSP/FP/GP 
. M37451MC-XXXSP/FP/GP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 
Port/single-chip mode (Vcc=5V±10%, Vss=ov, Ta=-20 1085'C, unless olherwise nOled) 

Symbol 
limits 

Parameter Test conditions Unil 
Min Typ Max 

Id("-POQ) Port PO data output delay time 200 ns 

Id("-P1Q) Port Pl data output delay time 200 ns 

Id("-P2o) Port P2 data output delay time 200 ns 

Id(..-P30) Port P3 data output delay time 200 ns 

Id(..-pso) Port P5 dala output delay time 200 ns 

Id(..-poo) Port P6 data output delay time Flg41 200 ns 

Ic(~) Cycle time 320 4000 ns 

IW(~H) ~ clock pulse Width ("H" level) 150 ns 

Iw(OU ~ clock pulse Width ("L" level) 130 ns 

Ir(~) ~ clock nsing edge time 20 ns 

If(~) ~ clock failing edge time 20 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T a=-20 to S5t, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

la(R-o) Data output enable time after read 80 ns 

tV(R-O) Data output disable time after read 0 30 ns 

tPLH(R-PR) PRDY output transmission time after read 
Fig 42 

150 ns 

tPLH(W-PR) PRDY output transmiSSion time after wnte 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±10%, Vss=ov, T a=-20 10 S5t, unless otherwise noted) 

Symbol 
Limits 

Parameter Test condition Unit 
Min Typ Max 

la(e-o) Data output enable time after read 80 ns 

tyeE-D) Data output disable time after read Flg.42 0 30 ns 

IpLH(fi'-PR) PRDY output transmission time after E clock 150 ns 

Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=ov, Ta=-20 toS5t, unless otherwise nOled) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

Id("-A) Address delay time after 1> 80 ns 

IV(..-A) Address effective time after 1> 10 ns 

tV(RD-A) Address effective time after RD 10 ns 

tV(WR-A) Address effectJve time after WR 10 ns 

.Id(~-o) Data output delay time after 1> 80 ns 

Id(wR-o) Data output delay time after WR 80 ns 

Iv(~-o) Data output effective time after 1> 
Fig 43 

20 ns 

tV(WR-O) Data output effective time after WR 20 ns 

td("-Rw) RIW delay time after 1> 80 ns 

Id("-SYNC) SYNC delay time after 1> 80 ns 

IW(RO) RD pulse Width 130 ns 

tW(WR) WR pulse width 130 ns 

Clock synchronous serial 1/0 (Vcc=5V±lOo~, Vss=OV, Ta=-20 loS5t, unless olherwlse noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max. 

td(SCLK-TxO) Serial output delay time 100 ns 

tr(ScLK) Serial output clock rising edge time 30 ns 

If(SCLK) Serial output clock failing edge time 30 ns 

tC(SCLK) Senal output clock period 
Fig 44 

640 ns 

tWCSCLKU Serial output clock "L" pulse width 290 ns 

IW(sco.H) Senal output clock "H" pulse width 290 ns 

3-100 



MITSUBISHI MICROCOMPUTERS 

M37 451 M4 .. XXXSP/FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451 MC-XXXSP/FP/GP 

TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L O.45V 

Output test level: VOH 2. OV 

VOL O.8V 

PO 
Pl 

P2 
P3 -n 

~ lOOpF P4 

P5 
P6 

1> -n 
..l.. 

50pF 

~ 

Fig. 41 Test circuit in 
single-chip mode 

TxD 
-L 

:;t;: 
100pF 

SCLK 

i 100pF 

Fig. 44 Serial 1/0 test circuit 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

F P5 
PO I f\ 

Pl 
.l.. 

50p 

~ 
P2 T 

100 
1> ;t 

-
R/W 

SYNC -0 - T RD 50p 
- ~ WR 

pF 

F 

1100PF 

P63 I--_._.() i ~OPF 

Fig. 42 Master CPU bus interface 
test circuit 

Fig. 43 Local bus test circuit 

Vee 

RESET Vee 
AVec 

PO ADVREF 

Pl DAVREF 

P2 
P3 D-Al 
P4 D-A2 
P5 RD 
P6 WR 
CNVss R/W 
AVss SYNC 
Vss RESETouT 

1> 

Vss X,N 

Fig. 45 Icc (at stop mode) test condition 

• . MITSUBISHI 
~ELECTRIC 

Vee 

~ Icc 
(test POint) 

open 
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MITSUBISHI MICROCOMPUTERS 

M37451 M4 .. XXX·SP/FP/GP,M37451 M8-XXXSP/FP/GP 
M37451 MC .. XXXSP/FP/GP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAM 

Port/single-chip mode timing diagram 

X,N 

cl.1 

2.0 2.0 

-1 O.S 
tW(fJH) \ 

. Port PI input 

tdiO-Plol 

} 2.0 

0.8 
Port P, oulput 

Note : V,H=O. SVcc, V'L =0. 16Vcc of X,N 

Master CPU bus interfacel R and IN separation type timing diagram 

Read 

tsul A-R 

AO )< 2.4 
0.45 

0.4~ 
tSU(CS-R) 

2.4 
0.45 

ta(R-O) 

3-102 

til. I 

tWIRl 

2.0 
O.S 

IwiOU Ir--
2.0 

O.S 

- __ 1,«1 

tSU(PID-_ ) 

2.4 ~ 0.45 0.45 

thr.-Plol 

-A 

2.4 K 0.45 

th(R-CS 

1h,.45 
"I 

2.4 
0.45 

2.0 

0.8 

~ tvlR-ol 

I 
2.0 

tPLH(R-PR) 



Write 

MITSUBISHI MICROCOMPUTERS 

M37 451 M4-XXXSPI FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451 MC-XXXSP/FP/GP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

SU(A-W) (W-A) 

AD 

] 
)< 2.4 2.4 

0.45 0.45 

~ tsU{cs-w) th(w-cs )1---'> 

cs 0.45\ VO•45 

tW(w) 

2.4 ~ 2.4 
0.45 0.45 

I--- IhIW-o) 

2.4 2.4 ...., 
0.45 ~ 0.45 

DBa-DB, 

tSU(D-W) 

~ I 2.0 

~H(W-P~._~ 

Master CPU interfacel R/W type timing diagram 

tw(eLl tW(EHl 

E \ 2.4 2.4 
0.45 0.45 0.45 

~ t-- lriE) ~ j--IflE) 

tSU(A-E) 
~ th(e-A) 

AO 

R/W 
) 2.4 JC= 0.45 

cs 

i------ IhIE-CS)-

~45 \ 
tsu(cs-el 

0.45 

read 
\ 2.0 

DB,,-DB, I 0.8 
ta(e-DJ 1-+-. tv(e-ol 

tSU(D-E) 
f-. IhIE-O) 

write \ 2.4 

DBa-DB, 
I 0.45 

1,-

/ 
2. o 

tPLH(E-PR) 
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MITSUBISHI MICROCOMPUTERS 

M3745 1 M4~XXXSPI FPI GP, M37 451 M8·XXXSPI FPI GP 
M37451 MC-XXXSP/FP/GP 

Local bus timing diagram 

R/W 

SYNC 

0 0-0, 

CPU read 

CPU write 

RD 

WR 

0 0-0, 

CPU write 
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tW(¢Hl 

J 
td(¢-RW) 

)< 
td('-A) 

)V 

-
-

c(ot» 

1'1 

\ 

\ 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

.. 
tw(¢U 

tf(.) -->0 r-- tr(.) 

~ tV(¢-AJ 

K 
tsu (O-<,6) 

- r-- 'hr. -D) 

} 
"'\... 

'd('-D) I-----' tV(o;tI-Ol 

x:-
tW(RDl r---- tV(RO--Al 

tSU(O-RO) 
I- 'h(RD-D) 

tW{WR) 

~ tV(WR-Al 

td(WA-ol r---- tv(wR-ol 



MITSUBISHI MICROCOMPUTERS 

M37451 M4-XXXSPI FPI GP, M37 451 M8-XXXSPI FPI GP 
M37451 MC-XXXSP/FP/GP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Serial 1/0 timing diagram 

tees ) elK 

I 
tf(SCLKl 

tW(SCLKLl 
tnsCLKl 

tW(SCLKHl 

0. avcc /0. aVec \ 0. avcc 
lK \ jI 

r\.2Vcc 0.2Vcc} 

Sc 

tsu( AxD-Scu~) th(SCLK-AX 01 

0. avcc\ Ito. avcc '\ K ~ 
o. avcc 

D 
0.2Vcc} 1\0.2Vce 0.2Vcc/ 

Rx 

td(SCLK-TXO ) tnRxOl 
tf{RX OJ 

)< ~o. aVec 

D 
1\.0.2Vcc 

Tx 
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DESCRIPTION 
The M37451SSP/FP/GP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or a 0.8mm pitch or 
0.65mm pitch 80-pin plastic molded OFP. In addition to its 

simple instruction sets, the ROM, RAM and 1/0 addresses 
are placed on the same memory map to enable easy prog
ramming. It is suited for office automation equipment and 
control devices. The low power consumption made possible 
by the use of a CMOS process makes it especially suitable 
for battery powered devices requiring low power consump

tion. It also has a unique feature that enables it to be used 
as a slave microcomputer. 
M37451SSP/FP/GP has basically the same functions as 
M37451 M4-XXXSP/FP/GP except the RAM size and the 
fact that these three need external ROM area. 

FEATURES 
• Number of basic instructions······ ............................. 71 

69 MELPS 740 basic instructions+ 2 multiplyldivide in
structions 

• Memory size ROM······ .................................... None 

RAM··································· 1024 bytes 

• Instruction execution time 
(minimum instructions at 12.5 MHz frequency) 0.64,us 

• Single power supply·····································5V±10% 
• Power dissipation normal operation mode 

(at 12.5MHz frequency) ·································40mW 
• Subroutine nesting··········· .................. ·128 levels max. 

• Interrupt·····················································15 events 
• Master CPU bus interface· ............................ ····1 byte 

• 16-bit timer······· .............. ·······················3 
• 8-bit timer (Serial 110 use) .. " .................................. 1 

• Serial 1/0 (UART or clock synchronous) ......... ···········1 

• A-D converter (8-bit resolution) ·········3 channels (DIP) 
8 channels (OFP) 

• D-A converter (8-bit resolution) .................. 2 channels 

• PWM output with 8-bit prescaler 
(Either resolution 8-bit or 16-bit is software selectable) 1 

• Programmable 1/0 
(Ports P3, P5, P6) .............................................. 24 

• Input (Port P4) ································3 (DIP), 8 (OFP) 
• Output (Port D-A" D-A2 ) ...•.....••.....••......••...... ·········2 

APPLICATION 
Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor controllers 
Industrial robots and machines 

MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

P37/SRDy ++ 1 

P36/SCLK ...... 2 

P35 /TxD .... 3 

1/0 P34 /RxD .... 4 

port P3 P33/PWMoUT .... 5 

P32/EV3 .... 6 

P3,/EV2 .... 7 

P30 /EV, ...... 8 

P5,/DB, .... 9 

P5s/DBs .... 10 

P55/DB5 .... 11 

1/0 P54 /DB4 .... 12 
port P5 P53/DB3 .... 13 

P52/0B2 """ 14 

P5,/DB, .... 15 

P50/DBo .... 16 

P6,/W .... 17 

1/0 
port P6 

P63/PRDY - 21 
P62/1NT, .... 22 

P6o/lNT, .... 24 
Read/Write 

status output 
Synchronous SYNC"""" 26 
signal output 

Reset Input 

Clock Input 

Clock output 

Timing output 

Vss 

Vee 

AVss 

62 +- VREF ~~~:~~n~neput 
61 -+ D-A, t D-A 
60 --. D-A2 i output 

59 - P40/AN01 
58 +- P4,/ AN, ~ntr~~4 
57 --- P42/AN2 

Address 
bus 

Data bus 

Outline 64P4B 
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MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

P42/AN2 _ 
P41 / ANl _ 
P4o/ANo _ 

O-A2 .
D-Al _ 

DAVREF _ 
ADVREF _ 

AVss 
AVec 

Vee 
Vss 

P37/SRDy _ 

P36/SClK -
P3s/TxD -
P34/RxD -

P33/PWMOUT -
P32/EV3 ++ 

NC 
NC 

P31 /EV2 _ 

61 

~ 63 

1!1 65 

~ 67 

" 69 
70 

71 

72 

73 

74 

75 

76 

77 

7B 
79 

80 

M37451SFP 

Outline 80P6N 

601159 58 57 56H55 54 53 ~1 50 ~48 47 46 ~4 43 ~41 

1 

0 

M37451SGP 

0 0 
2 3 4 5116 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Outline 80P6S 

• MITSUBISHI 
.... ELECTRIC 

~ 39 

38 
37 

~ 
Rl 3' 

* 32 

~ 30 

~ 28 

~ 26 

rll 24 

~ 
~ 21 

-A15 
NC 

-Do 
-D, 
-D2 

- D3 _D, 
- D5 
_D6 
_ D7 

Vss 
-¢ 

NC 
- XOUT 

_X'N 
NC 

_ RESET 

+- CNVss 
_ RESEToUT 
_ SYNC 

NC : No connection 
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M37451SSP BLOCK DIAGRAM 

Clock Clock Tlmmg 
input output output 

Reset 
input 

X'N XOUT ¢ RESET R/W SYNC Vee Vss -----r----------y-r--------@-----@----

Data bus 

1 I I r-, 
h w~ 

Clock generating circuit ~ Timer 1 l:::jTlmer 1 late 
RAM Program Program (16) (16) 

counter counter .W 1 
1024 PCH (8) peLtS) ~ Tlmer2 1:=:"t{f1mer 2 latc~ 
bytes l 

(16) (16):::::; 

W 

J-I~C? 
~ Timer3 ~ !rimer 3 latc§ 
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a-bit WL '-; 
apUlse width ~ 

arithmetic Accumu- ocess Index Index Stack modulator stat Multiplier ,..-.mr.~~I~~,lrwl-A(B) PS B X(B} V(B} S(B} IdMde' 

3 
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INT, 

Interrupt I AD r\ control COMP TI 2 
INT2 

I ,------J 5 j ~ k:::: BRG 

2 18F OBE h---- ~ 

Il Bus mterface Jl A-D rl r{ D-A Serial 110 
converter converter 

~ ~=~:} 
f-

48 ~l 3 .j, 
31 P6(8) I I P5(8) P4(3) P3(8) D J 

~ .11 

2~t 
~ 

4 ~ 
-

t t~ - ----{1 8 9 1 -- 9 1 3 4 

110 port P6 110 port P5 Input port P4 110 port P3 110 port P2 

----------------1 

Instruction 
register 

Instruction 
decoder 

Control signal 

I , 
I , 
I , 
I , 
I , 
I , 
I , 

--~ 
ss 

r;: 

~ £ J L 

A 11 A 1 

~ 
4 4 4 4 4 I---{ 

Data bus Address bus 
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I 

!III 
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M37451SFP BLOCK DIAGRAM 

Clock 
Input 

I
I 
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FUNCTIONS OF M37451 SSP/FP/GP 
Parameter 

Number of basIc instructions 

Instruction execution time 

Clock frequency 

RAM size M37451SSP/FP/GP 

P3, P5, PS I 

Input/Output port P4 I 

O-A i 
Senall/O 

Timers 

A-O converter 

O-A c'onverter 

Pulse width modulator( with 8-blrprescaler) 

Data bus buffer 

Subroutme nesting 

Interrupt 

Clock generating Circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characters 

Output current 

Operating temperature range 

DevIce structure 

M37451SSP 

Package I M37451SFP 

I M37451SGP 

MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

8-BIT CMOS MICROCOMPUTER 

Functions 

71 (S9 MELPS 740 basIc Instruclions+2) 

o 64ps(mlOimum instructions, at 12 5MHz frequency) 
.. -

12 5MHz(max) 
--

1024 bytes 

1/0 8-bltX3 
--

Input 3-bltX1(8-bltX1 for 80-pln model) 

Output 2-bltX1 

UART or clock synchronous 
--

1S-blt tlmerX3, 

8~blt tlmer(senall/O baud rate generator)X1 

8-bltX3 channels(8 channels for 80-pln model) 

8-bltX2 channels 

8-blt or 16-bitX 1 

1-byte mput and output each 

128-levels (max) 

6 external mterrupts, 8 mternal mterrupts, 1 software mterrupt 

BUlIt-m(ceramlc or quarts crystal oscillator) 

5V±10% 

40mW(at 12 SMHz frequency) 

5V 

±5mA(max) 

-20 to 8S'C 

CMOS SIlicon gate 

64-pm shrtnk plastIc molded DIP 

80-pm plastl~ molded QFP(O 8mm pitch) 

80-pm plastIc molded QFP(O 65mm pItch) 

• MITSUBISHI 
"'ELECTRIC 
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PIN DESCRIPTION 

Pm Name 

Vee, Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset Input 

X'N Clock Input 

XOUT Clock output 

if> Timing output 

SYNC Synchronous signal 

output 

-

R/W Read/Write 

status output 

Ao-A15 Address bus 

Do-D7 Data bus 

P3o·P37 Input/Output port P3 

P4o·P42 Input port P4 

(P40 ·P47 ) 

P50 -P57 Input/Output port P5 

P6o-P6 7 Input/Output port P6 

D-A" D-A2 D-A output 

V REF Reference voltage 

Input 

ADVREF A-D reference voltage 

Input 

DAVREF D-A reference voltage 

Input 

AVss Analog power supply 

\ 

AVec Analog power supply 

~ 

RD Read Signal output 

-
WR Write signal output 

RESETouT Reset output 

3-112 

Input/ 

Output 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Output 

I/O 

I/O 

Input 

I/O 

I/O 

Outpul 

Input 

Input 

Input 

Output 

Output 

Output 

MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

a·BIT CMOS MICROCOMPUTI;R 

Functions 

Power supply Inputs 5V±10% to Vee, and OV to Vss 

This IS connected to Vee 

To enter the reset state, the reset mput Pin must be kept at a "L" for more than 8 clock cycles(under nor-

mal Vee conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 

be maintained for the required time 
--

This chip has an Internal clock generating Circuit To control generatmg frequency, an external ceramic or a 

quartz crystal oscillator IS connected between the XIN and XOUT pins If an external clock IS used, the clock 

source should be connected to the X1N pm and the XOUT pin should be left open 

Normally outputs signal consisting of oscillating frequency divided by four 
-

This signal IS output "H" dUring operation code fetch and IS used to control single stepping of programs 

This signal determmes the direction of the data bus It IS "H" dUring read and "L" dUring write 

This IS 16-blt address bus 

This IS S-blt data bus 

Port P3 IS an 8-blt I/O port with directional registers allowing each I/O bit to be Individually programed as 

mput or output The output structure IS CMOS output Serial 110, PWM output, or even I/O functIOn can be 

selected with a program 

Analog Input pin for the A-D converter The 64-pln model has three pms and the SO-Pin model has eight 

pinS They may also be used as digital Input pins 

An a-bit mput/output port with the same function as P3 This port functions as an S-blt data bus for the mas-

ter CPU when slave mode IS selected with a program 

An S-blt mput/output port with the same function as P3 PinS P63-P67 change to a control bus for the master 

CPU when slave mode IS selected with a program Pms P6o-P62 may be programmed as external Interrupt 

Input pms 

Analog Signal from D-A converter IS output 

Reference voltage input pm for A-D and D-A converter This pin IS for 64-pln model only 

Reference voltage Input pin for A-D converter This pin IS for BO-pm model only 

Reference voltage mput pm for D-A converter This Pin IS for SO-pm model'only 

Ground level mput pm for A-D and D-A converter Same voltage as Vss IS applied 

Power supply mput pm for A-D converter This pin IS for BO-pm model only Same voltage as VcclS applied 

In the case of the 64-pm model AVec IS connected to Vcc Internally 

Control Signal output as active "L" when valid data IS read from data bus This pm IS for BO-pm model only 

Control Signal output as active "L" when wrltmg data from data bus to external component This pm IS for 

SO-pm model only 

Control Signal output as active "H" dUring reset 

nents This pin IS for BO-pm model only 

•. MITSUBISHI 
..... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M374S1SSP/FP/GP 

a-BIT CMOS MICROCOMPUTER 

BASIC FUNCTION BLOCKS • Interrupt Vector Area 

The differences between M37451 M4-XXXSP/FP/GP and 
M37451 SSP/FP/GP are noted below. Other functions are 
the same as M37451 M4-XXXSP/FP/GP in microprocessor 
mode. 

The interrupt vector area is for storing jump destination 

addresses used at reset or when an interrupt is generated. 
(This area must be located in ROM area) 

MEMORY 

• Zero Page 
Zero page addressing mode is useful because it enables 

access to this area with only 2 bytes, 

• Special Function Register (SFR) Area • Special Page 
Special page addressing mode is useful because it en-. 
abies access t6 this area with only 2 bytes. 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers . 
• RAM 

RAM is used for data storage as well as a stack area. 

Fig. 1 Memory map 

RAM (192 bytes) 

0000'6 .----------.., 

OOBF'6 '-_________ -1 
I 
I 
I 

000616 SFR area 
(Fig 2) 

{ 
0100'6 

RAM (832 bytes) 
043F'6 I-_________ ~ 

I 
I 
I 
I 
I 
I 
I 
I 

I I 
FFOO I- - ---- -------l 

'6 I I 
I I 
I I 

FFEO'6 ,-- --- - - ----~ 
I I Interrupt vector area I 
I I FFFF'6 L- ____ _______ ...J 

• MITSUBISHI 
;'ELECTRIC 

Zero page 

Special page 
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Fig. 2 
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0006,. 

0007,. 

0008,. 

0009,. 

OOOA,. 

OOOB,. 

OOOC,. 

0000,. 

OOOE,. 

OOOF,. 

OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOE5,. 

OOE6,. 

OOE7,. 

00E8,. 

OOE9,. 

OOEA,. 

P3 register 

P3 directional register 

P4 reglster/PWM prescaler latch 

Additional function register 

P5 register 

P5 directional register 

P8 register 

P6 directional register 

MISRG1 

MISRG2 

O-A 1 register 

0-A2 register 

A-O register 

A-O control register 

Data bus buffer register 

Data bus buffer status register 

Recelveltransmlt buffer register 

Serial 110 status register 

Serial 110 control register 

UART control register 

Baud rate generator 

OOEB,. 

OOEC,. 

OOEO,. 

OOEE,. 

OOEF,. 

OOFO,. 

OOF1,. 

00F2,. 

OOF3,. 

00F4,. 

00F5,. 

00F6,. 

00F7,. 

00F8,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFC,. 

OOFO,. 

OOFE,. 

OOFF,. 

SFR (Special Function Register) memory map 

• MrrSUBISHI 
.... ELECTRIC. 

MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

I-BIT CMOS MICROCOMPUTER 

PWM register (low-order) 

PWM register (high-order) 

Timer 1 control register 

Timer 2 control register 

Timer 3 control register 

Timer 1 register (low-order) 

Timer 1 register (high-order) 

Timer 1 latch (low-order) 

Timer 1 latch (high-order) 

Timer 2 register (I_-order) 

Timer 2 register (high-order) 

Timer 2 latch (low-order) 

Timer 2 latch (high-order) 

Ti mer 3 register (low-order) 

Timer 3 register (high-order) 

Timer 3 latch (low-order) 

Timer 3 latch (high-order) 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 



MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

S-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage RESET, X,N 
Input voltage Do·D" P3o·P3" P40·P4" 

V, P50·P5" P60·P6" ADVREF, With respect to Vss 

DAVREF, VREF, AVec Output transistors are 

V, Input voltage CNVss at "OFF" state 

Output voltage Ao·A,5, Do·D" P3o·P3" 

Vo P50-P57. P6a-P6l. XOUT, 
-- -

¢, RD, WR, R/W, RESET OUT, SYNC 

Pd Power dissipation Ta ~ 25'C 

Topr Operatmg temperature 

Tstg Storage temperature 

Note1: 500mW lor QFP type 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±10%, Ta~-20 to 85'C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H "H" Input voltage RESET, X1N , CNVss (Note 1) O. 8Vee Vee V 

V ,H 
"H" mput voltage 00-07. P30-P37. P4o-P47, 

2.0 Vee V 
P50·P5" P60·P6, (except Note 1) 

V'L "L" mput voltage CNVss (Note 1) 0 0. 2Vec V 

V1L 
"L" mput voltage 00-07, P30-P37, P4o-P47, 

O' 0.8 V 
P50·P5" P60·P6, (except Note 1) 

V'L "L" mput voltage RESET 0 0. 12Vee V 

V'L "L" input voltage X1N 0 0. 16Vce V 

"L" peak output current Ao-A15• 0 0-07, 

10Lipeaki P30-P37, P50-P57, 10 rnA 

P60·P6, 
~~~~-

"L" average output current Ao-A15 , Do-D7, 

IOL(avg) P30·P3,. P50·P5,. 5 rnA 

P6o·P6, (Note 2) 

"H" peak output current Ao-Ai 5, Do-D7, 

10H(peakl P30·P37, P50·P57, -10 rnA 

P6o·P6, 

"H" average output current Ao-A15 , 00- 0 7, 

IOHcavg) P30·P3" P5o·P5,. -5 rnA 

I(X,N ) 

Note 1 
2 
3 

P6o·P6, (Note 2) 

Clock osclllatmg frequency 1 12.5 MHz 

Ports operate as INT,·INT 3( P6o·P6,), EV, ·EV3 ( P30·P3,), RxD( P3.) and SelKe P36 ) 

The average output current 10H(avgl and 10L(avgl are the averaJl.e value dUring a lOOms _ 
The total 01 "L" output current 10L(peak) 01 port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
¢ is less than 40mA 
The total 01 "H" output current 10H(peakl 01 port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
1> IS less than 40mA 

• MITSUBISHI "ELECTRIC 

Ratmgs Umt 

-0.3 to 7 V 

-0.310 7 V 

-0,3 to Vee+O. 3 V 

-0.3 to 13 V 

-0.3 to Vee+O. 3 V 

1000 (N ote 1) rnW 

-20 to 85 ·c 
-4010125 ·C 
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MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

a-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vce = 5V±1O%, Vss = OV, T a = -20 to 85'C, f(X,N ) = 12, 5MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

VOH "H" output voltage RD, WR, RIW, SYNC, RESE;T OlIT, (> IOH=-2mA Vee-l V 

V OH 
"H" output voltage Ao-A15, 00-0" P30-P3" 

P50-P5" P60-P6, 
IOH=-5mA Vee-l V 

"L" output voltage Ao-A'5, 00-0" P30-P3" 

VOL P50-P5" Ps"-Pe,, RD, WR, IOL=2mA 0.45 V 

RiW, SYNC, RESET OUT, (> 

VOL 
"L" output voltage Ao-A'5, 00-0" P30-P3" 

P50-P5" Peo-Pe, 
IOL=5mA 1 V 

Vr+-VT-
Hystensls INT,-INT3(Ps,,-Pe,), EV,-EV3(P30-P3,), 

Function mput level 0.3 1 V 
RxD( P3.), SCLK( P3.) 

Vr+-VT- HysterislS RESET 0.7 V 

Vr+-VT- Hysterlsl' X,. 0.1 0.5 V 

I'L 
"L" input current 00-0" P30-P3" P40-P4" 

v,=vss 
P50-P5" P60-Pe" RESET, X,. 

-5 5 f.'A 

I'H 
"H" Input current 00-0" P30-P3" P40-P4" 

V,=Vcc 
P50-P5" P60-P6" RESET, X,N 

-5 5 f.'A 

VRAM RAM retention voltage At stop mode 2 V 

At system operation 
8 15 rnA 

Icc Supply current f(X,N)=12.5MHz 

At stop mode (Note 1 ) 1 10 f.'A 
-- -

Note 1 The terminals RD, WR, RIW, SYNC, RESET OUT, t/J, D-A, and D-A, are all open The other ports, which are In the input mode, are connected 
to Vss A-D converter Is m the A-D completion state The current through ADVREF and DAVREF IS not mcluded(Flg.7) 

A-O CONVERTER CHARACTERISTICS 
(Vee = AVec = 5V ± 10%, Vss = AVss = OV, T a = -20 to 85"C, f(X,N )=12.5MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns Unit 

Mm Typ Max 

- Resolution 8 Bits 

- Absolute accuracy Vce=AVce=ADVREF=5V±10% ±1.5 ±3 LSB 

teoNV Conversion time 49 t.,{t/J) 

V'A Analog Input voltage AVss AVee V 

VADVREF Reference Input Yoltage 2 Vee V 

RLAOOER Ladder resistance value ADVREF=5V 20 35 50 kO 

I,ADVREF Reference Input current ADVREF=5V 0.1 0.14 0.25 rnA 

VAVCC Analog power supply Input voltage Vee V 

VAVSS Analog power supply Input voltage 0 V 

O-A CONVERTER CHARACTERISTICS (Vce =5V±10%, Vss= AVss= OV, Ta =-2Dto85'C, unless otHerwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min. Typ Max 

- Resolution 8 Bits 

- Absolute accuracy Vcc=DAVREF=5V±10% 1.0 % 
tsu Setup time 3 f.'S 

Ro Output resistance 1 2 4 kO 

VAVSS Analog power supply Input voltage 0 V 

VOAVREF Reference Input voltage 4 Vee V 

IOAVREF Reference power Input current 0 5 10 rnA 

3-H6 



MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

8-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Port (Vcc=5V±10%, Vss=OV, Ta=-20 to 85'C, unless otherwise noted) 

limIts 
Symbol Parameter Test condition Unit 

Min Typ Max 
.~-. 

tSU(P30-<t» Port P3 mput setup time 160 ns 

tSU (P40-¢) Port P4 mput setup time 160 ns 

tS U(P50-4» Port P5 Input setup time 160 ns 

tSU (P60-¢) Port P6 mput setup time 160 ns 

th(¢-P30) Port P3 mput hold time 40 ns 

th(¢-P40) Port P4 input hold tIme 40 ns 

thCtfJ-P50) Port P5 mput hold time Fig 3 40 ns 

th(.p-P60) Port P6 Input hold tIme 40 ns 

tdX,N ) External clock mput cycle time 80 1000 ns 

tW(X,NU External clock mput "L" pulse width 20 ns 

tw(X,NH) External clock mput "H" pulse width 20 ns 

tr(X,N ) External clock rising edge time 20 ns 

tj(X,N ) External clock fallmg edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T .=-20 to 85'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Mm Typ Max 

tSU(CS-R) CS setup time 0 ns 

tsu(cs-w) CS setup time 0 ns 

th(R-CS) CS hold time 0 ns 

th<w-cs) CS hold time 0 ns 

tSU(A-R) AO setup time 10 ns 

tSUCA-W) AD setup time Fig 4 10 ns 

th(R-A) AO hold time 0 ns 

th(W-A) AO hold time 0 ns 

tW(R) Read pulse width 120 ns 

twcw) Write pulse width 120 ns 

tSU(D-W) Date Input setup time before write 50 ns 

th(W-D) Date Input hold time after write 0 ns 

Master CPU bus interface timing (RIW type mode) 

Symbol Parameter 

tSU(CS-E) CS setup time 

th(E-CS) CS hold time 

tSU(A-E) AO setup time 

th(E-A) AO hold time 

tSU(RW-E) R/W setup time 

th(E-RW) R/W hold time 

tW(EL) Enable clock "L" pulse width 

tW(EH) Enable clock "H" pulse width 

tr(E) Enable clock rising edge time 

tj(E) Enable clock failing edge time 

tSUCD-E) Data Input setup time before wnte 

th(E-o) Data Input nold time after write 

(Vcc=5V±10%, Vss=ov, T .=-20 to 85'C, unless otherwise noted) 

Test condition 

• MITSUBISHI "-ELECTRIC 

Fig 4 

Min 

0 

0 

10 

0 

0 

0 

120 

120 

50 

0 

limits 
Unit 

Typ Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

25 ns 

25 ns 

ns 

ns 
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MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

8-BIT CMOS MICROCOMPUTER 

Local bus/Memory expansion mode, Microprocessor mode 
(Vcc=5V±10%, Vss=OV, Ta=-20 to 85'C, unless otherwise noted) 

Symbol Parameter Test condition 
Min 

-

tsu(o-¢) Data mput setup time 60 

th(¢-o) Data input hold time 0 

tSU(O-RO} Data mput setup time 
Fig 5 

60 

thCRD-O) Data mput hold trme 0 

Clock synchronous serial I/O (vcc=5V±10%, Vss=OV, Ta=-20 to 85'C, unless otherwise noted) 

Symbol Parameter Test conditions 

tsu( RXD-ScLK) Senal input setup tIme 

th(SCLK-RxD) Senal Input hold time 

trcRx O ) Ssnalmput rising edge time 

tf(Rx O ) Senal mput fallmg edge time 

tr(SCLK) Senal mput clock rising edge time Fig 6 

tf<'SCLK) Senal Input clock fallmg edge lime 

tC(SCLK) Senal mput clock penod I 
tW(SCLKU Senal input clock "L" pulse width 

tW(SCLKH) Senal mput clock "H" pulse width 

SWITCHING CHARACTERISTICS 
Port (Vcc=5V±10%, Vss=OV, Ta=-20 to 85'C, unless otherwise noted) 

Symbol 

td(<I>-P3Q) 

Id(¢-PSQ) 

td(¢-P6Q) 

tc(¢) 

tW(<}IH) 

tw(.pu 

t r(¢) 

If(¢) 

3-118 

Parameter 

Port P3 data output delay lime 

Port P5 data output delay time 

Port P6 data output delay time 

Cycle time 

¢ clock pulse width ("H" level) 

¢ clock pulse width ("L" level) 

¢ clock rising edge time 

¢ clock failing edge time 

Test condition 

• MITSUBISHI 
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Fig 3 

Min 

160 

80 

640 

290 

290 

Min 

320 

150 

130 

limIts 
Unit 

Typ Max 

ns 

ns 

ns 

ns 

Limits 
Unit 

Typ Max 

ns 

ns 

30 ns 

30 ns 

30 ns 

30 ns 

ns 

ns 

ns 

Limits 
Unit 

Typ Max 

200 ns 

200 ns 

200 ns 

4000 ns 

ns 

ns 

20 ns 

20 ns 



MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 

I-BIT CMOS MICROCOMPUTER 

Master CPU bus interface (R: and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T .=-20 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

taeR-D) Data output enable time after read 80 ns 

tV(R-D) Data output disable time after read 0 30 ns 

PRDY output transmission time after read 
Fig 4 

150 tPLH(R-PR) ns 

tPLH(W-PR) PRDY output transmiSSion time after wnte 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±10%, Vss=ov, T.=-20 t085t, unless otherwise noted) 

limits 
Symbol Parameter Test condition Umt 

Min Typ Max 

tace-D) Data output enable time after read 80 ns 

tveE-D) Data output disable time after read Fig 4 0 30 ns 
-

tPLH(E-PR) PRDY output transmiSSion time after E clock 150 ns 

Local bus/Memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=ov, T.=-20 to 85"C, unless otherwise noted) 

Symbol Parameter Test condition 
Min 

td«-Al Address delay time after ¢ 

tV(<I>-A) Address effective time after ¢ 10 

tVCRD-A) Address effective time after RD 10 
1----

tV<WR-A) Address effective time after WR 10 

tdc¢I-o) Data output delay time after ¢ 

tdCWR-O) Data output delay time after WR 

tvC¢I-O) Data output effective time after ¢ 
Fig 5 

20 

tvCWR-O) Data output effective time after WR 20 

td<'-RW) R/W delay time after ¢ 

td(¢I-SYNC) SYNC delay time afier ¢ 

~- RO pulse width 130 

tWCWR) WR pulse width 130 

Clock synchronous serial I/O (Vcc=5V±10%, Vss=OV, T a=-20 to 85'C, unless otherwise noted) 

Symbol 

tdCscLK-TxD ) 

trCSCLK) 

tfCSCLK) 

tCCSCLK ) 

tW(SCLKU 

tW(SCLKI:-') 

Parameter 

Serial output delay time 

Serial output clock rising edge time 

Serial output clock failing edge time 

Serial output clock period 

Serial output clock "L" pulse Width 

Senal output clock "H" pulse Width 

Test conditions 

• MITSUBISHI ;"ELECTRIC 

Fig 6 

Min 

640 

290 

290 

Limits 
Unit 

Typ Max 

80 ns 

ns 

ns 

ns 

80 ns 

80 ns 

ns 

ns 

80 ns 

80 ns 

ns 

ns 

limits 
Umt 

Typ Max 

100 ns 

30 ns 

30 ns 

ns 

ns 

ns 
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TEST CONDITION 

Input voltage level: V ,H 2.4V 

VIL O.45V 

Output test level : VOH 2. OV 

VOL O. BV 

P3 
P4 

P5 .l.. lOOpF 
P6 ~ 

¢ ~ 

..L 
50pF 

~ 

Fig. 3 Port test circuit 

SCLK -n 

i~' 
TxD -n 150PF 

Fig. 6 Serial I/O test circuit 
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M37451SSP/FP/GP 

a-BIT CMOS MICROCOMPUTER 

P5 ..J... 

;t 
lOOpF 

P63 ..L 

J; 50pF 

A -D 

~ 50pF 

D -D 

¢ ~ lOOpF 

R/W 
SYNC :':-' 

RD 
.l. 

Jr 
50pF 

WR 

Fig. 4 Master CPU bus interface 
test circuit 

Fig. 5 Local bus test circuit 

Vee 

RESET Vee 
open or no A AVec 
output current 

Vee or Vss D ADVREF 

DAVAEF 

Vee P3 D-A1 

P4 D-A2 
P5 RD 
P6 WR 
CNVss R/W 
AVss SYNC 
Vss RESET OUT 

¢ 

Vss 

I I 
Vss Vss 

Fig. 7 Icc (at stop mode) test condition 
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Vee 
Icc t (test POint) 

other power 
supply 

open or no output 
current 



TIMING DIAGRAM 

Port/single-chip mode timing diagram 

C(9'» 

¢ 2.0 2.0 ~ 

~ O. a 

tW(¢'H) 
tl(" 

I 
Port PI Input I 

td(<P-PID) 

t 

>-
2. ° 
0. a 

Port PI outpu 

Note V,H=O. aVec. Vil =0. 16Vcc 01 X,N 

Master CPU bus interface/ Rand W separation type timing diagram 

Read 

AO 

cs 

t ( SU A-R) 

)< 2.4 
0.45 

0.4;C 

tSU(CS-R) 

tW(Rl 

2.4 
0.45 

ta{R-O) 

• MITSUBISHI ..... ELECTRIC I 

2.0 
0. a 
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M37451SSP/FP/GP 

a-BIT CMOS MICROCOMPUTER 

tw(¢L) Ir--
2.0 

0. a 

- f---- tr(., 

tSU(PID-rt>} 

2.4 ~ 1\0.45 0.45 

th(f/I-PID) 

A-A 

2.4 K 0.45 

th(A-CS) D 
0.45 

2.4 
0.45 

2.0 

o. a 

I---- tV(R-D) 

) 2.0 

tPLH(R-PR} 
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Write 

AO 

W 

DBa-DB, 

2.4 
0.45 

0.45 

2.4 

I 
I 

0.45 

Master CPU interfacel R/W type timing diagram 
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E 

AO 

R/W 

cs 

read 

write 

\ 0.45 

\. 
/ 

\. 
/ 

0.45 

-
tSU(A-E) 

)< 2.4 
0.45 

~) 

0.4;-
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8-BIT CMOS MICROCOMPUTER 

Ihlw-A) 

tw(w) 

2.4 
0.45 

i ::l Ihlw-D) 

<'!' 2.4 I 'k.. 2.4 
"'k 0.45 )l 0.45 

1_ tsu(D-wl 

r;;-:::--
/ 2.0 

tPLH(W-PR) 

2.4 2.4 1\ 
0.45 

-lrIE) - -IIIE) 

- theE-A) 

K= 
IhIE-CS) -

K45 
2. a 
0.8 

tatE-D) 
t- tV(E-O) 

tSU(O-E) 

I - IhIE-O) 

"f2.4 
'It 0.45 

r i 2. 

tPLH(E-PR) 



Local bus timing diagram 

R/W 

SYNC 

CPU read 

0 0-0, 

CPU wnte 

RD 

0 0-0, 

CPU read 

0 0-0, 

CPU write 

tW('H) 

J 
td('-RW) 

)< 
td('-A) 

> 

-

t () c • 

tW(H) 

1\ 

tHo) 

tSU(D~¢) 

I 
I 
"'j.. 

td(.-o) 

tW(ROl 

tSU(D-Rol 

tW(wRl 

\ 
td(wR-Dl 
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M37451SSP/FP/GP 

S-BIT CMOS MICROCOMPUTER 

.. 

- ~t((.) 

~ tV(,-A) 

K= 
-j;-- ~ th(.-o) 

I--- tV(¢-Dl 

~ 
--- tV(Ro-Al 

I 
th(RO-ol 

I-- tV(WR-Al 

'----- tv(wR-ol 
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8-BIT CMOS MICROCOMPUTER 

Clock synchronous serial 1/0 timing diagram 

le(s ) elK 

If(SclK) 
tW(SCLKU Ir(SclK) tW(ScL.KH) 

o.ave~\ 
V 

Vo. avcc 

'~ ~.2Vcc O.2Vc<j 

tSU(RXO-SclK) th(SClK-RXO) 

RxO 

o.avcc~ 

~ 
Va.avcc o.avcc~ K O.2Vc,,/ ~.2Vcc o. 2Vc'l 

td(SCLK-TXO) tnAxDJ 
If(RxD ) 

)< Va.avcc 

~.2Vcc 
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MITSUBISHI MICROCOMPUTERS 

M37450M4TXXXSP/J 

EXTENDED OPERATING TEMPERATURE VERSION of M37450M4-XXXSP 

DESCRIPTION 
The M37450M4TXXXSP/J is a single-chip microcomputer 

designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 84-pin plastic 
molded QFJ (PLCC). 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
It is suited for office automation equipment and control de
vices Th.e low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 

microcomputer. 
The differences between the M37450M4TXXXSP/J and the 
M37450M4-XXXSP/FP are some electrical characteristics, 
the expansion of operating temperature range, and the 
package. 
The number of analog input pins for the 84-pin PLCC (J 
version) is different from the 64-pin model (SP version). In 
addition, the 84-pin model has special pins for RD, WR, 

RESET OUT, DAVREF, ADVREF, AVcc and the 64-pin model 
has a special VREF pin. 

FEATURES 
• Number of basic instructions ................................... 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Memory size 
ROM .................................................... 8192 by1es 

RAM· .. · .. ·· .. · .... · .... ···· ........ ·· .... ···· ...... ···· .. · 256 bytes 

• Instruction execution time 
(minimum instructions at 10MHz frequency) ......... 0.8,<1 s 

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

• Power dissipation normal operation mode 
(at 10MHz frequency) · .. · .. · .... · .. · ...... · .. · .... · .... ·30mW 

• Subroutine nesting· ...... · ...... · ............ · .... 96 levels max 
• Interrupt ..................................................... 15 events 

• Master CPU interface· ...................................... 1 byte 
• 16-bit timer .. · .................. · ...... · ........................ · .. · .. ·3 

• 8-bit timer (Serial I/O use) ...... · .................... · .. · ...... ·1 

• Serial I/O (uART or clock synchronous) ...... · .. · ...... · .. ·1 
• A-D converter (8-bit resolution)" · .... ·3 channels (DIP) 

PIN CONFIGURATION 

P37/SRDY ....... 1 

P36/SCLK ..... 2 

P3s/TxD ..... 3 

I/O port P34 /RxD - 4 
P3 P3,/PWMoUT _ 5 

I/O port 
P5 

P3,/EV,- 6 

P3,/EV,- 7 

P30/EV, - 8 

P5,/DB,- 9 

P5,/DB, - 10 

P55/DB5 - 11 

P54IDB4 - 12 

P5,/DB, - 13 

P5,/DB,- 14 

I/O port 
P6 P63/PRDY - 21 

P6,/INT, - 22 

Read/Wnte R/W '4- 25 
status output 
Synchronous SYNC -- 26 
signal output CNVss_ 27 

Reset input 

Clock Input 

Clock output 

Timing output 

PS7/DB1 ...... 12 

P56/0Bs - \3 

P55/DB5 - 14 

P54 /DB4 - 15 

P53/DB3 - 16 

P52 /DB2 - 17 

P51/DB, - 16 

P50 /DBo- 19 

NC 20 

(TOP VIEW) 

Vee 

AVss 
62 __ VREF Reference vo:~a:u~ 

61 - D-A, } D-A output 

60 - O-A2 

59 - P401 ANO} 
58 - P4,/AN, Input port P4 

57 - P4,/AN, 

56 - POo/Ao 

I/O port PO 

I/O port PI 

I/O port P2 

74 -P43 /AN3 

73 -P44 /AN 4 

72 -P45 /AN 5 

71 - P46/AN6 
10 -P47/AN7 
69 - POo/Ao 
68 -POI /A 1 

67 -P02/A2 

66 -P03/A3 

65 -P04/A4 

8 channels (QFJ) 
NG 

P67/W- 22 

P6e/A- 23 

P65/CS- 24 

M37450M4TXXXJ NC 

• D-A converter (8-bit resolution) .................. 2 channels 
• PWM output (8 bit or 16 bit) ..................................... 1 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) ............................ 3(DIP), 8(QFJ) 

• Output ports (Ports D-A" D-A2 ) ................................ 2 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and Industrial motor controllers. 
Industrial robots and machines. 

P64/AO- 25 

P63/P;~- 26 
P62/1NT3 - 27 

P61/1NTz - 28 

P6o/INTj - 29 

WR- 30 

• MITSUBISHI 
"'ELECTRIC 

NC 

Outline 84PO NC : No connection 
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MITSUBISHI MICROCOMPUTERS 

M374S0M4TXXXSP/J 

EXTENDED OPERATING TEMPERATURE VERSION of M374S0M4-XXXSP 

FUNCTIONS OF M37450M4TXXXSP/J 
Parameter 

Number of basIc instructions 

Instruction execution time 

Clock frequency 

ROM 
Memory size 

RAM 

PO-P3, P5, P6 11/0 

Input/Output ports P4 I Input 

D-A I Output 

SenalliO 

Timers 

A-O converter 

O-A converter 

Pulse width modulator 

Data bus buffer 

Subroutme nesting 

Interrupt 

Clock generatmg Circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characters 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

Package 
I M37450M4TXXXSP 

M37450M4TXXXJ 

3-128 

Functions 

71(69 MELPS 740 basIc InstructlOns+2) 

o 8,u 5 (minimum instructIOns, at 10M Hz of frequency) 

10MHz (max) 

8192 bytes 

256 bytes 

8-bltX6 

3-bltX1 (8-bltX1 for 84-pln model) 

2-bltX1 

UART or clock synchronous 
--

16-blt tlmerX3, 

8-blt timer (senalliO baud rate generator)X1 

8-bitX3 channels (8 channels for 84-pin model) 

8-bltX 2 channels 

8-bit or 16-bltX 1 

1-byte mput and output each 

96-levels (max) 

6 external Interrupts, 8 Internal Interrupts 

1 software Interrupt 

BUilt-in (ceramic or quarts crystal oscillator) 

5V±10% 

30mW (at 10M Hz frequency) 

5V 

±5mA (max,) 

POSSIble 

-40 to 85"C 

CMOS silicon gate 

64-pln shrink plastic molded DIP 

84-pln plastic molded QFJ (PLCC) 

• MlTSUBlSHI 
.... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M374S0M4TXXXSP/J 

EXTENDED OPERATING TEMPERATURE VERSION of M37450M4·XXXSP 

PIN DESCRIPTION 

Pin Name 
Input! 

Functions Output 

Vee, Supply voltage Power supply Inputs 5V±1O% to Vcc, and OV to Vss 
Vss 

CNVss CNVss Controls the processor mode of the chip Normally connected to Vss or Vcc 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 8 clock cycles (under nor-
RESET Reset Input Input mal Vcc conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 

be maintained for the reqUired time 

X,N Clock Input Input This chip has an Internal clock generatmg circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator Is connected between the X,N and XOUT pms If an external clock IS used, the clock 

XOUT Clock output Output source should be connected to the X,N pm and the XOUT pm should be left open. 

r/> Tlmmg output Output Outputs signal conslstmg 01 oscillating frequency divided by four 

SYNC Synchronous Output ThiS signal IS output "H" dUring operation code-fetch and IS used to control smgle stepping of programs 
signal output 

R/W Read/Write Output ThiS signal determines the direction of the data bus It IS "H" dUring read and "L" dunng write 
status output 

POo-PO, 1/0 port PO 1/0 Port PO IS an 8-bIt 1/0 port with directional registers allowmg each 1/0 bit to be Individually programmed as 
Input or output The output structure IS CMOS output The low-order bits of the address are output except 
In single-chip mode 

Pto-Pt, 1/0 port PI 1/0 Port PI is an 8-blt 1/0 port and has basically the same functions as port PO The high-order bits of the 
address are output except In single-chip mode 

P20-P2, 1/0 port P2 1/0 Port P2 IS an 8-bIt 1/0 port and has baSically the same functions as port PO Used as data bus except In 
single-chip mode 

P30 -P37 1/0 port P3 1/0 Port P3 IS an 8-bIt 1/0 port and has basically the same functions as port PO Serial 1/0, PWM output, or 
event 1/0 functIOn can be selected with a program 

P40-P42 Input port P4 Input Analog Input pin for the A-O converter The 54-pm model has three pms and the 84-pm model has eight 
(P40-P4,) pms They may also be used as digital mput pms 

P50 -P57 1/0 port P5 1/0 Port P5 IS an 8-blt 1/0 port and has basically the same functions as port PO ThiS port functions as an 8-bIt 
data bus for the master CPU when slave mode IS selected with a program 

Port P6 IS an 8-M1/0 port and has baSically the same function as port PO Pms P6, to P6, change to a con-
P60-P6, 1/0 port P6 1/0 trol bus for the master CPU when slave mode IS selected with a program PinS P60 to P62 may be program-

med as external Interrupt Input pins 

O-A"D-A2 O-A output Output Analog signal from O-A converter IS output 

V REF Reference voltage Input Reference voltage Input pin for A-O and O-A converter ThiS pin IS for 64-pln model only 
input 

ADVREF A-O reference Input Reference voltage Input Pin for A-O converter ThiS pin IS for 84-pln model only 
voltage Input 

DAVREF O-A reference Input Reference voltage Input pin for O-A converter ThiS Pin Is for 84-pm model only 
voltage Input 

AVss Analog power supply Ground level Input pin for A-O and O-A converter Same voltage as VSS IS applied 

AVee Analog power supply Power supply Input pin for A-O converter ThiS pin IS for 84-pln model only Same voltage as Vcc IS applied 
In the case of the 64-pln model, AVec IS connected to Vcc Internally 

RD Read signal Output Control signal output as active "L" when valid data IS read from data bus ThiS pin IS for 84-pin model only 
output 

WR Wnte signal Output Control signal output as active "L" when wntlng data from data bus to external component ThiS Pin IS for 
output 84-pln model only 

RESETouT Reset output Output Control signal output as active "H" dunng reset It IS used as a reset output signal for penpheral compo-
nents ThiS Pin IS for 84-pln model only 
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MITSUBISHI MICROCOMPUTERS 

M374S0M4TXXXSP/J \ 

EXTENDED OPERATING TEMPERATURE VERSION of M37450M4-XXXSP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Condilions 

Vee Supply vollage 

V, Input voltage X'N, RESET 

Input voltage PO,-PO" PI,-Pl" P2,-P2" 

V, 
P3,-P3" P40·P4" PSo-P5" 

Wllh respect 10 Vss 
P60-P&r, ADVREF, DAVREF, 

Output tranSistors are 
VREF• AVec 

al "off" state 
V, Inpul voltage C NV ss 

Oulpul voltage PO,.PO" PI,-PI" P2,-P2" 

Va P3,-P3" P50-P5" P6o-PS" XcUT, ¢ 

R/W, RD, WR, SYNC, RESETouT 

Pd Power dissipation Ta = 25"C 

Topr Operaling temperature 

Tstg Storage. temperature 

RECOMMENDED OPERATING CONDITIONS 
(Vee=5V±10%, Ta=-40 10 85t unless otherwise noted) 

limits 
Symbol Parameter Unol 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H ~H" mput voltage RESET, X'N, CNVss (Note 1) 0. 8Vee Vee V 

"H" Input voltage PO,-PO" PI,·PI" P2,-P2" 

V ,H 
P3,-P3" P40·P4" P5,-P5" 

2.0 Vee V 
P6,-P6, 
(expect Note I) 

V'L "L" Input voltage CNVss (Note I ) 0 0,2Vee V 

"L" Input voltage PO,-PO" Plo·Pl" P2o-P2" 

V'L 
P3,-P3" P40·P4" PSo-P5" 

0 0.8 V 
P60-Ps, 
(expect Note I) 

V'L "L" Inpul voltage RESET 0 0,12Vee V 

V'L "L" Inpul voltage X,N 0 0,16Vee V 

"L" peak output currenl POo-po" P10·P17! 

10L(peak) P2,-P2" P3,·P3" 10 rnA 
P5,-PS" P6,·P6, 

"L" average output current POO·P07! PI ,-PI" 

louavg) P2o-P2" P3,-P3" 5 rnA 
P5,·P5" PS,·P6, (Note 2) 

"H" peak oulput current POe-PO" Plo-Pl" 

10H(peak) P2o-P2" P30-P3" -10 rnA 
PSo-P5" P60.ps, 

"H" average oulput current POo-Po" P10·P171 

10H(avg) P2,-P2" P3,-P3" -5 rnA 
PSo-P5" PS,·P6, (Note 2) 

t(X,N ) Internal clock oscillating frequency 1 10 MHz 

Notel: Ports operating as special function pins INT,-INT3(P6,-P62), EV,-EV3(P30-P32), RxD(P34 ), 

SeLK(P3.) . 
2 : 10L(avg) and 10H(avg) are the average current in lOOms. 
3 : The total of 10L of Port PO, PI and P2 should be 40mA (max) 

The total ot'IOL of Port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and ¢ should be 40mA (max) 
The total of 10H of Port PO, PI, and P2 should be 40mA (max) 
The total of 10H of Port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR, and ~ should be 40mA (max) 
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Ratings Unit 

-0.3 to 7 V 

-0.3 to 7 V 

-0.3 to Vee+O. 3 V 

-0.31013 V 

-0.3 to Vee+O. 3 V 

1000 rnW 
-40 to 85 t 

-65 to 150 t 



MITSUBISHI MICROCOMPUTERS 

M374S0M4TXXXSP/J 

EXTENDED OPERATING TEMPERATURE VERSION of M37450M4-XXXSP 

ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss= 0 v, Ta=-40 to 85"C, f(X'N)=10MHz) 

Symbol Parameter Test conditions 
limits 

Unit 
Min Typ. Max. 

V OH "H" output voltage RD, WR, R/W, SYNC, RESET OUT, ¢ IOH--2mA Vee-1 V 

V OH 
"H" output voltage POo-PO" Plo-PI" P2o-P27l 

IOH=-5mA Vce-1 
P30-P3" P50-P5" P6o-P6, 

V 

"L" output voltage POO-POlI P1 o-Ph, P2o-P2" 

VOL P30-P37! P50-P5" P6o-P6" 10L =2mA 0.45 V 
RD, WR, R/W, SYNC, RESET our, ¢ 

VOL 
"L" output voltage POO-P071 P1 o-P1 71 P2o-P271 

IOL =5 rnA 1 P30-P371 P50-P571 P6o-P6, V 

VT+ - VT-
Hysteres,s INT,-INT,(P6o-P3,), EV,-EV3(P30-P3,), 

Function Input level 
RxD( P3,), SCLK(P36) 

0.3 1 V 

VT+ - Vr- Hysteres,s RESET 0.7 V 

Vr+ - VT- HysteresIs XIN 0.1 0.5 V 

"L" input current POQ-P071 P1 o-P1 71 P2o-P271 

I'L P30-P3" P4o-P471 P50-P57. VI =Vss -5 5 I'A 
P6o-P6" RESET, X'N 

"H" Input current POQ-P071 P1o-P1 7• P2o-P271 

I'H P30-P37! P4o-P47• PSO- P57! VI =Vcc -5 5 J.l-A 
P6o-P671 RESET, X'N 

V RAM RAM retention voltage At stop mode 2 V 

f(X,N)-IOMHz 
6 15 mA 

lee Supply current 
At system operation 

At stop mode 1 10 J.l-A 
(Note 1) 

Notel: The term,nals RD, WR, SYNC, R/W, RESET OUT, ¢, D-A, and D-A, are all open The other ports, which are in the input mode, are connected to 
Vss A-D converter IS in the A-D completion state The current through ADVREF and DAVREF 's not Included (Fig 4) 

A-O CONVERTER CHARACTERISTICS 
(Vcc=AVcc= 5 V±10%, Vss=AVss= 0 V, T a =-40 to 85t, f(X,N)=10MHz unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution 8 Bits 

- Absolute accuracy Vcc=AVcc=ADVREF=5V±lO% ±1.5 ±3 L.SB 

tCONV Conversion time 49 tc(rp) 

V'A Analog input voltage AVss AVec V 

VADVREF Reference mput voltage 2 Vee V 

RLADDER Ladder resistance value ADVREF= 5 V 2 7,5 10 kO 

IIADVREF Reference Input current ADVREF= 5 V 0.5 0.7 2.5 mA 

VAVCC Analog power supply Input voltage Vee V 

VAVSS Analog power supply input voltage 0 V 

O-A CONVERTER CHARACTERISTICS (vcc= 5 V±lO%, Vss=AVss= 0 V, T a =-40 to 85"C unless otherwise noted) 

limits 
Symbol Parameter Test conditIOns Unit 

Min Typ Max 

- Resolution 8 Bits 

- Full scale deviation Vcc=DAVREF=5V 1.0 % 
Isu Set time 3 J.l-S 

Ro Output resistance 1 2 4 kO 

VAVSS Analog power supply Input voltage 0 V 

VOAVREF Reference Input voltage 4 Vee V 

IOAVREF Reference power Input current (Each pm) 0 2.5 5 mA 
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TIMING REQUIREMENTS 
Portlsingle-chip mode (Vcc=5V±10%. Vss=ov. T a=-40 10 85t. unless otherwise noted) 

LimIts 
Symbol Parameter Test condItion Unit 

Min. Typ Max. 

tsu(POo-t5) Port PO input setup time 200 ns 

ISU(P10-_) Port PI input setup time 200 ns 

ISU(P20-_) Port P2 Input setup time 200 ns 

ISU(P30-_) Port P3 input setup tIme 200 ns 

ISU(P40-_) Port P4 Input setup time 200 ns 

Isu(Pso-.. ) Port P5 input setup time 200 ns 

Isu(P8o-.. ) Port P6 Input setup tIme 200 ns 

Ih(tO-POo) Port PO Input hold time 40 ns 

Ih(tO-P10) Port PI Input hQld tIme 40 ns 

Ih(tO-P20) Port P2 Input hold time Flg.l 40 ns 

Ih(tO-P30) Port P3 input hold time 40 ns 

Ih(tO-P40) PortP4 Input hold time 40 ns 

Ih(tO-pso) Port P5 Input hold tIme 40 ns 

Ih(tO-P8o) Port P6 Input hold time 40 ns 

IC(X,N ) External clock Input cycle time 100 1000 ns 

IW(X,NL) External clock IOput "L" pulse width 30 ns 

IW(X,NH) External clock Input "W pulse width 30 ns 

Ir(X,N) External clock rlslOg edge time 20 ns 

If(X,N ) External clock failing edge tIme 20 ns 

Master CPU bus interface ti.ming (Fi and W separation type mode) 
(Vcc=5V± 1 0%. Vss=OV. T a= -40 to 85t. unless otherwIse noted) 

Symbol Test condition 
Limits 

Parameter UOII 
Min. Typ Max 

ISU(CS-R) CS setup tIme 0 ns 

tsu(cs-w) CS setup time 0 ns 

Ih(R-CS) CS hold time 0 ns 

Ih(w-cs) CS hold time 0 ns 

ISU(A-R) AO setup time 40 ns 

ISU(A-W) AO setup time FIg 2 40 ns 

Ih(R-A) AO hold tIme 10 ns 

Ih(w-A) AO hold tIme 10 ns 

IW(R) Read pulse wIdth 160 ns 

Iw(w) Write pulse wIdth 160 ns 

Isu(o-w) Date input setup lime before wnte 100 ns 

Ih(w-o) Date Input hold time after write 10 ns 

Master CPU bus interface timing (RIW type mode) . 
(Vcc=5V±10%. Vss=ov. Ta=-40 10 85t. unless otherwise noted) 

LImIts 
Symbol Parameter Test condition Umt 

MIO Typ Max 

ISU(CS-E) CS setup time 0 ns 

Ih(E-CS) CS hold time 0 ns 

ISU(A-E) AO setup tIme 40 ns 

Ih(E-A) AO hold time 10 ns 

tSU(RW-E) R/W setup time ·40 ns 

th(E-RW) RIW hold tIme 10 ns 
FIg 2 

IW(EL) Enable clock "L" pulse width 160 ns 

IW(EH) Enable clock "W pulse wIdth 160 ns 

Ir(E) Enable clock rlslOg edge tIme 25 ns 

If(E) Enable clock failing edge tIme 25 ns 

ISU(O-E) Data IOput setup time before write 100 ns 

Ih(E 0) Data input hold tIme after write 10 ns 
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Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=ov, Ta=-40 to 85'C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ. Max 

tSU(D-¢} Data input setup time 130 ns 

thee-D) Data input hold time 0 ns 
Data input setup time 

Fig 3 
130 tSU(D-RD) ns 

th(RD-D) Data mput hold time 0 ns 
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SWITCHING CHARACTERISTICS 
Port/single-chip mode (Vcc=5V±1O%, Vss=ov, Ta=-40 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

td(¢-poo) Port PO data output delay time 200 ns 

td(¢-p1Q) Port P1 data output delay time 200 ns 

td(¢-P2o) Port P2 data output delay time 200 ns 

td(¢-P30) Port P3 data output delay lime 200 ns 

td(¢-pso) Port P5 data output delay time 200 ns 

td(¢-P60) Port P6 data output delay time Fig.3 200 ns 

tc(¢) Cycle time 400 4000 ns _ .. 

tW(¢H) ¢ clock pulse width ("H" level) 190 ns 

tw(¢Ll ¢ clock pulse width ("L" levell 170 ns 

tr(¢) ¢ clock rising edge time 20 ns 

tl«) ¢ clock failing edge time 20 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, T a=-40 to 85"C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

ta(R-O) Data output enable time after read 120 ns 
--

10 85 tV(R~D) Data output dIsable time after read ns 

tPLH(R-PR) PRDY output transmission time after read 
Flg.4 

150 ns 

tPLH(W-PR) PRDY output transmission time after wnte 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±10%, Vss=ov, T a=-40 to 85"C, unless otherWise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

ta(E-D) Data output enable tl,me after read 120, ns 

tV(E-O) Data output disable time after read Fig 4 10 85 ns 

tPLH(E-PR) PRDY output transmission time after E clock 150 ns 

Localbus/memory expansion mode, microprocessor mode 
(Vcc=5V±10%, Vss=OV, Ta=-40 to 85"C, unless otherWise noted) 

limits 
Symbol Parameter Test condition Unit 

Min Typ. Max 

td(¢-A) Address delay time after rf> 150 ns 

tV(¢-A) Address effective time after ¢ 10 ns 

tVCRD-A) Address effective time after RD 10 ns 

tV(WR~A) Address effective time after WR 10 ns 

td(¢-o) Data output delay lime after ¢ 160 ns 

td(WR-O) Data output delay time after WR 160 ns 

tVC¢-D) Data output effective time after rp 
Flg.40 

20 ns 

tV(WR-O) Data output effective time after WR 20 ns 

td(¢-RW) R/W delay time after ¢ 150 ns 

td(¢~SYNC) SYNC delay time after ¢ 150 ns 

tW(RD) RD pulse Width 170 ns 

tW(WR) WR pulse width 170 ns 
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TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L O.45V 

Output test level: VOH 2.0V 

VOL O.8V 

PO 
P1 
P2 
P3 
P4 $ lOOpF 
P5 
P6 

¢ 
.L 

5QpF 
J;. 

Fig. 1 Test circuit in 
single-chip mode 

Vee 

RESET 

PO 
P1 
P2 
P3 
P4 
P5 
P6 
CNVss 
AVss 

Vss 

X,N 

Vee 
AVec 

ADVREF 

DAVREF 

D-A1 

D-A2 

RD 
WR 
R/W 

SYNC 
RESETouT 

¢ 

XOUT 

Fig. 4 Icc (at stop mode) test condition 

P5 i 100PF 

P63 

i'S'OPF 

Fig. 2 Master CPU bus interface 
test circuit 

Vee 

I Icc 
V (test POint) 

other power 
supply 

open 

PO I -r-=? 
P1 ;;I; 50pF 

P2 

~ 
.() 

¢ 
lOOpF 

R/W 
SYNC 

..l. ~ 

RD 

~ 
50pF 

WR 

Fig. 3 Local bus test circuit 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

X,N 

tel') 

2.0 2.0 ~ 

-1 0.8 
tW(.pH) 

tfln 

Port PI input 

td,.-pio) 

)< 2.0 

0.8 
Port PI output 

Master CPU bus interface/ Rand W separation type timing diagram 

Read 

AD )< 

cs 

DBo-DB7 
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tSU(CS-R) 
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0.45 
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2.0 
0.8 

tw(tI>U r--
2.0 

0.8 

- ~trl') 

tSU(PIO-1» 

2.4 ~ 0.45 0.45 

th(1)-Plo) 

-

2.4 K 0.45 

th(R-CS) 

tYa.45 
'I 

2.4 
0.45 

2.0 

O. B 

,........ tVIR-O) 

/ 
2.0 

tPLH(R-PR) 
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Write 

'SU(A-wl Ih( 

AO 
0 

)< 2.4 2.4 
0.45 0.45 

I 

0.4r 

tsu(cs-W) 'h(w-csl I----

110. 45 

'W(wl 

2.4 { 
0.45 

2.4 
0.45 

- 'h(w-ol 

2.4 2.4 
0.45 0.45 

DB.-DB, 

'SU(o-wl 
~ J 2.0 

tPLH(W-PR) 

Master CPU interface/ R/W type timing diagram 

E 

AO 

RtW 

read 

wrile 

\ 0.45 

\ 
I 

\. 
I 

0.45 

---
ISU(A-EI 

)< I" 2.4 
~ 0.45 

t-----

0.4~ 
IsU(cS-EI 

2.4 2.4 1\ 
0.45 

_I«EI - I-- If(EI 

~ Ih(E-AI 

C 
th(E-CS) 

Ya.45 

2.0 
0.8 

18 (E-01 -- tyeE-oj 

ISU(O-E) r--I. Ih(E-ol 

f- 2. 4 
'It 0.45 

'-
/ 2. 

tPLH(E-PR) 
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Local bus timing diagram 
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R/W 

SYNC 

0 0-07 

CPU read 

0 0-07 

CPU write 
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CPU read 

0 0-07 

CPU write 

J 

IWl eH) 

1\ 
Idle-Rw) 

)< 
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> 

\ 

\ 

'" Iwl oc) 

Ille) ~ I--Irle) 

~ tV(~-A) 

K= 
Isul o- e ) - ~Ihle-o) 

j, 
"'I... 

Idle-o) 
~ tV(It>-D) 

>( 
tW(RD) 

---- tV(RO-A) 

tSU{D-RD) 
th(RO-D) 

tW(WR) 
~ tVCWR-A) 

IdlwR-o) 
I~ tV(WR-O) 
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MITSUBISHI MICROCOMPUTERS 

M37451 M4DXXXSP/FP 
M37451 M8DXXXSP/FP 

EXTENDED OPERATING TEMPERATURE VERSION of 
M37451M4-XXXSP/FP,M37451M8-XXXSP/FP 

DESCRIPTION 
The M37451 M4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP (0.8mm-pitch). 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
It is suited for office automation equipment and. control de
vices. The low power consumption made by the, use of a 
CMOS process makes it especially suitable for battery po
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 
Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451 M4-
XXXSP/FP, 
The differences between the M37451 M4DXXXSP/FP and 
M37451M8DXXXSP/FP are as shown below. 

Type name ROM sIZe RAM size 

M37451 M40XXXSP/FP 8192 bytes 256 bytes 

M37451 M80XXXSP/FP 16384 bytes 384 bytes 

The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version) In 
addition, the 80-pin model has special pins for RD, WR, 
RESET OUT, DAVREF, ADVREF, AVcc and the 64-pin model 
has a special VREF pin. 
Note: The maximum value of supply current is 20mA. 

All other values are the same as that of M37451 M4-
XXXSP/FP. 

FEATURES 
• Number of basic instructions ................................... 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Instruction execution time 
(minimum instructions at 12.5MHz frequency) .... · .. 0.64,us 

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

• Power dissipation normal operation mode 
(at 12.5MHz frequency) ................................. 40mW 

• Subroutine nesting ...... · .................. · .. · .. 96 levels max. 
• Interrupt ................................................ · .... 15 events 

• Master CPU interface .. · ............................ · ...... ·1 byte 
• 16-bit timer ............ · ........ · .......... · .... · .... · .. · ........ · .... · 3 
• 8-bit timer (Serial 110 use) ........ · .......... · .................. 1 

• Serial I/O (UART or clock synchronous) ................. '1 
• A-D converter (8-bit resolution) ......... 3 channels (DIP) 

8 channels (QFP) 
• D-A converter (8-bit resolution) .................. 2 channels 

• PWM output with 8-bit prescaler 
(Either resoluti.on 8 bit or 16 bit is software selectable) "'1 

PIN 

1/0 port 
P3 

1/0 port 
P5 

1/0 port 
P8 

CONFIGURATION 

P3,/SRDy - 1 

P3"/ScLK'" 2 

P3./TxO'" 3 

P3./RxO'" 4 

P33/PWMoUT - 5 

P32/EVs '" 6 

P3,/EV2 '" 7 

P30/EV,'" 8 

P5,/OB,'" 9 

P5"/OB .... 10 

P5./OB.'" 11 

P5./OB.'" 12 

P53/0Bs '" 13 

P52/0B2 '" 14 

Read/Wnte R/W - 25 
status output 
Synchronous SYNC - 26 
signal output CNVss_ 27 

Reset Input 

Clock mput 

Clock output 

Timing output 

Vss 

(TOP VIEW) 

Vee 

AVss 
62 - VREF 

Reference voltage 

} Input 
61 -+ O-A, O-A output 

60 - D-A2 

59 - P401 ANO} 
58 - P4,/AN, Input port P4 

57 - P42/AN2 

56 - POo/Ao 

1/0 port PO 

110 port PI 

1/0 port P2 

Outline 64P48 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) ............................ 3(DIP), 8(QFP) 
• Output ports (Ports D-A" D-A2 ) ................................ 2 
• Operating temperature ........ · .... · .. · .......... · -40 to 85°C 

APPLICATION 
Industrial machinery 
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M37451 M4DXXXSP/FP 
M37451 M8DXXXSP/FP 

EXTENDED OPERATING TEMPERATURE VERSION of 
M374S1 M4-XXXSP IFP ,M374S1 MS-XXXSP IFP 

PIN CONFIGURATION (TOP VIEW) 
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P40/ANo 
O-A, 
D-A, 

OAVAEF 
ADVREf 

AVss 
AVec 

Vee 

M37451 M4DXXXFP 
or 

M37451 M8DXXXFP 

Outline 80P6N 

• MITSUBISHI 
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P2o/Do 
P2,/D, 
P22/D2 
P23/D3 
P24/04 
P25/D5 
P26/Da 
P27 /D7 
Vss 
¢ 
NC 

XOUT 

X ,N 
NC 
RESET 
CNVss 

NC : No connection 
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M37450PSS 

PIGGYBACK for M374S0M2-XXXSP,M374S0M4-XXXSP,M374S0M8-XXXSP 

DESCRIPTION FEATURES 
The M37450PSS is an EPROM mounted-type micro
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip. 8-bit mi
crocomputers M37450M2-XXXSP. M37450M4-XXXSP and 

M37450M8-XXXSP. The M37450PSS. being housed in a 
piggyback-type 64-pin shrink DIP. is compatible with the 
M37450M2-XXXSP. M37450M4-XXXSP and M37450M8-
XXXSP. 

• Diff€rences with the M37450M2-XXXSP. M37450M4-
XXXSP and M37450M8-XXXSP are: 
(1) ROM less. EPROM is attached externally. 
(2) Suitable EPROM is M5M27C256K-12. M5M27C256K 

-15. 

APPLICATION 
Development of programs for the following systems; 

There is a 28-pin socket on the upper surface so that the 
M5M27C256K-12 or the M5M27C256K-15 EPROM may be 
used. 

• Slave controller for pPCs. facsimiles. and page printers 
• H DD. optical disk. inverter. and industrial motor control

lers 
The M37450PSS simplifies the development of programs 
for the M37450M2-XXXSP. M37450M4-XXXSP and M37450 
M8-XXXSP and is excellent for making prototypes. 

• Industrial robots and machines 

PIN CONFIGURATION (TOP VIEW) 

P37/SRDy "" 1 

P36/SCLK "" 2 

P3,/TxO - 3 

P34 /RxO - 4 
28-pm socket for EPROM 

1/0 port P3 P33/PWMouT - 5 

P3,/EV3 - 6 
r----~--'I P3, /EV, - 7 I CD Vee Vce @ I 

I/O port P5 

I/O port P6 

Read/Write status output 

Synchronous signal output 

Reset Input 

Clock Input 

Clock output 

, Timing output 

P30/EV, - 8 

PS,/OB, - 9 

PS6/0Be - 10 

PS,/OB, - 11 

PS4/0B4 - 12 

PS3/0B3 - 13 

PS,/OB, - 14 

PS,/0B, - 15 

PSo/OBo - 16 

Vss 

I ~ A12 A,4 @ I 
I 

I ® A, 

I ® Ao 

I[@OO 

lUi 0 , 
I 

A '3 @ I 
As 

A9 

An 

0 6 

0, 

I @ 0, 0 4 @ I 
I @ Vss 0 3 @ I 
L _______ J 

M37450PSS 

Outline 64S1 M 

• MITSUBISHI 
"ELECTRIC 

Vee 

AVss 

Reference voltage Input 

D-A output 

Input port P4 

I/O port PO 

I/O port Pt 

I/O port P2 

The symbol "0" indicates sockets for EPROM 
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M37450PSS 

PIGGYBACK for M374S0M2-XXXSP,M374S0M4-XXXSP,M374S0M8-XXXSP 

PIN DESCRIPTION 

Pm Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

RESET Reset input 

X'N Clock Input 
--

XOUT Clock output 

if> Timing output 

SYNC Synchronous signal 

output 
-

-
R/W Read/Write 

status output 

POO-P07 110 port PO 

P1 0 -P1 7 I/O port P1 

-

P20 -P27 I/O port P2 

---
P30 -P37 110 port P3 

P40 -P42 Input port P4 

P50 -P57 I/O port P5 

P60 -P67 I/O port P6 

D-A" D-A, D-A output 

V REF Refference voltage 

mput 

f----

AVss Analog power supply 

Ao-A14 Output port A 

Do-D7 Input port D 
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Input/ 

Output 

Input 

Input 

Output 

Output 

Output 

Output 

I/O 

I/O 

I/O 

I/O 

Input 

I/O 

110 

Output 

Input 

Output 

Input 

Functions 

Power supply mputs 5V±10% to Vee and OV to Vss 

Controls the processor mode of the chip Normally connected to Vss or Vee 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 8 clock cycles (under nor~ 

mal Vee conditions) 

If more time IS needed for the crystal oscillator to stabllllze, thiS "L" condition should be maintained for the 

required time 

These are I/O pins of mternal clock generating Circuit for malO clock To control generatmg frequency, an 

external ceramic or a quartz crystal oscillator IS connected between the X1N and XOUT PinS If an external 

clock IS used, the clock source should be connected to the XIN pm and the XOUT pm should be left open 

Outputs signal consisting of oscillating frequency divided by four 

ThiS signal IS output "H" dUring operation code fetch and IS used to control single steppmg of programs 

ThiS signal determines the direction of the data bus It IS "H" dUring read and "L" dUring write 

Port PO IS an 8-blt 1/0 port with directional registers allOWing each 110 bit to be individually programed as 

mput or output The output structure IS CMOS output The low-order bits of the address are output except 

In single-chip mode 

Port P1 IS an 8-blt 1/0 port and has baSically the same function as port PO The high-order bits of the 

address are output except In single-chip mode 

Port P2 IS an 8-blt 1/0 port and has baSically the same function as PO Used as data bus except In smgle-

chip mode 

Port P3 IS an 8-blt 1/0 port and has baSically the same function as PO Senal 110, PWM output, or even 1/0 

function can be selected with a program 

Analog input pm for the A-D converter They may also be used as digital Input pins 

Port P5 IS an 8-blt 1/0 port and has baSically the same functIOn as PO ThiS port functions as an 8-blt data 

bus for the master CPU when slave mode IS selected with a program 

Port P6 IS an 8-btt I/O port and has baSically the same function as PO, Pins P63 to P67 change to control bus 

for the master CPU when slave mode IS selected with a program Pins P60 to P62 may be programed as 

external Interrupt Input PinS 

Analog Signal from D-A converter IS output 

Reference voltage Input pm for A-D and D-A converter 

Ground level mput pm for A-O and O-A converter 

Port A outputs the adresses to the EPROM mounted on the top of the package 

Port D takes the Input data from the EPROM mounted on the top of the package 
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M37450PSS 

PIGGYBACK for M374S0M2-XXXSP,M374S0M4-XXXSP,M374S0M8-XXXSP 

EXPLANATION OF FUNCTION BLOCK 
OPERATION 
The differences between the M37450PSS and the M37450M2 
-XXXSP, M37450M4-XXXSP and M37450M8-XXXSP are ex
plained below. As ali other points are the same, only the 

differences are explained. 

0000, 6 

RAM 
(192 bytes) 

OOBF, 6 

OODO, 6 

0100, 6 

RAM 
(256 bytes) 

01BF, 6 

0200, 6 

8000, 6 

External ROM 
(32K bytes) FFOO, 6 

6 

MEMORY 
Instead of an internal ROM, an EPROM is mounted. The 

addresses of EPROM are 8000'6 to FFFF'6, having 32K 
bytes. Internal RAMs are provided from 0000'6 to 00BF'6 
(192 bytes) and from 0100'6 to 01FF'6 (256 bytes) for a 
total of 448 bytes. However, the 64-byte area from 01 CO'6 

to 01 FF'6 cannot be used when creating masked ROM. The 
rest of the functions are equivalent to the M37450M2-
XXXSP, M37450M4-XXXSP and M37450M8-XXXSP 

Not used 

SFR area 

disabled 

Not used 

Zero page 

Special 
page 

FFEO, 

FFFF, 
Interrupt vector area 

6 

Fig. 1 Memory map 
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PIGGYBACK for M374S0M2-XXXS P ,M374S0M4-XXXSP ,M374S0MS-XXXSP 

000016 

0001,6 

000216 

0003'6 

0004,6 

0005'6 

0006'6 

0007,6 

0008'6 

0009'6 

000A'6 

000B'6 

000C'6 

0000,6 

000E'6 

000F'6 

00EO'6 

00E1'6 

00E2'6 

00E3'6 

00E4'6 

00E5'6 

00E6'6 

00E7'6 

Port PO register 

Port PO directional register 

Port PI register 

Port PI directional register 

Port P2 register 

Port P2 directional register 

Port P3 register 

Port P3 directional register 

Port P4 

Reserved 

Port P5 register 

Port P5 directional register 

Port P6 register 

Port P6 dlrecllonal register 

MISRGI 

MISRG2 

O-A 1 register 

0-A2 register 

A-O register 

A-O control register 

Data bus buffer register 

Data bus buffer status register 

Receive/transfer buffer register 

Senal I/O status register 

00E8'6 

00E9'6 

00EA'6 

00EB'6 

00EC'6 

00EO'6 

00EE'6 

00EF'6 

00FO'6 

00F1'6 

- 00F2'6 

00F3'6 

00F4'6 

00F5'6 

00F6'6 

OOF?16 

OOF8" 

00F9'6 

OOFA'6 

OOFB'6 

OOFC'6 

OOFO'6 

OOFE16 

00FF'6 

SFR (Special Function Register) memory map 

• MITSUBISHI 
"'ELECTRIC 

Serial I/O control register 

UART control register 

Baud rate generator 

PWM register (lower-byte) 

PWM register (higher-byte) 

Timer 1 control register 

Timer 2 control register 

Timer 3 control register 

Timer 1 register (lower-byte) 

Timer 1 register (higher-byte) 

Timer 1 latch (lower-byte) 

Timer 1 latch (higher-byte) 

Timer 2 register (lower-byte) 

Timer 2 register (higher-byte) 

Timer 2 latch (lower-byte) 

Timer 2 latch (higher-byte) 

Timer 3 register (lower-byte) 

Timer 3 register (higher-byte) 

Timer 3 latch (lower-byte) 

Timer 3 latch (higher-byte) 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 
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PIGGYBACK for M374S0M2-XXXSP ,M374S0M4-XXXSP ,M374S0M8-XXXS P 

PROCESSOR MODE 
External memory area differs from the M37450M2-XXXSP, 
M37450M4-XXXSP and M37450M8-XXXSP. 
Figure 3 shows the external memory area when the 
M37450PSS is in the memory expanding mode and Fig. 4 
shows the external memory area when the M37450PSS is in 
the microprocessor mode. 

0000,. 

Internal RAM 

OOCO,. 

OODO,. 
SFR 

0100,. 

Internal RAM 

0200,. 

~ ~ 
8000,. 

External EPROM 

FFFF,. 

Hatching indicates external memory area 

Fig. 3 Memory map in memory expanding mode 

0000,. 

Internal RAM 

OOCO,. 

OODO,. 
SFR 

0100,. 

Internal RAM 

0200,. 

-FFFF,. 

Hatching indicates external memory area 

Fig. 4 Memory map in memory expanding mode 

PRECAUTION FOR USE 
(1) Program area 

When developing programs on the M37450PSS, the 
ROM and RAM sizes of the M37450M2-XXXSP, 
M37450M4-XXXSP, and M37450M8-XXXSP must be 
considered. 

For the M37450M2-XXXSP, use the M37450PSS ROM 

program area from FOOO'6 to FFFF'6' (Write the prog
ram from 7000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 

area for the M37450M2-XXXSP is 128 bytes from 

0000'6 to 007F'6' 
For the M37450M4-XXXSP, use the M37450PSS ROM 

program area from EOOO'6 to FFFF'6' (Write the prog
ram from 6000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXSP is 192 bytes from 

0000'6 to 00BF'6 and 64 bytes from 0100'6 to 013F'6 for 
a total of 256 bytes. 
For the M37450M8-XXXSP, use the M37450PSS ROM 
program area from COOO'6 to FFFF'6' (Write the prog

ram from 4000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXSP is 192 bytes from 

0000'6 to 00BF'6 and 192 bytes from 0100'6 to 01 BF,s 
for a total of 384 bytes. 
The 64 byte area from 01 CO's to 01 FF'6 can also be 
used' as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor

responding device 
(2) External memory 

When developing programs, note that the external 

memory area of the M37450PSS is as described in the 
previous section. 
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M37450PSS 

PIGGYBACK for M37450M2-XXXSP,M37450M4-XXXSP,M37450M8-XXXSP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratmgs 

Vee Supply voltage -0.3 to 7 

V, Input voltage RESET, X'N -0.3 to 7 

Input voltage, POo·PO" Pto·Pt" P20·P2,. 

V, P3o·P3" P40·P4" PSo·PS" -0.3 to Vee+O. 3 

P6a-P67, VRFF 
With respect to Vss 

V, Input voltage CNVss 
Output tranSistors are at "OFF" state 

-0.3 to 13 

Output voltage, POo·PO" Pto·Pt" P20·P2" 

Vo P3o·P3" PSo·PS" P6o·P6" -0.3 to Vee+O. 3 
-

XOUT, ¢, R/W, SYNC 

Pd Power diSSipation Ta=25'C 1000 

Topr Operating temperature -10 to 70 

Tsta Storage temperature -40 ta 125 

RECOMMENDED OPERATING CONDITIONS (Vee = 5V±10%, T a = -10 to 70'C, unless otherw,se noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 

V_~s Supply voltage a 
V'H "H" input voltage RESET, X'N, CNVss ( Noten O. aVee Vee 

"H" ,nput voltage POo·PO" Pto·Pt" P20·P2" 

V'H P3o·P3" P40·P4" P50·P5" 2.0 Vee 

P60·P6, (except Noten 

V'L "L" mput voltage CNVss (Notet) 0 0. 2Vee 

"L" mput voltage POO-PO?, P1 o-P1 7, P2o-P27, 

V'L P30·P3" P40·P4" P50·P5" 0 O. a 

P6o·P6, (except Notet) 

V'L "L" Input voltage RESET 0 O. 12Vee 

V'L "L" Input voltage X1N 0 O. 16Vee 

loLl peak) 
"L" peak output current POo·PO" Pto·Pt" P20·P2" 

10 
P3o·P3" P50·P5,. P6o·P6, 

"L" average output current POQ-PO?, Plo-Ph, 

IOLlavg) P20·P2" P30·P3" 5 

P5o·P5" P6o·P6, (Note2) 

IOHlpeak) 
"H" peak output current POo·PO" Pto·Pt" P20·P2" 

-10 
P30·P3" P50·PS" P6o·P6, 

"H" average output current POO-P07, P1o-P1 7• 

IOHlavg) P20·P2" P3o·P3" -5 

f(X,N) 

Note 

3-146 

PSo·PS" P6o·P6, (Note2) 

Clock oscillating frequency 1 10 

Ports operate as INT,·INT3 (P6o·P6,), EV,-EV3 (P3o·P3,), RxD(P3,)and SeLK(P3.) 
The average oUlput current 10Hlavg) and 10Llavgl are the average value dUring a t OOms 
The total of "L" output 10Lipeak) of port PO, PI and P2 '5 40mA max 
The total of "H" output 10Hlpeaki of port PO, PI and P:1.'s 40mA max 
The total of "L" output 10Lipeaki of port P3, P5, P6, R/~ SYNC and </> IS 40mA max 
The total of "H" output 10Hlpeak) of port P3, P5, P6, R/W, SYNC and </> is 40mA max 

• MITSUBISHI 
~ELECTRIC 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

MHz 

Unit 

V 

V 

V 

V 

V 

mW 

'C 

'c 
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PIGGYBACK for M374S0M2-XXXSP ,M374S0M4-XXXSP ,M374S0MS-XXXSP 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, Vss = OV, T a = -10 to 70'C, f(X,N ) = 10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V OH "H" output R/W, SYNC, 1> IOH--2mA V ee-1 V 

V OH 
"H" output voltage POo-PO,. P1o-P1" P2o-P2" 

P30-P3" P50-P5" P6o-P6, 
IOH=-5mA V ee-1 V 

"L" output voltage POo-PO" P1o-P1" P2o-P2" 

VOL P30-P3" P50-P5,. P6o-P6" lo,=2mA 0.45 V 

R/W, SYNC.¢> 

VOL 
"L" output voltage POo-PO" P1o-P1,. P2o-P2" 

P30-P3" P50-P5" P6o-P6, 
IOL=5mA 1 V 

VT+-VT-
'Hysterisls INT,-INT3(P6o-P6,), EV,-EV3(P30-P3,), 

Function mput level 0.3 1 V 
RxO(P3,). SCLK(P3,) 

VT+-VT- Hysleris;s RESET 0.7 V 

VT+-VT- Hysterisis X1N 0.1 0.5 V 

"L" Inpul currenl POo-PO" P1 o-P1" P2o-P2" 

I'L P30-P3,. P40-P4" P50-P5" VI=VSS -5 5 /-lA 
--

P6o-P6" RESET, X,N 

"H" Input current POo-PO" P1o-P1" P2o-P2,. 

I'H P30-P3" P4o-P4" P50-P5" VI=VCC -5 5 /-lA 

f---------- . P6o-P&" RESET. X,N 

V RAM RAM retention voltage At stop mode 2 V 

Icc Supply current 
At system operation 

6 10 rnA 
f(X,N)=10MHz(Note I) 

Note 1: Only for M37450PSS (not contact in EPROM diSSipation current) 

A-O CONVERTER CHARACTERISTICS (Vcc =5V, Vss= AVss= OV, Ta =25'C. f(X,N )=10MHz. unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

- Resolution 8 Bits 

- Absolute accuracy Vcc=VREF=5.12V ±1.5 ±3 LSB 

tCONV ConverSion time 49 tC<¢) 

V'A Analog input voltage AVss AVec V 

VVREF Reference analog mput voltage 2 Vee V 

RLADDER Ladder resistance value VREF-5V 2 7.5 10 kO 

IIVREF Reference analog input current VREF=5V 0.5 0.7 2.5 rnA 

VAVSS Analog power mput 0 V 

O-A CONVERTER CHARACTERISTICS (Vcc =5V, Vss= AVss= OV, Ta c=25'C, f(X ,N )=10MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution 8 Bits 

- Absolute accuracy Vcc- VREF-5.12V 1.0 % 

tsu Setup time 3 /-lS 

Ro Output resistance 1 2 4 kO 

VAVSS Analog power input 0 V 

VVREF Analog power Input 4 Vee V 

IVREF Reference power input current (Each pm) 0 2.5 5 rnA 
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M374S0PFS 
PIGGYBACK for M374S0M2·XXXFP ,M374S0M4.XXXFP ,M374S0M8·XXXFP 

DESCRIPTION 
The M37450PFS is an EPROM mounted-type micro
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. The M37450PFS, being housed in a 
piggyback-type 80-pin plastic QFP is compatible with the 
M37450M2-XXXFP, M37450M4-XXXFP and M37450M8-

XXXFP. 
There is a 32-pin socket on the upper surface so that the 
outline is, LCC-32C-AOl and 27C256 EPROM may be used. 
The M37450PSS simplifies the development of programs 
for the M37450M2-XXXFP, M37450M4-XXXFP and M37450 
M8-XXXFP and is excellent for making prototypes. 

PIN CONFIGURATION (TOP VIEW) ~ 
'5 

NC 
I/O port P3 P3,/EV, - 2 

P3o/EY,- 3 

P5,/DB,- 4 

P5./DB.- 5 

P55/DB5 - 6 

P54/0B4 _ 7 

I/O port P5 P53/DB3 - 8 

P5,/DB,- 9 

P5,/DB, _ 10 

P50/DBo - II 

P6,/W- 12 

P6./R - i3 

P6s/es- 14 

I/O port P6 P6,I Ao - 15 

P63/PRDY ....... 16 
P6,/INT3 _ 17 

P6,/INT,- IS 

P6o/INT,- 19 

Write status output WR +- 20 
Read status output 

Read/write status output 

Synchronous signal output 

Reset out RESET OUT +- 24 

t t 
~I~ 0 §UJz 
z(/J 
o~ 

i 
ii 
~ 
a: 

Q. 

~ 

Cl ~I b x 0 ~ 

s,~~ Vl U 
C"') ('1')('1') CIl () 

a.. a.. a.. > > 
t I I 

t l 
z ~ 0 

X 6Z 
X 

"5 :; 
Q.Q. 

c "5 
- 0 

~ g 
U u 

FEATURES 
• Difference with the M37450M2-XXXFP, M37450M4-

XXXFP and M37450M8-XXXFP is: 
(1) ROMless, EPROM is attached externally .. 
(2) Suitable EPROM is that the outline is LCC-32C-AOl 

and 27C256 

APPLICATION 
Development of programs for the following systems: 

• Slave controller for PPCs, facsimiles, and page printers 
• HDD,'optical disk, inverter, and industrial motor control

lers 

• Industrial robots and machines 

~-
"'~ ~ Q. 

~ E (i 
~ ~ t: g Q. 0 

~ ~ Q. 

* "'" 
~ 

a: 6 f 

64 _ P4,/AN, 

63 - P4,/AN, 
62 - P43/AN3 

61 +- P44/AN 4 

60 - P45/AN5 
" - P4./AN. 
58 +- P47/AN 7 

57 - PDo/Ao 
56 .... PO,/A, 

55 -P02/A2 

54 ..... P03/Aa 
53 ..... P04/A4 

52 ++ POs/As 
51 ..... P06/Ae 
5C ..... P07 /A l 

49 ++ P1 0/Ae 
48 ++ P1,/A9 

47 ...... P1 2/A,o 

43 ~ P1 6/A'4 

42 -P1 7/A15 

NC 

Input port P4 

I/O port PO 

I/O port Pl 

The symbol "C" indicates socket for EPROM 

Outline 80S6M NC : NQ Connection 
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M374S0PFS 

PIGGYBACK for M374S0M2-XXXFP ,M374S0M4-XXXFP ,M374S0MS-XXXF P 

PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

RESET Reset Input 

X'N Clock input 

XOUT Clock output 

¢ Timing output 

SYNC Synchronous signal 
output 

-
R/W Read/Wrtte 

status output 

POO-P07 1/0 port PO 

P1 o-P1 7 1/0 port P1 

P2o-P27 1/0 port P2 

P30 -P37 110 port P3 

P4o-P47 Input port P4 

P50 -P57 1/0 port P5 

P6o-P67 1/0 port P6 

D-A,. D-A2 D-A output 

ADVREF A-O refference 
voltage Input 

DAVREF O-A refference 
voltage mput 

AVss Analog power supply 

,AVec Analog power supply 

-
RD Read signal output 

-
WR Wnte signal output, 

RESEToUT Reset output 

Ao-A14 Output port A 

Do-D7 Input port 0 

Input! 

Output 

Input 

Input 

Output 

Output 

Output 

Output 

1/0 

1/0 

110 

1/0 

Input 

1/0 

1/0 

Output 

Input 

Input 

Output 

Output 

Output 

Output 

Input 

Functions 

Power supply Inputs 5V±10% to Vee and OV to Vss 

Controls the processor mode of the chip Normally connected to Vss or Vee 

To enter the reset state, the reset Input pin must be kept at a "L" for more than 8 clock cycles (under nor-
mal Vee conditions) 
If more time IS needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 

These are 1/0 pms of mternal clock generating circuit for mam clock To control generating frequency, an 

external ceramic or a quartz crystal oscillator IS connected between the X,N and XOUT pins If an external 
clock IS used, the clock source should be connected to the XIN pm and the XOUT ptn should be left open 

Outputs sIgnal consisting of oscillattng frequency divided by four 

This signal IS output "H" durtng operation code fetch and IS used to control stngle stepPtng of programs 

This signal determtnes the direction of the data bus It IS "H" dunng read and "L" durtng wrtte 

Port PO IS an a-bit 110 port with directional registers allowtng each liD bit to be tndlvldually programed as 
tnput or output The output structure IS CMOS output The low-order bits of the address are output except 
In stngle-chlp mode 

Port P1 IS an a-bit 1/0 port and has basically the same function as port PO The high-order bits of the 
address are output except In single-chip mode 

Port P2 IS an a-bit 110 port and has basically the same function as PO Used as data bus except In stngle-
chip mode 

Port P3 IS an a-bit 110 port and has basically the same function as PO Senal 110, PWM output, or even 1/0 

function can be selected with a program 

Analog Input pin for the A-O converter They may also be used as digital Input pinS 

Port P5 IS an 8-blt I/O port and has basically the same function as PO ThiS port functions as an 8-blt data 
bus for the master CPU when slave mode IS selected with a program 

Port P6 IS an 8-blt 1/0 port and has basically the same function as PO PinS P63 to P67 change to control bus 
for the master CPU when slave mode IS selected with a program Pins P60 to P62 may be programed as 
external Interrupt Input PinS 

Analog signal from O-A converter IS output 

Reference voltage Input pm for A-O converter 

Reference voltage Input pin for O-A converter 

Ground level Input pin for A-O and D-A converter 

Power supply Input pin for A-D converter 

Control signal output as active "L" when val led data [s read from data bus 

Control signal output as active OIL" when wrltmg data from data bus to external component 

Control signal output as active "H" dunng reset It IS used as a reset output signal for perpheral compo-
nents 

Port A outputs the adresses to the EPROM mounted on the top of the package 

Port 0 takes the Input data from the EPROM mounted on the top of the package 
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M374S0PFS 

PIGGYBACK for M37450M2-XXXFP ,M374S0M4-XXXFP ,M374S0MS-XXXFP 

EXPLANATION OF FUNCTION BLOCK 
OPERATION 
The differences between the M37450PFS and the M37450M2-
XXXFP, M37450M4-XXXFP and M37450M8-XXXFP are ex
plained below. As all other points are the same, only the differ
ences are explained. 

RAM 
(192 bytes) 

0000'6 

OOBF'6 

MEMORY 
Instead of an internal ROM, an EPROM is mounted. The 
addresses of EPROM are 800016 to FFFF16, having 32K bytes. 
Internal RAMs are provided from 000016 to 00BF16 (192 bytes) 
and from 010016 to 01 FF16 (256 bytes) for a total of 448 bytes. 

However, the 64-byte area from 01 C016 to 01 FF16 cannot be 
used when creating masked ROM. The rest of the functions are 
equivalent to the M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. 

Zero page 

Not used 

Fig. 1 Memory map 

RAM 
(256 bytes) 

External ROM 

0000'6 

0100'6 

01BF'6 

0200, 6 

8000, 6 

(32K bytes) FFOO, 6 

FFEO, 

FFFF, 

6 

6 

SFR area 

disabled 

Not used 

Interrupt vector area 
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M37450PFS 

PIGGYBACK for M374S0M2-XXXFP ,M374S0M4-XXXFP ,M374S0M8-XXXFP 

0000'6 

0001'6 

0002'6 

0003,6 

0004'6 

0005,6 

0006'6 

00D?'6 

0008'6 

0009'6 

00DA'6 

00DB'6 

00DC'6 

0000,6 

OODE'6 

00DF'6 

00EO'6 

00EI'6 

00E2'6 

00E3'6 

00E4'6 

OOES'6 

OOE6'6 

00E?'6 

Port PO register 

Port PO dlrecllonal register 

Port PI register 

Port PI directional register 

Port P2 register 

Port P2 directional register 

Port P3 register 

Port P3 directional register 

Port P4 register 

Reserved 

Port P5 register 

Port P5 directional register 

Port P6 register 

Port P6 dlrecllonal register 

MISRGI 

MISRG2 

D-A 1 register 

D-A2 register 

A-D register 

A-D control register 

Data bus buffer register 

Data bus buffer status register 

Receive/transfer buffer register 

~e"al I/O status register 

OOE8'6 

00E9'6 

00EA'6 

00EB'6 

OOEC'6 

OOED'6 

00EE'6 

00EF'6 

00FO'6 

00F1'6 

00F2'6 

00F3'6 

00F4'6 

00F5'6 

00F6'6 

00F?'6 

00F8'6 

OOF9'6 

OOFA'6 

00FB'6 

00FC'6 

OOFD'6 

OOFE'6 

OOFF'6 

Fig. 2 SFR (Special Function Register) memory map 
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Senal I/O control register 

UART control register 

Baud rate generator 

PWM register (lower-byte) 

PWM register (higher-byte) 

Timer 1 control register 

Timer 2 control register 

Timer 3 control register 

Timer I register (lower-byte) 

Timer I register (higher-byte) 

Timer I latch (lower-byte) 

Timer 1 latch (higher-byte) 

Timer 2 register (lower-byte) 

Timer 2 register (higher-byte) 

Timer 2 latch (lower-byte) 

Timer 2 latch (higher-byte) 

Timer 3 register (lower-byte) 

Timer 3 register (higher-byte) 

Timer 3 latch (lower-byte) 

Timer 3 latch (higher-byte) 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 
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M37450PFS 

PIGGYBACK for M374S0M2-XXXFP ,M374S0M4.XXXFP ,M374S0M8-XXXFP 

PROCESSOR MODE 
External memory area differs from the M37450M2-XXXFP, 
M37450M4-XXXFP and M37450M8-XXXFP. 

Figure 3 shows the external memory area when the 
M37450PFS is in the memory expanding mode and Figure 4 
shows the external memory area when the M37450PFS is in the 
microprocessor mode. 

0000, 

OOCO, 

ooDO, 

0100, 

6 

6 

6 

6 

Internal RAM 

SFR 

Internal RAM 

0200, 

6~~ 
8000, 6 

External EPROM 

FFFF'6 

Hatchmg indicates external memory area 

Fig. 3 Memory map in memory expanding area 

DODO, 6 

Internal RAM 

OOCO, 6 

DODO, 6 

SFR 

0100. 6 

I nternal RAM 

6~~~~~~ 

M ~~~~~ 

0200, 

FFFF16 

Hatchmg indicates external memory area 

Fig. 4 Memory map in microprocessor mode 

PRECAUTION FOR USE 
(1) Program area 

When developing programs on the. M37450PFS, the ROM 
and sizes of the M37450M2-XXXFP, M37450M4-XXXFP, 
and M37450M8-XXXFP must be considered. 
For the M37450M2-XXXFP, use the M37450PFS ROM 

program area from FooO'6 to FFFF'6' (Write the program 

from 7000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXFP is 128 bytes from 0000,6 to 

0007F'6' 
For the M37450M4-XXXFP, use the M37450PFS ROM 

program area from EOoo'6 to FFFF'6' (Write the program 

from 6000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for ttie M37450M4-XXXFP is 192 bytes from 0000'6 to 

00BF'6 and 64 bytes from 0100'6 to 013F'6 for a total of 
256 bytes. 
For the M37450M8-XXXFP, use the M37450PFS ROM 

program area from eooO'6 to FFFF'6' (Write the program 

from 4000'6 to 7FFF'6 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 

area for the M37450M8-XXXFP is 192 bytes from 0000'6 to 

00BF'6 and 192 bytes from 0100'6 to 01BF'6 for a total of 
384 bytes. 

The 64 byte area from 01 eO'6 to 01 FF'6 can also be used 
as internal RAM. However, it cannot be used when creat
ing masked ROMs because there is no corresponding 

device. 
(2) External memory 

When developing programs, note that the external memory 
area of the M37450PFS is as described in the previous 
section. 

(3) EPROM orientation 
Figure 5 shows the orientation when rnountting the. Lee 
type EPROM on the M37450PFS. Insert the EPROM firmily 
until it hits bottom. 
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M374S0PFS 

PIGGYBACK for M374S0M2-XXXFP ,M374S0M4-XXXFP ,M374S0M8-XXXFP 

EPROM 

M37450PFS 

Index 

on the package 

BOpin / 
Index on the socket 

lpln. 

Fig. 5 EPROM orientation 
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MITSUBISHI MICROCOMPUTERS 

M374S0PFS 

PIGGYBACK for M374S0M2-XXXFP ,M374S0M4-XXXFP ,M374S0M8-XXXFP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Rallngs 

Vee Supply voltage -0.3 to 7 

V, Input voltage RESET. X,N -0.3 to 7 

Input voltage. POo'PO,. Plo·PI,. P20·P2" 

V, P3o·P3" P40·P4" P50·P5" -0.3 to Vee+O. 3 

PSa-P67. ADVRFF, DAVRFF, AVec 
With respect to Vss 

V, Input voltage CNVss 
Output transistors are at "OFF" state 

-0.3 to 13 

Output voltage, POo'PO" Plo·PI" P20·P2" 

Vo P30·P3" P50·P5" P60·P6" -0.3 to Vee+O. 3 

XOUT, ¢, RD, WR, RESET OUT, SYNC 

Pd Power diSsipation Ta=25'C 500 

Toor Operating temperature -10 to 70 

Tsta Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vee = 5V±10%, Ta = -10 to lO'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage -4.5 5 5.5 

Vss Supply voltage 0 

V ,H "H" Input voltage RESET, X'N, CNVss (Notel) 0. 8Vee Vee 

"H" input voltage POo'PO" Plo·PI" P20·P2" 

V ,H P30·P3" P40·P4" P50·P5" 2.0 Vee 

P60·P6, (except Notet) 

V'L "L" Input voltage CNVss (Notel) 0 0. 2Vee 

"L" Input voltage POo'PO" Plo·PI" P20·P2" 

V'L P30·P3" P40·P4" P50·P5" 0 0.8 

P6o·P6, (except Notet) 

V'L "L" Input voltage RESET 0 0. 12Vee 

V'L "L" input voltage X'N 0 0. 16Vee 

IOLCpeak) 
"L" peak output current POo'PO" Plo·PI" P20·P2" 

P30·P3" P50·P5" P60·P6, 
10 

"Lit average output current POo-PO" P1 o-P1 7, 

iOLCavg) P2o·P2" P30·P3" 5 

P50·P5" P6o·P6, (Note2) 

IOHlpeak) 
"H" peak output current POo'PO" Plo·PI" P20·P2" 

-10 
P30·P3" P50·P5" P60·P6, 

"HI> average output current POC-PO? P1 o-P1 7, 

IOHlavg) P2o·P2" P3o·P3" -5 

P50·P5" P60·P6, (Note2) 

f(X ,N ) Clock oscillating frequency 1 10 

Note Ports operate as INT,·INT3(P60·P6,), EV,·EV3 (P30·P3,), RxD(P3,)and SeLK(P36 ) 

The average output current 10Hlavg) and 10Llavg) are the average value dUring a lOOms 
The total of "L" output lOll peak) of port PO, PI and P2 is 40mA max 
The total of "H" output 10HIpeaki of port PO, PI and P~s 40mA max, __ 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

MHz 

The total of "L" output lOll peak) of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and ¢ is 
40mA max. 
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The total of "H" output 10Hlpeak) of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and ¢ IS 

40mA max 

Unit 

V 

V 

V 

V 

V 

rnW 
·C 

·C 



MITSUBISHI MICROCOMPUTERS 

M374S0PFS 

PIGGYBACK for M37450M2·XXXFP ,M37450M4·XXXFP ,M374S0M8·XXXF P 

ELECTRICAL CHARACTERISTICS (Vee = 5V±10%, Vss = OV, Ta = -10 to 70'C, I(X,N ) = 10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Umt 

Min Typ Max 

V OH "H" output RD, WR, SYNC, RESET OUT, ¢ IOH=-2mA Vee-1 V 

V OH 
"H" output voltage POC-PO?, P1 o-P1 7 , P2o-P27 , 

IOH=-5mA V ec-1 V 
P30-P3" P50-P5" P6o-P6, 

"L" output voltage POo-PO" P1 o-P1" P2o-P2,. 

VOL P30-P3,. P50-P5" P6o-P6" IOL=2mA 0.45 V 

R/W, RD, WR, SYNC. RESET OUT, ¢ 

VOL 
"L" output voltage POo-PO" P1 o-P1" P2o-P2" 

IOL=5mA 1 V 
P30-P3" P50-P5" P6o-P6, 

VT+-VT-
Hystensis INT,-INT,(P6o-P6,), EV,-EV,(P30-P3,). 

Function mput level 0.3 1 V 
RxD(P34), SCCK(P3,;) 

VT+-VT- HysterlSls RESET 0.7 V 

VT+-VT- Hysterlsls X1N 0.1 0.5 V 

"L" Input current POo-PO" P1o-P1,. P2o-P2,. 

I'L P30-P3" P4o-P4" P50-P5,. VI=VSS -5 5 j.lA 
--

P6o-P6" RESET, X,N 

"H" Input current POo-PO" P1o-P1" P2o-P2,. 

I'H P30-P3,. P4o-P4" P50-P5" VI=VCC -5 5 j.lA 

P6o-P6,. RESET, X,N 

V RAM RAM retention voltage At stop mode 2 V 

Icc Supply current 
At system operation 

6 10 rnA 
f(X,N )=10MHz(Note 1) 

Note1: Only lor M37450PFS (not contact In EPROM dissipation current) 

A-O CONVERTER CHARACTERISTICS (Vcc=AVee=5V, Vss=AVss=ov, Ta=25'C. f(X,N )=10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ Max 

- Resolution 8 
- Absolute accuracy Vcc= AVcc=ADVREF=5.12V ±1.5 ±3 

tCONV Conversion time 49 

V'A Analog mput voltage AVss AVec 

VADVREF Reference analog mput voltage 2 Vee 

RLADDER Ladder resistance value ADVREF=5V 2 7.5 10 

IIADVREF Reference analog Input current ADVREF=5V 0.5 0.7 2.5 

V AVCC Analog power Input Vce 

V AVSS Analog power Input 0 

O-A CONVERTER CHARACTERISTICS (Vcc = 5V, Vss = AVss = OV. T a = 25°C, unless otherWise noted) 

Symbol Parameter 

- Resolution 

- Absolute accuracy 

tsu Setup time 

Ro Output resistance 

VAVSS Analog power Input 

VDAVREF Analog power Input 

IDAVREF Reference power Input current (Each pm) 

Test conditions 

Vcc=OAVREF=5.12V 

• MITSUBISHI 
"ELECTRIC 

Min 

1 

4 

0 

Limits 

Typ Max 

8 

1.0 

3 

2 4 

0 

Vce 

2.5 5 

Unit 

Bits 

LSB 

te (¢) 

V 

V 

kO 

rnA 

V 

V 

Unit 

Bits 

% 
j.lS 

kO 

V 

V 

rnA 
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MITSUBISHI MICROCOMPUTERS 

M374S0E4-XXXSP/FP 
M374S0E4SS/FS 

DESCRIPITION 
The M37450E4-XXXSP is a single-chip microcomputer de

signed with CMOS silicon gate technology. It is housed in a 

64-pin shrink plastic molded DIP. The features of this chip 

are similar to those of the M37450M4-XXXSP except that 
this chip has a 8192-byte PROM built-in. This single-chip 

microcomputer is useful for office automation appliances 

and consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM 

and I/O addresses are placed on the same memory map to 

enable easy programming. Since general purpose PROM 

writes can be used fo~ small quantity production runs. It 

also has a unique feature that enables it to be used as a 

slave microcomputer. 
The M37450E4SS and the M37450E4FS are the window 

type. The differences between the M37450E4-XXXSP and 
the M37450E4-XXXFP, and between the M37450E4SS and 

the M37450E4FS are the package outline and the power 

dissipation ability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions" ................................. 71 

69 MELPS 740 basic instructions + 2 multiply/divide 

instructions 
• Memory size PROM ................................ 8192 bytes 

RAM····································· 256 bytes 

• Instruction execution time 
(minimum instructions atl0 MHz frequency) ·····0.8,u8 

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

• Power dissipation normal operation mode 
(at 10 MHz frequency) ··································30mW 

• Subroutine nesting'" ............................ 96 levels max. 
• Interrupt······ ............................................... 15 events 

• Master CPU bus intertace ............................. ····1 byte 
• 16-bit timer ........................................................... 3 

• 8-bit timer (Serial I/O use) ....................... ···············1 

• Serial I/O (uART or clock synchronous) ····················1 
• A-D converter (8-bit resol.ution) ......... 3 channels (DIP) 

8 channels (QFP) 
• D-A converter (8-bit resolution) .................. 2 channels 

• PWM output (8-bit or 16-bit) .............. ·········1 

• Programmable I/O ports 
(Ports PO, PI, P2, P3, P5, P6) ............................. 48 

• Input port (Port P4) .......................... 3 (DIP), 8 (QFP) 

•. Output ports (Ports D-A" D-A2 ) ································2 

• PROM (equivalent to the M5L2764) . 
program voltage" ........................................... 21V 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers 

HDD, optical disk, inv"lrter, and industrial motor controllers 

Industrial robots and machines 

PROM VERSION of M374S0M4-XXXSP/FP 

PIN CONFIGURATION (TOP VIEW) 

P37/SRDY ....... 1 

P36/SCLK .... 2 

P35/TxO- 3 

I/O port P34IRxO - 4 
P3 P3,1PWMoUT - 5 

P3,/EV3- 6 

P3,/EV,- 7 

P30 /EV, - 8 

P57/0B7 - 9 

P5,/OB,- 10 

P55/0B5 - 11 

1/0 port P54/0B4 - 12 
P5 P53IDB3 - 13 

P5,/OB,ICE - 14 

P5,/OB, /0E - 15 

P50 /0Bo/PGM - 16 

1/0 port 
P6 

Read/Write 
status output 

P67/W- 17 

P6,/R - 18 

P65/CS- 19 

P63/PRDY"" 21 

P6,/I NT 3 - 22 

Synchronous signal SYNC +- 26 
output 

CNVss/Vpp -- 27 
Reset mput RESET __ 28 

Clock Input 

Clock output 

Timing output 

Vss 

Vee 

AVss 
62 +- V REF Reference 

voltage Input 
61 - O-A,} 
60 -.. D-A2 D-A output 

59 - P4o/ANo 

58 - P4,/AN , f Input 
port P4 

57 - P4,/AN, 

1/0 port 
PO 

1/0 port 
P1 

I/O port 
P2 

64P4B(OTP) 
Outljne 64S1B(Window) 

~f 
u~rJi 
Z~~ 

II 

NC '(J-
P3,/EV~ _ 2 

P30/EV,- 3 

P57 /DB7 - 4 

P56 /DB6 - 5 

P55/DBs - 6 

P54 /DB 4 - 7 

P53/DB3 - 8 

PS2/DB/CE - 9 

PS,/DB,/DE - la 
P50/DBo/PG-M'" 11 

P6T/W- 12 

P6s/A:- 13 

P6/CS- 14 

P6~~- 15 

P63/PADy '" 16 
P62/INT3 _ 1/ 

P6,/INT2 - I~ 
P6o/INT, - 19 

WR-2C 
~_21 

6~ .-.- P4,/AN, 
63 - P42/AN 2 

62 - P43/AN3 
61 - P4 4/AN 4 

- P45/AN5 
- P46/AN6 

56 - P4?/AN7 
57 -POo/Ao 
56 -PO,/A, 
55 -P02/A2 

').! -PO;/Aa 
53 -P04/A4 
52 -POs/As 
51 -POs/As 

-P07/A? 
49 -P1o/As 
48 -P1 1/Ag 

47 -P1 2/A,o 
46 -P1 3/A" 
45 -P1 4/A'2 

44 -P1s/A,3 
43 -P1s/A I4 

42 -PhiAlS 

~~~~~~~~~" NC 

t ttl II 
"-II- (J Z >-- ()"'G. Y> ... <D 

~II~ z x ~ z ~ ~ ~ 
~rr. a. a. 

ij. 80P6 (OTP) 
Outlme 80S6 (Window) NC: No 

connection 
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M37450E4-XXXSP/FP 
M37450E4SS/FS 

PROM VERSION of M374S0M4-XXXSP/FP 

FUNCTIONS OF M37450E4-XXXSP/FP, M37450E4SS/FS 
Parameter Functions 

Number of basIc Instructions 71(69 MELPS 740 baSIC mstructlOns+2) 

Instruction execution time O. 8p s (mlmmum Instructions, at 10MHz frequency) 

Clock frequency 10MHz (max) 

PROM 8192 bytes 
Memory size 

RAM 256 bytes 

PO-P3, P5, P6 I 1/0 8-bltX6 

InputlOutput port P4 I Input 3-bltXl (8-bltXl for BO-pm model) 

D-A I Output 2-bltXl 

SenailiO UART or clock synchronous 

Timers 
16-bIt tlmerX3, 

8-bIt timer (Senall/O baud rate generator) XI 

A-D converter B-bltX3 channels (8 channels for 80-pm model) 

O-A converter B-bltX2 channels 

Pulse width modulator 8-bIt or 16-bltXl 

Data bus buffer I-byte Input and output each 

Subroutine nestln9 96-levels 

Interrupt 
6 external Interrupts, 8 Internal Interrupts 

One software Interrupt 

Clock generatmg Circuit BUllt-m (ceramic or quarts crystal oscillator) 

Supply voltage 5V±5% 

Power dissipation 30mW Cat 10MHz frequency) 

Input/Output voltage 5V 
Input/Output characters 

Output current ±5mA(max.) 

Memory expansion POSSible 

Operatmg temperature range -10 to 70"(; 

Device structure CMOS SIlicon gate 

M37450E4-XXX8P 64-pm shnnk plaslle molded DIP 

M37450E4-XXXFP BO-pm plastiC molded OFP 
Package 

M37450E4SS 64-pm shrink ceramic DIP 

M37450E4FS BO-pm ceramic OFP 
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MITSUBISHI MICROCOMPUTERS 

M374·S0E4-XXXSP/FP 
M374S0E4SS/FS 

PROM VERSION of M374S0M4-XXXSP/FP 

PIN DESCRIPTION (normal mode) 

Pin Name 
Inpull 

Functions Output 

Vee. Supply voltage Power supply Inputs 5V±5% to Vee. and OV to Vss 
Vss 

CNVsslVpp CNVss Controls the processor mode of the chip Normally connected to Vss or Vee 

RESET Reset Input Input To enter the reset state, the reset Input pm must be kept at a "L" for more than 8 clock cycles (under nor-
mal Vee conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 

X ,N Clock Input Input This chip has an Internal clock generating Circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator IS connected between the X,N and XOUT pms If an external clock IS used, the clock 

XOUT Clock output Output source should be connected to the X,N Pin and the XOUT Pin should be left open 

'" 
Timing output Output Outputs signal consisting of oscilialing frequency divided by four 

SYNC Synchronous Output This signal IS output "H" dunng operation code fetch and IS used to control single steppln~ of programs 
signal output 

R/W Read/Write Output This signal determines the direction of the data bus It IS "H" dunng read and "L" dUring wnte 
status output 

POO-P07 1/0 port PO 1/0 Port PO IS an S-bit 1/0 port with dlrecllonal registers allOWing each I/O bit to be IndiVidually programmed as 
Input or output The output structure IS CMOS output The low-order bits of the address are output except 
In slngle-chlp,mode 

P1 0 -P1 7 1/0 port P1 1/0 Port P1 IS an a-bit 1/0 port and has baSically the same functions' as port PO The high-order bits of the 
address are output except In single-chip mode 

P20 -P27 1/0 port P2 1/0 Port P2 IS an S-blt 1/0 port and has baSically the same functions as port PO Used as data bus except In 
single-chip mode 

P30 -P37 1/0 port P3 1/0 Portl P3 IS an a-bit I/O port and has baSically the same functions as port PO Serial 1/0. PWM output. or 
event 1/0 functIon can be selected with a program 

P40-P42 Input port P4 Input Analog Input pin for the A-D converter The 64-pln model has three PinS and the SO-Pin model has eight 
(P40-P47) PinS They may also be used as digital Input pinS 

P50 -P57 1/0 port P5 1/0 Port P5 IS an a-bit 1/0 port and has baSically the same functions as port PO ThiS port functions as an S-blt 
data bus for the master CPU when slave mode IS selected with a program 

P60 -P67 1/0 port P6 1/0 Port P6 IS an a-bit I/O port and has baSically the same function as port PO PinS P6, to P67 change to a con-
trol bus for the master CPU when slave mode IS selected with a program PinS P60 to P62 may be program-
med as external Interrupt Input PinS 

D-A"D-A2 D-A output Output Analog signal from O-A converter IS output 

VREF Reference voltage Input Reference voltage inPut pm for A-O and O-A converter ThiS Pin IS for 64-pm model only 
Input 

ADVREF A-O reference Input Reference voltage Input pm for A-O converter ThiS pm IS for SO-Pin model only 
voltage Input 

DAVREF O-A reference Input Reference voltage Input pm for O-A converter ThiS pin IS for SO-pin model only 
voltage Input 

AVss Analog power supply Ground level Input pm for A-O and O-A converter Same voltage as Vss IS applied 

AVee Analog power supply Power supply Input pin for A-O converter ThIS pin IS for SO-pm model only Same voltage as Vee IS applied 
In the case of the 64-pm model, AVec IS connected to Vee Internally 

-
RD Read Signal Output Control Signal output as active "L" when valid data IS read from data bus ThiS Pin IS for aO-pln model only 

output 

WR Write Signal Output Control Signal output as active ilL" when wntlng data from data bus to external component ThiS pm IS for 
output SO-Pin model only 

RESETouT Reset output Output Control Signal output as active "H" dUring reset It IS used as a reset output Signal for peripheral compo-
nents. ThiS Pin IS for aO-pln model only 
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MITSUBISHI MICROCOMPUTERS 

M374S0E4-XXXSP/FP 
M374S0E4SS/FS 

PROM VERSION of M374S0M4-XXXSP/FP 

PIN DESCRIPTION (EPROM mode) 

Pin Name 

Vee, Vss Supply voltage 

CNVssIVpp Vpp 

---
RESET Reset input 

X ,N Clock Input 

XOUT Clock output 

¢ Timing output 

SYNC Synchronous 

signal output 

-

R/W Read/Write 

status output 

POO-P07 1/0 port PO 

P1 0 -P1 7 1/0 port PI 

P20 -P27 1/0 port P2 

P30 -P37 1/0 port P3 

P40-P42 Input port P4 
(P40-P4,) 

P50 -P57 1/0 port P5 

P60 -P67 1/0 port P6 

D-A" D-A2 D-A output 

VREF Reference voltage 

Input 

ADVREF A-O reference 

voltage input 

DAVREF D-A reference 

voltage Input 

AVss Analog power 

AVec Analog power 

-
RD Read signal output 

-
WR Wnte signal 

output 

RESEToUT Reset output 

Inpull 

Output 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input 

Input 

110 

Input 

i,nput 

Input 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Functions 

Power supply Inputs 5V±5% to Vee, and OV to Vss 

Connect to Vpp when programming or venflng. 

Connect to Vss 

Connect a ceramic or a quartz crystal oscillator between X1N and XOUT for clock oscillation. 

For timing output 

Kept to open ("L" signal IS output) 

Kept to open ("H" signal IS output) 

PO works as the lower B-blt address Input 

P1 works as the higher 8-blt address mput 

P2 works as an 8-blt data bus 

Connect to Vss 

Connect to Vss (The 80-pln model has eight pms P40 to P47) 

P50, P51, P52 works as PGM, OE, and CE inputs respectively 

Vss 

Connect to Vss 

Kept to open 

Connect to Vss 

Connect to Vss. 

Connect to Vss. 

Connect to V 55 

Connect to Vee or Vss. 

Kept to open ("H" signal IS output) 

Kept to open ("H" signal IS output). 

Kept to open ("H" Signal IS output) 

• MrrsuBlSHI 
"'ELECTRIC 

Connect P53 and P54 to Vcc and P5s to P57 to 
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EPROM MODE 
The M37450E4-XXXSP/FP, M37450E4SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L") and CNVsslVpp signal level 
is high ("H"), the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 

Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P50 to P52 and CNVss are used for the PROM 
(equivalent to the M5L2764). When in t~is mode, the built
in PROM can be written to or read from using these pins in 
the same way as with the M5L2764. The oscillator should 
be connected to the X,N and XOUT pins, or external clock 
should be connected to the X,N pin. 

Vee 

-
CE 
-
OE 

(jOG"'; 

l. 

P3 7/SRDY"'" 1 

36 /SCLK ""'" 2 

35/TxO - 3 

34 /RxO - 4 

WMOUT - 5 
32/EV3 "'" 6 

3,/EV2 - 7 

3o/EV, - 8 

5,/OB, - 9 

56/0B6 - 10 

55/0B5 - 11 

54 /D84 ""'" 12 

53/0B3 - 13 

OB2/CE - 14 

P 

P 

P 

t-- P33 /P 

P 

P 

P 

P 

P 

P 

P 

P 

P521 

P5,/0 B,IOE- 15 

o/PGM - 16 

P6,/W - 17 

P66iR - 18 

P50/0B 

~.---

P 

P 

P 

P 

Vss 

Vpp---CNVss/Vpp --. 27 

Q XOUT - 30 

¢~ 31 
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Table 1. Pin function in EPROM mode 

~ 
M37450E4-XXXSP/FP, 

M37450E4SS/FS 

Vee Vee 

Vpp CNVss/Vpp 

Vss Vss 

Address input Ports PO, P1 0 -P1. 

Data 1/0 Port P2 

CE P52/0B 2 /CE 

OE P5,/OB,IOE 

PGM P50 /0Bo/PGM 

64 Vee Vee 

::~~~::~5S 
61 - D-A1 

60 --. D-A2 

59 ~ P4o/ANo 

58 ~ P4,/AN, 

57 ~ P42/AN, 

---@ 
---@ 

54 ..... P02/ A2 G?J 
53 ....... P03! A3 -----@ 
52 ++ P04 / A4 ----@ 
51 ....... POs/A5 @ 
50 ++ POa/ A6 Ci;;J 

---@ 
---~) 
._--@ 
---(Q 
----(9 
---@ BVee 

I 
__ 1 

---~ 

---@ 
---@ 
---@ 
---@ 
---@ 
---~ 

M5L2764 

Vee 

Vpp 

Vss 

Ao-A12 

0 0 -07 

CE 

OE 

PGM 

Ceramic OSCillating Circuit \ ~=l=ES:I:: :: 
Vss _3 .... 2 _____ -'- ---@ 

Fig. 1 

3-162 

Vss 

o : Same functIOns as M5L2764 

Pin connection in EPROM mode (64-pin model) 
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Vee 

NC 
P3, /EV,- , 
P30/EV,- 3 

P5,/DB,- 4 

P56/DB6 - 5 
P55/DB5 - 6 

+------+---- P5,/DB, - 7 

'-----.,...~f----- P53/DB3 - 8 

,=",--P5,/DB,/CE - 9 

P5, /DB, /0E - 10 

rnr~·--t--P50/DBo/PGM - 11 

;-----P6,/W- 12 

r-----P6,/R- 13 

r----P65 /CS - 14 

;-----P6,/AO- 15 

Vss 

P63/PRDY ++ 16 

P6,/INT3 - 17 

P6,/INT,- 18 

P6o/INT, - 19 

WR- 20 

MITSUBISHI MICROCOMPUTERS 
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Vss Vee 

:: : ~:;;~~;~1ss 
62 +- P43/AN3 
61 +- P44 /AN 4 

60 +- P4s/ANs 
59 - P46/AN6 
58 +- P47/AN 7 

57 .... POo/Ao--@ 
56 - PO, /A,--@ 
55 ++ POz/Az--@ 
54 .... P03 /A3--@ 
53 ++ P04/A4--@ 
52 ++ POs/As--@ 
51 - P06 /A6 --@ 
50 .... P07 /A7--@ 
49 .... P1o/As--@ 
48 ++P1 1!Ag--@ 
47 - P1,/AlO--g 
46 -P1 3/A 11 -t&;) 
45 ++ P14/A12-~ Vee 

44 - P1 5/A,3------"f1 
43 ..... P1 6 /A14 ------4i 
42 .... P1 7/A 1S------' 

RESET OUT - -24",=-,:o;n==========='- NC 

oscillating 
CircUIt 

o : Same functions as M5L2764 

Fig. 2 Pin connection in EPROM mode (80-pln model) 
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PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, and 5V to the Vee and the 
CNVss (Vpp ) pins. Input the address of the data (An to A12 ) 

to be read and the data will be output to the I/O pins Do to 
0 7, 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 PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level, and supply OV to the RESET pin, 6V 
to the Vee pin and 21V to the Vpp pin. 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 Ao to A12, and 
the data to be written is input to pins Do to 0 7, Set the PGM 
pin to a "L" level to begin writing. 

Erasing 
Data can only erased on the M37450E4SS/FS ceramic 
package, which includes a window. 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 15W·s/cm2• 

NOTES ON HANDLING 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

Table 2. 1/0 signal In each mode 

~==---= 
- -

Mode 
CE OE 

• Read-out V'L V'L 
Programming V'L V ,H 

Programming verify V'L V'L 
Program disable V ,H X 

Notel: V'L and V,H indicate a "L" and "H" input voltage, respectively 
2 : An X Indicates either V'L or V,H. 
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(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

Writing with PROM writer 

Screening (Note)(Leave at 150""C for 40 hours) 

Verify test with PROM writer 

, ____ • __ • _________ • ___ • __ w ___ ."._. ___________ • ___________________________ , 

. ., 
, " 

i. ___ . _ .. ___ . __ . __ .. ~~n_~~i~~. ~~.~c_~ I_~ ~~g~~_ ~.ev~c~. __ . __ ............. : 

Note : Since the screening temperature is higher than I 

storage temperature, never expose to 150'C ex
ceeding 100 hours. 

-
PGM Vpp Vee Port P2 

V ,H 5V 5V Output 

V'L 21V 6V Input 

V ,H 21V 6V Output 

X 21V 6V Floating 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

V, Input voltage RESET, X ,N 
Input voltage POO-P07, P1 o-P1 7, P2o-P27• 

V, 
P3o·P3" P40·P4" P50·P5" 

P60·P6" ADVRE" DAVRE" 

VREF• AVec 

V, Input voltage CNVss 

Output voltage POo·PO" P1 0·P1" P20·P2" 

Vo 
P3o·P3,. P50·P5" P60·P6" 

XO UT, ¢, RD, WR, R/IN, 

RESET OUT, SYNC 

Pd Power disSipation 

Topr Operating temperature 

Tstg Storage temperature 

Note In PROM programming mode, CNVss IS 22. OV 
500mW lor QFP type 

Conduions 

With respect to Vss 

Output transistors are 

at "OFF:' state 

Ta - 25'C 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±5%, Ta=-10 to 70'C unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max. 

Vee Supply voltage 4.75 5 5.25 

Vss Supply voltage 0 

V ,H "H" Input voltage RESET, XIN. CNVss (Note 1) O. aVec Vee 

"H" Input voltage POo·PO" P10·P1" P20·P2" 
V ,H P30·P3" P40·P4" P50·P57 , 2.0 Vee 

P60·P6, (except Note 1l 

V'L "L" Input voltage CNVss (Note 1l 0 0. 2Vec 

"L" Input voltage POo·PO" P10·P1" P2o·P2" 

V'L P3o·P3" P40·P4" P50·P5" 0 O. a 

P6o·P6, (except Note 1l 

V'L "L" Input voltage RESET 0 0. 12Vcc 

V'L "L" Input voltage X1N 0 0. 16Vcc 

"L" peak output current POO-PO? P10·P1" 

10L(peak) P2o-P27• P3,·P3" 10 

P50-P57. P60·P6, 

"L" average output current POO-PO? P10·P1" 

IOdavg) P20·P2" P30·P3" 5 
P50-P57. P60·P6, (Note 2) 

"H" peak output current POQ-P07, P1 0·P1" 

10H(peak) P2o-P27, P3o·P3" -10 

P50-P57! P60·P67 

"H" average output current POO-P07 • P10·P1" 

IOHcavg) P2o-P27• P30·P3" -5 

P50-P57. P60·P6, (Note 2) 

I(X,N ) Clock oscillating frequency 1 10 

Note Ports operate as INT,-INT3 (P6o·P6,), EV,·EV3 (P3o·P3,), RxD(P3.) and SCLK(P3.) 
The average output current 10H(avg) and 10Llavg) are the average value dUring a lOOms 
The total 01 "L" output current 10L(peakl of port PO, Pl and P2 IS less than 40mA 

Umt 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

MHz 

The total 01 "H" output current 10H(peak) 01 port PO, Pl and P2 ,-,,-less than 40mA __ 
The total of "L" output current 10L(peak) of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
¢ IS less than 40mA 
The total 01 "H" output current 10H(peak) of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
¢ IS less than 40mA 

• MlTSUBlSHj 
"'ELECTRIC 

Ratmgs Unit 

-0.3 to 7 V 

-0.3 to 7 V 

-0.3 to Vee+O. 3 V 

-0.3 to 13 (Note 1) V 

-0.3 to Vee+O. 3 V 

1000 (Note 2) mW 

-10 to 70 'c 
-40 to 125 'c 
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ELECTRICAL CHARACTERISTICS (Vee = 5V±5%, Vss = OV, Ta = -10 to 70t, f(X ,N ) = 10MHz, unless otherwIse noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ Max 

V OH "H" output voltage RD, WR, R/W, SYNC, RESET OUT, ¢ iOH=-2mA Vee-l V 

V OH 
"H" output voltage POo-PO" P1o-P1" P2o-P2" 

iOH=-5mA 
, 

Vee--l V 
P30-P3" P50-P5" P6o-P6, 

"L" output voltage POo-PO" P1 o-P1" P2o-P2" 

VOL P30-P3" P50-P57, P6o-P6" IOL=2mA 0.45 V 

RD, WR, R/IN, SYNC, RESET OUT, ¢ 

VOL 
"L" output voltage POo-PO" P1o-P1" P2o-P2" 

IOL=5mA 1 V 
C----------

P30-P3" P50-P5" P6o-P6, --

VT+-VT-
HysterlSls INT,-INT3(P6o-P6,), EV,-EV3(P30-P3,), 

Function mput level 0.3 1 V 
RxD(P34), SeLK(P3,) 

VT+-VT- HysterlSls RESET 0.7 V 

VT+-VT- Hystensis XIN 0.1 0.5 V 

"L" mput current PDQ-POl, P1 o-P1 7 , P2o-P27 , 

I'L P30-P3" P4c-P4" P50-P5" VI=VSS -5 5 /-I-A 
---

P6o-P6" RESET, X,N 
-.~--------- ~------- --

"H" mput current POO-POl, P1o-P17, P2o-P27, 

I'H P30-P3" P4o-P4" P50-P57 , VI=VCC -5 5 /-I-A 
--

P6o-P6" RESET, X,N 
1--

V RAM RAM retention voltage At stop mode 2 V 

At system operation 
6 10 mA 

Icc Supply current flX ,N )=10MHz 
~-

At stop mode (Note 1) 1 10 /-I-A 
-- - -

Note 1 : The terminals RD, WR, R/W, SYNC, RESET OUT, ¢, D-A, and D-A, are all open The other ports, which are In the Input mode, are connected 
to Vss A-D converter is In the A-D completion state The current through ADVREF and DAVREF IS not Included(Fig 6) 

A-O CONVERTER CHARACTERISTICS 
(Vee = AVec = 5V, Vss = AVss = OV, T a = 25"C, f(X ,N )=10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test condItions M~--r--- Unit 

-- ---------
Min Typ Max 

-----+---- Resolution 8 Bits --

---l=!=~ - Absolute accuracy Vcc= AVee=ADVREF=5.12V +3 LSB ------- ]-------- -- t--=--I 
to<¢) __ tCONV ConversIOn time 

~I/~S==--
49 I 

V'A Analog Input voltage AVec V 

VADVREF Reference Input voltage 2 Vee V 

RLADDER 
~-]--------

Ladder resistance value ADVREF=5V 2 7.5 10 kD __ 

IIAOVREF Reference Input current ADVREF=5V 0.5 0.7 2.5 mA 

V AVCC Analog power supply mput voltage Vee V ----_._- ------
V AVSS Analog power supply Input voltage 0 V 

O-A CONVERTER CHARACTERISTICS (Vee = 5V, Vss = AVss = ov, T a = 25"C, unless otherwIse noted) 

Symbol 

-

-
--

tsu 

Ro 
V AVSS 

VOAVREF 

IOAVREF 
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Parameter 

Resolution 

Abusolute accuracy 

Setup time 

Output resistance 

I Analog power supply Input voltage 

Reference Input voltage 

Reference power Input current (Each pm) 

Test conditIOns 

Vee=DAVREF=5,12V 

• MITSUBISHI 
..... ELECTRIC 

Limits -- - Unit 
Min Typ Max 
--

8 BIts 

1.0 % 
3 /-I-S 

1 2 4 kD 

0 V 

4 Vee V 

0 2.5 5 mA 



TIMING REQUIREMENTS 
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Port/single-chip mode (Vcc=5V±5%, Vss=ov, Ta=-10 to 70"(;, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ. Max 

tsu(POo-!6) Port PO Input setup time 200 ns 

tSU(P10-_) Port PI Input setup time 200 ns 

tSU(P20-") Port P2 Input setup time 200 ns 

tS U(P30-,p) Port P3 mput setup time 200 ns 

tSU(P40-';) Port P4 mput setup time ~O ns 

t SU (P50-oJ Port P5 mput setup time 200 ns 

tSU (P6D-¢) Port P6 mput setup time 200 ns 

th( .. -poo) Port PO Input hold time 40 ns 

th("-P1o) Port PI mput hold time 40 ns 

th<O-P2o) Port P2 Input hold time Fig 3 40 ns 

th("-P30) Port P3 Input hold time 40 ns 

th(o-P4o) Port P4 Input hold ttme 40 ns 

theo-P50) Port P5 Input hold time 40 ns 

th<o-PBo) Port P6 Input hold time 40 ns 

tdX,N ) External clock Input cycle time 100 1000 ns 

tw(X,NL) External clock Input "L" pulse Width 30 ns 

tw(XINH) External clock Input "H" pulse Width 30 ns 

tr(X,N ) External clock rising edge time 20 ns 

tf(X,N ) External clock failing edge time 20 ns 

Master _CPU bus interface timing (Fi and W separation type mode) 
(Vcc=5V±5%, Vss=OV, Ta=-10 to 70"(;, unless otherwise noted) 

Symbol Parameter Test condition 
Limits 

Umt 
Min Typ Max 

tSU(CS-R) CS setup time 0 ns 

tSU(cs-w) CS setup time 0 ns 

th(R-CS) CS hold time 0 ns 

th(w-cs) CS hold time 0 ns 

tSU(A-R) AD setup time 40 ns 

tSU(A-W) AO setup time Fig 3 40 ns 

theR-A) AO hold time 10 ns 

theW-A) AO hold time 10 ns 

tW(R) Read pulse Width 160 ns 

tw(w) Write pulse Width 160 ns 

tsu(o-w) Date mput setup time before write 100 ns 

theW-D) Date mput hold time after write 10 ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±5%, Vss=ov, T a=-l 0 to 70"(;, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-E) CS setup time 0 ns 

th(E-CS) CS hold time 0 ns 

tSU(A-E) AO setup time 40 ns 

theE-A) AO hold time 10 ns 

tSU(RW-E) RIW setup time 40 ns 

th(E-RW) RIW hold time 10 ns 

tW(EU Enable clock "L" pulse Width 
Fig 4 

160 ns 

tW(EH) Enable clock "H" pulse Width , 160 nS 

tr(E~ Enable clock rising edge time 25 ns 

tfeE) Enable clock failing edge time 25 ns 

tSU(O-E) Data Input setup time before write WO ns 

th(E-O) Data mput hold time after write 10 ns 
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Local bus/memory expansion mode, microprocessor mode 

Symbol Parameter 

tsuCO-IIi) Data Input setup time 

Ih«-o) Data input hold time 

tSUCO-RO) Data mput setup time 

thCRD-O) Data Input hold time 
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(Vcc=5V±5%, Vss=ov, T a=-10 to 70'C, unless otherwise noted) 

Test condition 

Fig 5 

• MITSUBISHI 
"ELECTRfC 

Min 

130 

0 

130 
0 

Limits 
Unit 

Typ Max 

ns 

ns 

ns 

ns 



SWITCHING CHARACTERISTICS 
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Port/single-chip mode (Vcc=5V±5%, Vss=ov, T a=-10 to 70"(;, unless otherwise noted) 

Symbol Parameter 
limIts 

Test condition Unot 
MIn Typ Max 

Id(¢-poo) Port PO data output delay tIme 200 ns 

Id(¢-Pl0) Port P1 data output delay tIme 200 ns 

Id(¢-P20) Port P2 data output delay tIme 200 ns 

Id(¢-P30) Port P3 data output delay time 200 ns 

Id(¢-P50) Port P5 data output delay tIme 200 ns 
Id(,,-peo) Port P6 data output delay tIme FIg 3 200 ns 
Ic(¢) Cycle tIme 400 4000 ns 

Iw ( .... ) (> clock pulse wIdth ("H" level) 190 ns 

Iw( .... ) (> clock pulse wIdth ("L" level) 170 ns 

1'(0) (> clock rosong edge time 20 ns 

If<o) (> clock failing edge tIme 20 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±5%, Vss=OV, T a=-1 0 to 70"(;, unless otherwIse noted) 

Limits 
Symbol Parameter Test condition Unot 

Mon Typ Max 

la(R-o) Data output enable time aller read 120 ns 

IV(R-O) Data output dIsable tIme aller read 10 85 ns 

tPLH(R-PR) PROY output transmission tIme after read 
FIg 4 

150 ns 

tPLH(W-PR) PRDY output transmission time after write 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±5%, Vss=OV, T a=':"'10 to 70"(;, unless otherwise noted) 

Limits 
Symbol Parameter Test coodltlon Unot 

MIn Typ Max 

la(E-o) Data output enable time after read 120 ns 

IV(E-O) Data output disable tIme after read FIg 4 10 85 ns 

tPLH(E-PR) PRDy output transmiSSion time after E clock 150 ns 

Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±5%, Vss=OV, T a=-10 to 70"(;, unless otherwIse noted) 

Limits 
Symbol ,Parameter Test Condition Umt 

Min Typ Max 

Id(¢-A) address delay tl11)8 after t/J 150 ns 

IV(¢-A) address effectIve tIme after (> 10 ns 

tV(RO-A) address effective time after RD 10 ns 

tV<WR-A) address effectIve time after WR 10 ns 

Id(¢-o) data output delay time after (> 160 ns 

Id(WR-O) data output delay time after WR 160 ns 

tV(<fr-o) data output effective tIme after (> 
FIg 5 

20 ns 

tV<WR-O)' data output effectIve tIme after WR 20 ns 

Id(¢-RW) R/W delay tIme after (> 150 ns 

Id(o-SYNC) SYNC delay tIme after (> 150 ns 

tW(RO) RD pulse WIdth 170 ns 

tW<WR) WR pulse WIdth 170 ns 
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TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L 0.45V 

Output test level: VOH 2. OV 

VOL O. BV 

PO 

P1 
P2 
P3 

.L 
-0 

P4 100pF 

P5 J: 
P6 

~ .n 
..L 

50pF 
J; 

Fig. 3 Test circuit in 
single-chip mode 

Vee 

RESET 

PO 
P1 
P2 
P3 
P4 
P5 

P6 
CNVss 
AVss 

Vss 

X,N 

Vee 
AVee 

ADVREF 

DAVRE , 

D·A1 

D·A2 

RD 
WR 
R/W 

SYNC 
RESET OUT 

~ 

XOUT 

P5 

P6, 
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1'100PF 

PO) 
~ 

P1 i 50p 

P2 ~ 

..L 
100 

, ) ~ R/W 
SYNC 

.L ~ 

RD 
;:);. 

50p 

WR 

F 

pF 

F 

Fig. 4 Master CPU bus interface 
test circuit 

Fig. 5 Local bus test circuit 

Vee 

I Icc 
~ (test pOint) 

other power 
supply 

open 

Fig. 6 Icc (at STOP mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

2. a 

-1 
tW(,?H) 

Port PI Inpul 

tdc¢-pio) 

Port PI oulpu I )< 2. a 
0.8 
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I C.) C 

tW(¢Ll r--
2. a 2. a 

0.8 0.8 

IIc.) - j--Iri.) 

tsU(PiD-¢) 

2.4 2.4 

~ 0.45 

th(¢-PID) 

- -Nole . V,H -0.8Vcc , V'L-O. 16Vcc of X,N 

Master CPU bus interface/ R and IN separation type timing diagram 

Read 

AO 

cs 

t ( SU A-R 

> 2.4 
0.45 

O.4;r-

tSU(CS-R) 

2.4 
0.45 

laCR-D) 

• MlTSUBlSHI "ELECTRIC 

tWCR) 

2. a 
0.8 

R-A 

2.4 
~ 0.45 

thCR-CS) 

:).45 

2.4 
0.45 

2.0 

0.8 

t---- tVCR-D) 

) 
2.0 

tPLH(R-PR) 

3-171 



Write 

AO )< 

W 

Master CPU interfacel R/W type timing diagram 

E \ 
0.45 

MITSUBISHI MICROCOMPUTERS 

M37450E4.XXXSP/FP 
M37450E4SS/FS 

PROM VERSION of M374S0M4-XXXSP/FP 

I I SU A-W W-A) 

~I 
2.4 2.4 
0.45 0.45 

0.4~ 
tsu(cs-w) Ihlw-cs) f---.. 

VO. 45 

tWlw) 

2.4 ~ 2.4 
0.45 0.45 

I-- thlw-D) 

2.4 ,.,. 2. 4 
0.45 0.45 

tsu(o-w) 
~ 

) 2.0 

tpLH(W-PR) 

t I ) W EL W(EH) 

2.4 2.4 
0.45 0.45 

~ I-- trlE) ~ t-- IfIE) 

tSU(A-e) 
f--- IhIE-A) 

AO 

R/W 
)< 2.4 K= 0.45 

~) IhIE-cs)-

if45 O.~ 
read 

\. 2.b 

I 0.8 
talE-D) r- tv(e-o) 

tSUlo- E) 
I- thIE-D) 

write \. 2.4 
I 0.45 

Ir:: 
) 2. o 

tPLH(E-PR) 
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\ 
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tw(¢L) 

Ifl» 
~ I-- Irl<1 

f---.. Ivl<-AI 

K 
tsu(o-'I'Il 

- +-- thl< -DI 

I 
.)' 

~ 

tdi<-D) 
f---. tV(¢-ol 

K 
tW(ROl 

I--- tV(RO-Al 

tSU(O-RO) 
th(RO-O) 

tW(WR) 
I--- tV(WR-A) 

td(WR-O) 
~ tv(wR-ol 
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MITSUBISHI MICROCOMPUTERS 

M374S0E8-XXXSP/FP 
M374S0E8SS/FS 

DESCRIPITION 
The M37450E8-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic rnolded DIP. The features of this chip 
are similar to those of the M37450M8-XXXSP except that 

this chip has a 16384-byte PROM built-in. This single-chip 

microcomputer is useful for office automation appliances 
and consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM 
and 110 addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 

writes can be used for small quantity production runs. It 
also has a unique feature that enables it to be used as a 
slave microcomputer. 

The M37450E8SS and the M37450E8FS are the window 
type (M37450E8FS is housed in a 80-pin ceramic QFN 
package). The differences between the M37450E8-XXXSP 
and the M37450E8-XXXFP, and between the M37450E8SS 
and the M37450E8FS are the package outline and the pow
er dissipation ability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions········ ........................... 71 

69 MELPS 740 basic instructions + 2 multiplyldivide 
instructions 

• Memory size EPROM· ........................... ·16384 bytes 

RAM····································· 384 bytes 

• Instruction execution time 
(minimum instructions at 10 MHz frequency) ·····0.811s 

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

• Power dissipation normal operation mode 
(at 10 MHz frequency) ··································30mW 

• Subroutine nesting ............................... 96 levels max. 

• Interrupt··············································· ... ···15 events 
• Master CPU bus interface································· 1 byte 
• 16-bit timer···························································· 3 
• 8-bit timer (Serial 1/0 use) ······································1 
• Serial 1/0 (UART or clock synchronous) ......... ···········1 
• A-D converter (8-bit resolution) ......... 3 channels (DIP) 

. 8 channels (QFP) 

• D-A converter (8-bit resolution) ··················2 channels 
• PWM outp~t (8-bit or 16-bit) .................................. ··1 

• Programmable 1/0 ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) .......................... 3 (DIP), 8 (QFP) 

• Output ports (Ports D-A" D-A2 ) ································2 

• EPROM (equivalent to the M5L27256) 
program voltage················································ 12.5V 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 

PROM VERSION of M37450M8·XXXSP/FP 

PIN CONFIGURATION (TOP VIEW) 

P37/SADy ++ 1 

P36/SCLK .... 2 

P35/TxO'" 3 

110 port P3.lRxO - 4 
P3 

P33/PWMoUT '" 5 

P3,/EV3 '" 6 

P3,/EV,- 7 

P30/EV,'" 8 

P5,/OB, - 9 

P5s/0Bs '" 10 

P55/0B5 - 11 

I/O port P5./OB. - 12 
P5 

P53/0B3 '" 13 

P5,/OB,/CE'" 14 

P5,/OB,IOE'" 15 

P50/0Boi A,.'" 16 

1/0 port 
P6 

Read/Write 
status output 

P6,/W'" 17 

P63/PRDY .......... 21 

P6,/INT3 '" 22 

P6,/INT,'" 23 

P6o/lNT, ... 24 

~Gr~uh{Onous signal SYNC +- 26 

Reset Input 

Clock Input 

Clock output 

Timing output 

CNVssIVpp --+ 27 

RESET~ 28 

Vss 

Vee 

AVss 

62 +- VREF ~ci1t~~~n~~ut 
61 ~ O-A, f 

O-A output 
60 --+ D-A2 

1/0 port 
PO 

1/0 port 
P, 

1/0 port 
P2 

Outline 64P4B (OTP) 
64S1B(Window) 

NC 10, 
P31!EV2 - 2 ~' 
P30/EV, -- ) 
P5rJDBr - 4 

PS6/DB6 - 0 
P55/DB5 - 6 

P54/0B4 - 7 
PS3/D8 3 - 8 

PS2JDB2/CE __ 9 

PS,/DS'/O"E - ,~ 
PSoJDBQ/A),4 _ 11 

P6JW- 12 

P6.,iR""", 13 

P6s/CS- 14 

P6.1!~- 15 

z 
;~ 
oK 
t I 

o :: : :::;:~: 
62 -- P43fAN3 
61 +- P44/AN 4 

+- P4s/ANs 
\9 +- P46/AN6 
,s +- P471 AN? 
\7 -POo/Ao 
56 -PO,/A, 
55 -P02/A2 
54 -P03/A 3 

53 -P04/A4 

52 -POs/As 
51 -POe/A6 

50 -P07/A7 
,9 -Pl o/Aa 
,8 -P1,/A9 
47 ....... P1 2/AlO 
46 -P1a/A" 
''i -P1 4 /A12 
.4 -P15/An 
43 -Pl s/A14 
42 -P1 7/A'5 

~~~iffiP1'"'!ffi!~~~" Ne 
t t II 
tllU () ~ 

~I~ z x 

u 

Outline 80P6(OTP) 
8000 (Window) NC: No 

connection 
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M37450E8-XXXSP, M37450E8SS BLOCK DIAGRAM 

Clock Clock 
input output 
X1N XOUT 

Timing Reset 
output input ~ 

if> RESET R/W SYNC Vcc Vss 

1)--T---'--~~-~--®------------l 

Data bus 

1 I I J ~ 
Clock generating I 

l- I 
§ T,'1'6et I:::1Tlmer 1 latc~ InstructlOO 

CIrcUIt (16) 
register 

RAM I ;'09"; I P'09"m ~ (8 
counter counter Ffl1~ ~ r 1 

384 PCH(S) pel(8) 16384 ~ Timer 2 j:::-1Tlmer 2 latch§ 
bytes bytes (16) (16) Inslrtlct'Q(\ 

'" h .. decoder 

~ 8 Tlmer3 k 1Tlmer 3 latch§ 
(16) (16) 

E~~ ~ Control signal 
8-bit 8pulse width h ,-,. rrr ~ fft11r , ~ modulator Accumu rocessOf Index Index Slack Multi 

\~:~ later r:~~:r register register pomter piler! "IT A(8, PS(8' X\8 y(8) s(8) d,,,de' 

3 

~ r--------

I~ Interrupt I AD 1: INT, control 
COMP 

TI 
INT, I~;} 2 

~ , IBFOBE I:---- - ~ 

I 

~ 

Bus Interface rl A-D I rk0~~!rterll Senal 1/0 converter 

3 1 
~ 

F=01 
- r--

1 F 
--.. Mode 

l L. 

3 4 S 

r P6(S) I I P5(S) I P4(3) P3(S) P2(S) r P1 (S) II POlS) I , 
~jffil11} 1 1m i I I ~ 9 9 ''<0''''' 

~~ ----------- AV""~ /D-A,'~ ~ '~-----' ~ CNVss 
L 

1/0 port P6 1/0 port P5 VAEF Input port P4 D-A, 1/0 port P3 1/0 port P2 1/0 port P1 1/0 port PO 

" ;ID 
0 
~ 

< 
~11 111 

;ID 
w-til 
...... ;: 0 

Z ~~ i 0 CII_ .... we til 
~ ...... 1"'1 :5 w ~OD ~ I .... CII· -~ e>< £ 
; 1"'1 >< ~ 
C!D OD >< 0 
>< enen ~ 
= en.,,;g til .................. -I 

" ."." 111 ...... 

en." = ." 
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M37450E8-XXXFP, M37450E8FS BLOCK DIAGRAM 

Clock Clock Timing Reset Reset 
Input output output input output r--XT" --':'rrOUT 1> _~S@~_~T __ @_~_ v"c.; __ ~~ ______ _ 

I. + -r- ! T t f ~ ~ -------, 

i I lliffiO", i 
l I I 1 I r Clock generating 

hi I 
G Timer 1 Timer 1 latch~ instruchon 

CircUIt (16) (16) 
register 

RAM p,og,,; I P"'9m i (8) 

384 
counter counter 

16384 
~l~h ------1 

PCH\8) ped8) ~ Tlmer2 ~ MTlmer 2 latc~ 
bytes 

~ ~ 
bytes (16) (16) Instruction 

E~~ -" ~ 
decoder 

l ~ Timer3 t MTlmer 3 latch~ 
(16) (16) 

E~~ L ~~ Control signal 
8-olt @pulse width I--- EftJ,~~~~ loglc~1 /"Iccumu- r~~~:o Inde,. Index Slack Multl-

modulator 
umt tator register register register pOinter plleff IT A(8) pSiS, X(8) Y(BI s(BI • d,,,d., 

3 

I 
=-.e:= ,,-----' 

INT, 
Interrupt I 

AD ~ control TI 2 INT, 
~5t 

COMP 

~ ~ 
BRG 

r IBF,OBE 
~ ~ 

Bus rl A-D rL D-A 
Interface converter convelter Senal I/O 

r. 
t;11 

=------:-0 F-J 
f-- - n ~ 

1 L 

3 4 8 

I P6(8) I I P5(8) II P4(8) P3(8) P2(8) 1 P1(8) 11 PO(8) 1 
I f "fH ! l" l- t 
11 llllt T ~ 1---

-rt: - 2 3 !(j}-(4~@ Prj! j ! j -~ 

~ '------y-----" /[AVss~ D-A,~ ~~ '~ ( ,,- . _. 
L 

AVec DAVREF 

'V 
::a 
0 
~ 

< 
:Ii: '" ::a w-til 
"-ole;: 0 

z :I~ :; 
0 en -• we ~ 
~ "-011"1 -
w ~GO i: 
~ en· Ci '" e >< ::a 
; 1"1 >< g 
'!II GO >< 0 
>< (I) (I) i: 
~ (I) "V ;g 
til ..................-t 
~ .".,,: 
." (I) "V til 'V 



MITSUBISHI MICROCOMPUTERS 

M374S0E8-XXXSP/FP 
M374S0E8SS/FS 

PROM VERSION of M37450M8-XXXSP/FP 

FUNCTIONS OF M37450E8-XXXSP/FP, M37450E8SS/FS 
Parameter Functions 

Number of basic instructions 71 (69 MELPS 740 basic instructions+2) 

Instruction execution time O. 8,us (minimum Instructions, at 1 OMHz frequency) 

Clock frequency 10MHz (max) 

PROM 16384 bytes 
Memory size 

RAM 384 bytes 

PO-P3, P5, P6 I 1/0 8-bitXS 

Input/Output port P4 I Input 3-bltX 1 (8-bitX 1 for 80-pin model) 

D-A I Output 2-bitXl 

Serial 1/0 UART or clock synchronous 

Timers 
IS-bit tlmerX3, 

8-bit timer (Serial 1/0 baud rate generator) X 1 

A-O converter 8-bitX3 channels (8 channels for 80-pin model) 

O-A converter 8-bitX 2 channels 

Pulse width modulator 8-bit or 16-bitXl 

Data bus buffer I-byte input and output each 

Subroutine nesting 96-levels 

Interrupt 
6 external interrupts, 8 Internal Interrupts 

One software Interrupt 

Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 

Supply voltage SV±S% 

Power dissipation 30mW (at 10MHz frequency) 

Input/Output voltage 5V 
Input/Output characters 

Output current ±SmA (max.) 

Memory expansion Possible 

Operating temperature range -10 to 70t 

DeVIce structure CMOS silicon gate 

M37450E8-XXXSP 64-pm shrink plastic molded DIP 

M37450E8-XXXFP 80-pm plastic molded OFP 
Package 

M37450E8SS 64-pm shrink ceramic DIP 

M37450E8FS 80-pin ceramic OFN 
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MITSUBISHI MICROCOMPUTERS 

M37450E8-XXXSP/FP 
M37450E8SS/FS 

PROM VERSION of M374S0M8·XXXSP/FP 

PIN DESCRIPTION (normal mode) 

Pm Name 

Vee. Supply voltage 

Vss 

CNVsslVpp CNVss 

---
RESET Reset Input 

X ,N Clock input 

XOUT Clock output 

</> Timing output 

SYNC Synchronous 
signal output 

-
R/W Read/Write 

status output 

POo-PO, I/O port PO 

Pl o-Pl, I/O port P1 

P2o-P2, I/O port P2 

P30 -P3, I/O port P3 

P4o-P42 Input port P4 
(P4o-P4,) 

P50 -P5, I/O port P5 

P60 -P6, I/O port P6 

D-A" D-A2 D-A output 

V REF Reference voltage 
input 

ADVREF A-D reference 
voltage mput 

DAVREF O-A reference 
voltage mput 

AVss Analog power supply 

AVee Analog power supply 

RD Read signal 
output 

WR Write signal 
output 

RESETouT Reset output 

3-178 

Input/ 
Output 

Input 

Input 

Output 

Output 

Output 

Output 

I/O 

I/O 

I/O 

I/O 

Input 

I/O 

I/O 

Output 

Input 

Input 

Input 

Output 

Output 

Output 

Functions 

Power supply inputs 5V±5% to Vcc. and OV to Vss 

Controls the processor mode of the chip Normally connected to Vss or Vee. 

To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor-
mal Vee conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be mamtained for the required time 

This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the XIN and XOUT pms If an external clock is used, the clock 
source should be connected to the X IN pin and the XOUT pin should be left open. 

Outputs signal consisting of oscillating frequency divided by four 

This signal IS output "H" dUring operation code fetch and IS used to control smgle stepping of programs. 

This signal determines the direction of the data bus It is "H" during read and "L" during write 

Port PO IS an 8-blt 110 port with directional registers allowing each 1/0 bit to be Individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in smgle-chip mode. 

Port P1 is an 8-bIt I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 

Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode. 

Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O. PWM output. or 
event 1/0 function can be selected with a program. 

Analog input pm for the A-O converter "The 64-pin model has three PinS and the 80-pin model has eight 
pins. They may also be used as digital mput pins 

Port P5 IS an a-bit 1/0 port and has basically the same functions as port PO ThiS port functions as an a-bit 
data bus for the master CPU when slave mode IS selected with a program. 

Port P6 is an a-bit 1/0 port and has basically the same function as port PO Pins P63 to P67 change to a con-
trol bus for the master CPU when slave mode is selected with a program Pins P60 to P62 may be program-
med as external Interrupt Input PIOS 

Analog signal from D-A converter is output 

Reference voltage Input pin for A-O and O-A converter This pi!1 IS for 64-pin model only 

Reference voltage input pin for A-O converter ThiS pin IS for aD-pin model only 

Reference voltage input pin for O-A converter This pm is for aD-pin model only 

Ground level Input pin for A-O and O-A converter Same voltage as Vss is applied. 

Power supply mput pin for A-D converter. This pin is for aD-pin model only Same voltage as Vcc is applied. 
In the case of the 64-pln model, AVec is connected to Vec internally. 

Control signal output as active "L" when valid data is read from data bus This pm is for aD-pm model only. 

Control signal output as active "L" when Writing data from data bus to external component This pm is for 
SO-pin model only 

Control signal output as active "H" during reset 
nents ThiS pin IS for eO-pm model only 

• MlTSUBlSHI 
"ELECTRIC. 

It is used as a reset output Signal for peripheral compo-



MITSUBISHI MICROCOMPUTERS 

M374S0E8-XXXSP/FP 
M374S0E8SS/FS 

PROM VERSION of M374S0M8.XXXSP/FP 

PIN DESCRIPTION (EPROM mode) 

Pin Name 
Input! 

Functions 
Output 

Vee, Vss Supply voltage Power supply inputs 5V or 6V to Vee, and OV to Vss 

CNVss/Vpp Vpp Input Connect to Vpp when programming or verifing 

RESET Reset input Input Connect to Vss. 

X ,N Clock input Input Connect a ceramic or a quartz crystal oscillator between XtN and XOUT for clock oscillation 

XOUT Clock output Output 

</> Timing outp~t Output For timing output 

SYNC Synchronous Output Kept to open ("L" signal IS output) 

signal output 

-
R/W ReadlWrite Output Kept to open ("H" signal is output), 

status output 

POO-P07 1/0 port PO Input PO works as the lower 8~blt address input 

Pl o-P1 7 1/0 port P1 Input P1 0 to P1 s works as the higher 6-bit address Input. P16 and Ph connect to Vee or Vss 

P2o-P27 (10 port P2 1/0 P2 works as an B-bit data bus, 

P30 -P37 1/0 port P3 Input Connect to Vss. 

P40 -P42 Input port P4 Input Connect to Vss (The BO-pin model has eight PinS P40 to P4,), 

(P4o-P4,) 

P50 -P57 1/0 port P5 Input P50, P5, and P5, work as A14, OE, and CE Inputs respectively, Connect P5, and P5. to Vee and P55 to P5, 
to Vss, 

P60 -P67 1/0 port P5 Input Connect to Vss 

D-A, , D-A, D-A output Output Kept to open. 

VREF Reference voltage Input Connect to Vss 

input 

ADVREF A-O reference Input Connect to V 55 

voltage input 

DAVREF O-A reference Input Connect to Vss. 

voltage input 

AVss Analog power Input Connect to Vss. 

AVec Analog power Input Connect to Vee or Vss 

RD Read signal output Output Kept to open ("H" signal is output) 

-
WR Write signal Output Kept to open ("H" signal IS output) 

output 

RESETouT Reset output Output Kept to open ("H" signal is output) 
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EPROM MODE 
The M37450E8-XXXSP/FP, M37450E8SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L") and CNVss/Vpp signal level 
is high ("H"), the chip automaticaffy enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P50 to P52 and CNVss are used for the PROM 
(equivalent to the M5L27256). 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 M5L27256. The osciffator 
should be connected to the X,N and XOUT pins, or external 
clock should be connected to the X,N pin. 

vee 
·0· 

c, 
6E 

A, 

Oscillating Circuit 

P 37/SRDY .... 1 

P 3"/SCLK .... 2 

P 3,/TxD .... 3 

P 3,/RxD .... 4 

~ P3./P WMour .... 5 

, 
Vss 

P 3,/EV ..... 6 

P 3,/EV, .... 7 

P SO/EV, .... 8 

P 5,/OB, .... 9 

P 5./OB ..... 10 

P 

P 

P 

P5,I 

P5,I 

5,/OB,'" II 

5,/OB,'" 12 

5./OB.'" 13 

OB,/CE'" 14 

DB,IOE'" 15 

P50/D 

P6,/CS .... 19 

P 

Vpp--- CNVsslVpp -+ 27 

I XIN - 29 

XOUT - 30 

<1>- 31 

MITSUBISHI MICROCOMPUTERS 

M37450E8-XXXSP/FP 
M37450E8SS/FS 

PROM VERSION of M374S0M8-XXXSP/FP 

Table 1. Pin function In .EPROM mode 

---------
M37450E8-XXXSP/FP, 

M37450E8SS/FS 

Vee Vee 
Vpp CNVss/Vpp 

Vss Vss 
Address input Ports PO, Pl o-Pl., P50 

Data 1/0 Port P2 

CE 

OE 

P52 /DB2 /CE 

P5,/DB,IOE 

64 Vee Vee 

:-~~::~6S 61 -+ O-A, 

60 -+ D-A, 

59 - P4o/ANo 
58 - P4,/AN, 

57 - P42/AN2 ___ I@ 

---I@ 
---'@ 
---@ 
---@ 
-----<@ 
---@ 
-----<@ 
---I@ 
----@ 
----1cQ 
--....... <&) 
---<@ 

====~_C&)_, __ ~Tvee 

----@ 
----@ 
----1@ 
---'@ 
-------<@ 
-----.,@ 
-----.,@ 

M5L27256 

Vee 
Vpp 

Vss 

AD-A,. 

0 0 -07 

CE 

OE 

1=ESET-+28 

Vss ",3"12 _____ -""" -------@ 

Vss o : Same functions as M5L27256 

Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Vee 

® 
® 
I6;l 

Vss 

MITSUBISHI MICROCOMPUTERS 

M374S0E8-XXXSP/FP 
M374S0E8SS/FS 

PROM VERSION of M374S0M8-XXXSP/FP 

Vss Vee 

£]TIll rn.JTss 
>~>CC.....lO u..L&. Z ::. "'I> 0 > )( )( () II: UJ Ul 
WD.a:~cnU) OCl)a:a: .... C\J< 

NC 
P3,/EV2 - 2 
P30/Ev,- , 
P5,/DB,- , 
P5./DB.- 5 

P55/DB5 - • 
P5.IDB ..... , 
P53/DB3 .... , 

P52/DB2/CE .... 9 

P5,/DB,IOE .... 10 

P50/DBo/A, ..... 11 

P6,/IiI- 12 

P6./R .... 13 

P65/CS- 14 
P6./AO- '5 

P63/PRDY ...... 16 

P62/1NT3 .... 17 

P6,IINT, .... 18 

P6o/INT, .... 19 

WR+- 20 

RESEToUT - 24 

............................... () (I» > <c < ...... 
o~~~~~~~g~~9<Coo'o'~a. Zll.a.a..a..a..o.» ............. 

I II I I I I I I I I 

3: 
c..:> 
-.J .... 
tn 
0 
m 
00 
I 

X 
X 
X 
"T1 
"ll 

Oscillating 
CirCUit 

3: 
c..:> 
-.J .... 

Q tn 
0 
m 
00 

(}l 

o ; Same functions as M5L27256. 

"-"""'f 63 ......- P42/AN2 Vss 

62 - P43/AN3 
61 - P44/AN, 
50 - P45/AN5 
59 - P4./AN. 
58 - P4,/AN, 
57 - POo/Ao __ ~ 
56 ...... P01/A1 __ A, 

55 - P021 A2 --@ 
54 .... P031 A3 --@ 
53 .... PO.I A. __ @ 
5'-P05/A5~ 
51 .... PO./A. __ @ 
50 .... PO,/A, __ @ 
49 .... P1o/A, __ @ 
48 ...... P1 1/Ag __ @ 
47""" P1 2/A10 --16;l 
46-P13/A11~ 
45 ...... P1 4 /A12 _~ Vee 

44 .... P1 5/A13 -- A, r 43 ...... P1 6/A14 

42 ++ P1 7 /A15 

NC 

Fig. 2 Pin connection in EPROM mode (SO-pin model) 
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PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, 5V to the Vee pin and the 
CNVss (Vpp) pin. Input the address of the data (.40 to Au) 
to be read and the data will be output to the 1/0 pins Do to 
0 7. The data 1/0 pins will be floating when the OE pin is in 
the "H" state. 

Writing 
To write to the PROM, set the OE pin to a "H" level, and 
supply OV to the RESET pin, 6V to the Vee pin and 12.5V to 
the Vpp pin. 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 .40 to A14, and the data to be written is 
input to pins Do to 0 7, Set the CE pin to a "L" level to begin 
writing. 

Erasing 
Data can only erased on the M37450E8SS/FS ceramic 
package, which include~ a window. 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 15W·s/cm2• 

Table 2. 1/0 signal in each mode 

~in -
OE 

Mode 
CE 

Read-out V'L V'L 
Output disable V'L V ,H 
Programming V'L V ,H 
Programming verify V ,H V'L 
Program disable V,H V ,H 

Note 1: V'L and V,H indicate a "L" and "H" Input voltage. respectively. 
2 : An X indicates either V'L or V,H. 
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M374S0E8SS/FS 

PROM VERSION of M374S0M8·XXXSP/FP 

NOTES ON HANDLIN~ 
(1) Sunlight and fluorescent light contain wave lengths 

capable of eraSing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage is used 10 write data, care should 
be taken when turning on the PROM writers power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Milsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode, address A15 is set to "H" automati
cally. 

Writing With PROM writer· 

Screening (Note)(Leave at 150"C for 40 hours) 

Verify test with PROM writer 

Function check in target device 

,------------------------------------------------------------------------.-

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex
ceeding 100 hours. 

V .. Vcc Port P2 

5V 5V Output 

5V 5V Floating 

12.5V 6V Input 

12.5V 6V Output 

12.5V 6V Floating 



MITSUBISHI MICROCOMPUTERS 

M374S0ES-XXXSP/FP 
M374S0ESSS/FS 

PROM VERSION of M374S0M8-XXXSP/FP 

ABSOLUTE MAXIMUM RATINGS 
Symbol 

Vee 

V, 

V, 

V, 

Vo 

Pd 

Topr 

Tstg 

Note 1 
2 

Parameter 

Supply voltage 

Input voltage RESET. X,N 

Input voltage POo·PO" P1o-P1" P2o-P2" 

P30-P3" P40-P4" P50-P5" 

P60-P67. ADVREF, DAVREF, 

VREF• AVec 

Input voltage CNVss 

Output voltage POo-PO" P1 o-P1" P2o-P2" 

P30-P3" P50-P5" P6o-P6" 

XOUT, ¢, RD, WR, R/IN, 

RESET OUT, SYNC 

Power dissipation 

Operating temperature 

Storage temperature 

In EPROM programming mode, CNVss IS 13. 5V, 
500mW for QFP type 

Conditions 

With respect to Vss 

Output transistors are 

at "0 FF" state 

Ta = 25'C 

RECOMMENDED OPERATING CONDITIONS 
(Vee=5V±5%, Ta=-10 to 70'C unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.75 5 5.25 

Vss Supply voltage 0 

V,H "H" Input voltage RESET, XtN. CNVss (Note 1) 0. 8Vee Vee 

"H" Input voltage POo-PO" P1o-P1" P2o-P2" 
V ,H P30-P3" P4o-P4" P50-P5" 2.0 Vee 

P6o-P6, (except Note 1) 

V'c "L" Input voltage CNVss (Note 1) 0 0. 2Vee 

"L" Input voltage POo-PO" P1o-Pl",P2o-P2" 

V'c P30-P3" P4o-P4" P50-P5" 0 0.8 
P6o-P6, (except Note 1) 

V'c "L" Input voltage RESET 0 0. 12Vce 

V'c "L" Input voltage X1N 0 0. 16Vee 
"L" peak output current POC-POl, P1 o-P1" 

loc(peakl P2o-P27, P30-P3" 10 

P50-P5" P60-P6, 

"L" average output current POO-POl. P1o-P17. 

IOL(avg) P2o-P2" P30-P3" 5 
P50-P5" P6o-P6, (Note 2) 

"H" peak output current POO-POl, P1o-P17. 

10H(peakl P2o-P27. P3,-P3" -10 

P50-P57, P6o-P6, 

"H" average output current POO-P07, P1 o-P1" 

IOH(avg) P2o-P2r, P30-P3" -5 

P50-P5" P60-P6, (Note 2) 

f(X ,N ) Clock oscillating frequency 1 10 

Note Ports operate as INT,-INT3 (P6o-P62 ), EV,-EV3 (PSo-P32 ), RxD(P3.) and SeLK(P36 ) 

The average output current 10H(avgl and 10L(avgl are the average value during a 100ms 
The total of "L" output current 10L(peakl of port PO, P1 and P2 is less than 40mA 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

MHz 

The total of "H" output current 10H(peakl of port PO, P1 and P2 ~ less than 40mA. __ 
The total of "L" output current IOL(peakl of port P3, P5, P6, R/W, SYNC, RESET OUT, RD. WR and 
¢ IS less than 40mA 
The total of "H" output current IOH(peakl of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 
¢ IS less than 40mA 

Ratings Unit 

-0.3 to 7 V 

-0.3 to 7 V 

-0.3 to Vee+O. 3 V 

-0.3 to 13 (Note 1) V 

-0.3 to Vee+O. 3 V 

1000 (Note 2) mW 

-10 to 70 'c 
-40to125 'c 
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ELECTRICAL CHARACTERISTICS (Vee = SV±S%. Vss = OV. Ta = -10 to 70'C. I(X,N ) = 10MHz. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max. 

VOH "H" output voltage RD. WR. R/W. SYNC. RESET OUT. 1> IOH=-2mA Vee-l V 

VOH 
"H" output voltage POa'PO,. P1a·P1,. P2a·P2,. 

IOH=-5mA Vee-l V 
P3a·P3" PSa'PS,. PSa'PS, 

"L" output voltage POa'PO,. Pla·PI" P2a·P2,. 

VOL P3a·P3,. P5a·PS,. PSa·PS,. IOL=2mA 0.45 V 
-- -, 
RD. WR, R/W. SYNC. RESET OUT. 1> 

VOL 
"L" output voltage POa·PO,. Pla·P1,. P2a·P2,. 

IOl=5mA 1 V 
P3a·P3,. PSa'PS,. PSa·PS, 

VT+-VT-
Hystensls INT,-INT3(PS.,PS,). EV,·EV3(P3a·P3,). 

Function mput level 0.3 1 V 
RxD(P3,). SeLK(P36 ) 

VT+-VT- Hysterisis RESET 0.7 V 

VT+-VT- Hysterisis X1N 0.1 0.5 V 

"L" input current POa'PO,. Pla·PI" P2a·P2,. 

I'L P30·P3" p40·P4" P5a·P5,. v,=Vss -5 5 1-1 A 
--

PSa'PS" RESET, X,N 
"H" Input current POa-P07, P1 o-P1 7, P2o-P27, 

I'H P3a·P3,. P4.·P4,. PS.·PS" VJ=Vcc -5 5 1-1 A 

PSa·P6" RESET. X,N 
VAAM RAM retention voltage At stop mode 2 V 

At system operation 
6 10 mA 

Icc Supply current I(X,N )=10MHz 

At stop mode (Note 1 ) 1 10 1-1 A 

Note 1 The terminals RD. WR. R/W. SYNC. RESET OUT. 1>. D·A, and D·A, are ali open The other ports. which are in the input mode. are connected 
to Vss A·D converter IS In the A·D completion state. The current through ADVREF and DAVREF is not included(Fig 6) 

A-O CONVERTER CHARACTERISTICS 
(Vee = AVec = SV. Vss=AVss=OV. Ta=2S'C. I(X,N )=10MHz. unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution 8 Bits 
- Absolute accuracy Vee= AVee=ADVREF=5.12V ±1.5 ±3 LSB 

teoNV Conversion time 49 tcC1» 

V'A Analog input voltage AVss AVec V 

VADVREF Reference mput voltage 2 Vee V 

RLADDER Ladder resistance value ADVREF=5V 20 35 SO kO 

I,AOVREF Reference Input current ADVREF=5V 0.1 0.14 0.25 mA 

VAVCC Analog power supply input voltage Vee 
~v---

VAVSS Analog power supply Input voltage 0 V 

O-A CONVERTER CHARACTERISTICS (Vee=SV. Vss = AVss= OV. Ta=25'C. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution 8 Bits 

- Absolute accuracy Vec=DAVREF=5.12V 1.0 % 

tsu Setup time 3 I-IS 

Ro Output resistance 1 2 4 kO 

V AVSS Analog power supply Input voltage 0 V 

VOAVREF Reference Input voltage 4 Vee V 

IOAVREF Reference power mput current (Each pin) 0 2.5 5 mA 
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Port/single-chip mode (Vcc=5V±5%, Vss=ov, T a=-10 to 70t, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min. Typ Max 

tsu(poo-¢) Port PO mput setup time 200 ns 

tSU(P10-¢) Port PI mput setup time 200 ns 

tSU(P20-¢) Port P2 input setup time 200 ns 

tSU(P30-¢) Port P3 input setup time 200 ns 

tSU (P40-¢) Port P4 Input setup time 200 ns 

tSU(P50-¢) Port P5 input setup time 200 ns 

tSU (P60-t/» Port P6 input setup time 200 ns 

the¢-poD) Port PO input hold time 40 ns 

th(¢-P10) Port PI mput hold time 40 ns 

the~-p2D) Port P2 input hold time Fig 3 40 ns 

th(t/>-P30) Pori P3 input hold time 40 ns 

the~-p4D) Port P4 Input hold time 40 ns 

the¢-P5D) Port P5 input hold time 40 ns 

th(4)-P60) Port P6 input hold time 40 ns 

tdX,N ) External clock input cycle time 100 1000 ns 

tw(X,NL) External clock input "L" pulse Width 30 ns 

tw(X,NH) External clock input "H" pulse Width 30 ns 

tr(X,N) External clock rising edge time 20 ns 

tj(X,N) External clock falling edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±5%, Vss=OV, Ta=-10 to 70'C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min. Typ Max 

tSUCCS-R) CS setup time 0 ns 

tsuccs-w) CS setup time 0 ns 

theR-cs) CS hold time 0 ns 

th(w-cs) CS hold tIme 0 ns 

tSU(A-R) AO setup time 40 ns 

tSU(A-W) AO setup time Fig 3 40 ns 

th(R-A} AO hold time 10 ns 

th(W-A} AD hold time 10 ns 

tweR} Read pulse Width 160 ns 

twew) Write pulse Width 160 ns 

tsu(o-w) Date input setup time before wnte 100 ns 

thew D) Date Input hold time after write 10 ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±5%, Vss=ov, T a=-10 to 70'C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-E) CS setup time 0 ns 

thee-cs) CS hold time 0 ns 

tSU(A-E) AO setup time 40 ns 

thee-A) AO hold time 10 ns 

tSU(RW-E) R/W setup time 40 ns 

thee-Rw) R/W hold time 10 ns 

tW(EL) Enable clock "l" pulse Width 
Fig. 4 

160 ns 

tW(EH) Enable clock "H" pulse width 160 ns 

tree) Enable clock rising edge time 25 ns 

tle e) Enable clock falling edge time 25 ns 

tSU(O-E) Data input setup time before write 100 ns 
--

thee-D) Data Input hold time after write 10 ns 
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Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±5%, Vss=ov, Ta=-10 to 70t, unless otherwise noted) 

Limits 
Symbol Parameter Test condrtlon Unit 

Min. Typ. Max. 

'sueD-oJ Data Input setup time 130 ns _ 

Ih(t<-o) Data Input hold time 0 ns 

ISU(O-RO) Data Input setup time 
Fig. 5 

130 ns 

Ih(RO-O) Data Input hold time 0 ns 
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SWITCHING CHARACTERISTICS 

MITSUBISHI MICROCOMPUTERS 

M37450E8-XXXSP/FP 
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Port/single-chip mode (Vcc=5V±5%, Vss=OV, Ta=-10 to 70'C, unless otherwise noted) 

Limits 
Symbol Paramater Test condition Unit 

Min Typ. Max. 

tdC"'-POol Port PO data output delay time 200 ns 

IdC¢-P101 Port PI data output delay time 200 ns 

Id""-P2QI Port P2 data output delay time 200 ns 

IdC"'-P30) Port P3 data output delay time 200 ns 

Id""-pso) Port P5 data output delay time 200 ns 

IdC...-P6o) Port P6 data output delay time Fig 3 200 ns 

Ie ""I Cycle time 400 4000 ns 

IW""HI ~ clock pulse width ("H" level) 190 ns 

tW (4tL) ~ clock pulse width ("L" level) 170 ns 

IrC") f/J clock rising edge time 20 ns 

If"") ~ clock falling edge time 20 ns 

Master CPU bus interface (R: and W separation type mode) 
(Vcc=5V±5%, Vss=ov, T a=-10 to 70'C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

ta(R-O) Data output enable time after read 120 ns 

tV(R-O) Data output disable time after read 10 85 ns 

tPLH(R-PR) PRDY output transmission tIme after read 
Fig 4 

150 ns 

tPLH(W-PR) PRDY output transmission time after write 150 ns 

Master CPU bus interface. (RIW type mode) (Vcc=5V±5%, Vss=ov, Ta=-10 to 70t, unless otherwise noted) 

LImits 
Symbol Parameter Test condition Unit 

Mm. Typ. Max. 

laCE-D) Data output enable time after read 120 ns 

tyeE-D) Data output disable time after read Fig 4 10 85 ns 

tPLH(E-PR) PRDY output transmission time after E clock 150 ns 

Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±5%, Vss=ov, Ta=-10 to 70'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test condition Unit 
Min Typ Max 

IdC"'-A) address delay time after ¢ 150 ns 

tV(¢-A) address effective time after if; 10 ns 

tV(RO-A) address effective time after RD 10 ns 

tV(WR-A) address effective time after WR 10 ns 

Id(¢-o) data output delay time after ~ 160 ns 

IdCWR-O) data output delay time after WR 160 ns 

tv(¢-o) data output effective time after ¢ 
Fig 5 

20 ns 

tV(WR-O) data output effective time after WR 20 ns 

IdCo-RWI R/W delay time after ~ 150 ns 

tdC<ft-SYNC) SYNC delay time after ~ 150 ns 

tWCRO) RD pulse Width 170 ns 

tWCWR) WR pulse width 170 ns 
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TEST CONDITION 

Inpul voltage level: V,H 2.4V 

V,L O.45V 

Oulpullesllevel : VOH 2.0V 

VOL O.SV 

PO 
PI 

P2 
P3 

.l. 
IOOPF P4 

P5 J; 
P6 

.(") 
.L 

50pF 

~ 

Fig. 3 Test circuit in 
single-chip mode 

Vee 

RESET 

PO 
PI 
P2 
P3 
P4 
P5 
P6 
CNVss 
AVss 

Vss 

X,N 

Vee 
AVec 

ADVREF 

DAVREF 

D-Al 

D-A2 

RD 
WR 

R/W 
SYNC 

RESETouT 

1> 

XOUT 

P5 

MITSUBISHI MICROCOMPUTERS 

M37450E8-XXXSP/FP 
M37450E8SS/FS 

PROM VERSION of M374S0M8-XXXSP/FP 

1100PF 

F ~l 
r-.. 

~ 50p 

P2 

1 -
100 

') R/W 
SYNC' 

~ RD ~ WR 

pF 

F 

Fig. 4 Master CPU bus Interface 
test circuit 

Fig. 5 Local bus test circuit 

Vee 

I Icc 
t (lest pomt) 

other power 
supply 

open 

Fig. 6 Icc (at STOP mode) test condition 

3-188 



TIMING DIAGRAM 

Port/single-chip mode timing diagram 

X,N 

2.0 

.-l tW (!6Hl 

Port PI Inpul 

td(~-PID) 

:x 2.0 
I 

o. a 
Port PI oulpu 

Nole : V,H=O. aVec. V'L =0. 16Vcc of X,N 
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C(,I 

tW(~LJ r--
2.0 ~ 2.0 

0.8 0.8 

11(,1 - ~lr('1 

tSU(PIO-,p) 

2.4 ~ 0.45 0.45 

th(I/J-Plo) 

Master CPU bus interface/ R and VIi separation type timing diagram 

Read 

SU(A-Rl R-A 

AD )< 2.4 2.4 >< 0.45 0.45 

cs 0.4;L 

tsu(cs-Rl th(R-CS) U,.45 
" 

IW(RI 

2.4 2.4 
0.45 0.45 

DBa-DB, 
2.0 2.0 

0.8 0.8 
ta(R-O) .......... tV(R-O) 

-
J 

2.0 

tPLH(R-PR) 
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Write 

AO )< 

cs 

W 

Master CPU interface/ R/W type timing diagram 

E \ 0.45 

t I SU A-W 

2.4 
0.45 

I---

0.45\ 

2.4 
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a 
2.4 

0.45 

tsu(cs-w) thlw-cs) ~ 

10. 45 

tWlw) 

'{"0.45 2.4 
0.45 l::i thlw-o) 

2.4 "'\\. 2.4 
0.45 ~ 0.45 

tSU(D-W) 

~ 
/ 2.0 

tPLH(W-PR) 

tW(EHl 

2.4 2.4 1\ 
0.45 0.45 

-"" ~trIE) - -tfIE) 

tsu(A-e) 
thIE-A) ---

)< 2.4 JC 0.45 

AO 

R/W 

t---- thIE-CS) -

K45 

tsu(cs-e) 

0.40 cs 

read 
1\ 2.0 

I 0.8 
tatE-D) 

tV{!'O_-D) -
tSU(D-e) - thIE-O) 

I 
Wrtte 1\ "12.4 

'k0.45 

'-
/ 2. o 

tPLH(E-PR) 
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Local bus timing diagram 

R/IN 

SYNC 

0 0 -0, 
CPU read 

0 0-0" 

CPU write 

Ao-A'5 

RO 

0 0-0, 

CPU read 

WR 

0 0-0, 

CPU wrile 

J 

tWC"H) 

2.0 2.0 

Idl'-RWI 

~ 
2.0 

,,0.8 

Idl~-AI 

) 2.0 
0.8 

-

\ 

\ 
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.. 
tw(+u 

2.0 
0.8 0.8 

~Irlol 
11101 

~ 

~ tV(,,6-A) I 

2.0 pC 0.8 

IsulD-OI - I-- Ihlo-ol 

I 
f2.4 
~0.45 

IdiO-ol 
~ IVIO-OI 

2.0 
0.8 

2.0~ 
0.8 -

tW(AO) 
I-- tV(RD-A) 

2.0 
0.8 0.8 

tSU(O-RO) - th(RD-Dl 

2.4 
0.45 

tW<WR) 
I---- tV(WR-A) 

2.0 
0.8 0.8 

td(WR-O) 

I-- tV(wR-ol 

2.0 
0.8 
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DESCRIPITION 
The M37450E4TXXXSP/J is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or 84-pin plastic 
molded QFJ (PLCC). The features of this chip are similar 
to those of the M37450M4-XXXSP except that this chip has 
a 8192 bytes PROM built-in. This single-chip microcompu
ter is useful for office automation appliances and consumer 
appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. It also has a unique feature that 
enables it to be used as a slave microcomputer. 
The difference between the M37450E4TXXXSP and the 
M37450E4TXXXJ is the package outline. 

FEATURES 
• Number of basic instructions" ................................. 71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Memory size PROM ................................ 8192 bytes 

RAM····································· 256 bytes 

• Instruction execution time 
(minimum instructions at 10 MHz frequency) ·····0.8,us 

• Single power supply······································ 5V±5% 
• Power dissipation normal operation mode 

(at 10 MHz frequency) ··································30mW 

• Subroutine nesting······························· 96 levels max. 
• Interrupt .. ·········· ......................................... 15 events 

• Master CPU bus interface····· .......................... "1 byte 
• 16-bit timer ............................................................ 3 

• 8-bit timer (Serial I/O use) ······································1 
• Serial I/O (uART or clock synchronous) ............. ·······1 

• A-D converter (8-bit resolution) ······ .. ·3 channels (DIP) 
8 channels (QFJ) 

• D-A converter (8-bit resolution) .................. 2 channels 
• PWM output (8-bit or 16-bit) .................................... 1 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) ··························3 (DIP), 8 (QFJ) 
• Output ports (PortsD-A1 , D-A2 ) ..................... ···········2 

• PROM (equivalent to the M5L2764) 
program voltage·················································· 21V 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers 

HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 
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PIN 

1/0 port 
P3 

1/0 pan 
P5 

110 port 
P6 

CONFIGURATION (TOP VIEW) 

P3,/SRDy - '-:1"'--~--'l= 

P3./SCLK - 2 

P35/TxD .... 3 

P34IRxD - 4 

P33/PWMoUT - 5 

P3,/EV3 - 6 

P3,/EV,- 7 

P30/EV, - 8 
P5,/DB,- 9 

P5./DB. - 10 

P55 /DB5 - 11 

P54/DB, - 12 

P53/DB3 - 13 

P5,/DB,/CE - 14 

P5,/DB,/OE - 15 

P50 /DBo/PGM - 16 

P63/PRDY""" 21 

P6,/INT3 '" 22 

Read/Wnte 
status output 
Synchronous signal SYNC.- 26 
output 

Reset Input 

CNVss/Vpp - 27 

RESET-+ 28 
Clock Input 

Clock output 

Timing output 

vss 

Outline 64P48 
~ 

> > .; ~ ~ ~ dl @ w w Z Z z 

~~cc~~~iSiIHJ'~fffS~$ 
~~zz~~~~~~»«<ooo~~~ 

I I I I I I I Itt II II I 

1/0 port 
PO 

I/O port 
PI 

1/0 port 
P2 

P57/DB7 ....... 12 74 - P43/AN3 
P5s/DB6""'" 13 73 - P44 /AN4 

P55/DBs""'" 14 72 - P45/ANs 
P54 /0B 4 ++ 15 71 - P4s/ANs' 
P53 /DB3 ""'" 16 70 - P47/AN 7 

P52/0B21CE. ++ 17 69 ....... POa/Ao 
P5,/DB,iOE ....... 18 68 ....... POI/A, 

P5a/DBoipGM ++ 19 67 ....... PO:lAz 
NC 20 66 ....... POs! As 
N-.9: 65 ++ P04/A4 

P6,/W- ~ M37450E4TXXXJ NC 
P6s/A- 23 NC 

P65ics ....... 24 62 ++ POs/ As 
P64 / AD""'" 25 61 - POsl As 

P63/PRDY""'" 26 60 ++ POll A7 
P6z/1NT3++27 59-Pl o/As 
P6,IINT2 - 28 58 - Pl,/A9 

Pea/INT, ....... 29 57 ++ P1 2/A,o 
WR - 1{) 56 - P1 3/A'1 
Ffo- 31 0 55 -P1 4/A,2 

Riw- 32 54 -P1 5JA,3 

~1~lffitmt~~t~I~I~I~lml~I~I~I~I~I~~ 

Outline 84PO 
NC : No connection 
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MITSUBISHI MICROCOMPUTERS 

M37450E4TXXXSP/ J 

PROM VERSION of M374S0M4TXXXSP/J 

FUNCTIONS OF M37450E4TXXXSP/J 
Parameter Functions 

Number of basic Instructions 71(69 MELPS 740 basic instructions+2) 

Instruction execution time O. Btls (minimum Instructions, at 10MHz frequency) 

Clock frequency 10MHz (max.) 

PROM 8192 bytes 
Memory size 

RAM 256 bytes 

PO·P3, P5, P6 I 1/0 8-bltX6 

Input/Output port P4 I Input 3-bltX 1 (8-bitX 1 for 84-pin model) 

D-A I Output 2-bltXl 

Serial 1/0 UART or clock synchronous 

Timers 
16-bit timerX3, 

8-bit timer (Serial 1/0 baud rate generator) Xl 

A-O converter B-bitX3 channels (8 channels for 84-pin model) 

O-A converter 8-bitX 2 channels 

Pulse width modulator 8-bit or 16-bitX 1 

Data bus buffer 1-byte Input and output each 

Subroutine nesting 96-levels 

Interrupt 
6 external Interrupts, 8 Internal Interrupts 

One software interrupt 

Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 

Supply voltage 5V±5% 

Power dissipation 30mW (at 10MHz frequency) 

Input/Output voltage 5V 
Input/Output characters 

Output current ±5mA (max.) 

Memory expansion Possible 

Operating temperature range -40 to 85'<: 

Device structure CMOS Silicon gate 

M37450E4TXXXSP 64-pin shrink plastic molded DIP 
Package 

M37450E4TXXXJ 84-pin plastic molded QFJ (PLCC) 
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M374S0E4TXXXSP/J 

PROM VERSION of 1V137450M4TXXXSP/I 

PIN DESCRIPTION (normal mode) 

Pin Name 
Inputl 

Functions 
Output 

Vee. Supply voltage Power supply inputs 5V±5%' to Vee, and OV to Vss 
Vss 

CNVss/Vpp CNVss Controls the processor mode of the chip. Normally connected to Vss or Vee. 

RESET Reset Input Input To enter the reset state, the reset input pin must be kept at a "l" for more than 8 clock cycles (under nor-
mal V ec conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 

X ,N Clock input Input This chip has an internal clock generating circUit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator IS connected between the X1N and XOUT pins. If an external clock is used, the clock 

XOUT Clock output Output source should be connected to the X1N pin and the XOUT pin should be left open. 

</> Timing output Output Outputs signal consisting of OSCillating frequency divided by four 

SYNC Synchronous Output This signal is output "H" during operation code fetch and is used to control single steppmg of programs. 
signal output 

Riw Read/Write Output This signal determines the direction of the data bus. It is "H" during read and "L" during write 
status output 

PO.-P07 1/0 port PO 1/0 Port PO is an 8-bit 1/0 port with directional registers allowing each 1/0 bit 10 be individually programmed as 
Input or output The output structure is CMOS output. The low~order bits of the address are output except 
In single-chip mode. 

P1 0 -P1 7 1/0 port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 

P20 -P27 110 port P2 1/0 Port P2 is an 8-bit 1/0 port and has basically the same functions as port PO. Used as data bus except in 
single-chip mode. 

P30 -P37 110 port P3 1/0 Port P3 IS an 8-bit 1/0 port and has basically the same functions as port PO Serial 1/0. PWM output. or 
event 1/0 function can be selected with a program. 

P4.-P4, Input port P4 Input Analog input pm for the A-O converter The 64-pm model has three pins and the 84-pin model has eight 
(P4o-P47 l pins. They may also be used as digital input pinS 

P5.-P57 1/0 port P5 1/0 Port P5 is an 8-bIt I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode IS selected with a program. 

P60 -P67 110 port P6 1/0 Port P6 is an 8-bit 1/0 port and has basically the same function as port PO Pins P6, to P67 change to a con-
trol bus for the master CPU when slave mode IS selected with a program, Pins P60 to P62 may be program~ 

med as external interrupt Input pins 

D-A,.D-A2 D-A output Output Analog signal from D-A converter is output. 

VREF Reference voltage Input Reference voltage input pin for A-D and D~A converter This pin is for 64-pin model only 
input 

ADVREF A-D reference Input Reference voltage input pin for A-D converter This pin is for 84-pm model only 
voltage Input 

DAVREF D-A reference Input Reference voltage input pin for O-A converter This pin is for 84-pin model only. 

voltage input 

AVss Analog power supply Ground level input pin for A-O and D-A converter. Same voltage as Vss is applied, 

AVee Analog power supply Power supply input pin for A-D converter, This Pin is for 84-pin model only. Same voltage as Vee is applied. 
In the case of the 64-pin model, AVee is connected to Vec internally 

-
RD Read signal Output Control signal output as active "L" when valid data IS read from data bus This pin is for 84-pin model only. 

output 

--
WR Write signal Output Control signal output as active "L" when writing data from data bus to external component This pin IS for 

output 84-pin model only. 

RESETouT Reset output Output Control signal output as active "H" during reset It Is used as a reset output signal for peripheral compo~ 
nents, This pin is for 84~pm model only_ 



MITSUBISHI MICROCOMPUTERS 

M374S0E4TXXXSP/J 

PROM VERSION of M37450M4TXXXSP/J 

PIN DESCRIPTION (EPROM mode) 

Pin Name 

Vee, Vss Supply voltage 

CNVsslVpp Vpp 

RESET Reset input 

X ,N Clock Input 

XOUT Clock output 

'" 
Timing output 

SYNC Synchronous 

signal output 

-
R/W Read/Write 

status output 

POO-P07 I/O port PO 

P1 o-Ph I/O port P1 

P2o-P27 I/O port P2 

P30 -P37 I/O port P3 

P4o-P4, Input port P4 

(P4o-P47 ) 

P50 -P57 1/.0 port P5 

P6o-P67 I/O port P6 

D-A,.D-A, D-A output 

V REF Reference voltage 

input 

ADVREF A·D reference 
voltage Input 

DAVREF D·A reference 

voltage mput 

AVss Analog power 

AVec Analog power 

-
RD Read signal output 

WR Write signal 

output 

RESETouT' Reset output 

Input! 

Output 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input 

Input 

I/O 

Input 

Input 

Input 

Input 

Output 

Input 

, 
Input 

Input 

Input 

Input 

Output 

Output 

Output 

Functions 

Power supply inputs 5V±5% to Vee. and OV to Vss 

Connect to Vpp when programmmg or verifmg. 

Connect to Vss 

Connect a ceramic or a quartz crystal oscillator between X1N and XOUT for clock oscillation 

For timing output 

Kept to open ("L" signal is output) 

Kept to open ("H" signal IS output). 

PO works as the lower 8-bit address input 

r 
P1 works as the higher 8-bit address input. 

P2 works as an 8~blt data bus 

Connect to Vss 

Connect to Vss (The 80-pln model has eight pins P40 to P4,). 

--- -
P5o• P5,. P5, works as PGM. OE. and CE inputs respectively 

Vss 

Connect to Vss. 

Kept to open 

Connect to Vss. 

Connect to Vss 

Connect to V 55. 

Connect to Vss 

Connect to Vss 

Kept to open ("H" Signal is output) 

Kept to open ("H" Signal is output). 

Kept to open ("H" Signal IS output) 

• MITSUBISHI JJP&aeCTRIC 

Connect P5, and P5, to Vec and P5, to P5, to 
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EPROM MODE 
The M37450E4TXXXSP/J features an EPROM mode in 
addition to its normal modes. When the RESET signal level 
is low ("L") and CNVsslVpp signal level is high ("H"), the 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 and Figure 2 
give the pin connections in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P50 to P52 and CNVss are 
used for the PROM (equivalent to the M5L2764). 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 M5L2764. The 
oscillator should be connected to the XIN and XOUT pins, or 
external clock should be connected to the XIN pin. 

Vee 

-€ 

C 
Dc 

G 

'-._-P37/SADy - 1 

3s/SoLK- 2 

3.lTxD- 3 

P 

P 

~P3s/P 

P3./RxO- 4 
WMOUT .... 

32/EV3 -

3,/EV2 - 7 

3o/EV,- 8 

P 

P 

P 

P 
P 

P 5s10B.- 11 

P 

P 

P52/0 

P5,/0 

P5o/0B 

P6 

P6 

P6 

P 
7fT 
Vss 

Vpp--- CNVsslVpp -+ 27 

XcUT +- 30 ¢+- 31 

MITSUBISHI MICROCOMPUTERS 

M374S0E4 TXXXSP/ J 

PROM VERSION of M374S0M4TXXXSP/J 

Table 1. Pin function In EPROM mode --- M37450E4TXXXSP/J 

vee Vee 
Vpp CNVss/Vpp 

Vss Vss 
Address input Ports PO, P1 0 -P1. 

Data I/O Port P2 

CE P52/DB2/CE 

OE P5,/DB,IOE 

PGM P50 /DBoIPGM 

Vee Vee 

:+-~::~ss 61 -+ O-A, 

60 -+ 0-A2 

59 +- P4o/ANo 
58 +- P4,/AN, 

57 +- P42/AN 2 

---@ 
---@ 
----@ 
----@ 
---@ 
---@ 
---@ 
---@ 
----@ 
---@ 
---(9 
---@ 

=====_<6)_, -----13 Vee 

-----;@ 
------<@ 
---@ 
-----<@ 
----;@ 
---@ 
---...... @ 

M5L2764 

Vee 
Vpp 

Vss 

Ao-A'2 
0 0-01 

CE 

OE 

PGM 

Ceramic oscillatmg CirCUit I f=ES:':: : 
Vss .. 32"'-_____ ...... -----<@ 

Vss 
o : Same functions as M5L2764 

Fig. 1 Pin connection in EPROM mode (64-pin model) 
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PROM VERSION of M37450M4TXXXSP/J 

r-__ ~-;~ ____ ~~~~VSSVCC~~~ __ ~~~ ____ _ 

,.J; H mB,j II U JH h 
~~oo~~~~~~ooo~;~~«~~~ 
~~zz~~~~~~>~«<cco~~~ 

P57/DB, - 12 74 +- P43/ AN, 
P5,/DB, - 13 ' 0 73 +- P44/ AN4 
P5s/ DB5 - 14 72 +- P45/AN5 

I I ~ ! : ~ ; ; , 84 83 B2 ;, ~ ; ;, ~ ! ;, ~VSS 

~--f----P54/DB4 - 15 71 +- P46/AN, 
L---f-------- P5,/DB, - 16 70 +- P4,/ AN, 

P5,/DB2/CE- 17 69 - POo/Ao---~ 
P5,/DB,/OE - 18 68 - PO,/A,------(6) 

P50/DBo/PGM - 19 67 - P02/A2---~ 
NC 20 66 - PO,/A,------(&) 
NC 21 65 - P04/A4------W 

P6,/W- 22 M37450E4TXXXJ NC 
0-------- P6,/R _ 23 63 NC 

P6s/CS- 24 62 -POs/As------(&) 
-P64/AO- 25 61 - P06/A,------Gi) 
P6,/PRDy - 26 60 -P07/A,------0J) 
P62I1NT,- 27 59 - P1 o/A,------Gi) 
P6,/INT, - 28 58 .... P1 '/A9------~ 
P60/INT, - 29 57 - P1 2/A,o----- <&0> 

WR +- 30 56 - P1,/ A" ----- if\;' 
\!!LV ~Vcc 

55 - P14/A12-----© J 
'-I=========r.:n=======,,54- - P1 s/A" 

VSS 

o : Same functions as M5L2764. 

Fig. 2 Pin connection in EPROM mode (84-pin model) 
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PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address (Ao to 
A12) to be read and the data will be output to the 110 pins 
Do to 0 7. The data I/O pins will be floating when either the 
CE or OE pins are in the "H" state. 

Writing 
The PROM is programmed at the factory already and do 
not use the writing mode. 

Table 2. 110 signal in each mode 

~n - -
Mode 

CE OE 

Read-out V'L V'L 
Programming V'L V,H 

Programming verify V'L V'L 
Program disable V,H X 

Note 1: V'L and V,H indicate a '"L'" and "H'" input voltage, respectively. 
2 : An X indicates either V'L or V,H. 
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NOTES ON HANDLING 
(1) Since a high voltage (21V) is used to write data, care 

should be taken when turning on the PROM writer's 
power. 

PGM Vpp Vee Port P2 

V,H Vee Vee Output 

Pulse(VIH-V,L ) Vpp Vee Input 

V,H Vpp Vee Output 

X Vpp Vee Floating 
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M374S0E4 TXXXSP/ J 

PROM VERSION of M37450M4TXXXSP/J 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage RESET, XoN 

Input voltage POo-PO" Pl.-Ph, P2.-P2" 

P30-P3" P40-P4" P50-PS" 

P6 •• P&" ADVAEF, DAVAEF, WIth respect to V .. 
VI 

1-__ -.-+----v.:.cA~E~F,.:.A:.:V~cc'-------------.j Output transistors are 

I-V:cl'--_-+.:.In:.:!p:.:u:,t vo=lta::!g~e:....=.C:.:NV':":"~ __________ ---j at "OFF" state. 

Output voltage PO.-PO" Pl.-PI" P2.-P2" 

P30-P3" P50-P5" P60-P&" 
Vo 

XoUT.~, RD, WR, R/W. 

RESET OUT, SYNC 

Power dissipation Ta = 25'C 

Topr Operating temperature 

Tstg Storage temperature 

Note 1 In PROM programming mode, CNVss is 22.0V. 

RECOMMENDED OPERATING CONDITIONS 
(Vt:c=5V±5%, Ta=-40 to 85'C unless otherwise noted) 

LImits 
Symbol Parameter 

Min Typ Max. 

Vee Supply voltage 4.75 5 5.25 

Vss Supply voltage a 
V IH "H" Input voltage RESET, XIN, CNV .. (Nola I) 0. 8Vee Vee 

"H"lnput voltage POo-PO" Pl.-Ph, P20-P2" 

V IH P30-P3" P40-P4" P5.-PS" 2.0 Vee 

P60-P&, (except Note I ) 

VIL "L" I"put voltage CNV .. (Note 1) 0 0. 2Vee 

"L" Input voltage POo-PO" Pl.-Ph, p20·P2" 

VIL P30-P3" P40-P4" P5.·PS" 0 0.8 

P60-P&, (except Note I ) 

VIL "L" Input voltage RESET 0 0. 12Vee 

VIL "L" Input voltage XI. 0 0. 16Vee 

"L" peak output current POo-PO" Pl.-PI" 

IOL(peak) P20-P2" P30-P3" 10 

P5.-PS" P60-P6, 

"L" average output current POo-PO" Pl.-PI" 

10L(avg) P2.-P2" P30-P3" 5 

PS.-P5" P60-Ps, (Note 2) 

"H" peak output current POo-PO" Pl.-PI" 

IOH(peak) P20-P2" P30-P3" -10 

p50-pS" P60-P6, 

"H" average output current pOo·po" Pl.-PI" 

10H(avg) P20-P2" P30-P3" -5 

PSO·PS7, P60-P6, (Note 2) 

f(XIN) Clock oscillating frequency 1 10 

Note 1 
2 
3 

Ports operate as INT,-INT.(PSo-P62), EV,-EV.(P3.-PS,,), RxD(P3.) and ScLK(p3s) 
The average output current 10H(avg) and 10L(avg) are the average value during a lOOms 
The total of "L" output current 10L(peak) of port PO, PI and P2 is less than 4OmA. 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

MHz 

The total of "H" output current 10H(peak) of port PO, PI and P2!! less than 4OmA. __ 
The total of "L" output current 10L(peak) 01 port P3, P5, P6, RfW, SYNC, RESET OUT, RD, WR and 

'" is less than 40mA 
The total of "w output current IOH(peak) of port P3, P5, P6, R/W, SYNC, RESET OUT, RD, WR and 

'" is less than 4OmA. 

Ratings Unit 

-0.3 to 7 V 

-0.3 to 7 V 

.-0.3 to Vee+O, 3 V 

-0.3 to 13(Note 1 ) v 

-0.3 to Vee+O, 3 V 

1000 mW 

-40 to 85 

-65 to 150 
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ELECTRICAL CHARACTERISTICS (Vee = 5V±5%, Vss = OV, Ta = -40 to 85"C, f(X ,N ) = 10MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max. 

V OH "H" output voltage RD, WR, R/W, SYNC, RESET OUT, ~ IOH=-2mA Vee-l V 

VOH 
"H" output voltage POo-PO" P1o-Pl" P2o-P2" 

IOH=-5mA Vee-l V 
P30-P3" P50-P5" P6o-P6, 

"L" output voltage POo-PO" Pl o-Pl" P2o-P2" 

VOL P30-P3" P50-P5" P6o-P6" IOL=2mA 0.45 V 

I-c. RD, WR, R/W, SYNC, RESET OUT, ~ 

VOL 
"L" output voltage POo-PO" Plo-Ph. P2o-P2,. 

IOL=5mA 1 V 
P30-P3" P50-P5" P6o-P6, 

Vr+-VT-
Hysterisis INT,-INT 3( P6o-P6,), EV,-EV3( P30-P3,), 

Function Input level 
RxD(P3,), SeLK(P3,) 

0.3 1 V 

Vr+-VT- Hystensis RESET 0.7 V 

Vr+-VT- Hysterisis XIN 0.1 0.5 V 

ilL" input current POO-P07, P1o-P1 7, P2o-P27, 

I'L P30-P3" P4o-P4" P50-P5" VI=VSS -5 5 (.LA 

P6o-P6" RESET, X,N 

"H" input current POo-PO" P1o-Pl" P2o-P2" 

I'H P30-P3" P4o-P4" P50-P5" VI=VCC -5 5 (.LA 
--

P6o-P6" RESET, X,N 

VRAM RAM retention voltage At stop mode 2 V 

At system operation 
6 15 rnA 

Icc' Supply current f(X,N )=10MHz 

At stop mode (N ote 1 ) 1 10 (.LA 

Note 1 The terminals RD, WR, R/W, SYNC, RESET OUT, ¢, D-A, and D-A, are all open. The other ports, which are in the input mode, are connected 
to Vss A-D converter is in the A-D completion state. The current through ADVREF and DAVREF is not included(Fig.6) 

A-O CONVERTER CHARACTERISTICS 
(Vee = AVec = 5V±5%, Vss = AVss = ov, T a = -40 to 85\:, f(XIN )=10MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max 
- Resolution 8 Bits 

- Absolute accuracy Vee= AVec=ADVREF=5V±5% ±1.5 ±3 LSB 

teoNV Conversion time 49 te (¢) 

V'A Analog input voltage AVss AVec V 

VADVREF Reference input voltage 2 Vee V 

RLAODER Ladder resistance value ADVREF=5V 2 7.5 10 kO 

IIADVREF Reference input current ADVREF=5V 0.5 0.7 2.5 rnA 

V AVCC Analog power supply input voltage Vee V 

V AVSS Analog power supply input voltage 0 V 

O-A CONVERTER CHARACTERISTICS (Vee =5V±5%, Vss= AVss= OV, Ta =-40t085\:, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Untt 

Min. Typ. Max 

- Resolution 8 Bits 

- Absolute accuracy Vee- DAVREF-5.12V 1.0 % 

tsu Setup time 3 (.LS 

Ro Output resistance 1 2 4 kO 

V AVSS Analog power supply input voltage 0 V 

VDAVREF Reference input voltage 4 Vee V 

IDAVREF Reference power input current (Each pin) 0 2.5 5 rnA 
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TIMING REQUIREMENTS 
Port/single-chip mode (Vcc=5V±5%. Vss=ov. T a=-40 to 85'C. unless otherwise noted) 

Limits 
Symbol Parameter Test cond ilion Unit 

Min Typ Max. 

tSU(POD-~) Port PO input setup time 200 ns 

tS U(P10-¢) Port PI input setup time 200 ns 

tSU (P20-<P) Port P2 input setup time 200 ns 

tSU(P30-rI» Port P3 input setup time 200 ns 

tSU (P40-¢) Port P4 Input setu p time 200 ns 

tSU (P50-tfJ) Port P5 input setup time 200 ns 

tSU(P60-¢) Port P6 input setup time 200 ns 

th("-POD) Port PO Input hold time 40 ns 

th(~-P1D) Port PI Input hold time 40 ns 

th("-P2D) Port P2 input hold time Fig 3 40 ns 

th(~-P3D) Port P3 input hold time 40 ns 

th("-P4D) Port P4 input hold time 40 ns 

th("-P5D) Port P5 input hold time 40 ns 

th("-P6D) Port P6 input hold time 40 ns 

tC(X,N ) External clock input cycle time 100 1000 ns 

tw(X,NLl External clock input "L" pulse width 30 ns 

tw(X,NH) External clock input "H" pulse width 30 ns 

Ir(X,N ) External clock rising edge time 20 ns 

I,(X,N) External clock failing edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±5%. Vss=OV. T a=-40 10 85'C. unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

tSU(CS-R) CS setup time 0 ns 

tsu(cs-w) CS setup time 0 ns 

th(R-CS) CS hold time 0 ns 

Ih(w-cs) CS hold time 0 ns 

tSU(A-R) AO setup time 40 ns 

tSU(A-W) AD setup time Fig 3 40 ns 

th(R-A) AO hold time 10 ns 

Ih(w-A) AO hold time 10 ns 

IW(R) Read pulse width 160 ns 

Iw(w) Write pulse width 160 ns 

·su(o-w) Date Input setup time before write 100 ns 

th(w-o) Date input hold time after write 10 ns 

Master CPU bus interface timing (RIW type mode) 
(Vcc=5V±5%. Vss=ov. T a=-40 to 85·C. unless otherwise noted) 

Symbol 
Limits 

Parameter Test condition Unit 
Min. Typ. Max 

tSU(CS-E) CS setup time 0 ns 

th(E-CS) CS hold time 0 ns 

tSU(A-E) AO setup time 40 ns 

th(E-A) AO hold time 10 ns 

tSU(RW-E) R/W setup time 40 ns 

th(E-RW) R/W hold time 10 ns 

tW(EU Enable clock "L" pulse width 
Fig 4 

160 ns 

tW(EH) Enable clock "H" pulse width 160 ns 

tr(E) Enable clock rising edge time 25 ns 

tf(E) Enable clock falling edge time 25 ns 

tSU(D-E) Data input setup time before write 100 ns 

th(E-D) Data mput hold time after wnte 10 ns 
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Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±5%, Vss=OV, T .=-40 to 85t, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min. Typ Max 

tSU(D-;) Data input setup time 130 ns 

th(.-o) Data input hold time 0 ns 

tSU(O-RO) Data input setup time 
Fig 5 

130 ns 

th(RO-O) Data input hold time 0 ns 
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SWITCHING CHARACTERISTICS 
Port/single-chip mode (Vcc=5V±5%, Vss=ov, T a=-40 to 85t, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min. Typ Max. 

td<.-POo) Port PO data output delay time 200 ns 

td<.-Pl0) Port PI data output delay time 200 ns 

Id<.-P20) Port P2 data output delay time 200 ns 

td<.-P30) Port P3 data output delay time 200 ns 

Id(¢-P50) Port P5 data output delay time 200 ns 

td(<I>-psQ) Port P6 data output delay time Fig 3 200 ns 

tc <.) Cycle time 400 4000 ns 

tW(¢H) ¢ clock pulse width ("H" level) 190 ns 

tw(¢L) ¢ clock pulse width ("L" level) 170 ns 

Ir<.) ¢ clock rising edge time 20 ns 

11<.) ¢ clock failing edge time 20 ns 

Master CPU bus interface (R" and W separation type mode) 
(Vcc=5V±5%, Vss=ov, T a=-40 to 85"C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max 

taCR-O) Data output enable time after read 120 ns 

IV<R-O) Data ootput disable time after read 10 85 ns 

tPLH(R-PR) PRDy output transmission time after read 
Fig 4 

150 ns 

tPLH(W-PR) PRDY output transmiSSion time after write 150 ns 

Master CPU bus interface (RIW type mode) (Vcc=5V±5%, Vss=ov, Ta=-40 10 85"C, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ. Max. 

la<E-o) Data output enable time after read 120 ns 

tV(E-D) Data output disable time after read Fig 4 10 85 ns 

tPLH(E-PR) PRDY output transmiSSion time after E clock 150 ns 

Local bus/memory expansion mode, microprocessor mode 
(Vcc=5V±5%, Vss=ov, T a=-40 to 85t, unless otherwise noted) 

Symbol Parameter 

Id<¢-A) address delay time after ¢ 

IV<'-A) address effective time after ¢ 

tV(RO-A) address effective time after RD 

tV(WR-A) address effective time after WR 

Id<.-o) data output delay time after ¢ 

td(WR-O) data output delay time after WR 

tv(¢-o) data output effective time after ¢ 

tV(WR-O) data output effective time after WR 

Id<.-RW) R/W delay time after ¢ 

td(¢-SYNC) SYNC delay time after if> 

tW(RO) RD pulse width 

tW(WR) WR pulse Width 

Test condition 

• MlTSUBlSHI 
"'ELECTRIC 

Fig 5 

Moo 

10 

10 

10 

20 

20 

170 

170 

Limits 
Unit 

Typ Max 

150 ns 

ns 

ns 

ns 

160 ns 

160 ns 

ns 

ns 

150 ns 

150 ns 

ns 

ns 
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TEST CONDITION 

Input voltage level: V,H 2.4V 

V ,L O.45V 

Output test level: VOH 2. OV 

VOL O. BV 

PO 

PI 
P2 
P3 
P4 ...l.. IOOpF 

P5 ;:;;. 
P6 

~ .r. 
.L 

50pF 
J; 

Fig. 3 Test circuit in 
single-chip mode 

Vee 

RESET 

PO 
PI 
P2 
P3 
P4 
P5 

P6 
CNVss 
AVss 

Vss 

X,N 

Vee 
AVee 

ADVREF 

DAVREF 

D-AI 

D-A2 

RD 
WR 
R/W 

SYNC 
RESETouT 

if> 

XOUT 

MITSUBISHI MICROCOMPUTERS 

M374S0E4TXXXSP/ J 

PROM VERSION of M37450M4TXXXSP/J 

P5 r OOPF 

P63 

-P0PF 

PO I -0 
PI ~ 50p 

P2 

1 100 
if> 

-
R/W 

SYNC -<:; -

1 RD 50 
-
WR 

F 

pF 

pF 

Fig. 4 Master CPU bus Interface 
test circuit 

Fig. 5 Local bus test circuit 

Vee 

I lee 
V (test pOint) 

other power 
supply 

open 

Fig. 6 Icc (at STOP mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

X,N 

Cl, ) 

tW(JU 1,.---
2.0 2.0 ~ 2.0 

--.J 0.8 0.8 

tW(rfJH) - ~Ir(,) If(, ) 

tSU(PID~~ ) 

2.4 ~ 0.45 0.45 

Port PI Inpul 

th(~-piD) 

tdCrfJ-piol 

Port PI oulpu I > 2.0 

0.8 

Note V,H=O.8Vcc. V'L=0.16Vcc of X,N 

Master CPU bus interface/ R and IN separation type timing diagram 

Read 

I l su A-A -

AD )< 2.4 2.4 K 0.45 0.45 

0.4;r-

tSU(CS-R) theR-cs) 

~.45 cs ., 
tWCRl 

2.4 2.4 
0.45 0.45 

2.0 2.0 

0.8 0.8 
DBo-DB? 

taCR-o) 
;.-- tV(R-D) 

J 2.0 

tPLH(R-PR) 
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Write 

tSU(A-W) 

1 
)< 2.4 2.4 

0.45 0.45 AO 

f----o Isulcs-w) i----" Ihlw-cs) 

0.45\ VO•45 

IWlw) 

W 2.4 ~. 2.4 
0.45 0.45 

r- Ihlw-o) 

2.4 2.4 
0.45 Ii' 0.45 

DB,,-DB7 

Isulo-w) 

,,-;:-::--
/ 2.0 

tPL.H(W-PR) 

Master CPU interface/ R/W type timing diagram 

I I ) W EL W{EH) 

E \ 2.4 2.4 
0.45 0.45 0.45 

- -I,IE) -- I---IIIE) 

ISUIA- E) 
I--- IhIE-A) 

)< 2.4 C 0.45 

AO 

R/W 

r--- IhIE-cs)-

~1K45 0.4~ 
tsuCes-e) 

,ead 
\. 2.0 

I 0.8 
laIE-O) 

f- tveE-O) 
DB,,-DB7 

ISUI O- E) r- IhIE-O) I 
\. 12.4 write 

/ ~0.45 

~ 
/ 2. o 

tPLH(e-PR) 
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Local bus timing diagram 

R/W 

SYNC 

Ao-A,. 

0 0-07 

CPU read 

0 0-07 

CPU wrile 

Ao-A,. 

RD 

0 0-07 

CPU read 

WR 

0 0-07 

CPU wrile 

J 

Ic(~) 

IW(.H) 

!d(,-RW) 

)< 
Id('-A) 

> 

, 

\ 

MITSUBISHI MICROCOMPUTERS 

M374S0E4 TXXXSP/ J 

PROM VERSION of M374S0M4TXXXSP/J 

Iw<ou 

11(0) -- I-- Ir(~) 

i----- IY(~-A) 

K 
ISU(D-~) - l--Ih('-D) 

; 

'-

Id<O-D) 
~ IY('-D) 

·K 
IW(RD) 

f--oo tV(RO-A) 

tSUCO-RO) 
Ih(RD-D) 

IW(WR) 
f-. tY(WR-A) 

Id(WR-D) --- tY(WR-O) 
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M37451 E4-XXXSPI FPI GP, M37451 E4SS/FS 
M37451 E8-XXXSP/FPI GP ,M37451 E8SS1 FS 
M37451 EC-XXXSP/FPI GP, M37451 ECSSI FS 

DESCRIPTION 
The M37451E4-XXXSP/FP/GP is a single-chip micro
computer designed with CMOS silicon gate technology. It 

is housed in a 64-pin shrink plastic molded DIP ·or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 

The features of this chip are similar to those of the 
M37451M4-XXXSP/FP/GP except that this chip has a 8192 
bytes PROM built in. 
In addition to its simple instruction sets, the PROM, RAM, 
and 1/0 addresses are placed on the same memory map to 
enable easy programming. 
It is suited for office automation eqUipment and control de
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro

duction runs. 
The differences among M37451 E4-XXXSP/FP/GP, M37451 
E8-XXXSP/FP/GP and M37451 EC-XXXSP/FP/GP are as 
shown below. The M37451 E4SS/FS, M37451 E8SS/FS and 

M37451 ECSS/FS are the window type. The descriptions 
that follow describe the M37451 E4-XXXSP/FP/GP unless 
otherwise noted. 

Type name ROM size RAM size BUill-in PROM 

M37451 E4SSfFS EPROM (Window Iype) 

M37451 E4-XXXSP/FP/GP 
8192 bytes 256 bytes 

One-time programmable 

M37451 E8SS/FS EPROM (Window type) 

M37451 E8-XXXSP/FP/GP 
16384 bytes 384 bytes 

One-time programmable 

M37451 ECSSfFS EPROM (Window type) 

M37451 EC-XXXSp/FP/GP 
24576 bytes 512 bytes 

One·tlme programmable 

The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 
In addition, the 80-pin model has special pins for RD, WR, 
RESETouT, DAVREF, ADVREF, AVcc and the 64-pin model 
has a special VREF pin. 

FEATURES 
• Number of basic instructions ................................... 71 

69 MELPS 740 basic instructions+2 multiplyldivide 
instructions 

• Instruction executron time 
(minimum instructions at 12.5MHz frequency) .... 0.64,us 

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

• Power dissipation normal operation mode 
(at 12.5MHz freque'ncy) ................................ ·40mW 

• Subroutine nesting .............. 96 levels max.( M37451 E4) 

96 levels max.( M37451 E8) 
128 levels max. (M37 451 EC) 

• Interrupt ............................ · ........................ 15 events 

PROM Version of M374S1 Group 

PIN CONFIGURATION (TOP VIEW) 

lID port P3 

lID port P5 

110 port P6 

P3is;-;- 1 
P36/SCLK - 2 
P35/TxD- 3 

P34 /RxD ++ 4 

P33/PWMoUT - 5 

P32/EV3 ++ 6 

P31/EV2 - 7 

P30fEV,- 8 

P57/DB7 - 9 

P56 /DBs - 10 

P5s/DBs- 11 

PS4/DB4 ++ 12 

PS3/DB3 - 13 

PS2JDB2/CE ++ 14 

P5 1/DB,/OE ++ 15 

P50lDBoi A14 ++ 16 

P6ollNT1 - 24 
ReadlWrlte -

status output R/W -- 25 
Synchronous SYNC __ 26 
signal output 

CNVsslVpp - 27 
Reset Input RESET _ 28 

Clock Input 

Clock output 

Timing output 

Vee 

AVss 

62 - V REF Reference voltage input 

61 -D-A, \ 
D-A output 

60 -O-A2 

59 - P401 ANn f 
58 - P4,!AN, Input port P4 

57 - P42 /AN 2 

lID port PO 

110 port P1 

lID port P2 

Outline 64P48 (OTP) 
64S18 (Window) 

• Master CPU bus interface ................................ ·1 byte 
• 16-bit timer ............................................................ 3 

• 8-bit timer (Serial 1/0 use) ...................................... 1 

• Serial 1/0 (UART or clock synchronous) .................... 1 

• A-D converter (8-bit resolution) ........ ·3 channels (DIP) 
8 channels (QFP, QFN) 

• D-A converter (8-bit resolution) .................. 2 channels 

• PWM output with 8~bit prescaler 
(Either resolution 8 bit or 16 bit is software selectable) "'1 

• Programmable 110 ports 
(Ports PO, P1, P2, P3, P5, P6) .............................. 48 

• Input port (Port P4) .................... 3(DIP), 8(QFP, QFN) 
• Output ports (Ports D-A" D-A2 ) ................ · .............. ·2 

• PROM (equivalent to the M5L27256) 
Program voltage· .. · ........................................ ·12.5V 

APPLICATION 
Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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M37451E4·XXXSP/FP/GP,M37451E4SS/FS 
M37451E8.XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 

PIN CONFIGURATION (TOP VIEW) 

P4oJANo 
D-A, 
D-A, 

DAVREF 
ADVREF 

AVss 
AVec 

Vee 
Vss 

P37/SRDY 

P36JSCLK 

P35/TxD 
P3,/RxD 

P33/PWMOUT 

P32/EV3 

NC 

P42/ AN2 
P4,/AN, 
P40/ANo 

D-A, 
D-A, 

DAVREF 
ADVREF 

AVss 
AVcc 

Vee 
...'!5& 

P37 / SRDY 
P36/SCLK 
P35/TxD 
P34J RxD 

P33/PWMoUT 
P3,/EV3 

NC 
NC 

P3,/EV, 

~ 
~ 

-72 

-73 

-74 

-75 

-76 

M37451 E4-XXXFP 
M37451EB-XXXFP 
M37451 EC-XXXFP 

M37451 E4FS 
M37451EBFS 
M37451 ECFS 

Outline 
80P6N (OTP) 
8000 (Window) 

60591158575655154535251/15049481147046045444304241 

M37451 E4-XXXGP 
or 

M37451 EB-XXXGP 
or 

M37451 EC-XXXGP 

-~;O 
79 

Outline 80P6S 

• MITSUBISHI 
.... ELECTRIC 

P2oJDo 
P2,JD, 
P22JD2 
P23/D3 
P24 /D 4 

P2s/Ds 
P26/D6 
P27/D7 

Vss 
~ 
NC 
XOUT 

X, N 

NC 
RESET 
CNVss/Vpp 

NC : No connection 
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M37451 E4-XXXSP/M37451 E4SS BLOCK DIAGRAM 

Cloek Cloek Timing 
input output output 

Reset 
input 

RESET R/W SYNC Vee Vss 

----r--------tt---~--@----------------------------l 
X1N XOUT ¢ 
~ 

/ 

Clock generating_ 
circuit 

~ 
8-bIt 

INT, 
INT, 
INT, 

r-- lal 

Note 1 

RAM 
256 
byte 

I r Bus interface 

3 • v 1 I P6(8) I 
~ 

-~
~ 

Program I Program 
counter counter 

PC,H(8JI PC~:8) 

Index J 
register 

X(8) 

AD 
CaMP 

~ 

h--
----. 

Data bus 

n 

l]1' 

TI 

2t::=; 
,---" 

110 port P6 110 port P5 VREF Input port P4 D-A, 

BRG 

1/0 port P3 110 port P2 

Notel: 384 bytes for M37451 E8-XXXSP/M37451 E8SS and 512 bytes for M37451 EC-XXXSP/M37451 ECSS, 
2 : 16384 bytes for M37451 E8-XXXSP/M37451 E8SS and 24576 bytes for M37451 EC-XXXSP/M37451 ECSS 

Instruction 
register 

(8) 

Instruction 
decoder 

Control signal 

1/0 port P1 

I , 
I 

I , 
I , J 

I , 
I , 
I , 
I , 
I , 
I , 

--~ 
1/0 port PO 
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M37451 E4-XXXFP/M37451 E4FS BLOCK DIAGRAM 

Clock 
Input 
X,N 

Clock Timing Reset Reset 
output output Input output 
XOUT ¢ REsET RESET OUT WR RD R/IN SYNC Vcc Vss 

~---~---~---~~-------------------------l 

Clock generating 

Circuit 

~ 
8·blt 

Note 1 

RAM 

256 
byte 

INT, 
INT, 

~ l'--' 

I Interrupt 
control 

~ 

Program I Program 

counter I counter 

PCH l8i pel '8, 

AD 
COMP 

'--------E-----

~ 

Data bus 

/I 

~I' 
TI 

2 

~ 
BRG 

---" 

3456 23 

Instruct''''' 
reg,sle, 

'" 
InstructIOn 
decoder 

Control signal 

D-A,~ ~ CNVss/Vpp 

I/O port P6 ~ ~~~ ~~~ 
DAVREF 

Notel: 384 bytes for M37451E8-XXXFP/M37451 E8FS and 512 bytes for M37451 EC-XXXFP/M37451 ECFS 
2 : 16384 bytes for M37451E8-XXXFP/M37451E8FS and 24576 bytes for M37451 EC-XXXFP/M37451 ECFS 
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M37451 E4-XXXGP BLOCK DIAGRAM 

Clock Clock Timing 
Input output output 

Reset Reset 
Input output 
RESET RESETouT WR RD RtWSYNC Vcc Vss 

---~---~---~~-------------------------I 
~ ~\ ., 

X1N XOUT ¢ 

I , 
Data bus I , 

I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , 
I , -
I , 
I , 

-~ 

1 I I I Note 1 ~ote 2 ,r- h * '\ 
Clock generating I ~ Timer 1 l-e--ITlmer 1 latchk:=::::::;:) '"; 

CirCuit RAM pmg<a;l'pmg<am PROM ~ (16)..h (16) Ii:::===:: (8) 

counter counter ~~I ~ ~ 1 
256 PC,I'I PC,IBI 8192 ~ Timer 2 k- fimer 2 latchl::::::::::::: 
byte byte '==:r:::-'I (16) ~ (16) ~ Instruct,on Ei'l decoder 

--.L ~ Timer 3 k- Timer 3 latCii-:= 
'==:r:::-'I (16) k-.. (16) E::::3 rE .. Tv"lj-lL..-....l.T'"-r-c.,..r" Control signal 

8-bIt ,...:.:.Lf Pulse width I 
Arithmetic Accumu- process~r;FlndeXr Index Stack ~ modulator r 
logiC umt latOf r:~I~~r register register pomter ~;:::~:f 

AIBI PSIB) XIB) VIB) SIB) 

) { 3 
~L-______ ~~ ________________________ -, 

I Inter~1 i'-' ~ ~I 
INT, control AD TI 2 
INT. ) '" COMP _ BRG 
INT, '-----51 ~~ 
~ '''' 0"' f-- ~ -r--:?'-,.~_,,JIW><':.-..J...-, 

Bus rl A-D ",J D-A II Serial 1/0 
Interface converter r Lconverterll' 

f--+-""---':;' ~ - 7' ~d 
3 4 8 f8 ~ ~ ~ £ 
I P6(8) I I P5(8) II P4(8) I P3(8) P2(8) r PI (8) 11 PO(8) I 

tH HH- ,.. !E:J 
1 111 ~-r 

__ - 23456789 I 44 

~ ~ t.n6'!..~'nDut~ortP4' D_~:A,~ ~ ~ ~ CN' 
,sfl/pp 

AVcc DAVAEF 

Note 1: 364 bytes for M37451E6-XXXGP and 512 bytes for M37451 EC-XXXGP 
2 : 16364 bytes for M37451E6-XXXGP and 24576 bytes for M37451 EC-XXXGP. 

III 
-WWW --..--..--.. 
~~~ en en en ......... 
It'II'III'II 
~flD~ 
><><>< 
><><>< 
><><>< 
(lU/UIt 

""" ........................... 

"""""" """ 'V ........................... I: 
:IV G)G)G) _ 

0""" fit !:.. .... c: 
: III !! 
.. WWW fit 
1/1 Z 
O· --.. --.. --.. -
::::II ~~~ I: 
o en en en n 
............ :IV 

! 1'111'111'11 g 
~ nGO~ 0 
en (lU/UIt ! 
~ (lU/UIt c: 
f:) ........................... -t 

C3 """""" : .; (lU/UIt fit 



MITSUBISHI MICROCOMPUTERS 

M37451 E4-XXXSPI FPI GP, M37 451 E4SS1 FS 
M37 451 E8-XXXSPI FPI GP ,M37 451 E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 

FUNCTIONS OF M37451 E4-XXXSP/FP/GP, M37451 E8-XXXSP/FP/GP, M37451 EC-XXXSP/FP/GP, 
M37451 E4SS/FS, M37451 E8SS/FS, M37451 ECSS/FS 

Parameter 

Number of basic instructions 

Instruction execution time 

Clock frequency 

M37451 E4-XXXSP/FP/GP 

M37451 E4SS/FS 

M37451 E8-XXXSP/FP/GP 
Memory Size 

M37451 EBSS/FS 

M37451 EC-XXXSP/FP/GP 

M37451 ECSS/FS 

PO to P3, P5, P6 

Input/Output port P4 
f-----

O-A 

SenalllO 

Timers 

A-O converter 

O-A converter 

Pulse width modulator 

Data bus buffer 

Subroutine nesting 

I~terrupt 

Clock generating ~Ircult 

Supply voltage 

Power diSSipation 

Input/Output voltage 
Input/Output characters 

Output current 

Memory expanSion 

Operating temperature range 

Device structure 

M37451 E4-XXXSP 

M37 451 E8-XXXSP 

M37451 EC-XXXSP 

M37451 E4-XXXFP 

M37451 E8-XXXFP 

M37451 EC-XXXFP 

M37451E4-XXXGP 

Package M37451 E8-XXXGP 

M37451 EC-XXXGP 

M37451E4SS 

M37451E8SS 

M37451 ECSS 

M37451 E4FS 

M37451E8FS 

M37451 ECFS 

FunctIOns 

71 (69 MELPS 740 basic mstructlOns+2) 

O. 64,us (minimum instructions, at 12 5MHz frequency) 

12 5MHz (max) 

PROM 8192 bytes 

RAM 256 bytes 

PROM 16384 bytes 

RAM 384 bytes 
"-" 

PROM 24576 bytes 

RAM 512 bytes 

1/0 8-bltX6 

Input 3-bitX 1 (8-bltX 1 for 80-pm model) 

Output 2-bltX 1 

UART or clock synchronous 

16-bIt tlmerX3, 

8-blt timer (Senall/O baud rate generator)X1 

8-bltX3 channels (8 channels for 80-pm model) 

8-bltX2 channels 

8-blt or 16-bltX1 

i-byte mput and output each 
-

96-levels max (M37451E4, M37451E8) 

128-levels max (M37451EC) 

6 external Interrupts, 8 Internal Interrupts 

1 software mterrupt 

BUilt-in (ceramic or quarts crystal OSCillator) 

5V+1O% 

40mW (at 12 5MHz frequency) 

5V 

±5mA (max) 

Possible (64K bytes max) 

-20 to 85'C 

CMOS silicon gate 

54-pm shrink plastiC molded DIP 

80-pm plastiC molded QFP 

(08mm-pltch) 

80-pm plastiC molded QFP 

(0_65mm-pltch) 

--
54-pin shnnk ceramic DIP 

80-pm ceramic QFN (LCC) 

• MITSUBISHI ;"ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37451 E4-XXXSP/FPI GP, M37451 E4SS/FS 
M37 451 E8-XXXSP/FPI GP, M37451 E8SS1 FS 
M37451 EC-XXXSPI FPI GP, M37 451 ECSSI FS 

PROM Version of M37451 Group 

PIN DESCRIPTION (normal mode) 

Pin Name 

Vee, Supply voltage 

Vss 

CNVsslVpp CNVss 

---
RESET Reset input 

X ,N Clock Input 

XOUT Clock output 

</> Timing output 

SYNC Synchronous 
sig nal output 

-
R/W Read/Wnte 

status output 

POO-P07 110 port PO 

P1 0 -P1 7 110 port P1 

P20 -P27 1/0 port P2 

P30 -P37 1/0 port P3 

P4o-P4, Input port P4 
(P4o-P47 ) 

P50 -P57 1/0 port P5 

P6o-P67 1/0 port P6 

D-A" D-A, D-A output 

VREF Reference voltage 
input 

ADVREF A-O reference 
voltage input 

DAVREF O-A reference 
voltage Input 

AVss Analog power supply 

AVec Analog power supply 

-
RD Read Signal 

output 

-
WR Wnte Signal 

output 

RESET OUT Reset output 

3-216 

Input! 
Output 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

1/0 

1/0 

1/0 

1/0 

Input 

110 

1/0 

Output 

Input 

Input 

Input 

Output 

Output 

Output 

Functions 

Power supply mputs 5V±10% to Vee, and OV to Vss 

Controls the processor mode of the chip Normally connected to Vss or Vee. 

To enter the reset state, the reset mput pin must be kept at a "L" for more than 8 clock cycles (under nor-
mal Vee conditions) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should 
be mamtained for the required time 

This chip has an Internal clock generating Circuit To control generatmg frequency, an external ceramic or a 
quartz crystal oscillator IS connected between the X'N and XOUT pms If an external clock IS used, the clock 
source should be connected to the XIN pin and the XOUT pm should be left open 

Normally outputs Signal conslstmg of oscillatmg frequency diVided by four 

This Signal IS output "H" dUring operation code fetch and IS used to control srngle steppmg of programs 

This Signal determines the direction of the data bus It IS "H" durmg read and "L" durmg wnte 

Port PO IS an 8-blt 1/0 port with directional registers allowmg each 1/0 bit to be mdivldually programmed as 
input or output The output structure IS CMOS output The low-order bits of the address are output except 
In smgle-chlp mode 

Port P1 IS an 8-blt 1/0 port and has basically the same functions as port PO The high-order bits of the 
address are output except In smgle-chlp mode 

Port P2 IS an 8-blt I/O port and has basically the same functions as port PO Used as data bus except In 

Single-chip mode 

Port P3 IS an 8-blt 1/0 port and has baSically the same functions as port PO. Senal 110, PWM output, or 
event 110 function can be selected With a program 

Analog Input pin for the A-O converter The 64-pln model has three pms and the aD-pm model has eight 
pms They may also be used as digital mput pinS 

Port P5 IS an 8-blt 1/0 port and has basically the same functIOns as port PO. ThiS port functions as an a-bit 
data bus for the master CPU when slave mode IS selected with a program. 

Port P6 is an a-bit 110 port and has basically the same function as port PO Pms P63-P67 change to a con-
trol bus for the master CPU when slave mode IS selected With a program Pins P6o-P62 may be program-
med as external Interrupt IQput pinS 

Analog signal from O-A converter is output 

Reference voltage Input pm for A-O and O-A converter ThiS pm IS for 64-pm rnodel only 

Reference voltage Input pm for A-O converter ThiS pm IS for SO-pm model only 

Reference voltage ,"put Pin for O-A converter This pin IS for aD-pin model only 

Ground level mput pm for A-O and O-A converter Same voltage as Vss is applied 

Power supply input pin for A-O converter ThiS pm IS for aO-pln model only. Same voltage as Vee IS applied 
In the case of the 64-pm model, AVec is connected to Vec Internally 

Control Signal output as active "L" when valid data is read from data bus This pin is for aD-pin model only 

Control Signal output as active "L" when wnting data from data bus to external component. ThiS pm IS for 
80-pm model only 

Control Signal output as active "H" during reset 
nents. ThiS pin IS for BO-pln model only 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37451E4-XXXSP/FP/GP,M37451E4SS/FS 
M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 

PIN DESCRIPTION (EPROM mode) 

Pin Name 
Inpull 

Output 
Functions 

Vee, Vss Supply voltage Power supply Inputs 5V±10% to Vee. and OV to Vss 

CNVsslVpp Vpp Input Connect to Vpp when programming or venflng 

RESET Reset Input Input Connect to V 55 

X,N Clock Input Input Connect a ceramic or a quartz crystal oscillator between X1N and XOUT for clock oscillation 

XOUT Clock output Output 

'" Timing output Output For timing output 

SYNC Synchronous Output Kept to open ("L" signal IS output) 

signal output 

R/W ReadfWrlte Output Kept to open ("H" signal IS output). 

status output 

POo-PO, 1/0 port PO Input PO works as the lower a-bit address Input 

Pl o-Pl, 1/0 port Pl Input Plo-P15 work as the higher 6-blt address Input Pl. and Pl, connect to Vee 

P2a-P2, 1/0 port P2 1/0 P2 works as an a-bit data bus 

P3,,-P3, 1/0 port P3 Input Connect to V 55 

P4o-P4, Input port P4 Input Connect to Vss The 64-pm model has only three pins P4o-P42 

(P4o-P42 l 

P5a-P5, 1/0 port P5 Input P50. P5,. P5, works as A'4. OE. and CE Inputs respectively Connect P5. and P54 to Vee and P5.-P5, to 

Vss 

P6a-P6, I/O port P6 Input Connect to Vss 

D-A,.D-A, O-A output Output Kept to open 

VREF Reference voltage Input Connect to Vss. This pin IS for 64-pln model only 

Input 

ADVREF A-O reference Input Connect to Vss ThiS pin IS for 8O-pln model only 

voltage Input 

DAVREF O-A reference Input Connect to Vss ThiS pin IS for SO-Pin model only 

voltage Input 

AVss Analog power Input Connect to Vss 

AVec Analog power Input Connect to Vee or Vss ThiS pin IS for SO-pm model only 

RD Read signal output Output Kept to open ("H" signal IS output) ThiS pm IS for SO-pin model only 

WR Wnte signal Output Kept to open ("H" signal IS output) ThiS pin is for SO-pm model only 

output 

RESETouT Reset output Output Kept to open (oW signal IS output) ThiS pm IS for SO-pin model only 
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MITSUBISHI MICROCOMPUTERS 

M37451E4-XXXSP/FP/GP,M37451E4SS/FS 
M37451 E8-XXXSPI FP/GP, M37451 E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 

EPROM MODE 
The M37451 E4-XXXSP/FP/GP, M37451 E4SS/FS features 
an EPROM mode in addition to its normal modes. When the 

RESET signal level is low ("L") and CNVssIVpp signal level 
is high ("H") , the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1, 2 and 3 give the pin connections in the EPROM 
mode. When in the EPROM mode, ports PO, Pl a-Pi 5, P2, 
P5a-P52 and CNVss are used for the PROM (equivalent to 
the M5L27256). 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 M5L27256. The oscillator should be connected 
to the XIN and XOUT pins, or external clock should be con
nected to the XIN pin. 

vee 

I 
@ 
@ 
A, 

P 

P 

P 
p' 

~ P33/P 

37/SRDY .... 1 

3s/SeLK - 2 

~5/TxD - 3 

3,/RxO- 4 

WM OUT - 5 

3,/EV3 - 6 

3,/EV, - 7 

30 /EV, - 8 

57 /087 - 9 

5,/OB, - 10 

551OB5 - II 

5,IOB, - 12 

531OB3 - 13 

OB,/CE- 14 

P 

P 

P 

P 

P 

P 

P 

P 

P521 

P5,/0 B,IOE- 15 

P50/0 

P6 

P 

P 

P 
r, 

Vss 

Vpp--- CNVss/Vpp -+ 27 

XOUT +- 30 

¢- 31 

Table 1. Pin function in EPROM mode 

~ 
M37451 E4-XXXSP/FP/GP, 

M37451 E4SS/FS 

vee Vee 
Vpp CNVss/Vpp 

Vss Vss 
Address input Ports PO, P1 0 -P1 s, P50 

Data 1/0 Port P2 

CE P52/0B2/CE 

OE P5,/OB,IOE 

Vee Vee 

:~ -~~::~~ss 
61 -+ D-A1 

60 -. O-A, 

59 - P4o/ANo 

58 - P4,/AN, 

57 - P4,/AN, 
-----'@ 
------"@ 
------"@ 
----@ 

52 ..... P04 /A 4 ----@ 
51 -POs/As @ 

---@ 
-----I@ 
------I@ 
----@ 
----I!& 
------"6) 
------"@ 

=====:-(9---T .... Vee 

40 -P20/Do @ 
39 ..... P2 1/D 1 ------@ 

----@ 
------,@ 
----.@ 
-----.,@ 

OSCillating Circuit 1 f=AES:1:: ~: 
Vss _3-.2 _____ ....0-

.-----<@ 
----<@ 

Fig. 1 
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Vss o : Same functions as M5L27256 

Pin connection in EPROM mode (64-pin model) 
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M5L27256 

Vee 

V pp 

Vss 
Ao-A14 

0 0-07 

CE 

OE 



1is P:~g~ 
ADVREF 

AVss 
AVec 

Vee-----Vee 
Vss Vss 

;-----P37/SRDY 
t----P36 /SCLK 

t----IP35/TxD 
t----P34 IRxD 
~P33/PWMoUT 

r, 
Vss 

P32/EV3 

NC 

MITSUBISHI MICROCOMPUTERS 

M37451 E4-XXXSPI FPI GP ,M37451 E4SS1 FS 
M37451 E8-XXXSPI FPI GP, M37451 E8SS/FS 
M37 451 EC-XXXSP/FPI GP, M37451 ECSS/FS 

PROM Version of M37451 Group 

M37451E8FS 
or 

M37451E8-XXXFP 

Vee 

Jf 

M37451 ECFS 
or 

Vss 

o : Same functions as M5L27256 

P2o/DO----@ 
P2,ID, @ 
P2,ID, @ 
P23/D3 @ 
P2,/D, @ 
P25/Ds @ 
P26/D6 @ 
P271D7 @ 
Vss Vss 
¢ 
NC 
Xour-----oOsclllatlng 
X'N------OClfCUIt 

NC 
RESET ---------, 
CNVss/Vpp---vpp 1 

Vss 

Fig. 2 Pin connection in EPROM mode (O.8mm pitch 80-pin model) 
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Fig. 3 
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Vss 

MITSUBISHI MICROCOMPUTERS 

M37451E4-XXXSP/FP/GP,M37451E4SS/FS 
M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

P42/AN2 
P41/ANl 
P4o/ANo 

O-A2 
D-Al 

DAVREF 
ADVREF 

AVss 
AVec 

PROM Version of M37451 Group 

Vee 

fhw:fiflflfifi'Cl:'tJ 
~~~~~~~~~~<~«<~<~« 
~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~[[[~[[[ 
jjjjjffffffffffftfft 

Vee 

-6l 

:~ 
-~ 
:~ 
-67 

68 

69 

605958115756551154115352515049484746114514443421141 

~-o Ill
ife: 

M37451 E4-XXXGP 
or 

~-
34-

~-
32-

Vee---Vee 70 M37451 E8-XXXGP 

or 

~-Vss 71 
P37/ SROY _72 

P3e/SeLx -73 
P3s/TxD -74 M37451 EC-XXXGP 
P34/AxD -75 

P33/PWMoUT -76 
P32/ EV3 -77 

NC 78 
NC 79 0 o 

P31 /EV2 -80 

1234567 aR9 101112013D14151617181920 

Vss 

o : Same functions as M5L27256. 

.f,-
~-
4¥-
~-
~-22-

21-

7tr 
Vss 

XOUT -} OScillating 
X1N- CIrCUit 

NC 
RESET---~ 7Jr Vss CNVSSIVpp-Vpp 
RESEToUT 
SYNC 

Pin connection in EPROM mode (O.65mm pitch 80-pin model) 
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MITSUBISHI MICROCOM~UTERS 

M37451E4-XXXSP/FP/GP,M37451E4SS/FS 
M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM READING, WRITING AND ERASING 
Reading 
To read the PROM. set the CE and OE pins to a "L" level. 

and supply OV to the RESET pin. 5V to the Vee pin and the 
CNVss (Vpp ) pin. Input the address of the data (Ao-A,.) to 
be read and the data will be output to the I/O pins 0 0-07 , 

The data I/O pins will be floating when either the CE or OE 
pins are in the "H" state. 

Writing 
To write to the PROM. set the OE pin to an "H" level. and 
supply OV to the RESET pin. 6V to the Vee pin and 12.5V to 
the Vpp pin. 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 Ao- A, •• and the data to be written is 
input to pins 00 - 07 , Set the CE pin to a "L" level to begin 
writing. 

Erasing 
Oata can only erased on the M37451 E4SS/FS. 
M37451 E8SS/FS and M37451 ECSS/FS ceramic package, 
which includes a window. 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 15W·s/cm2. 

Table 2, 1/0 signal in each mode 

~ - -
CE OE 

Mode 

Read-out V'L VIL_ 

Programming V'L V ,H 
Programming verify V ,H V'L 
Program disable V ,H V ,H 

Notel: V'L and V'H Indicate a "L" and "H" input voltage. respectively 
2 : An X indicates either V'L or V'H 

PROM Version of M37451 Group 

NOTES ON HANDLING 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types. 
cover the transparent window with a seal (provided) 
when this chip is in use. However. this seal must not 
contact the lead pins. 

(2) Before erasing. the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed. complete erasure of the 

data could be prevented. 
(3) Since a high voltage is used to write data. care should 

be taken when turning on the PROM writer's power. 
(4) For the programmable microcomputer (shipped in 

blank or OTP type) . Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability after 
write. pertorming write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode. address A'5 is set to "H" automati
cally. 

Writing with PROM writer 

Screening (Note)(Leave at 150'(; for 40 hours) 

Verify test with PROM writer 

Note : Since the screening temperature is higher than 
storage temperature. never expose to 150'C ex

ceeding 100 hours. 

Vpp Vee Port P2 

5V 5V Output 

12.5V 6V Input 

12.5V 6V Output 

12.5V 6V Floating 
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MITSUBISHI MICROCOMPUTERS 

M37451E4DXXXSP/FP 
M37451 E8DXXXSP/FP 

PROM VERSION of 
M374S1 M4DXXXSP/FP, M37451 M8DXXXSP/FP 

DESCRIPITION 
The M37451 E4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DI P or an 80-pin plastic 
molded QFP (0.8mm pitch). The features of this chip are 
similar to those of the M37451 M4DXXXSP/FP except that 

this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controllers. 
In addition to its simple instwction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. It also has a unique feature that 

enables it to be used as a slave microcomputer. 
Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451E4-
XXXSP/FP. 
The differences between the M37451 E4DXXXSP/FP and 

M37451 E8DXXXSP/FP are as shown below. 

I Type name ROM sIze RAM size 

I M37451 E4DXXXSP/FP 8192 bytes 256 bytes 

I M37451 E8DXXXSP/FP 16384 bytes 384 bytes 

The number of analog i'nput pins for the 80-pin model (FP 

version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESET OUT, DAVREF , ADVREF, AVec, and the 64-pin model 
has a special VREF pin. 

Note: The maximum value of supply current is 20mA. 
All other values are the same as that of M37451 E4-
XXXSP/FP. 

FEATURES 
• Number of basic instructions .. ·· ....................... , .... ···71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Instruction execution time 
(minimum instructions at 12.5 MHz frequency)··· 0.64/ls 

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

• Power dissipation normal operation mode 
(at 12.5 MHz frequency) .................... · .. · .. ·· .... 40mW 

• Subroutine nesting .......................... · .... 96 levels max. 
• Interrupt .... · ....................................... ··· .. · .. ·15 events 

• Master CPU bus interface .... · .................... · .. · .. ··1 byte 
• 16-bit timer ...... · ........ ·· .......... · .............. · .... · .. · .. · .. · .. ·3 

• 8-bit timer (Serial 110 use) ...................................... 1 

• Serial I/O (UART or clock synchronous) ........ · .... · ...... 1 

• A-D converter (8-bit resolution) ......... 3 channels (DIP) 
8 channels (QFP) 

• D-A converter (8-bit resolution) .................. 2 channels 

• PWM output with 8-bit prescaler 
(Either resolution 8-bit or 16-bit is software selectable) "'1 

• Programmable I/O ports 
(Ports PO, Pl, P2, P3, P5, P6) .............................. 48 

PIN CONFIGURATION (TOP VIEW) 

P3-,/SAOY - 1 

P3./SCLK - 2 

P3s/TxD-

1/0 port P3./RxD - 4 
P3 

P33/PWMoUT - 5 

P32/EV3- 6 

P3,/EV2- 7 

P30/EV,- 8 

P57/DB7 - 9 

P5./DB. - 10 

P55/DBs - 11 

1/0 pon P5./D B •. - 12 
PS P53/DB3- 13 

P52/DB2/CE - 14 

P5,/DB,/OE- 15 

P50/DBo/PGM - 16 

1/0 port 
P6 

Read/Write 
status output 

P63/ PRDY...... 21 

P62/1NT3 - 22 

Synchronous signal SYNC +- 26 
output CNVss/Vpp - 27 

RESET-+ 28 Reset mput 

Clock Input, 

Clock output 

Timing output 

Vss 

Outline 

Vcc 

AVss 
Reference 

62 +- V REF voltage Input 

61 -+ D-A'l 
A D-A output 

60 -0- 2 

59 +- P401 ANO} 
Input 

58 +- P4,/AN, port P4 

57 +- P421 AN2 

56 - POo/Ao 

64P4B 

1/0 port 
PO 

1/0 port 

P' 

1/0 port 
P2 

• Input port (Port P4) .......................... 3 (DIP), 8 (QFP) 
• Output ports (Ports D-A" D-A2 ) .. ·• ........ · .................. ·2 

• PROM (equivalent to the M5L27256) 
program voltage'" .......................................... · .. 12.5V 

• Operating temperature ............................ -40 to 85°C 

APPLICATION 
Industrial machinery 
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PIN CONFIGURATION (TOP VIEW) 

O-A1 _67 
DAVREF - 68 

ADVREF - 69 
AVss 70 
AVee 

Vee 
Vss 73 

P37/ SROY - 74 

P3e/ SCLK - 75 

P35/TJlO - 76 
P34.1RxD - n 

MITSUBISHI MICROCOMPUTERS 

M37451E4DXXXSP/FP 
M37451E8DXXXSP/FP 

PROM VERSION of 
M37451 M4DXXXSP IFP. M37451 M8DXXXSP IFP 

M37451 E4DXXXFP 
or 

M37451 E8DXXXFP 

P33/PWMOUT - 78 

P32/EV3 - 79 0 
NC ~~~~~~~~~~~~~~~~~=m~~~= 

:3 4 5 6 7 ",'JL::J=LCJ""= 

Outline 80P6N 

• MlTSUBlSHI 
~ELECTRIC 

NO : No connection 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37470M2-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
32-pin shrink plastic molded DIP. This single-chip micro
computer is useful for business equipment and other con
sumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en
able easy programming. 
The differences among M37470M2-XXXSP, M37470M4-
XXXSP and M37470M8-XXXSP are noted below. The fol
lowing explanations apply to the M37470M2~XXXSP. Speci
ficaiton variations for other chips are noted accordingly. 

Type name ROM size RAM size 

M37470M2-XXXSP 4096 bytes 128 bytes 
M37470M4-XXXSP 8192 b~es 192 bytes 
M37470M8-XXXSP 16384 bytes 384 bytes 

FEATURES 
.• Number of basic instructions .................................. · 69 

• Memory size 
ROM ................................ ·4096 bytes (M37470M2) 
RAM· .... · .......... · .............. · .... 128 bytes (M37470M2) 

• Instruction execution time 
......... 111s (minimum instructions at 4MHz frequency) 

• Single power supply ............ · ...... · ...... · .. · ...... 27-5.5V 

• Power dissipation normal operation mode 
·· ................................ 17.5mW (at 4MHz frequency) 

• Subroutine nesting ............ 64 levels max. (M37470M2) 
• Interrupt ............ , ........................... 12types, 10vectors 
• 8-bit timer···· .. ·· .. · .. ·· ................................................ 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P4) .. · ...................................... 22 

• Input port (Port P3) ................................................. 4 
• Serial I/O (8-bit) ...... · .. · ........ · ............ · .... · .. · .... · .... · .. 1 
• A-D converter" .................................... 8-bit, 4channel 

APPLICATION 
Audio-visual equipment, VCR, Tuner 
Office automation equipment 

PIN CONFIGURATION (TOP VIEW) 

P1 7/SRDy - 1 
Pl./CLK- 2 

Pl s/SouT - 3 
P1 4/S'N- 4 

P1 3 /T, - 5 

P2,/IN,- 11 

Vss 

23 - P4. 
.... P33/CNTR, 

1 .... P3,/CNTRo 

Vee 

Outline 32P4B 
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MITSUBISHI MICROCOMPUTERS 

M37470M2·XXXSP,M37470M4·XXXSP 
M37470M8·XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37470M2-XXXSP, M37470M4-XXXSP, M37470M8-XXXSP 
Parameter 

Number of basic instructions 

Instruction execution time 

Clock frequency 

ROM 
M37470M2-XXXSP 

RAM 

ROM 
Memory size M37470M4-XXXSP 

RAM 

ROM 
M37470M8-XXXSP 

RAM 

PO, PI I/O 

P2 I/O 
Input/Output port 

P3 Input 

P4 I/O 

Senall/O 

Timers 

A-0 converter 

M37470M2-XXXSP 

Subroutine nesting M37470M4-XXXSP 

M37470M8-XXXSP 

Interrupt 

Clock generating Circuit 

Supply voltage 

Power diSsipation 

Input/Output voltage 
Input/Output characters 

Output current 

Operating temperature range 

Device structure 

Package 

Functions 

69 

1.us (minimum instructions, at 4MHz frequency) 

4MHz (max.) 

4096 bytes 

128 bytes 

8192 bytes 

192 bytes 

16384 bytes 
--

384 bytes 

8-bitX2 

4-bitXl 

4-bitXl 

2-bitXl 

8-bitXl 

8-bit timerX4 

8-bltXl (4 channels) 

64 levels (max) 

96 levels (max) 

192 levels (max) 

5 external Interrupts, 6 Internal interrupts 

1 software Interrupt 

Built-In with Internal feedback reSistor (ceramic or quarts crystal oscillator) 

27-SSV 

17 SmW (at 4MHz frequency) 

SV 

-S-10mA(PO, PI, P2, P4: CMOStri-states) 

-20-8S"C 

CMOS silicon gate 

32-pm shrink plastic molded DIP 

• MlTSUBlSHI .... ELECTRIC 
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PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

RESET Reset Input 

X IN Clock input 

XOUT Clock output 

VREF Reference voltage 

Input 

POO-PO? 1/0 port PO 

P1 o-Ph 1/0 port PI 

P2o-P23 110 port P2 

P30-P33 Input port P3 

P40 • P4, 110 port P4 

Inputl 

Output 

Input 

Input 

Output 

Input 

1/0 

1/0 

110 

Input 

1/0 

MITSUBISHI MICROCOMPUTERS 

M37470M2·XXX5P ,M374 70M4·XXX5P 
M37470M8·XXX5P 

SINGLE-CHIP II-BIT CMOS MICROCOMPUTER 

Functions 

Power supply Inputs 2. 7-5. 5V to Vee. and OV to Vss. 

To enter the reset state. the reset Input pin must be kept at a "l" for more than 2,us (under normal Vee 
conditions). 

These are 1/0 pins of internal clock generating cirCUit for main clock To control generating frequency, an 

extemal ceramIc or a quartz crystal oscillator is connected between the XI. end XcUT pins. If an external 

clock IS used. the clock source should be connected the XI. pin and the XOUT pin should be left open. 

Feedback resistor is connected between >Ct. and XcUT' 

ThIS IS reference voltage Input pm for the A-O converters. 

Port PO IS en a-bIt 110 port The output structure IS CMOS output 

When this port IS selected for mput. pull-up trenslstor can be connected In units of I-bit and a key on wake 

up functIon Is provided 

Port PI IS an a-bit 1/0 port The output structure Is CMOS output. 

When this port Is selected for Input. pull-up transistor can be connected In units of 4-bit. PI •• ·PI. are In 

cornmon with timer output pins To. T,. PI •• PI •• P1 •• PI, are in cornmon with serial 1/0 pins StN. SoUT. ClK. 

SROY. respectIvely. The output structure of SoUT and SRDY can be changed to N-channel open drain output 

Port P21s an 4-blt 1/0 port The output structure IS CMOS output 

When this port IS selected for Input. pull-up transistor can be connected in units of 4-blt. 

This port IS in cornman with analog Input pins INo-IN,. 

Port P3 IS 'n 4-bll mput port. p30. P3, are In common with external Interrupt input pins INT •• INT, and P3 •• 

P3, are in cornmon with timer Input pins CNTR •• CNTR,. 

Port P4 Is an 2-blt 1/0 port The output structure Is CMOS output When this port Is selected for Input. 

pull-up transistor can be connected In units of 2·bit 

4-6 ~~ 



MITSUBISHI MICROCOMPUTERS 

M37470M2·XXXSP,M37470M4.XXXSP 
M37470M8·XXXSP 

SINGLE-CHIP a-BIT CMOS MIC'ROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37470 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

7 0 

CPU Mode Register 
The CPU mode register is allocated to address 00FS'6' 
This register has a stack page selection bit. 

I I I I I I I I I CPU mode register 
(Address OaFS,.) 

I U This bit must always be set to "0 " 

Stack page selection bit 
a : In page a area 

I 
1 ; In page 1 area 

These bits must always be set to "0" 

Fig. 1 Structure of CPU mode register 
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MITSUBISHI MICROCOMPUTERS 

M37 4 70M2-XXXSP ,M374 70M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg

isters relating to functions such as 1/0 ports and timers. 
o RAM 

RAM is used for data storage as well as a stack area. 
o ROM 

ROM is used for storing user programs as well as the inter
rupt vector area. 
o Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

RAM(192 bytes) 

for 

M37470M4 
M37470M8 

ROM 
(16K bytes) 

for 

M37470M8 

ROM 
(8K bytes) 

for 

1 
0000,. 

RAM (128 bytes) 
for 

M37470M2 

007F,s 

OOBF, • 

OOFF,. 
RAM(192 bytes)! 0100" 

for 

M37470M8 

01 SF,. 

ROM 
(4K bytes) 

COOO,. 

EOOO,. 

FOOO,. 

FF0016 

M37470M4 for 

M37470M2 FFEA,. 

FFFF,. 

Fig. 2 Memory map 

4-8 

o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
o Special Page 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Interrupt vector area 

Zero page 

Special page for 
subroutine call 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 
M37470MS-XXXSP 

Port PO 

Port PO directional register 

Port Pl 

Port Pl directional register 

Port P2 

Port P2 directional register 

Port P3 

Port P4 

Port P4 directional register 

• 
• 
• 
• 
• 

PO pull-up control register 

Pl-P4 pull-up control register 

Edge polari1y selection register 

Input latch register 

A-D control register 

OOCO,. 

OOC1,. 

OOC2,. 

OOC3,. 

OOC4,. 

OOC5,. 

OOC6,. 

OOC7,. 

OOCS,. 

OOC9,. 

OOCA, 

OOCB, 

OOCC, 

OOCD, 

OOCE, 

OOCF,. 

DODO,. 

00D1,. 

00D2,. 

00D3,. 

00D4,. 

ODDS,. 

00D6,. 

00D7,. 

00D8,. 

00D9,. 

OODA, 

OODB, 

OODC, 

DODD, 

OODE, 

OODF, 

• A-D conversion register 

• 
• Serial 1/0 mode register 

• Serial 1/0 register 

• Serial.1/0 counter I Byte counter 

• 

Fig. 3 SFR (Special Function Register) memory map 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

• 

• 
• 

OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE416 

OOE5,. 

OOE6,. 

OOE7,. 

OOES,. 

OOE9,. 

OOEA,. 

OOEB,. 

OOEC, 

OOED,. 

OOEE,. 

OOEF,. 

OOFO,. 

00F1,. 

00F2,. 

00F3,. 

OOF4,. 

00F5,. 

OOF6,. 

OOF7,. 

OOFS,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFC, 

OOFD, 

OOFE,. 

OOFF,. 

Timer 1 
Timer2 

Timer 3 
Timer 4 

Timer FF register 

Timer 12 mode register 

Timer 34 mode register 

Timer mode register 2 

CPU mode register 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 

--
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MITSUBISHI MICROCOMPUTERS 

M374 70M2-XXXSP ,M37 4 70M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 12 different events consisting 

of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 

address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. External interrupts INTo and INT, can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When "0" is set to this reg
ister, the interrupt is activated on the falling edge; when "1" 
is set to the register, the interrupt is activated on the rising 

edge. 

Table 1. Interrupt vector address and priority 

When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar
ity selection register is "1", the INT, interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valid, an interrupt request is generated by applying the 
"L" level to any pin in port PO. In this case, the port used for 
interrupt must have been set for the input mode. 

If bit 5 in the edge polarity selection register is "0" when 
the device is in power-down state, the INT, interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis
ter is set to "1" when the device is not in a power-down 
state, neither key on wake up interrupt request nor INT, in
terrupt request are generated. 

The CNTRo/CNTR, interrupts function in the same as INTo 
and INT, . The interrupt input pin can be specified for either 
CNTRo or CNTR, pin by setting bit 4 in the edge polarity 
selection register. 

Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1 'and 2. 

Interrupts other than the BRK instruction interrupt and reset 

are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 

set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

Event Priority Vector addresses Remarks 

RESET 1 FFFF,6, FFFE'6 Non-maskable 

INTo interrupt 2 FFFD,6, FFFC '6 External Interrupt (phase programmable) 

INT, interrupt or key on wake up interrupt 3 FFFB,6, FFFA'6 External interrupt (INT, is phase programmable) 

CNTRo interrupt or eNTR, Interrupt 4 FFF9,6, FFF8 '6 External Interrupt (phase programmable) 

Timer 1 interrupt 5 FFF7,6 , FFF6'6 

Timer 2 interrupt 6 FFF5,6, FFF4 '6 

Timer 3 interrupt 7 FFF3,6, FFF2 '6 
Timer 4 interrupt 8 FFF1 ,6, FFFO'6 

Serial 1/0 Interrupt 9 FFEF,6, FFEE '6 

A-D conversion completion interrupt 10 FFED,6, FFEC'6 

BRK Instruction interrupt 11 FFEB,6, FFEA'6 Non-maskable software interrupt 

4-10 



MITSUBISHI MICROCOMPUTERS 

M37 4 70M2-XXXSP, M37 470M4-XXXSP 
M37470MS-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

L-..L...L~..,-IL-r-"""..L.""",-J Edge polarity selection register (EG) 
(Address 00D4,.) 

INTo edge selection bit 
I NT, edge selection bit 
CNTRo edge selection bit 

L-____ CNTR, edge selection bit 

o : Falling edge 
1 : Rising edge 

L-_____ CNTRo/CNTR, interrupt selection bit 

o : CNTRo 
1 : CNTR, 

L-_______ INT, source selection bit (at power-down state) 

o : P3,/INT, 

1 : POo-PO, "L" level (for key on wake up) 

Interrupt request regIster 2 
.............. --L--'-'-r....,--L.'T'" (Address OOFD,.) 

...,. .... 1""-----''-., ....... ,....,....,. .. Interrupt request register 1 
(Address OOFC,.) 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 

L-____ Timer 4 interrupt request bit 

L-________ 8erial I/O interrupt request bit 

'----------- A-D conversion completion 
interrupt request bit 

Interrupt control register 1 
(Address OOFE,.) 

TImer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

TImer 3 interrupt enable bit 

'------Timer 4 Interrupt enable bit 

'---------8eriall/0 interrupt enable bit 

L----------A_D conversion completion 
Interrupt enable bIt 

Fig. 4 Structure of registers related to Interrupt 

Interrupt request bit 

Interrupt,enable bit 

Interrupt disable flag I 

Fig. 5 Interrupt control 

reset----:L_-' 

INTo Interrupt request bit 

INT, interrupt request bit 

CNTRo or CNTR, Interrupt request bIt 

: No interrupt request 
: Interrupt requested 

Interrupt control register 2 
(Address OOFF,.) 

I NT 0 interrupt enable bIt 

INT, interrupt enable bit 

CNTRo or CNTR, interrupt enable bit 

: Interrupt disable 
: Interrupt enabled 

Interrupt request 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMER 
The M37470M2-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 
A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address 00F816) is set 

to "0". 
The count source can be selected from the f (X1N ) divided 
by 16 or event input from P32/CNTRo pin. When bit 1 in the 
timer 12 mode register is "0", f (X1N ) divided by 16 is 
selected. When bit 1 in the timer 12 mode register is "1", 

an event input from the CNTRo pin is selected. Event inputs 
are selected depending on bit 2 in the edge polarity selec
tion register (address 00D416). When this bit is "0", the in
verted value of CNTRo input is selected; when the bit is 

"1 ", CNTRo input is selected. 
When bit 3 in the timer 12 mode register is set to "1", the 
P1 2 pin becomes timer output To. When the direction regis
ter of P1 2 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from To. The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F716) after setting "1""to bit 0 in timer 
mode register 2. 
Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to "0". 
The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256 frequency of 
f (X1N ) , and timer 1 overflow. When bit 5 in the timer 12 

mode register is "0", any of the divide by 16,divide by 64, 
divide by 128, or divide by 256 frequency of f (X1N ) is 
selected. The divide ratio is selected according to bit 6 and 
bit 7 in the timer 12 mode register. When bit 5 in the timer 
12 mode register is "1", timer 1 overflow is selected as the 

count source. 

Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F916) is set to "0". 
The count source can be selected from the f(XIN ) divided 
by 16, timer 1 or timer 2 overflow, or an event input from 
P33 /CNTR1 pins according to the statuses of bit 1 and bit 2 
in the timer 34 mode register, bit 6 in the timer mode regis
ter 2 (address 00FA16). Note, however, that if timer 1 over
flow or timer 2 overflow is selected for the count source of 
timer 3 when timer 1 overflow is selected for the count 
source of timer 2, timer 1 overflow is always selected re
gardless of the status of bit 6 in the timer mode register 2. 
Event inputs are selected depending on bit 3 in the edge 
polarity selection register. When this bit is "0", the inverted 
value of CNTR1 input is selected; when the bit is "1", 
CNTR1 input is selected. 
Timer 4 can be operated in the timer mode, event count 

mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to "0" when bit 6 in this register is 
"0". When bit 6 is "1", the pulse width measuring mode is 
selected. The count source can be selected from timer 3 
overflow, the f(XIN ) divided by 16, timer 1 or timer 2 over
flow, or an event input from P33 /CNTR1 pins according to 

the statuses of bit 4 and bit 5 in the timer 34 mode register, 
bit 6 in the timer mode register 2. Note, however, that if 
timer 1 overflow or timer 2 overflow is selected for· the 
count source of timer 4 when timer 1 overflow is selected 
for the count source of timer 2, timer 1 overflow is always 
selected regardless of the status of bit 6 in the timer mode 
register 2. Event inputs are selected depending on bit 3 in 
the edge polarity selection register. When this bit is "0", the 
inverted value of CNTR1 input is selected; when the bit is 
"1 ", CNTR1 input is selected. 
When bit 7 in the timer 34 mode register is set to "1", the 
P1 3 pin becomes timer output T1. When the direction regis
ter of P1 3 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from T1 when bit 7 in the 
timer mode register 2 is "0". The initial output value can be 

set by writing the value to bit 1 in the timer FF register after 
setting "1" to bit 1 in timer mode register 2. 
(1) Timer mode 
Timer perform down count operations with the dividing ratio 
being 11 (n + 1). Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 

latch is nn16, the value to be set to a timer is nn16, which is 
down counted at the falling edge of the count source from 

nn16 to (nn16"1) to (nn16-2) to ... 01 16 to 0016 to FF16. At the 
falling edge of the count source Immediately after timer 
value has reached FF16, value (nn16-1) obtained by sub
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached 
FF16, an overflow occurs, an interrupt request. 
(2) Event count mode 

Timer operates in the same way as in the timer mode ex
cept that it counts input from the CNTRo or CNTR1 pin. 
(3) Pulse output mode 

In this mode, duty 50% pulses are output from the To or T1 
pin. When the timer overflows, the polarity of the To or T1 
pin output pin level is inverted. 
(4) Pulse width measuring mode 
The M37470 can measure the "H" or "L" width of the 
CNTRo or CNTR1 input waveform by using the pulse width 
measuring mode of timer 4. The pulse width measuring 
mode is selected by writing "1" to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim
er counts the count source while the CNTRo or CNTR1 input 
is "H" or "L". Whether the CNTRo input or CNTR1 input be 

measured can be specified by the status of bit 4 in the 
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MITSUBISHI MICROCOMPUTERS 

M37 4 70M2-XXXSP, M37 470M4-XXXSP 
M37470M8-XXXSP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

edge polarity selection register; whether the "H" width or 

"L" width be measured can be specified by the status of bit 
2 (CNTRo) and bit 3 (CNTR,) in the edge polarity selec
tion register. 

(5) PWM mode 
The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to "1". In the PWM 
mode, the Ph pin is set for timer output T, to output PWM 
waveforms by setting bit 7 in the timer 34 mode register to 
"1". The directional register of P1 3 must be set for the out
put mode before this can be done. 
In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is "L". When timer 3 overflows, 
the PWM waveform goes "H". At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes "L", and timer 4 
stops and timer 3 starts counting again. Consequently, the 
"L" duration of the PWM waveform is determined by the 
value of timer 3; the "H" duration of the PWM waveform is 

determined by the value of timer 4. 
When a value is written to the timer in operation during the 

PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 

value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 
In this mode, do not select timer 3 overflow as the count 

source for timer 4. 

INPUT LATCH FUNCTION 
The M37470 can latch the P30/1NTo, P3,/INT" P32/CNTRo, 
and P33/CNTR, pin level into the input latch register 

(address 00D6,s) when timer 4 overflows. The polarity of 
each pin latched to the input latch register can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is "0", the inverted 

value of the P30/lNTo pin level is latched; when the bit is 
"1", the P30/lNTo pin level is latched as is. When bit 1 in 
the edge polarity selection register is "0", the inverted 
value of the P3,/INT, pin level is latched; when the bit is 
"1", the P3,/INT, pin level is latched as is. When bit 2 in 
the edge polarity selection register is "0", the inverted 
value of the P32/CNTRo pin level is latched; when the bit is 
"1", the P32/CNTRo pin level is latched as is. When bit 3 in 
the edge polarity selection register is "0", the inverted 
value of the P33 /CNTR, pin level is latched; when the bit is 
"1", the P33/CNTR, pin level is latched as is. 

4-13 
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P33/CNTR, o-O,~+++--o 
EG3 

Pl,/T, U-+-~~---t-----------( 

P3,/CNTRo ~-----f 
P3, /INT, )--='EG.=:-'-., -----I 

P30/1NTo~ 
-t- Select gate: At reset, shaded side is connected 

Block diagram of timer 1 through 4 

• MITSUBISHI 
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Timer mode register 2 (TM2) 
............. "'--'--'-...1-....... .,.......,.... (Address OOFA,.) 

Timer t overflow FF set enable bit 
a : Set disable 
1 : Set enable 

Timer 4 overflow FF set enable bit L a: Set disable 
1 : Set enable 

--- Timer 3, timer 4 count overflow signal 

a : Timer 1 overflow 
1 : Timer 2 overflow 

selection bit 

"--------- Timer 3, timer 4 functIOn selectIOn bit 

a : Normal mode 
1 : PWM mode 

I " I I I I I I Timer 12 mode register (TI2M) 

(Address 00F8'6) L 
~ 

'------

Timer 1 count stop bit 
a : Count start 
1 : Cou nt stop 

Timer 1 count source selection bit 

: f(XIN ) divided by 16 

1 : P3,/CNTRo external clock 

This bit must be set to "0" 

Pl,lT 0 port output selection bit 
a : PI, port output 
1 : Timer 1 overflow divided by 2 

Timer 2 count stop bit 
a : Count start 
1 : Count stop 

Timer 2 count source selection bit 
a : Internal clock 
1 : Timer 1 overflow 

Timer 2 Internal clock source 
selection bit 

00 : f(X ,N ) divided by 16 
01 : f(X,N ) divided by 64 
10: f(X,N ) divided by 128 
11 : f(X ,N ) divided by 256 

Fig. 7 Structure of timer mode registers 

7 

I I I I I I I I I Timer 34 mode register (T34M) 

L (Address 00F9,.) 

Timer 3 count stop bit 
a : Count start 
1 : Count stop 

L-~ Timer 3 count source selection bit 

00: f(X ,N ) divided by 16 
01 : Not used 
10 : Timer 1 overflow or timer 2 overflow 
11 : P33/CNTR, external clock 

'------- Timer 4 count stop bit 
a : Count start 
1 : Count stop 

'---~---- Timer 4 count source selection bit 

00 : Timer 3 overflow 
01 : f(X ,N ) divided by 16 
10 : Timer 1 overflow or timer 2 overflow 
11 : P33 /CNTR, external clock 

~--- -._- Timer 4 pulse width measuring mode 
selection bit 

a : Timer mode 

: Pulse width measuring mode 

P1 3/T, port output selection bit 
a : P1 3 port output 
1 : Timer 4 overflow divided by 2 

or PWM output 

• MITSUBISHI 
..... ELECTRIC 
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SERIAL 1/0 
The block diagram of serial I/O is shown in Figure 8. In the 
serial 1/0 mode, the receive ready signal (SRDY) synchro
nous input/output clock (ClK) , and the serial I/O (SOUT, 
SIN) pins are used as P1 7, P1 6, P1 5, and P1 4, respectively. 
The serial 1/0 mode register (address OODC,6 ) is an 8-bit 
register. Bit 2 of this register is used to select a synchro
nous clock source. When this bit is "0", an external clock 
from P1 6 is selected. When this bit is "1" an internal clock 
is selected. 
The internal clock can be selected from among the divide 
by 8, divide by 16, divide by 32, divide by 512 frequency of 

X'N 

ClK Input ....... ______ + __ ..........J 

Serial I/O counter (3) 

the oscillator frequency f(XIN ). The divide ratio is selected 
according to bit 0 and bit 1 in the serial 1/0 mode register. 
Bits 3 and 4 decide whether parts of P1 will be used as a 
serial 1/0 or not. When bit 3 is "1", P1 6 becomes an 1/0 pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P1 6 . If the exter
nal synchronous clock is selected, the clock is input to P1 6 . 

And P1 5 will be a serial output. To use P1 4 as a serial input, 
set the directional register bit which corresponds to P1 4, to 
"0". For more information on the directional register, refer to 
the 1/0 pin section. 

SM, 

SM. 

SC 

Senall/O 
Interrupt request 

S'N ----I Serial I/O register (8) 

~-----------------
Sou,~---------f~r------~ 

...t- Select gate: At reset, shaded side IS connected 

Fig. 8 Block diagram of serial I/O 
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Bit 4 determines if P1 7 is used as an output pin for the re
ceive ready signal (bit 4 = "1", SRDY) or used as a normal 
I/O pin (bit 4="0"). 

When the P1 7 pin is used as the SRDY output pin, output 
signal can be selected between SRDY signal and SARDy sig
nal by using bit 5 in the serial I/O mode register. The SRDY 
signal is driven "L" by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 

the SRDY signal is driven "H" on the first falling edge of the 
transfer clock. 
The SARDy signal is driven "H" by a signal written into the 
serial I/O register, and driven "L" on the last rising edge of 

the transfer clock. 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock-The serial I/O counter is set to 7 when data 

Synchronous clock 

Transfer clock 

Serial I/O register write 

is stored in the serial I/O register. At each falling edge of 

the transfer clock, serial data is output to P1 5 . During the 
rising edge of this clock, data can be input from P1 4 and 
the data in the serial I/O register will be shifted 1 bit. Data 
is output starting with the LSB. After the transfer clock has 
counted 8 times, the serial I/O register will be empty and 

. the transfer clock will remain at a high level. At this time 
the interrupt request bit will be set. 

External Clock-If an external clock is used, the interrupt 
-request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 

reason, the external clock must be controlled from the out
side. 

Timing diagrams are shown in Figure 9. 

signal -------' 1---+----+-----------;------
Serial 110 output 

SoUT 

Serial 1/0 input 

S'N 
Receive ready signal 

SRDY 

Fig. 9 Serial I/O timing 

D7 

I ------iLl 
Interrupt request bit set 
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111111111 Serial I/O mode register (SM) 

(Address 00DC,6) 

U Internal clock selection bit 
00 : !(X,N ) divided by 8 
01 : f(X ,N ) divided by 16 
10: f(X ,N ) divided by 32 
11 : f(X,N ) divided by 512 

Synchronous clock selection bit 

o : External clock 
1 : Internal clock 

Serial I/O port selection bit 

o : Normal I/O ports 

1 : SOUT, ClK pins 

SADY signal output selection bit 
o : Normal I/O port 
1 : SADY signal output pin 

SADY signal selection bit 
o : SADY signal 
1 : SAADY signal 

Serial I/O byte specify mode selection bit 
o : Normal mode 
1 : Byte specify mode 

P1 5/S0UT, P1,/SADY output structure selection bit 
o : CMOS output 

Fig. 10 Structure of serial I/O mode register 

BYTE SPECIFY MODE 
The serial 110 has a byte specify mode that allows one 
specific byte data to be selected tor transmission or recep-. 
tion when serial I/O circuits of two or more microcomputers 
are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 
becomes "0", serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not "0", the output on the SOUT pin is driven 
"H" by the falling edge of the first transfer clock pulse to in
hibit transmission/reception. 
Serial I/O interrupt requests are generated only when se
rial transmission/reception is done after the value in the 

byte counter is decremented to "0". When the SARDy signal 
output is selected, the SARDy signal is driven "L" by the last 
rising edge of the transfer clock after the value in the byte 

counter is decremented to "0". 
Note that in the byte mode, an external clock must be used' 
as the sync. clock for the purpose of the mode. 

4-18 
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A-D CONVERTER 
The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con

version circuit. Conversion is automatically carried out once 
started by the program. 

There are four analog input pins which are shared with P20 

to P23 of port P2. Which analog inputs are to be A-D con
verted is specified by using bit 2 to bit 0 in the A-D control 
register (address 00D9,6). Pins for inputs to be A-D con
verted must be set for input by setting the directional regis
ter bit to "0". Bit 3 in the A-D control register is a A-D con
version end bit. This is "0" during A-D conversion; it is set 
to "1" when the conversion is terminated. Therefore, it is 
possible to know whether A-D conversion is terminated by 
checking this bit. Bit 4 in the A-D control register is a VREF 

connection selection bit. During A-D conversion, this bit 
must be set "1" for the ladder resistor and VREF pin to be 
connected; after the A-D conversion is terminated, this bit 
can be reset to "0" to separate the ladder resistor from the 
VREF pin. In this way, power consumption in the ladder re
sistor can be suppressed while no A-D conversion is per
formed. Figure 13 shows the relationship between the con
tents of A-D control register and the selected input pins. 
The A-D conversion register (address 00DA ,6 ) contains in
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 
The following explains the procedure to execute A-D con
version. First, set values to bit 2 to bit 0 in the A- D control 

Data bus 

P2o/iNo 

P2, /IN , 

P23/1N3 

Vss 

Fig. 11 A-O converter circuit 

register to select the pins that you want to execute A-D 
conversion. Next, clear the A-D conversion terminate bit to 

"0". When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (25,«s when !(X,N )=4MHz), the A-D con
version end bit is set to "1", and the interrupt request bit is 
set to "1". The results of conversion are contained in the 
A-D conversion register. 

A-O control register 
L.,...L...I-..L..,,....L..,..L..,...L,.....L......... (Address 0009,6) 

Analog mput selection bit 

000: INo 
001 : IN, 
010: IN, 
011 : IN3 

L-----A-O conversion end bit 
o : Under converSion 
1 : End conversion 

L------VREF connection selection bit 

o : VREF IS separated 

1 : V REF IS connected 

L----------This bit must be set to "0" 

Fig. 12 Structure of A-O control register 

A-O control register 
(Address 000916 ) 

VREF 

A-O mterrupt request 

• MITSUBISHI 
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KEY ON WAKE UP The key on wake up interrupt is common with the INT1 in
terrupt. When EGs is set to "1", the key on wake up func
tion is selected. However, key on wake up cannot be ,used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT1 
are invalid. 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter
minal of port PO has a "L" level applied, after bit 5 of the 
edge polarity selection register (EGs) is set to "1", an in
terrupt is generated and the microcomputer is returned to 
the normal operating state. A key matrix can be connected 
to port PO and the microcomputer can be returned to a nor
mal state by pushing any key. 

P33/CNTR, 

i---ill>-.....,.---r------ Port P33 data read circuit 

r--~V-------- CNTR interrupt request signal 

1---tLl.:>--+---'------~ Port P3, data read CIrCUIt 

P30/lNTo 

1---ILl>-~---rl-----~ Port P3" data read circuit 

:>:,....,..f>.HlN:9iiSt-::-l---------INTo interrupt request signal 

I---lll>-~---rl~;;;:::=~- Port P3, data read circuit 

Fig. 13 
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INT, interrupt request signal 

Pull-up 
control register 

Port PO data read circuit 

...b-Select gate: At reset, shaded side IS connected 

Block diagram of interrupt input and key on wake up circuit 
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RESET CIRCUIT 
The M37470M2-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF16 as the high 
order address and the content of the address FFFE16 as the 
low order address, when the RESET pin is held at "L" level 

for no less than 211s while the power voltage is in the re
commended operating condition and then returned to "H" 
level. 
The internal initializations following reset are shown in Fi
gure 14. 

Immediately after reset, timer 3 and timer 4 are connected, 
and f(X ,N ) divided by 16 are counted. At this time, FF16 is 
set to timer 3, and 0716 is set to timer 4. The reset is 
cleared when timer 4 overflows. 

RESET 

Internal 
RESET 

SYNC 

Address 

Oata 

32768 counts of f(X,N) 

Fig. 15 Timing diagram at reset 

Address 

(1 ) Port PO directional register (Cl,.)···1 00,. I 

(Z)Port PI directional register (C3,·)···1 00,. I 

(3)Port P2 dlrecllonal register (C5,·)· .. 1 
I I I 10 10 10 10 

(4) Port P4 directional register (C9,·)···1 I I I I I 1010 

(5)PO pull-up control register (00,·) .. ·1 00,. 

(6)Pl-P4 pull-up control register (01,6)···1 I I 10 1 10 10 10 

(7) Edge selection register (EG) (04,.) .. ·1 
I 101010101010 

(B)A-O control register (09,.) ... 10 I 
I 1011 10 10 I 0 

(9)Serial I/O mode register (SM) (Oc,.)···1 00,. 

OO)Timer 12 mode register (TI2M) (FB,.)···I 00,. 

(l1)Timer 34 mode register (T34M) (F9,.)···1 00,. 

(12) Timer mode register 2 (TM2) (FA,.)'"I 0 I a I I I 
0 0 

(13) CPU mode register (CM) (FB,.)···I 0 I 0 0 01 10 0 0 

(14)1nterrupt request register 1 (Fc,.)···1 0 I a 10 10 a 0 

(15) Interrupt request register 2 (Fo,·)···1 I I 10 0 0 

(16) Interrupt control register 1 (FE,.)'"I 0 I 0 10
1
0 a 01 

(17) Interrupt control register 2 (FF,.)···I 
I I 10 0 01 

(18) Program counter (PCH)···l 
Conten s of address 

I FFFF16 

(PCl)···1 
Contents of address 

I FFFE16 

(19) Processor status register (PS)"'II I I I 111 I I 

Note: Since the contents of both registers other than those listed 
above (including timers and the senal I/O register) are unde-
fined at reset, It is necessary to set Initial values 

Fig. 14 Internal state of microcomputer at reset 

Reset address 

from the vector table 

Note 1: Frequency relation of f(XIN ) and ¢ is f(X,N)=2' ¢ 
2 : The mark .. ? .. means that the address is changeable 

depending upon the prevIous state 

• MITSUBISHI 
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I/O PORTS· 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs. As 

shown in Figure 2, PO can be accessed as memory 
through zero page address 00CO'6. Port PO's direction
al register allows each bit to be programmed indi
vidually as input or output The directional register 

(zero page address 00C1'6) can be programmed as 
input with "0", or as output with "1". When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 

output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 
the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal ~tate. When this 
port is selected for input, pull-up transistor can be con
nected in units of 1-bit 

(2) Port P1 

Port P1 has the same function as port PO. P1 2 - P1 7 

serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4-
bit 

(3) Port P2 

Port P2 is an 4-bit I/O port and has basically the same 
functions as port PO. This port can also be used as an 
analog voltage input pin. When this port is selected for 
input, pull-up transistor can be connected in units of 4-
bit 

(4) Port P3 
Port P3 is an 4-bit input port. 

4-22 

(5) Port P4 
Port P4 is an 2-bit I/O port and has basically the same 

functions as port PO. When this port is selected for in
put, pull-up transistor can be connected in units of 2-

bit 

(6) INTo pin (P30/INTo pin) 
This is an interrupt input pin, and is shared with port 

P3o. When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INTo interrupt request bit (bit 0 
of address 00FD'6) is set to "1". 

(7) INT, pin (P3,/INT, pin) 

This is an interrupt input pin, and is shared with port 
P3,. When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the I NT, interrupt request bit (bit 1 

of address 00FD'6) is set to "1". 
(8) Counter input CNTRo pin (P32/CNTRo pin) 

This is a timer input pin, and is shared with port P32 . 

When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 
is applied to this pin, the CNTRo or CNTR, interrupt re
quest bit (bit 2 of address 00FD'6) is set to "1". 

(9) Counter input CNTR, pin (P33 /CNTR, pin) 
This is a timer input pin, and is shared with port P33. 

When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 

is applied to this pin, the CNTRo or CNTR, interrupt re
quest bit (bit 2 of address 00FD'6) is set to "1". 



Port PO 

Data bus 

Pori P1 

Data bus 

Data bus 

Data bus 

Data bus 

Data bus 

MITSUBISHI MICROCOMPUTERS 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Interrupt control circuit 

Tr 1-Tr 5 are pull-up transistors 

Flg.16 Block diagram of ports PO-P1 
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Data bus 

Data bus 

Data bus 

Data bus 

Data bus 

Fig. 17 Block diagram of port P1 

4-24 

MITSUBISHI MICROCOMPUTERS 

M37470M2·XXXSP,M37470M4.XXXSP 
M37470MS·XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Tr 6-Tr 9 are pull-up transistors 



Port P2 

Data bus 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

* : Control in unots of 4-b.t 

A-D conversion circuit 

Port P3 

Q P3d[J ~ 1 [>..----Data bus 

_ INTo.INT, 
CNTRo• CNTR, 

Port P4 * : Control in unots of 2-bit 

Data bus 

Data bus 

Tr 10-Tr 11 are pull-up transistors. 

Flg.18 Block diagram of ports P2-P4 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
21. 
When an STP instruction is executed, the internal clock </> 

stops oscillating at "H" level. At the same time, FF16 is set 
in the timer 3, 0716 is set in the timer 4. 
The oscillator is restarted when an interrupt is accepted. 
However, the clock </> keeps its "H" level until timer 4 over
flows. 
This Is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock </> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an Interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. Especially, to return from the stop status, the tim
er 3, timer 4 count stop bit must be set to "0" before ex
ecuting STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock usage is shown in Figure 20 
X1N is the input, and XOUT is open. 

X,N XoUT 

Q sl--------1r------ts Q 

R STP 
Instruction 

WIT 
instructlQn R 

Fig. 21 Block diagram of clock generating circuit 

M37470M2-XXXSP 

X,N XOUT 

Rd 

o 
e 'N COUT 

r r 
Fig. 19 Example of ceramic resonator circuit 

M37470M2-XXXSP 

X,N XoUT 

Open 

External OSCillating cirCUIt 

Fig. 20 External clock Input circuit 

R STP instruction 

Interrupt disable flag I 

~. Select gate: At reset, shaded 
side is connected. 

Interrupt request 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1 I( n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don't use STP instruction. 

DATA REQUIRED FOR MASK ORDERING 
.. Please send the following data for mask orders. 

(1) mask ROM confirmation form 
(2) mask specification form 
(3) ROM data .......................................... EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 
--

V, Input voltage X1N 

Input voltage POO-PO?, Pl o ..... P1 7, P2o ......... P23, 
With respect to Vss 

V, 
P30-P3" P4o-P4" VRE" RESET 

Output transistors are 

Output voltage PDQ-PO" P1o-P1" P2o-P2" P4o':"P4" 
at "OFF" state 

Vo 
XOUT 

Pd Power diSSipation Ta = 25'C 

~r Operating temperature 

Tstg Storage temperature 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=2. 7-5. 5V, Vss=OV, T a=-20~-85'C unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 2.7 5 5.5 

Vss Supply voltage 0 

V ,H 
"H" Input voltage poo ....... po?, P1o ........ P17, P30 ........ P33, 

0. 8Vee Vee 
RESET, X,N '--c--_ 

V ,H "H" Input voltage P2o-P23 , P4o-P4, 0. 7Vee Vee 

V'L "L:' Input voltage POo-PO" P1o-P1" P3Q-P3, 0 0. 2Vee 

V'L "L" Input voltage P2o-P2" P4o-P4, 0 O. 25Vee 

V'L "L" Input voltage RESET 0 0. 12Vee 

V'L "L" Input voltage X,N 0 0. 16Vee 

IOH(sum) "H" sum output current POo ......... PO?, P4o"""'P41 -30 

IOH(Sum) "H" sum output current P1o ......... P1y, P2o ......... P23 -30 

IOL(sum) "L" sum output current POO-PO?, P4o ........ P41 60 

loL<sum) "L" sum output current P1 o ......... P1y, P2o ........ P23 60 

lOLl peak) 
"l" peak output current POo ....... P07, P1o ....... Ph, 

20 
P2o""'P23, P4o-P4, 

IOL(avg) 
"L" average output current POO ......... P07, P1o ....... P1 7 , 

10 
P2o ...... P23, P4o""" P41 (Note 2) 

10H(peak) 
"H" peak output current POO ....... P07, P1o ....... P17, 

-10 
P2o ....... P23, P4o-P4, 

IOH(avg) 
"H" average output current POO ....... P07, P1 o ....... P1 7, 

-5 
P2o-P2" P4o-P4, (Note 2) 

f(CNTR) Timer input frequency CNTRo (P3,), CNTR, (P3,) (Note 1) 1 

f(CLK) Serial 1/0 clock input frequency CLK (P1,) (Note 1) 1 

t(X ,N ) Clock oscillaling frequency (Note 1 ) 4 

OSCIllation frequency is at 50% duty cycle_ Nole 1 
2 The average oulput current 10H (avg) and 10L (avg) are the average value dUring a lOOms. 
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Umt 

V 

V 

V 

V 

V 

V 

V 

V 

mA 
mA 
mA 
mA 

mA 

mA 

mA 

mA 

MHz 

MHz 

MHz 

Ratings Unit 

-0.3-7 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 V 

1000 mW 

-20-85 "C 

-40-150 "C 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 
M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=2. 7-S. SV, Vss= 0 v, Ta=-20-8S'C, unless otherwise noted) 

Symbol Parameter Test Conditions 
Min 

limits 
Typ. Max. 

Unit 

"H" output voltage POe-PO" Pt.-PI" Vcc-5V, 10H- SmA 3 
VOH P20-P2a. P40, P4, Vcc=3V.loH=-1.5mA 2 

V 

VOL 
"l" output voltage POe-PO,. Pl.-Ph. Vcc=5V.loL=10mA 2 

V 
P20-P2" P40. P4, Vcc=3V, 10L -3mA 1 

Vr+-VT- Hysteresis PO.-PO" P30-P3, 
Vcc=5V 0.5 

V 
Vcc=3V 0.3 

Vr+-VT- Hysteresis RESET 
Vcc=5V 0.5 

V 
Vcc-3V 0.3 

Hysteresis Pl,/ClK use as ClK input 
Vcc-5V 0.5 

V Vr+-VT-
Vcc-3V 0.3 

V,-OV, Vcc-5V -5 
J.lA 

"l" Input current PO.-PO" Pl.-PI,. P3.-P3" not use pull-up tranSistor Vcc-3V -3 
I'L P4., P4, V,-OV, Vcc=5V -0.25 -0.5 -1.0 

use pull-up transistor Vcc-3V -0.08 -0.18 -0.35 
rnA 

"l" Input current P3, V,=OV 
Vcc-5V -5 

I'L Vcc-3V -3 
J.lA 

V,-OV, 'not use as analog Input, Vcc-5V -5 
J.lA not use pull~up transistor Vcc-3V -3 

I'L "l" Input current P2.-P2, 
V,-OV, not use as analog Input, Vcc-5V -0.25 -0.5 -1.0 
use pull·up transIstor Vcc=3V -0.08 -0.18 -0.35 

rnA 

I,L "L" input current RESET, X1N 
V,-OV Vcc-5V -5 

J.lA (X,N IS at stop mode) Vcc=3V -3 

I'H 
"H" Input current PO.-PO" Pl.-PI" P30-P3" V,=Vcc, Vcc=5V 5 

J.lA 
P4., P4, not use pull-up transistor Vcc=3V 3 

I'H "H" Input current P3s V,=Vcc 
Vcc=5V 5 

J.lA 
Vcc=3V 3 

I'H "H" Input current P20-P2, 
V,=Vcc, not use as analog InPU~ Vcc=5V 5 

J-tA 
not use pull-up transistor Vcc=3V 3 

I'H 
-- V,-VCC, Vcc=5V 5 

J.lA "H" Input current RESET, X,N 
(X,N is at stop mode) Vcc-3V 3 
At normal operation, Vcc=5V 3.5 7 
A-O conversion IS not executed 

X'N=4MHz Vcc=3V 1.8 3.6 

At normal operation. Vcc=5V 4 8 
A-O conversion IS executed rnA 

Icc Supply current X,N=4MHz Vcc=3V 2 4 

At walt mode, Vcc-5V 1 2 
X,N=4MHz Vcc-3V O. S 1 
Stop all oscillation Ta-25'C 0.1 1 

J.lA 
Vcc=5V Ta-85'C 1 10 

VRAM RAM retention voltage Stop all OSCillation 2 V 

A-D CONVERTER CHARACTERISTICS (Vcc=2. 7-5. SV, Vss=OV, T a=-20-8S'C, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test Conditions Unit 

Min. Typ Max. 

- Resolution 8 bits 

- Non-linearity error ±2 LSB 

- Differential non-linearity error ±0.9 LSB 

VCC=VREF=5. 12V, IOL(sum)=OmA 2 
VOT Zero transition error 

VCC=VREF=3.072V, IOL(sum)=OmA 3 
LSB 

VCC=VREF=5. 12V 4 
VFST Full-scale transition error 

7 
LSB 

VCC=VREF=3.072V 

tCONV Conversion time 25 J.lS 

VVREF Reference Input voltage O.SVee Vee V 

RLACDER Ladder resistance value 2 5 10 kO 

V'A Analog Input voltage a VREF V 
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MITSUBISHI MICROCOMPUTERS 

M374 71 M2-XXXS P/FP, M374 71 M4-XXXSPI FP 
M37471 M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DISC~IPTION 
The M37471 M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology, It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 
mOlded QFP, This single-chip microcomputer is useful for 
business equipment and other consumer applications, 

In addition to its simple instruction set, the ROM, RAM, and 
1/0 adc;lresses are placed on the same memory map to en
able easy programming, 

The differences among M37471 M2-XXXSP/FP, M37471 M4-
XXXSP/FP and M37471 M8-XXXSP/FP are noted below, 

The following explanations apply to the M37471 M2-
XXXSP/FP, Specificaiton variations for other chips are 
noted accordingly, 

Type name ROM size RAM size 

M37471 M2-XXXSP/FP 4096 bytes 128 bytes 
M37471 M4-XXXSP/FP 8192 bytes 192 bytes 
M37471 M8-XXXSP/FP 16384 bytes 384 bytes 

The differences between the M37471 M2-XXXSP and the 
M37471 M2-XXXFP are the package outlin~ and the power 
dissipation ability (absolute maximum ratings), 

FEATURES 
• Number of basic instructions"""""""""""'"'''''''''' 69 

• Memory size 
ROM """""""""""'''''''''''4096 bytes (M37471M2) 
RAM""""""""""""""""""128 bytes (M37471 M2) 

• Instruction execution time 
........ , 1,us (minimum instructions at 4MHz frequency) 

• Single power supply"'''''''''''''''''''''''''''''''''' 2,7-5,5V 
• Power dissipation normal operation mode 

"""""""""""""""""17,5mW (at 4MHz frequency) 
• Subroutine nesting ............ 64 levels max, (M37471 M2) 
• Interrupt ........................................ 12types, 10vectors 

• 8-bit timer"""""""""'''''''''''''''''''''''''''''''''''''''''''' 4 
• Programmable 1/0 ports 

(Ports PO, P1, P2, P4)"""'"'''''''''''''''''''''''''''''''' 28 
• Input ports (Ports P3, P5), ...... , ................................ ,8 

• Serial 1/0 (8-bit) """"""""""""""""""""""""""1 
• A-D converter"""""""""""""""""""8-bit, 8channel 

APPLICATION 
Audio-visual equipment, VCR, Tuner 
Office automation equipment 
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PIN CONFIGURATION (TOP VIEW) 

P53 ..... 1 

Ph/SRDY- 2 

P1./CLK .... 3 

P1 5/SoUT .... 4 

P1 4/S'N .... 5 

P1s1T, .... 6 

P1 2/To .... 7 

8 - P32/CNTRo 
7 - P3, /INT, 

P2011No .... 17 

Vee 

Outline 42P4B 

z>< 5z::-::~Z~ 5z~ 
() Z I-() til (J) Q() Z 1-011-

x « ......... >i w 
~......... a: 
0..", 
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Outline 56P6N NC : No connection 
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MITSUBISHI MICROCOMPUTERS 

M37471M2.XXXSP/FP,M37471M4.XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37471 M2-XXXSP/FP, M37471 M4-XXXSP/FP, M37471 M8-XXXSP/FP 
Parameter 

Number of basIc instructions 

Instruction execution time 

Clock frequency 

ROM 
M37471M2-XXXSPIFP 

RAM 

ROM 
Memory size M37471 M4-XXXSP/FP 

RAM 

ROM 
M37471 M8-XXXSP/FP 

RAM 

PO, PI, P2 1/0 

Input/Output port P3, P5 Input 

P4 1/0 

Senall/O 

Timers 

A-D converter 

M37471 M2-XXXSP/FP 

Subroutine nestmg M37471 M4-XXXSP/FP 

M37471 M8-XXXSP/FP 

Interrupt 

Clock generating Circuit 

Supply voltage 

Power dissipation 

Input/Output voltage 
Input/Output characters 

Output current 

Operating temperature range 

Device structure 

M37471 M2/M4/M8-XXXSP 
Package 

M37471 M2/M4/M8-XXXFP 

Functions 

69 

1,us (minimum instructions, at 4MHz frequency) 

4MHz (max) 

4096 bytes 

128 bytes 

8192 bytes 

192 bytes 

16384 bytes 

384 bytes 

8-bitX3 

4-bltX2 

4-bitX1 

8-bltX1 

8-blt timerX4 

8-bltX 1 (8 channels) 

64 (max) 

96 (max) 

192 (max) 

5 external Interrupts, 6 Internal Interrupts, 1 software Interrupt 

Two bUllt-m Circuit with mternal feedback resistor (ceramic or quartz crystal oscllI~~ 

2. 7-5. 5V 

17.5mW (at 4MHz frequency) 

5V 

-5-IOmA (PO, PI, P2. P4: CMOS tri-states) 

-20-85'C 

CMOS silicon gate 

42-pm shrink plastic molded DIP 

56-pm plastic molded QFP 

• MlTSUBlSHI 
"ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37471M2·XXXSP/FP,M37471M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Input! 

Output 
Functions 

Vee, Supply voltage Power supply inputs 2.7-5. 5V to Vcc, and OV to Vss 

Vss 

AVss Analog power supply Ground level Input pin for A-O converter 

Same voltage as Vss is applied. This pin is for 56-pin type only. 

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal Vee 

conditions) . 

X ,N Clock Input Input These are 110 pins of Internal clock generating c,ircUit for main clock. To control generating frequency, an 

external ceramic or a quartz crystal oscillator is connected between the XIN and XOUT pins. If an external 

XOUT Clock output Output 
clock IS used, the clock source should be connected the X1N pin and the XOUT pin should be left open 

Feedback resistor IS connected between X1N and XOUT 

VAEF Reference voltage Input This Is reference voltage mput pin for the A-D converters 

input 

POO-P07 I/O port PO I/O Port PO IS an B-bit I/O port The output structure IS CMOS output 

When thiS port IS selected for Input, pull-up transistor can be connected In units of 1-blt and a key on wake 

up function is provided 

Pl o-P1r I/O port P1 I/O Port P1 is an B-bit I/O port The output structure IS CMOS output 

When this port is selected for Input, pull-up transistor can be connected In Units of 4-blt P12, P13 are in 

common with timer output pinS To, T 1 P1 4, P1s, P16, P1 7 are in common with senal 110 pins SIN, SOUT, elK, 

SRDY, respectively The output structure of SOUT and SRDY can be changed to N-channel open drain output 

P2o-P27 I/O port P2 I/O Port P2 is an B-bIt I/O port The output structure IS CMOS output 

When thiS port is selected for Input, pull-up transistor can be connected In units of 4-blt 

This port IS In common with analog input pinS INo ....... IN7 

P30-P33 Input port P3 Input Port P3 is an 4-blt Input port P30, P31 are In common with external mterrupt input pins INTo, INTl and P32, 

P33 are rn common with timer input PinS eNTRo, eNTRl 

P4o-P43 110 port P4 I/O Port P4 is an 4-bit I/O port The output structure IS CMOS output When thiS port 's selected for Input, 

pull-up transistor can be connected In units of 4-blt. 

P50-P53 Input port P5 Input Port P5 is an 4-blt mput port and pull-up transistor can be connected in units of 4-bit P5o, P51 are in com-

mon with Input/output pms of clock for clock function XCIN, XCOUT. When P50, P5l are used as XCIN, XCOUT, 

connect a ceramic or a quartz crystal OSCillator between XCIN and X COUT 

If an external clock input is used, connect the clock Input to the X C1N pm and open the X COUT pin Feedback 

resIstor IS connected between X CIN and XcOUT pins 
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MITSUBISHI MICROCOMPUTERS 

M37471M2.XXXSP/FP,M37471M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37471 microcomputers use the standard MELPS 740 
instruction set. For details of instruction operations. refer to 
the MELPS 740 CPU core basic functions. or the MELPS 
740 Programming Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

7 

I 1 I I I I 
0 

I I I 

CPU Mode Register 
The CPU mode register is allocated to address 00FB16• 

This register has a stack page selection bit. 

CPU mode register 
(Address OOFB,.) 

I 
~ This bit must always be set to "0." 

Stack page selection bit 
o : In page a area 
1 : In page 1 area 

P50. P5,/Xc'N. XCOUT selection bit 
0: P50• P5, 

1 : Xc,N. XCOUT 

XCOUT drive capacity selection bit 
0: Low 
1: High 

Clock (X'N-XoUT) stop bit 
0: Oscillates 
1: Stops 

Internal system clock selection bit 
o : X'N-XOUT selected (normal mode) 
1 : XC'N-XCOUT selected (low-speed mode) 

Fig. 1 Structure of CPU mode register 
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MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4 .. XXXSP/FP 
M37471 M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg

isters relating to functions such as I/O ports and timers. 
o RAM 
RAM is used for data storage as well as a stack area. 
• ROM 
ROM is used for storing user programs as well as the inter

rupt vector area. 

RAM(192 bytes) 

for 
M37471M4 
M37471 M8 

ROM 
(16K bytes) 

for 
M37471M8 

ROM 
(8K bytes) 

for 
M37471M4 

Fig. 2 Memory map 
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1 
0000'6 

RAM(128 bytes) 
for 

M37471 M2 

007F'6 

OOSF, 6 

OOFF,. 

RAM( 192 bytes)l 0100,. 
for 

M37471 M8 01 SF,. 

ROM 
(4K bytes) 

for 
M37471M2 

COOO,. 

EOOO" 

FOOO,. 

FFOO,. 

FFEA,. 

FFFF,. 

o Interrupt Vector Area 
Tl)e interrupt vector area is for storing jump destination 

addresses used at reset or when an interrupt is generated. 
o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

o Special Page 
Special page addressing mode is useful because it en

ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Interrupt vector area 

Zero page 

Special page for 
subroutine call 



MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 

Pori PO 

Pori PO directional register 

PorlPl 

Pori Pl directional register 

Pori P2 

Pori P2 directional register 

Pori P3 

Pori P4 

Pori P4 directional register 

Pori P5 

• 
• 
• 

PO pull-up control register 

Pl-P5 pull-up control register 

Edge polarity selection register 

Input latch register 

A-O control register 

A-O conversion register 

OOCO,. 

00C1,. 

00C2,. 

00C3,. 

00C4,. 

00C5,. 

00C6,. 

00C7,. 

OOCS,. 

00C9,. 

OOCA,. 

OOCB, 

OOCC, 

OOCO, 

OOCE,. 

OOCF,. 

0000,. 

0001,. 

0002,. 

0003,. 

0004,. 

0005,. 

0006,. 

0007,. 

0008,. 

0009,. 

OOOA,. 

OOOB,. 

OOOC, 

DODD,. 

OOOE,. 

OOOF,. 

• Senal 1/0 mode register 

Serial I/O register 

Serial 1/0 counter I Byte counter 

Fig. 3 SFR (Special Function Register) memory map 

SINGLE-CHIP B-BIT CMOS MICROCOMPUTER 

ODED,. 

00E1,. 

00E2,. 

00E3,. 

00E4,. 

00E5,. 

00E6,. 

00E7,. 

00E8,. 

00E9,. 

OOEA,. 

OOEB,. 

OOEC,. 

OOEO,. 

OOEE,. 

OOEF,. 

OOFO,. 

00F1,. 

00F2,. 

00F3,. 

00F4,. 

00F5,. 

00F6,. 

00F7,. 

OOFS,. 

00F9,. 

OOFA,. 

OOFB,. 

OOFC,. 

OOFO,. 

OOFE,. 

DOFF,. 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer FF register 

Timer 12 mode register 

Timer 34 mode register 

Timer mode register 2 

CPU mode register 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 
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MITSUBISHI MICROCOMPUTERS 

M37471 M2.XXXSP/FP,M37471 M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 12 different events consisting 
of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. R!lset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits /ilre in interrupt control regis
ters 1 and 2. External interrupts I NTo and I NT, can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When "0" is set to this reg
ister, the interrupt is activated on the falling edge; when "1" 
is set to the register, the interrupt is activated on the rising 
edge. 

Table 1. Interrupt vector address and priority. 

When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar
ity selection register is "1", the INT, interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valide, an interrupt request is generated by applying the 
"L" level to any pin in port PO. In this case, the port used for 
interrupt must have been set for the input mode. 
If bit 5 in the edge polarity selection register is "0" when 
the device is in power-down state, the INT, interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis
ter is set to "1" when the device is not in a power-down 
state, neither key on wake up interrupt request nor INT, in
terrupt request are generated. 
The CNTRo/CNTR, interrupts function in the same as INTo 
and INT,. The interrupt input pin can be specified for either 
CNTRo or CNTR, pin by setting bit 4 in the edge polarity 
selection register. 
Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1 and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and rese~ with a 
program. 
Reset is treated as a non-mask able interrupt with the high
est priority. Figure 5 shows interrupts control. 

Event Priority Vector addresses Remarks 

RESET 1 FFFF'6, FFFE'6 Non-maskable 

INTo interrupt 2 FFFD'6, FFFC'6 External Interrupt (phase programmable) 

INT, Interrupt or key on wake up interrupt 3 FFFB'6, FFFA'6 Ext~rnal Interrupt (INT, Is phase programmable) 

CNTRo interrupt or CNTR, interrupt 4 FFF9'6, FFF8'6 External interrupt (phase programmable) 

Timer 1 Interrupt 5 FFF7'6, FFF6'6 
Timer 2 interrupt 6 FFF5'6, FFF4'6 
Timer 3 interrupt 7 FFF3'6, FFF2'6 
Timer 4 Interrupt 8 FFF1'6, FFFO'6 
Serial 1/0 interrupt 9 FFEF'6, FFEE'6 
A-D conversion completion interrupt 10 FFED'6, FFEC'6 
BRK instruction interrupt 11 FFEB'6, FFEA'6 Non-maskable software interrupt 
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Edge polarity selection register (EG) 
(Address 0004,.) 

INTo edge selection bit 

INT, edge selection bit 

eNTRo edge selection bit 

"----- eNTR, edge selection bit 

o : Falling edge 

: Rising edge 

"------ eNTRo/eNTR, interrupt selection bit 

: eNTRo 

: eNTR, 

"-------- INT, source selection bit (at power-down state) 

: P3,IINT, 

: POo-PO, "L" level (for key on wake up) 

L-r.L..,-J--I'-.L..,....L.,.-I,...a..,..J Interrupt request register 1 
(Address OOFe,.) 

Timer 1 Interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 Interrupt request bit 

"----- Timer 4 Interrupt request bit 

"--------- Senal I/O interrupt request bit 

"---------- A-O conversion completion 
Interrupt request bit 

Interrupt control register 1 
(Address OOFE,.) 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

Timer 3 Interrupt enable bit 

1.-____ Timer 4 Interrupt enable bit 

'--------- Serial I/O interrupt enable bit 

"-----------A-O conversion completion 
interrupt enable bit 

Fig. 4 Structure of registers related to interrupt 

Interrupt request bit 

Interrupt,enable bit 

Interrupt disable flag 

Interrupt request register 2 
(Address OOFD,.) 

INTo Interrupt request bit 

INT, interrupt request bit 

CNTRo or eNTR, interrupt request bit 

: No interrupt request 

: Interrupt requested 

Interrupt control register 2 
(Address OOFF,.) 

I NT 0 interrupt enable bit 

INT, interrupt enable bit 

eNTRo or CNTR, interrupt enable bit 

: Interrupt disable 
: Interrupt enabi8ci, 

Interrupt request 
reset-----L_--' 

Fig. 5 Interrupt control 
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TIMER 
The M37471 M2-XXXSP/FP has four timers; timer 1, timer 2, 

timer 3 and timer 4. 
A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address 00F816) is set 
to "0". 

The count source can be selected from the f(X1N ) divided. 
by 16, f(XcIN ) divided by 16, t(XCIN ), or event input from 
P32/CNTRo pin. When bit 1 and bit 2 in the timer 12 mode 
register are "0", f(X1N ) divided by 16 or f(XCIN ) divided by 
16 is selected. Selection between f (X1N ) and f (XC1N ) is 
done by bit 7 in the CPU mode register (address 00FB16). 
When 'bit 1 in the timer 12 mode register is "0" and bit 2 is 
"1", f (XC1N ) is selected. And, when bit 1 in the timer 12 
mode register is "1", an event input from the CNTRo pin is 
selected. Event inputs are selected depending on bit 2 in 
the edge polarity selection register (address 00D416) . 
When this bit is "0", the inverted value of CNTRo input is 
selected; when the bit is "1", CNTRo input is selected. 
When bit 3 in the timer 12 mode register isrset to "1", the 
P1 2 pin becomes timer output To. When the direction regis
ter of P1 2 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from To. The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F716) after setting "1" to bit 0 in timer 
mode register 2. 

Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to "0". 
The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256 frequency of 
f (X1N ) or f (XCIN ), and timer 1 overflow. When bit 5 in the 
timer 12 mode register is "0", any of the divide by 16, di
vide by 64, divide by 128, or divide by 256 frequency of 
f (X1N ) or (XCIN ) is selected. The divide ratio is selected 
according to bit 6 and bit 7 in the timer 12 mode register, 
and selection between f(X1N ) and f(XCIN ) is made accord

ing to bit 7 in the CPU made register. When bit 5 in the 
timer 12 mode register is "1", timer 1 overflow is selected 

as the count source. 
Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F916) is set to "0". 
The count source can be selected from the f(X1N ) divided 
by 16, t(XCIN ) divided by 16, f (XCIN ), timer 1 or timer 2 
overflow, or an event input from P33/CNTR1 pins according 
to the statuses of bit 1 and bit 2 in the timer 34 mode regis
ter, bit 6 in the timer mode register 2 (address 00FA16) and 
bit 7 in the CPU mode register. Note, however, that if timer 
1 overflow or timer 2 overflow is selected for the count 
source of timer 3 when timer 1 overflow is selected for the 
count source of timer 2, timer 1 overflow is always selected. 

regardless of the status of bit 6 in the timer mode register 
2. Event inputs are selected depending on bit 3 in the 
edge polarity selection register. When this bit is "0", the in
verted value of CNTR1 input is selected; when the bit is 
"1", CNTR1 input is selected. 
Timer 4 can be operated in the timer mode, event count 
mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to "0" when bit 6 in this register is 
"0". When bit 6 is "1", the pulse width measuring mode is 
selected. The count source can be selected from timer 3 
overflow, f (X1N ) divided by 16, f (XCIN ) divided by 16, 

f(XCIN), timer 1 or timer 2 overflow, or an event input from 
P33/CNTR1 pins according to the statuses of bit 4 and bit 5 
in the timer 34 mode register, bit 6 in the timer mode regis
ter 2, and bit 7 in the CPU mode register. Note, however, 
that if timer 1 overflow or timer 2 overflow is selected for 
the count source of timer 4 when timer 1 overflow is 
selected for the count source of timer 2, timer 1 overflow is 
always selected regardless of the status of bit 6 in the tim
er mode register 2. Event inputs are selected depending 
on bit 3 in the edge polarity selection register. When this 
bit is "0"; the inverted value of CNTR1 input is selected; 
when the bit is "1", CNTR1 input is selected. 
When bit 7 in the timer 34 mode register is set to "I", the 
P1 3 pin becomes timer output T1. When the direction regis
ter of P1 3 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from Tl when bit 7 in the 
timer mode register 2 is "0". The initial output value can be 
set by writing the value to bit 1 in the timer FF register after 
setting "1" to bit 1 in timer mode register 2. 

(1 ) Timer mode 
Timer perform down count operations with the dividing ratio 
being 1/(n+l). Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 

latch is nn16, the value to be set to a timer is nn16, which is 
down counted at the falling edge of the count source from 
nn16 to (nnw1) to (nnw2) to ... 01 16 to 0016 to FF16· At the 
falling edge of the count source immediately after timer 
value has reached FF16, value (nn16-1) obtained by sub
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached 
FF16, an overflow occurs, an interrupt request. 
(2) Event count mode 
Timer operates in the same way as in the timer mode ex
cept that it counts input from the CNTRo or CNTR1 pin. 
(3) Pulse output mode 
In this mode, duty 50% pulses are output from the To or Tl 
pin: When the timer overflows, the polarity of the To or Tl 
pin output level is inverted. 
(4) Pulse width measuring mode 
The M37471 can measure the "H" or "L" width of the 
CNTRo or CNTR1 input waveform by using the pulse width 
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measuring mode of timer 4. The pulse width measuring 
mode is selected by writing "1" to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim
er counts the count source while the CNTRo or CNTR, input 
is "H" or "L". Whether the CNTRo input or CNTR, input be 

measured ·can be specified by the status of bit 4 in the 
edge polarity selection register; whether the "H" width or 
"L" width be measured can be specified by the status of bit 
2 (CNTRo) and bit 3 (CNTR, ) in the edge polarity selec
tion register. 
(5) PWM mode 
The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to "1". In the PWM 
mode, the P1 3 pin is set for timer output T, to output PWM 

waveforms by setting bit 7 in the timer 34 mode register to 
'T'. The directional register of P1 3 must be set for the out
put mode before this can be done. 
In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is "L". When timer 3 overflows, 
the PWM waveform goes "H". At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes "L", and timer 4 
stops and timer 3 starts counting again. Consequently, the 
"L" duration of the PWM waveform is determined by the 
value of timer 3; the "H" duration of the PWM waveform is 
determined by the value of timer 4. 
When a value is written to the timer in operation during the 
PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 
value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 
In this mode, do not select timer 3 overflow as the count 
source for timer 4. 

INPUT LATCH FUNCTION 
The M37471 can latch the P30/INTo, P3, /INT" P32/CNTRo, 
and P33 /CNTR, pin level into the input latch register 
(address 00D6,6) when timer 4 overflows. The polarity of 
each pin latched to the input latch regiser can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is "0", the inverted 

value of the P30/INTo pin level is latched; when the bit is 
"1", the P30/INTo pin level is latched as is. When bit 1 in 
the edge polarity selection register is "0", the inverted 
value of·the P3, /INT, pin level is latched; when the bit is 
"1", the P3, /INT, pin level is latched as is. When bit 2 in 
the edge polarity selection register is "0", the inverted 
value of the P32/CNTRo pin level is latched; when the bit is 
"1", the P32/CNTRo pin level is latched as is. When bit 3 in 
the edge polarity selection register is "0", the inverted 
value of the P33/CNTR, pin level is latched; when the bit is 
"1", the P33/CNTR, pin level is latched as is. 
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XC'N 0----1----1>----, 

X'N 

P3,/CNTRo o---+-D<:>--o • .r~I-t~~--I 

T12M, 
T12M, 

P33/CNTR, 0--+{>O-~)-<P--+-H--{) 

P1:,1T, 

Port latch 

4-+--------(~ 

Jr ... 

T34M, 
P33/CNTR, 

P3,/CNTR" 

P3,/INT, 

P3"!INT,, 

l)-"'V'~. )---'------/D1 Q1 

~ "t>_ r- DOQO 

(H-po-~ 

Select gate: At reset, shaded side IS connected 

Fig. 6 Block diagram of timer 1 through 4 
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7 0 7 a 
I I I I Timer mode register 2 (TM2) 
4-'-r.L....L...L. ....... ..a..,.......,.... (Address OOFA,.) 

[ I I [ I [ J I J Timer 34 mode register (T34M) 

L Timer 1 overflow FF set enable bit 
o : Set disable 
1 : Set enable 

~ Timer 4 overflow FF set enable bit 
o : Set disable 
1 : Set enable 

'--------- Timer 3, timer 4 count overflow signal 
selection bit 

o : Timer 1 overflow 
1 : Timer 2 overflow 

'---------- Timer 3, timer 4 lunctlon selection bit 
o : Normal mode 
1: PWM mode 

7 0 

L .... 1 ...... .....,..IL...,.....,.. [......,.1......,. ... [..,....1 Timer 12 mode register (T12M) 

L (Address 00F8,.) 

Timer 1 count stop bit 
o : Count start 
1 : Count stop 

~ Timer 1 count source selection bit 
o : Internal clock 
1 : P32/CNTRo external clock 

Timer 1 internal clock source 
selection bit 

o : I(X,N) divided by 16 or 
I(Xc,N) divided by 16 

PI2 ITo port output selection bit 
o : PI2 port output 
1 : Timer 1 overflow divided by 2 

'------- Timer 2 count stop bit 
o : Count start 
1 : Count stop 

'-------- Timer 2 count source selection bit 
o : Internal clock 
1 : Timer 1 overflow 

'--'--------- Timer 2 internal clock source 
selection bit 

00 : I(X,N) divided by 16 or 
I(Xc,N) divided by 16 

01 : I(X,N) divided by 64 or 
I(Xc,N) divided by 64 

10: I(X,N) divided by 128 or 
I(Xc,N) divided by 128 

11 : I(X,N) divided by 25!l or 
I(Xc,N) divided by 256 

Fig. 7 Structure of timer mode registers 

L (Address 00F9,.) 

Timer 3 count stop bit 
a : Count start 
1 : Count stop 

-'-- Timer 3 count source selection bit 
00: I(X,N) divided by 16 or 

I(Xc,N) divided by 16 

10: Timer 1 overflow or timer 2 overflow 
11 : P33/CNTR, external clock 

'------ Timer 4 count stop bit 
o : Count start 
1 : Count stop 

'---L-_____ Timer 4 count source selection bit 

00 : Timer 3 overflow 

01 : I( X'N) divided by 16 or 
I(Xc,N) diVided by 16 

10 : Timer 1 overflow or timer 2 overflow 

11 : P33/CNTR, external clock 
'--------- Timer 4 pulse width measuring mode 

selectIOn bit 
o : Timer mode 
1 : Pulse width measuring mode 

'--------- P1 3 /T, port output selectIOn bit 

o : PI3 port output 
1 : Timer 4 overflow div,ded by 2 

, or PWM output 

• MITSUBISHI 
..... ELECTRIC 

4-43 



MITSUBISHI MICROCOMPUTERS 

M37471M2·XXXSP/FP,M37471M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

SERIAL 1/0 
The block diagram of serial 1/0 is shown in Figure 8. In the 

serial 1/0 mode, the receive ready signal (SRDY), synchro
nous input/output clock (ClK), and the serial 1/0 (SOUT, 
S,N) pins are used as P1 7, P1 6 , P1 5 , and P1 4 , respectively. 
The serial 1/0 mode register (address 00DC'6) is an 8-bit 
register. Bit 2 of this register is used to select a synchro

nous clock source. Wher.l this bit is "0", an external clock 
from P1 6 is selected. When this bit is "1", an internal clock 
is selected. 
The internal clock can be selected from among the divide 

by 8, divide by 16, divide by 32, divide by 512 frequency of 
the oscillator frequency t(X'N) or f(Xc,N)' The divide ratio is 

XC1No----. 

elK ,nput 

ClK output Serial liD counter (3) 

selected according to bit 0 and bit 1 in the serial 1/0 mode 

register, and selection between t(X'N) and f(Xc,N) is mode 
according to bit 7 in the CPU mode register. 
Bits 3 and 4 decide whether parts of P1 will be used as a 
serial 110 or not. When bit 3 is "1", P1 6 becomes an 110 pin 

of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P1 6 . If the exter
nal synchronous clock is selected, the clock is input to P1 6 . 

And P1 5 will be a serial output. To use P1 4 as a serial input, 
set the directional register bit which corresponds to P1 4 , to 
"0". For more information on the directional register, refer to 
the 1/0 pin section. 

SC 

SenalllO 
Interrupt request 

SOUT ~---------<~~-----~ 

+ Select gate: At reset, shaded Side is connected 

Fig. 8 Block diagram of serial I/O 
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Bit 4 determines if P1 7 is used as an output pin for the re
ceive ready signal (bit 4 = "1", SRDY) or used as a normal 
I/O pin (bit 4="0"). 

When the P1 7 pin is used as the SRDY output pin, output 
signal can be selected between SRDY signal and SARDy sig
nal by using bit 5 in the serial I/O mode register. The SRDY 
signal is driven "L" by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 
the SRDY signal is driven "H" on the first falling edge of the 

transfer clock. 
The SARDy signal is driven "H" by a signal written into the 
serial I/O register, and driven "L" on the last rising edge of 
the transfer clock. 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 

Synchronous clock 

Transfer clock 

Serial 1/0 register write 

Internal Clock - The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 
edge of the transfer clock, serial data is output to P1 s. Dur
ing the rising edge of this clock, data can be input from P1 4 

and the data in the serial I/O register will be shifted 1 bit. 

Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External Clock - If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. 
Timing diagrams are shown in Figure 9. 

signal -------' \---+----+----------__ 1------
Serial 1/0 output ------....j..-v-~~~""""'r:_f,.r_:__V_::::""'\.r.::_V__;:_V_;_;::-----

SOUT -------t"-J 
Serial 1/0 input -------;---." 

S'N ______ -L,_~_~ _ _'~_~ _ _n _ _'~_~_~_;_-------

Receive ready signal 

SRDY 

Fig. 9 Serial I/O timing 

LJ 
Interrupt request bit set 
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I I I I I I I I I Serial 110 mode register (SM) 

(Address OODC,.) 

U Internal clock selection bit 

00 : f(XIN ) or f(XC'N) divided by 8 
01 : f(X'N) or f(XC'N) divided by 16 
10: f(X'N) or !(XC'N) divided by 32 
11 ; !(X'N) or f(XC'N) divided by 512 

Synchronous clock selection bit 

o : External clock 
1 : Internal clock 

Senal 110 port selection bit 
o : Normal 110 port 

1 : SOUT, ClK pins 

SRDY signal output selection bit 

o : Normal 110 port 

1 : SRDY s'gnal output pin 

SRDY signal selection bit 
o : SRDY signal 
1 : SARDy signal 

Serial 110 byte specify mode selection bit 
o : Normal mode 
1 : Byte specify mode 

PIs/SDuT , PI 7 /SRDy output structure selection bit 
o : CMOS output 

Fig. 10 Structure of serial I/O mode register 

BYTE SPECIFY MODE 
The serial I/O has a byte specify mode that allows one 

specific byte data to be selected for transmission or recep
tion when serial I/O circuits of two or more microcomputers 

are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 

becomes "0", serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not "0", the output on the SOUT pin is driven 
"H" by the falling edge of the first transfer clock pulse to in

hibit transmission/reception. 
Serial I/O interrupt requests are generated only when se
rial transmission/reception is done after the value in the 
byte counter is decremented to "0". When the SARDy signal 
output is selected, the SARDy signal is driven "L" by the last 

rising edge of the transfer clock after the value in the byte 
counter is decremented to "0". 
Note that in the byte mode, an external clock must be used 
as the sync. clock for the purpose of the mode. 
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A-O CONVERTER 
The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con
version circuit. Conversion is automatically carried out once 
started by the program. 

There are eight analog input pins which are shared with 
P20 to P27 of port P2. Which analog inputs are to be A-D 
converted is specified by using bit 2 to bit 0 in the A-D 
control register (address 00D916). Pins for inputs to be A-D 

converted must be set for input by setting the directional 
register bit to "0". Bit 3 in the A-D control register is a A-D 
conversion end bit. This is "0" during A-D conversion; it is 
set to "1" when the conversion is terminated. Therefore, it 
is possible to know whether A-D conversion is terminated 
by checking this bit. Bit 4 in the A-D control register is a 
VREF connection selection bit. 
During A-D conversion, this bit must be set "1" for the lad
der resistor and VREF pin to be connected; after the A-D 
conversion is terminated, this bit can be reset to "0" to 
separate the ladder resistor from the VREF pin. In this way, 
power consumption in the ladder resistor can be suppres
sed while no A-D conversion is performed. Figure 13 shows 
the relationship between the contents of A-D control regis
ter and the selected input pins. 
The A-D conversion register (address 00DA16 ) contains in
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 
The following explains the procedure to execute A-D con
version. First, set values to bit 2 to bit 0 in the A-D control 
register to select the pins that you want to execute A-D 

conversion. Next, clear the A-D conversion terminate bit to 
"0". When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (251's when f(X,N )=4MHz), the A-D con
version end bit is set to "1", and the interrupt request bit is 
set to "1". The results of conversion are contained in the 
A-D conversion register. 

A-O control register 
L.,-..J.......1-J....,...,L....,...JL.,-.J....,..J....,..J (Address 0009,,) 

Analog mput selection bit 

000 : INo 

001 : IN, 

010:IN, 

all : IN3 

100: IN, 

101 : IN5 

110: IN. 

111 : IN? 

'----- A-O conversion end bit 

o : Under conversion 
1 : End converSion 

'------- VREF connection selection bit 

o : V REF IS separated 

1 : V REF is connected 

'----------- This bit must be set to "0" 

Fig. 12 Structure of A-D control register 

Data bus 

P2o/iNo 

P2,/IN, 

P2,/IN, 

P23/1N3 

P25/1N5 

P2./IN. 

P2?/IN? 

A-D control register 
(Address 0009,.) 

A-O mterrupt request 

Note. AV ss for 56-pm type 
Vss (Note) 

Fig. 11 A-D converter circuit 
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M374 71 M2-XXXS PI FP ,M374 71 M4-XXXSP/FP 
M37471M8-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

KEY ON WAKE UP 
"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter
minal of port PO has a "L" level applied, after bit 5 of the 
edge polarity selection register (EGs) is set to "1", an in
terrupt is generated and the microcomputer is returned to 
the normal operating state. A key matrix can be connected 
to port PO and the microcomputer can be returned to a nor-

P33/CNTR, 

mal state by pushing any key. 
The key on wake up interrupt is common with the INT, in

terrupt. When EGs is set to "1", the key on wake up func
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT, 
are invalid. 

1--11l)~"""----<l~-------;'" Port P33 data read CirCUit 

.--~I)--------CNTR Interrupt request signal 

I--Iu::>--+------<i~-------;;. Port P3, data read circuit 

P3o/iNTo 

t---fO)>-T---1>--t-----~ Port P30 data read cirCUit 

>'-b~t~;:_l---------INTo Interrupt request signal 

~-~>-T---1~~~=~-~ Port P3, data read CirCUit 

EG, 
'-;~)--INT, Interrupt request signal 

Port PO data read circuit 

Pull-up 
control register 

~ Select gate: AtTeset, shaded side IS connected 

Fig. 13 Block diagram of interrupt input and key on wake up circuit 
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M37 4 71 M2-XXXS P/FP, M374 71 M4-XXXSPI FP 
M37471 M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
The M37471 M2-XXXSP/FP is reset according to the sequ
ence shown in Figure 15. It starts the program from the 

address formed by using the content of address FFFF'6 as 
the high order address and the content of the address 
FFFE'6 as the low order address, when the RESET pin is 
held at "L" level for no less than 21' s while the power vol
tage is in the recommended operating condition and then 
returned to "H" level. 
The internal initiallzations following reset are shown in Fi
gure 14. 

Immediately after reset, timer 3 and timer 4 are connected, 
and the f(X ,N ) divided by 16 are counted. At this time, FF'6 
is set to timer 3, and 07'6 is set to timer 4. The reset is 
cleared when timer 4 overflows. 

Internal 
RESET 

SYNC 

Address 

Oata 

32768 counts of f(X ,N ) 

Fig. 15 Timing diagram at reset 

Address 

(1) Port PO directional register (C1 ,.)"· I 00,• I 
(2) Port P1 directional register (C3,.)"· I 00,• I 
(3) Port P2 dlrecllonal register (C5,.)"· I 00,• I 
(4) Port P4 directional register (C9,.)"· I I I I I a I a I a I a I 
(5) PO pull-up control register (00, .)'" I 00,• I 
(6) Pl- P5 pull-up control register (OI,.)'" I 10 1 10101010101 

(7) Edge selecllon register (EG) (04,.)'" I I 1010101010101 

(8) A-O control register (09,.)'" 
10 1 I 10 11 1010 I a I 

(9) Serial liD mode register (SM)(OC,.)"· = 00,• I 
(10) Timer 12 mode register (TI2M) (F8,.)"· I 00,• I 
(11) Timer 34 mode register (T34M) (F9, .)"· I 00,• I 
(11) Timer mode register 2 (TM2) (FA,.)"· I a I a I I I I I a I a I 
(13) CPU mode register (CM) (FB,.)"· [ililolol 10 10 10

1 

(14) Interrupt request register 1 (FC,.)"· I a I a I I I 0 I 0 I 0 I 0 I 
(15) Interrupt request register 2 (FO,.)"· I I I I I I 0 I a I 0 I 
(16) Interrupt control register 1 (FE,.)"· I 0 I 0 I I I 0 I 0 I a I a I 
(17) Interrupt control register 2 (FF,.)"· I I I I I I a I a I a I 
(18) (PCH )'" I Contents of address 

Program counter FFFF16 

(PCl )'" l Contents of address 

FFFE16 

(19) Processor status register (PS)'" I I I I I 1m 

Note Since the contents of both registers other than those listed 
above (including timers and the. senal liD register) are 
undefined at reset, it is necessary to set initial values 

Fig. 14 Internal state of microcomputer at reset 

Reset address 
from the vector table 

Note 1: Frequency relation of f(X,N ) and ¢ IS f(X,N ) =2' ¢ 

2: The mark"? .. means that the address is changeable 

depending upon the previous state 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit liD port with CMOS outputs. As 
shown in Figure 2, PO can be accessed as memory 
through zero page address 00CO'6. Port PO's direction
al register allows each bit to be programmed indi
vidually as input or output. The directional register 

(zero page address 00C1'6) can be programmed as 
input with "0", or as output with "1". When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 
output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 

the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal state. When this 
port is selected for input, pull-up transistor can be con

nected in units of 1-bit. 
(2) Port P1 

Port P1 has the same function as port PO. P1 2 - P1 7 

serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4-

bit. 
(3) Port P2 

Port P2 has the same function as port PO. This port can 
also be used as an analog voltage input pin. When this 
port is selected for input, pull-up transistor can be con
nected in units of 4-bit. 

(4) Port P3 

Port P3 is an 4-bit input port. 

(5) Port P4 

Port P4 is an 4-bit liD port and has basically the same 
functions as port PO. When this port is selected for in
,put, pull-up transistor can be connected in units of 4-
bit. 

(6) Port P5 

Port P5 is an 4-bit input port and pull-up transistor can 
be connected in units of 4-bit. P50 and P5, are shared 
with clock generating circuit input/output pins. 

(7) INTo pin (P30 /1NTo pin) 
This is an interrupt input pin, and is shared with port 
P3o. When a "H" to "L" or a "L" to "H" transition input is 

applied to this pin, the I NTo interrupt request bit (bit 0 
of address 00FD'6) is set to "1". 

(8) INT, pin (P3,/INT, pin) 
This is an interrupt input pin, and is shared with port 
P3,. When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INT, interrupt request bit (bit 1 

of address 00FD'6) is set to "1". 
(9) Counter input CNTRo pin (P32/CNTRo pin) 

This is a timer input pin, and is shared with port P32 . 

When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 

is applied to this pin, the CNTRo or CNTR, interrupt re
quest bit (bit 2 of address 00FD'6) is set to "1". 

00) Counter input CNTR, pin (P33 /CNTR, pin) 
This is a timer input pin, and is shared with port P33 . 

When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 
is applied to this pin, the CNTRo or CNTR, interrupt re
quest bit (bit 2 of address 00FD'6) is set to "1". 

4-50 • MITSUBISHI 
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Port PO 

Port P1 

MITSUBISHI MICROCOMPUTERS 

M37471M2·XXXSP/FP,M37471M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Data bus 

Interrupt control circuit 

Data bus 

Data bus 

Data bus 

Data bus 

Data bus 

Tr1-T,.5 are pull-up transistors 

Fig. 16 Block diagram of ports PO-P1 

4-51 



Data bus 

Data bus 

Data bus 

Data bus 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP, 
, M37471M8-XXXSP/FP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

Tr6-Tr9 are pull-up transistors 

Fig. 17 Block diagram of port P1 
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Port P2 

Data bus 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M37471M2·XXXSP/FP,M37471M4.XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

* : Control In units of 4-bit 

Multl-
A-D conversion Circuit plexer 

Port P3 o J B> I I>>---Data bus 

PortP3~ , 
. INTo,INT, 

CNTRo, CNTR, 

Port P4 * : Control In Units of 4-bit 

Data bus 

Data bus 

Tr10-Tr11 are pull-up transistors 

Fig.18 Block diagram of ports P2~P4 
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M37471M2·XXXSP/FP,M37471M4·XXXSP/FP 
M37471M8·XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Port P5 

Data bus ~~>-----'d 
Data bus --------<J---f-------.-_+_<: 

dl PortP53 

~;x>------'d 
'1 Tr13 

Data bus --------<II---l------;::J...---J+-O 

~ PortP5, 

Tr14 

Data bus ----(:::J====--+----~_+_o 

~ PortP5, 

XC1N 

Tr15 

Data bus ----(:::J====='------~~_o 

Port P50 

Tr12-Tr15 are pull-up transistors 

Fig. 19 Block diagram of port P5 
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MITSUBISHI MICROCOMPUTERS 

M37471M2.XXXSP/FP,M37471M4·XXXSP/FP 
. M37471M8·XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The M37471 M2-XXXSP/FP has two internal clock generat
ing circuits. Figure 22 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin XIN divided by two is used as the internal 
clock",. Bit 7 of CPU mode register can be used to switch 
the internal clock '" to 1 12 the frequency applied to the 
clock input pin XCIN ' 

Figure 20 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
Signal, input from the XIN (XCIN ) pin and leave the XOUT 

(XCOUT ) pin open. A circuit example is shown in Figure 21. 
The M37471 M2-XXXSP/FP has two low power dissipation 
modes; stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both XIN clock and XCIN clock) stops with the internal 

clock '" held at "H" level. In this case timer 3 and timer 4 
are forcibly connected and FF16 is automatically set in timer 
3 and 0716 In timer 4 .. 
Although oscillation is restarted when an external interrupt 
is accepted, the internal clock", remains in the "H" state 
until timer 4 overflows. In other words, the internal clock '" 
is not supplied until timer 4 overflows. This is because 
when a ceramic or similar other oscillator is used, a finite 
time is required until stable oscillation is obtained after res
tart. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock '" stops at "H" 
level, but the oscillator does not stop. '" is re-supplied (wait 
mode release) when the microcomputer recieves an inter
rupt. 
Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in
terrupt used to reset the wait mode or the stop mode must 
be set to "1" before executing the WIT or the STP instruc
tion. 
Low power dissipation operation is also achieved when the 
XIN clock is stopped and the internal clock '" is generated 
from the XcIN clock (30,uA typo at f (XcIN) = 32kHz). XIN 

clock oscillation is stopped when the bit 6 of CPU mode 
register is set and restarted when it is cleared. However, 
the wait time until the oscillation stabilizes must be gener
ated with a program when restarting. Figure 24 shows the 
transition of states for the system clock. 

M37471 M2-XXXSP/FP 

Fig. 20 Example of ceramic resonator circuit 

Fig. 21 

M37471 M2-XXXSP/FP 

f Open 

External oscillatmg 
circuit 

Yee 1lfllUlI 
Yss 

XC1N XCOUT 

f Open 

External osclllatmg Circuit 
or external pulse 

External clock Input circuit 
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M37471M2·XXXSP/FP,M37471M4.XXXSP/FP 
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STP 
instruction 

WIT 
Instruction 

Fig. 22 Block diagram of clock generating circuit 

7 

l j j j j j j 

l 

, 

Fig. 23 Structure of CPU mode register 
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SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

0 

Interrupt disable flag I 

Interrupt request 

CPU mode register 

Timer 3 Timer 4 

~ Select gate: At reset, shaded 
side Is connected 

J (Address OOFB,.) 

Ll This bit must always be set to "0" 

Stack page selection bit 
o : In page 0 area 
1 : In page 1 area 

P50, P5,/XCIN' XeOUT selection bit 
0: P50 , P5, 

1 : XCIN, XeDUT 

XCDUT drive capacity selection bit 
0: Low 
1 : High 

Clock (X,N-XOUT) stop bit 
0: Oscillates 
1 : Stops 

Internal system clock selection bit 
o : X,N-XOUT selected (normal mode) 
1 : XCIN-XCDUT selected (low-speed mode) 



MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

«Reset)) 

1 '.,·0 CM5=O 

CM.=O 

CM,=O 

WIT instrucllon 
E STP instruction 

;. 

E 
;. 

Interrupt (Note 1) Interrupt 

CM5=1 I ,.,~O CM4=1 

(Note 2) 

WIT instruction 
EO: STP Instruction ,.. 

""" ;. Interrupt (Note 1 ) 
Interrupt 

".'~oIj CM,=l 1'·,·0 
WIT instruction CM5=1 

E STP instruction 
;. 

E 
;0. Interrupt (Note 1) 

Interrupt 

'."'j 1'·,,0 (Note 2) 

WIT instruction CM5=1 ... STP Instrucllon ... 
E 

;. Interrupt 
Interrupt 

Notel: Latency time are automatically generated upon release from the STP instruction due to the connections of limer 
3 and 4. 

2: When the system clock is switched over by restarting clock OSCillation. a certain walt lime reqUIred for OSCillatIOn 
to stabilize must be inserted by the program. 

Fig. 24 Transition of states for the system clock. 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

<An example of flow for system> 

Power on reset 
l 

Clock X oscillation 
l 

Internal system clock start (X -1I2-'~) 
l __ 

Program start from RESET vector 
\ 

I Normal program I -Operating at f(X,N) 

Clock for clock function Xc oscillation start (CM4 =l, CM5 =1) 
l 

Oscillation rise time routine (software) 

l 
Xc clock power down (CM 5 : 1 - 0 ) 

l 

-Operating at f(X,N) 

Internal clock ~ source switching X-Xc (CM 7 : 0 - 1 ) 
l 

Clock X halt(Xc In operation)(CMa=l) 
l 

Internal clock halt(WIT instruction) 
l 

Internal clock OPeration start (WIT instruction released) lTlmer 4 (clock count) overflow 

I Clock processing routine I - Operating at f(Xc,N) 

\ 
Internal clock halt (WIT instruction) 

Interrupts from INTo, INT" CNTRo/CNTR" timer 1, timer 2, timer 3, timer 4, serial 1/0, key on wake up 
l 

Internal clock operation start (WIT instructIOn released) 
l 

Program start fr0"l interrupt vector 

Clock X OSCillation start (CMa=O) 
l 

Oscillation rise time routine (software) 

l 

-Operating at f(XC'N) 

Internal clock ~source sWitching (XC-X)(CM7 : 1 - 0) 
\ 

I Normal program I -Operating at f(X,N) 



MITSUBISHI MICROCOMPUTERS 

M37471M2.XXXSP/FP,M37471M4.XXXSP/FP 
M37471 M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

STP instruction preparation (pushing registers) 

~ 
Timer 3, timer 4 interrupt disable 

~ 
X/16 or Xc/16 selected for timer 3 count source; timer 3 overflow selected for timer 4 count source 

~ 
Timer 3, timer 4 start counting 

~ 
Values set to timer 3, timer 4 that do not cause timer 4 to overflow until STP instruction is executed 

~ 
Interrupt for return~ from STP enabled 

Timer 4 interrupt request bit cleared 
~ 

Clock X and clock for clock function Xc halt (STP instruction) 
I 

I RAM backup status I 

Interrupts from INTo, INT" CNTRo/CNTR" timer 1, timer 2, serial 110, key on wake up 
~ 

Clock X and clock for clock function Xc oscillation start 
~ 

Timer 4 overflow (X/16 or Xc/16~timer 3 ~tlmer 4) 
~ 

Internal system clock start 
~ 

Program start from interrupt vector 
I 

Normal program 
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MITSUBISHI MICROCOMPUTERS 

M374 71 M2-XXXS P/FP, M374 71 M4-XXXSP/FP 
M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1 I( n+1) 

(2) Even though the BBC and BBS instructions are ex
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) be

tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don't use STP instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mask specification form 
(3) ROM data .......................................... EPROM 3 sets 
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MITSUBISHI MICROCOMPUTERS 

M374 71 M2-XXXS PI FP, M374 71 M4-XXXSPI FP 
M37471M8-XXXSP/FP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage X1N --
Input voltage POo-PO,. Pl o-Pl,. P2o-P2,. With respect to Vss 

V, P30- P33• P4o- P43• P50- P53. Output transistors are 

VREF• RESET at "OFF" state 

Va 
Output voltage POo-PO" P1o-Pl" P2o-P2" P40-P43, 

XOUT 

Pd Power dissipation Ta =25r: 

Topr Operating temperature 

Tstg Storage temperature 

Notel: 500mW for QFP type 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=2. 7-5, 5V, Vss=AVss=OV, Ta=-20-85"C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 2.7 5 5.5 V 
---

Vss Supply voltage 0 V 

AVss Analog supply voltage 0 V 

V'H 
"H" Input voltage POO ...... P07, P1o~P1?, P30~P33, 

RESET, X'N 
0. 8Vee Vee V 

V'H "H" Input voltage P2o-P2" P4o-P43, P50-P53 (Note 1) 0. 7Vee Vee V 

~'L "l" Input voltage POo-PO" P1o-Pl" P30-P33 a 0. 2Vee V 

V'L "l" Input voltage P2o-P2" P4o-P43, P50-P53 (Note 1) a 0. 25Vee V 

V'L "l" Input voltage RESET a 0. 12Vec V 

V'L "L" Input voltage XIN a 0. 16Vcc V 
--

IOH(SUm) "H" sum output current POO ....... P07, P4o ........ P43 -30 mA 

IOH(Sum) "H" sum output current P1 o ...... P1 7, P2o ...... P27 -30 mA 

'aL(surn) "L" sum output current POo ....... P07, P4o'-"'P43 60 mA 

'aUsurn) "L" sum output current P1o ........ Ph, P2o ....... P27 60 mA 

loll peak) 
"L" peak output current POO ..... P07, Pl o-Pl" 

20 mA 
P2o-P27, P40-P43 

IOL(avg) 
"L" average output current POO-P07, P1 o-P1 7, 

10 mA 
P2o ........ P27, P4o ........ P43 (Note 4) 

IOHlpeak) 
"H" peak output current POO ....... P07• P1 o-P1 7, 

-10 mA 
P2o ........ P27, P4o-P43 

IOHlavg) 
"H" average output current POo--P07, P1 o-P1 7, 

-5 mA 
P2o-P27, P4o-P43 (Note 4) 

fC CNTR) Timer Input frequency CNTRo (P32 ), CNTR, (P33) (Note 2) 1 MHz 

f(CLK) Senall/O clock Input frequency ClK (Pl,) (Note 2) 1 MHz 

f(X,N) Clock osc,lIatlng frequency (Note 2) 4 MHz 

f(Xc,N) Clock oscillatmg frequency for clock function (Note 2, 3) 32 50 kHz 

Note It is except to use P50 as XC1N 

Oscilialion frequency is at 50% duty cycle 
When used in the low-speed mode, the clock OSCillating frequency for clock funct,on should be 
f(Xc,N)<!(X,N)!3 
The average output current IOH (avg) and IOL (avg) are the average value dunng a lOOms 

• MITSUBISHI .... ELECTRIC 

Ratings Umt 

-0.3-7 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 V 

1000(Note 1) mW 

-20-85 'C 

-40-150 "c 
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MITSUBISHI MICROCOMPUTERS 

M37471M2·XXXSP/FP,M37471M4.XXXSP/FP 
M37471 MS.XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=2. 7-5. 5V, Vss=AVss= 0 V, T a=-20-85"(;, unless otherwise noted) 

limits 
Symbol Parameter Test Condlt'ons Unot 

Min Typ Max 

"H" output voltage POo-PO" Plo-Pl" Vcc-5V, IOH--5mA 3 
VOH 

2 
V 

P2o-P2" P40-P4, Vcc=3V, IOH=-1. 5mA 

"l" output voltage POo-PO" Plo-Pl,. Vcc=5V, 10l =lOmA 2 
VOL P2o-P2" P40-P4, 

V 
Vcc=3V,lol=3mA 1 

Vcc-5V 0.5 
VT+-VT- Hysteresis POo-PO" P30-P3, V 

Vcc-3V 0.3 

Hysteres,s RESET 
Vcc-5V 0.5 

VT+-VT-
0.3 

V 
Vcc=3V 

Vcc=5V 0.5 
VT+-VT- Hysteres,s Pls/CLK use as ClK ,nput 

0.3 
V 

Vcc=3V 

V,=OV, Vcc=5V -5 

"L" Input current POo-PO" Plo-Pl" P30-P32, not use pull-up transistor Vcc-3V -3 
M-A 

I'L P40- P4" P50- P5, V,-OV, Vcc-5V -0.25 -0.5 -1.0 

use pull-up transistor -0.08 -0.18 -0.35 
rnA 

Vcc=3V 

Vcc=5V -5 
I'L ilL" Input current P33 V,=OV 

Vcc=3V -3 
M-A 

V,=OV, not use as analog ,nput, Vcc=5V -5 

not use pull-up transistor Vcc-3V -3 
M-A 

I'L "L" ,nput current P2o-P2, 
VI-OV, not use as analog Input, Vcc-5V -0.25 -0.5 -1.0 
use pull-up transistor -0.08 -0.18 

rnA 
Vcc=3V -0.35 

-- V,=OV Vcc=5V -5 
I'L "l" ,nput current RESET, X,N 

(X'N ,s at stop mode) Vcc=3V -3 
M-A 

"H" Input current POo-PO" Plo-Pl" P30-P32, v,=vcc. Vcc=5V 5 
I'H P4o- P4" P50- P5, not use pull-up transistor Vcc=3V 3 

M-A 

Vcc-5V 5 
I'H "Hit mput current P33 V,=Vcc 

Vcc=3V 3 
M-A 

V,=Vcc, not use as analog Input, Vcc=5V 5 
I'H "H" ,nput current P2o-P2, 

not use pull-up transistor Vcc=3V 3 
M-A 

-- V,=Vcc, Vcc=5V 5 
I'H "H" input current RESET, X'N 

(X,N IS at stop mode) Vcc=3V 3 
M-A 

At normal operation, Vcc=5V 3.5 7 
A-D converSion IS not executed 

X'N=4MHz Vcc=3V 1.8 3.6 
rnA 

At normal operation, Vcc=5V 4 8 
A-O conversion IS executed 

X'N=4MHz Vcc=3V 2 4 

At low-speed mode, 
Vcc=5V 30 80 

Icc Supply current XCOUT IS low-power mode, 
M-A 

A-O conversion IS not executed 
Vcc=3V 15 40 

X'N=OHz, XCIN=32kHz, T a=25'C 

At walt mode, Vcc=5V 1 2 

0.5 1 
rnA 

X'N=4MHz Vcc=3V 

At wall mode, X,N=OHz, XCIN-32kHz, Vcc=5V 3 12 

XCOUT IS low-power mode, T a=25t Vcc=3V 2 8 

. Stop all oscillation Ta=25"C 0.1 1 
M-A 

Vcc=5V Ta=85'C 1 10 

VRAM RAM retention voltage Stop all oscillation 2 V 
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MITSUBISHI MICROCOMPUTERS 

M37471M2.XXXSP/FP,M37471M4.XXXSP/FP 
M37471 M8·XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

A-O CONVERTER CHARACTERISTICS (vcc=2. 7-5. 5V. Vss=AVss=OV. Ta=-20-85t. f(X,N)=4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test Conditions Unit 

Min. Typ Max 

- Resolution 8 bits 

- Non-linearity error ±2 LSB 

- Differential non-linearity error ±0.9 LSB 

VCC=VREF=5. 12V, IOLIsum)=OmA 2 
VOT Zero transition error 

VCC=VREF=3.072V, IOLlsum)=OmA 
LSB 

3 
Vcc=VREF=5.12V 4 

LSB VFST Full-scale transition error 
VCC=VREF=3.072V 7 

teoNV Conversion time 25 I-'S 

VVREF Reference Input voltage 0. 5Vcc Vee V 

RUDDER Ladder resistance value 2 5 10 kCl 

V,A Analog input voltage 0 VREF V 
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MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4.XXXSP,M37470M8.XXXSP 

DESCRIPTION 
The M37470E4-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
32-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37470M4-XXXSP except that 
this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 
In addition to its simple instruction sets. the PROM. RAM. 
and 1/0 addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM. this chip is suit
able for small quantity production runs. 
The differences between the M37470E4-XXXSP and the 
M37470E8-XXXSP are noted below. The following explana
tions apply to the M37470E4-XXXSP. 
Specification variations for other chips are noted accor
dingly. 

Type name ROM size RAM size 

M37470E4-XXXSP 8192 bytes 192 bytes 
M37470E8-XXXSP 16384 bytes 384 bytes 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size PROM ··············8192 bytes (M37470E4) 
16384 bytes (M37470E8) 

RAM·················· 192 bytes (M37470E4) 
384 bytes (M37470E8) 

• Instruction execution time 
....... 1,us (minimum instructions at 4MHz frequency) 

• Single power supply .. ·································· 2.7-5.5V 
• Power dissipation 

normal operation mode (at 4MHz frequency) 17.5mW 
• Subroutine nesting ·············96 levels max. (M37470E4) 
• Interrupt .. ···································· 12 types. 10 vectors 
• 8-bit timer'" ........................................................... 4 

• Serial 1/0 .. ····· .. ············································ 8-bitX1 
• Programmable 1/0 ports (Ports PO. P1. P2. P4)········· 22 
• Input port (Port P3) ·················································4 
• A-D converter .. ···································8-bit. 4-channel 
• PROM (equivalent to the M5L27256) 

program voltage·············································12.5V 

APPLICATION 
Office automation equipment. VCR. Tuner. Audio-visual 
equipment 
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PIN CONFIGURATION (TOP VIEW) 

Pl,/SRDY/A lO .... 1 

Pl./CLK/Ag .... 2 

P1 5/SouT/Ag .... 3 

Pl./S'NI A,.... 4 
P1 3/T , /A ..... 5 

P12/To/A5 .... 6 

Pl , /A ..... 7 

P10++ 8 

P23/IN,tA3 .... 9 

P22/1 N21 A2 .... 10 

P2, /IN l /A, .... 11 

P2o/INo/A" .... 12 

Vss 

23 .... P401A'3 

22 <- P3,tCNTR, /Vpp 

21 <- P32/CNTRo/CE 

19 <- P30/lNTo/A l1 

Vee 

Outline 32P4B 
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MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470ES-XXXSP 

PROM VERSION of M37470M4-XXXSP,M37470M8-XXXSP 

FUNCTIONS OF M37470E4-XXXSP, M37470E8-XXXSP 
Parameter Functions 

Number of basIc instructions 69 

Instruction execution time 1,us (minimum instructions, at 4MHz frequency) 

Clock frequency 4MHz (max.) 

PROM 8192 bytes (Note 1) 
M37470E4-XXXSP 

RAM 192 bytes 
Memory size 

PROM 16384 bytes (Note 1) 
M37470E8-XXXSP 

RAM 384 bytes 

PO, P1 1/0 8-bltX2 

P2 110 4-bltX1 
InputlOutput port 

P3 Input 4-bltX1 

P4 1/0 2-bltX1 

Senall/O 8-bitX1 

Timers 8-blt timerX4 

A-D converter 8-bitX1 (4channel) 

I M37470E4-XXXSP 96 levels (max) I 
Subroutine nesting 

M37470E8-XXXSP 192 levels (max) 

Interrupt Five external mterrupts, SIX Internal mterrupts, one software Interrupt 

Clock generating circuit BUilt-in with Internal feedback resistor (ceramic or quartz crystal oscillator) 

Supply voltage 27-55V 

Power dissipation 17 5mW (at f(X,N)=4MHz) 

InputlOutput ! Input/Output voltage 5V 

characteristics Output current -5-10mA (ports PO, P1, P2, P4 CMOS tn-state output) 

Operating temperature range -20-85"C 

DeVice structure CMOS Silicon gate 

Package 32-pln shnnk plastic molded DIP 

Note 1 The PROM programming voltage IS 12.5V (eqUivalent to the M5L27256). 
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PIN DESCRIPTION 

Pin Mode 

Vee. Single-chip 
Vss IEPROM 

RESET Single-chip 

EPROM 

X ,N Single-chip 
IEPROM 

XOUT 

POO-P07 Single-chip 

EPROM 

P1 o-P1 7 Single-chIp 

EPROM 

P2o-P23 Single-chip 

EPROM 

P3o-P33 Single-chIp 

EPROM 

p40. P4, Single-chip 

EPROM 

VREF Single-chip 

EPROM 

MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4-XXXSP,M37470M8-XXXSP 

Name 
Input! 

Functions 
Output 

Supply voltage Power supply inputs 2 7-5.5V to Vee and OV to Vss 

RESET input Input To reset, keep this input terminal low for more than 2.us (min) under normal Vee 
conditions. 

RESET input Connect to Vss 

Clock input Input Connect a ceramic or a quartz crystal oscillator between XIN and XOUT for clock 
oscillation If an external clock mput is used. connect the clock input to the XIN pm 

Clock output Output 
and open the XOUT pin Feedback resistor IS connected between the X1N and XOUT 
pins 

1/0 port PO 1/0 Port PO IS an 8-bit 1/0 port The output structure IS CMOS output When thIs port is 
selected for input, pull-up transistor can be connected In units of 1-blt and a key on 
wake up function IS provided 

Data Inpul/output Do-D, 1/0 Port PO works as an 8-bit data bus (Do- D,) 

1/0 port P1 1/0 Port P1 IS an 8-blt 1/0 port The output structure IS CMOS output When this port is 
selected for input, pull-up transistor can be connected In Units of 4-blt P1 2, P1 3 are 
in common with timer output pinS To, T, P14, Ph, P1 6, Ph are m common with senal 
I/O pins SIN, SOUT, ClK, SRDY, respectively The output structure of SOUT and SRDY 
can be changed to N-channel open dram output 

Address mput A4--A10 Input P1 , -P1, works as the 7-bit address Input (A.~A1O) P10 must be opened. 

1/0 port P2 1/0 Port P2 IS an 4-blt 1/0 port. The output structure is CMOS output When thIs port IS 
selected for input, pull-up transistor can be connected m umts of 4-blt This port is 
In common with analog input pms INo ....... IN3. 

Address mput Ao ...... A3 Input Port P2 works as the lower 4-blt address Input (Ao-A3) 

Input port P3 Input Port P3 IS an 4-blt Input port PSQ, P3, are In common with external interrupt Input 
pins INTo, INT, and P32, P33 are In common with timer Input pins CNTRo, CNTR, 

Address Input All, A12 Input P3o• P3, works as the 2-boI address ,"put (All. A,,) 
Select mode P32 works as OE Input Connect to P33 to Vpp when programming or veriflng 
Vpp input 

I/O port P4 1/0 Port P4 IS an 2-bit I/O port The output structure IS CMOS output When thiS port IS 
selected for mput, pull-up transistor can be connected m Units of 2-blt 

Address Input A13, A14 Input Port P4 works as the hIgher 2-blt address input (A13. A14 ) 

Reference voltage Input This IS the reference voltage input pin for the A-O converter 
input 

-
Select mode Input VREF works as CE Input 
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MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4.XXXSP,M37470M8.XXXSP 

EPROM MODE 
The M37470E4-XXXSP, M37470E8-XXXSP feature an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L"), the chip automatically en
ters the EPROM mode. Table 1 list the correspondence 
between pins and Figure 1 gives the pin connection in the 
EPROM mode. When in the EPROM mode, ports PO, P1 1 -

P1 7, P2, P3, P4, VREF are used for the PROM (equivalent to 
the M5L27256). 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 M5L27256. The OSCillator should be connected 
to the X,N and XOUT pins, or external ciock should be con
nected to the X,N pin. 

@- Pl,/SRDy - 1 

®-- Pl./CLK- 2 

®-- P1 5/SouT - 3 

®- P1 4/S'N- 4 
@-P13/T,- 5 

®-P1 2/To- 6 
@--Pl,-7 

Plo- 6 
®- P2311N3 - 9 

®- P22/1N2 - 10 

@-P2,IIN,-11 

®-- P201lNo - 12 

®--- YREF-+ 13 

Q--X'N-+ 14 

Table 1. Pin function In EPROM mode 

~ M37470E4-XXXSP. M37470ES-XXXSP 

vee Vee 

V pp P33 

Vss Vss 

Address input 
Ports Pl,-Pl" P20 -P23 

P30 , P3,. P40 • P4, 
Data 1/0 Port PO 

CE 

OE 

32 - PO, ----(§) 
31-PO.~ 
3O-P05 --@ 
29-P04--@ 
26-P03--@ 
27 .... P02-® 
26-PO,--@ 
25-POo--@ 
24 .... P4, ----<EY 
23-P4o~ 
22 ..... P33/CNTR,---@ 
21 ..... P32/CNTRo---@ 

VREF 

P3. 

20 +- P3,/INT, -'-----® 
19 ..... P30IlNTo-@ 
18 +- RESET-:;:t'SS 

"""I. ____ ~_17 Y ee ~ 

o : Same functions as M5L27256 

Fig.l Pin connection In EPROM mode 
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MITSUBISHI MICROCOMPUTERS 

M37470E4~XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4-XXXSP,M37470M8-XXXSP 

PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (Ao-A14 ) to be read and the 
data will be output to the I/O pins 0 0 - 0 7 , The data I/O 
pins will be floating when either the CE or OE pin is in the 
"H" state. 

Writing 
To write to the PROM, 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 Ao-A14, and the data to be written is input to pins 0 0 

-07 , Set the CE pin to a "L" level to begin writing. 

Notes on Writing 
• M37470E4-XXXSP 

When using a PROM writer, the address range should be 

between 6000'6 and 7FFF'6' Read/write operations on 
addresses 0000'6 to 5FFF'6 cannot be performed cor
rectly . 

• M37470E8-XXXSP 

When using a PROM writer, the address range should be 

between 4000'6 and 7FFF'6' When data is written be
tween addresses 0000'6 and 7FFF'6, fill addresses 

0000'6 to 3FFF'6 with FF'6' 

Table 2. I/O signal in each mode 

~in 
Mode 

CE(13) OE(21) 

Read-out V'L V'L 
Output disable V'L V,H 

Programming V'L V,H 

Programming verify V,H V'I_ 
Program disable V,H V,H 

Note 1 V'L and V,H indicate a "L" and "H" mput voltage. respectively 

NOTES ON HANDLING 
(1) Since a high voltage (12.5V) is used to write data, care 

should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 

blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro

cess and following processes. To improve reliability af
ter write, performing write and test according to the 
flow below before use is recommended. 

Writing with PROM writer 

Screening (Note)(Leave at 150'C for 40 hours) 

Verify test with PROM writer 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150'C ex
ceeding 100 hours. 

Vpp (22) vcdl71 
Data 1/0 
(25-32) 

Vee Vee Output 

Vee Vee Floating 

Vpp Vee Input 

Vpp Vee Output 

Vpp Vee Floating 

• MlTSUBlSHI 
..... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4.XXXSP,M37470M8.XXXSP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vcc Supply voltage 

V, Input voltage x,. 

Input voltage POo-po', Pl.-PI" P2.-P2" 
With respect to Vss 

V, 
P30-P3", P40, P4" VREF, RESET 

Output transistors are 

at "OFF" state 

Vo 
Output voltage Po.,-PO" Pl.-PI" P2.-P2" 

P4 •• P4" XOUT 

Pd Power dissipation Ta = 25'C 

Topr Operating temperature 

Tstg Storage temperature 

Note 1 In EPROM programm'ng mode, P3. ,s 13V 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=2. 7-5. 5V, Vss=OV, Ta=-20-85"C unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max. 

Vee Supply voltage 2.7 5 5.5 

Vss Supply voltage 0 

V'H 
"H" Input voltage PO.-PO" Pl.-PI" P30-P3,. 

O.aVee Vee 
RESET, X'N 

V'H "H" Input voltage P2.-P2., P4., P4, 0. 7Vee Vee 

V'L "l" Input voltage Po.,-PO" PI.-Pt" P3.-P3, 0 0. 2Vee 

V'L "l" Input voltage P2.-P2,: p40. P4, 0 O. 25Vee 

V'L "l"' Input voltage RESET 0 0. 12Vee 

V'L "l"' Input voltage X'N 0 0. 16Vee 

IOH(SUrnl "H"' sum output current PO.-PO" P40, P4, -30 

IOli(SUrnl "H"' sum O\ltput current PI.-P1" P2.-P2, -30 

'OL(SUrnl "l" sum output current PO.-PO" P4., P4, 60 

IOL(SUrnl "l" sum output current PI.-Pt" P2.-P2, 60 

10l(peakl 
"l" peak output current Po.,-po" PI.-Pt" 

P2.-P2" P40, P4, 
20 

IOl(avgl 
"l" average output current PO.-PO" PI.-Pt" 

10 
P2.-P2" P4., P4, (Note 2) 

IOH(peakl 
"H"' peak output current POo-po" PI.-Pt" 

-10 
P20-P2" P40, P4, 

IOH(avgl 
"H" average, output current Po.,-po" Pl.-PI" 

-5 
P2.-P2" P4., P4, (Note 2} 

f(eNTRl T,mer input frequency CNTR. (P3,), CNTR, (P3,) (Note 1) 1 

f(elKl Serial If 0 clock ,nput frequency ClK (PI.) (Note 1) 1 

f(X'N) Clock osc,lIaling frequency (Note 1) 4 

Oscillation frequency is at 50% duty cycle. Note 1 
2 The average output current 10H(avgl and IOl(avgl are the average value during a lOOms 
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Unit 

V 

V 

V 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

MHz 

MHz 
MHz 

Ratings Unit 

-0.3-7 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 
(Note 1) 

V 

-0. 3-Vee+0. 3 V 

1000 rnW 

-20-85 "C 
-40-150 "C 



MITSUBISHI MICROCOMPUTERS 

M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4-XXXSP,M37470M8-XXXSP 

ELECTRICAL CHARACTERISTICS (Vcc=2. 7-5. 5V. Vss= 0 V. T a=-20-85"<:. unless otherwise noted) 

limits 
Symbol Parameter Test ConditIOns Unit 

Min Typ Max 

Vcc=5V, IOH=-5mA 3 
V OH H" output voltage F'Oo-PO" Pto-Ph, P2o-P2" P40, P4, 

Vcc=3V,loH--1.5mA 2 
V 

VOL 
Vcc-5V, 10L -lOmA 2 

"L" output voltage POo-PO" P1o-P1" P2o-P2" P40, P4, 
Vcc=3V, 10L =3mA 1 

V 

Vcc=5V 0.5 
Vr+-VT- HystereSIs POo-PO" P3,-P3:, 

Vcc=3V 0.3 
V 

-- Vcc=5V 0.5 
Vr+-VT- HysteresIs RESET 

0.3 
V 

Vcc=3V 

VT+-VT- HysteresIs P1./CLK use as CLK Input 
Vcc=5V 0.5 

0.3 
V 

Vcc-3V 

V,=OV, Vcc=5V -5 

not use pull-up transistor Vcc=3V -3 "A 
I'L "L" Input current POo-PO" P1 o-Ph, P3,-P3" P40, P4, 

V,=OV, Vcc=5V -0.25 -0.5 -1.0 

Vcc=3V -0.08 -0.18 -0.35 
rnA 

use pull-up transistor 

I'L V,=OV 
Vcc=5V -5 

OIL· Input current P33 
Vcc=3V -3 "A 

V,-OV, not use as analog Input, Vcc-5V -5 

not use pull-up transistor Vcc=3V -3 "A 
I'L "L OJ Input current P2o--P23 

V,=OV, not use as analog Input, Vcc=5V -0.25 -0.5 -1.0 
I Vcc=3V -0.08 -0.18 -0.35 

rnA 
use pull-up transistor 

I'L 
-- V,=OV Vcc=5V -5 

"L" Input current RESET, X,N 
(X,N IS at stop mode) Vcc=3V -3 "A 

VI-Vee, Vcc=5V 5 
I'H "H" input current POe-PO" P1o-P1" P3,-P3" P40, P4, 

not use pull-up transistor Vcc-3V 3 "A 

I'H 
Vcc=5V 5 

"H" mput current P33 V,=Vcc 
Vcc=3V 3 "A 

I'H 
V,=VCC, not use as analog Input, Vcc=5V 5 

"H" Input current P2o-P23 
not use pull-up transIStor Vcc=3V 3 "A 

I'H "H" Input current RESET, X,N 
V.=Vcc, Vcc=5V 5 

(X,N IS at stop mode) Vcc=3V '3 "A 

At normal operation, Vcc=5V 3.5 7 
A-O conversion IS not executed 

X'N=4MHz Vcc=3V 1.8 3.6 

At normal operation, Vcc=5V 
A-O conversion IS executed 

4 8 rnA 

Icc Supply current 
X'N=4MHz Vcc=3V 2 4 

At walt mode, Vcc-5V 1 2 

X,N=4MHz Vcc=3V 0.5 1 

Stop all oscillation Ta=25'C 0.1 1 

Vcc=5V Ta=85'C 1 10 "A 

V RAM RAM retention voltage Stop all OSCillation 2 V 

A-O CONVERTER CHARACTERISTICS (Vcc=2. 7-5. 5V, Vss=OV, T a=-20-85"<:, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test Conditions Unit 

Min Typ Max 

- Resotutlon 8 bits 

- Non-linearity error ±2 LSB 
- Differential non~lineanty error ±0.9 LSB 

VCC=VRE,=5. 12V, 10L(sum)=OmA 2 
VOT Zero transition error LSB 

VCC=VRE,=3.072V, 10L(sum)=OmA 3 

Vcc=VRE,=5.12V 4 
V FST Full~scale transltlOll error LSB 

VCC=VRE,=3.072V 7 

teoNV Conversion time 25 ,,8 
VVREF Reference Input voltage 0. 5Vee Vee V 

RLADDER Ladder resistance value 2 5 10 kO 

V'A Analog Input voltage 0 V REF V 
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MITSUBISHI MICROCOMPUTERS 

M37471E4·XXXSP/FP 
M37471E8.XXXSP/FP,M37471E8SS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

DESCRIPTION 
The M37471 E4-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37471 M4-XXXSP/FP except that this chip has a 
8192 bytes PROM built-in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap

pliance controllers. 
In addition to its simple instruction sets. the PROM. RAM. 
and 1/0 addresses are placed on the same memory map to 
enable easy programming., Since general purpose PROM 
writers can be used for the built-in PROM. this chip is suit

able for small quantity production runs. 
The differences between the M37471 E4-XXXSP/FP and the 
M37471 E8-XXXSP/FP are noted below. The M37471 E8SS 
are the window type. The following explanations apply to 

the M37471 E4-XXXSP/FP. 
Specification variations for other chips are noted accor

dingly. 

Type name ROM size RAM size 

M37471 E4-XXXSP/FP 8192 bytes 192 bytes ._-
M37471 E8-XXXSP/FP 

16384 bytes 384 bytes 
M37471E8SS 

The differences between the M37471 E4-XXXSP and the 
M37471 E4-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions .................. · ................ 69 

• Memory size PROM .............. 8192 bytes (M37471E4) 
16384 bytes (M37471 E8) 

RAM""""""""" 192 bytes (M37471E4) 
384 bytes (M37471 E8) 

• Instruction execution time 
....... 1,us (minimum instructions at 4MHz frequency) 

• Single power supply .... · .............................. · 2.7-5.5V 

• Power dissipation 
normal operation mode (at 4MHz frequency) 17.5mW 

• Subroutine nesting ............ ·96 levels max. (M37471 E4) 
• Interrupt· ..................................... 12 types, 10 vectors 

• 8-bit timer······························································ 4 
• Serial I/O ................ · ...................... · .......... · .. 8-bitX 1 

• Programmable 1/0 ports (Ports PO, P1, P2, P4) .. · .. · .. · 28 
• Input ports (Port P3, P5) .......................................... 8 

• A-D converter· .. · .. · ........ · ...... · ........ · .... ·8-bit, 8-channel 

.. Two clock generator circuits 
(One is for main clock. the other is for clock function) 

• PROM (equivalent to the M5L27256) 
program voltage···························· ............... ·12.5V 

APPLICATION 
Office automation equipment, VCR, Tuner, Audio-visual 
equipment 
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PIN CONFIGURATION (TOP VIEW) 

P53 .... 1 

Ph/SRDyi A10 ++ 2 

PI 6/ClKI Ag "" 3 

Pls/SoUTI As"" 4 

Pl,/S'NI A,"" 5 

PI 3/T,/A6 - 6 

PI 2/To/As - 7 

P2,/IN,"" 10 

P26 /1N 6 "" 11 

P2s/iNs - 12 

P2,/IN, - 13 

P23/1N3/A3 - 14 

P22/1N 2/A2 "" 15 

P2,/IN,/A, - 16 

P2o/iNo/Ao - 17 

29 - P33/CNTR,lVpp 

28 - P32/CNTRo/OE 

27 - P3,/INT,/A" 

26 - P30/INTo/A" 

25 - RESET 

Vee 

Outline 42P4B (OTP) 
42S1 B (Window) 

NC 
P1 4/S IN / A7 ++ 2 

PI 3/T,/A6 - 3 

PI,ITo/As .... , 

P1 1/A4 - 5 

P1 o ........ 6 

P27/1N7 ++ 7 

P26 /1N 6 '" 8 

P2sllNs - 9 

P2,/IN ..... 10 

P23/1 N31 A3 - 11 

P2211N2/A2 - 12 

P2,/IN,/A, _ 13 

P2o/iNo/Ao - 14 

V REF/CE: -.. 15 

NC 

I I I ! 

t ! 

eee 
J;or!J(JO 
n.a.a..a.z 

! I I I 

t I 

Outline 56P6N 

NC 
43 ....... P04 /D 4 

42 ..... POS/03 
41 ..... P02/D 2 

40 ++ POi /D1 

39 .. POo/Do 
38""'" P43 

37 ++ P42 

36 ++ P41/A14 

35 ...... P4o/A13 

34 NC 
33 - P33/CNTR,lVpp 

32 +- P32/CNTRo/OE 
31 +- P3,/INT,/A" 
30 +- P30/lNT alA" 

NC 

NC : No cqnneclion 



,. 
Ii 

.... 
I 
" w 

M37471 E4-XXXSP BLOCK DIAGRAM 
Clock Clock 
input output 
X1N XOUT 

Reset Input 

RESET 

I

I 

i9l- ---(20 
_~ Vee V 

t ~ --@-@-- ---------1 

, 

I , 

I , 
L_ 

Data bus 

X~'N X:OUT Jl J 1'1'- I .~ 
(Note 2) ~ote I) IB ~). h. [Instruction 

RAM I Program I Program I PROM Timer I (B) ~ register (B) 
192 counter counter 8192 .,L J,. 

bytes PC" (B) PCL (B) bytes 0 rr !Instruction decoder I 

J ---.- Timer 2(B) I-- contrJ signal 

T l' -tJ.IT--
ari~h~'!tiC Accumulator rocesso Index I I Index I w"taCk rTETlmer 3(B) h 

and status register register pOinter ~-4--\:--"-! l __ ~ 
logical. AlB) register X(B) Y(B) SIB) ~ {.~~ il 

unit PSIB) 1 =c±..I.--,-:-, I I Tlmer4lB) HIPWM contro~ 

r-__ ~ ______ ~L-______ ~~ ____ ~~ ______ ~ ______ ~~~ __ -J 

r-;= ~ 
~ ~ r 

Byte 
counter (4) 

4 
IA-D converter I c:eriall!O(B) 

XeOUT CNTR, CNTRo INT, 

XelN 'L ~ r INTo 8 '---

'--1""'P-"J51!-"'4)~1 I P4(4) I I P3(4) I I P2IB) I I PIIB) I I PO(B) I 

~ '--- --- ~ '-----~ '-'" 

, 

I 
I 

I 
I 

I , 

I 
I 

I 
I 

I 
I 

I , 

I , 

_J !-------' '-------- f---' 

1 142X24123 - 3nJh31 30 - 29X28X27X26) - 18 - 10111112X13X14115116117 - 2 X3 1 415161 H B 9 - 41140X39138137136135X34}-

'---v------' 
Input port P5 
~ 

1/0 port P4 
~ VREF ----...---...-

Input port P3 Reference 1/0 port P2 
voltage Input 

'------y------' 

I/O port PI 
~ 

1/0 port PO 

Notel: 16384 bytes for M37471 ES-XXXSP, M37471 ESSS 
2 : 384 bytes for M3747IES-XXXSP, M37471E8SS 

" :=II 
0 
i: 
< 
11'1 

i: :=II 
UI W 0 ...... Z 
~ 0 ...... .... 

i: .... 
w 1"'1 
~ 01) ...,. I ... >< ! >< 
>< >< i: 11 >< (l)W_ = "'G...... c;: 
" -.......~ C ....... 

." ...... ! ." 

" "'G .... UI • 1"'1 ~ i: ~ _ 

w i:~ 11 ...,. WI _ 
~ ...... >< n ... ><:=11 i: ~ 0 
C!D ...... >< g 
>< ... (I) 11 = I"'I"'G" 
UI 01)-....... ~ 
~ (I)'" 11'1 

:: (I)"'G i: 
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M37471E4-XXXFP BLOCK DIAGRAM 
Clock Clock 
input output Reset input 
X,N XOUT RESET Vcc Vss AVss 

1--~- -1-- -~----@--@®-@----- - ----- -------, 

t ~ 
XC1N XCOUT 

,-L 
8·blt 

ArithmetIc 

oM 

logical 

Unit 

lr 
'-

XCOUT 

XC1N 

I P5(4) I 
.." 

v-----' 

Data bus -~.- ---

,RNote2) 1 11ote1 '-
~ 

~.;~(1~ Llnstruclion 

RAM Program I Program 1 PROM r~glster (8) 

.D-counter counter 
192 PCH (8) PCL (8) 8192 ~\r I ns ruction 

T 1 bYS 
decoder 

'Timer2(8)~ t ... \rt- Control signal 

Processor 

1P , 
Stack : rTc!imer 3 (8)1J. cumulato1 status register register POI nter ~}.Gr ) A(8) register X(8) Y(8) S(8) 

PS(8) ~mer4 8)~Mcontr~ 
Ii 

~ 2J ,---
~ T -

----
Byte IJ 

counter(4 

~ 
IA-D converter' C I/0 (8) 

CNTt rt , INT, '--, 
INTo 

8 

I P4(4) I I P3(4) I I P2(8) I I P1(8) 1 • PO(8) 

'--- f- ~-
.... 

'----- ~ 

• 

I 

I 

- -15~C4~~~C ~---~ ~Il»( @Ci5)---i3: ---cV@@ )~J!\ PU)I - --~ D~il~ID(~(~(~i~ 'Gl- --@l4D\l61\l4 4 4JIi@-
~ 

1/0 port PO 

~ 
~ 

Input port P5 1/0 port P4 Input port P3 VAEF ~ Reference 1/0 port P2 
voltage Input 

1/0 port P1 

Note1: 16384 bytes for M37471 ES-XXXFP 
2 : 384 bytes for M37471 ES-XXXFP 

'V 
::III o 
S 
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1'1"1 
::III 
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o 
z 
o -S 
w 
~ .... ... 
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>< >< 
>< 
(It 
'V 
'-.,.. 
'V 

S 
W .... ... .... ... 
S 
011 

>< >< >< 
(It 
'V 
'-.,.. 
'V 

3: 
w --.. .. --.. ... 
1'1 
00 
I 

>< 
>< 
><3: s 
(l)W -
"V --.. (;1 
........... c: 
." --.. ! 
"V'" (It 

'" 1'1 = 3: .. s 
WI ---.. >< ~ .. >< 0 --.. >< g 
"'(1) S 
1'1 "V 'V 
oo ......... ~ 
(I)'" 1'1"1 
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MITSUBISHI MICROCOMPUTERS 

M37471 E4-XXXSP/FP 
M374 71 E8-XXXSP/FP, M37 4 71 E8SS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

FUNCTIONS OF M37471 E4-XXXSP/FP, M37471 E8-XXXSP/FP, M37471 E8SS 
Parameter Functions 

Number of basic instructions 69 

Instruction execution time 1,us (minimum instructions, at 4MHz frequency) 

Clock frequency 4MHz (main clock Input), 32kHz (for clock funcllon), 

PROM 8192 bytes (Note 1) 
M37471 E4-XXXSP/FP 

RAM 192 bytes 
Memory size 

M37471 E8-XXXSP/FP PROM 16384 bytes (Note 1) 

M37471E8SS RAM 384 bytes 

PO, PI, P2 I/O 8-bltX3 

Input/Output port P3, P5 Input 4-bitX2 

P4 I/O 4-bltXl 

Serial I/O 8-bitXl 

Timers 8-blt timerX4 

A-O converter 8-bitX 1 (8channel) 

M37471 E4-XXXSP/FP 96 levels (max) 
Subroutine nesting 

M37471 E8-XXXSP/FP, M37471 E8SS 192 levels (max) 

Interrupt Five external Interrupts, SIX Internal Interrupts, one software Interrupt 

Clock generating circuit 
Two built-in circuits with Internal feedback resistor (cera'!1ic or quartz 

crystal oscillator) 

Supply voltage 27-55V 

At high-speed operation 17 5mW (at f(X,N )=4MHz) 

Power disSipation At low-speed operation o 15mW (at t(XcIN)=32kHz) 

At stop mode o 5/1W (at clock' stop) 

Input/Output Input/Output voltage 5V 

characteristics Output current -5-10mA (ports PO, PI, P2, P4 CMOS tn-state output) 

Operating temperature range -20-85l: 

DeVice structure CMOS Silicon gate 

M37471 E4-XXXSP 

M37471 E8-XXXSP 
42-pm shrink plastic molded DIP 

Package M37471 E4-XXXFP 

M37471 E8-XXXFP , 56-pm plasllc molded QFP 

M37471E8SS 42-pm shnnk ceramic DIP 

Note 1 The PROM programming voltage IS 12_ 5V (equivalent to the M5L27256) 
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MITSUBISHI MICROCOMPUTERS 

M37471E4-XXXSP/FP 
M37471ES-XXXSP/FP,M37471ESSS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

PIN DESCRIPTION 

Pin Mode Name 

Vee. Single-chip Supply voltage 
Vss /EPROM 

--

AVss Single-chip Analog power supply 
/EPROM 

RESET Single-chip RESET Input 

EPROM RESET Input 

X ,N Single-chip Clock Input 
/EPROM 

XOUT Clock output 

POO-P07 Single-chip I/O port PO 

EPROM Data Input/output 00-07 

Pl o-P1 7 Single-chip I/O port Pl 

EPROM Address Input A4 ....... AlO 
--I---

P2o-P27 Single-chip I/O port P2 

--
EPROM Address mput A.-A, 

P30 -P33 Single-chip Input port P3 

EPROM Address Input All, A12 
Select mode 
Vpp Input 

P4o-P43 Single-chip 110 port P4 

EPROM Address mput A13, A14 

P50 -P53 Smgle-chlp I nput port P5 

c----------
EPROM 

V REF Single-chip Reference voltage 
Input 

EPROM Select mode 
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Input! 
Functions 

Output 

Power supply Inputs 27 ....... 5 5V to Vee and OV to Vss 

Ground level input pin for A-O converter Same voltage as Vss IS applied This pin IS 

for 56-pin model only 

Input To reset, keep this input terminal low for more than 2,lls (min) under normal Vee 
conditions 

---,---

Connect to Vss 

Input Connect a ceramic or a quartz crystal OSCillator between X,N and XOUT for clock 
OSCillation If an external clock Input IS used, connect the clock input to the X1N pin 

Output 
and open the Xou r pin Feedback resistor IS connected between the X1N and XOUT 

PinS 

I/O Port PO IS an 8-blt 1/0 port The output structure IS CMOS output When this port IS 
selected for mput, pull-up transistor can be connected m units of 1-blt and a key on 
wake up function IS proVided 

-
I/O Port PO works as an 8-blt data bus (00-0,) 

110 Port P1 IS an 8-blt I/O port The output structure IS CMOS output When this port is 
selected for Input, pull-up transistor can be connected In umts of 4-blt P12, P1 3 are 
m common with timer output pinS To, Tl P1 4, P1 5, P1 6, P1 7 are m common with senal 
I/O PinS SIN, SOUT, ClK, SROY, respectively The output structure of SOUT and SRDY 
can be changed to N-channel open drain output 

--
Input Pl ,-Pl, works as the 7-blt address Input (A.-A1O ) Pl o must be opened 

I/O Port P2 IS an a-bit I/O port The output structure IS CMOS output When thiS port IS 
selected for Input, pull-up transistor can be connected In umts of 4-blt ThiS port IS 
m common with analog Input pins INo ....... IN7. 

Input P2o ....... P23 works as the lower 4-blt address Input (Ao""A3) 
P24 ....... P27 must be opened. 

Input Port P3 IS an 4-blt mput port P3o, P31 are In common with external Interrupt Input 
pins INTo, INT, and P32, P33 are m common with timer Input pms eNTRo, CNTRl 

Input P3o, P3l works as the 2-blt address Input (All, A12 ) 
P32 works as OE Input Connect to P33 to Vpp when programming or veriflng 

I/O Port P4 IS an 4-blt I/O port The output structure IS CMOS output When this port is 
selected for mput, pull-up transistor can be connected In Units of 4-blt 

Input P4o, P41 works as the higher 2-blt address input (A13, A14 ) 
P42, P43 must be opened 

Input Port P5 is an 4-blt mput port and pull-up transistor can be connected In units of 4-
bit P5o, P51 are in common with Input/output pms of clock for clock functIOn XCIN, 
XCOUT. When P50, P51 are used as XCIN, XCOUT, connect a ceramiC or a quartz crystal 
OSCillator between Xc IN and XCOUT If an external clock mput IS used, connect the 
clock input to the XCIN pm and open the XCOUT pin Feedback resistor IS connected 
between XCIN and XCOUT pms 

Open 

Input This IS the reference voltage Input pm for the A-O converter 

Input VREF works as CE Input 

• MlTSUBlSHI 
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MITSUBISHI MICROCOMPUTERS 

M37471E4·XXXSP/FP 
M37471ES·XXXSP/FP,M37471ESSS 

PROM VERSION of M37471M4·XXXSP/FP,M37471M8·XXXSP/FP 

EPROM MODE 
The M37471E4-XXXSP/FP, M37471E8-XXXSP/FP, M37471E8SS 
feature an EPROM mode in addition to its normal modes. 
When the RESET signal level is low ("L"), the chip auto
matically enters the EPROM mode. Table 1 list the corres
pondence between pins and Figure 1, 2 gives the pin con
nection in the EPROM mode. When in the EPROM mode, 
ports PO, P1,-P1 7, P2o-P23, P3, P40, P4" VREF are used 
for the PROM (equivalent to the M5L27256). When in this 
mode, the built-in PROM can be written to or read from us
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the XIN and XOUT pins, or 
external clock should be connected to the XIN pin. 

P2./IN. - " 
P2s/iNs - 12 

P2./IN. - 13 

c&)-- P23/1N3 - 14 

c&)-- P22/1N2 - 15 

@-- P2,/IN, - 16 

@-- P2011No - 17 

@---VREF - 18 

O---X,N ..... 19 

0--XOUT +- 20 

Table 1. Pin function in EPROM mode 

~ 
M37471 E4-XXXSP/FP. 
M37471 E8-XXXSP/FP. 
M37471E8SS 

vee Vee 

V pp P33 

Vss Vss 

Address input 
Ports P1,-P1 7• P2o-P23 

P3o• P3" P40 • P4, 

Data 1/0 Port PO 

CE 

OE 

VREF 

P32 

-----lC§) 
---I@U 
---I@U 
-----'CW 
---IC§i) 
---I~ 
___ lcQ0 
___ I~ 

----<<9 
30 ..... P40 <6!) 
29 +- P33/CNTR,-~ 
28 +- P32/CNTRo-----@ 
27 +- P3,/INT, ---Qg) 
26 +-P30/INTo~ 
25 +- RESET ~ Vss 

24 ..... P51/XcOUT 

~Vss _2 .. 1 _____ _ vcc----"""~ 

o : Same functions as M5L27256 

Fig.l Pin connection In EPROM mode (42-pln model) 

M5L27256 

Vee 

V pp 

Vss 

Ao-A,. 

Do-D7 

CE 

OE 
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MITSUBISHI MICROCOMPUTERS 

M37471 E4-XXXSP/FP 
M37471ES-XXXSP/FP,M37471ESSS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

NC , 
e&::>-Pl,/S'N/A, ..... , 
c:&::> - PI 3/T,/A."'" 3 

Gfi:) - Pl,/To/As"'" 4 

C1V - Pl,/A,"'" 5 

P1 o ""'" 6 

P2,/IN,"'" , 
P2./IN."'" 8 

P2s/1Ns "'" , 
P24/1N4 """ 10 

Gfi:) -P23/IN3/A3"'" 11 

® -P2,/IN,/A,"'" 12 

cbS -P2,/IN,/A, ..... 13 

®-P2o/INo/Ao ..... '4 
CID - VREF/CE ---+ 15 

NC 

t j t I 

44 NC 
43 ..... P04/D4--- CQV 
42 ..... P03/D3 --- CQi) 
41 ..... PO,/D,--- CQ2::> 
40 ..... PO,/D,--- CQL) 
39 ..... POo/Do--- CQO:) 
38 ..... P43 

37 ++ P42 

36 -P41/A14--- CAW 
35 ..... P401 A13 --- c:&3) 
34 NC 
33 - P33/CNTR,lVpp - C2ee:> 
32 - P3,/CNTRo/OE - CID 
31 - P3,/INT,/A12 - Cfu2) 
30 - P30/lNTo/A l1 - ~ 

NC 

~ : Same functions as M5L27256 

Fig. 2 Pin connection in EPROM mode (56-pin model) 

4-78 J..~I 



MITSUBISHI MICROCOMPUTERS 

M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP,M37471E8SS 

PROM VERSION of M37471M4.XXXSP/FP,M37471M8.XXXSP/FP 

PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level. 

Input the address of the data (Ao~A14) to be read and the 

data will be output to the I/O pins Do ~ D7. The data I/O 

pins will be floating when either the CE or OE pin IS in the 
"H" state. 

Writing 
To write to the PROM, set the OE pin to a "H" level. The 

CPU will enter the program mode when Vpp is applied \0 

the Vpp pin. The address to be written to is selected with 

pins Ao~ A'4, and the data to be written is input to pins Do 
~D7' Set the CE pin to a "L" level to begin writing. 

Notes on Writing 
• M37471 E4-XXXSP/FP 

When using a PROM writer, the address range should be 

between 6000'6 and 7FFF'6' Read/write operations on 
addresses 0000'6 to 5FFF'6 cannot be performed correctly . 
• M37471 E8-XXXSP/FP, M37471 E8SS 

When using a PROM writer, the address range should be 

between 4000'6 and 7FFF'6. When data is written between 

addresses 0000'6 and 7FFF,6, fill addresses 0000'6 to 

3FFF'6 with FF'6' 

Erasing 
Data can only erased on the M37471 E8SS ceramic pack

age, which includes a window. 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 15W' s/cm2 . 

Table 2. I/O signal in each mode 

~'n 
~ ~ 

Mode CE OE 

Read-out V,L V,L 

Output disable V,L V,H 

Programming V,L V,H 

Programming ven1y V'H V'L 
Program disable V,H V'H 

Note 1 V'L and V ,H indicate a "L" and "H" input voltage, respectively 

NOTES ON HANDLING 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 

when this chip is in use. However, this seal must not 

contact the lead pins. 
(2) Before erasing, the glass should be cleaned and stains 

such as finger prints should be removed thoroughly. If 

these stains are not removed, complete erasure of the 

data could be prevented. 
(3) Since a high voltage (12.5V) is used to write data, care 

should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 

blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro

cess and following processes. To improve reliability af

ter write, performing write and test according to the 

flow below before use is recommended. 

Writing with PROM writer 

Screening (Note)( Leave at 150'C for 40 hours) 

Verify test with PROM writer 

Note : Since the screening temperature is higher than 

storage temperature, never expose to 150'C ex

ceeding 100 hours. 

Vpp Vee Data 1/0 

Vee Vee Output 

Vee Vee Floatmg 

Vpp Vee Input 

Vpp Vee Output 
-. 

Vpp Vee Floatmg 

• . MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP,M37471E8SS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

ABSOLUTE MAXIMUM RATINGS 
Symbol 

Vcc 

V, 

V, 

Va 

Pd 

Topr 

Tstg 

Nole 1 
2 

Parameter 

Supply voltage 

Input voltage X,N 

Input voltage POo-PO,. Pto-Pl,. P2o-P2,. 

P3,,-p30. P4o-P43• P50-P5,. 

VREF. RESET 

Output voltage POo-PO,. P1o-Pl,. P2o-P2,. 

P4o- P43. XOUT 
Power disSipation 

Operating temperature 

Storage temperature 

In EPROM programming mode. P33 IS 13V 
500mW for QFP type 

Conditions 

With respect to Vss 

Output transistors are 

at "OFF" state 

Ta - 2S'C 

RECOMMENDED OPERATING CONDITIONS 
(Vec=2. 7-5. 5V. Vss=AVss=OV. Ta=-20-85'C unless otherwise noled) 

Limits 
Symbol Parameter Unit 

Min Typ' Max 

Vee Supply vollage 2.7 5 5.5 V 

Vss Supply vollage 0 V 

AVss Analog supply voltage 0 V 

V ,H 
"H" Input voltage POo-PO,. Pl o-Pl,. P3,,-P33• 

0. 8Vee Vee V 
RESET. X,N 

V ,H "H" Input voltage P2o-P2,. P4o-P4" P50-P53 (Note 1) 0. 7Vee Vee V 

V ,L "L" Input voltage POo-PO,. P1o-Pl" P3,,-P3, 0 0. 2Vee V 

V ,L "L"lnput voltage P2o-P2,. P40-P43, P50-P53 (Note 1) 0 0. 25Vcc V 

V'L "L" Input voltage RESET 0 0. 12Vcc V 

V,L "L" Input vollage X,N 0 0. 16Vcc V 

IOH(surn) "H" sum output current POo-PO" P4o-P43 -30 rnA 

IOH(SUm) "H" sum output current P1o ..... P17. P2o ........ P27 -30 rnA 

IOL(surn) "l" sum output current POo-PO" P4o-P43 60 rnA 

IOL(surn) "l" sum output current P1o-Pl" P2o-P2, 60 rnA 

IOL(peak) 
ilL" peak output current POo ..... P07 , P1 0"""" Ph, 

20 rnA 
P2o-P2" P40-P43 

IOC<8Vg) 
"l" average output current POo-PO" Pl o-Pl,: 

10 rnA 
P2o-P2" P4o-P43 (Note 4) 

IOH(peak) 
"H" peak output current POo-PO" Pl o-Pl" 

-10 rnA 
P2o-P2" P40-P43 

IOH(8vg) 
"H" average output current POO ..... P07, P1 o ........ P1 7, 

-5 rnA 
P2o-P2" P4o-P43 (Note 4) 

f(CNTR) Timer Input frequency CNTRo (P32), CNTR, (P33) (Note 2) 1 MHz 

f(eLK) Serial 1/0 clock Input frequency ClK (PI,) (Note 2) 1 MHz 

f(X,,,,) Clock oscillating frequency (Note 2) 4 MHz 

f(XeIN ) Clock oscillating frequency for clock function (Note 2. 3) 32 50 kHz 

Nole It IS except to use P50 as XC'N 
Oscillation frequency IS al 50% duty cycle 
When used In the low-speed mode, the clock oscillating frequency for clock function should be 
f(XCIN)< t(X,N )/3 
The average output current 10H(avg) and IOLlavg) are the average value dUring a lOOms 
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Ratings Unrt 

-0.3-7 V 

-0. 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 

(Note 1) V 

-0. 3-Vde+0. 3 V 

1000 (Note 2) rnW 

-20-85 "c 
-40 150 "c 
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M37471E4-XXXSP/FP 
M37 4 71 E8-XXXSPI FP, M37 4 71 E8SS 

PROM VERSION of M37471M4·XXXSP/FP,M37471M8·XXXSP/FP 

ELECTRICAL CHARACTERISTICS (Vcc=2. 7-5. 5V, Vss= 0 V, T a=-20-85"C, unless otherwise noted) 

Symbol 

V OH 

VOL 

Vr+-Vr-

VT+-Vr -

VT+-Vr -

III 

I'L 

III 

III 

I'H 

I'H 

I'H 

I'H 

Icc 

VRAM 

Parameter Test Conditions 

"H" output voltage POO""""P07, P1 o ....... Ph, P2o ........ P23, P4o~P43 
Vcc=5V,loH=-5mA 
~c 

Vcc~3V.loH~-1.5mA 

Vcc~5V. IOL~10mA 
"L" output voltage POo-PO,. P1o-P1,. P2o-P23• P4o-P43 

Vcc~3V. 10L ~3mA 

Vcc~5V 
Hysteresis POo-PO,. P30-P33 

Vcc~3V 

HysteresIs RESET 
Vcc~5V 

Vcc~3V 

HysteresIs P1,/eLK use as elK mput 

V,~OV. 

"L" mput current POO ......... P07, P1 o--P1 7, P30 ....... P32, P4o-P43. not use pull-up transistor 

P50-P53 V,~OV. 

use pull-up transistor 

"L" Input current P33 V,~OV 

V,=OV, not use as analog Input, 

not use pull-up transistor 
"l" mput current P2o ........ P27 

v,=OV, not use as analog input, 

use pull-up transistor 

-- V,~OV 
"L" Input current RESET, X1N 

(X1N IS at stop mode) 

"H" mput current POo ....... P07, P1 0""'" Ph, P30 ........ P32, P4o ...... P43, V1=Vcc, 

P50-P53 not use pull-up transistor 

"H" mput current P33 VI=VCC 

VI=VCC, not use as analog Input, 
"H" Input current P2o ...... P27 

not use pull-up transistor 

-- VI=VCC, 
"H" mput current RESET, XIN 

(X,N IS at stop mode) 

At normal operation, 

A-D conversion IS not executed 

XIN=4MHz 

At normal operatIOn, 

A-O conversion IS not executed 

X'N~4MHz 

At low-speed mode, 

XCOUT IS low-power mode, 

A-D conversion IS not executed 
Supply current 

X'N~OHz_ XC'N~32kHz. T a=25'C 

At walt mode, 

I X'N~4MHz 
I At walt mode, X1N=OHz, 

XCIN=32kHz, XCOUT IS 

low-power mode, T a=25°C 

Stop all oscillation 

Vcc=5V 

RAM retention voltage Stop ali oscillation 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

3 

2 
V 

2 

1 
V 

0.5 

0.3 
V 

0.5 
V 

0.3 

Vcc~5V 0.5 
V 

Vcc~3V 0.3 

Vcc=5V -5 

Vcc~3V -3 
jJ.A 

Vcc=5V -0.25 -0.5 -1.0 
mA-

Vcc=3V -0.08 -0.18 -0.35 

Vcc=5V -5 

Vcc=3V -3 
/.LA 

Vcc~5V -5 

Vcc=3V -3 
/.LA 

Vcc~5V -0.25 -0.5 -1.0 
mA 

Vcc~3V -0.08 -0.18 -0.35 
~-

Vcc~5V -5 

Vcc=3V -3 
jJ.A 

Vcc~5V 5 

Vcc~3V 3 
jJ.A 

Vcc~5V 5 

Vcc~3V 3 
/.LA 

Vcc~5V 5 

Vcc~3V 3 
/.LA 

Vcc=5V 5 

Vcc~3V 3 
/.LA 

Vcc=5V 3.5 7 

Vcc~3V 1.8 3.6 
mA 

Vcc~5V 4 8 

Vcc~3V 2 4 

Vcc~5V 30 80 

/.LA 
Vcc~3V 15 40 

Vcc~5V 1 2 
mA 

Vcc~3V 0.5 1 

Vcc=5V 3 12 

Vcc~3V 2 8 jJ.A 
Ta=25'C 0.1 1 

Ta=85'C 1 10 

2 V 
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M37471 E4-XXXSP/FP 
M37 4 71 E8-XXXSPI FP ,M37 4 71 E8SS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 

A-D CONVERTER CHARACTERISTICS (Vcc=2. 7-5. 5V, Vss=OV, T a=-20-85"(;, f(X,N )=4MHz, unless otherwise noted) 

Symbol 

-
-
-

VOT 

VFST 

tCONV 

VVAEF 

RLAOOER 

V'A 

4-82 

Parameter 

Resolution 

Non-Imearityerror 

Differential non-linearity error 

Zero transition error 

Full-scale transition error 

Conversion time 

Reference in put voltage 

Ladder resistance value 

Analog input voltage 

Test Conditions 

VCC=VREF=5. 12V, IOLlsum)=OmA 

VCC=VREF=3.072V, loLlsum)=OmA 

Vcc=VREF=5.12V 

Vcc=VREF=3.072V 

- .. 

• MITSUBISHI 
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Limits 
Unit 

Min Typ. Max 

8 bits 

+2 LSB 

+0.9 LSB 

2 

3 
LSB 

4 

7 
LSB 

25 ,"s 

O. 5Vee Vee V 

2 5 10 k!l 

0 V REF V 
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MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MELPS 740 CPU CORE BASIC FUNCTIONS 
Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func

tional explanation of each microcomputer. 

CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 
The central. processing unit (CPU) has the six registers. 

Accumulator (A) 
The accumulator is an 8-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register V (V) 
Both index register X and index register Yare 8-bit regis
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 
These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 

A 

7 

X 

I y 

S 

15 

PCH PCl 

7 

Fig. 1 MELPS 740 CPU register structure 

"1", the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pointer (S) 
The stack pointer is an 8-bit register used during sub
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 

The lower eight bits of the stack address are determined 
by the contents of the stack pOinter. The upper eight bits of 
the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is "0", then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is "1", then RAM in page 1 is 
used as the stack area. 
The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 

The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2 

Program counter (PC) 
The program counter is a 16-bit counter consisting of two 
8-bit .registers PCH and PC l . It is used to indicate the 
address of the next instruction to be executed. 

Accumulator 

Index Register X 

Index Register Y 

Stack POinter 

Program Counter 

Processor Status Register (PS) 

Carry Flag 
Zero Flag 
Interrupt Disable Flag 
DeCimal Mode Flag 

Break Flag 
Index X Mode Flag 
Overtlow Flag 
Negative Flag 

• MITSUBISHI 
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I 
ddress I Store Return A 

on-Stack (No te 2) 

I 
I 

--l 

Return I Restore 
Addre ss 

I 
I 
I 
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MELPS 740 

SINGLE·CHIP S.BIT CMOS MICROCOMPUTER 

II On-going Routine JI 
I··· . 1 

Interrupt Request _ 
(Note 1) 

I····· ·······1 
I I I Execute JSR 

I 
r-1 M (S) ~ (PCH ) I I· .. -.---. 1 I 

(S) ~ (S-1) I I 

I 
M (S) ~ (PCl ) I I 
(S)~(S-I) I I 
Subroutine I- rl 

Execute RTS 

(S) ~ (S+1) I I 
I (PCl ) ~ M (S) I I I 

(S)~(S+I) I I 
I I 

(PCH ) ~ M (S) I I 
I 
I 

I 
M (S) ~ (PCH ) 

(S)~(S-I) 

M (S) ~ (PCl ) 

(S)~(S-I) 

M(S)~(PS) 

(S)~(S-I) 

Interrupt 
Service Routine 

Execute RTI 

I 
(S)~(S+I) 

(PS) ~ M (S) 

(S) ~ (S+1) 

(PCl ) ~ M (S) 

(S)~(S+I) 

(PCH ) ~ M (s) 

I 
I Store 

I 
on 

I 
I Store 

Proce 

Return Address 
Stack (Note 2) 

Contents of 
ssor Status 
er on Stack 1 Regisl 

~ I Flag "0" to "I" 
Fetch the Jump 

Vector 

I Resto re Contents of 

essor Status 
egister 

Proc 

I R 

I 
1 Resto re Return 

dress 

1 
Ad 

I 

Note1: The condItIon to enable the Interrupt - Interrupt enable bIt IS "1" 
Interrupt dIsable flag IS "0" 

2 : When an Interrupt occurs, the address of the next instructIon to be executed IS stored In 

the stack area When a subroutIne IS called, the address one before the next instructIon 
to be executed IS stored In the stack area 

Fig. 2 Register push and pop at interrupt generation and subroutine call 

Table 1. Push and pop instructions of accumulator or processor status register 

I Push instruction to stack I Pop instruction from stack I 
Accumulator I PHA I PLA 1 
Processor status regIster I PHP I PLP 1 
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Processor status register (PS) 
The processor status register is an 8-bit register consisting 

of flags which indicate the status of the processor after an 

arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 

flag, or the Negative (N) flag. In decimal mode, the Z, V, N 

flags are not valid. 

After reset, the Interrupt disable (I) flag is set to "1", but all 

other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera

tions, they should be initialized in the beginning of a 

program. 

(1) Carry flag (C) 

The C flag contains a carry or borrow generated by the 

arithmetic !ogic unit (ALU) immediately after an arith
metic operation. It can also be changed by a shift or 

rotate instruction. 
(2) Zero flag (Z) 

The Z flag is set if the result of an immediate arithme

tic operation or a data transfer is "0", and cleared if the 

result is anything other than "0". 
(3) Interrupt disable flag (I) 

The I flag disables all interrupts except for the interrupt 

generated by the BRK instruction. 

Interrupts are disabled when the I flag is "1 ". 
When an interrupt occurs, this flag is automatically set 

to "1" to prevent other interrupts from interfering until 

the current interrupt is serviced. 

(4) Decimal mode flag (D) 

The D flag determines whether additions and subtrac

tions are executed in binary or decimal. Binary arith

metic is executed when this flag is "0"; decimal arith

metic IS executed when it is "1 ". Decimal correction is 

automatic in decimal mode. Only the ADC and SBC in

structions can be used for decimal arithmetic. 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP 8·BIT CMOS MICROCOMPUTER 

(5) Break flag (B) 

The B flag is used to indicate that the current interrupt 

was generated by the BRK instruction. The BRK flag in 

the processdr status register is always "0". When the 

BRK instruction is used to generate an interrupt, the 

processor status register is pushed onto the stack with 

the break flag set to "1". The saved processor status is 

the only place where the break flag is ever set. 

(6) Index X mode flag (T) 
When the T flag is "0". arithmetic operations are per

formed between accumulator and memory, e.g. the re

sults of an operation between two memory locations is 

stored in the accumulator. When the T flag is "1", direct 
arithmetic operations and direct data transfers are en

abled between memory locations, i.e. between memory 
and memory, memory and I/O, and I/O and I/O. In this 

case, the result of an arithmetic operation perlormed 

on data in memory location 1 and memory location 2 is 

stored in memory location 1. The address of memory 

location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 

addressing modes. 
(7) Overflow flag (V) 

The V flag is used during the addition or subtraction of 

one byte of signed data. It is set if the result exceeds 

+ 127 to - 128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in

struction is stored in the overflow flag. 

(8) Negative flag (N) 

The N flag is set if the result of an arithmetic operation 

or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 

the BIT instruction is stored in the negative flag 

Table 2. Set and clear instructions of each bit of processor status register 

Set Instruction 

Clear instructIOn 
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ADDRESSING MODE 
The MELPS 740 Family has 17 addressing modes and a 
powerful memory access capability. 
When extracting data required for arithmetic and logic op
erations from memory or when storing the results of such 
operations in memory, a memory address must be speci
fied. The specification of the memory address is called 

addressing. The MELPS 740 Family instructions can be 
classified as 1-byte, 2-byte, and 3-byte instructions. In 
each case, the first byte is known as the OPCODE which 
forms the basis of the instruction. A second or third byte is 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

called an OPERAND which affects the addressing. The 
contents of index registers X and Y can also effect the 
addressing. 
Although there are many addressing modes, there is always 
a particular memory location specified. What differs is 
whether the operancj, the index register contents, or a com
bination of both should be used to specify the memory or 
jump destination. Based on these 3 types of instructions, 

the range of variation is increased and operation is en
hanced by combinations of the bit operation instructions, 
jump instruction, and arithmetic instructions. 

1-byte Instruction 2-byte Instruction 3-byte instruction Index registers 

Op code 

I Operand I 

Fig. 3 Instruction byte configuration 
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Name : Im,mediate addressing mode 
Function : The OPERAND follows im-

mediately after the OPCODE. 
Instructions: ADC, AND, CMP, CPX, CPY, 

EOR, LDA, LDX, LDY, ORA, 

SSC 
Example : Mnemonic 

ADC #$A5 

Machine code 

69'6 A5'6 

Name : Accumulator addressing mode 
Function : The operation is performed on 

the accumulator. 
Instructions : ASL, DEC, INC, LSR, ROL, 

ROR 
Example : Mnemonic 

ROL A 
Machine code 

2A'6 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP B·BIT CMOS MICROCOMPUTER 

Memory -
OPCODE (69,.) 

A-A+C+~ OPERAND (AS,.) 

-

I Bitl 

L[]----t. 
Carry flag Accumulator 
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Name : Zero page addressing mode 
Function : The operation is performed in 

zero page memory (0016 to 
FF16 ) 

Instructions: ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LOA, LDM, LOX, LOY, 
LSR, ORA, ROL, ROR, RRF, 
SBC,STA,STX,STY,TST 

Example : Mnemonic Machine code 
6516 0216 ADC $02 

Name : Zero page X addressing mode 
Function : The operation is performed on 

the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

Instructions: ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LOA, LOY, 
LSR, MUL, ORA, ROL, ROR, 
SBC,STA,STY 

Example : Mnemonic 
ADC $1E,X 

5-8 

Machine code 
7516 1 E16 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Memory 

DO,. 

Zero page 

A-A+C+ I Data I-t-------f 02,. 

A-A+C+I Data 1-

OPCODE (65,.) 

OPERAND (02,.) 

Memory 

DO,. 

Data 04,. 

-------- FF,. 

FF,. 

Zero page 
specification 

Zero page 

Zero page X 
specification 

Contents of 

OPCODE (75,.) 

OPERAND (1E,.) + '"';I'~'~ 
V-~ 

1 
L..J 

t 
Ignored 



Name : Zero page Y addressing mode 
Function : The operation is performed on 

the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

Instructions : LOX, STX 
Example : Mnemonic Machine code 

B618 0216 LOX $02,Y 

Name : Absolute addressing mode 
Function : The operation is performed on 

the memory whose address is 
specified by first and second 
OPERAND. 

Instructions: AOC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LOA, LOX, LOY, 
LSR, ORA, ROL, ROR, SBC, 
STA,STX,STY 

Example : Mnemonic 
AOC $A012 

Machine code 
6018 1216 AD'6 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Memory 

00" 

x -~ +- ..... __ D_a_ta __ ---4 ES,. 
Zero page 

OPCODE (B6,.) 

OPERAND (02,.) 

FF,. 

Contents of 
Index regIster Y 

+~ 

Memory 

~ -
OPCODE (60,.) 

Zero page Y 
specIfication 

}-OPERAND I (12,.) 

OPERAND II (AD,.) 

A-A+C+ I Data I~ Data 

""""" 

Absolute 
specificatIon 

AD12,. 
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Name : Absolute X addressing mode 
Function : The operation is performed on 

the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

Instructions: ADC, AND, ASL, CMP, DEC, 
EOR, INC, LOA, LOY, LSR, 
ORA,ROL,ROR,SBC,STA 

Example : Mnemonic Machine code 

Name 
Function 

ADC $AD12,X 70,6 12'6 AD'6 

: Absolute Y addressing mode 
: The operation is performed on 

the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 

Instructions: ADC, AND, CMP, EOR, LOA, 
LDX,ORA,SBC,STA 

Example : Mnemonic Machine code 
ADC $AD12,Y 79,6 12'6 AD'6 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Memory -,. -
OPCODE (70,.) 

OPERAND I (12,.) 

OPERAND II (AD,.) 

A-A+C+~E-- Data 

-..... 

Memory 

~ 

OPCODE (79,.) 

OPERAND I (12,.) 

OPERAND II (AD,.) 

:--

Data 

-

c- Absolute X 
specification 

AEOO,. +-----' 

Contents of 
Index register Y 

+ 
} + ~ = I----,-~ 

~ 

A'bsolute Y 
specification 

AEOO,. _---~ 



Name : Implied addressing mode 
Function : Implied addressing mode op-

erations need no OPERAND. 
Instructions: BRK, CLC, CLD, CLI, CLT, 

CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
ATI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Example : Mnemonic Machine code 
1816 CLC 

Name : Relative addressing mode 
Function : Conditionally jumps to the 

address produced· by adding 
the Program Counter to the 
OPERAND. 

Instructions : BCC, BCS, BEQ, BMI, BNE, 
BPL,BRA,BVC,eVS 

Example : Mnemonic 
BCC *-12 

Machine code 
9016 ' F216 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP 8·BIT CMOS MICROCOMPUTER 

PS 

PS 

Jumps to * -12 address when 
carry flag(C) is cleared. 

Memory 

OPCODE to be 
executed next 

OPCODE (90,.) 

OPERAND (F2,.) 

c 

? 

1 
o 

Carry flag reset 

Proceed to next address when 
carry flag(C) is set. 

Memory 

~_O_P_CO __ DE_(~~_,~.) __ ~ * 
OPERAND (F216 ) 

OPCOD~i~c~~ed next * +2 
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Name 
Function 

: Indirect X addressing mode 
: The operation is performed on 

the memory location indicated 

by the contents of two con
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER

AND and the contents of index 
register X. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA,SBC,STA 

Example 

Name 
Function 

: Mnemonic Machine code 

ADC ($1E,X) 61'6 1E'6 

: Indirect Y addressing mode 
: The operation is performed on 

the memory location indicated 
by adding the contents of index 
register Y to the contents of 

two consecutive bytes in zero 
page memory whose first 
address is specified by the 
OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA,SBC,STA 

Example : Mnemonic Machine code 

ADC ($1E),Y 71'6 1E'6 

5-12 

Zero page 
indirect 

specificatIOn 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Memory 

{ Datal (00,.) 

Datall (14,.) 

-------

OPCODE (61,.) 

OPERAND (IE,.) 

~ Data 

00,. 

04,. 

05,. 

·FF,. 

Zero page 

Zero page X 
indirect 
specification 

Contents of 
index register X 

+~~1 
t 

Ignored 

1400,. 

In this example, data I (00,6 ) and data II (14 ,6 ) have been 
stored beforehand. 

Memory 

~ Datal (01,.) 

Datall (12,.) 

1---------

OPCODE (71,.) 

- OPERAND (1 E,.) 

~ 

00,. 

1 

1 

E,. 
F,. 

FF,. 

~ 

~ 

'-----' + ~ ~ '-----,------' 
Contents of 
Index register Y 

Absolute Y speclficallon 

Data ..e-- Data 12E7,. 

-
In this example, data I (01 ,6 ) and Data II (12 ,6 ) have been 

stored beforehand 



Name 

Function 

: Indirect absolute addressing 

mode 
: Jumps to the location specified 

by the contents of two consecu
tive bytes whose first address IS 

specified by the first and 

second OPERAND. 

Instructions : JMP 
Example : Mnemonic Machine code 

6C'6 00'6 14'6 

Name 

Function 

JMP ($1400) 

: Zero page indirect absolute 
addressing mode 

: Jumps to the location specified 
by the contents of two con
secutive bytes in zero page 
memory whose first address is 
specified by the OPERAND. 

Instructions : JMP, JSR 

Example : Mnemonic 
JMP ($05) 

Machine code 

82'6 05'6 

MITSUBISHI MICROCOMPUTERS 
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Memory -
OPCODE (6C,.) 

OPERAND I (00,.) 

OPERAND il (14,.) 
Jump 

Indirect *-----
specification [ 

Datal (FF,.) 

Datail (1E,.) 

Address to be 
executed next 

... --In this example, FF'6 as data I and 1 E'6 as data IT have been 
stored beforehand. 

Zero page 
Indirect 
speCificatIOn 

-

~ 

Memory 

Datal (FF,.) 

Datail (1E,.) 

--------

OPCODE (B2,.) 

OPERAND (05,.) 

Address to be 
executed next 

... -

00,. 

05,. } 

06,. 

FF,. 

;::. 

* }"m' 
1EFF,. 

Zero page 

Absolute 
specification 

In this example, FF'6 as data I and 1 E'6 as data IT have been 
stored beforehand. 
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Name 

Function 

: Zero page bit addressing 

mode 
: The operation is performed on 

the bit (specified by the three 
high order bits of the OPCODE), 
on the zero page memory loca

tion specified by the OPERAND. 

Instructions : CLB, SEB 
Example : Mnemonic Machine code 

BF'6 04 '6 

Name 

Function 

CLB 5,$04 

: Zero page bit relative address

ing mode 
: Conditionally jumps to the 

address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 
higher order bits of the 
OPCODE) in the zero page 
memory location specified by 

the first OPERAND. 

Instructions : BBC, BBS 

Example 

5-14 

: Mnemonic 

BBC 5,$04, * -12 
Machine code 

87,.04,. F1,. 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Zero page 
specification 

,--3' 

"----

Memory 

Bit5 

I? 1 

f---------

Bit 
specification , 

OPCODE 
---~--

101 I 11 1 1 1 

OPERAND (04,.) 

--- -
I 

00,. } 

04,. 

FF,. 

Zero page 

04,. 

Jump to * - 12 address when 
04 '6 address bit 5 is cleared. 

Advance to * +3 address when 
04 '6 address bit 5 is set. 

Memory Memory 

DO" 

Bit5 Blt5 - 101 0416 Zero page 

00,. ) 

,... 11 I 04" 

c: ---------0 

iii 
(,) 

.;;: 
'0 

" Address to be c. 
'" executed next 

" Ol 

" C. 
0 
Q; 
N Bit 

specification 

+ 
OPCODE 

---~--

101 I 10111 

""- OPERAND 1(04,.) 

OPERAND ll(F1,.) 

I."" "'--

• MrrSUBISHI 

"ELECTRIC-

FF,. 

* 

Zero page 
specification 

'----

FF,. --------
';:;Blt 
specification , 

OPCODE 

1 01 1 1 01 1 1 * 
OPERAND I (04,.) 

OPERAND ll(F1,.) 

Address to be 
executed next .... ~ 



Name : Accumulator bit addressing 
mode 

Function : The operation is performed on 
the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 

Instructions : CLB, SEB 
Example : Mnemonic 

CLB 5,A 
Machine code 
BB16 

Name : Accumulator bit relative. ad
dressing mode 

Function : Conditionally jumps to the 
a~dress produced by adding 
the OPERAND to the program 
counter. depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 

Instructions: BBC, BBS 
Example : Mnemonic 

BBC 5,A,*-12 
Machine code 
B316 F216 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP 8·BIT CMOS MICROCOMPUTER 

Bit5 

Accumulator ... _ ..... 1 ?_ . ... 1 __ .... 

Memory 

Bit 
specification , 
101111011 

OPCODE 

I 
Bit5 

Accumulator I I 0 I 

When accumulator bit 5 is 
cleared 

Bit5 

Accumulator .. 1_ .... I.;.o.loI ____ J~ 

Jump to *-12 address 

Memory 

~ ----
Address to be 

executed next *-12 

Bit 
specification 

• OPCODE 

101 1 1 DO 11 

OPERAND (F2,.) 

~ ~ 

When accumulator bit 5 is set 

Blt5 

Accumulator .. 1_ .... 1..;1 .. 1 ___ ....." 
Jump to * +2 address 

Memory 

~ 

Bit 
speciflcallon 

• OPCODE , 

1 01 1 10011 * 
OPERAND (F2,.l 

Address to be 
executed nest 

,.... ""-
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Name : Special page addressing mode 
Function : Jumps to the specified address 

in the special page area. The 
lower eight bits are specified 
by the OPERAND and the up
per eight bits are defined by 
the special page (see Note 1). 

Instructions : JSR 
Example : Mnemonic Machine code 

JSR "'-$FFEO 2216 E016 

Notel: Note that the special page IS defined as-the hIghest address

able 256 bytes of any gIven microcomputer and may be 

"FF,.", ''IF,.'', "2F,.", etc. 

5-16 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S.BIT CMOS MICROCOMPUTER 

Memory 

~ 

OPCODE (22,.) 

OPERAND (EO,.) 

* 
Special page 

specification 

(Note 1 ) 

--------- FFOO,. 

(Note 1 ) 
Special 

Address to be FFE018 
page 

executed next 

(Note 1 ) 
FFFF,. 



LIST OF INSTRUCTION CODES 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

0 3-00 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Note Support of these Instructions depends on the microcomputer type 

Instruction Supported In the follOWing microcomputer types 

FST 
M50740A-XXXSP, M50740ASP, 

SLW 
M50741-XXXSP, M50752-XXXSP, 

M50757 -XXXSP, M50758-XXXSP 

MUL 
Senes 7450, Senes 38000, 

OIV 
M37424M8-XXXSP, 

M37524M4-XXXSP 

Instrucllon 

WIT 

STP 

Not supported In the follOWing microcomputer types 

M50740A-XXXSP, M50740ASP, 

M50741-XXXSP, M50752-XXXSP, 

M50757-XXXSP, M50758-XXXSP 

M50752-XXXSP, M50757-XXXSP, 

M50758-XXXSP, M37424M8-XXXSP, 

M37524M4-XXXSP 

a 3-byte instruction 

D 2-by1e instruction 

D 1-byte instruction 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP I·BIT CMOS MICROCOMPUTER 

MACHINE INSTRUCTIONS 

Addressing mode 

Symbol Function Details IMP IMM A BIT,A ZP BIT,ZP 

OP n ** OP n ** 
OP n 

** 
OP n ** OP n ** OP n ** ADC When T-O Adds the carry, accumulator and memory con- 69 2 2 65 3 2 

(Nate 1) A-A+M+C tents The results are entered Into the accumu-

(Nate6) lator. 

When T=1 Adds the contents of the memory on the 
M(X)-M(X)+M+C address Indicated by Index register X, the con-

tents of the memory specified by the addres-

sing mode and the carry The results are en-

tered Int~ the memory at the address indicated 

by Index register X 

AND When T-O "AND's" the accumulator and memory contents. 29 2 2 25 3 2 
(Nate 1) A-AAM The results are entered into the accumulator 

"AND's" the contents cI the memory c:I the address 
When T=1 Indicated by Index regISter X and the C01Ients c:I the 
M(X)-M(X)AM memory specified by the addressing mode. The re-

sults are entered into the memory at the ad~ress in-
dICated by Index register X 

ASL 7 0 Shifts the contents of accumulator or contents of OA 2 1 06 5 2 
C-r::::::=::J-O memory one bit to the left The low order bit of 

the accumulator or memory IS cleared and the 

high order bit is shifted Into the carry fiag 

BBC Ab ar Mb-O? Branches when the contents of the bit specified 1.f 4 2 
17 

(Note 4) In the accumulator or memory is "0" 2i t, 5 3 

BBS Ab ar Mb-1? Branches when the contents of the bit specified or 4 2 % 3 (Note 4) In the accumulator or memory IS "1" 21 
5 

BCC C=O? Branches when the contents of carry flag IS "a" 
(Nate 4) 

BCS C=I? Branches when the contents of carry flag IS '·1" 

(Nate4) 

BEQ Z-I? Branches when the contents of zero flag IS 111" 

(Nate4) 

BIT AAM "AND's" the contents of accumulator and mem- 24 3 2 
ory The results are not entered anywhere 

BMI N=I? Branches when the contents of negative flag IS 
(Nate 4) "1" 

BNE Z=O? Branches when the contents of zero flag IS "0" 

(Note 4) 

BPL N"=O? Branches when the contents of negative flag IS 

(Nate 4) "0" 

BRA PC-PC±affset Jumps to address specified by adding offset to 

the program counter 

BRK B-1 Executes a software Interrupt 00 7 1 
M(S)-PCH 
S-S-1 
M(S)-PCL 
S-S-1 
M(S)-PS 
S-S-1 

PCL-ADL 
PCH-ADH 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROC0M.PUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= N V T B 0 I Z C 

75 4 2 60 4 3 70 5 3 79 5 3 61 6 2 71 6 2 N V · · · · Z C 

35 4 2 204 3 3D 5 3 39 5 3 21 6 2 31 6 2 N · · · · · Z · 

16 6 2 OE 6 3 1E 7 3 N · · · · · Z C 

· · · · · · · · 
· · · · · · · · 

90 2 2 · · · · · · · · 
BO 2 2 · · · · · · · · 
FO 2 2 · · · · · · · · 

2C 4 3 M7 Me • · · · Z · 
30 2 2 · · · · · · · · 
DO 2 2 · · · · · · · · 
10 2 ? · · · · · · · · 
80 4 2 · · · · .' · · · 

· · · 1 · 1 · · 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Addressing mode 

Symbol Function Details IMP IMM A BIT,A ZP BIT,ZP 

OP n # OP n # OP n # OP n # OP n # OP n # 
BVC V-O? Branches when the contents of overflow flag IS 

(Note4) "0 " 

BV5 V-1? Branches when the contents of overflow flag IS 

(Note4) "1" 

CLB Ab or Mb-O Clears the contents of the bit specIfied In the 1jl 2 1 1F 5 2 
accumulator or memory to "0 " 2; ~, 

CLC C-O Clears the contents of the carry flag to "0 " 18 2 1 
CLO 0-0 Clears the contents of decimal, mode flag to 082 1 

"0 " 

CLI 1-0 Clears the contents of Interrupt disable flag to 58 2 1 
"0" 

CLT T-O Clears the contents of mdex X mode flag to "0 .. 12 2 1 

CLV V-O Clears the contents overflow flag to "0 .. B8 2 1 

CMP When T-O Compares the contents of accumulator and C92 2 C5 3 2 
(Note 3) A-M memory 

When T=l Compares the contents of the memory specl-

M(X)-M fled by the addressing mode with the contents 
of the address Indicated by Index register X 

COM M-M Forms a one's complement of the contents of 44 5 2 
memory, and stores It mto memory 

CPX X M Compares the contents of Index register X and EO 2 2 E4 3 2 
memory 

CPY X M Compares the contents of Index register Y and CO 2 2 C4 3 2 
memory 

DEC A-A-1 or Decrements the contents of the accumulator or 1A 2 1 C65 2 
M-M-1 memory by1 

DEX X-X-1 Decrements the contents of Index register X by CA 2 1 
1 

DEY Y-Y-1 Decrements the contents of Index register Y by 88 2 1 
1 

DIV A-(M(zz+X+ 1), D,v,des the 16-bIt data that IS the contents of r--

(Note5) M(zz+X))/A M(zz+x+1) for high byte and the contents of 

M (5) - 1'8 comple- M (zz + x) for low byte by the accumulator 
ment of Remainder Stores the quotient In the accumulator and the 

5-5-1 l's complement of the remainder on the stack 

EOR When T-O "Exclusive-ORs" the contents of accumulator 49 2 2 45 3 2 
(Note 1) A-AYM and memory The results are stored 10 the 

accumulator 

When T=l "Excluslve-ORs" the contents of the memory 

M (X) -M (X)¥M speCified by the addressing mode and the con-

tents of the memory at the address indicated by 
Index register X The results are stored IOta the 

memory at the address mdlcated by Index reg-

Ister X 

F5T Connects OSCillator output to the XOUTF pin E2 2 1 
(Note5) -
INC A-A+10r Increments the contents of accumulator or 3A 2 1 E6 5 2 

M-M+1 memory by1 

INX X-X+1 Increments the contents of Index register X by E8 2 1 
1 

INY Y-Y+l Increments the contents of Index register Y by C82 1 
1 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP.X ZP.Y ABS ABS.X ABS.Y INO ZP.INO INO.X INO.Y REL SP 7 6 5 4 3 2 1 0 

OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # N V T B 0 I Z C 

50 2 2 · · · · · · · · 
70 2 2 · · · · · · · · 

· · · · · · · · 
· · · · · · · 0 

· · · · 0 · · · 
· · · · · 0 · · 
· · 0 · · · · · 
· 0 · · · · · · 

05 4 2 CD 4 3 DO 5 3 095 3 C1 6 2 01 6 2 N · · · · · Z C 

I 

N · · · · · Z · 
EC 4 3 N · · · · · Z C 

CC 4 3 N · · · · · Z C 

06 6 2 CE 6 3 DE 7 3 N · · · · · Z · 
N ° 0 · · 0 Z ° 
N · · · · · Z · 

E216 2 · · · · · · · · 

55 4 2 40 4 3 50 5 3 59 5 3 41 6 2 51 6 2 N · · · · · Z · 
I 

I 

I 

, 

I 

I 
· · · · · · · · : I 

F6 6 2 
I 

EE 6 3 FE 7 3 I 1 
N · · · · Z ° 

r 

I N! ·r · ·1 Z · 
: 

I Nl°l"r • I ·tz-r--:-
i . i 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

Addressing mode 

Symbol Function Details IMP IMM A BIT,A ZP BIT,ZP 
t-- -
OP n :1* OP n :1* OP n :1* OP n :1* OP n :1* OP n :1* 

JMP If addressing mode is ABS Jumps to the specIfied address 

PCL-ADL 
PCH-ADH 
If addressing mode is INO 

PCL -M (ADH, ADL) 

PCH-M(ADH, ADL+l) 
If addressing mode is ZP, INO 

PCL -M (00, ADL) 

PCH-M(OO, ADL+ll 

JSR M(S)-PCH After storing contents of program counter In 

S-S-1 stack, and Jumps to the specified address 

M(S)-PCL 
S-S-1 

After executing the above, 

if addressing mode is ABS, 

PCL-ADL 
I 

PCH-ADH 
If addressing mode is SP, 

PCL-ADL 
PCH-FF 

If addressing mode is ZP, INO, 
PCL -M (00, ADL) 

PCH-M(OO, ADL+ll 

LDA When T=O Load accumulator with contents of memory A9 2 2 A5 3 2 
(Note2) A-M 

When T=1 Load memory indicated by index register X with 

M(X)-M contents of memory specified by the addres-

smg mode 

LDM M-nn Load memory with Immediate value 3C 4 3 

LDX X-M Load Index register X with contents of memory A2 2 2 A6 3 2 

LDY Y-M Load mdex register Y with contents of memory AO 2 2 A4 3 2 

LSR 7 0 Shift the contents of accumulator or memory to 4A 2 1 46 5 2 
0-c=J- C the right by one bit 

The low order bit of accumulator or memory IS 

stored In carry, 7th bit IS cleared 

MUL M(S)'A-AXM(zz+X) Multiplies the accumulator with the contents of 

(Note 5) S-S-l memory specified by the zero page X addres-

sing mode and stores the high byte of the result 

on the stack and the low byte In the accumu-

lator 

NOP PC-PC+l No operation EA 2 1 

ORA When T=O "Logical OR's" the contents of memory and 09 2 2 05 3 2 
(Note 1) A-AVM accumulator The result IS stored In the accu-

mulator 

When T=l "Logical OR's" the contents of memory Indl-

M(X)-M(X)VM cated by Index register X and contents of mem-

ory specified by the addressmg mode The re-

sult IS stored In the memory specIfied by Index i 
register X 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y IND ZP,IND IND,X IND,Y REL SP 7 6 5 4 3 2 1 0 

OP n ;I: OP n ;I: OP n ;I: OP n :Ii OP n ;I: OP n :Ii OP n ;I: OP n :Ii OP n :Ii OP n ;I: OP n :Ii N V T B D I Z C 

4C 3 3 6C 5 3 B2 4 2 · · · · · · · · 

20 6 3 02 7 2 22 5 2 · · · · · · · · 

I 

B5 4 2 AD 4 3 BD 5 3 B9 5 3 A1 6 2 B1 6 2 N · · · · · Z · 

· · · · · · · · 
B6 4 2 AE 4 3 BE 5 3 N · · · · · Z · 

B4 4 2 AC 4 3 Be 5 3 N · · · · · Z · 
56 6 2 4E 6 3 5E 7 3 0 · · · · · Z C 

62 15 2 · · · · · · · · 

· · · · · · · · 
15 4 2 OD 4 3 1D 5 3 19 5 3 01 6 2 11 6 2 N · · · · · Z · 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Addressing mode 

Symbol FUnction Details IMP IMM A BIT,A ZP BIT,ZP 

OP n :II OP n :II OP n :II OP n :II OP n :II OP n :II 
PHA M(S)-A Saves the contents D! the accumulator In memory 48 3 1 

S-S-l at the address indicated by the stack pOinter and 

decrements the contents of stack pOInter by 1 ----
PHP M(S)-PS Saves the contents of the processor status reg- 08 3 1 

S-S-l Ister In memory at the address Indicated by the 
I stack pOlOter and decrements the contents of 

the stack pOinter by , 

PLA S-S+l Increments the contents of the stack pomter by 1 68 4 1 
A-M(S) and restores the accumulator from the memory at 

the address Indicated by the stack pomter 

PLP S-S+l Increments the contents of stack panter by 1 and 28 4 , 
PS-M(S) restCX'es the processCX' status register from the rnem-

ay at the address Indicated by the stack pOInter 

ROL 7 0 Shifts the contents of the memory or accumula- 2A 2 , 26 5 2 

CCJ- 19:J tor to the left by one bit The high order bit IS 
I shifted Into the carry flag and the carry flag IS 

shifted Into the low order bit 

ROR 7 0 Shifts the contents of the memory or accumula- 6A 2 1 66 5 2 
c::19~CJ:::J tor to the right by one bit The low order bit IS 

shifted Into the carry flag and the carry flag IS 

shifted Into the high order bit 

RRF 7 0 Rotates the contents of memory to the right by 4 82 8 2 

~ bits 

RTI S-S+l Returns from an Interrupt routine to the main 40 6 1 
PS-M(S) routine 

S-S+l 
PCL-M(S) 

S-S+l 
PCH-M(S) 

RTS S-S+l Returns from a subroutine to the main routme 60 6 1 
PCL-M(S) 

S-S+l 
PCH-M(S) 

SBC When T-O Subtracts the contents of memory and comple- E9 2 2 E5 3 2 
(Note 1) A-A-M-C ment of carry flag from the contents of accumula-

(Note 6) tor The results are stored mto the accumulator 

When T=l Subtracts contents of complement of carry flag 

M(X)-M(X)-M-C and contents of the memory indicated by the 

addressing mode from the memory at the 

address indicated by Inpex register X The re-

sults are stored IOta the memory of the address 

Ind1cated by Index register X 

SEB Ab or Mb-1 Sets the speCified bit In the accumulator or 0-/3 2 1 Of 5 2 
memory to "1 " 21 21 

SEC C-1 Sets the contents of the carry flag to "1 " 38 2 1 

SED 0-1 Sets the contents of the deCimal mode flag to F8 2 1 .. , .. 
--

SEI 1-1 Sets the contents of the Interrupt disable flag to 78 2 1 .. , " 
SET T-1 Sets the contents of the Index X mode flag to 32 2 , .. , " 

--
SLW Disconnects the OSCillator output from the XOUTF C2 2 , 

(Note 5) pin 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP a·BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If OP n :If N V T B 0 I Z C 

· · · · · · · · 

· · · · · · · · 

N · · · · · Z · 
(Value saved In stack) 

36 6 2 2E 6 3 3E 7 3 N · · · · · Z C 

76 6 2 6E 6 3 7E 7 3 N · · · · · Z C 

· · · · · · · · 
(Value saved In stack) 

· · · · · · · · 

F5 4 2 ED 4 3 FO 5 3 F9 5 3 El 6 2 Fl 6 2 N V · · · · Z C 

· · · · · · · · 
· · · · · · · 1 

· · · · 1 · · 
· · · · · 1 · · 
· • 11 · · · · · 

I 
I · · · · · I . · 
i 
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Symbol 

STA 

STP 
(Note 5) 

STX 

STY 

TAX 

TAY 

TST 

TSX 

TXA 

TXS 

TYA 

WIT 
(Note 5) 

Note 1 
2 
3 
4 
5 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Function Details IMP 

OP n 

M-A Stores the contents of accumulator In memory 

Stops the oscillator 

M-X Stores the contents of mdex register X In 
memory 

M-Y Stores the contents of mdex register Y In 

memo~ 

X-A Transfers the contents of the accumulator to tn-

dex register X 

V-A Transfers the contents of the accumulator to m-

dex register Y 

M=O? Tests whether the contents of memory are "0" 

or not 

X-S Transfers the contents of the stack pomter to m-

dex register X 

A-X Transfers the contents of mdex register X to the 

accumulator 

S-X Transfers the contents of Index register X to the 

stack pOinter 
-

A-Y Transfers the contents of Index register Y to the 

accumulator 

Stops the mternal clock 

The number of cycles IOn" IS Increased by 3 when T IS 1 
The number of cycles un" IS Increased by 2 when T IS 1 
The number of cycles "n" IS Increased by 1 when T is 1 
The number of cycles "n" IS Increased by 2 when branching has occurred 
Support of these instructions depends on the microcomputer type 

Instruction Supported In the following microcomputer types 

FST 
M50740A-XXXSP. M50740ASP, 
M50741-XXXSP. M50752-XXXSP, 

SLW M50757-XXXSP. M50758-XXXSP 

MUL 
Series 7450, Series 38000, 
M37424M8-XXXSP, 

DIY M37524M4-XXXSP 

Instruction Not supported In the following microcomputer types 

M50740A-XXXSP. M50740ASP, 
WIT M50741-XXXSP. M50752-XXXSP, 

M50757-XXXSP, M50758-XXXSP 

M50752-XXXSP. M50757 -XXXSP, 
STP M50758-XXXSP, M37424M8-XXXSP. 

M37524M4-XXXSP 

N. V, and Z flags are Invalid In deCimal operation mode 

42 

AA 

AB 

BA 

BA 

9A 

98 

C2 

• MITSUBISHI 
"'ELECTRIC 

2 

2 

2 

2 

2 

2 

2 

2 

Addressing mode 

IMM A BIT.A ZP BIT.ZP 

*" OP n *" OP n *" OP n *" OP n *" OP n *" 
85 4 2 

1 

86 4 2 

84 4 2 

1 

1 

64 3 2 

1 

1 

1 

1 

1 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

Addressing mo<je Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y IND ZP,IND IND,X IND,Y REL SP 7 6 5 4 3 2 1 0 -,-I-- ~ ~ 
... 

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 :II OP n :II OP n :II N V T B 0 I Z C 

95 5 2 80 5 3 90 6 3 99 6 3 81 7 2 91 7 2 · · · · · · · · 
· · · · · · · · 

96 5 2 8E 5 3 · · · · · · · · 
94 5 2 8C 5 3 · · · · · · · · 

N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
· · · · · · · · 
N · · · · · Z · 

i 
· · · · · · · · 

Symbol Contents Symbol Contents 

IMP Implied addressmg mode + Addition 

IMM Immediate addressmg mode - Subtraction 

A Accumulator or Accumulator addressing mode 1\ Logical OR 

V Logical AND 

BIT, A Accumulator bit relative addressing mode \I- Logical exclusive OR 
- Negation 

ZP Zero page addressing mode - Shows direction of data flow 

BIT, ZP Zero page bit relative addressing mode X Index register X 

Y Index register Y 

ZP,X Zero page X addressmg mode S Stack pomter 

ZP, Y Zero page Y addressing mode PC Program counter 

ABS Absolute addressmg mode PS Processor status register 

ABS,X Absolute X addressmg mode PC H 8 high-order bits of program counter 

ABS, Y Absolute Y addressing mode PCL 8 low-order bits of program counter 

IND Indirect absolute addressing mode ADH 8 high-order bits of address 

ADL 8 low-order bits of address 

ZP,IND Zero page indirect absolute addressing mode FF FF In Hexadecimal notation 

nn Immediate value 

IND, X Indirect X addressing mode M Memory specified by address designation of any 

IND, Y Indirect Y addressing mode addressing mode 

REL Relative addressing mode M(X) Memory of address indicated by contents of Index 

SP Special page addressing mode register,X 

C Carry flag M (S) Memory of address indicated by contents of stack 

Z Zero flag pOinter 

I Interrupt disable flag M(ADH , ADL) Contents of memory at address indicated by ADH and 

0 Decimal mode flag ADL, in ADH IS 8 high-order bits and ADL IS 8 low-

B Break flag order bits 

T X-modified anthmetlc mode flag M(OO, ADL) Contents of address Indicated by zero page ADL 

V Overflow flag Ab 1 bit of accumulator 

N Negative flag Mb 1 bit of memory 

OP Opcode 

n Number of cycles 

:II Number of bytes 
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NOTES on USE 
Keep the following pOints in mind while programming. 

Processor status register 
(1) Initialization of processor status register 

After a reset, the contents of the processor status reg
ister (PS) are undefined except for the I flag which is 
"1". Therefore, flags which affect program execution 

must be initialized after a reset. 
In particular, it is essential to initialize the T and D 
flags because they have an important effect on calcula

tions. 
(2) How to reference the processor. status register 

To reference the contents of the processor status reg
ister (PS), execute the PHP instruction once then read 
the contents of (S + 1 ). If necessary, execute the PLP 
instruction to return the PS to its original status. 
A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 
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Main ;ro9ram 

Initialization of Flags in PS 

S 

S+1 Saved PS 

Stack Memory Contents after PHP Instruction Execution 

I 
r PLP Instruction -I 

I 
r NOP Instruction -I 
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Interrupts 
The contents of the interrupt request bits can be changed 
by software, but the values will not change immediately af
ter being overwritten. Therefore, note the following points: 
(1) After changing the value of the interrupt request bits, 

execute at least one instruction before executing a 

BBC, BBS, or any other read instruction. 
(2) When clearing an interrupt request bit to "0" and set

ting an interrupt enable bit to "1" (=setting in an inter
rupt enable state), it needs to be cleared or set these 

bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrl!pt enable state be
fore clearing the interrupt reque.st bit, if clearing the in
terrupt request bit and setting the interrupt enable bit 
are performed in an instruction. 

BRK instruction 
(1) It can be detected that the BRK instruction interrupt 

event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 
However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the 7470 series, and the 38000 series) are not neces

sary this detection. 
(2) The CPU of all 8-bit microcomputers except the 38000 

series have the following bug about the BRK instruction 

execution. 
At the following status, 
Q) the interrupt request bit has set to "1 ". 

® the interrupt enable bit has set to "1". 
® the interrupt disable flag (I) has set to "1". 
if the BRK instruction is executed, the interrupt disable 

'state is cancelled and it becomes in the interrupt en
able state. So that the requested interrupts (the inter

rupts that corresponding to their request bits have set 
to "1") are accepted. 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Set In a 
separate 
Instruction 

SWitch the Interrupt Register Bit 

I 
Clear the Interrupt Request 

Bit to "0" 

I 
Set the Interrupt Enable ] 

l'==B='1 10 "1=" ;=== 

(S)-3 
I--"""T----r------'-i 

(S)-2 =B flag PS 

(S)-1 PCl 

(S) I----P-C.;...H------I 
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Decimal calculations 
(1) Execution of decimal calculations 

The ADC and SSC are the only instructions which will 
yield proper decimal results in -decimal mode, To 
calculate in decimal notation, set the decimal mode 
flag (D) to "1" with the SED instruction, After executing 
the ADC or SSC instruction, execute another instruction 
before executing the SEC, CLC, or CLD instruction, 

(2) Note on flags in decimal mode 
When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 
are invalid after a ADC or SSC instruction is executed, 
The Carry flag (cl is set to "1" ,if a carry is generated 
as a result of the calculation, or is cleared to "0" if a 
borrow is generated, To determine whether a calcula
tion has generated a carry, the C flag must be initial
ized to "0" before each calculation, To check for a bor
row, the C flag must be initialized to "1" before each 
calculation, 

JMP instruction 
When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in
direct address, 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

SERIES MELPS 740 MASK ROM 
ORDERING METHOD 
Mitsubishi Electric corp. accepts order to transfer EPROM 

supplied program data into the mask ROM in single-chip 8-
bit microcomputers. 

When placing such order, please submit the information 

described below. 
(1) Mask ROM 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 Mitsubishl that IS listed In the 

mask ROM 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: 

M50747 
-XXXSP 

label 

M50747 

-XXXSP 
M50747 

-XXXSP 
Type 

Identification 
code for each 
of three sets 

(3) Calculation and indication of checksum code 
Please calculate the total number of data in words In 

the EPROM, and write the number in 4-diglt hexade

cimal form in the checksum code field 01 the mask 

ROM confirmation form. 

(4) Options 
Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form 

(5) Mark specification method 
The permissible mark specifications differ depending 

on the shape of package. Please fill out the mark spe

cification form and attach it to the mask ROM confirma

tion form. 

OUTLINE OF ORDER PROCESSING 
Mltsublshl will produce the mask ROM if at least two of the 

three EPROM sets submitted contain Identical 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 ROM that contain data other than the data correctly 

provided by the customer. 
Mitsublshi uses an automatic mask ROM design program to 

generated the following: 
,. Drafting data for mask ROM production, 
2. ROM code listing or EPROM for mask ROM production 

error check work, 

3. Mask ROM test program. 
The chart below shows the flow of mask ROM production 

SERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 

YES 

FROM CUSTOMER MITSUBISHI ELECTRIC 

Erre 
? 

Mask ROM 

NO 

• 

I 

EPROM I 
Order mask 

I 
I 

Acceptance 

• MITSUBISHI 
;"ELECTRIC 

U 
Mask ROM test program 

1 
.Wafer 

test 
eFlnal 

test 
1E------1.QA test 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORD£RING METHOD 

GZZ-SHOO-95A < 7580) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

Company 
TEL 

name ( 
Customer 

Date 
issued Date: 

I Mask ROM number I 

Date: 

15. 
SectIon head Supervisor 
Sionature slo-nature 

iii 
" Ql 
a: 

Note: Please fill in all items marked* 

Submitted by Supervisor 
QlQl r--,,~ 

) e: ::I 
.,1ij 
::Ie: mO) m __ 
-m 

* 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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: D M37450M2-XXXSP D M37450M2-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

D 2764 D 27128 D 27256 

~oooo f!IJ!f!j0000 Vfl1JJ!lA 0000 1000 l 
data 4K - data 3000 4K 
_ 1FFFJ 3FFF .J data ~~~~}K 

Set "FF'6" in the shaded area 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P48 for M37450M2-XXXSP ; BOP6 for M37450M2-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHOO-99A < 7580 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM numbe( I 

Date: 

Section head Supervisor 
C. sIgnature sIgnature 
Cii 
CJ 
Q) 
a:: 

Note: Please fill in all items marked*. 

TEL 
Company (J) Q) 

name ( ) '" ~ c:.i3 
Customer .... 

" c: III Cl 

Date 
III .-

Date: 
- III 

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 (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37450M4-XXXSP o M37450M4-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

o 2764 0 27128 0 27256 

c:J~l ~~ Vf!!lj!j!J~ data 8K 
data 2000 SK 

1FFFJ data 6000 BK 3FFF -' 7FFF ~ 

Set "FF'6" in the shaded area. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate m\irk specification form (64P4B for M37450M4-XXXSP ; BOP6 for M37450M4-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIESMELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-07A< 9YAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M4TXXXSP/J 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

0. signature slQ-nature 

Qi 

" OJ 
a: 

Note: Please fill in all items marked*. 

Company 
TEL 

Q) Q) 

name ( ) " ~ c:.;:! 
CustQmer "'''' :> c: 

<f)o> 

Date <f)._ 

Date: - <f) 

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 (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: D M37450M4TXXXSP D M37450M4TXXXJ 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 2764 0 27128 0 27256 
1---. 

r-:-'::,:'-:-:J""~~ ~"" ~oooo data 8K 
data 2OO0!3k lFFF~ data 6000SK 3FFF __ J - 7FFF-· 

Set "FF'6" in the shaded area. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P48 for M37450M4TXXXSP ; 84PO for M37450M4TXXXJ) and attach to the 
mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-00A ( 7680 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

~onhead Supervisor 
a. sifLnature sJgnature 

iii 
() 

'" a: 

Note: Please fill in all items marked* 

TEL 
Company '" '" () ~ name ( ) c2 

'" '" Customer ::> c 
(1)0> 

Date !E."w 

issued Date: 

* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37450M8-XXXSP o M37450M8-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 27128 0 27256 

8""i rr!!!fjOf' data 16K 
data l4000 16K 

3FFF -.J _7FFF--' 

Set "FF'6" in the shaded area 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark speCification form (64P4B for M37450M8-XXXSP ; 80P6 for M37450M8-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 

6-7 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHD3-89A < DYAD) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

a. signature slg"nature 

'Qi 
t:l 
C]) 

a: 

Note: Please fill in all items marked* 

TEL Submitted by Supervisor 
Company C]) C]) 

name ( ) 
t:l ~ 
c: :::l 

Customer ",0; 
.- :::l c: 

en OJ 

Date 
en _ 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37451 M4-XXXSP 

Checksum code for entire EPROM 
EPROM type 

0 27128 0 27256 
Address Address 

0000'6 
Area for ASCII 

0000'6 Areafor~ 
codes 01 the name codes 01 the name 
of the product of the produc~ 

000F'6 'M37451 M4-' 000F'6 'M37451M4-

0010" 0010" 
/ 

lFFF'6 5FFF" 
2000'6 6000" 

ROM( 8 K) ROM( 8 K) 

3FFF" 7FFF'6 

(1) Set "FFI6" in the shaded area 
(2) Write the ASCII codes that indicates the name of 

the product 'M37451M4-' to addresses 000016 to 
000F16. ASCII codes 'M37451M4-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

o M37451 M4-XXXFP o M37451 M4-XXXGP 

(hexadecimal notation) 

o 27512 
Address 

0000" Area for ASCII I 
codes 01 the name 
of the product 

OOOF" 'M37451 M4-' 
0010" 

DFFF'6 
ECOO" 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

ROM( 8 K) 

'M'=40 16 
'3' = 3 3 16 
'7' = 3 71R 

'4' = 3 41R 

'5' = 3 5 16 
'1' = 3 1 16 
'M'=40 16 
'4' = 3 4 16 

Address 
000816 
000916 
000AI6 
000616 
000CI6 
000016 
000EI6 
000FI6 

'-' = 20 16 
F F 16 
F F lfi 

F F 16 
F F 16 
F F 16 
F F 16 
FFu; 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-89A< OYAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27128 27256 

*=.6.$COOO *=.6.$8000 
The pseudo-command 

.6..8YTE.6. 'M37451 M4-' .6..8YTE.6. 'M37451 M4-' 

I Mask ROM number I 

27512 

* =.6.$0000 

.6..8YTE.6. 'M37451 M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled Write the data correctly. 

*' 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P48 for M37451 M4-XXXSP ; 80P6N for M37451 M4-XXXFP ; 80P6S for 
M37451 M4-XXXGP) and attach to the mask ROM confirmation form. 

*' 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHD3-95A < DYAD> 

* 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4DXXXSP/FP 

MITSUBISHI ELECTRIC 

Company 
TEL 

name ( 
Customer ------ ---

Date Date: issued 

I Mask ROM number I 

Date: 

SectIon head SupervIsor 
C. signature slg"nature 
'0; 
u 
<I> 
c:: 

Note: Please fill in all items marked*. 

Submitted by Supervisor 
<I> <I> 

) u ~ 
C :0 
",0; -- :0 C 

~ ~ - '" 

'* 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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: D M37451M4DXXXSP D M37451M4DXXXFP 

Checksum code for entire EPROM (hexadecimal notation) 
EPROM type 

0 27128 0 27256 
--------- ---------

Address Address 

0000 '6 Areafo~ 0000'6 Area for ASCII 
codes of the name codes of the name ... '~ of the product 

000F '6 
'M37451 M4D' OOOF '6 

'M37451 M4D' 

0010 ,6 

~ 
001016 

1FFF16 5FFF '6 

200016 ,o.(":)~ 
6000 '6 

R::J 
3FFF16 7FFF16L-

(1) Set "FFI6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37451 M4D' to addresses 000016 to 
000F16. ASCII codes 'M37451 M4D' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

o 27512 
Address 

000016 Area for ASCII 
codes of the name 
of the product 

000F '6 'M37451M4D' 
001016 

/ 

DFFF16 p:..L..L..J..._L....'-j 

EOOO '6 

ROM( 8 K) 

FFFF16 '--____ ~ 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M'=4DI6 
'3'=~ 
'7' = 3 7 16 
'4' = 3 4 16 
'5' = 3 5 16 
'1' = 3 1 Hi 

'M' =4 DIn 
'4' = 3 4 16 

6-10 • MITSUBISHI 
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Address 
000816 
000916 
000A16 
000B16 
000C16 
000D16 
000EI6 
000F16 

"D' = 4 4-;; 
1--- F F 1.6 

F F 16 
F F 16 

F F 16 
F F 16' 
F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-95A < OYAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4DXXXSP/FP 

MITSUBISHI ELECTRIC 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27128 27256 

The pseudo-command 
* =.6.$COOO *=.6.$8000 

.6..BYTE.6. 'M37451 M40' .6..BYTE.6. 'M37451 M40' 

I Mask ROM number I 

27512 

* =.6.$0000 

.6..BYTE.6. 'M37451 M40' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

liE 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M40XXXSP ; 80P6N for M37451 M40XXXFP) and attach to 
the mask ROM confirmation form. 

liE 3. Comments 

• MITSUBISHI 
"'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-57 A < 06AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

SectIon head Supervisor 

a. slQnature s~qnature 

'iii 
(J 
Q) 

a: 

Note: Please fill in all items marked* 

TEL 
Company Q) Q) 

name (J :; 
Customer 

( ) c 1;; '" ::> 
VI 

Date Date: 
.!!!. 

issued 

* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

c 
Cl 
(ij 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37451 M8-XXXSP o M37451 M8-XXXFP o M37451 M8-XXXGP 

Checksum code for entire EPROM 
EPROM type 

o 27256 

Address 

000016 
Area for ASCII 
codes of the name 
of the product 

OOOF16 'M37451 M8-' 

001016 

~ 3FFF'6 6_ ~ 
4000'6 

ROM(16K) 

7FFF'6 L ___ 

o 27512 

Address 

0000,6 I Area for ASCII 

I codes of the name 
of the product 

0010:: 'i7;;/ ~, ~.451M8-' 

BFFF'6 .~ 
C00016]'_= I ROM(16K) 

FFFF'6 

(1) Set "FF,6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37451 M8-' to addresses 0000 '6 to 
000F,6. ASCII codes 'M37451M8-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

Address 
0000'6 
0001 '6 
0002'6 
0003'6 
0004 '6 

0005 '6 

0006 '6 
0007'6 

6-12 
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(hexadecimal notation) 

, Address 
R¥;=40 , 0008'6 F =2 0 1:1 '3' = 3 3 0009'6 F F 1 
'7' = 3 7_, 000A'6 F F 
'4' = 34 , 0008'6 F F 16 
'5' = 3 5, 000C'6 F F 16 

I'" = 3"16 0000'6 F F , 6. 

~M'=40, 000E'6 F F lR 

L'~~=38, 000F'6 F F 16, 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-57 A < 06AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27256 27512 

*=6$8000 *=6$0000 
The pseudo-command 

6.BYTE6 'M37451 M8-' 6.BYTE6 'M37451 M8-' 

I Mask ROM number I 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M8-XXXSP ; 80P6N for M37451 M8-XXXFP ; 80P6S for 
M37451M8-XXXGP) and attach to the mask ROM confirmation form. 

'* 3. Comments 

6-13 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-96A < DYAD) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8DXXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
a. si1Jnature s~g'nature 
'0; 

" '" cc: 

Note: Please fill in all items marked* 

Company 
TEL 

name ( ) 
* Customer '----~--~t--~~-~-----------~~-~------

Date 
issued 

* 1. Confirmation 

Date: 

Specify the name of the product being ordered and the type of EPROMs submitted, 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box), 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted, 

Microcomputer name: o M37451M8DXXXSP 

Checksum code for entire EPROM 
EPROM type 

o 27256 o 27512 

Address Address 

DODO" 
Area for ASG;;'l 

DODO" Area for ASCII 
codes of the name codes of the name 
of the product of the product 

OOOF" 'M37451M8D' 000F'6 'M37451 M8D' 

0010'6 0010'6 
/ 

3FFF'6 BFFF'6 

4000" 

'00",,) I 

COOO'6 

ROM(16K) 

7FFF'6 FFFF'6 

(1) Set "FF'5" in the shaded area, 
(2) Write the ASCII codes that indicates the name of 

the product 'M37451 M8D' to addresses 0000'6 to 
000F,6, ASCII codes 'M37451M8D' are listed on 
the right. The addresses and data are in hexade
cimal notation, 

6-14 

o M37451M8DXXXFP 

(hexadecimal notation) 

Address 
0000 '6 
0001 '6 

0002 '6 

0003'6 
0004 '6 

0005 '6 
000616 
000716 

'M'=4D'6 
'3' = 3 3 ,• 
'7' - 3 7 '6 
'4' = 3 4 '6 
'5' = 3 5 16 
'1' = 3 1 '6 
'M' = 40 16 
7; =38 16 

Address 
0008 '6 

000916 
000A16 

0008 '6 

000C16 

0000 '6 

000E '6 

000F16 

O;D'=-~ 

F F 16 

F F,. 
F F,. 
F F 16 

F F 16 

F F 16 

F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-96A< OYAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8DXXXSP/FP 

MITSUBISHI ELECTRIC 

Recommend to writing the following pseudo-command to the assembler source file : 

EPROM type 27256 27512 

* =A$8000 *=A$OOOO 
The pseudo-command 

A.BYTEA 'M37451 M8D' A.BYTEA 'M37451 M8D' 

I Mask ROM number I 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M8DXXXSP ; 80P6N for M37451 M8DXXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-91A<OYAO> . 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 MC-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

15. signature slg"nature 

'0; 
<..> 
<D 
II: 

Note: Please fill in all items marked* 

Company 
TEL Submitted by Supervisor 

<D ~ name ( ) <..> 
c: ::l 

Customer '" C;; 
::l c: 

Date 
<fJ C> 

Date: 
2! '(jj 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37451 MC-XXXSP 

Checksum code for entire EPROM 
EPROM type 

0 27256 0 27512 

Address Address 

0000'6 Area for ASCII 0000'6 Area for ASCII 
codes of the name codes of the name 
of the product of the product 

000F'6 'M37451 MC-' 
000F'6 

'M37451MC-

0010'6 0010'6 

1FFF'6 9FFF16 

2000'6 AOOO" 

ROM(24K) ROM(24K) 

7FFF16 FFFF" 

(1) Set "FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37451 MC-' to addresses 0000'6 to 
000F,6. ASCII codes 'M37451MC-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

6-16 

o M37451 MC-XXXFP o M37451MC-XXXGP 

Address 
0000'6 
0001 '6 
0002'6 
0003'6 
0004'6 
0005'6 
0006,6 
0007'6 

(hexadecimal notation) 

I'M'=-~ 
'3'-33 J6 

'7' = 3 7 ,0 
'4' = 3 4 '6 
'5' = 3 5 '6 
'1' =3 1 '6 
'M' -4 0 
'C':43:: 1 

Address 
0008'6 
0009'6 
000A'6 
0008'6 
000C'6 • 
0000'6 
000E'6 
000F'6 

'-' = 20 '6 
F F 16 
F F 10 
F F 16 

F F 16 
F F 16 
F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHD3-91 A ( DYAD> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 MC-XXXSP/FP/GP 

MITSUBISHI ELECTRIC 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27256 27512 

*=L::>.$8000 *=L::>.$OOOO 
The pseudo-command 

L::>..BYTEL::>. 'M37451 MC-' L::>..BYTEL::>. 'M37451 MC-' 

I Mask ROM number I 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specifrcation form (64P4B for M37451 MC-XXXSP ; 80P6N for M37451 MC-XXXFP ; 80P6S for 
M37451 MC-XXXGP) and attach to the mask ROM confirmation form. 

'* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS, 740 MASK ROM ORDERING METHOD 

GZZ-SH02-91A< 9YAO> 

3* 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 

MITSUBISHI ELECTRIC 

Company 
TEL 

name ( 
Customer 

Date Date: issued 

I Mask ROM number I 

Date: 

Section head Supervisor 
Q. signature signature, 
a; 
() 
CD 
cr: 

Note: Please fill in all items marked3* 

Submitted by Supervisor 

) 
CD CD 
() ~ 

c:2 mm 
:JC: 
000> 
00,-
-00 

* 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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 

Address 
0000,.,.-------, 

Area for ASCII 
codes of the name 
of the product 

OOOF,. 'M37470M2-' 
0010,. 

2FFF,. f-l--'l....L..l...L.L...L..l.-'-L.j 
3000,. 

ROM( 4 K) 

3FFF,. '---___ ---' 

o 27256 

Address 
0000,. ,------, 

Area for ASCII 
codes of the name 
of the product 

ooOF,. 'M37470M2-' 
0010,. 

6 FFF,. jLL-.L..LLLL..J...,L..L..1j 
7000,. 

ROM( 4K) 

7F.fF,.~ ___ -, 

(1) Set "FF,6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37470M2-' to addresses 0000'6 to 
000F'6. ASCII codes 'M37470M2-' are listed on 
the right. The addresses and data are in ·hexade
cimal notation. 

6-18 

(hexadecimal notation) 

o 27512 
Address 

0000, • ..-----. 
Area for ASCII 
codes of the name 
of the product 
'M37470M2-' 

ROM( 4 K) 

FFFF,.'--___ ---' 

Address 
0000,6 
0001,6 
0002'6 
0003'6 
0004,6 
0005,6 
0006,6 
0007,6 

'M' = 4 O'R 
'3' - 3 3 'R 
'7' - 3 7 ,6 

'4' = 3 4'6 
'7' = 3 7 16 
'0' = 3 0'6 
'M' = 4 O'R 
'2' - 3 2 ,6 

Address 
0008,6 
0009,6 
000A,6 
000B,6 
000C'6 
0000'6 
000E'6 
000F'6 

'-'=201£ 
F F 16 

F F 16 

F F 16 
F F'6 
F F 16 
FF~ 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-91A< 9YAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

The pseudo-command 
*=~$COOO *=~$8000 *=~$OOOO 

~.8YTE~ 'M37470M2-' ~.8YTE~ 'M37470M2-' ~.8YTE~ 'M37470M2-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

* 2. Mark specification 
Mark specification must ,be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P48 for M37470M2-XXXSP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ -SH02-92A < 9Y AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

a. siqnature sidnature 
a; 
u 
al 
a: 

Note: Please fill in all items marked* 

Company 
TEL Submitted by Supervisor ! 

alal 
name u ~ 

( ) <=.2 
Customer "'''' " <= <flO) 

Date 
<fl _ 

Date: 
- Ul 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 

Address 
0000,. 'A-re-a-f-or-A-S-C-II--' 

codes of the name 
of the product 

OOOF16 'M37470M4-' 

0010'6 

! FFF'6 fLLLLLL~-"-'-1 
2000,. L:oM(SK) 

3FFF,. 

o 27256 

Address 
0000,.,-------, 

Area for ASC II 
codes of the name 
of the product 

OOOF,. 'M37470M4-' 

0010,. 

5FFF,. 
6000,. r-'-~~~LL-'-1 

ROM( S K) 

7FFF'6 

(1) Set "FF'6" if] the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37470M4-' to addresses 0000'6 to 
000F,6. ASCII codes 'M37470M4-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

6-20 

(hexadecimal notation) 

o 27512 

Address 
0000,.,------, 

Area for ASCII 
codes of the name 
of the product 

000F'6 'M37470M4-' 

ROM( 8 K) 

FFFF,.'--____ -' 

Address 
0000'6 
0001 '6 
0002'6 
0003 '6 
0004 '6 

0005 '6 

0006'6 
0007 '6 

Address 
0008'6 
0009'6 
000A '6 

0008'6 

000C '6 

0000 '6 
000E '6 

000F'6 

'-' = 20 , • 
F F 16 

F F 16 

F F 16 

F F 16 

F F ," 
F F 16 

F F 16 

I 

I 

I 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-92A ( 9YAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP ~ICROCOMPUTER M37470M4·XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

*=L;.$COOO * =L;.$8000 * =L;.$OOOO 
The pseudo-command 

L;..BYTEL;. 'M37470M4-' L;..BYTEL;. 'M37470M4-' L;..BYTEL;. 'M37470M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M4-XXXSP) and attach to the mask ROM confirmation 
form. 

'* 3. Comments 

6-21 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-93A < 9YAO ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
C. signature signature 
(jj 
() 
<1> 

cr: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company <1><1> 
name ( ) 

()~ 

c: :::> 
Customer <II iii 

:::> c: 
"'0> 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the' 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27256 

Address 
0000,. 'A-re-a-fo-r -AS-C-II----, 

codes d the name 
of the product 

OOOF,. 'M37470M8-' 
0010,. 

3FFF,. fL-L-.L.L.L...L...L...L..L..L.j 

4000,. 

ROM(16K) 

7FFF,. '---___ ---' 

o 27512 

Address ,--___ ----, 
0000,. Area for ASCII 

codes d the name 
of the product 

OOOF,. 'M37470M8-' 
0010,. 

BFFF,. f-J--'c..J....J....L.J.....L.J...LJ.j 

COOO,. 

ROM(16K) 

FFFF,. '--___ ---' 

(1) Set "'FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37470M8-' to addresses 000016 to 
000F16. ASCII codes 'M37470M8-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
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Address 
000016 
0001 16 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

(hexadecimal notation) 

'M' -4 0 '6 
'3' = 3 3 '6 
'7' = 3 7 '6 
'4' = 3 4 '6 
'7' = 3 7_1fL 

'0' = 3 0 ,6 

'M' - 40 ,6 
'8' - 3 8 ,6 

Address 
0008'6 
0009'6 
000A'6 
000B'6 
000C '6 

0000'6 
000E'6 

000F16 

'-' - 20 '6 
F F '" 
F F 16 

F F 16 
F F 16 
F F 16 
F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-93A < 9YAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27256 27512 

The pseudo-command 
*=..6.$8000 *=..6.$0000 

..6..BYTE..6. 'M37470M8-' ..6..BYTEL::. 'M37470M8-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

:>.{ 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M8-XXXSP) and attach to the mask ROM confirmation 
form. 

:>.{ 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM -ORDERING METHOD 

GZZ-SH02-94A < 9YBO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37471 M2·XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 
Section head Supervisor 

0. signature sH:inature 
Qj 
() 
Q) 

a: 

Note: Please fill in all items marked* 

Company TEL Submitted by Supervisor 
Q) Q) -

name ( ) 
() ~ 

Customer 
c.3 
"'''' :0 C 
Vl Cl 

Date 
Vl _ 

Date: -Vl 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37471 M2-XXXSP 

Checksum code for entire EPROM 
EPROM type 

o 27128 

Address 

0000" r;,ea for ASCII 
codes cl the name 
of the product 

OOOF'6 'M37471 M2-' 
0010'6 

2F FF '6 f1-L-L.LL..J..-L.L..J.... 

30QO'6 

ROM( 4 K) 

3FFF,6"--____ -' 

o 27256 

Address 
0000'6'A-r-ea-f-o-r A-S-C-II-----, 

codes cl the name 
of the product 

OOOF'6 'M37471 M2-' 

0010'6 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37471 M2-' to addresses 0000 '6 to 
000F,6. ASCII codes 'M37471 M2 -' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
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o M37471 M2-XXXFP 

(hexadecimal notation) 

o 27512 

Address 
0000,6.-----, 

Area for ASCII 
codes cl the name 
of the product 

OOOF'6 'M37471 M2-' 
0010,6, 

I 
EFFF'6 
FOOO'6r-'-'-'-'-J...J...",-,-.Lj 

ROM( 4 K) 

FFFF,6'--____ -' 

Address 
0000 '6 

0001 '6 
0002 '6 

0003 '6 

0004 '6 
0005 '6 
0006 '6 

0007 '6 

'M' = 40'6 
'3' = 3 3 '6 
'7' = 3 7 '6 

'4' = 3 4 '6 

'7' = 3 7 'R 

'1' = 3 1'6 
'M'=4D'6 
'2' = 3 2 '6 

Address 
0008 '6 

0009'6 
000A '6 

000B '6 

000C '6 
0000 '6 

000E '6 
000F'6 

'-' = 20 '6 

F F 16 

F F...16 
F F'R 
F F'R 
F F 16 

F F 16 
F F '6 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-94A< 9YBO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

*=£>$COOO *=£>$8000 *=£>$0000 
The pseudo-command 

£>.BYTE£> 'M37471 M2-' £>.BYTE£> 'M37471 M2-' £>.BYTE£> 'M37471 M2-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471 M2-XXXSP ; 56P6N for M37471 M2-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-95A < 9YBO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
a. signature slg·nature 

iii 
(..) 

CD 
cr: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company OJ OJ 
name ( ) 

(..) ~ 

c;:l 
Customer l1l l1l 

:::l C 
<IlC) 

Date Date: 
.!'2(ij 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37471 M4-XXXSP 

Checksum code for entire EPROM 
EPROM type 

D 27128 

Address 
000016 ,-----, 

Area lor ASC II 
codes 01 the name 
01 the product 
'M37471M4-' 

ROM( 8 K) 

3FFF,.'--____ -' 

o 27256 

Address 
0000,.,-----, 

Area lor ASC II 
codes 01 the name 
01 the product 

OOOF,• 'M37471 M4-' 

0010'6 

5FFF ,. C'-'-'--'--"--,'--'-L-L-L-j 
6000,• 

ROM( 8 K) 

7FFF,• '-------' 

(1) Set "FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37471M4-' to addresses 0000'6 to 
000F'6' ASCII codes 'M37471 M4-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
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o M37471 M4-XXXFP 

(hexadecimal notation) 

D 27512 

Address 
0000,.,-----, 

Area lor ASCII 
codes 01 the name 
01 the product 

DOOF,• 'M37471M4-' 

0010,• 

D FFF 1.1-'-'...L.,W-U-'-'-L-j 
EOOD,• 

ROM( 8 K) 

FFFF,• '-------, 

Address 
0000'6 
0001'6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

'M' = 40'6 
'3' = 3 3'6 
'7' = 3 7'R 
'4' = 3 4'R 
'7 ,'- 3 7 '6 
'1' = 3 1 16 
'M' = 40 '6 
'4' = 3 4'6 

Address 
0008'6 
0009'6 
000A'6 
000B'6 
000C'6 
0000'6 
000E'6 
000F'6 

'-' =2 D ,s 
F F 16 

F F 16 
F F 16 
F F 16 
F F 16 

F F1JL 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-95A< 9YBO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

*=6$COOO *=6$8000 *=6$0000 
The pseudo-command 

6.BYTE6 'M37471 M4-' 6.BYTE6 'M37471 M4-' 6.BYTE6 'M37471 M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471 M4-XXXSP ; 56P6N for M37471 M4-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-96A< 9YBO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 
SectIon head Supervisor 

C. sionature siq-nature 

Oi 
" Q) 

c: 

Note: Please fill in all items marked '" 

Company 
TEL Submitted by Supervisor 

Q) Q) 

name ( ) " ~ 
Customer 

c:.a 
--~- "'''' " c: "'0> 

Date '" -Date: - <J) 

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 (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
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 contained in the 
EPROMs submitted. 

Microcomputer name: o M37471 M8-XXXSP 

Checksum code for entire EPROM 
EPROM type 

0 27256 0 27512 
--~-

Address Address 
0000" 0000'6 

Area for ASCII Area for ASCII 
codes d the name codes d the name 
of the product of the Product~ 

000F'6 'M37471 M8-' 000F'6 'M37471 M8-' 
0010'6 

':::::W,4 3FFF'6 
4000'6 COOO'6 

ROM(16K) ROM(16K) 

7FFF'6 FFFF'6 

(1) Set "FFI6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37471M8-' to addresses 000016 to 
000F16. ASCII codes 'M37471 M8 -' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
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o M37471 M8-XXXFP 

(hexadecimal notation) 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M'=40 1R 
'3' = 3 3 16 
'7' = 3 7 16 
'4' = 3 4 16 
'7' = 3 ?lJL 

'1' = 3 11R 
'M'=4DI6 
'8' = 3 8 16 

Address 
000816 
000916 
000A16 
000B16 
000C16 
000016 
000E16 
000F16 

'-' = 2 D '6 
F F 16 
F F 16 
F F 16 
F F tiL 

F F 16 
F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-96A < 9YBO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 
--

EPROM type 27256 27512 

* =L.$8000 * =L.$OOOO 
The pseudo-command 

L..BYTEL). 'M37471 M8-' L..BYTEL. 'M37471 M8-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M374"11 M8-XXXSP ; 56P6N for M37471 M8-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-34A< 13AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

SectIOn head Supervisor 

C. 
slQnature sig-nature 

'Qi 

" (I) 
II: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company (I) ~ name ( ) " " " Customer as «i 

" " '" Cl 
Date Date: 

!!! iii 
issued I 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: o M38002M2-XXXSP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

D 27256 D 27512 
EPROM address EPROM address 

0000,. Product name 0000,. Product name 
ASCII code ASCII code 

OOOF,. 'M38002M2-' OOOF,. 'M38002M2-' 

0010,. 0010,. 

607F,. E07F,. 

6080,. data 
E080,. 

data 

7FFD,. 
ROM 8082 bytes 

FFFD,. 
ROM 8082 bytes 

7FFE,. FFFE,. 
7FFF,. FFFF,. 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16". 

(2) The ASCII codes of the product name "M38002M2-" 
must be entered in addresses 000016 to 000816. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. . 

o M38002M2-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address E08016 to 
FFF016. The reset vector is stored in addresses 
FFFC16 and FFF016. 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M' =4 0 16 
'3' = 3 3'R 
'8' - 3 8 1R 
'0' = sa 1R 
'0' = 3 0 16 
'2' = 3 2 '6 
'M'=40 '6 
'2' = 3 2'6 

Address 
000816 
000916 
000A16 
000B16 
000C16 
000016 
000E16 
000F16 

'-'=20 
FF 
F F 
F F 
F F 
F F 
F F 
F F 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-34A< 13AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

*=.6.$8000 *=.6.$0000 
The pseudo-command 

.BYTE.6. 'M38002M2-' .BYTE.6. 'M38002M2-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38002M2-XXXSP, 64P6N for M38002M2-XXXFP) and attach it to the 
mask ROM confirmation form. 

'* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

D ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

'* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the XIWXOUT oscillator? 

D" Ceramic resonator 

D External clock input 

At what frequency? 

D Quartz crystal 

D Other ( 

f(X1N )= I I MHz 
~---~ 

(2) In which operation mode will you use your microcomputer? 

D Single-chip mode D Memory expansion mode 

D Microprocessor mode 

'* 5. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-22A< 9YAO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMj)UTER M38002M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number [ 

Date: 

Section head ~I~~~~~~or a. Sicnature 
'CD 
<.l 
Q) 

II: 

Note; Please fill in all items marked* 

Company 
TEL . Submitted by Supervisor 

Q) 
~ name ( ) 

(.) 
C :J 

Customer til ., 
:J 
U> c: 

Date .!!1 Cl 

Date; iii 
issued 

"* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are req'uired for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: D M38002M4-XXXSP 

Checksum code for entire EPROM 

0 27256 0 27512 
EPROM address EPROM address 

0000,• Product name 0000,• Product name 
ASCII code ASCII code 

OOOF,• 'M38002M4-' OOOF,• 'M38002M4-' 

0010, • 0010,• 

407F,• C07F,• 
4080,• C080,• 

7FFD,• FFFD,• 
7FFE'6 FFFE,• 
7FFF,• FFFF,• 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16". 

(2) The ASCII codes of the product name "M38002M4-" 
must be entered in addresses 000016 to 000816• 

The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 
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D M38002M4-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address C08016 to 
FFF016. The reset vector is stored in addresses 
FFFC 16 and FFF016. 

Address 
000016 

0001 16 

000216 

000316 

000416 

000516 

000616 

000716 

'M' = 40 ,_ 

'3' = 3 3,_ 
'8' = 3 8 ,_ 
'0' = 3 0,. 
'0' = 3 0,. 
'2'=32,. 
'M' = 40,_ 
'4' = 34,_ 

Address 
000816 

000916 

000A16 

000816 

000C16 

000016 

000E16 

000F16 

'-' = 20,. 
F F 1-
F F ,_ 

F F '" 
F F 1" 

F F ,. 
F F ,. 
F F ,. 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-22A < 9YAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M38002M4·XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

The pseudo-command 
*=6$8000 *=6$0000 

.BYTE6 'M38002M4-' .BYTE6 'M38002M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

"-" 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38002M4-XXXSP, 64P6N for M38002M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

"-" 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

"-" 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the XIWXOUT oscillator? 

D Ceramic resonator 

o External clock input 

At what frequency? 

D Quartz crystal 

D Other ( 

f(X1N )= I I MHz 
'----------' 

(2) In which operation mode will you use your microcomputer? 

D Single-chip mode 

D Microprocessor mode 

"-" 5. Comments 

D Memory expansion mode 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-30A( 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38004M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
15. slqnature slq-nature 
'Qi 

" <J) 

CC 

Note: Please fillm all items marked*. 

Company 
TEL 

name ( ) 
Customer --

Date Date: issued 

;>,( ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

Submitted by Supervisor 
<J) 

<J) 

" c: :; 
'" Cil " '" c: 

.!!! 0> 
'iii 

If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: D M38004M8-XXXSP D M38004M8-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type (indicate the type used) 

o 27512 
EPROM address 

0000 '6 

000F'6 
0010 '6 

Product name 
ASCII code 

'M3B004MB-' 

In the address space of the microcomputer, the 
internal ROM area is from address 8080'6 to 
FFFD,6. The reset vector is stored in addresses 
FFFC '6 and FFFO,6. 

807F '6 

8080'6 

FFFD'6 
FFFE'6 

FFFF'6 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF'6". 

(2) The ASCII codes of the product name "M38004M8-" 
must be entered in addresses 0000'6 to 0008,6, 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

Address 
0000'6 
0001 '6 
0002'6 
0003'6 
0004 '6 
0005'6 
0006'6 
0007'6 

6-34 
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.... ELECTRIC 

'M' = 40 '6 
'3' = 3 3 '6 
'8' = 3 8 '1i 

'0' = 3 O'R 
'0' = 3 0 '6 
'4' = 3 4 '6 
'M'=40 '6 
'8'=38 11L 

Address 
0008'6 
0009'6 
000A'6 
0008'6 
000C '6 
0000'6 
000E'6 
000F'6 

'-'=20 '6 
F F eli 
F F 16 

F F 16 

F F 16 
F F 16 
F F 16 
FFUL 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-30A< 13AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38004M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

*=A$8000 *=A$OOOO 
The pseudo-command 

.BYTEA'M38004M8-' .BYTEA 'M38004M8-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38004M8-XXXSP, 64P6N for M38004M8-XXXFP) and attach it to the 
mask ROM confirmation form. 

* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

o ROM code list unnecessary (standard). 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard fprmat is recommended. 

* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the XIN-XOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(X1N )= ,--I __ --'I MHz 

(2) In which operation mode will you use your microcomputer? 

'0 Single-chip mode 0 Memory expansion mode 

o Microprocessor mode 

* 5. Comments 

6-35 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-28A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38007M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

C. 
signature slg'nature 

'a; 
() 

'" II: 

Note: Please fill in all items markedl!E. 

TEL Submitted by Supervisor 
Company '" ~ name () 

( ) c: :::l 

Customer co 0; 
:::l c: 
til C> 

Date .!!1 'iii 
issued Date: 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: o M38007M4-XXXSP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

o 27256 
EPROM address 

DODO,. Product name 
ASCII code 

OOOF,. f-r'rMT38700,7--;M,4-r'n 

DOlO,. 

407F,. 

4080,. 

7FFD,. 

7FFE,. 

7FFF,. 

o 27512 
EPROM address 

DODO,. 

OOOF,. 
DOlO,. 

C07F,. 

C080,. 

FFFD,. 
FFFE,. 

FFFF,. 

Product name 
ASCII code 

'M38007M4-' 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16'" 

(2) The ASCII codes of the product name "M38007M4-" 
must be entered in addresses 000016 to 000816, 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 
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o M38007M4-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address C08016 to 
FFF016. The reset vector is stored in addresses 
FFFC16 and FFFO,6. 

Address 
000016 
0001 16 
000216 
000316 
0004,6 
000516 
0006'6 
000716 

'M' =40 16 
'3' = 3 3 16 
'8' = 3 8 16. 

'0' = 3 0 1~ 
'0' - 3 0 ," 
'7' = 3 7 ,6 
'M' =4 0 '6 
'4' =34 '6 

Address 
000816 
000916 
000A'6 
000816 

. 000C16 
000016 
000E16 
000F16 

'-' = 20 16 
F F ,6. 
F F 16 

F F ," 
F F,. 
F F 16 

F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-2BA ( 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38007M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

The pseudo-command 
*=L,.$8000 *=L,.$OOOO 

.BYTEL,. 'M38007M4-' .BYTEL,. 'M38007M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38007M4-XXXSP, 64P6N for M38007M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

o ROM code list unnecessary (standard). 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the X1N"XOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(X1N )= I I MHz 
'-----~ 

(2) In which operation mode will you use your microcomputer? 

o Single-chip mode o Memory expansion mode 

o Microprocessor mode 

* 5. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-63A < 07 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38062M3-XXXFP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 
Date: 

Section head Supervisor 
i5. signature signature 
'iii 
0 
Q) 
a: 

\ 

Note: Please fill," all items marked*. 
, 

TEL Submitted by Supervisor 
Company Q) ~ 0 name ( ) " 

::J 

Customer os OJ 
::J " '" Cl 

Date !E 'iii 
issued Date: 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: o M38062M3-XXXFP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

o 27256 
EPROM address 

0000'6 

OOOF,. 

0010,. 

Product name 
ASCII code 

'M38062M3-' 

507 F,. I-L..L....L.L...L....L.L.-LJ 

5080,. 

7FFD,. 
7FFE,. 

7FFF,. 

o 27512 
EPROM address 

0000'6 Product name 
ASCII code 

'M38062M3-' 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16'" 

(2) The ASCII codes of the product name "M38062M3-" 
must be entered in addresses 000016 to 000816. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation, 
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o M38062M3-XXXGP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address 008016 to 
FFF016. The reset vector is stored in addresses 
FFFC16 and FFF016' 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M'=40 '6 

'3' = 3 3 ,6 
'8' = 3 8 16 
'0'=30 LS 

'6' = 3 6 'A 

'2' - 3 2 '6 

'M' = 40 '6 

'3' = 3 3 ,6 

Address 
000816 
000916 
000A16 
000B16 
000C16 
000016 
000E16 
000F16 

'-' = 20 '6 
F F~6 
F F 1A 

F F 1A 

F F 16 

F F 16 

F F 16 
FF~ 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-63A < 07 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38062M3-XXXFP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

*=L:::.$8000 *=L:::.$OOOO 
The pseudo-command 

.BYTEL:::. 'M38062M3-' .BYTEL:::. 'M38062M3-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

'*' 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (80P6N for M38062M3-XXXFP, 80P6S for M38062M3-XXXGP) and attach it to the 
mask ROM confirmation form. 

'*' 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

D ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

'*' 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the X1N"XOUT oscillator? 

D Ceramic resonator 

D External clock input 

At what frequency? 

D Quartz crystal 

D Other ( 

f(X 1N )= ,--I __ -----"I MHz 

(2) In which operation mode will you use your microcomputer? 

D Single-chip mode 

D Microprocessor mode 

'*' 5. Comments 

D Memory expansion mode 

• MITSUBISHI 
"'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES M'ELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-26A( 9YAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M38063M6·XXXFP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

0. 
signature signature 

'(jj 

" Q) 

a: 

Note: Please fill in all items marked* 

TEL Submitted by Supervisor 
Company Q) Q) 

name ( ) " :; c: 
Customer '" 0; 

:J c: 
<J) Cl 

Date !!!. 'iii 
issued Date: 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: D M38063M6-XXXFP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

0 27256 0 27512 
EPROM address EPROM address 

0000'6 Product name 0000'6 Product name 
ASCII code ASCII code 

000F'6 'M38063M6-' 000F'6 'M38063M6-' 

0010'6 0010'6 

207F'6 A07F'6 
2080'6 A080'6 

7FFD'6 FFFD,6 

7FFE'6 FFFE'6 

7FFF'6 FFFF'6 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF'6'" 

(2) The ASCII codes of the product name "M38063M6-" 
must be entered in addresses 0000,6 to 0008,6, 

The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

D M38063M6-XXXGP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address A080 '6 to 
FFFO ,6. The reset vector is stored in addresses 
FFFC'6 and FFFO ,6. 

Address 
0000,6 
0001 ,6 
0002 '6 

0003,6 

0004,6 
0005 ,6 

0006,6 
0007 ,6 

'M' =4 0 ," 
'3' =33 '6 

'8' = 3 8 '6 
'0'=30 '6 

'6' = 3 6 ,6 
'3' = 3 3 ,6 
'M' =4 0'6 
'6' = 3 6 ," 

Address 
0008,6 
0009,6 
000A '6 

000B '6 
000C '6 

0000 ,6 

000E '6 

000F '6 

6-40 • MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-26A < 9YAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

The pseudo-command 
*=i'>.$8000 *=i'>.$0000 

.BYTEi'>. 'M38063M6-' .BYTEi'>. 'M38063M6-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (80P6N for M38063M6-XXXFP, 80P6S for M38063M6-XXXGP) and attach it to the 
mask ROM confirmation form. 

* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

D ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection: 

(1) How will you use the XIN-XOUT oscillator? 

D Ceramic resonator 

o External clock input 

At what frequency? 

o Quartz crystal 

o Other ( 

f(X1N )= ,---I __ ----'I MHz 

(2) In which operation mode will you use your microcomputer? 

D Single-chip mode 

D Microprocessor mode 

* 5. Comments 

D Memory expansion mode 

• MITSUBISHI 
..... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-27A< 9ZA1 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38102M5-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
0. signature signature 
'(jj 
u 
Q) 

0: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company Q) Q) 

name ( ) u :; 
c (ii Customer '" '" c 
'" '" Date !:!}. iii 

issued Date: 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: D M38102M5-XXXSP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

0 27256 0 27512 
EPROM address EPROM address 

0000'6 Product name 
0000'6 Product name 

ASCII code ASCJI code 

DOOF'6 'M38102M5- OOOF" 'M38102M5-' 

0010'6 RESMOD optIOn 0010'6 

0011'6 0011'6 

307F'6 B07F'6 

3080'6 B080'6 
data 

7FFD'6 
ROM 20350 bytes FFFD'6 

7FFE'6 FFFE'6 

7FFF'6 FFFF'6 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16". 

(2) The ASCII codes of the product name "M38102M5-" 
must be entered in addresses 000016 to 000816 . 

The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

D M38102M5-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address B08016 to 
FFFD16 . The reset vector is stored in addresses 
FFFC16 and FFFD16 

Address 
000016 

0001 16 

000216 

000316 

000416 

000516 

000616 

000716 

'M'=4D 16 

, 3' = 3 3 1" 

'8' = 3 8 16 

'1' = 3 1 16 

'0' = 3 0 16 

'2' = 3 2 16 

'M' = 4 DHL 
'5' = 3 5 16 

Address 
000816 

000916 

000A16 

000B16 

000C 16 

000D16 

000E16 

000F16 

'-'=2D 1" 

F F 16 

F F 16 

F F 16 

F F 16 

F F 1fL 

F F 1" 

F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-27 A ( 9ZA 1 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38102M5-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

* =.6$8000 * =.6$0000 
The pseudo-command 

.BYTE.6 'M38102M5-' .BYTE.6 'M38102M5-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Option specification (write the option data also to the specified address of the EPROM) 

Reset mode switching option 

D Normal operation start mode ............... I 01 16 
'-------'--~ 

D Low-speed operation start mode ............... I 0016 :=J Address 001016 

We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 

EPROM type 27256 27512 

* =.6$8010 * =.6$0010 
Reset mode option 

.BYTE.6 $XX .BYTE.6 $XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38102M5-XXXSP, 64P6N for M38102M5-XXXFP) and attach it to the 
mask ROM confirmation form. 

* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

D ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

• MITSUBISHI "'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-27A< 9ZA1 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38102M5-XXXSP/FP 

MITSUBISHI ELECTRIC 

* 5. Usage conditions 

I Mask ROM number I 

Please answer the following questions about usage for use in our product inspection: 
(1) How will you use the XIWXOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

f(X1N )= I I MHz 
~---

At what frequency? 

(2) How will you use the XCIN-XCOUT oscillator? 

o Ceramic resonator 

o External clock input 

At what frequency? 

* 6. Comments 

6-44 

o Quartz crystal 

o Other ( 

f(XcIN ) = I J kHz 
~---

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-61 A < 07 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38103M6-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

0. signature sl\::inature 
'(ii 
0 
Ql 
a: 

Note: Please fill in all items marked* 

Company 
TEL Submitted by Supervisor 

Ql Ql 
name ( ) 

o ~ 
c a 

Customer <II <II 
" c 
'" 0> Date Date: 
!!!. '00 

issued 

'* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only i.f the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: D M38103M6-XXXSP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

0 27256 0 27512 
EPROM address EPROM address 

000016 
Product name 0000'6 Product name 
ASCII code ASCII code 

000F'6 
'M38103MB-' 

000F'6 
'M38103M6-' 

0010'6 RESMOD option 0010'6 RESMOD optIOn 

0011,6 0011'6 

207F'6 A07F'6 
2080'6 A080'6 

data 

7FFD'6 FFFD'6 
ROM 24446 bytes 

7FFE'6 FFFE'6 W& 7FFF'6 FFFF'6 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF'6'" 

(2) The ASCII codes of the product name "M38103M6-" 
must be entered in addresses 0000 '6 to 0008,6. 

The ASCII codes and addresses are listed to the 
right in hexadecimal notatiqn. 

D M38103M6-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address A080 '6 to 
FFFD ,6. The reset vector is stored in addresses 
FFFC '6 and FFFO ,6 . 

Address 
0000 '6 

0001 '6 

0002 '6 

0003 '6 

0004'6 
0005 '6 

0006'6 
0007 '6 

'M' = 40 '6 

'3'=33 1Ji 

'8' -3 8 'R 
'" = 3 "6 
, 0' = 3 0 16 

'3' = 3 3 '6 

'M' = 40 '6 

'6' = 3 6 '6 

Address 
0008'6 
0009 '6 
000A'6 
000B'6 
000C '6 
0000'6 
000E '6 
000F'6 

'-' = 20 '6 

F F 16 

F F 16 

F F lQ 

F F 1R 

F F 16 

F F 16 

F F 16 

• MITSUBISHI 
"ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-61A< 07AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38103M6-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

The pseudo-command 
*=..6.$8000 *=..6.$0000 

.BYTE..6. 'M38103M6-' .BYTE..6. 'M38103M6-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Option specification (write the option data also to the specified address of the EPROM) 

Reset mode switching option 

o Normal operation start mode .......•..•.... LI __ 0_11:.::6_-, 

o Low-speed operation start mode ............... I 0016 
'-----'-"--' 

Address 001016 

We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 

EPROM type 27256 27512 

Reset mode option 
* =..6.$8010 *=..6.$0010 

.BYTE..6. $XX .BYTE..6. $XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

* 3. Mark specification 
Mark speCification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38103M6-XXXSP, 64P6N for M38103M6-XXXFP) and attach it to the 
mask ROM confirmation form. 

* 4. Delivery standard 
Choose.the format of the specifications for the product to be delivered .. 

(1) Specifications for each ROM 

o ROM code list unnecessary (standard). 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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MITSUBISHI MICROCOMPUTERS 

SERIES' MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-61A( 07AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38103M6-XXXSP/FP 

MITSUBISHI ELECTRIC 

::I( 5. Usage conditions 

I Mask ROM number I 

Please answer the following questions about usage for use in our product inspection: 
(1) How will you use the XIN-XOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(X1N )= ,--I __ ---"I MHz 

(2) How will you use the XCIN-XCOUT oscillator? 

o Ceramic resonator 

o External clock input 

,At what frequency? 

::I( 6. Comments 

o Quartz crystal 

o Other ( 

f(XcIN)= ,--I __ ---"I kHz 

• MITSUBISHI ~ELECTRIC 6-47 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-49A < 03AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M38112M4·XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

0. signature sig'nature 
'(jj 

" (1) 

a: 

Note: Please fill in all items marked* 

TEL Submitted by Supervisor 
Company 

(1) (1) 

name ( ) " :; 
Customer c: -'" '" :J c: 

'" en Date Date: 
.!!1 Ow 

issued 

'* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name: o M38112M4-XXXSP 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

o 27256 
EPROM address 

0000'6 Product name 
ASCII code 

000F'6 f--_'M_38_'_12_M_4-_'--j 

0010'6 
0011'6 

RESMOD option 

407F'6 f-L-.L..,"-L'-L-L..-Lj 

4080'6 
data 

RO M 16254 bytes 
7FFD'6 
7 FFE'6 f---Y--7-c>-7--:r-7i 

7FFF'6 

o 27512 
EPROM address 

0000'6 Product name 
ASCII code 

000F'6 f--_'M_38_1_12_M_4-_'--j 

0010'6 
0011'6 

RESMOD optIon 

C07 F '6 f-L-L-,/~'-.L-L.~ 
C080'6 

data 
ROM 16254 bytes 

FFFD16 C7--y--r-;>-7--:r~ 
FFFE'6 

FFFF'6 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF'6'" 

(2) The ASCII codes of the product name "M38112M4-" 
must be entered in addresses 0000'6 to 000816. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

o M38112M4-XXXFP 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address C080'6 to 
FFFD,6. The reset vector is stored in addresses 
FFFC'6 and FFFD,6. 

Address 
000016 
0001 16 
000216 
000316 
0004 '6 

000516 
0006 '6 

0007'6 

'M' = 4 D'n 
'3' = 3 3 '6 
'8' = 3 8 '6 
'1' = 31 16 
'1' = 3 1 '6 
'2' = 3 2J6 
'M'=4D ,R 
'4' = 3 4 '6 

Address 
0008 '6 
0009 '6 
000A'6 
000B '6 
000C16 
000016 
000E'6 
OOOF'6 

'-' = 2 D'n 
F F 16 
F F '6 
F F 16 
F F 16 
F F J6. 
F F'R 
F F 'n 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-49A< 03AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38112M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

* =.6.$8000 *=.6.$0000 
The pseudo-command 

.BYTE.6. 'M38112M4-' .BYTE.6. 'M38112M4-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

"-" 2. Option specification (write the option data also to the specified address of the EPROM) 

Reset mode switching option 

D Normal operation start mode ............... I 

D Low-speed operation start mode ............... I 
Address 001016 

We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 

EPROM tyPe 27256 27512 

Reset mode option 
* =.6.$8010 * =.6.$0010 

.BYTE.6. $X X .BYTE.6. $X X 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

"-" 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (64P4B for M38112M4-XXXSP, 64P6N for M38112M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

"-" 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

D ROM code list unnecessary (standard). 

D ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

• MITSUBISHI "'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-49A ( 03AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38112M4-XXXSP/FP 

MITSUBISHI ELECTRIC 

'* 5. Usage conditions 

I Mask ROM number I 

Please answer the following questions about usage for use in our product inspection: 
(1) How will you use the XIWXOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(X 1N )= C=:=:J MHz 

(2) How will you use the XCIN-XCOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(XcIN )= r==~ kHz 

'* 6. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-74A< 09A1) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

0. Sl!lnature signature 

'(j) 
() 
Ql 
a: 

Note: Please fill in all items markedl*. 

TEL Submitted by Supervisor 
Company Ql Ql 
name ( ) 

() ~ 
I: .a 

Customer .. .. 
" I: (/l CI 

Date (/l .-

Date: 
_ (/l 

issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Checksum code for entire EPROM 

EPROM type (indicate the type used) 

0 27256 0 27512 
E ROM address EPROM address 

0000,. 
Product name 0000,. Prcx:luct name 
ASCII code ASCII code 

OOOF,. 'M38173M6-' 'M38173M6-' 

0010,. 0010,. 

0011,. 0011,. 

207F,. A07F,. 
2080,. 

data 
A080,. 

7FFD,. 
ROM 24446 bytes 

FFFD,. 
7FFE,. FFFE,. 
7FFF,. FFFF,. 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16'" 

(2) The ASCII codes of the product name "M38173M6-" 
must be entered in addresses 000016 to 000816. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

(hexadecimal notation) 

In the address space of the microcomputer, the 
internal ROM area is from address A08016 to 
FFFD16. The reset vector is stored in addresses 
FFFC16 and FFFD16. 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M' - 40 ,6 
'3' = 3 3 16 
'8' = 3 8 16 
'1' = 3 1 16 
'7' = 3 7 16 
'3' = 3 3 16 
'M' = 4 D~1t 
'6' - 3 6 ,6 

Address 
000816 
000916 
000A16 
000B16 
000C16 
000016 
000E16 
000F16 

'-' - 20,6 
F F 16 
F F 16 
F F 16 
F F 16 
F F 16 
FF~ 

F F '6 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-74A< 09A1 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

The pseudo-command 
*=L.$8000 * =L.$OOOO 

.BYTEL. 'M38173M6-' .BYTEL. 'M38173M6-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

* 2. Option specification (write the option data also to the specified address of the EPROM) 

Reset mode switching option 

o Normal operation start mode ............... [- 01 16 

o Low-speed operation start mode ............... I 0016 

Address 001016 

L-_""':'='_....J 

We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 

--
EPROM type 27256 27512 

Reset mode option 
*=£>$8010 * =£>$0010 

.BYTEL. $X X .BYTEL. $XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the"EPROM, the contents of the EPROM are preferred. 

* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (80P6N for M38173M6-XXXFP) and attach it to the mask ROM confirmation form. 

* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

o ROM code list unnecessary (standard) 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-74A< 09Al ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 

MITSUBISHI ELECTRIC 

* 5. Usage conditions 

I Mask ROM number I 

Please answer the following questions about usage for use in our product inspection: 
(1) How will you use the XIN-XOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(XIN)=1 L __ -----.JI MHz 

(2) How will you use the XCIWXCOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(XcIN)= C=~ kHz 

* 6. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ -SH04-03A < OY AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 

MITSUBISHI ELECTRIC 

j Mask ROM number I 

Date: 

Section head Supervisor 

15. signature slg'nature 

'm 
<.> 
(1) 
a: 

Note: Please fill in all items marked*. 

Company 
TEL 

name ( ) 
Customer 

Date Date: issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

Submitted by Supervisor 
(1) ~ <.> :::> c ca '" :::> c 
'" '" .!!!. 'iii 

If at least two of the three sets of EPROMs submitted contain 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 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type (indicate the type used) 

o 27512 
EPROM address 

0000'6 Product name 
ASCII code 

OOOF16 f--~'M~38~1~74~M~8-~'--1 

In the address space of the microcomputer, the 
internal ROM area is from address 808016 to 
FFFD16. The reset vector is stored in addresses 
FFFC 16 and FFFD16. 

0010'6 

0011 16 

RESMOD optIon 

(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF16". 

(2) The ASCII codes of the product name "M38174M8-" 
must be entered in addresses 000016 to 000816. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 
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'M'=4D16 
'3' = 3 3 16 
'8' = 3 8 16 
'1' = 3 1 16 
'7' = 3 7 16 
'4' = 3 4 '6 
'M' =4 D 16 
'8' = 3 8 '6 

Address 
000816 
000916 
000A16 
000B16 
000C 16 
000D16 
000E16 
000F16 

'-' = 2 D 16 
F F 16 
F F 16 
F F 16 

F F 16 
F F 16 
F F 16 
F F 16 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-03A < OYAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

We recommend the use of the following pseudo-command to set the start address of the assembler source 

program. 

EPROM type 27256 27512 

*=~$8000 *=~$OOOO 
The pseudo-command 

.BYTE~ 'M38174M8-' .BYTE~ 'M38174M8-' 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be· processed. 

* 2. Option specification (write the option data also to the specified address of the EPROM) 

Reset mode switching option 

o Normal operation start mode ............... 1 01'6 
'------"'--" 

o Low-speed operation start mode ............... LI __ 0_0':..::6_-" 
Address 0010,6 

We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 

EPROM type 27256 27512 

Reset mode option 
*=~$8010 *=~$0010 

.BYTE~ $XX .BYTE~ $XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

* 3. Mark specification . 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri
ate mark specification form (80P6N for M38174M8-XXXFP) and attach it to the mask ROM confirmation form. 

* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 

(1) Specifications for each ROM 

o ROM code list unnecessary (standard). 

o ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-03A( OYAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 

MITSUBISHI ELECTRIC 

* 5. Usage conditions 

I Mask ROM number I 

Please answer the following questions about usage for use in our product inspection: 
(1) How will you use the X1N-XOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? 

(2) How will you use the XCIN-XCOUT oscillator? 

o Ceramic resonator o Quartz crystal 

o External clock input o Other ( 

At what frequency? f(XcIN )= ,-I ___ I kHz 

* 6. Comments 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

MARK SPECIFICATION FORM 
The mark specification form varies depending on the pack
age type. Fill out the mark specification form for the pack
age being ordered, and submit the form with the mask 

ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 

, Mitsubishi IC catalog name L. ] 
Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

@.t=~~========~~====~======~@ 

- - - - -Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

r.:=~~~~~;::;:~:;~~~;::;::;:;~=~~@ r-- Customer's parts number I r : Note: The fonts and size of characters 
__ .J are standard Mitsubishi type. 

----- Mitsubishi IC catalog name 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 16 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and. (comma) are usable. 
4: If the Mitsubishi logo .I. is not required, check the box on the right. .l.Mitsubishi logo is not required 

C. Special Mark Required 

(j]) 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al
ways marked. 
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2: If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

The st~ndard Mitsubishi font is used for all characters except for a logo. 

• MITSUBISHI 
"-ELECTRIC 

Special logo required 

D 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I I 
L--. ______ ~ 

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 lot 
number (6-digit) 

B. Customer's Parts Number + Mitsubishi Catalog Name 

- - -- Mitsubishi IC catalog name 

,--- Customer's parts number 
_ J Note: The fonts and size of characters 

are standard Mitsubishi type. 
- - - Mitsubishi IC catalog name 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 15 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and. (comma) are usable. 
4: If the Mitsubishi logo J.. is not required, check the box on the right. J..Mitsubishi logo is not required 

C. Special Mark Required D 
~~~~~~~~~~~~~~@ 

@ 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

- Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. 

D 

6-59 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

44P6N (44-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
~------------------~ 

Pi ease choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 
@ 

CD 

r - Mitsubishl IC catalog name 
I 

-- j 

S. Customer's Parts Number + Mitsubishi Catalog Name 

@ @ 

CD 

~ - Customer's parts number 
@: Note: The fonts and size of characters are standard 

Mitsubishi type. 

r - Mitsubishi IC catalog name and Mitsubishi lot number 
---I 

I __ ..J Note4: If the Mitsubishi logo J.. is not required, check 
the box below. 

J..Mitsubishi logo is not required 

D 
Note1: The mark field should be written right aligned. 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

3 : Customer's parts number can be up to 7 charac
ters: 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

C. Special Mark Required 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
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2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MlTSUBISHI 
..... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MAR~ SPECIFICATION FORM 

SOP6 (50-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I L-______________________ ~ 

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 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 

C. Special Mark Required 

- - - - - - Mitsubishi IC catalog name 

r - - Customer's parts number 
: Note: The fonts and size of characters are standard 
I 
I 
I 
I 
I 
I 
I 
I 

Mitsubishi type. 
r-- Mitsubishi IC catalog name 
I 
I 
I 
I 
I 
I 
I 

Notel: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 

____ .J 3: Customer's parts number can be up to 9 charac
ters: 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

4: If the Mitsubishi logo).. is not required, check 
the box below. 

J...Mitsubishi logo is not required 

D 
Notel: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MlTSUBlSHI 
..... B.ECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

52P4B (52-PIN SHRINK, DIP) MARK SPECIFICATION FORM 

,Mitsubishi IC catalog name IL _____________ _ 
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 

B. Customer's Parts Number + Mitsubishi Catalog Name 

f=;:;::;::;:;::;::;:;=;:;:~~~~~~~~~@ 1- - Customer's parts number 
I Note: The fonts and size of characters 

are standard Mitsubishi type. 
- - -- Mitsubishi IC catalog name 

CD 
Note1: The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 18 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable. 
4: If the Mitsubishi logo J.. is not required, check the box on the right. J..Mitsubishi logo is not required 

C. Special Mark Required D 

@ 

Note1: If the special mark is to b'e printed, indicate the desired layout of the mark in the upper figure The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-'digit) and mask ROM number (3-digit) are al
ways marked. 
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2: If the customer's trade mark logo must be used in the special mark, check the box below, Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

The standard Mitsubishi font is used for all characters except for a logo, D 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

56P6N (56-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name l--------~=_ J 
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 

Mltsublshl lot 
number (6-dlglt) r - Mitsubishi IC catalog name 

I 
---1 

B. Customer's Parts Number + Mitsubishl Catalog Name 

~ - Customer's parts number 
: Note: The fonts and size of characters are standard 
: Mitsubishi type. 

r - Mitsubishi IC catalog name and Mitsubishi lot number -, 
I 

_-.1 Note4. If the Mitsubishi logo l. is not required, check 

Note1 : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3: Customer's parts number can be up to 11 char

acters : 
Only 0-9, A-Z, +, ~,/, (, ), &, ©, . (period), 
and, (comma) are usable. 

C. Special Mark Required 

the box below. 
l.Mitsubishi logo is not required 

D 
5: Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo l. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (Ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

60P6 (60-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I L-__________________________ ~ 

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 

Mitsubishl lot 

number (6-digit) 

8. Customer's Parts Number + Mitsubishi 
Catalog Name 

C, Special Mark Required 
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I, - ---- -I---Mitsubishi IC catalog name 
I 
I _____ J 

,---Customer's Parts Number 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Note: The fonts and size 
Mitsubishi type, 

r--Mitsubishi IC catalog name 
I 
I 

of characters are standard 

I 
I 
I 
I 
I 
I 

Note1: The mark field should be written right aligned, 
2 : The fonts and size of characters are standard 

Mitsubishi type, 
____ ~ __ ...J 

3: Customer's parts number can be up to 12 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, ' (period), 
and, (comma) are usable, 

4: If the Mitsubishi logo J.. is not required, check 
the box below, 

J.. Mitsubishi logo is not required 

D 
Note1: If the Special Mark is to be printed, indicate the 

desired layout of the mark in the left figure, The 
layout will be duplicated as close as possible, 
Mitsubishi lot number (G-digit) and mask ROM 
number (3-digit) are always marked, 

2: If the customer's trade mark logo must be used 
in the special mark, check the box below, 
Please submit a clean original of the logo, 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted, 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo, 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ ---' 

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 lot 
number (S-digit) 

-------- Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi Catalog Name 

~~~~~~~~~~~~~~~~ 
,-- Customer's parts number 
: Note: The fonts and size 
I of characters are ___ I 

standard Mitsubishi 
type. 

- - - - _. Mitsubishi IC catalog name 

CD 
Note1: The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsublshi type. 
3 : Customer's parts number can be up to 19 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable. 
4: If the Mitsubishi logo J. is not required, check the box on the right. 

C. Special Mark Required 

~~~~~~~~~~~~~~~~ 

J.Mitsubishi logo is not required 

D 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure The layout will 
be duplicated as close as possible. Mitsubishi lot number (S-digit) and mask ROM number (3-digit) are al
ways marked. 

2: If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

The standard Mitsubishi font is used for all characters except for a logo. D 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6N (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name C 
L-__________________________ ~ 

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 

---l-------Mitsubishi IC catalog name 

I 

Mltsublshl lot 
number (6-dlglt) 

(@~m;::m;::r;:;:;:;m;::m;::iTiTin=r;:;rf' 
CD @ 

--~ 

r-- Customer's parts number 
B. Customer's Parts Number + Mitsubishi Catalog Namel Note· The fonts and size of characters are standard 

I 
I Mitsubishi type. 
: r- Mitsubishi IC catalog name 

I I Note3: Customer's parts number can be up to 10 char-
I I . 
I I acters . 

________ 1 I Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 

I and, (comma) are usable. 
------ - -1 4 : If the Mitsubishi logo ).. is not required, check 

I the box below. _______ -1 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 
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)..Mitsubishi logo is not required 

D 
5 : Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo).. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked 

2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a cle.an original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6S (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI __ ~ ____________ -, 

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 

Mitsublshl lot 
number (6-dlgit) 

B. Customer's Parts Number + Mitsubishi 

Catalog Name 

r - - - Mitsubishi IC catalog name 

I 
--I 

,---- Customer's Parts Number 
I Note: The fonts and size of characters are standard 
I Mitsubishi type. 
I 

1_- __ Mitsubishi IC catalog name and Mitsubishi lot number 
II 
II 

--I 
I 
I 

- -1 
I 
I 

Note3: Customer's parts number can be up to 11 char
acters : 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo J.. is not required, check 
the box below. 

J..Mitsubishi logo is not required 

Note1: The mark field should be written right aligned. D 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 

5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo J.. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6W (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I ~ 
L-. _____ ~ 

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 

Mitsublshi lot 
number (6-dIQlt) 

----- ----Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi Catalog Name 

r--- Customer's parts number 
: Note: The fonts and size of characters are standard 
I Mitsubishi type. 
I _____ J r- Mitsubishi IC catalog name 

I 
I _______ J Note3: Customer's parts number can be up to 12 char-

acters: 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4 : If the Mitsubishi logo J.. is not required, check 
the box below. 

Note1: The mark field should be written right aligned. 
J..Mitsubishi logo is not required 

D 2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
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2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MITSUBISHI 
"-ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

72P6 (72-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I ~ 
L--. ~--~_----.J 

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 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 

C. Special Mark Required 

-----------Mitsubishi IC catalog name 

,- - - - Customer's parts number 
I Note: The fonts and size 
: Mitsubishi type. 

of characters are standard 

I ,---Mitsubishi IC catalog name 
I I 
I I 
I I 
I I 

I 
I 

___ ..J 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3: Customer's Parts Number can be up to 12 char-

acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo J.. is not required, check 
the box below. 

J..Mitsubishi logo is not required 

D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

SOPS (SO-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name r--- J I'-----_~ __ ~-
Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Mltsublshl lot 

number (6-dlglt) 

- - - - --Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

,--' Customer's parts number 
: Note: The fonts and size 
I Mitsubishi type. 

- J ,- Mitsubishi IC catalog name 
I 

of characters are standard 

__ J 
Note3 : Customer's parts number can be up to 14 char-

acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo).. is not required, check 
the box below. 

Note1: The mark field should be written right aligned. )..Mitsubishi logo is not required 

2 . The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 
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D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

80P6N (SO-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ ---' 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Milsubishi 101 
number (6-diQil) 

- - - - - - - - Mitsubishi IC catalog name 

S. Customer'S Parts Number + Mitsubishi Catalog Name 

r- - - - Customer's parts number 
: Note: The fonts and size 
I Mitsubishi type. 

of characters are standard 

__ 1 ,---Mitsubishi IC catalog name 
I 
I 

Note3: Customer's parts number can be up to 14 char-
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo l.. is not required, check 
the box below. 

Note1: The mark field should be written right aligned l..Mitsubishi logo is not required 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 

D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
actl3rs except for a logo. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

80P6S (80-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-______________________ ~ 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

Mitsublshl lot 
number (6·dlgit) 

- --.., - - - Mitsubishi IC catalog name 
I ____ J 

B. Customer's Parts Number + Mitsubishi 1-- - Customer's parts number 
I Note: The fonts and size of characters are standard 

Catalog Name 
Mitsubishi type. 

,- - - Mitsubishi IC catalog name 
I 
I 
I 
I 
I 
I 

- -, 
--. __ J 

Note1: The mark field should be written right aligned. 
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2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

Note3: Customer's parts number can be up to 10 char-
acters : 
Only 0~9, A~Z, +, -, /, (, ), &, ©, ,(period), 
and, (comma) are usable. 

. 4 : If the Mitsubishi logo ~ is not required, check 
the box below. 

~Mitsubishi logo is not required 

D 
5: Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name. and that Mitsu
bishi logo ~ is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

84PO (84-PIN PLCC) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name [ 
L-______________________ __ 

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 

nn n 

0 @ 

IIA - - - - - - - - - Mitsubishi IC catalog name 

I Mltsublshl lot 

number (6-diglt) 

~ 
E> 

0 0 

® © ,--Customer's parts number 
B. Customer's Parts Number + Mitsubishi CatalQg Name I Note: The fonts and size 

@ CD@ @ i Mitsubishi type. 
of characters are standard 

o @ I -Mitsubishi IC catalog name 
I 
I 
I 

r------...J 
I 
I 

_________ J 

M,tsub,sh, lot 
number (6-dlglt) 

Note1 : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

c. Special Mark Required 

@ CD@ @ 

o @ 

Note3: Customer's parts number can be up to 16 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

4: If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 

D 
5: Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo A is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MITSUBISHI 
.... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

100P6S (100-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 IC catalog name 

CD 
B. Customer's Parts Number + Mitsubishi Catalog Name 

,- - - - Customer's parts number 
@ ~#::::::~::::::~:::!:':~:::!:':!l:':!!:'!!!::':'!l:':!!:~_ @J Note: The fonts and size of characters are standard 

I Mitsubishi type. 
-~ ,-- Mitsubishi IC catalog name 

~---: 
Note3: Customer's parts number can be up to 14 char

acters: 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo A is not required, check 
the box below. 

Note1: The mark field should be written right aligned. 
AMitsubishi logo is not required 

LJ 2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 
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Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mltsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN==================== 
Semiconductor Marketmg DIvIsion 
M,tsubish, Electric Corporation 
2-3, Marunouchl 2-chome 
Chlyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone (03) 3218-3473 

(03) 3218-3499 
Facsimile (03) 3214-5570 

Overseas Markellng Manager 
Klta-Uaml Works 
4-1, Mlzuhara, Itaml-shl, 
Hyogo-ken 664, Japan 
Telex 526408 KMELCO J 
Telephone (0727) 82-5131 
Facsimile (0727) 72-2329 

HONG KONG ================ 
Mltsublshl Electric (H K ) Ltd 
41st fl, Manullfe 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 
Mltsublshl Electric BUlldmg 
Singapore 0315 
Telex RS 20845 MELCO 
Telephone 4732308 
Facsimile 4738944 

TAIWAN ==================== 
MELCO-TAIWAN CO, Ltd 
1 st II , Chung-Lmg Bldg, 
363, Sec 2, Fu-Hsmg S Road, 
Taipei ROC 
Telephone. (02) 735-3030 
Facsimile (02) 735-6771 
Telex 25433 CHURYO "MELCO

TAIWAN" 

U.S.A. ============ 
NORTHWEST 
MltsublShl Electronics Amenca, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone (408) 730-5900 
Facsimile (408) 730-4972 

SAN DIEGO 
Mltsubishl Electronics Amenca, Inc 
16980 Via TalOn, SUite 220 
San Diego, CA 92128 
Telephone (619) 451-9618 
Facsimile (619) 592-0242 

DENVER 
MltsublShl Electronics Amenca, Inc 
4600 South Ulster Street 
Metropomt BUlldmg, 7th Floor 
Denver, CO 80237 
Telephone (303) 740-6775 
Facsimile (303) 694-0613 

SOUTHWEST 
Mttsublsht Electronics Amenca, Inc 
991 Knox Street 
Torrance, CA 90502 
Telephone (213) 515-3993 
Facsimile' (213) 217-5781 

SOUTH CENTRAL 
Mltsublshi Electronics America, Inc 
1501 Luna Road, SUite 124 
Carrollton, TX 75006 
Telephone (214) 484-1919 
Facsimile' (214) 243-0207 

NORTHERN 
Mitsublshl Electronics America, Inc 
15612 Highway 7 lI243 
Mmnetonka, M N 55345 
Telephone (612) 938-7779 
Facsimile (612) 938-5125 

NORTH CENTRAL 
Mltsublshl Electronics America, Inc 
800 N Bierman Circle 
Mt Prospect, I L 60056 
Telephone (312) 298-9223 
Facsimile (312) 298-0567 

NORTHEAST 
Mltsublshi Electronics Amenca, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone (617) 932-5700 
Facsimile (617) 938-1075 

MID-ATLANTIC 
MltsublShl Electronics Amenca, Inc 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone (201) 469-8833 
Facsimile (201) 469-1909 

SOUTH ATLANTIC 
MltsublShl Electronics Amenca, Inc 
2500 Gateway Center Blvd, SUite 300 
Morrisville NC 27560 
Telephone (404) 368-4850 
Facsimile: (404) 662-5208 

SOUTHEAST 
Mitsublshi Electronics Amenca, Inc 
Town Executive Center 
6100 Glades Road lI210 
Boca Raton, FL 33433 
Telephone (407) 487-7747 
Facsimile' (407) 487-2046 

CANADA 
Mitsublsht ElectrOniCs Amenca, Inc 
6185 Ordan Drive, Unit lIll0 
Mlsslssauga, Ontario, Canada L5T 2El 
Telephone. (416) 670-8711 
Facsimile (416) 670-8715 

MltsublShl ElectrOnics America, Inc 
300 March Road, SUite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone (416) 670-8711 
Facsimile (416) 670-8715 

GERMANY================== 
Mitsublshl Electric Europe GmbH 
Headquarters 
Gothear Str 8 
4030 Ratmgen 1, Germany 
Telex 8585070 MED D 
Telephone' (02102) 4860 
Facsimile (02102) 486-115 

Munich Office 
ArabeliastraBe 31 
8000 Munchen 81, Germany 
Telex 5214820 
Telephone (089) 919006-09 
Facsimile (089) 9101399 

FRANCE================ 
Mltsublshl ElectriC Europe GmbH 
55, Avenue de Colmar 
92563 Ruell Malmalson Cedex 
Telex' 632326 
Telephone 47087871 
Facsimile 47513622 

ITALY =================== 
Mltsublshi ElectriC Europe GmbH 
Centro Dlrezionale Golleonl 
Palazzo Casslopea 1 
20041 Agrate Brlanza I-Milano 
Telephone (039) 636011 
Facsimile (039) 6360120 

SWEDEN=================== 
Mltsublshl ElectriC Europe GmbH 
Lastbllsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex 10877 (meab S) 
Telephone (08) 960468 
Facsimile (08) 966877 

U.K. =========== 
Mltsublshl ElectriC (U K) Ltd 
Travellers Lane 
Hatfield 
Herts AL10 8XB, England, UK 
Telephone (0044) 7072 76100 
Facsimile (0044) 7072 78692 

AUSTRALIA ================== 
Mltsublshl 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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