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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) ISSlpatlon time quency 
(mW) Cus} (MHz) 

M50708-XXXSP/FPX 6K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 5±10% 15 2 4 64P4B172P6 Notel Serial 1/0 

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

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

M50741-XXXSP/FP x 4K-Byte Mask-Prog ROM, 96-Byte RAM C, SI 5±10% 15 2 4 52P4B/50P6 Notel 

M50742-XXXSP/FP x 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, SI 5±10% 15 2 4 64P4B172P6 Notel 
Serial 110 

M50743-XXXSP/FP x 4K-Byte Mask-Prog ROM, 128-Byte RAM C, Si 5±10% 30 1 8 64P4B172P6 Notel 

M50744-XXXSP/FP x 4K-Byte Mask-Prog ROM, 144-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, Si 5±10% 15 2 4 64P4B172P6 Notel 

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

M50747H-XXXSP/FP 8K-Byte Mask-Prog ROM, 256-Byte RAM C, Si 5±5% 45 0.67 12 64P4B172P6 Notel 

M50752-XXXSP x 4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 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±10% 15 2 4 64P4B/60P6 Notel 
8-Bit A-D Converter 

M50754-XXXSP/FPIGP 
6K-Byte Mask-Prog ROM, 160-Byte RAM, C, SI 4-5.5 20 1. 90 4.2 64P4B172P61 Notel 
PWM, High Voltage Port, Serial I/O 64P6W 

M50757-XXXSP x 3K-Byte Mask-Prog. ROM, 96-Byte RAM, C, SI 5±10% 15 2 4 52P4B Notel High Voltage Port, CR Oscillation Type 

M50758-XXXSP 
" 3K-Byte Mask-Prog. ROM, 96-Byte RAM, 

High Voltage Port, Ceramic Oscillation Type 
C, Si 5±10% 15 2 4 52P4B Notel 

M50930-XXXFP 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 
LCD ControlierlDriver, Senal I/O 

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 I/O 

M50932-XXXFP 
8K-Byte Mask-Prog ROM, 512-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 
LCD Controller/Driver, Serial 110 

M50933-XXXFP 
6K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 3.8-5.5 15 1. 86 4.3 80P6 
LCD Controller/Driver, Senal I/O 

Note2 
8K-Byte Mask-Prog ROM, 256-Byte RAM, 

M50934-XXXFP LCD Controller/Dnver, Senal I/O C, Si 3.8-5,5 15 1. 86 4.3 80P6 

4K-Byte Mask-Prog ROM, 128-Byte RAM, 
M50940-XXXSP/FP 8-Bit A-D Converter, High Voltage Port, C, SI 5±10% 15 2 4 64P4B172P6 

Serial 110 
Note2 

8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
M50941-XXXSP/FP 8-Blt A-D Converter, High Voltage Port, C, Si 5±10% 15 2 4 64P4B172P6 

Senal I/O 

M50943-XXXSP/FP 
8K-Byte Mask-Prog ROM, 192-Byte RAM, C, SI 5±10% 30 1 8 64P4B/60P6 Notel 
8-Bit A-D Converter, Serial 1/0 

M50944-XXXSP/FP 
12K-Byte Mask-Prog. ROM, 192-Byte RAM, C, SI 3-5.5 15 1. 91 4.19 64P4B/64P6S Note2 
8-Bit A-D Converter, Two Serial II0s 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50945-XXXSP/FP 8-Bit A-D Converter, High Voltage Port, C, Si 5±1O% 15 2 4 64P4B172P6 Note2 

Senall/O 

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 I/0s 

M50951-XXXSP 
4K-Byte Mask-Prog ROM, 144-Byte RAM, C, SI 5±1O% 20 1.6 5 52P4B Notel 
High Voltage Port, Two Serial I/0s 

M50954-XXXSP/FPIGP 
8K-Byte Mask-Prog ROM, 192-Byte RAM, C, Si 4-5,5 20 1. 90 4.2 64P4B/72P61 Notel 
PWM, High Voltage Port, Senal 110 64P6W 

M50955-XXXSP/FPIGP 
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 110 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 SEM1cONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOM'PUTERS Enlarged 

edition)" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2." 
'* : The production of this product is no longer planned due to announcement of new senes or upgrades. 
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INDEX BY FUNCTION 

.Built-in PROM type microcomputers 
Electrical characteristics 

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

(V) Isslpab", time quency 
(mW) ('lS) (MHz) 

M50746E-XXXSP/FP One Time Programmable Version of M50746-XXXSP/FP C, SI 5±5% 15 2 4 64P4B172P6 Notel 

M50746ES/EFS PROM Version of M50746-XXXSP/FP C, SI 5±5% 15 2 4 64S1B172S6 Notel 

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

M50747ES/EFS PROM Version of M50747-XXXSP/FP C, Si 5±5% 30 1 8 64S1B172S6 Notel 

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 
Notel 

64S1B 

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

M50957ES PROM Version of M50957-XXXSP C, SI 5±5% 20 1.9 4.2 
Notel 

64S1B 

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

M50963ES/EFS PROM Version of M50963-XXXSP/FP C, Si 5±5% 15 2 4 64S1B/72S6 Notel 

M37102E8-XXXSP/FP * One Time Programmable VersIOn of M37102M8-XXXSP/FP C, Si 5±10% 110 1 4 64P4B/80P6N 2-354 

M37120E6-XXXFP * PROM Version of M37120M6-XXXFP C, SI 5±5% 75 1 4 80P6N 3-416 

M37201E6-XXXSP * One Time Programmable Version of M37201 M6-XXXSP 5±10% 110 1 4 64P4B 2-354 

M37410E6HXXXFP One Time Programmable Version of M37410M6H-XXXFP C, SI 2.5-5.5 30 1 8 80P6S 

M37410E6HFS PROM Version of M37410M6H-XXXFP C,Si 2.5-5.5 30 1 8 80S6 
3-423 

M37412E5-XXXFP One Time Programmable Version of M37412M4-XXXFP C, SI 5±5% 15 2 4 72P6 3-434 

M37413E6HXXXFP** One Time Programmable Version of M37413M6H-XXXFP C,SI 2.5-5.5 30 1 8 80P6S 

M37413E6HFS ** PROM Version of M37413M6H-XXXFP C,8. 5±5% 30 1 8 80S6 
3-448 

M37414E5-XXXFP * One Time Programmable Version of M37414M5-XXXFP C,S. 5±5% 15 2 4 72P6 3-458 

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

M37420E6SS * PROM Version of M37420M6-XXXSP C, SI 5±5% 30 1 8 52S1 
3-472 

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

M37524E4-XXXSP ** One Time Programmable Version of M37524M4-XXXSP C, Si 5±10% 30 1 4 64P4B 
3-480 

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 
Note3 

M37450E8-XXXSP/FP * One Time Programmable Version of M37450M8-XXXSP/fP C, Si 5±5% 30 0.8 10 64P4B/80P6 

5±5% 
Note3 

M37450E8SS/FS * PROM Version of M37450M8-XXXSP/FP C, Si 30 0.8 10 64S1B/80DO 

M37450E4TXXXSP/J * One Time Programmable VersIOn of M37450M4TXXXSP/J C, SI 5±5% 30 0.8 10 64P4B/84PO Note3 

M37451E4-XXXSP/FP/GP * One Time Programmable Version of M37451M4-XXXSP/FP/GP C, Si 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 E4SS/FS * PROM Version of M37451M4-XXXSP/FP C, SI 5±10% 40 0.64 12.5 64S1B/80DO Note3 

M37451 ES·XXXSPIFPIGP * One Time Programmable Version of M37451M8-XXXSP/FPIGP C, Si 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 E8SS/FS * PROM Version of M37451 M8-XXXSP/FP C, SI 5±10% 40 0.64 12.5 64S1B/80DO Note3 

M37451 EC·XXXSP/FPIGP ** One Time Programmable Version of M37451MC-XXXSPIFP/GP C, SI 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 ECSS/FS ** PROM Version of M37451 MC-XXXSP/FP C, SI 5+10% 40 0.64 12.5 64S1B/80DO Note3 

M37451E4DXXXSP/FP ** One Time Programmable Version of M37451 M4TXXXSP/FP C, SI 5±10% 40 0.64 12.5 64P4B/80P6N Note3 

1.137451 E8DXXXSPIFP ** One Time Programmable Version of M37451 M8TXXXSP/FP C, SI 5±10% 40 0.64 12.5 64P4B/80P6N Note3 

M37470E4-XXXSP * One Time Programmable Version of·M37470M4-XXXSP C, SI 2.7-5.5 17.5 1 4 32P4B Note3 

M37470E8-XXXSP * One Time Programmable Version of M37470M8-XXXSP C, SI 2.7-5.5 17.5 1 4 32P4B Note3 

1.137471 E4·XXXSP/FP * One Time Programmable Version of M37471 M4-XXXSP/FP C, SI 2.7-5.5 17.5 1 4 42P4B/56P6N Note3 

1.137471 E8-XXXSP/FP* One Time Programmable VersIOn of M37471 M8-XXXSP/FP C, SI 2.7-5.5 17.5 1 4 42P4B/56P6N Note3 

M37471E8SS * PROM Version of M37471M8-XXXSP C, SI 2.7-5.5 17.5 1 4 42S1B Note3 

* : 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 8-BIT MICROCOMPUTERS Enlarged 

edition>" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROcbMPUTERS> vol 2" * : The production of this product IS no longer planned due to announcement of new series or upgrades 

.Series 38000 single-chip microcomputers 
Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS> 
Vol. 2." 
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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-l0 PCA4034RG02 

Development support systems (4) series 7450 

Senes 7450 " Debug system 

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

M37450M2-XXXSP/FP 

M37450M4-XXXSP/FP 
M37 450T -0 PT 

Single-chip or 
M37 450M4TXXXSPI J mode M37450T-RTT 
M37450M8-XXXSP/FP 

M37450E4-XXXSP/FP M37450RSS 

M37450E4TXXXSP/J or 

M37450E4SS/FS Microprocessor PC4000E M374.50RFS 

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

M37450EBSS/FS 
or 

M37450S1 SP/FP 
M37450TX-RTT 

M37450S2SP/FP 
Microprocessor 

M37450S4SP/FP 
mode PC4000E 

RTT74 
M37451 M4-XXXSP/FP/GP SRA74 

(Note 1) + 
M37451 M8-XXXSP/FP/GP PC4600* 

M37451 MC-XXXSP/FP/GP 

M37451 E4-XXXSP/FP/GP Single-chip 

M37451E4SS/FS mode 

M37451 E8-XXXSP/FP/GP 
M37451 RSS 

M37451 EBSS/FS 

M37451 EC-XXXSP/FP/GP -- or 

M37 451 ECSS/FS Microprocessor 
M37451RFS 

M37451M4DXXXSP/FP mode 
(Note 2) 

M37 451 M8DXXXSP/FP 

M37451E4DXXXSP/FP 

M37451E8DXXXSP/FP 

M37451SSP/FP/GP 
Microprocessor 
mode 

* : New products 
Notel: 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 

Senes 7470 
--

Assembler 
Type name Processor mode Control 

software 

M37470M2-XXXSP 

M37470M4-XXXSP 

M37470M8-XXXSP 

M37470E4-XXXSP 

M37470EB-XXXSP 

M37471 M2-XXXSP/FP Single-chip mode SRA74 RTT74 (Note 1) 

M37471 M4-XXXSP/FP 

M37471M8-XXXSP/FP 

M37471 E4-XXXSP/FP 

M37471E8-XXXSP/FP 

M37471EBSS 

* : New products 
Notel: PC4600)s supported by software version up 

2: Pitch converter PCA4906 IS necessary to M37470 
3 : Pitch converter PCA4907 is necessary to QFP package type 
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Debug system 

Debugger Emulator MCU 

PC4000E 

+ M37471RSS (Note 2,3) 

PC4600* 

For evaluation 

-

For evaluation 

M37450PSS/PFS, 

M37450E4SS/FS 

or 

M37450EBSS/FS* 

(Note 3) 

M37451 E4SS/FS*, 

M37451 EBSS/FS* 

or 

M37451 ECSS/FS** 

(Note 3) 

For evaluation 

M37470E4-XXXSP* 

M37470E8-XXXSP* 

M37471 EBSS* 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (6) series 38000 

Type name Assembler 
Debug system 

Conlrol software Debugger 

M38002M2-XXXSP/FP 

M38002E2-XXXSP/FP 

M38002E2SS/FS 

M38002M4-XXXSP/FP 

M38002E4-XXXSP/FP 

M38002E4SS/FS 

M38003M6-XXXSP/FP 

M38003E6-XXXSPIFP 

M38003E6SS1 FS 

M38004M8-XXXSP/FP 

M38004E8-XXXSPIFP 

M38004E8SS/FS 

M38007M4-XXXSP/FP 

M38007E4-XXXSPIFP 

M38007E4SS/FS 

M38042M3-XXXFP 

M38042E3-XXXFP 

M38042E3FS 

M38062M3-XXXFP/GP 

M38062E3-XXXFPIGP 

M38062E3FS 

M38062M4-XXXFP/GP 

M38062E4-XXXFPIGP 

M38062E4FS 

M38063M6-XXXFP/GP 

M38063E6-XXXFPIGP PC4000E 
M38063E6FS SRA74 RTT74 (Nole 1) + 
M38064M8-XXXFP/GP PC4600* 
M38064E8-XXXFPIGP 

M38064E8FS 

M38102M5-XXXSP/FP 

M38102E5-XXXSP/FP 

M38102E5SS 

M38103M6-XXXSPIFP 

M38103E6-XXXSP/FP 

M38103E6SS 

M38112M4-XXXSP/FP 

M38112E4-XXXSPIFP 

M38112E4SS 

M38172M4-XXXFP 

M38172E4-XXXFP 

M38172E4FS 

M38173M6-XXXFP 

M38173E6-XXXFP 

M38173E6FS 

M38174M8-XXXFP 

M38174E8-XXXFP 

M38174E8FS 

M38184M8-XXXFP 

M38184E8-XXXFP 

M38184E8FS 

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

2 : Pitch converter M38007T-PRB is necessary to QFP package type 
3 : Pitch converter PCA4932 IS necessary 

Emulation MCU 
For evaluation 

M38002E2SS/FS 

M38002E4SS/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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DEVELOPMENT SUPPORT SYSTEMS 

Program writing adapter for built-in 
PROM type microcomputers 

Built-in PROM type micrncomputers 
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 

M37102E8-XXXSP 
PCA4724 

M37102ESSS 

M37102E8-XXXFP 
PCA4725 

M37102E8FS 

M37120ES-XXXFP PCA471S(Note 1) 

M37201 ES-XXXSP 
PCA4723 

M37201ESSS 

M37202E3-XXXSP 

M37202E3SS 

M37204E8-XXXSP 
PCA472S* 

M37204E8SS 

M37250ES-XXXSP 

M37250ESSS 

M37260ES-XXXSP 
PCA4736* 

M37260ESSS 

M37260ES-XXXFP 
PCA4737* 

M37260ESFS 

M37410ESHXXXFP PCA4705 

M37410E6HFS PCA470S 

M37412E5-XXXFP PCA4720 

M37413ESHXXXFP PCA4728 

M37413ESHFS PCA4729 

M37414E5-XXXFP PCA4720 

M37420ES-XXXSP 
PCA4727 

M37420ESSS 

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

BUilt-in PROM type mlcrocomput.IS 
Program writing adapter 

type name 

M37451 ECSS 
PCA4710 

M37450E4TXXXSP 

M37450E4TXXXJ PCA4712(Note 1) 

M37450E4-XXXFP 

M37450E4FS C PCA4711 

M37450E8-XXXFP 

M37450E8FS 

M37451E4FS 
PCA4719 

M37451E8FS 

M37451 ECFS 

M37451 E4-XXXFP 

M37451 E8-XXXFP PCA4751* 

M37451 EC-XXXFP 

M37451 E4-XXXGP 

M37451 E8-XXXGP PCA4752* 

M37451 EC-XXXGP 

M37451 E4DXXXSP 
PCA4710 

M37451 E8DXXXSP 

M37451 E4DXXXFP 

M37451 E8DXXXFP 
PCA4751* 

M37460E8-XXXFP PCA4713(Note 1) 

M37470E4-XXXSP 

M37470E,,""XXXSP 

M37471 E4-XXXSP PCA4730 

M37471 E8-XXXSP 

M37471E8SS 

M37471 E4-XXXFP 

M37471 E8-XXXFP 
PCA4731 

M38002E2-XXXSP 

M38002E2-XXXFP 

M36002E2SS 
Under development 

M38002E2FS 

M38002E4-XXXSP PCA4738S-64 

M38002E4-XXXFP PCA4738F-64 

M38002E4SS PCA4738S-64 

M38002E4FS PCA4738L-64** 

M38003E6-XXXSP 

M38003E6-XXXFP 

M38003E6SS 

M38003ESFS 

M38004E8-XXXSP 

M38004E8-XXXFP 

M38004E8SS 

M38004E8FS 

M38007E4-XXXSP I Under development 

M38007E4-XXXFP 

M38007E4SS 

M38007E4FS 

M38042E3-XXXFP 

M38042E3FS 

M380S2E3-XXXFP 

M380S2E3-XXXGP 

M380S2E3FS 

* : New product **: Under development 
Note1: Be necessary to order prodUCing this board 
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DEVELOPMENT SUPPORT SYSTEMS 

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

BUllt·in PROM type microcomputers 
Program wrlbng adapter 

type name 

M38062E4-XXXFP 

M38062E4·XXXGP Under development 

M38062E4FS 

M38063E6·XXXFP PCA4738F·60 

M38063E6·XXXGP PCA4738G-80 

M38063E6FS PCA4738L·60 

M38064E8·XXXFP 

M38064E8·XXXGP Under development 

M38064E8FS 

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-64 

M38112E4SS PCA4738S-64 

M38172E4-XXXFP 

M38172E4FS 

M38173E6·XXXFP 

M38173E6FS 
Under development 

M38174E8·XXXFP 

M38174E8FS 

M38184E8-XXXFP PCA4738F-l00* 

M38184E8FS Under development 

* : New product **: Under development 
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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 
S : 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 automobile/industrial 

Mask ROM number 

1.--1 Package style 
J : PLCC, or SOJ package 
K : Glass-sealed ceramic flat package 
P : Molded plastic DIP 
FP : Molded plastic flat package 
FS : Ceramic .flat package 
GP : Molded plastiC flat package 
SP : Molded plastic shrink package 
S : Ceramic (layered type) package 
SS : Ceramic shrink package 

\, , 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

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

1-16 

Example: 42 4 B 
L----f---+----f-Number of pins 

'----+---+-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 
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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 (IEC). 
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 lEe 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 
establ ishment 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. 
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Subscript D indicates the name of the signal or terminal 
·for which a change of state or level (or 

establishment of a state or level) consti­

tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 

the beginning of the time interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi­

cated. 
Subscript F indicates additional information such as 

mode of operation, test conditions, etc. 
Note 1 Subscripts A 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 occunng to Signal 

event 0 Dc-curing. and It IS Important to note that thiS convention IS used 

for all dynamic parameters Including hold times Where no misunder­

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: 

tA(B-D) 

or tA(B) 

or tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or 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 

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 tlfne for use as a characteristic IS limited to sense recovery tlmp 

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 

2 It should be noted, when further letter symbols are chosen, that thp sub 

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

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

Data Input/output, Read/VVrlte) the waveform should be labelled with the 

dual functIOn, If appropriate, but the symbols for the dynamic parameters 

should Include only that part of the subscript relevant to thp paramett'r 

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 

Subscript 

Low logic level 
H 

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

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

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub­

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

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition froin 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 subSCripts Band D 

may contain an indeterminate number of letters, It IS necessary to put the 

restnctlOn on the subscnpts Band 0 that they should not end With H, L, 

V, X, or Z, so as to aVOid possible confUSion 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

6. SUBSCRIPT F (For Additional Information) 
If necessary, subscript F is used to represent any addi­

tional qualification of the parameter such as mode of 

operation, test' conditions, etc. The letter symbols for 

subscript F are given below. 

Subscript F should be in upper-case. 

Modes of operation 

Power-down 

Page-mode read 

Page-m<;>de write 

Read 

Refresh 

Read-modify-write 

Read-write 

Write 

1-32 

Subscript 

PD 

PGR 

PGW 

R 

RF 

RMW 

RW 

W 
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MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND. RELIABILITY TESTING 

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. 

Flg.4 
Au-AI plague formation 
on bonding pad 

Flg.5 

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

Lifted Au wire ball base 

Au-AI intermetaOic 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 
IC 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 
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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· 

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

MOS IC/LSI. 

Under certain conditions, however, it may be impossible 

to completely avoid destruction of the thin insulator-film due 

to the application of unexpectedly high voltage or thermal 

destruction due to excessive current from a forward biased 

P-N junction. Therefore the following recommendations 

should be followed in handling MOS devices. 

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

1. The recommended ranges of operating conditions 

provide adequate safety margins. Operating within these 

limits-will assure maximum equipment performance and 

quality. 

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

excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 

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

power supply having low impedance may cause burn-out 

of the internal leads or thermal destruction due to 

excessive current. 

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

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

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

are easily subjected to electrostatic induction from AC 

fields of the surrounding space or from charged objects 

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

protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil. 

shielded boxes or other protective precautions. 

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

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

ing personnel should be grounded. Work tables should 

be covered with copper or aluminum plates of good 

conductivity, and grounded. One method of grounding 

personnel, after making sure that there is no potential 

difference with electrical equipment, is by the use of a 

wristwatch metallic ring, etc. attached around the wrist 

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

the grounding meets national regulations on personnel 

safety. 

2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MOS IC/LSls, as described 

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

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR .MOUNTING OF 
MOS IC/LSls 

1. The printed wiring lines between Input and output ter­

minals of MOS lelLSls 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 

de.vice. 

2. When inputloutput, or input andlor output, terminals 

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

we must consider the possibility of current leakage and 

take precautions similar to §2 above. To reduce such 

undesirable trouble, it is recommended that an interface 

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

resistor with a resistance that does not exceed the 

output driving capability of the MOS IC/lSI be inserted 

between the power supply and the ground. 

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

supply line to absorb surges which can frequently be 

strong enough to destroy 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 

electrostat ically 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. 

• MITSUBISHI 
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M37100M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset input 

X ,N Clock input 

XOUT Clock output 

if> Timing output 

XC1N Clock input for clock 

function 

XCOUT Clock output for clock 

function 

POO-P07 I/O port PO 

P1 o-P1 7 110 port P1 

P2o-P27 1/0 port P2 

P3o-P37 1/0 port P3 

P47 1/0 port P4 

I. B. G. R. CRT output 

OUT 

HSYNC HsyNc input 

VSYNC VSYNC mput 

P52. P53 1/0 port P5 

P5,. 
P54 -P57 

P6o-P65 1/0 port P6 

OSC1. Clock Input lor CRT display 

OSC2 Clock output for CRT display 

2-6 

Inpull 

Output 

Input 

Input 

Output 

Output 

Input 

Output 

I/O 

1/0 

110 

1/0 

1/0 

Output 

Input 

Input 

1/0 

1/0 

Input 

Output 

Functions 

Power supply Inputs 5V±10% to Vcc• and OV to Vss 

This IS connect to Vss. 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 2.us (under normal Vee 

conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time 

These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an 

external ceramiC or a quartz crystal oscillator IS connected between the XIN and XOUT pins and external 

condensers are connected. If an external clock is used, the clock source should be connected to the X1N 

pin and the XOUT pin should be left open 

This is the timing output pin In single-chip mode, the output can be controlled by selecting the option 

These are the lID pins of the clock generating circuit for the clock function To control generating frequen-

cy, an external ceramic or a quartz crystal oscillator IS connected between the XCIN and XCOUT pms and ex-

ternal condensers are connected If an external clock is used, the clock source should be connected to the 

XC1N pin and the XCOUT pin should be left open 

Port PO IS an 8-bit 1/0 port with directional registers allowing each 1/0 bit to be individually programmed as 

input or output At reset, this port is set to mput mode The output structure IS middle-voltage N-channel 

open drain 

Port P1 is an a-bit I/O port and has baSically the same functions as port PO but the output structure IS 

N-channel open drain It can be built in pull-up translster at each Pin by selecting the optIOn. 

Port P2 is an a-bit 1/0 port and has baSically the same functions as port P1 

Port P3 is an a-bit liD port and has basically the same functions as port P1 When serial I/OA is used, P37, 

P3e• P35, and P34 work as SRDYA, CLKA, SoUTA, and SINA pins, respectively. P33, works as an analog input for 

comparator and P32 works as a counter input 

Port P47 is a 1-bit 1/0 port and has basically the same functions as port po, but the output structure IS 

CMOS output. 

This IS a 5-bit output Pin for CRT display. 

The output polarity can be changed by selecting the option At reset, inactive polarity is selected 

The output structure IS CMOS output 

This IS the hOrizontal synchronizing signal input for CRT display. The input polarity can be changed by 

selecting the option. 

This IS the vertical synchronizing signal input for CRT display The Input polarity can be changed by select-

Ing the option 

These ports have basically the same functions as port P1, and are In common with Interrupt input pins 

These ports have basically the same functions as port P1. When serial 1/0. IS used. P5,. P5,. P5, and P54 
--

work as SRDYB, ClKB• SOUTB and SINS pins, respectively. 

Port P6 is a 6-blt 1/0 port and has basically the same functions as port PO The output structure of P6a, P61 

is CMOS output and the output structure of P62-P65 is middle-voltage N-channel open drain P60, P61, P62, 

P63• P64 • P6, can be programmed to function as timer output pin (T). PWM output pins (PWMf. PWM2. 

PWM3. PWM4 and PWM5). respectively 

ThiS IS the 110 PinS of the clock generating CircUit for the CRT display function 

To control generating frequency, external condensers and registers are connected. 

• MfTSUBISHI 
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M37100M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROL'LER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37100 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. 

MEMORY 
• 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. 

0000'6 

RAM(192 bytes) 

OOBF, 6 

00DO'6 

00FF'6 

[ 
0100'6 

RAM(128 bytes) 

017F'6 

[ 
2000'6 

RAM for display 

(213 bytes) 
20D4'6 

COOO'6 

FFOO'6 

ROM(4K bytes) 

FFF4'6 

• 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 for display 
RAM for display is used to specify the character to be dis­

played on the CRT and its color. 

• 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 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 

Not used 

Zero page 

Special page for 

subroutine call 
Interrupt vector area 

Fig. 1 Memory map 

FFFF'6 
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0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
OOD?,. 
0008,. 
0009,. 
OODA,. 
OODB,. 
OODC,. 
0000,. 
OODE,. 
OODF,. 
OOEO,. 
00E1,. 
00E2,. 
OOE3,. 
00E4,. 
00E5,. 
00E6,. 
OOE?,. 

Horizontal oosition reaister 
Vertical position reaister of block 1 
Vertical position register of block 2 
Vertical oosition reaister of block 3 
Color register 0 
Color register 1 
Color register 2 
Color register 3 
CRT control register 
Disolay block counter 
Senal IIOB mode register 
Special mode reoister 
Serial IIOB reoister 
Counter 0 

Port PO 
Port PO directional reaister 
Port PI 
Port PI directional register 
Port P2 
Port P2 directional register 

A-D control register 

00E816 

00E9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 
OOFO,. 
00F1,. 
00F2,. 
00F3,. 
00F4,. 
00F5,. 
00F6,. 
OOF?,. 
00F8,. 
00F9,. 
OOFA,. 
OOFS,. 
OOFC,. 
OOFD,. 
OOFE,. 
OOFF,. 

Port P3 
'Port P3 directional rea,ster 
Port P4 
Port P4 directional rea,ster 
Port P5 
Port P5 directional register 
Port P6 
Port P6 directional reQister 
PWM1-H register 
PWM1-L register 
PWM2 register 
PWM3 realster 
PWM4 reaister 
PWM control reaister 
Senal IIOA mode reaister 
Serial IIOA reaister 
PWM5 remster 
PWM outout control reolster 
Timer 1 
Interrupt control register 2 
Timer 2 
Timer 3 
Interruot control register 1 
Timer control register 

--

Fig. 2, SFR (Special Function Register) memory map 
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INTERRUPTS 
Interrupts can be caused by 9 different events consisting of 
two external, six internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op­
eration is similar tn An interrupt. 

When an interrupt is accepted, the registers are pushed in­
terrupt 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. 
Falling edge active or rising edge active for each of the 
INTI and INT2 external interrupts can be selected by bits 4 
and 5 of the PWM control register. Whether the INTI and 
INT2 external interrupts or the CRT display and serial I/0e 
interrupts are to be accepted can be selected by bits 0 
and 1 of interrupt control register 2. 

Table 1. Interrupt vector address and priority. 

Event Priority Vector addresses 

RESET 1 FFFF,., FFFE'6 
INT, or CRT display Interrupt 2 FFFD'6, FFFC'6 
Timer 3 interrupt 3 FFFB'6, FFFA'6 
TImer 2 interrupt 4 FFF9'6, FFF8'6 
TImer 1 or serial IIOA Interrupt 5 FFF7'6, FFF6,. 

INT. or senal I/OB Interrupt 
6 FFF5'6, FFF4'6 

(BRK Instruction interrupt) 

Whether the timer 1 or serial IIOA interrupt is to be 
accepted can be selected by bit 2 of the serial IIOA mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter­
rupt request bits and the interrupt enable bits are in inter­
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 

ana timer control register. 

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 clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 
Reset is treated as a non-maskable interrupt with the high­
est priority. Figure 4 shows interrupts control. 

Remarks 

Non-maskable 

INT, external Interrupt (phase programmable) 

INT. external interrupt (phase programmable) 
BRK instruction interrupt (non-maskable software interrupt) 
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SERIAL I/Oe 
The block diagram of serial II0e is shown in Figure 10. In 

the serial II0e mode the receive ready signal (SRDye), syn­
chronous input/output clock (ClKs), and the serial I/0s ' 
(SOUTB, S,NS) pins are used as P57, P56 , P5s, and P5., re­
spectively. The serial I/0s mode regjster (address 00DA16 ) 

is an 8-bit register. Bit 1 of this register is used to select a 
synchronous clock source. When this bit is "0", an external 
clock from P36 is selected. When this bit is "1", the over­
flow signal divided by two from clock counter 0 becomes 
the synchronous clock. 
Clock counter 0 is a 8-bit down counter to provide synchro­
nous clock for serial lIDs. This counter divides internal 

clock <p. Structure of clock counter 0 is the same of timers. 
Therefore, changing the timer period will change the trans­
fer speed. 

Bits 2 and 3 decide whether parts of P5 will be used as a 
serial I/0s or not. When bit 2 is "1", P56 becomes an 1/0 

pin of the synchronous clock. When an internal synchronous 

SolJTB/SDA 

P5, 

P5, 

Fig. 10 Block diagram of serial IIOB 

clock is selected, the clock is output from P56 . If the exter­
nal synchronous cloCk is selected, the clock is input to P5e. 
And P55 will be a serial output, and P5. wi!1 be a serial in­
put. To use P5. as a serial input, set the directional register 
bit which corresponds to P5., to "0". For more information 
on the directional register, refer to the 1/0 pin section. 
To use the serial I/0s, bit 2 needs to be set to "1", if it is 
"0" P56 will function as a normal 1/0. Bit 3 determines if P57 

is used as an output pin for the receive data ready signal 
(bit 3="1", SRDYS) or used as a normal 1/0 pin (bit 3="0"). 
Bit 4 is the special mode select bit. Serial I/0s can be set 

to special mode by using this bit. Bits 0, 5, 6, and 7 are 
used for speCial mode. For details, see the section of spe­
cial mode. 

MS8 

In the normal mode, operations of serial I/0s are the same 
as that of serial I/OA . For details, see the section of serial 

I/OA• 

Clock counter a (8) 

Senal 1/0. interruot 

Senal 1/0. mode register 
(Address OODA,.) 

Special mode register 
(Address 0008,.) 

2-15 
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SPECIAL MODE WC BUS:INTER IC BUS*) 
M37100M8-XXXSP/FP has a special serial 1/0 circuit that 
can be reception or transmission of serial data in conformity 

with 12C (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of. a 

machinery. 
M37100M8-XXXSP/FP's special serial 1/0 is not included 
the clock synchronisation function and the arbitration de­

tectable function at multimaster. 
Operations of master transmission and master reception 
with special serial 1/0 are explained in the following: 
(1) Master transmission 
To generate an interrupt at the end of transmission, set bit 

1 of interrupt control register 2 (address OOFB,s) to "1" so 
as to serial IIOB interrupt is selected. Then set bit 0 of in­
terrupt control register 1 (address OOFE,s) to "1" so as to 
serial IIO B interrupt is enabled. Clear the interrupt disable 

flag I to "0" by using the CLI instruction. 
The output signals of master transmission SDA and SCL are 
output from ports P55 and P56. Set all bits (bits 5 and 6) 
corresponding to P55 and P56 of the port P5 register 
(address OOEC,s) and the port P5 direction register 

(address OOED,s) to "1". 
Set the transmission clock. The transmission clock uses the 
overflow signal divided by 2 from clock counter O. Set 
appropriate value in clock counter O. (For instance, if 4 is 
set in clock counter 0 when f (X1N ) is 4MHz, the master 
transmission clock frequency is 100kHz). 
Set contents of the special mode register (address 
OODB,s). (Usually, 03,s.) Set the bit 4 of serial IIO B mode 

register (address 00DA'6)' Figure 13 shows the bit con­
figurations of special mode register and serial IIOB mode 

register. 
Initial setting is completed by the above procedure. 
Write data to be transmitted in the serial IIOB register 
(address OODC,s) .Immediately after this, clear bits 0 and 1 
of special mode reigister (to "0") to make both SDA and 
SCL output to "L". This is for arbitration. The st,!rt signal has 

been completed. 
The hardware automatically sends out data of 9-clock cy­
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously, it is not detected as 

an arbitration-lost. 
When the ACK bit has been transmitted, bit 1 of the timer 
control register is set to "1" (issue of interrupt request) , 
notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
serial IIOB register, and set the interrupt enabled state 
again. By repeating this procedure, unlimited number of 

bytes can be transmitted. 
To terminate data transfer, clear bits 0 and 1 of the special 
mode register to "0", set bit 1 clock SCL to 1, then set bit 1 

data SDA to "1". This procedure transmits the stop signal. 
Figure 11 shows master transmission timing explained 
above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 

transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, setmaster reception ACK provided 
(36,s) in the serial IIO B mode register (address OODB,s), 
and write "FF,s" in the serial IIOB register (address 

OODC,s). This sets data line SDA to "H" and to perform 8-
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num­

ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 

master transmission. 
Figure 12 shows master reception timing. 

(3) Wait function 
Wait function 1 is held SCL line up "L" level after falling of 

the 8th clock. 
Wait function 2 is held SCL line up "L" level after falling of 
the 9th clock. 
The wait function is reset by setting bit 5, 6 of the special 
mode register to "1". 

* :Purchase oi Mitsubishi Electric Corporation's 12C compo­
nents converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided 
that the system conforms to the 12C Standard Specification 

as defined by Philips. 
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COMPARATOR CIRCUIT 
T.he comparator circuit is shown In Figure 19. The compara­
tor circuit consists of the switch tree, ladder resistor, com­
parator, comparator control circuit, A-D control register 
(address 00E7'6)' and analog signal input pin (P33/A-D). 
The analog input pin is common with the digital input/out­
put terminal to the data bus. 
The 5-bit A-D control register can generate 1/16Vcc-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana­
log voltage. The comparator result of the analog input vol­
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 
The data is compared by setting the directional register 
corresponding to port P33 to ·0" (port P33 enters the input 
mode), to allow port P33 /A-O to be used as the analog in­
put pin. The digital value corresponding to the internal ana­
log voltage to be compared is then written in the A-D con­
trol register (address 00E7'6)' bits 0 to 3. The voltage com­
parisi on starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4. Bit 4 is "1" when 
analog input voltage > internal analog voltage and "0" 
when analog input voltage < internal analog voltage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the A-D control register be­
comes "1" regardless of the analog input voltage. 

Table 3. Relationship between the contents of 
A-O control register and internal voltage 

A-O control register 
Internal analog voltage 

bit3 bit 2 bit1 bitO 

0 0 0 1 1/16Vcc-l/32Vcc 

0 0 1 0 2/16Vcc-l/32Vcc 

0 0 1 1 3/16Vcc-l/32Vcc 

0 1 0 0 4/16Vcc-l/32Vcc 

0 1 0 1 5/16Vcc-l/32Vcc 

0 1 1 0 6/16Vcc-l/32Vcc 

0 1 1 1 7/16Vcc-1I32Vcc 

1 0 0 0 8/16Vcc-l/32Vcc 

1 0 0 1 9/16Vcc -1I32Vcc 

1 0 1 0 10/16Vcc-l/32Vcc 

1 0 1 1 11/16Vcc-l/32Vcc 

1 1 0 0 12/16Vcc-l/32Vcc 

1 1 0 1 13/16Vcc-l/32Vcc 

1 1 1 0 14/16Vcc-l/32Vcc 

1 1 1 1 15/16Vcc-l/32Vcc 

Data bus 

(Address OOE8,.) 

P33 

Internal analog voltage 

Fig. 19 Comparator Circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) RAM for Display.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block (( b) in Figure 25), a block of the smaller block 
No. (1 to 3) is displayed. 

7 0 

I I I I I I I I I Vertical position register 

I I I II I 
\Address 0001 ,• to 0003,.) 

The vertical display start position 

64-step positions (00,• to 3F,.) 

Character size bit 

00 : Small size 
01 : MedIum size 
10 : Large size 
11 : Extra large size 

Fig. 23 Structure of vertical position registers 

If when one block is displaying, some other block is dis­
played at the same display pOSition ((c) in Figure 25), the 

former block is overridden and the latter is displayed. 
The vertical position can be specified from 64-step posi­
tions (four scanning lines per step) for each block by set­
ting values 0016 to 3F16 to bits 0 to 5 in the vertical position 
register (addresses 00D1 16 to 00D316). Figure 23 shows 

the structure of the vertical position register. 
The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 

(Tc=oscillation cycle for display)) by setting values 0016 to 
3F16 to bits 0 to 5 in the horizontal position register 
(address 00DOI6 ). 

Figure 24 shows the structure of the horizontal position reg­
ister. 

Horizontal pOSitIon register 

(Address OOOO,S) 

The horizontal disolay start oosltion 

64-step posItIons (00,• to 3F,.) 

'---------- Horizontal border function of OUT 
outout selectIon bit 

o : The same as R, G, B is output 
1 : Border is output 

'--------- Border output switch bit 

o : Border including character 
1 : Border only 

Fig. 24 Structure of horizontal pOSition register 
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: 

(HR) I 
I 

ev, -- --- --

I Block 1 

ev, -- -

I Block 2 

I 
I 

eV3 --

I Block 3 

(a) Example when each block is separated 

I 
I 

(HR) I 
ev, I 

ev, -- -- --

I Block 1 

I 
I 
I 
I 
I 
I 

eVa --

I Block 3 

(b) Example when the display start position of a block overlaps with some other block 

I 
I 

(HR) I 
I 

ev, - - -- --
Block 1 

ev, --
Block 2 

I 
I 
I 
I 
I 
I 

eV3 --

Block 3 

(c) Example when one block is displaying some other block is superimposed. 

Display position 
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(4) RAM for Display 
The CRT display RAM is allocated at addresses 200016 to 

200416, and is divided into a display character code· spe­
cifying part and display color specifying part for each block. 
Table 6 shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 

to write the character code to the seven low-order bits 
(bits 0 to 6) in address 200016 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 208016 , The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv­
ance. For details on color registers, refer to (5) Color Reg­
isters. 
The structure of the CRT display RAM is shown in Figure 
27. 

Table 6. The contents of the CRT display RAM 

Block Display POSition (from left) 

1 st Column 

2 nd Column 

3 rd Column 

810ck 1 

191h Column 

20lh Column 

21th Column 

Not used 

1 sl Column 

2 nd Column 

3 rd Column 

810ck2 

191h Column 

20lh Column 

21th Column 

Nol used 

1 sl Column 

2 nd Column 

3 rd Column 

810ck 3 

191h Column 

20lh Column 

21th Column 

Nol used 

Character code specification 

2000,. 

2001,. 

2002,. 
: 

2012,. 

2013,. 

2014,. 

2015,. 

10 

201F,. 

2020,. 

2021,. 

2022,. 
: 

2032,. 

2033,. 

2034,. 

2035,. 

10 

203F,. 

2040,. 

2041,. 

2042,. 

2052,. 

2053,. 

2054,. 

2055,. 

10 

207F,. 

2-30 • MITSUBISHI 
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Color specification 

2080" 
2081,. 

2082,. 

2092,. 

2093,. 

2094,. 

2095,. 

to 

209F,. 

20AO,. 

20Al,. 

20A2,. 

2082,. 

2083,. 

2084,. 

2085,. 

10 

208F" 
20CO,. 

20Cl,. 

20C2,. 

2002,. 

20D3,. 

20D4,. 
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Block 1 

[Character specification) 

1 st column : 2000'6 

to 

21th column: 2014'6 

[Color specification) 

Block 2,3 

1 st column : 2080" 

to 

21th column: 2094,6 

[Character specification) 

1st column : 2020,6 

to 

21th column: 2034'6 

L---'-_--'--..JL----'--_L---'-__ Character code 

Specify 96 characters at 00'6 to 5F'6 

'-----'--- Former half color register specification in the normal mode 

or in the half character width color select mode 

00 : Color register 0 speciflcallon 

01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

L--L ______ Latter half color register specification 

in the half character width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

I I 
L--L_--'--..J_---'--_L--'-.I -- Character code 

Specify 96 characters at 00'6 to 5F'6 

(Address 2040,6 to 2054'6 In the case of block 3) 

[Color speclficallon) 

1 st column : 20.110,6 

to 

21th column: 20B4'6 

1 0 

W Color register speciflcallon 

(Aaaress 20GO'6 to 20D4'6 in the case of block 3; 

00 : Color register 0 specification 

01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 speciflcallon 

Fig, 27 Structure of the CRT display RAM 
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(7) Multiline Display 
The M37100M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver­

tical positions. 
In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi­
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 

an interrupt is applied. 
The display block counter is used to count the number of 

blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 

incremented by one. 

I I I I 
I I I I 

Display block counter 
(addrp-ss 0009,.) 

Indicates number of blocks 

that are being displayed or 

were displayed 

Fig. 30 Structure of display block counter 

Block 1 

Block 2 

For multiline display, it is necessary to enable the CRT in­
terrupt (by clearing the interrupt disable flag to "0" and set­
ting the CRT interrupt enable bit (bit 6 at address 00FE16 ) 

to "1 ,,), then execute the following processing in the CRT 
interrupt handling routine. 

CD Read the value of the display block counter. 
® The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 
by the value read in CD. 

@ Replace the display character data and display position 
of that block with the character data (contents of CRT 

display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 30 shows the structure of the display block 
counter. 

Count value Interrupt position 

Block 3· 

Block1' 

Fig. 31 Timing of CRT interrupt and count value of display block counter 
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(9) Horizontal Character Border Function 
An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc­

tion. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 

pin instead. 
Border can be specified in units of block by using the bit 6 
and 7 of horizontal position register. Table 7 shows the re­
lationship between the values set in the horizontal position 

register and the character border function. 

Table 7. The relationship between the value set in the horizontal position register and the character border function 

Horizontal position register 
Functions Example of output 

Bit 7 Bit 6 

X 0 
R, G, B, I output --I"L--

Normal 
OUT output --I"L--

0 1 
R, G, B, I output --I"L--

Border including character 
--..r--L OUT output 

1 1 
R, G, B, I output --f"""L-.. Border not including character 

J1......f""L OUT output 

o IS bOrder. 
• is display by character data. 

Fig. 33 Example of border 
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RESEToUT 

SYNC 

Address 

Data 

8 to 12 clock cycles 

Reset address from 
the vector table 

Note 1 : Frequency relation of f(X,N ) and if> IS f(X,N )=4'if> 
2 : The mark" "" means that the address IS changing 

depending upon the previous state 

Fig. 36 Timing diagram at reset 
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1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with N-channel open drain 
and middle voltage output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00EO ,6. 
Port PO has a directional register (address 00E1 ,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 output 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 mode bits 
(bit 0 and bit 1 at address 00FF,6), three different 

modes can be selected; single-chip mode, eva-chip 
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 but the output structure is not middle voltage. It 
can be built in pull-up register at each pin by selecting 

the option. In other modes, it functions as address (A'5-
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 P1. In other modes, it functions as data (00-07 ) in­
put/output port. 
Refer to the section on processor modes for details. 

(4) Port P3 

In single-chip mode, port P3 has the same function as 
port P1. P32-P37 have program selectable dual func­
tions. P3o, P3, function as control signals input/output 
port except in the single-chip mode. Refer to the sec­
tion on processor modes for details. 

(5) Port P4 

This is an 1-bit I/O port with function similar to port PO, 
but the output structure is CMOS output. 
This port is unaffected by the processor mode bits. 

(6) Port P5 

This is an 7-bit I/O port with function similar to port P1. 
P54-P57 have program selectable dual functions. P52, 

P53 are shared with external interrupt input pins (INT" 
INT2 ) 

This port is unaffected by the processor mode bits. 

(7) Port P6 

This is an 6-bit input/output port with function similar to 

port PO. The output structure of P60 , P6, is CMOS out­
put and the output structure of P62-P65 is N-channel 
open drain and middle voltage. 

P6o-P65 have program selectable dual functions. 
This port is unaffected by the processor mode bits. 

(8) Function pins for CRT display function 
The horizontal synchronizing signal is input from HSYNC . 

The vertical synchronizing signal is input from VSYNC . 

I, S, G, R, OUT are output pins for CRT display. 
Refer to the section on CRT display functions for de­
tails. 

(9) ¢ pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the XIN and XOUT pins) 
can be output from this pin by selecting the option 
At low-speed mode, XCIN divided by 2 is output from 
this pin. 
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