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INDEX BY FUNCTION

M 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) time |quency
(mW) | (us) |(MHz)
M50708-xxxsP/Fpx| SK-Byte Mask-Prog. ROM, 128-Byte RAM, C,si |5+10%| 15 | 2 | 4 |64P4B/72P6 | Noted
M50740A-XXXSP/FP x| 3K-Byte Mask-Prog ROM, 96-Byte RAM C,Si |5+10% | 15 2 4 | 52P4B/50P6 | Note1
M50740ASP x| External ROM Type, 96-Byte RAM C,Si |5+10% | 15 2 4 52P4B Note1
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 ‘é’;g}“ﬁg‘as"""*’g‘ ROM, 128-Byte RAM, C,Si |5%10% | 15 | 2 | 4 |64P4B/72P6 | Notet
M50743-XXXSP/FP x| 4K-Byte Mask-Prog ROM, 128-Byte RAM C,Si |5+10% | 30 1 8 | 64P4B/72P6 | Notet
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,S1 |5%£10% | 15 2 4 | 64P4B/60P6 | Notet
M50746-XXXSP/FP x| 6K-Byte Mask-Prog. ROM, 144-Byte RAM C,Si |5FX10% | 15 2 4 | 64P4B/72P6 | 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 | 64P4B/72P6 | Note1l
4K-Byte Mask-Prog. ROM, 128-Byte RAM, R
M50752-XXXSP  x High Voltage Port, CR Oscillation Type C,Si |5*X10% | 15 2 4 |52P4B Notet
~ 6K-Byte Mask-Prog ROM, 96-Byte RAM,
M50753-XXXSP/FP 8-Bit A-D Converter C, S [5+10% | 15 2 4 | 64P4B/60P6 | Notet
6K-Byte Mask-Prog ROM, 160-Byte RAM, - 64P4B/72P6/
M50754-XXXSP/FP/GP PWM, High Voltage Port, Serial /0 C,S1 | 4~5.5| 20 |1.90]| 4.2 64PEW Note1
3K-Byte Mask-Prog. ROM, 96-Byte RAM, +109
M50757-XXXSP x High Voltage Port, GR Oscillation Type C,S [5+10% | 15 2 4 | 52P4B Note1
3K-Byte Mask-Prog. ROM, 96-Byte RAM, " o
M50758-XXXSP High Voltage Port, Ceramic Oscillation Type C,Si |5*10% | 15 2 4 | 52P4B Note1
4K-Byte Mask-Prog. ROM, 128-Byte RAM, . o,
M50930-XXXFP LCD Controller/Driver, Senal 170 C,Si |5%+10% | 15 [1.86| 4.3 | 80P6
4K-Byte Mask-Prog ROM, 512-Byte RAM, "
M50931-XXXFP LCD GController/Driver, Sefial 170 C,Si |5F+10% | 15 [1.86| 4.3 | 80P6 Note2
8K-Byte Mask-Prog ROM, 512-Byte RAM, .
M50932-XXXFP LGCD Controller/Driver, Serial 1/0 C,Si [5+10% | 15 |1.86| 4.3 | 80P6
6K-Byte Mask-Prog. ROM, 192-Byte RAM, . -
M50933-XXXFP LCD Controller/Driver, Senal 1/0 C,Si [3.8~5.5| 15 |1.86| 4.3 | 80P6 Noto?
ote.
8K-Byte Mask-Prog ROM, 256-Byte RAM, . -
M50934-XXXFP LCD Controller/Driver, Senal 1/0 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, S [5F10% | 15 2 4 | 64P4B/72P6
Serial 1/0
Note2
8K-Byte Mask-Prog. ROM, 192-Byte RAM, ote
M50941-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, C,Si |5+10% | 15 2 4 | 64P4B/72P6
Serial 1/0
8K-Byte Mask-Prog ROM, 192-Byte RAM,
M50943-XXXSP/FP 8-Bit A-D Converter, Serial /0 C,SI |5%+10% | 30 1 8 | 64P4B/60P6 | Notel
12K-Byte Mask-Prog. ROM, 192-Byte RAM, -
M50944-XXXSP/FP 8-Bit A-D Converter, Two Serial I/0s C, Si 3~5.5 | 15 |1.91 | 4,19 | 64P4B/64P6S| Note2
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 110
6K-Byte Mask-Prog ROM, 144-Byte RAM, o,
M50950-XXXSP High Voltage Port, Two Serial 1/0s C,S1 |5X10% | 20 | 1.6 5 | 52P4B Note1
4K-Byte Mask-Prog ROM, 144-Byte RAM, o,
M50951-XXXSP High Voltage Port, Two Serial I/0s C,S1 |5F10% | 20 | 1.6 5 | 52P4B Note1
8K-Byte Mask-Prog ROM, 192-Byte RAM, - 64P4B/72P6/
M80954-XXXSP/FP/GP | pyyM, High Voltage Port, Serial /O C.Si | 4~55 20 |1.90| 4.2 | g4pey Note1
10K-Byte Mask-Prog. ROM, 192-Byte RAM, . - 64P4B/72P6/
M50955-XXXSP/FP/GP PWM, High Voltage Port, Serial 1/0 C,Si | 4~5.5| 20 [1.90| 4.2 64PEW Note1

* . New product *% : Under development

Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMIPUTERSY"
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. 2.”

% ! The production of this product is no longer planned due to announcement of new series or upgrades.
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INDEX BY FUNCTION

HSeries MELPS 740 single-chip microcomputers (continued)

Electrical characteristics

Supply | Typ. | Min | Max
Type Circuit function and organization Structure | voltage pwr | cycle | fre- Package Page
(v) issipation time  [quency
(mW) | (us) [(MHz)

10K-Byte Mask-Prog. ROM, 256-Byte RAM,
M50957-XXXSP/FP | PWM, High Voltage Port, 4-Bit Comparator, C, Si 4~5.5 | 20 [1.90| 4.2 | 64P4B/72P6
Serial 1/0

12K-Byte Mask-Prog. ROM, 256-Byte RAM,
M50958-XXXSP/FPX PWM, High Voltage Port, 4-Bit Comparator, C, Si 4~5.5 | 20 [1.90| 4.2 | 64P4B/72P6 | Note2
°| Serial 170

16K-Byte Mask-Prog. ROM, 256-Byte RAM,
M50959-XXXSP/FP x| PWM, High Voltage Port, 4-Bit Comparator C, Si 4~5.5 | 20 [1.90| 4.2 | 64P4B/72P6
Serial 1/0

10K-Byte Mask-Prog. ROM, 160-Byte RAM,
M50963-XXXSP/FP x| 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,S1 |[5%£10% | 15 2 4 | 64P4B/72P6 | Notel
Serial 1/0 .

6K-Byte Mask-Prog. ROM, 160-Byte RAM,
M50964-XXXSP/FP x| 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,Si |[5%10% | 15 2 4 | 64P4B/72P6 | Notel
Serial 1/0

External ROM, RAM Type, 5-Timer, 8-Bit A-D
Converter, Serial 1/0 N

External ROM, RAM Type, 5-Timer, 8-Bit A-D
Converter, Serial 1/0

16K-Byte Mask-Prog ROM, 320-Byte RAM,

Two Serial 1/0s, A-D Converter, OSD Function
16K-Byte Mask-Prog. ROM, 320-Byte RAM,

Two Serial I/0s, A-D Converter, PWM, OSD Function

8K-Byte Mask-Prog ROM, 320-Byte RAM,

M50734SP/FP C,Si [5X10% | 30 1 8 | 64P4B/72P6

Note2

M50734SP/FP-10 C,Si |5+10% | 35 | 0.8 | 10 | 64P4B/72P6

M37100M8-XXXSP/FP C,S1 |5%10% |27.5| 2 4 | 64P4B/80P6 | 2—3

M37102M8-XXXSP/FP * C,S1 [5*10% | 110 1 4 | 64P4B/80P6N | 2—50

M37103M4-XXXSP x Serial 1/8, A-D Converter, PWM, OSD Function C.Si |5£10% | 35 2 A 64P4B 2—101
12K-Byte Mask-Prog. ROM, 256-Byte RAM, . ) _

MB7120M8-XXXFP *| 5erial 1/0, A-D Converter, D-A Converter, OSD Function | &SI |5F10% 1 75 | 1 | 4 | 80P6N 3-3
24K-Byte Mask-Prog ROM, 384-Byte RAM, X ‘ _

M37201M6-XXXSP * Two Senal I/0s, A-D Converter, PWM, OSD Function C.8i |5+10% | 110 ! 4 64P4B 2-50
12K-Byte Mask-Prog ROM, 256-Byte RAM,

M37202M3-XXXSP ** | Serial I/0, A-D Converter, PWM, OSD Function, C,Si |[5%10% | 110 1 4 | 64P4B 2—147
Four Timers
32K-Byte Mask-Prog. ROM, 512-Byte RAM,

M37204M8-XXXSP *x | Serial 1/0, A-D Converter, D-A Converter, PWM, C, S |[5£10% | 110 1 4 64P4B 2—195

OSD Function, Four Timers

24K-Byte Mask-Prog ROM, 384-Byte RAM,
M37250M6-XXXSP x| Serial I/0, A-D Converter, PWM, OSD Function, C,Si |[5*10% (137.5 1 4 64P4B 2—251
PLL Function, Four Timers

24K-Byte Mask-Prog ROM, 320-Byte RAM,

- i I _

M37260M6-XXXSP ** 8-Byte Serial 1/0, OSD Function, Four Timers C,Si [5%10% | 110 1 4 52P4B 2—299
4K-Byte Mask-Prog ROM, 128-Byte RAM,

M37408M2-XXXSP/FP %% | Dual-Port RAM, UART, Bus Interface, C,Si |5+10% | 50 | 0.8 | 10 | 42P4B/44P6N | 3—47

Timer

4K-Byte Mask-Prog ROM, 128-Byte RAM,
Dual-Port RAM, Three UARTSs, Bus Interface, Timer

6K-Byte Mask-Prog. ROM, 192-Byte RAM,

M37409M2-XXXSP/FP C,Si [5Xk10% | 50 | 0.8 | 10 |52P4B/56P6N | 3—73

M37410MIHXXXFP Serial 1/0, A-D Converter, LCD Controller/Driver C.Si 12.5~5.5/ 30 1 8 80P6S 3—101
M37410M4HXXXFP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si |2.5~5.5| 30 1 8 | 80P6S
M37410MBHXXXFP| 12K-Byte Mask-Prog ROM, 256-Byte RAM C, Si |2.5~5.5| 30 1 8 | 80P6S
8K-Byte Mask-Prog ROM, 160-Byte RAM,Serial . _
M37412M4-XXXFP 170, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter C.Si |5£10% | 15 2 4 72P6 3—137
8K-Byte Mask-Prog. ROM, 256-Byte RAM, -
| M37413M4HXXXFP Serial I/0, A-D Converter C, S |2.5~5.5| 30 1 8 | 80P6S o167
12K-Byte Mask-Prog. ROM, -
M37413MBHXXXFP % 256-Byte RAM C, Si 27 5~5.5| 30 1 8 | 80P6S
10K-Byte Mask-Prog ROM, 160-Byte RAM, Serial ; _
M37414M5-XXXFP *| ;5 pwM, 8-Bit A-D Converter, 5-Bit D-A Converter C. S |5£10% | 15 | 2 | 4 | 72P6 3199
M37415M4-XXXFP | 3X-Byte Mask-Prog ROM, 512-Byte RAM, C.si [2.5~5.5) 20 | 2.5 | 3.2 | 80P6 3—230

Serial 1/0, LCD Controller/Driver, DTMF Generator
* . New product *% : Under development

Note1 ! Refer to the “1983 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 2”
% : The production of this product is no longer planned due to announcement of new series or upgrades.
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INDEX BY FUNCTION

M Series MELPS 740 single-chip microcomputers (continued)

Electrical characteristics
Supply | Typ Min | Max
Type Circuit function and organization Structure | voltage pwr | cycle | fre- Package Page
(V) hspale Eime) t(:uency)l
mw us) |(MHz
4K-Byte Mask-Prog. ROM, 128-Byte RAM, UART, . _
M37416M2-XXXSP/FP % Comparator, Bus interface, Key on wake up C,Si |5+10% | 50 1 8 | 52P4B/56P6N | 3—263
8K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM,
M37420M4-XXXSP Serial I/0, A-D Converter, D-A Converter, Timer C. St |5£10% | 30 ! 8 |52P4B 3—294
M37420M6-XXXSP | 12K-Byte Mask-Prog. ROM, 256-Byte RAM C,Si |5*10% | 30 1 8 | 52P4B
12K-Byte Mask-Prog. ROM, 320-Byte RAM, PWM, . _
M37421MB-XXXSP/FP Serial /O, High Voltage Port, 4-Bit Comparator C,Si |5+10% | 25 |0.95| 4.2 | 64P4B/72P6 | 3—323
16K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM,
M37424M8-XXXSP x*| Serial I/0, 8-Bit A-D Converter, 5-Bit D-A Converter, C,Si |5+10% | 30 1 4 64P4B
Timer
3—354
16K-Byte Mask-Prog. ROM, 256-Byte RAM,
M37524M4-XXXSP xx| PWM, Serial /0, 8-Bit A-D Converter, 5-Bit C,Si |5+10% | 30 1 4 | 64P4B
D-A Converter, Timer
8K-Byte Mask-Prog. ROM, 384-Byte RAM, . _
M37428M4-XXXFP ** UART, LCD Controller/Driver, Timer C,Si |[5*10% | 15 1 8 | 80P6N 3—391
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
M37450M4-XXXSP/FP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM C,Si |{5+10% | 30 | 0.8 | 10 | 64P4B/80P6 Note3
M37450M8-XXXSP/FP | 16K-Byte Mask-Prog ROM, 384-Byte RAM C,Si |[5*10% | 30 | 0.8 | 10 | 64P4B/80P6
M37450S1SP/FP External 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 | Note3
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, 64P4B/
M37451M4-XXXSP/FP/GP | 8-Bit A-D Converter, 8-Bit D-A Converter, UART, C,Si |5+10% | 40 |0.64|12.5 80PEN/8OPES Note3
DBB, Three Timers, PWM )
. 64P4B/
.. - - - +102
M37451M8-XXXSP/FP/GP  *| 16K-Byte Mask-Prog. ROM, 384-Byte RAM C,Si |5*+10% | 40 |0.64 |12.5 80PEN/80PES Note3
N 64P4B/
. - - . +109
M37451MC-XXXSP/FP/GP  *%| 24K-Byte Mask-Prog. ROM, 512-Byte RAM C,Si |5+10% | 40 |0.64 |12.5 80PEN/8OPES Note3
M37451SSP/FP/GP  *%| External ROM, 1024-Byte RAM C.Si | 5£10% | 40 |0.64|12.5 | SaPAB/ | Notes
4K-Byte Mask-Prog. ROM, 128-Byte RAM, . _
MB37470M2-XXXSP  *| o .t 170, A-D Converter C,Si |2.7~5.5|/17.5| 1 4 | 32P4B Notod
M37470M4-XXXSP | 8K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si |2.7~5.5[17.5| 1 4 | 32P4B ote
M37470M8-XXXSP  *| 16K-Byte Mask-Prog. ROM, 384-Byte RAM C,Si [2.7~5.5/17.5| 1 4 | 32P4B
4K-Byte Mask-Prog. ROM, 128-Byte RAM, N -
M37471M2-XXXSP/FP % Serial /0, A-D Converter C,Si [2.7~5.5|17.5| 1 4 | 42P4B/56P6N Notes
M37471M4-XXXSP/FP  *| 8K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si [2.7~5.5/17.5| 1 4 | 42P4B/56P6N ote
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
Note1l :

*% . Under development
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>”

: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2.”

3
¥ ! The production of this product is no longer planned due to announcement of new series or upgrades.
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INDEX BY FUNCTION

B Extended operating temperature version of microcomputers

Electrical characteristics
Supply | Typ | Min | Max
Type Circuit function and organization Structure vo(lta)ge pwr | cycle | fre- Package Page
\2 i time y
(mW) | (u8) |(MHz)
4K-Byte Mask-Prog. ROM,144-Byte RAM,
M50744T-XXXSP x| Extended Operating Temperature Version of C,Si |5x10% | 15 2 4 | 64P4B Note1
M50744-XXXSP
8K-Byte Mask-Prog ROM,256-Byte RAM,
M50747T-XXXSP Extended Operating Temperature Version of C,SI |5%x10% | 30 1 8 | 64P4B Note1
M50747-XXXSP
6K-Byte Mask-Prog. ROM,96-Byte RAM,
M50753T-XXXSP Extended Operating Temperature Version of C,SI |5+10% | 15 2 4 | 64P4B Note1
M50753-XXXSP
4K-Byte Mask-Prog ROM,128-Byte RAM,
M50930T-XXXFP Extended Operating Temperature Version of C,St |5%10% | 20 [1.86| 4.3 | 80P6 Note1
M50930-XXXFP
8K-Byte Mask-Prog ROM, 256-Byte RAM,
M37450M4TXXXSP/J Extended Operating Temperature Version of C,Si1 |5%+10% | 30 | 0.8 | 10 | 64P4B/84P0 | Note3
M37450M4-XXXSP
8K-Byte Mask-Prog. ROM, 256-Byte RAM,
M37451M4DXXXSP/FP %% | Extended Operating Temperature C,S1 |5+10% | 40 |0.64 |12.5 | 64P4B/80P6N | Note3
Version of M37451M4-XXXSP/FP
16K-Byte Mask-Prog ROM, 384-Byte RAM,
M37451M8DXXXSP/FP #*| Extended ‘Operating Temperature C,Si [5*+10% | 40 |0.64 |12.5 | 64P4B/80P6N | Note3
: Version of M37451M8-XXXSP/FP
HMPiggyback type microcomputers (EPROM mounted type)
' Electrical characteristics
Supply | Typ | Min | Max
Type Circuit function and organization Structure | voltage pwr | cycle | fre- Package Page
(v) time |quency
(mW) | (us) |(MHz)
M50740-PGYS Piggyback for M50740/M50741 C,Si | 5+5% | — 2 4 | 52S1M Note1
M50742-PGYS Piggyback for M50742/M50708 C,Si | 5+5% | — 2 4 | 64S1M Note1
M50743-PGYS ' | Piggyback for M50743 C,Si | 5+5% | — 1 8 | 64S1M Note1
M50745-PGYS Piggyback for M50745 C,Si | 5+5% | — 2 4 | 64S1M Note1
M50752-PGYS Piggyback for M50757/M50752 C, Si 5+5% - 2 4 5281M Note1
M50753-PGYS Piggyback for M50753 C,Si | 5+5% | — 2 4 | 64S1M Note1
M50931-PGYS Piggyback for M50930/M50931/M50932 C,S1 | 5+5% | — 2 4 | 80S6M Note1
M50945-PGYS Piggyback for M50940/M50941/M50945 C,Si | 5+x5% | — 2 4 | 64S1M Note2
M50950-PGYS Piggyback for M50950/M50951 C,SI | 5%x5% | — | 1.6 5 | 52S1M Note1
M50955-PGYS Piggyback for M50754/M50954/M50955 C, Si 5+5% | — | 1.9 | 4.2 | 64S1M Note1
M50957-PGYS Piggyback for M50957/M50958/M50959 C, Si 5+5% — 1.9 | 4.2 | 6451M Note2
M50964-PGYS Piggyback for M50964/M50963 . C,Si | 5+5% | — 2 4 | 64S1M Note1
M37409PSS *| Piggyback for M37409M2-XXXSP C, Si 5+5% | — | 0.8 | 10 |5281M 3—397
M37415PFS Piggyback for M37415M4-XXXFP C,Si |3.0~5.5, — | 2.5 | 3.2 | 80S6M 3—402
M37421P-000SS " . _ _
M37421P-001SS Piggyback for M37421M6-XXXSP C, Si 5+5% 0.95| 4.2 | 64S1M 3—410
M37450PSS Piggyback for M37450M2/M4/M8-XXXSP C, Si 5+5% - 0.8 10 | 64S1M Note3
M37450PFS Piggyback for M37450M2/M4/M8-XXXFP C, Si 5+5% | — | 0.8 | 10 | 80S6M Note3

* . New product
Note1l :

** . Under development
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 2~

X1

The production of this product is no longer planned due to announcement of new series or upgrades

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

HBuilt-in PROM type microcomputers

Electrical charactenistics
Supply | Typ. | Min | Max
Type Crrcutt function and organization Structure | voltage pwr | cycle | fre- Package Page
(v) issi time |quency

(mW) | (zs) [(MHz)
M50746E-XXXSP/FP | One Time Programmable Version of M50746-XXXSP/FP C, Si 5+5% | 15 2 4 64P4B/72P6 | Notel
M50746ES/EFS PROM Version of M50746-XXXSP/FP C,Si | 5+5% | 15 2 4 | 64S1B/72S6 | Notel
M50747E-XXXSP/FP | One Time Programmable Version of M50747-XXXSP/FP C, Si 5+5% | 30 1 8 64P4B/72P6 | Notet
M50747ES/EFS PROM Version of M50747-XXXSP/FP C,Si | 5£5% | 30 1 8 | 64S1B/72S6 | 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 | 3~55| 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 ‘Note1
M50957ES PROM Version of M50957-XXXSP C,S1 | 5F+5% | 20 | 1.9 | 4.2 | 64S1B
MS50963E-XXXSP/FP | One Time Programmable Version of M50963-XXXSP C, Si 5+5% | 15 2 4 64P4B/72P6 | Notel
M50963ES/EFS PROM Version of M50963-XXXSP/FP C,Si | 5+5% | 15 2 4 | 64S1B/72S6 | Notet
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 M37120M&-XXXFP C, Si 5+5% 75 1 4 80P6N 3—416
M37201E6-XXXSP *| One Time Programmable Version of M37201M&-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 3423
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, S1 |2.5~5.5| 30 1 8 80P6S
M37413E6HFS x| PROM Version of M37413M6H-XXXFP C, St 5+5% 30 1 8 80S6 3—448
M37414E5-XXXFP *| One Time Programmable Version of M37414M5-XXXFP C,S1 | 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 | 5281 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 Noted
M37450E4SS/FS PROM Version of M37450M4-XXXSP/FP C,S1 | 5*5% | 30 | 0.8 | 10 | 64S1B/80S6
M37450E8-XXXSP/FP % | One Time Programmable Version of M37450M8-XXXSP/FP C,Si | 5+5% | 30 | 0.8 | 10 | 64P4B/80P6 Note3
M37450E8SS/FS *| PROM Version of M37450M8-XXXSP/FP C,Si | 5+5% | 30 | 0.8 | 10 |64S1B/80D0
M37450E4TXXXSP/J  *| One Time Programmable Version of M37450M4TXXXSP/J C, Si 5+5% | 30 | 0.8 | 10 | 64P4B/84P0 | Note3
MTAS{EXXKSP/FPIGP | One Time Programmable Version of M37451MA-XXXSP/FP/GP | G, Si | 5::10% | 40 |0.64 | 12.5 | Sete/80PN/| noiog
M37451E4SS/FS x| PROM Version of M37451M4-XXXSP/FP C,SI |5+10% | 40 |0.64 |12.5| 64S1B/80D0 | Note3
MTASIES-XAXSP/FPIGP | One Time Programmable Version of M37451MB-XXXSP/FP/GP | G, Si | 5:10% | 40 |0.64 | 12.5 | Some o0 N | Note3
M37451E8SS/FS | PROM Version of M37451M8-XXXSP/FP C,Si |5+10% | 40 |0.64|12.5| 645S1B/80D0 | Note3
M37451EC-XXXSP/FP/GP %% | One Time Programmable Version of M37451MC-XXXSP/FP/GP C,Si1 [5+10% | 40 |0.64 |12.5 ggF;:SBéBOPGN/ Note3
M37451ECSS/FS **| PROM Version of M37451MC-XXXSP/FP C,S1 |5+10% | 40 |0.64 |12.5 | 6451B/80D0 | Note3
M37451E4DXXXSP/FP ** | One Time Programmable Version of M37451M4TXXXSP/FP C,S1 |5+10% | 40 |0.64 |12.5| 64P4B/80P6N | Note3
M37451E8DXXXSP/FP *%| One Time Programmable Version of M37451M8TXXXSP/FP C,S1 |[5%10% | 40 |0.64 |12.5 | 64P4B/80P6N | Note3
M37470E4-XXXSP *| One Time Programmable Version of M37470M4-XXXSP C, S |2.7~5.5{17.5 1 4 32P4B Note3
M37470E8-XXXSP *| One Time Programmable Version of M37470M8-XXXSP C, S |2.7~5.5(17.5] 1 4 32P4B Note3
M37471E4-XXXSP/FP *| One Time Programmable Version of M37471M4-XXXSP/FP C,S1 |2.7~5.5|17.5| 1 4 | 42P4B/56P6N | Note3
M37471E8-XXXSP/FP % | One Time Programmable Version of M37471M8-XXXSP/FP C,Si |2.7~5.5(17.5| 1 4 42P4B/56P6N | Note3
M37471E8SS *| PROM Version of M37471M8-XXXSP C,S1 |2.7~5.5|17.5 1 4 42S1B Note3

* . New product %% : Under development

Notet

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 2~

3% The production of this product 1s no longer planned due to announcement of new series or upgrades

MSeries 38000 single-chip microcomputers
Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>

Vol. 2.”
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (1)

M50964-XXXSP/FP

MELPS 740 Debug system
Assembler For evaluation
Type name Processor mode Debugger Option board gg:‘ﬂ:ﬁe

M50740A-XXXSP/FP
M50741-XXXSP/FP | Single-chip mode PCA4040 M50740-PGYS
M50740ASP
M50742-XXXSP/FP | __ ]
M50708-XXXSP/Fp | Sindle-chip mode PCA4042 M50742-PGYS

. . PCA4043 or
M50743-XXXSP/FP | Single-chip mode PCA4043R M50743-PGYS
M50744-XXXSP/FP Single-chip mode PCA4044G02 or
M50744T-XXXSP = PCA4044R
M50746-XXXSP/FP - M 5(2:\‘4;:82/)EFS
M50746E-XXXSP/FP | Microprocessor PCA4044XG02
M50746ES/EFS mode

. . PCA4045 or
M50745-XXXSP/FP | Single-chip mode PCA4045R M50745-PGYS
M50747-XXXSP/FP PCA4047G02 or
MB50747H-XXXSP/FP | Single-chip mode PCA4047RGO2
M50747T-XXXSP M50747ES/EFS
M50747E-XXXSP/FP | Microprocessor PCA4047XG02 or (Note 2)
M50747ES/EFS mode PCA4047XRG02
M50752-XXXSP .
M50757-XXXSP Single-chip mode PCA4057 M50752-PGYS
M50758-XXXSP
M50753-XXXSP/FP M50753-PGYS

ingle-chi d PCA4
MS0753T-Xxxsp | Sngle-chip mode CA4053 (Note 2)
M50754-XXXSP/FP/GP
M50954-XXXSP/FP/GP | Single-chip mode igi:gg:ggi; ' M50955-PGYS
M50955-XXXSP/FP/GP

SRA74 PC4000E RTT74
M50930-XXXFP
M50930T-XXXFP
M50931-XXXFP Single-chip mode PCA4093 or M50931-PGYS
M50932-XXXFP 9 P PCA4093R (Note 2,3)
M50933-XXXFP
M50934-XXXFP
M50940-XXXSP/FP
M50941-XXXSP/FP | Single-chip mode Egﬁ:gg:;é o2 M50945-PGYS
M50945-XXXSP/FP
M50943-XXXSP/FP | Single-chip mode PCA4033 PCA4333G02
(Note 1)

M50944-XXXSP/FP
MS50944E-XXXSP/FP | Single-chip mode PCA7044 M50944ES
M50944ES
M50950-XXXSP . . ~
M50951-XXXSP Single-chip mode PCA4095 M50950-PGYS
M50957-XXXSP/FP
mggg:;é‘sxxxsp Single-chip mode PCA4054G02 or M50957-PGYS
M50958-XXXSP/FP PCA4054RG02 M50957ES
M50959-XXXSP/FP
M50963-XXXSP/FP
M50963E-XXXSP/FP PCA4064 or

ingle-chi
M50963ES/EFS Single-chip mode PCA4064R M50963ES/EFS

* . New products

% . Under development

Note 1 : Evaluation board

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

S




MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (2)

MELPS 740 . Debug system For Luation
Type name Processor mode Debugger Option board f;’;,,"g:e
. M37100T-OPT or
M37100M8-XXXSP/FP | Single-chip mode M37100T2-RTT M37100P-000SS
M37102M8-XXXSP/FP
M37102E8-XXXSP/FP | Single-chip mode M37102T-RTT M37102E8SS/FS**
M37102E8SS/FS PC4000E
M37103M4-XXXSP | Single-chip mode M37100T2-RTT —
ng;::gg;;(;;:: Single-chip mode M37120T-RTT M37120E6-XXXFP*
M37201M6-XXXSP
M37201E6-XXXSP M37201E6SS**
M37201E6SS
M37202M3-XXXSP PC4000E
M37202E3-XXXSP Single-chip mode + M37201T5-POD* M37202E3SS**
M37202E35S PC4600*
M37204M8-XXXSP
M37204E8-XXXSP M37204E8SS**
M37204E8SS
M37250M6-XXXSP
M37250E6-XXXSP Single-chip mode PC4000E M37250T-RTT* M37250E6SS**
M37250E6SS
PC4000E
M37260M6-XXXSP Single-chip mode + " M37260T5-POD* .
M37260E6-XXXSP PC4600 M37260E6SS**
M37260E6SS M37260TX-OPT*
Microprocessor mode (Be necessary to order
producing this board)
M37408M2-XXXSP/FP | Single-chip mode — _—
M37409M2-XXXSP/FP | Single-chip mode M37409T-OPT M37409PSS*
M37410M3HXXXFP
M37410M4HXXXFP
M37410M6HXXXFP | Single-chip mode SRA74 M37410T-OPT RTT74 M37410E6HFS
M37410E6HXXXFP
M37410E6HFS
m(::;:: iz;'xx;;:: Single-chip mode M37412T-OPT M37412E5-XXXFP
M37413M4HXXXFP
mg;z: g::::;;:: Single-chip mode M37413T-RTT M37413E6HFS**
M37413E6HFS
::2;:: ::‘:55_— I:))((:: Single-chip mode M37414T-RTT M37414E5-XXXFP*
M37415M4-XXXFP | Single-chip mode PCA4000E M37415T-OPT M37415PFS
M37416M2-XXXSP/FP | Single-chip mode M37416T-RTT* —
M37420M4-XXXSP '
mg;zzgz‘; ;(:::: Single-chip mode M37420T-OPT M37420E6SS*
M37420E6SS
M37421M6-XXXSP/FP | Single-chip mode M37421T-OPT xz;:z::x?:z
M37424M8-XXXSP
M37424E8-XXXSP | Single-chip mode M37424T-RTT* M37424E8SS**
M37424E8SS
M37524M4-XXXSP
M37524E4-XXXSP | Single-chip mode M37524T-RTT* M37524E4SS**
M37524E4SS '
PC4000E
M37428M4-XXXFP Single-chip mode + M37428RFS —_—
PC4600* (Note2)
* . New products *% . Under development
Note 1 : Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM.
* MITSUBISHI =g




MI7SUBISHI MICROCOMPUTERS

| DEVELOPMENT SUPPORT SYSTEMS

Development support systems (3)

MELPS 740 Debug system
Assembler For
Type name Processor mode . Debugger Option board Contrl
M50734SP/FP PCA4034G02 or
M50734SP-10 PCA4000E PCA4034RG02
Development support systems (t}) series 7450
Series 7450 ’ | Debug system
Assembler Control Base PC4000E Base PC4600 For evaluation
Type name Processor mode software  pebygger| Option board  |Debugger| Emulator MCU
M37450M2-XXXSP/FP
M37450T-OPT
VTSRO | Sre-chi or
4 /
mode ~
M37450M8-XXXSP/FP M37450T-RTT M37450PSS/PFS
M37450E4-XXXSP/FP M37450RSS M37450E4SS/FS.
M3T7450E4TXXXSP/J or o
M37450E4SS/FS Microprocessor PCA000E M37450RFS .
MQ7450E8-XXXSP/FP | mode M37450TX-OPT (Note 2) M374(F:\:)Et8838)/ FS
M37450E8SS/FS M37458;'X arT ote
M37450S1SP/FP Microprocessor )
M37450825P/FP | ds °
M3745084SP/FP PC4000E
RTT74
M37451M4-XXXSP/FP/GP SRA74 (Note 1) +
M37451M8-XXXSP/FP/GP PCAS00
M37451MC-XXXSP/FP/GP
M37451E4-XXXSP/FP/GP | Single-chip
M37451E4SS/FS mode
M37451E8-XXXSP/FP/GP M37451E4SS/FS*,
M37
M37451E8SS/FS 8 4:: RSS M37451E8SS/FS*
M37451EC-XXXSP/FP/GP — M37451RFS or "
M37451ECSS/FS Microprocessor (Note 2) M37451ECSS/FS
M37451M4DXXXSP/FP | mode (Note 3)
M37451MBDXXXSP/FP
M37451E4DXXXSP/FP
M37451E8DXXXSP/FP
M37451SSP/FP/GP | Microprocessor
mode

* . New products

Note 1 . 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

Type name

Processor mode

Assembler

Debug system

Control

software Debugger

Emulator MCU

For evaluation

M37470M2-XXXSP
M37470M4-XXXSP
M37470M8-XXXSP
M37470E4-XXXSP
M37470E8-XXXSP

M37471M2-XXXSP/FP
M37471M4-XXXSP/FP
M37471M8-XXXSP/FP
M37471E4-XXXSP/FP
M37471E8-XXXSP/FP
M37471E8SS

Single-chip mode

SRA74

PCA4000E
RTT74 (Note 1) +
PC4600*

M37471RSS (Note 2,3)

M37470E4-XXXSP*
M37470E8-XXXSP*

M37471E8SS*

* . New products

Note 1 : PC4600 Is supported by software version up
2 : Pitch converter PCA4906 1s necessary to M37470

3 : Pitch converter PCA4907 is necessary to QFP package type

1-10
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (6) series 38000

Type name

Assembler

Debug system

Control software

Debugger

Emulation MCU

For evaluation

M38002M2-XXXSP/FP
M38002E2-XXXSP/FP
M38002E2SS/FS
M38002M4-XXXSP/FP
M38002E4-XXXSP/FP
M38002E4SS/FS
M38003M6-XXXSP/FP
M38003E6-XXXSP/FP
M38003E6SS/FS
M38004M8-XXXSP/FP
M38004E8-XXXSP/FP
M38004E8SS/FS
M38007M4-XXXSP/FP
M38007E4-XXXSP/FP
M38007E4SS/FS

M38042M3-XXXFP
M38042E3-XXXFP
M38042E3FS

M38062M3-XXXFP/GP
M38062E3-XXXFP/GP
M38062E3FS
M38062M4-XXXFP/GP
M38062E4-XXXFP/GP
M38062E4FS
M38063M6-XXXFP/GP
M38063E6-XXXFP/GP
M38063E6FS
M38064M8-XXXFP/GP
M38064E8-XXXFP/GP
M38064E8FS

M38102M5-XXXSP/FP
M38102E5-XXXSP/FP
M38102E5SS
M38103M6-XXXSP/FP
M38103E6-XXXSP/FP
M38103E6SS

M38112M4-XXXSP/FP
M38112E4-XXXSP/FP
M38112E4SS

M38172M4-XXXFP
M38172E4-XXXFP
M38172E4FS
M38173M6-XXXFP
M38173E6-XXXFP
M38173E6FS
M38174M8-XXXFP
M38174E8-XXXFP
M38174E8FS

M38184M8-XXXFP
M38184E8-XXXFP
M38184E8FS

SRA74

RTT74 (Note 1)

M38007RSS (Note 2)

M38002E2SS/FS
M38002E4SS/FS
M38003E6SS/FS
M38004E8SS/FS
M38007E4SS/FS

Under development

M38042E3FS

PC4000E
+
PC4600*

M38067RFS (Note 3)

M38062E3FS
M38062E4FS
M38063E6FS
M38064E8FS

M38107RSS (Note 2)

M38102E5SS
M38103E6SS

M38117RSS (Note 2)

M38112E4SS

M38177RFS (Note 3)

M38172E4FS
M38173E6FS
M38174E8FS

M38187RFS** (Note 3)

M38184E8FS

* . New products »% Under development

Note 1 : PC 4600 is supported by software version up
2 : Pitch converter M38007T-PRB is necessary to QFP package type
3 : Pitch converter PCA4932 i1s necessary

ELECTRIC
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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

Built-in PROM type microcomputers

Program writing adapter

type name type name
M50746E-XXXSP M37451ECSS
M50746ES PCA4700G02 M37450E4TXXXSP PCA4TI0
M50746EFS M37450E4TXXXJ PCA4712(Note 1)
M50746E-XXXFP - PCA4701G02 M37450E4-XXXFP
M50747E-XXXSP M37450E4FS PCA4711
M50747ES PCA4700G02 M37450E8-XXXFP
M50747E-XXXFP M37450E8FS
M50747EFS PCA4701G02 M3T451E4FS :
MB0944E-XXXSP M37451ESFS PCA4TIS
M50944ES PCA4TIS M37451ECFS
MB0944E-XXXFP PCA4T14 M37451E4-XXXFP
MB0957E-XXXSP M37451E8-XXXFP PCA4TS1*
M50957ES PCA4703 M37451EC-XXXFP
MB0963E-XXXSP M37451E4-XXXGP
M50963ES PCA4700G02 M37451E8-XXXGP PCA4752*
MB50963E-XXXFP M37451EC-XXXGP
MB50963EFS PCA4701G02 M37451E4DXXXSP
M37102E8-XXXSP M37451EBDXXXSP PCA4T10
M37T102E85S PCA4724 M37451E4DXXXFP
M37102E8-XXXFP M37451E8DXXXFP PCA4TSI™
M37102E8FS PCA4T25 M37460E8-XXXFP PCA4713(Note 1)

M37120E6-XXXFP

PCA4716(Note 1)

M37470E4-XXXSP

M37201E6-XXXSP

M37470E8-XXXSP

M37451EC-XXXSP

M37201E6SS PCA4723 M37471E4-XXXSP PCA4T30
M37202E3-XXXSP M37471E8-XXXSP

M37202E3SS M37471E8SS

M37204E8-XXXSP poAdT2E* M37471E4-XXXFP ooAdTa:
M37204E8SS M37471E8-XXXFP

M37250E6-XXXSP M38002E2-XXXSP

M37250E6SS M38002E2-XXXFP

M37260E6-XXXSP M38002E2SS Under development
M37260E6SS POA4736* M38002E2FS

M37260E6-XXXFP - M38002E4-XXXSP PCA4738S-64
M37260E6FS M38002E4-XXXFP PCA4738F-64
M37410E6HXXXFP PCA4705 M38002E4SS PCA47385-64
M37410E6HFS PCA4706 M38002E4FS PCA4738L-64**
M37412E5-XXXFP PCA4720 M38003E6-XXXSP

M37413EBHXXXFP PCA4728 M3B003E6-XXXFP

M37413E6HFS PCA4729 M38003E6SS

M37414E5-XXXFP PCA4720 M3B003E6FS

M37420E6-XXXSP M38004E8-XXXSP

M37420E6SS PCA4727 M3BO04ES-XXXFP

M37424E8-XXXSP M38004E8SS

M37424E8SS M38004E8FS

M37524E8-XXXSP . PCA4721 M38007E4-XXXSP Under development
M37524E8SS M38007E4-XXXFP

M37450E4-XXXSP M38007 E4SS

M37450E4SS M38007 E4FS

M37450E8-XXXSP M38042E3-XXXFP

M37450E8SS M38042E3FS

M37451E4-XXXSP PCA4710 M38062E3-XXXFP

M37451E4SS M38062E3-XXXGP

M37451E8-XXXSP - M38062E3FS

M37451E8SS * : New product %% : Under development

Note 1 ! Be necéessary to order producing this board

1-12
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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

M38062E4-XXXFP
M38062E4-XXXGP Under development
M38062E4FS
M38063E6-XXXFP PCA4738F-80
M38063E6-XXXGP PCA4738G-80
M38063E6FS PCA4738L-80
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

Under development
M38173E6FS
M38174E8-XXXFP
M38174E8FS
M38184E8-XXXFP PCAA4738F-100%
M38184E8FS Under development

* . New product ** . Under development

* MITSUBISHI —13
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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/LSIs and the package style. '

1. Mitsubishi Original Products
Example 1. M 5 07 40-001 SP -2

M Mitsubishi integrated prefix

Temperature range

5 [ Standard industrial/commercial
(0 to 70/75C or —20 to 85°C)

9 High reliability

Series designation using 1 or 2 alphanumeric chracters.
01~09 :CMOS

1 . Linear circuit

3 CTTL

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 alumjnum-gate ED-MOS
89 . CMOS

9 :DTL

S0~S2 : Schottky TTL

Circuit function identification code using 2 digits.
A character next to 2-digit alphanumeric characters, “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

SP . Molded plastic shrink package

S . Metal-sealed ceramic

—Electrical characteristic identification code using 1 or 2 digits

1—14 MTSUBISH!
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ORDERING INFORMATION

Example2. M 3

3

4{0’!

—
1

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
. EPROM

: Mask ROM

: Mask ROM+EEPROM

. Piggyback

: External ROM

wozZzam

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

L 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

* MITSUBISHI | 1
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ORDERING INFORMATION

2. PACKAGE CODE

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

Example:42 P 4 B
T 1 I T

Number of pins

Package structure

K : Glass-sealed ceramic
P I Molded plastic

S [ Metal-sealed ceramic

Package outline
. DIP
: SOP
. DIP
. QFP

O BN =

——Secondary outline code
Special-purpose secondary codes describing outline are included as necessary. For
details, contact your sales representative. :

—16 AMITSUBISHI
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PACKAGE OUTLINES

32P4B 32pin molded plastic DIP Dimension in mm
® @
lalalalalalalaialalalalalaliali
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2 2
sy | | bV B
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42P4B 42pin molded plastic DIP Dimension in mm
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@
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1.77830.25 .
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PACKAGE OUTLINES

42S1B 42pin ceramic DIP Dimension in mm
40. 64£0. 40
@ _ o @
&
5
<
w
| |
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DETAIL F
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PACKAGE OUTLINES

50P6 50pin molded plastic QFP Dimension in mm
15.60.3
10.0%0.15
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52P4B 52pin molded plastic DIP Dimension in mm
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PACKAGE OUTLINES

5281 52pin ceramic DIP Dimension in mm
51. 4MAX
e e
>
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°’. 18.27y
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PACKAGE OUTLINES

56P6N 56pin molded plastic QFP Dimension in mm
16.8%+0.3 ‘
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PACKAGE OUTLINES

64P4B 64pin molded plastic DIP(Lead pitch 1.778mm) Dimension In mm
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PACKAGE OUTLINES

64P6S | 64pin molded plastic QFP

Dimension in mm
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

64S1B 64pin ceramic DIP Dimension in mm
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PACKAGE OUTLINES

72P6 72pin molded plastic QFP Dimension in mm
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PACKAGE OUTLINES

- 80P6 80pin molded plastic QFP Dimension i mm
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PACKAGE OUTLINES

80P6S 80pin molded plastic QFP
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PACKAGE OUTLINES

80S6M | 80pin piggyback QFP
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Dimension in mm

84P0 84pin molded plastic leaded chip carrier Dimension in mm
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PACKAGE OUTLINES

100P6S | Plastic 100pin QFP
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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 LSl data book for the
new products only. Future editions of this data book
will be applied this system. The |[EC 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 IEC 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-DCIF
where :
Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.
Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.
Subscript C indicates the direction of the transition
and/or the final state or level of the signal

represented by B. When two letters are

used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is, at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time interval, the
value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated.

Subscript F indicates additional information such as
mode of operation, test conditions, etc.

Note 1 Subscripts A to F may each consists of one or more letters

N

Subscripts D and E are not used for transition times

3 The “—" in the symbol (1) above 1s used to indicate “'to”, hence the sym-
bol represents the time interval from signal event B occuring to signal
event D occuring, and it 1s 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:

taB-D)
or ta(B)
or ta(p) — 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

1—30 ) MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory. Erasure ER
The letter symbols so far proposed for memory circuits Output enable G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q

Read R
3.1. Timing Requirements Row address RA
The letter symbols for the timing requirements of semi- Row address strobe RAS
. . Refresh RF
conductor memories are as follows : .
Read/MWrite RW
Term Subscript Chip select S
Cycle time c Write (write enable) W
. . . Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used
Fall time f 2 It should be noted, when further letter symbols are chosen, that the sub
Hold time h script 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
Precharging time pc Data input/output, ReadMirite) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter
Retresh time interval rf
Setup time “ 5. SUBSCRIPTS C AND E
Transition time t (For Transition of Signal)

Pulse duration (width) w The following symbols are used to represent the level or
state of a signal :

3.2. Characteristics Transition of signal Subscript
The letter symbols for the dynamic characteristics of High logic level H
semiconductor memories are as follows : Low logic level L

. . Valid steady-state level (either low or high) \)
Characteristic Subscript . g ,
Unknown, changing, or ‘don‘t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis L e
Enable time en The direction of transition is expressed by two letters,

. . the direction being from the state represented by the

Propagation time P . .
. first letter to that represented by the second letter, with
Recovery time rec the | bei . b
... . e letters being as given above.
Transition time T ] gasg . .

L When no misunderstanding can occur, the first letter

Valid time v

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.

Note Recovery time for use as a characteristic 1s limited to sense recovery time

4. SUBSCRIPTS B AND D

i : Subscript
(For Signal Name or Terminal Name) .
The letter symbols for the signal name or the name of Examples Full Abbreviated
the terminal are as given below. Transition from high level to
All subscripts B and D should be in upper-case. low level “ HL L
Transition from low level to
Signal or terminal Subscript high level LH H
Transition from unknown or
Address A changing state to valid state XV Vv
Clock c . Transition from valid state to
Column address CA unknown or changing state vX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state zv \
Data input/output DQ Note Since subscripts C and E may be abbreviated, and since subscripts B and D

may contain an indeterminate number of letters, it is necessary to put the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
V, X, or Z, so as to avoid possible confusion

AM'TSLB'SHI 1—31
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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 PD
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 |Foriner symbol Parameter—definition

C, Input capacitance

Co Output capacitance

Ci/o Input/output terminal capacitance

Ci(¢) Input capacitance of clock input

f Frequency

f(e) Clock frequency

1 Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal 1s defined as a negative value

le8 Supply current from Vgg

|EIB( AV) Average supply current from Vgg

lce Supply current from Vec

lce(av) Avarage supply current from Vcc

lcc(pD) Power-down supply current from Vec

oD Supply current from Vpp

lpp(av) Average supply current from Vpp

lge Supply current from Vgg

lgGg(AV) Average supply current from Vgg

Iy Input current

liH High-level input current—the value of the input current when Vo 1s applied to the input considered

(TS Low-level input current—the value of the input current when Vg 1s applied to the input considered

lLoan Built-n resistor current

lpeak Peak current B

ToH High-level output current—the value of the output current when Vo 1s applied to the output considered

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

loz Off-state (high-impedance state) output current—the current into an output having a three-state capabihity with input condition so applied that
1t will establish according to the product specification, the off (high-impedance) state at the output

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

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

lOS Short-circuit output current

Iss Supply current from Vgg

Pd Power dissipation

New Number of erase/write cycles

NRA Number of read access unrefreshed

R, Input resistance

RL External load resistance

RoFF Off-state output resistance

Ron On-state output resistance

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

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

ta(cas) Column address strobe access time

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

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

ta(pr) Data access time after program

ta (RAS) Row address strobe access time

tacs) ta(cs) Chip select access time

tc Cycle time

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

teRF ‘C (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in 3 dynamic memory cell to its original level

tcpPa tc(pG) Page-mode cycle time
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New symbol |Former symbol Parameter—definition

tcRMW tc (RMR) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory 1s read and new data is entered, and the start of

the next cycle

tow N Ic (WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
td Delay time—the time between the specified reference points on two pulses

14 (¢) Delay time between clock pulses—e g, symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1
td(caS-RAS) Delay time, column address strobe to row address strobe

td(CAS»W) td(CAS WR) Delay time, column address strobe to write
td (Ras-CAS) Delay time, row address strobe to column address strobe
td(ras-w) | td(Ras-wr)| Delay time, row address strobe to write

tdis(r-Q) |ldis(Rr-DA) Output disable time after read

tdis(s) tpxz(cs) Qutput disable time after chip select

tdis(w) tPxz(WR) Output disable time after write

toHL High-level to low-level delay time the time interval between specified reference points on the nput and on the output pulses when the output 1s
toLH Low-level to high-level delay time " going to the low (high) level and when the device is driven with a specified loading networks

Ien<AAQ) tpzv(a-0Q) QOutput enable time after address
‘en(R-o) tpzv(R-DQ) Output enable time after read

ten(S-o) IPZX(CS-DQ) Output enable time after chip select

tf Fall time

th Hold time~the interval of time durning which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal
th(A) th(AD) Address hold time

th(a-e) th(aD-CE) Chip enable hold time after address .

th(a-PR) |th(ap-pRo) | Program hold ume after address
th(cas-ca) Column address hold time after column address strobe

th(cas-D) |th (CAS-DA) Data-in hold time after column address strobe

[h(CAS-Q) th (CAS-0UT) Data-out hold time after column address strobe

th (cas-RAS) Row address strobe hold time after column address strobe
th(cas-w) | th(cas wr) Write hold time after column address strobe

th(p) th(pa) Data-in hold time

th(p-pPR) |th(DA-PRO)| Program hold time after data-in

th(e) th(ce) Chip enable hold time

th(e-0) th(ce-pa) Data-in hold time after chip enable

th (€-G) th(CEvOF.) Output enable hold time after chip enable

th(r) th(ro) Read hold time

th(ras-ca) Column address hold time after row address strobe
th(raS-CAS) Column address strobe hold time after row address strobe

th (ras-D) |th(ras-pa)| Datanhold time after row address strobe
th(ras-w) |th ( R/;S-WR) Write hold time after row address strobe
th(s) th(cs) Chip select hold time

th(w) th(wR) Write hold time

th(w-cas) |th(wR-cas)| Column address strobe hold time after write
th(w-D) th(wr-pa) Data-in hold time after write N
th(w-Ras) |th(wr-ras)| Rowaddress hold time after write

tpuL High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the

N output Is going to the low (high) level and when the device is driven and loaded by typical devices
teLH Low-level to high-level propagation time of stated type
tr Rise time
trec(w) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
trec (pPD) tR(PD) Power-down recovery l4me'
tsu Setup time—the time interval between the application of a signal which 1s maintained at a speciifed input terminal and a consecutive active

tarnsition at another specified input terminal

tsu (A) tsu(AD) Address setup time
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tsu (Ra-cas)
tsu(s)
tsu(s-w)
tsu(w)
trHL
tTLn
tv(a)
tv(e)
tv(e)rr
tv(e)
tv(pr)
tv(s)

tw
tw(e)
tw(eH)
tw(e)
tw(pR)
tw(lF!)
tw(s)
tww)

tw(g)
Ta

Topr
Tstg
Ves
Vee
Voo
Vaee
Vi
ViH
ViL
Vo
VoH
VoL
Vss

New symbol |Former symbol Parameter—defimition
tsu (AE) 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(o) tsu(pa) Data-in setup time

tsu(p-e) |lsu(pa-ce)| Chipenablesetup time before datain

tsu(p-w) |lsu(pa-wr'| Writesetup time before data-in

tsu(e) tsu(ce) Chip enable setup time

tsu(e-pP) tsu(ce-P) Precharge setup time before chip enable

tSU(G.-E) tsu(oe-ce)| Chipenable setup ime béfore output enable
tsu(p-E) tsu( P-CE) Chip enable setup time before precharge

tsu(pro) Power down setup time

tsu(r) tsu(rD) Read setup time

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

tsuccs)
tsu(cs-wR)

tsu(wr)

tdv (aD)
tdv (ce)
tv (ce)PR
I\/(OF_)

tv(cs)

tw(cE)
tw(ceH)

tw(eL)

tw(RDJ
tw(cs)

tw(wr)

Column address strobe setup time before row address

Chip select setup time

Write setup time before chip select

Write setup time

High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output 1s
going to the low (high) level and when a specified input signal 1s applied through a specified network and

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

Data valid time after address

Data valid time atter chip enable

Data valid time after chip enable in program mode

Data valid time after output enable

Data valid time after program

Data valid time after chip select

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

Chip enable pulse width

Chip enable high pulse width

Chip enable low pulse width

Program pulse width

Read pulse width

Chip select pulse width

Wrtie pulse width

Clock pulse width

Ambient temperature

Operating temperature

Storage temperature

Vgg supply voltage

Ve supply voltage

Vpp supply voltage

Vgg supply voltage

Input voltage

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

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

Output voltage !

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

Low-level output voltage—the value of the guaranteed low state voltage range at the outpu?

Vss supply voltage

Note 1. These letter symbols are based on the IEC publication 148 except a part of them
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1 INTRODUCTION

IC & LS| 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 &
LS|, 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 8-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.

21 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.

(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.

(4) Functional evaluation for bread-board device to confirm Table 1. TYPICAL RELIABILITY TEST PROGRAM
electrical performance. FOR PLASTIC ENCAPSULATED IC & LSI
(5) Re.|lablllty evaluatl?n f(?r TEG (Test Element Group) Groum Tou Ev——
chip to detect basic failure mode ‘and investigate fai- ] Solderability 230°C. 5sec Rosin flux
lure mechanism. Soldering heat 260°C, 10sec
(6) Reliability test (In-house qualification) for new product 2 Thermal shock —85°C, 125°C, 15cycles
to confirm quality and reliability target. Temperature cycling —65°C, 150°C, 100cycles
(7) Decision of pre-production from the standpoint of per- 3 Lead fatigue 250gr, 90°, 2arcs
formance, reliability, production flow/conditions, pro- Shock 1500G, 0. 5msec
duction capability, delivery and etc 20G, 100~2000Hz
4 Vibration X, Y, Z direction
. . o 4min./cycle, 4cycles/direction
22 3 Qua"ty Assurance in Manufacturlng * | Constant acceleration 20000G, Y direction, 1min
Quality assurance in manufacturing is performed as follows Ta=125C, Voomax
(1) Environment control such as temperature, humidity and 5 Operation lite 1000hours
du§t as well as delonlz.ed vs.rater and utility gases. . 6 High temperature Ta=150'C, 1000hours
(2) Maintenance and calibration control for automatized storage life
manufacturing equipments, automatic testing equip- High temperature and | oo ocor 1000nourS
ments, and measuring instruments. 7 high hurmdity .
Pressure cooker 121°C, 100%, 100hours
1—-36 MITSUBISHI
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2.4 Returned Product Control

When failure analysis is requested by a customer, the
failed devices are returned to Mitsubishi Electric via the
sales office of Mitsubishi using the form of “Analysis Re-
quest of Returned Product”

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

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.

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

RETURNED PRODUCT
ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT
FAILURE ANALYSIS [
r————- |
|
I VISUAL INSPECTION :
| ¥ |
| ELECTRICAL |
| CHARACTERISTICS TEST
| Y I
CLASSIFICATION OF |
| FAILURE MODES |
l ACCEPTANCE |3 |
| £
| g |
i |
| & |
|
1
| SIMULATION TEST NT?&gﬁé‘o\ﬁ%ﬁ’ﬁL |
I — | ! 8
| _ELECTRICAL CHIP ANALYSIS |
' HARACTERISTICS TES '
| REJECTION | ,
laccepTANCE L __ —_————de
-1 CONFIRMATION OF h
, L _ FAILURE CAUSE_ _
SURVEY OF
[_—_(stsnemou OF CAusa(__—_’( PROGCESS RECORD )
REPORT
GENERATION|=]
PRELIMINARY
i CORREGTIVE ACTION
CONFIRMATION
OF QUALITY NO GO
REPORT TO
CUSTOMER
FIXED CORRECTIVE ACTION
PREVENTIVE MEASURES

Fig.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
iai Number of | Device Hours | Number of
Test Series Type Number Test Condition Samples (Hours) Failures
M37100M8-XXXSP 35 35000 0
M37201M6-XXXSP 35 35000 0
- P
MELPS 740 M37260M6-XXXS 125C 7V 35 35000 0
High Temperature M37120M6-XXXFP 38 38000 0
O'g rahonpl_“ Y M37409M2-XXXSP 38 38000 0
pe € M37420M6-XXXSP 22 22000 0
M37201E6-XXXSP 35 35000 0
EPROM mounted type | M37410E6HXXXFP 125C 7V 38 38000 0
M37420E6-XXXSP 32 32000 0
M37100M8-XXXSP 35 35000 0
MELPS 740 M37201M6-XXXSP 1507 35 35000 0
High Temperature M37260M6-XXXSP 35 35000 0
Storage Life M37409M2-XXXSP 38 38000 0
M37201MB-XXXSP 150°C 35 35000 0
R
EPROM mounted type |~ 10 bE6-xXXSP 175C 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

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

Test Series Type Number Test Condition NSu:"lnb;;gf D?‘ﬁf:u'::s"s N"—:-'?"?J?ersd
M37100M8-XXXSP 24 24000 0]
M37201M6-XXXSP 24 24000 0]
M37260M6-XXXSP o 24 24000 o]
High Temperature MELPS 740 M37120M6-XXXFP 85C 85%RH 5V 22 22000 0
High Humidity Life M37409M2-XXXSP 38 38000 0
M37420M6-XXXSP 22 22000 0
M37201M6-XXXSP o 24 24000 0
EPROM mounted type M37420E6-XXXSP 8C B85%RH 5V » ] 22000 5
Test Series Type Number Test Codition 96Hours 240Hours
M37100M8-XXXSP 0/22 0/22
M37201M6-XXXSP 0/22 0/22
M37260M6-XXXSP N 0/22 0/22
MELI?S 740 M37120ME-XXXFP 121C 2 atmospheres 0/22 0/22
Pressure Cooker M37409M2-XXXSP 0/22 0/22
M37420M6-XXXSP 0/22 0/22
M37201E6-XXXSP 0/22 0/22
EPROM mounted type M37410E6HXXXFP 121°C 2 atmospheres 0/22 0/22
| M37420E6-XXXSP 0/22 0/22
Test Series Type Number Test Codition 10Cycles 100Cycles
M37100M8-XXXSP 0/38 0/38
M37201M6-XXXSP 0/38 0/38
M37260M6-XXXSP 5 5 0/38 0/38
MELPS 740 M37120M6-XXXFP —66C~+1s0C 0/38 0/38
Temperature Cycling M37409M2-XXXSP 0/38 0/38
M37420M6-XXXSP 0/22 0/22
M37201E6-XXXSP 0/38 0/38
EPROM mounted type M37410E6HXXXFP —65C~—+125C 0/38 0/38
M37420E6-XXXSP | 0/32 0/32
Table 4. MECHANICAL TEST RESULTS
Test Test Condition Package
52P4B 64P4B 60P6 80P6
Soldering Heat 260°C 10sec 0/130 0/192 0/104 0/66
Thermal Shock —40°C~125C 15Cycle 0/130 0/192 0/104 0/66
Solderebility 230°C 5sec Using a rosin-type Flux 0/66 0/88 0/88 0/66
Free Fall 75cm Onto a maple wood board 3times 0/44 0/44 0/22 0/44
Shock 1500G 0.5msec X, Y, and Z directions 3times 0/44 0/44 0/22 0/22
Vibration 20G X, Y, and Z directions 4times 100~2000Hz 4minutes/Cycle 0/44 0/44 0/22 0/22
Constant Acceleration | 20000G Y, direction 1minute 0/44 0/44 0/22 0/22
Lead Integrity 250g 90° Berding 2times 0/30 0/30 0/15 0/15
500g Tension 30sec 0/30 0/30 0/15 0/15

1—40

KR



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.

lifted Au ball trace
on Al bonding pad

Fig.4 Fig.5
Au-Al plague formation Lifted Au wire ball base
on bonding pad

)

Au-Al 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.

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.

Fig.6
Micrograph of corroded
Aluminum metallization
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Fig.7
Enlarged
micrograph
of corroded
Aluminum
bonding pad

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.

T SOF Fig.9
SURGE Micrograph of surge
DESTRUCTION | voltage destruction

Fig.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 electromigration. Voids and hillock have been
formed in aluminum metallization by high current de-
nsity.

Fig.11

Voids and
hillocks
formation

by Aluminum

5 SUMMARY
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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PRECAUTIONS IN HANDLING MOS IC/LSIs

MITSUBISHI MICROCOMPUTERS

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) 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/LSIs 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/LSLI.

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 ranges
provide adequate safety margins. Operating within these

recommended of operating conditions
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.

KEEPING ALL TERMINALS AT THE
SAME POTENTIAL DURING TRANSPORT
AND STORAGE

When MOS IC/LSIs 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-

. Current

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 1mQ resistor. Be sure that
the grounding meets national regulations on personnel
safety.

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.

PRECAUTIONS FOR MOUNTING OF
MOS IC/LSIs

. The printed wiring lines between input and output ter-

minals of MOS IC/LSlIs 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.

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

of MOS IC/LSIs (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.

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MQOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from electro-

static ch}arges for more reliable operation. When a plastic
case is used, it is desirable to coat the inside of the case
with conductive paint and to ground it. This is considered
necessary even for battery-operated equipment.

z MITSUBISHI
ELECTRIC
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

DESCRIPTION

The M37100M8-XXXSP/FP is a single-chip microcomputer
designed with CMOS silicon gate technology. It is housed
in a 64-pin shrink plastic molded DIP or a 80-pin plastic
molded QFP. This single-chip microcomputer is useful for
the high-tech channel-selection system for TVs.

In addition to its simple instruction set, the ROM, RAM, and
I/0O addresses are placed on the same memory map to en-
able easy programming.

FEATURES
® Number of basic instructiong:««««-«=xrosrerrereereereeeen. 69
® Memory size

ROM wvervmrrmmrrmereiet s 16384 bytes

RAM e eeeeeereetee e 320 bytes
® |Instruction execution time

~~~~~~~~~ 2us (minimum instructions at 4MHz frequency)
@ Single pOWEr Supply «-ssssreersesmsreeeeeneeanee 5Vt10%
® Power dissipation normal operation mode

(at 4MHz frequency, CRT display off) -« 27.5mW
® Subroutine nesting «««ssseer e 96levels (Max.)
@ Interrupt:-croreeeereserr e e Stypes, Svectors
@ 8-bit timer-----eeeeerereeenes 3 (2 when used as serial 1/0,)
® Programmable I/0 ports

(Ports PO, P1, P2, P3, P4, P5, P6)--- s
® Serial I/0 (8-bit) ....................................................
. PWM function ..............................................
) Comparator ............................................................ 1
® Two clock generating circuits

(One is for main clock, the other is for clock function)
® 63-character on screen display function

Number of character:-------------- 21 charactersX3 lines

Character configuration:«-«-=+--cxoeeeeeereeeees 12X16 dots

Kinds of Character .............................................. 96

Horizontal character border function
APPLICATION
TV

PIN CONFIGURATION (TOP VIEW)

Vee Ed—1
P65/PWMS + —B
P6,/PWM4 + -G
170 port| P83/PWM3 «+[4] 6] — R
P6 P6,/PWM2 +[5] 60} — ouUT
P6,/PWM1 «[6] [59] + Hsvnc
P6o/T +> + Vswne
P2, «[8] + P4, 1/0 port P4
p2g 3] [56] ++ PO,
P25+ [55] + PO,
1/0 port P2, 154] ++ PO,
P2 P2, +[12] <+ PO, 1/0 port
P2, +[13] < <+ PO, PO
P2, [ 9 5]+ PO,
=
P2+ 8 PO,
P3;/Spova +* Z 43] + PO,
P3g/CLKA +* i [+ P1,
P3s/Souta +> x P
wopor]  P34/Swa++[19] z [46] = P1,
P3 P3,/A-D + [2] o [45] ++ P13 /0 port
P3,/COUNT +» [44] « P1, Pl
P3, + +~Pls
P3g > “Plg
1/0 port P54/INT, + [24] 1] < P1,
P5 P5,/INT, ++ [40] +» PS5,
NV, - P5,/S,
CNVss /Swe | o port
Resetinput RESET ++ 3] + P55/Soure o
Clock Input Xin — ++ P5¢/CLKg
Clock output  Xoyur + +* P5;/Srove
Clock input for — Oscillator output
clock function Xem = kL 0sc2 for display
Clock output for Xoyr +— +— OSC1 Oscillator input
clock function for display
ss —~¢ Timing output
Outline 64P4B
—aN®MYT O
é § 222
LEEEEE -
SADID Y 35 >
9FPEEEELS ol s
IR trtrttr
ool ee] [es
NC [64] <= Vgync
P2; +> NC
P2 > + P4,
P25+ NC
P2, + [+ PO,
P2; + [59] ++ PO,
P2; + [58] +> PO,
P2, ~ PO,
P2y« 2 [&] > PO,
NC N [55] +> PO
NC > ) ++ PO,
P37/Sgrova +* 2 + PO,
P3s/CLK, ® NC
P3s/Souta +* >'< NC
P3,/Sina + 93 2]« P1,
P33/A-D x 58] ++ P14
P3,/COUNT + g lie] « P1,
P3; > hgst
P3y > ]+ P14
NC [E] + P1s
P53/INT, + [21] [44] «> P1g
P5,/INT, +* [22] -~ P1;
NC [42] + P5,
CNVsgs NC
[z8] e[ [20] e[l fee]Tzs] o]
trd ot Priti g
Ef325:22°00I82¢E ¢
ST xTX o DP|lad oh
w % 0060 @ %
r2n
eey

Outline 80P6

NC : No connection

KRy
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M37100M8-XXXSP BLOCK DIAGRAM

Clock input for
clock function

Clock output for

ClockiClock I - clock function R t t

Input output ] Timing output eset Inpu
Xin Xout Xcin Xcout RESET Vee \@s CNVss 0SC2 OSC1 Vgyne Hsyne OUTRG B | (7]
B yog—- - ) - - - - - . z
— [2]
Data Bus II'-|
Clock generating L | "
circuit ﬁ @ ﬁ T? | Timer count source selection cnrcuﬂl L l /[J g
Program Program -
RAM counter counter ROM l Instruction CRT v
0 PCy PC.(8) =1 Timer2 register circuit X [
320bytes I 1
Y/ 16384bytes| N T2 (8) 10 w
Instruction -4
Address bus J decoder o
&rn Timer 3 ! =
3 (8) Control signal g

8-bit
Arithmetic Prcxt:e'ssor COUNT J z
status Ind Ind Stack
\ an(lj || Accumulator register re'blgt)ér rerg‘;iset)ér poﬁﬁer | a
ogical unit A(8) PS (8) X(8) Y(8) s(8) Timer 1 =
FIE); 1 g U — S
( L ] g. 8
6 T r T 52
593 1 3
(-2
SI1/04(8) \ L CLKg \‘ Y PWM 2C
[E— IS1/04(8 1 Sa Timer circuit b =
S]NA SOUTA SRDYA ° ° output ° ;
£l ]
CLKa i Sine | [Sours c:rcu;t PV\IIM1 = .
L 45 L 4L l_ mo
PWMS5 2
PO(8) P1(8) P2(8) P3(8) P4(1) P5(8) P6(6) z <
INT, ' = |9
b INT, l N % ;|
) r

49---40ar @-- ; Jluguw—f i ‘% - —- ~-())u)@l)(3)(2)————— 5 g
170 port PO 1/0 port P1 1/0 port P2 170 port P3 170 port P4 170 port P5 170 port P& o) 7.}
g3
zZ5
o=z
2m
Swn
| -
FN
mm
E )

dd/dSXXX-S8INOOTLEN
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

FUNCTIONS OF M37100M8-XXXSP/FP

Parameter Functions
Number of basic instructions 69
Instruction execution time 2us (minimum instructions, at 4MHz frequency)
Clock frequency 4MHz
. ROM 16384bytes
Memory size RAM 320bytes
PO 1/0 8-bitX1 (middle-voltage N-channel open drain)
P1, P2 110 8-bitX2
P3 170 8-bitX1
P4; 1/0 1-bitX1
Input/Output ports 1, B, G, R, OUT Output 1-bitX5 (for CRT display function)
Vsync, Hsyne Input 1-bitX2 (for CRT display function)
P5,, P5; 1/0 2-bitX1 (can be used as an input for either INT; or INTy)
P54, P54-P5; 1/0 5-bitX1
P6o, P6¢ 1/0 2-bitX1
P6,-P65 /0 4-bitX1 (middle-voltage N-channel open drain)
Serial I/0 8-bitX2
Timers 8-bit timerX3 (X2, when used as serial 1/0,)

Subroutine nesting

96levels (max.)

Interrupt

2 external interrupts, 6 internal interrupts,
1 software interrupt

Clock generating circuit

Two built-in circuits (externally connected ceramic or quartz crystal
oscillator), both circuits have option feedback resistors

at low-speed operation

Supply voltage 5v+10%
CRT display function ON | 38.5mW (clock frequency Xiv=4MHz, fcar=6MHz)
at high-speed operation
P » CRT display function OFF | 27.5mW (clock frequency Xiyv=4MHz)
ower

CRT display function OFF

0. 33mW (clock frequency Xcin=32kHz)

at stop mode

lcc=1xA (when clock Is stopped)

Input/Output voltage

12V (input/output PO, P6,-P6s, input RESET, CNVss)
—0.3 to Ve 0. 3V(P1, P2, P3, P4;, P5, P6g, P6;)

Input/Output characterstics

Output current

0.5mA (PO, P1, P2, P3, P5, P6,-P6s :
output)

0.5mA, —0.5mA (P4; : CMOS nput/output, R, G, B, |, OUT, P6,-P6; :
CMOS output)

N-channel open drain input/

Operating temperature range

—10t0 70C

Device structure

CMOS silicon gate process

Package

M37100M8-XXXSP

64-pin shrink plastic molded DIP

M37100M8-XXXFP

80-pin plastic molded QFP -

CRT display function

Number of character

21 characters X3lines

Kinds of character

96 (12X16 dots)

AR




MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

PIN DESCRIPTION

) Input/ "
Pin Name Functions
Output

Vee, Supply voltage Power supply inputs 5V+10% to Vgc, and OV to Vss

Vss

CNVssg CNVss This 1s connect to Vgs. ,

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vec
conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main-
tained for the required time

Xin Clock input Input These are I/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
external ceramic or a quartz crystal oscillator 1s connected between the Xy and Xouyr pins and external

Xout Clock output Output condensers are connected. If an external clock is used, the clock source should be connected to the Xy
pin and the Xoyr pin should be left open

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

Xcin Clock input for clock Input These are the 1/0 pins of the clock generating circuit for the clock function To control generating frequen-

function cy, an external ceramic or a quartz crystal oscillator 1s connected between the Xciy and Xcour pins and ex-
ternal cond are connected If an external clock is used, the clock source should be connected to the

Xcout Clock output for clock Output Xcin pin and the Xcoyt pin should be left open

function :

P0o-PO; 1/0 port PO 1/0 Port PO 1s an 8-bit I/O port with directional registers allowing each 1/0 bit to be individually programmed as
input or output At reset, this port is set to input mode The output structure is middle-voltage N-channel
open drain

P1o-P1; 170 port P1 170 Port P1 is an 8-bit /0 port and has basically the same functions as port PO but the output structure 1s
N-channel open drain It can be built in pull-up transister at each pin by selecting the option.

P2o-P2; 1/0 port P2 170 Port P2 is an 8-bit I/0 port and has basically the same functions as port P1

P3,-P3; 170 port P3 170 Port P3 is an 8-bit 1/0 port and has basically the same functions as port P1 When serial 1/0,4 is used, P3;,
P3¢, P35, and P3, work as Sgpya, CLKa, Soura, and Siva pins, respectively. P33, works as an analog input for
comparator and P3; works as a counter input

P4, 1/0 port P4 1/0 Port P4; is a 1-bit 1/0 port and has basically the same functions as port PO, but the output structure is
CMOS output.

I, B, G, R, | CRT output Output This 1s a 5-bit output pin for CRT display.

ouT The output polarity can be changed by selecting the option At reset, inactive polarty is selected
The output structure 1Is CMOS output

Hsync Hsync input Input This 1s the honizontal synchronizing signal input for CRT display. The input polarity can be changed by
selecting the option.

Vsync Vsync input Input This 1s the vertical synchronizing signal input for CRT display The input polarity can be changed by select-
Ing the option

P55, P53 | I/0 port P5 170 These ports have basically the same functions as port P1, and are in common with interrupt input pins

P5,, These ports have basically the same functions as port P1. When senal |/Og I1s used, P57, P5s, P55 and P54

P5,4-P5, work as Sgpys, CLKg, Souts and Sing pins, respectively.

P6,-P65 1/0 port P6 170 Port P6 is a 6-bit I/0 port and has basically the same functions as port PO The output structure of P6q, P6¢
is CMOS output and the output structure of P6,-P65 is middle-voltage N-channel open drain P6q, P64, P6y,
P63, P64, P65 can be programmed to function as timer output pin (T), PWM output pins (PWMT1, PWM2,
PWM3, PWM4 and PWMS5), respectively

OoscC1, Clock nput for CRT display Input This 1s the 1/0 pins of the clock generating circuit for the CRT display function

0oscC2 Clock output for CRT display Output To control generating frequency, external condensers and registers are connected.

2-6 }\ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

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 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. '

* 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.

000046

RAM(192 bytes)

00BF,¢

Zero page

Not used

00D0;6

00FF¢

SFR area

010046

RAM(128 bytes)
017F4g

Not used

. 200046
RAM for display

(213 bytes)

20D44¢

Not used

C000+¢

FF0046

ROM(4K bytes)

FFF4s6

FFFFg

Interrupt vector area

Special page for
subroutine call

[ —
Fig. 1 Memory map

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

00D0,¢ | Horizontal position register 00E8,¢ | Port P3

00D146 | Vertical position register of block 1 00E9;¢ ['Port P3 directional register ]
00D2,¢ | Vertical position register of block 2 00EA+s | Port P4

00D3,¢ | Vertical position register of block 3 00EB,¢ | Port P4 directional register
00D4,¢ | Color register 0 00EC,¢ | Port P5

00D5,¢ | Color register 1 00ED, | Port P5 directional register
00D6,¢ | Color register 2 00EE;¢ | Port P6

00D74¢ | Color register 3 00EF,¢ | Port P6 directional register
00D8,¢ | CRT control register 00F0,6 | PWM1-H register

00D9;¢ | Display block counter 00F146 | PWM1-L register

00DA¢ | Senal 1/0g mode register 00F2,5 | PWM2 register

00DB;¢ | Special mode register . OOFSQG PWM3 register

00DCy¢ | Serial 1/0g register 00F4,¢ | PWM4 register

00DD;¢ | Counter 0 00F5,6 | PWM control register
00DE;¢ 00F6,¢ | Senal /0, mode register
00DF,¢ - 00F74¢ | Serial 1/0, register
00EOQ,s | Port PO 00F8,¢ | PWMS register

00E1,¢ | Port PO directional register 00F94¢ | PWM output control register
00E2,¢ | Port P1 00FA¢ | Timer 1

00E3, | Port P1 directional register 00FB;s | Interrupt control register 2
00E4,¢ | Port P2 00FCy | Timer 2 :
00E5,¢ | Port P2 directional register 00FD4g | Timer 3

00E6,¢ 00FE,¢ | Interrupt control register 1
00E746 | A-D control register - | 00FF,¢ | Timer control register

Fig. 2 SFR (Special Function Register) memory map

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

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 to an interrupt.

When an interrupt is accepted, the registers are pushed in-
terrupt disable flag | 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
INT; and INT, external interrupts can be selected by bits 4
and 5 of the PWM control register. Whether the INT; and
INT, external interrupts or the CRT display and serial 1/Og
interrupts are to be accepted can be selected by bits 0
and 1 of interrupt control register 2.

Whether the timer 1 or serial 1/0, interrupt is to be
accepted can be selected by bit 2 of the serial 1/0, 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
and 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.

Table 1. Interrupt vector address and priority.
Event Priority Vector addresses Remarks
RESET 1 FFFF4s, FFFE:g Non-maskable
INT, or CRT display interrupt 2 FFFD,s, FFFC,¢ INT, external interrupt (phase programmable)
Timer 3 interrupt 3 FFFB4s, FFFAse
Timer 2 interrupt 4 FFF9,6, FFF8,¢
Timer 1 or serial 1/04 interrupt 5 FFF7,¢, FFF6,¢
INT, or serial 1/0g Interrupt 6 FFF5,6, FFF4;q INT, .external interrupt (phase programmable) )
(BRK Instruction interrupt) ? BRK instruction interrupt (non-maskable software interrupt)
MITSUBISHI




MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

7 0

LI TTLTTT]

Interrupt control register 1
(address 00FE¢)

INT,/serial 1/Og interrupt enable bit
0 : Interrupt disable
1 Interrupt enabled

INT,/serial 1/Og interrupt request bit
0 : Interrupt disable
1 I Interrupt requested

Timer 1/serial 1/0,4 interrupt enable bit
0 ! Interrupt disable
1 ! Interrupt enabled

7 0
LT

Interrupt control register 2
(address 00FB;¢)

INT,/CRT display interrupt selection bit
0 : INT, interrupt
1 I CRT display interrupt

INT,/serial 1/Og interrupt selection bit
0 {INT; interrupt
1 ! Serial I1/0g interrupt

7 0
Timer 1/serial /0,4 interrupt request bit I I I iJ i ] ‘ I Timer control register
0 : Interrupt disable (address 00FF;¢)
1 ! Interrupt requested
Timer 3 interrupt enable bit
Timer 2 interrupt enable bit 0 : Interrupt disable
0 : Interrupt disable 1 ! Interrupt enabled
1 ! Interrupt enabled
Timer 3 interrupt request bit

Timer 2 interrupt request bit 0 : Interrupt disable
0 : Interrupt disable 1 ! Interrupt requested
1 * Interrupt requested
INT/CRT display interrupt enable bit
0 ! Interrupt disable
1 : Interrupt enabled
INT,/CRT display interrupt request bit
0 : Interrupt disable
1 : Interrupt requested

Fig. 3 Structure of registers related to interrupt

Interrupt request bit
Interrupt enable bit —
Interrupt disable flag |
BRK instruction ’ Interrupt request
reset—L_/
Fig. 4 Interrupt control
MITSUBISHI
2—10
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

TIMER

The M37100M8-XXXSP/FP has three timers; timer 1, timer
2 and timer 3.

A block diagram of timer 1 through 3 is shown in Figure 6.
The count source for timer 1 through 3 can be selected by
using bit 2, 3 and 4 of the timer control register (address
00FF¢), as shown in Figure 5. All of the timers are down
count timers and have 8-bit latches. When a timer reaches
“0" and the next count pulse is input to a timer, the con-
tents of the reload latch are loaded into the timer. The divi-
sion ratio of the timer is 1/(n-+1), where n is the contents
of timer latch.

The timer interrupt request bit which is in the interrupt con-
trol register 1 or timer control register (located at addres-
ses 00FE;s and OOFF,s respectively) is set at the next
count pulse after the timer reaches “0” (see interrupt
section).

The starting and stopping of timer 2 is controlled by bit 5 of
the timer control register. If the bit 5 is “0”, the timer starts
counting, and the bit 5 is “1”, the timer stops.

At a reset or stop mode, FFg is automatically set in timer 2
and 07, in timer 3.

After a STP instruction is executed, timer 3, timer 2, and the
clock (¢ divided by 4) are connected in series (regardiess
of the status of bit 2 through 4 of the timer control register).
This state is canceled if timer 3 interrupt request bit is set
to “1”, or if the system is reset. Before the STP instruction
is executed, bit 5 of the timer control register (timer 2
count stop bit) must be set to “0”.

For more details on the STP instruction, refer to the oscilla-
tion circuit section.

» 0
T T T T T T"|""| Timer control register
[TTTLIT L (Address 00FF 1)

Processor mode bit
00 : Single-chip mode
01 : Microprocessor mode
10 : Not used
11 : Eva-chip mode

Timer 1 count source selection bit
0 : ¢ divided by 4
1 : Timer 3 overflow

Timer 2 count source selection bit
0 : ¢ divided by 4
1 : Clock for the clock function (Xcin)

Timer 3 count source selection bit (Note)
0 ! Timer 2 overflow
1 : P3; port input

Timer 2 count stop bit
0 : Count start
1 : Count stop

Timer 3 interrupt enable bit
0 : Interrupt disable
1 IInterrupt enabled

Timer 3 interrupt request bit
0 : Interrupt disable
1 Interrupt requested

Note : In case that P3, port input Is selected as the timer 3 count
source, the counter 1s decreased at a rising edge of input
signal

Fig. 5 Structure of timer control register
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M37100M8-XXXSP/FP

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

Data bus
SEe—
" Reset
O Timer 2 latch ] .
Xein X (8) STP instruction
80 1
FFie
O_‘ 1/4 ' 1/4 Timer 2 (8) Timer 2 interrupt request bit
Xin T™s ™
Internal clock ¢ ° L 8
(Normally Xy divided by 4)
{ 8
Timer 3 latch
(8)
A —ye
0746
O Timer3 (8) Timer 3 interrupt request bit
P3; TM,
(s
\]; 8
Timer 1 latch
(8)
8
SM,
. Timer 1 or serial 1/0, Interrupt
Timer 1 (8) ‘ F— request bit
™,
L s
P6, latch
' 1/2
P6o/T SM,
O CLKa SM;, SM,
P3s
Synchronous
clock
Serial 1/04 counter
(3)
SM, SM,
Souta TM : Timer control register
P3s SM ! Senal I/0, mode register
SM, PM : PWM output mode register
O Sina -‘MSB Serial 1/0, —( Pe Select gate :
P register (8) LSB at reset, shaded side Is connected
% |
SM3
: C Srova Ei 8
P3;

Fig. 6 Block diagram of timer 1 through 3

1o )‘Mlmﬂsm
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

SERIAL /0
M37100M8-XXXSP/FP has two serial 1/0 (serial 1/0, and
serial 1/0g).

SERIAL /0,

The block diagram of serial 1/O4 is shown in Figure 7. In
the serial 1/0, mode the receive ready signal (Sgpya), Syn-
chronous input/output clock (CLK,), and the serial 1/0,
(Souta, Sina) pins are used as P3;, P3s, P3s, and P3,, re-

spectively. The serial 1/0, mode register (address 00F6,¢)
is an 8-bit register. Bit 0 and 1 of this register is used to
select a synchronous clock source. When these bits are
(00) or (01), an external clock from P3g is selected. When
these bits are (10), the overflow signal divided by two from
timer 1 becomes the synchronous clock. Therefore, chang-
ing the timer period will change the transfer speed. When
the bits are (11), the internal clock ¢ divided by 4 becom-
es the clock.

¢ divided by 4

from internal clock ¢
divided by 4 or Timer 3

Sync
circuit

(Address 00FA;¢)
Prescaler

f 1/2 }

| s §
to timer 1 or
serial 1/0, interrupt

1 request bit
Serial 1/0,4 counter (3)

Transfer clock

S
P3, O A ={MSB Senal 1/0, register (8) LSBD

(Address 00F746)

/ Data bus Ji

L ||

L1 1|

[T T T 0aeiorag ™

Internal system clock generation s;elec:tlon—J

0 : Xin-Xour selection (normal mode)
1 ! Xein-Xcour selection (low-speed mode)

Clock (Xin-Xour) step bit
0 : Oscillate
1 ! Stop

P6o/T output function selection bit
0 : Sync mode (EAROM clock input signal generation)
1 : Asynchronous mode

Output of clock po;t selection bit (P6g)
0 : P6y (Normal I/0 port)
1:7T

Synchronous clock selection blit
00:
11 : External clock

1 0 :Timer1 overflow signal divided by 2
11 I Timing ¢ divided by 4

Sernial 1/0, port selection bit (P3,, P3s)
0 : Normal I/O port
1 ! Senal I/0 port

Srov, signal output selection bit (P3;)
0 : Normal I/0 port
1 Shrpy, output pin

Fig. 7 Block diagram of serial /0,
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Bits 2 and 3 decide whether parts of P3 will be used as a
serial 1/0, or not. When bit 2 is “1”, P3g becomes an 1/0
pin of the synchronous clock. When an internal syncnronous
clock is selected, the clock is output from P3g. If the exter-
nal synchronous clock is selected, the clock is input to P3g.
And P35 will be a serial output, and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3,, to “0”. For more information
on the directional register, refer to the 1/0 pin section.

To use the serial 1/0,, bit 2 needs to be set to “1”, if it is
“0” P3g will function as a normal 1/0. Interrupts will be
generated from the serial 1/0, counter instead of timer 1.
Bit 3 determines if P3; is used as an output pin for the re-
ceive data ready signal (bit 3="1", Sppya) or used as a
normal 1/0 pin (bit 3=“0").

The function of serial 1/0, differs depending on the clock
source; external clock or internal clock.

Internal Clock- The Sgpya sighal becomes “H” during trans-
mission or while dummy data is stored in the serial 1/0,
register. After the falling edge of write signal, the Sgpya

signal becomes low signaling that the M37100M8-XXXSP is
ready to receive the external serial data. The Sgpya signal
goes “H” at the next falling edge of the transfer clock. The
serial 1/0, counter is set to 7 when data is stored in the se-
rial 1/0,4 register. At each falling edge of the transfer clock,
serial data is output to P3s. During the rising edge of this
clock, data can be input from P3, and the data in the serial
1/0, register will be shifted 1 bit. Data is output starting
with the LSB. After thé transfer clock has counted 8 times,
the serial 1/04 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 controlied from the out-
side. The external clock should not exceed 250kHz at a
duty cycle of 50%.

Timing diagrams are shown in Figure 8, and connection be-
tween two M37100M8-XXXSP’s are shown in Figure 9.

Synchronous clock

Transfer clock

Serial I/0 register write signal l I

Senal 1/0 output

Serial 1/0 input

XXX

1

|

T

|

Souta 2
i

|

|

Sina T
|

Recelvable signal

SRDVA

I
|
I
5
D; X b X Ds X Ds X | D
I
|
]
|
I
|
I
|

!

Interrupt request bit set

Fig. 8 Serial 1704 timing

Transmission side

Reception side

Serial 1/0, mode register I Sernal 1/0, mode register
g P3, Seova P3, * ¢
bit 3 bit 0 bit 3 bit0
o] [ ]o] ] fo]x]
Set the directional N Set the directi
: P3, Synchronous clock P3 et the directional
register for P3; pin © ed i register for P3, pin
In iInput mode In input mode
P35 Serial data P3,

Fig. 9 Example of serial I/0, connection
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SERIAL 1/Og
The block diagram of serial 1/Og is shown in Figure 10. In
the serial I/0g mode the receive ready signal (Sgpyg), syn-

chronous input/output clock (CLKg), and the serial 1/0g-

(Soute, Sine) pins are used as P5;, P5g, P5s, and P5,, re-
spectively. The serial I/0g mode regjster (address 00DAg)
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 P3¢ 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 1/0g. This counter divides internal
clock ¢. 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 1/Og or not. When bit 2 is “1”, P55 becomes an 1/0
pin of the synchronous clock. When an internal synchronous

clock is selected, the clock is output from P5g. If the exter-
nal synchronous clock is selected, the clock is input to P5g.
And P55 will be a serial output, and P5, will 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 1/0g, bit 2 needs to be set to “1”, if it is
“0” P5g will function as a normal /0. Bit 3 determines if P5;
is used as an output pin for the receive data ready signal
(bit 3=“1", Sgppys) Or used as a normal 1/0 pin (bit 3=“0").
Bit 4 is the special mode select bit. Serial I/Og 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.

In the normal mode, operations of serial I/0g are the same
as that of serial 1/0,. For details, see the section of serial
1/0a.

Internal clock

Clock counter 0 (8)

Xen O (Address 00DD;) /
SRDYB
PS5, ' P5; output 1/2
-1 Sync Serial 170,
D.F c:cult h counter (4) IjiD’ Serial I/0g interrupt
| 7o
control
: circuit
CLKg/SCL
P5e .} CLK
ke,
output 7C J
control
Soute/SDA } r c";';(un
PS5, P= DATA
P55
output
DF
Sis | Il , SBs msB LSB
@; :I’ Serial 1/0g register (8)
PS4 S8, AOK (Address 00DCy) 3 L.
Arbitration b ata bus -
circuit

L]
HEEER

I I Serial 1/0g mode register
(Address 00DA,g)

7
]
I I l | —l I l J I Special mode register
(Address 00DB;¢)
7 0

Fig. 10 Block dia'gram of serial 1/0g

S
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SPECIAL MODE (I12C 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 I2C (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 I/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 00FBsg) to “1” so
as to serial 1/Og interrupt is selected. Then set bit 0 of in-
terrupt control register 1 (address 00FE,s) to “1” so as to
serial 1/0g interrupt is enabled. Clear the interrupt disable
flag | 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 P5g of the port P5 register
(address 00EC;s) and the port P5 direction register
(address 00ED4g) to “1”.

Set the transmission clock. The transmission clock uses the
overflow signal divided by 2 from clock counter 0. Set
_appropriate value in clock counter 0. (For instance, if 4 is
set in clock counter 0 when f(Xy) is 4MHz, the master
transmission clock frequency is 100kHz).

Set contents of the special mode register (address
00DB;g). (Usually, 03,6.) Set the bit 4 of serial 1/0g mode
register (address 00DA.s). Figure 13 shows the bit con-
figurations of special mode register and serial |/0Og mode
register.

Initial setting is completed by the above procedure.

Write data to be transmitted in the serial |/Og register
(address 00DC,g) .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 start 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 1/0g 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
(3646) in the serial 1/0g mode register (address 00DB;g),
and write “FF.¢" in the serial 1/0g register (address
00DC46). 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 Sth clock.

The wait function is reset by setting bit 5, 6 of the special
mode register to “1”.

* :Purchase of Mitsubishi Electric Corporation’s 12C compo-
nents converys a license under the Philips 12C Patent
Rights to use these components in an I12C system, provided
that the system conforms to the 1°C Standard Specification
as defined by Philips.
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rovson (D@ Lo e
P5/SCL [1] RERERER Il ‘ (LI
e e ee oo n e gl —
P5¢/SCL T

Fig. 11 Master transmission timing

Reception data

P/SDA 2500006 00 N

ACK|

P5s/SCL ERERERERERAR L |||[|]H|||||||][
A e A
P56/SCL T

Fig. 12 Master reception timing

L1

(address 00DA«)

Transmission and reception mode select bit*
0 : Reception mode

1 ! Transmission mode

L l Senal I/0g mode register [ J‘l_l_l _I— T'_ Special moae register
Ll =T ﬁ (address 00DB;¢)
ﬁ— Data line control bit (Note 2)
0 : SDA outputs “L”
1 ! SDA outputs “H”
Clock line control bit (Note 2)
0 : SCL outputs “L”
1 ! SCL outputs “H".
Sernal I/0g select bit ACK recognition bit (Note 1)
0 : Parallel port 0 : ACK was received
1 : Senal 1/0 port 1 L ACK 1s not received

Wait function 1 enable bit (Note 3)

Synchronous clock select bit
0 : External clock
1 : Clock counter 0 divided by 2

Sgrpys Signal output select bit

0 : Parallel port
1  Sgrove signal output pin

Special mode select bit
0 : Normal senial 1/0
1 : Special mode

ACK operation select bit
0 ! ACK Is not sent or received
1 ! ACK s sent and received

Start signal detect bit (Note 1)
0 ! Start signal 1s not detected
1 ! Start signal was detected

Stop signal detect bit (Note 1)

0 : Wait function 1 1s disabled
1 : Wait function 1 1s enabled

Wait function 2 enable bit (Note 3)

0 : Wait function 2 is disabled

1 ! Wait function 2 is enabled

Wait function 1 acceptance and
operation display bit (Note 4)

0 : Wait function 1 is not functioning.
1 I Wait function 1 is functioning

Wait function 2 acceptance and
operation display bit (Note 4)

0 : Wait function 2 is not functioning.
1 : Wait function 2 is functioning.

0 : Stop signal is not detected
1 ! Stop signal was detected

Note 1 @ This bit is for read only When “1” is written to this bit, it is reset
2 : The “L” or “H” output to the SDA or SCL line 1s the value to be output from this port, not the value currently held
by the SDA or SCL line .
3 ! Wait function 1 maintains the SCL line to “L” after the 8th bit clock pulse has fallen in the special mode
Wait function 2 maintains the line to “L” after the 9th bit clock pulse has fallen
4 © The wait function is canceled by writing “1” to these bits

Fig. 13 Structure of registers related to serial 1/0g
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PWM OUTPUT CIRCUIT

(1)

Introduction

The M37100M8-XXXSP is equipped with one 14-bit
PWM and four 6-bit PWMs. The 14-bit resolution gives
PWM1 the minimum resolution bit width of 500ns (for
X.N=4MHz) and a repeat period of 8192us. PWM2,
PWM3, PWM4 and PWM5 have a 6-bit resolution with
minimum resolution bit width of 16us and repeat period
of 1024.s. Accuracy and operation range is certified of
PWM are Voo = 4.5 to 5.5V regardless of input- fre-
quency.

Block diagram of the PWM is shown in Figures 14.

The PWM timing generator section applies individual
control signals to PWM1-PWMS5, using clock input Xy
divided by 2 or X¢y divided by 2 as a reference signal.
Data setting

The output pins PWM1, PWM2, PWM3, PWM4 and
PWMS are in common with pins P6,, P6,, P63, P6, and
P65 of port P6 (i.e. for PWM output, PWM output selec-
tion bits and the P6 directional register D6,-D65 should
be set). When PWM1 is used for output, first set the
higher 8-bit of the PWM1-H register (address 00F0,),
then the lower 6-bit of the PWM1-L register (address
00F1,¢) . When one of the PWM2-PWM5 is used for
output, set the 6-bit in the PWM2-PWM5 register, re-
spectively. Note that the higher 2 bits of these 8-bit
registers are ignored when used 6-bit register.
Transferring data from registers to latches

The data written to the 6-bit PWM register is transfer-
red to the PWM latch in each 6-bit PWM cycle period.
For 14-bit PWM, the data is transferred in the next up-
per 8-bit period after the write. The signals output to
the PWM pins correspond to the contents of these

" latches. When data at addresses 00F0;¢ to 00F4, and

00F8,¢ is read, data in these latches has already been
read allowing the data output by the PWM to be con-
firmed. When the 6-bit latch is being read, the upper 2
bits of the register becomes undefined. However, bit 7
of the PWM1-L register indicated the completion of the
data transfer from the PWM1 register to the PWM1
latch. If bit 7 is “0”, the transfer has been completed, if
bit 7 is “1”, the transfer has not yet begun.

Operation of the 6-bit PWMs

The timing diagram of the two 6-bit PWMs (PWM2-
PWMS5) is shown in Figure 15. One period (T) is com-
posed of 64 (2°) segments.

There are six different pulse types configured from bits
0 to 5 representing the significance of each bit. These
are output within one period in the circuit internal sec-
tion. Refer to Figure 15 (a).

Six different pulses can be output from the PWM.
These can be selected by bits 0 through 5. Depending
on the content of the 6-bit PWM latch, pulses from 5 to
0 is selected. The PWM output is the difference of the

sum of each of these pulses. Several examples are
shown in Figure 15 (b). Changes in the contents of the
PWM latch allows the selection of 64 lengths of high-
level area outputs varying from 0/64 to 63/64. An
length of entirely high-level output cannot be output,
i.e. 64/64.

(5) 14-bit PWM operation
The timing diagram of the 14-bit PWM1 is shown in Fi-
gure 16. The 14-bit PWM divides the data within the
PWM latch into the lower 6 bits and higher 8 bits.
A high-level area within a length N timers 7 is output
every short area of t=256 7 =128us as determined by
data N of the higher 8 bits. (Refer to PWM output @ in
the lower part of Figure 16.)
Thus, the time for the high-level area is equal to the
time set by the lower 8 bits or that puls 7. As a result,
the short-area period t (=128us, approx. 7.8kHz) be-
comes an approximately repetitive period.

(6) Output after reset
At reset the output of port P6 is in the high impedance
state and the contents of the PWM register and latch
are undefined. Note that after setting the PWM regis-
ter, its data is transferred to the latch.

Table 2. Relation between the 6 lower-order bits
of data and the space set by the ADD bit

6 lower-order bits of data |  Area longer by 7 than that of other tm(m =0 to 63)
00000% | Nothing
000001 m=32
000010 m=16,48
000100 m= 8, 24, 40, 56
001000 m= 4,12, 20, 28, 36, 44, 52, 60
010000 m=2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 | M=1,3,5,7, s 57,59, 61, 63
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~
PWM1-L register
(address 00F14¢)

PWM1-H register

[ [T
bit 7 bit 5

(address 00F04¢)

HEEEEEER

bit 7 bit 0
PWMT1 latch G:
mMsB (14-bit) LSB
LTI T I TTT 117
T ~ / /
< 7 8 14 6
! 14-bit PWM circuit I

Selection gate . connected to black
colored side when reset.

6

(102445 pernod)

\

{

v

I 6-bit PWM circuit I-’

l 6-bit PWM circuit

Pass gate
P8, D6,
PNo 3O P6./PWM1
|
P6, D6,
._J'_O P6,/PWM2
PN,

1

L 6-bit PWM circuit

I 6-bit PWM circuit

6
6 PWM2 latch PWM3 latch
(6-bit) (6-bit) _—O Pea/PWM3
MSB LSB MSB LSB j'
bit 5 (%? bit 0 bit 5 @ bit 0
|HE RN HEEEEN P64 D6
PWM?2 register PWM3 register o
(address 00F2;) ) (address 00F3,6)
—Q P6,/PWM4
{ \J{ PNg
| I w0l

—( P6s/PWM5

(address 00F4,5)

. 76
e
6 PWM4 latch PWMS latch
(6-bit) (6-bit)
MSB ® LsSB J MSB LSB
bit 5 bit 0 bﬁs @ bit 0
PWM4 register PWMS register

) (address 00F8,¢)

Data bus

PM  PWM control register

PN : PWM output control register
D6 : Port P6 directional register
P6 : Port P6 register

Fig. 14 Block diagram of the PWM circuit
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Bit5

Bit4

Bit3

Bit2

Bit 1

Bit0

Contents
of the latch

When 00.5-

When 014¢

When 18,6 Illlll I||||| lIllI‘ llllll ||||I| I||||| Illl” |l||l|

W

012345678 12 16 20 24 28 32 36 40 44 48 52 56 60 63

[

o - ———— = = = = - e e - - - = - - = = - e - - - = - — —

(a) Pulses showing the weight of each bit

(24)
When28,s_1|” ”“ll II”” ||||” ””” ||I||| ||||I| ”II” Ill_
(40)
When 3B1.-,_u U I l U U
(59) -
When 3F,g “U
(63) . -
——:——l&
T = 64t
When output Is lower 6 bits of PWM1 t=128us T =8192us
When output is PWM2-PWM5 t= 16us T =1024us

when f(X;y)=4MHz

(b) Example of 6-bit PWM output

Fig. 15

6-bit PWM timing diagram
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Data in address 00F0,¢ is #6Ae Data in address 00FQ.¢ i1s # 7B+¢

PWM1-H

register 596 l ’X' BAie l A 7B

Data in address 00F1,¢ is # 244 Bit 7 reset after transfer Data Is address 00F 1,6 1s 1 35,6

PWMI1-L T T

register 1346 T :‘/ 2446 F. I 3By

Adye A Register to latch tranfer 8515/ Register to latch tranfer
P! |a(n‘c4hb“) ] 165316 “l AR 1AAd:s I 1A "I 1EFS1s T
A__ When bit 7 of PWM1-L is “0" register
T =81%2us | to latch transfer will not occur
(64X 1285) 'l\
/ ’ h
- t=128 .

(Example 1)
PWM]1 output
0]

6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A |6B 6A

lower 6 bits

output 5 5 5 5
(When H 6A,q,

L 24.6) 6B,s - 36tmes 6As 28 —————= 106X64+36

(107) (106) times

(Example2) ¢, |6a 6o A 6B GA 6B 6A 6B 6A GA BA 6B GA 6B GA 6B 6A 6A
PWM1 output

lower 6 bits
output 3 4
(When HL ?Q'Sj 6By~ - 24 times BAss - 40 times S 106X64+24
16

pE—
e T = 128 T —

— (256X0. 5us) —

Minimum bit resolution width | r =0, 5us

T

1 tput T T T T T T T T T T T
PWM NS 68]6aicol6sler! — lo2lo0n 6A169 1681671 Loz} on
| I I I ] | | | 1 |
ADD ADD .
T T T T T T T T L T T L T T T T T T T Bl
8-bit counter 1021 01! 00 |FFIFEIFDIFC! - 1971961951 o 102101100 |FFIFE!FDIFC! 197196195 ! -

/

High/low-level of‘ the ADD | High-level area output, the length

section 1s determined by of which is speciflied PWM-H
the data contained in
the lower 6 bit

256 7 (128us) standard

Fig. 16 14-bit PWM timing diagram
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jgj PWM control register ’ ! 07 PWM output control register
P |__(Address 00F5,6) T (Address 00F9y¢)
. PWM1, PWM2, PWM3, PWM4, PWM5 PWM1 output polarity selection bit
count source selection bit
0 : Supply
1 : Stop +———— PWMB3 output polarity selection bit

P6,/PWM1 output selection bit L PWM4 output polarity selection bit
0 : Parallel port . " .
1 1 PWM1 output —_— PWM.5 out';)‘ut polarity selection bit
0 : Positive
1 ! Negative

——— PWM2 output polarity selection bit !

P6,/PWM2 output selection bit
0 : Parallel port
1 : PWM2 output ——————— P65/PWMS5 output selection bit
0 : Parallel port
1 : PWMS5 output

P65/PWM3 output selection bit
0 : Parallel port
1 : PWMS3 output

INT, input reverse bit
0 ! INT (leading-edge interrupt request)
1 1 INT (trailing-edge interrupt request)

INT, input reverse bit
0 :INT (leading-edge Interrupt request)
1 ! INT (trailing-edge interrupt request)

P6o/T output selection decision bit (reading only)
0 : Parallel port
1 : Output is 1/2 that of timer 1

P6,/PWM4 output selection bit
0 : Parallel port
1 : PWM4 output

Fig. 17 Structure of registers related to PWM

2—22 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

PORT P6,/ TIMER 1 OUTPUT

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when
bit 4 (SM,) of the serial 1/0, mode register (address
00F6,¢) is set to “1”. The output switching can be accom-
plished with either of two procedures, synchronous mode or
asynchronous mode, depending on the setting of bit 5
(SMs) of the serial I/0, mode register.

When SMs is set to “0” the synchronous mode is set. In
such a case, after SM, has been changed, synchronization
is set to the 1/2 frequency of timer 1 and switching: be-
tween the port latch and timer takes place. It is possible to
ascertain whether switching actually occurred by reading
the value of bit 6 of the PWM control register.

From the time that the contents of SM, was changed to the
point where switching completes, the contents of neither
SM, nor P6, may be changed. Use of the synchronous
mode prevents the generation of a pulse shorter than the
timer output during switching. Figure 18 (a) gives an exam-
ple of timing in the synchronous mode. Use of the synchro-
nous mode allows generation of an EAROM clock input sig-
nal through the use of a simple program.

When SM;s is set to “1”, the asynchronous mode is set. In’
this case, the output switching occurs directly after SM, has
been changed. Figure 18 (b) gives an example of timing in
the asynchronous mode.

SM,

R/W | I
S

" ]

|
|
1/20f T1 J 1
|
|
|

PMs r

Latch output !

Timer output

P8, latch

P6,/T output

(a) Synchronous mode (SMs=0)

SM,

1/20f T1

] ]

PMs

|
Latch output\l(

Timer output

P6, latch

P6o/T output I

Note 1 :

(b) Asynchronous mode (SMs=1)

Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P§, latch 1s “0” and
at the leading edge of timer 1 divided signal when the value of the P8, latch is “1”.

Fig. 18 P6,/T switching timing diagram

LR




MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

COMPARATOR CIRCUIT

The comparator circuit is shown in Figure 19. The compara-

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

tor circuit consists of the switch tree, ladder resistor, com- A-D control register
L B - - - - Internal analog voltage
parator, comparator control circuit, A-D control register bit3 | bit2 | bit1 bit 0
(address 00E7,¢), and analog signal input pin (P3s/A-D). Y 0 0 1 1/16Vec—1/32Vec
The analog input pin is common with the digital input/out- 0 0 ! 0 2/16Vec—1/32Vee
put terminal to the data bus. 0 0 1 1 3/16Vec—1/32Vec
The 5-bit A-D control register can generate 1/16V¢c-step 0 ! 0 0 4/16Vog—1/32Vee
. . . 0 1 0 1 5/16Vcc—1/32Vec
internal analog voltage, based on the settings of bits 0 to 3. 0 1 1 0 6/16Voa—1/32Vee
Table 3 gives the relation between the descriptions of A-D 0 1 1 1 7/16Voo—1/32Voo
control register bits 0 to 3 and the generated internal ana- ] 0 0 0 8/16Voc—1/32Voc
log voltage. The comparator result of the analog input vol- 1 0 0 1 9/16Voc—1/32Vec
tage and the internal analog voltage is stored in the A-D 1 0 1 0 10/16Vec—1/32Vec
control register, bit 4. 1 0 1 1 11/16Vec—1/32Vec
The data is compared by setting the directional register 1 1 0 0 12/16Vee—1/32Vec
corresponding to port P33 to “0” (port P3; enters the input 1 1 0 ! 13/16Voc—1/32Vce
mode), to allow port P3;/A-D to be used as the analog in- 1 ! 1 0 14/16Vec—1/32Vee
put pin. The digital value corresponding to the internal ana- ! L 1 ! 15/16Voo—1/32Vee
log voltage to be compared is then written in the A-D con-
trol register (address 00E74), bits 0 to 3. The voltage com-
parision 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.
S Data bus s
(Address 00E8;6) S;f:;,‘:to, .
result

circuit

P3; O

Analog input voltage Comparato

Comparator control

A-D control register
(Address 00E74)

—

Bit4| Bit3 | Bit2 | Bit1 | Bit0

Internal analog voltage

JL Switch tree ]

T

—-l Ladder resistor TT

Vss Vee

Fig. 19 Comparator Cir‘cuit‘

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions
Table 4 outlines the CRT display functions. The M37100M8-
XXXSP incorporates a 21 columns X 3 lines CRT display
control circuit. CRT display is controlled by the CRT display
control register.

Up to 96 kinds of characters can be displayed, and colors
can be specified for each character. Four colors can be
displayed on one screen. A combination of up to 15 colors
can be obtained by using each output signal (R, G, B, and
1.

Characters are displayed in a 12X 16 dot configuration to
obtain smooth character patterns. (See Figure 20)

The following shows the procedure how to display charac-
ters on the CRT screen.

Set the character to be displayed in display RAM.

Set the display color by using the color register.
Specify the color register in which the display color is
set by using the display RAM.

Specify the vertical position and character size by us-
ing the vertical position register.

Specify the Horizontal position by using the horizontal
position register.

Write the display enable bit to the designated block
display flag of the CRT control register. When this is
done, the CRT starts operation according to the input
of the Vgync signal.

® ©® ® 0006

12 dots

16 dots

Fig. 20 CRT display character configuration

The CRT dispiay circuit has an extended display mode.
This mode allows multiple lines (more than 3 lines) to be
displayed on the screen by interrupting the display each
time one line is displayed and rewriting data in the block
for which display is terminated by software.

Figure 22 shows a block diagram of the CRT display control
circuit. Figure 21 shows the structure of the CRT display
control register.

Table 4. Outline of CRT display functions

Parameter Functions
Number of display character | 21charactersX 3 lines
Character configuration | 12X16 dots (See Figure 20)
Kinds of character 96
Character size
Kinds of color
Coloring unit

Display expansion

4 size selectable
15(max )

a character

Possible (multiple lines)

Color

7 0

TTTTTT CRT control regist
l' I T I I l T ILI (aaaress 00EA,;) °

Display of all blocks control bit (Note 1)

0 : Display of all blocks off
1 : Display of all blocks on

Display of block 1 control bit
0 : Display of block 1 off
1 : Display of block 1 on

Display of block 2 control bit
0 : Display of block 2 off
1 : Display of block 2 on

Display of block 3 control bit
0 : Display of block 3 off
1 ! Display of block 3 on

Block 1 color select mode switch bit
0 : Normal mode
1 : Half character width color select mode

Multiple lines display interrupt enable bit
(Note 2)
0 : Interrupt is disabled
1 : Interrupt request occurs
at every line display

Scanning line double count mode bit
0 : Normal mode (256 lines)
1 : Double count mode

Note 1 . Display of all blocks control bit indicates the
logical sum (AND) of each biock display control
bit

2 . The muitiple hnes display interrupt request

occurs only when CPU is operating at the inter-

nal clock frequency when f(Xiy) =4MHz

Fig. 21 Structure of CRT control register
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0OSCt osc2 Hsvyne Vsvnc
Data bus ? ?\) O O
(Address 00D8¢) Clock generating
)

4—“——91 CRT control register I-\ circuit l

(Address 00D 16 to 00D34¢)

Character

Vertical position register

size

register Display position control circuit

(Address 00D0;¢)
ﬂzontal position register I—

p— |
RAM for display ROM for display !
\
>
9-bit X21X3 12-bit X16X96
Display
control
(Address 00D44 to 00D7,¢)
‘circuit
Shift register
Color register f—1
12-bit
j—"
Output circuit
J
R G B | ouT
Fig. 22 Block diagram of CRT display control 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.

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 00,¢ to 3F to bits 0 to 5 in the vertical position
register (addresses 00D1, to 00D3,¢) . 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 00,6 to
3Fs to bits 0 to 5 in the horizontal position register
(address 00D0;6).

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

7 0

[TITTTT ][]

Vertical position register
(Address 00D146 to 00D3;¢)

The vertical display start position
64-step positions (0046 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

Horizontal position register
(Address 00D0,¢)

riuﬁﬁl

The horizontal display start position
64-step positions (0046 to 3Fyg)

Horizontal border function of OUT
output selection bit
0 : The same as R, G, B is output
1 : Border is output

Border output switch bit
0 : Border including character
1 : Border only

Fig. 24 Structure of horizontal position register
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(a)

(b)

(¢)

(HR)

Example when

(HR)

ov, L ——|-——-
Block 1
CVs y__1_
Block 2
|
|
cvsL——
Block 3
each block is separated
T
|
|
=
|
Ccv. |
cv, yrry
Block 1
|
|
|
|
|
|
CVy+——
Block 3

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

(HR)

.
|
|
|
|
|
J AN D S
ovi 7 Block 1
ov, 4 — —{—
Block 2
|
|
I
|
|
|
CV; ———
Block 3

Example when one block is displaying some other block is superimposed.

Fig. 26 Display position
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(3) Character Size

The size of characters to be displayed can be selected
from four sizes for each block. Use the bit 6 and 7 of vertic-
al position register to set a character size.

The character size can be selected from four sizes: small
size, medium size, large size, and extra large size. Each
character size is determined by the number of scanning
lines in the height (vertical) direction and the cycle of dis-

play oscillation (=Tc) in the width (horizontal) direction.
The small size consists of (one scanning line] X (1 Tc); the
medium size consists of (two scanning lines) X (2 Tc) ; the
large size consists of (three scanning lines) X (3 Tc); and
the extra large size consists of (four scanning lines) X (4
Tc). Table 5 shows the relationship between the set values
in the character size register and the character sizes.

Table 5. The relationship between the set values of the character size bits and the character sizes

Set valhues of the character size bits Character Width (horizontal) direction Height (vertical) direction
Bit 7 Bit 6 size
0 0 Small 1 Te 1
0 1 Medium 2 Te 2
1 0 Large 3 Te 3
1 1 Extra large 4 Tc 4

Note @ The display start position in the horizontal direction is not affected by the character size In other words, the horizontal start position is common
to all blocks even when the character size varies with each block. (See Figure 26)

Small

Medium

Large

Extra large

<— Display start position

Fig. 26 Display start position of each character size (horizontal direction)
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(4) RAM for Display

The CRT display RAM is allocated at addresses 2000, to
20D44¢, 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 2000, and the color register No. to
the two low-order bits (bits 0 and 1) in address 2080,s. 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) Character code specification Color specification
1 st Column 200046 20804¢
2nd Column 20014¢ 208146
3rd Column 20024¢ 2082,¢

Block 1 : : :
19th Column 201246 20926
20th Column 201346 209346

. 21th Column 201446 2094,¢
201546 209546
Not used to to
201Fyg 209F 6
1 st Column 202046 20A0,¢
2 nd Column 202146 20A14¢
3 rd Column 2022,¢ 20A2,¢

Block 2 : . :

’ 19th Column 2032¢ 20B2¢
20th Column 203346 20B3,¢
21th Column 203444 20B4,¢

20356 20B5,¢
Not used to to
203F,¢ 20BFyg
N 1 st Column 204046 20C0;¢
2 nd Column 204146 20C14¢
3rd Column 2042,¢ 20C2,¢

Block 3 : : :
19th Column 20524 20D2,¢
20th Column 20534 20D3,6
21th Column 20546 20D44¢

205546
Not used to
207F¢
2—30 MITSUBISHI
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Block 1
(Character specification)
1st column : 200046 7 0

o LTI 1]

21th column : 201446 | | l l l I l Character code
Specify 96 characters at 0046 to 5F ;¢

(Color specification)
1st column : 2080,¢ 3 0

to

21th column : 209446 L__J___, Former half color register specification in the normal mode
or 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

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

Block 2, 3
(Character specification)

1st column : 202046 7

o TTITTIIT]

21th column : 2034,¢ I | | l I Character code
Specify 96 characters at 0046 to 5F16

(Address 204044 to 20545 In the case of block 3)

(Color specification)

1st column : 20A0,6 1.0
o L 1]

21th column : 20B4¢ | l Color register specification

00 : Color register 0 specification

. 01 : Color register 1 specification
(Adaress 20C045 to 20D4yg in the case of block 3; ; ‘olor register 1 spect
10 : Color register 2 specification

11 : Color register 3 specification

Fig. 27 Structure of the CRT display RAM
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(5) Color Registers

The color of a displayed character can be specified by set-
ting the color to one of the four color registers (COO to
CO3: addresses 00D4,¢ to 00D7,¢) and then specifying that
color register with the CRT display RAM.

There are four color outputs: R, G, B, and I. By using a
combination of these outputs, it is possible to set 2*-1
(when no output) =15 colors. However, because only four
color registers are available, up to four colors can be dis-
played at one time.

R, G, B, and | outputs are set by using bits 0 to 3 in the col-
or register. Bit 4 in the color register is used to set a char-
acter or blank output; bit 5 is used to specify whether a
character output or blank output. Figure 28 shows the struc-
ture of the color register.

(6) Half Character Width Color Select Mode
By setting “1” to bit 4 in the CRT control register (address
00D8,¢) it is possible to specify colors in units of a half
character size (vertical 16 dotsXhorizontal 6 dots) for char-
acters in block 1 only.

In the half character width color select mode, colors of dis-

play characters in block 1 are specified as follows:

@ The left half of the character is set to the color of the
color register that is specified by bits 0 and 1 at the
color register specifying addresses in the CRT display
RAM (addresses 208046 to 2094,¢).

@ The right half of the character is set to the color of the
color register that is specified by bits 2 and 3 at the
color register specifying address in the CRT display
RAM (addresses 2080, to 2094+).

7 0

l Color register (Address 00D44¢ to 00D7,¢)

L

| pin output bit
0 : No character is output
1 : Character is output

B pin output bit
0 : No character I1s output
1 : Character Is output

G pin output bit
0 : No character Is output
1 : Character s output

R pin output bit
0 : No character 1s output
1 : Character is output

OUT pin output bit (Note)
0 : No character or blank 1s output
1 : Character or blank is output

OUT pin output control bit (Note)
0 : OUT pin outputs character
1 : OUT pin outputs blank

Note : When the character outlining function is used, the
contents of these two bits (bits 4 and 5) are nullified,
and the OUT pin output becomes an border output

Fig. 28 Structure of color registers

Color of the color register specified by

Color of the color register specified by

of address 2080+¢ of address 2080;¢

Block 1
bit 0 and bit 1 of address 2080+¢ bit 0 and bit 1 of address 20816
(a) Display in the normal mode
Color of the color register Color of the color register Color of the color register Color of the color register
specified by bit 0 and bit 1 specified by bit 2 and bit 3 specified by bit 0 and bit 1 specified by bit 2 and bit 3 Block 1

of address 208146 of address 20816

(b) Display in the half character width color select mode

Fig. 29 Difference between normal color select mode and half character width color select mode
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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.

0
l | ‘ ) , | | , Display block counter
(address 00D9;¢)

Indicates number of blocks
that are being displayed or
were displayed

Fig. 30 Structure of display block counter

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 00FE;g)
to “1”), then execute the following processing in the CRT
interrupt handling routine.

@® 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 @D.

@ 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
0
Block 1
NS R -
Block 2 1
_______ A -
2
Block 3 -
4y -
Block 1’ 3
_ =Y -
4

Fig. 31 Timing of CRT interrupt and count value of display block counter
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(8) Scanning Line Double Count Mode

One dot in a displayed character is normally shown by one
scanning line. In the scanning line double count mode, one
dot can be shown by two scanning lines. As a result, the
displayed dot is extended two times the normal size in the
vertical direction only. (That is to say, the height of a char-
acter is extended twofold.)

In addition, because the scanning line count is doubled, the
display start position of a character is-also extended two-
fold in the vertical direction. In other words, whereas the
contents set in the vertical position register in the normal
mode are 64 steps from 00,6 to 3F,, or four scanning lines
per step, the number of steps in the scanning line double

count mode is 31 from 00,6 to 1F;, or eight scanning lines
per step.

If the contents of the vertical position register for a block
are set in the address range of 20,6 to 3F46 in the scanning
line double count mode, that block cannot be displayed
(not output to the CRT screen).

In the scanning line double count mode can be specified
by setting bit 6 in the CRT control register (address
00D8,6) to “1”. .

Because this function works in units of screen, even when
the mode is changed the mode about the scanning line
count during display of one screen, the double count mode
only becomes valid from the time the next screen is dis-
played.

e ™)

Vertical position A

} Scanning line 16 lines

_ Y,

(a) Display in the normal mode

4 )

Vertical position  AX2

AX2

Scanning line 32 lines

N J

(b) Display in the scanning line double count mode

Fig. 32 Display in the normal mode and in the scanning line double count mode
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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

Fig. 33 Example of border

Horizontal position register
Functions
7 Bite Example of output
R, G, B, | output | |
X 0 Normal P
OUT output | |
R, G, B, | output l |
0 1 Border including character P
OUT output ___r——‘_
R, G, B, | output ] |
1 1 Border not including character
OUT output JE I
[ 1s border.
B is display by character data.
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(10) Clock Oscillating Circuit for Display

The clock signal for display can be obtained by connecting
a resistor and a capacitor between the 1/0 ports of the
oscillating circuit (OSC1 and OSC2). Figure 34 shows an

example of circuit.

M37100M8-XXXSP

0SC1 0SC2

o

Fig. 34 Example of oscillating circuit for display

(11) Programming Notes

1. Use STA instruciton for data transfer to the following

registers related to OSD functions.
@ Horizontal position register (address 00D04¢)

@ Vertical position registers (address 00D14¢ to 00D3¢)

® Color registers (address 00D4¢ to 00D746)
@ CRT control register (address 00D8,¢)

2.

Do not display the display OFF blocks having different
character sizes on a block display

. The highest vertical position (the vertical display start

position bits are “004¢”) can not be used.

The interrupt to tell the end of block display is not
caused and the display block counter is not in-
cremented until the display of the block has been com-
pleted terminated.

The display block counter (00D9:) is reset while
Vsync is “H” (when the option is positive in polarity) to
“FFig".

. If, during the display of a block, the display position of

another block comes, the display of the subsequent
block (having a larger vertical position register value)
is preferred.

When two or more blocks are displayed in the same
vertical position, the display priority is CV1, CV2, and
CV3 in this order. This is not affected by turning on/off
of block display.

2—36
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RESET CIRCUIT

The M37100 is reset according to the sequence shown in
Figure 36. It starts the program from the address formed by
using the content of address FFFFs as the high order
address and the content of the address FFFE;¢ as the low

Address
(1) Port PO directional register (D 0)(E 14¢)
(2) Port P1 directional register (D 1)(E 34¢) - -
(3) Port P2 directional register (D 2 )(E 54¢) ***
(4) Port P3 directional register (D 3)(E 94¢) -
(D 4)(EBye)

(D5)(EDye) - 0

(5) Port P4 directional register

(6) Port P5 directional register

(7) Port P6 directional register (D 6 )(E F 4¢)

]
I
o
=]
=l
=]

(8) PWM control register (PM)(F 54¢) -

o
o
>

(9) Senial 1/0, mode register  (SM)(F 64¢) -

(10 PWM output control register (P N)(F 94¢) -

(1) Interrupt control register2 (| N)(F Byg) =

(12 Timer2 (T2)(FCqe) -
(19 Timer3 (T3)(FDqe) -
(14) Interrupt control register 1 (1 M)(FEq) -

(15 Timer control register (TM)(F Fqe) -

(16) Processor status register (PS) l lll.
(17 Program counter (PCy) - | Contents M"fddress

(PCL)- Contents M‘:ddress
(18) Honzontal location register (HR)(D 0+) - - 004,

(C00)(D 44) -

[ [o[o]o]o]o]
|_[o[o[o[o]o]
| [o[o]o]o]o]
| [ofololo]o]
0]o[o[o[o]o]

(SB)(DA) - 004

(26) Counter 0 (DDye) FFie

Note Since the contents of both registers other than those listed
above and the RAM are undefined at reset, it 1s necessary to
set initial values

(19 Color register 0
(20) Color register 1 (CO1)(D546)
@) Color register 2 (CO2)(D 6+6)

(CO3)(D 746)

1 ] ]
]

I PR DR O

pul n o ~ m o

2 sl B 3 s |l = 3

=ll=e]l=e]l=] EE

22) Color register 3

(CC)(D84e)

(23 Display control register

H

(24 Senal 1/0g mode register

(SC)(DBye)

(29 Special mode register

Fig. 35 Internal state of microcomputer at reset

order address, when the RESET pin is held at “L” level for
no less than 2us while the power voltage is 5V 10% and
the crystal oscillator oscillation is stable and then returned
to “H" level. The internal initializations following reset are
shown in Figure 35.

MITSUBISHI
ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

(X) _ﬂﬂ_lhf____ __ UL
s . SN [ T I I I I O O

RESET

RESETour

SYNC ,__I

X DE XN XD
tRheset address from
e 1{

Note 1 : Frequency relation of f(X,y) and ¢ 1s f(Xy) =4 ¢
8 to 12 clock cycles 2 : The mark “?” means that the address i1s changing
depending upon the previous state

Fié. 36 Timing diagram at reset
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/0 PORTS

(1)

Port PO

Port PO is an 8-bit I/0 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;¢.
Port PO has a directional register (address 00E1,s)
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 00FFs), three different
modes can be selected; single-chip mode, eva-chip
mode and microprocessor mode.

In these modes it functions as address (A;-A,) output
port (excluding single-chip mode) . For more details,
see the processor mode information.

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;s-
Ag) output port.

Refer to the section on processor modes for details.
Port P2

In single-chip mode, port P2 has the same function as
port P1. In other modes, it functions as data (Dy-D;) in-
put/output port.

Refer to the section on processor modes for details.
Port P3

In single-chip mode, port P3 has the same function as
port P1. P3,-P3; have program selectable dual func-
tions. P3y, P3, function as control signals input/output
port except in the single-chip mode. Refer to the sec-
tion on processor modes for details.

Port P4

This is an 1-bit I/0 port with function similar to port PO,
but the output structure is CMOS output.

This port is unaffected by the processor mode bits.

Port P5

This is an 7-bit I/0 port with function similar to port P1.
P5,-P5; have program selectable dual functions. P5,,
P5, are shared with external interrupt input pins (INT4,
INT,)

This port is unaffected by the processor mode bits.

™)

Port P6

This is an 6-bit input/output port with function similar to
port PO. The output structure of P6y, P6; is CMOS out-
put and the output structure of P6,-P65 is N-channel
open drain and middle voltage.

P6y-P6s have program selectable dual functions.

This port is unaffected by the processor mode bits.
Function pins for CRT display function

The horizontal synchronizing signal is input from Hgync.
The vertical synchronizing signal is input from Vgyne.

I, B, G, R, OUT are output pins for CRT display.

Refer to the section on CRT display functions for de-
tails.

¢ pin.

The internal system clock (1/4 the frequency of the
oscillator connected between the X and Xour pins)
can be output from this pin by selecting the option

At low-speed mode, Xcy divided by 2 is output from
this pin.
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Port PO, P6,-P65
Directional register N-channel open drain output

Port PO, P6,-P65

Data bus—1 Port latch j

Note : P6,-P65 may also be
used as PWM output pins.

il

Mask option © ﬁj
Port P1, P2 P ,j, N-channel open drain output
Directional register '

1

Port P1, P2

Data bus—1

Port P3, P5 . .
N-channel open drain output

Directional register

1 Port P3, P5

Data bus— Port latch i

I

Note : P3, P5 may also be

used as serial I1/0 pins

Port P4;, P6,, P64

8 T

Data bus— Port latch Port P4;, P6o, P6;

ﬁ

Note : P6, may also be used as timer

Directional register; j
; :|— CMOS Tri-state output

output pin and P6; may also

L

be used as PWM output pin

Hsyne, Vsyne 4R, G,B,I,OUT

€& Schmitt input j CcMOSs output

Data bus Hsyne, Vsvne

Data bus 4 R, G, B, I, OUT

i

Fig. 37 Ports PO-P6, Hsync, Vsyne, 9 R, G, B, | and OUT block diagram
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PROCESSOR MODE

By changing the contents of the processor mode bit /(bit 0
and 1 at address 00FF,¢), three different operation modes
can be selected; sirfgle-chip mode, microprocessor mode
and evaluation chip (eva-chip) mode. In the microp-
rocessor mode and eva-chip mode, ports PO-P3 can be
used as multiplexed 1/0 for address, data and control sig-
nals, as well as the normal functions of the 1/0 ports.

Figure 39 shows the functions of ports PO-P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 38.

By connecting CNVgg to Vgs, all three modes can be
selected through software by changing the processor mode
bits. Supplying 10V to CNVgg places the microcomputer in
the eva-chip mode. The three different modes are ex-
plained as follows:

00006
Internal RAM Internal RAM
00BF¢ -
Not used Not used
00D04¢ T
miscellaneous miscellaneous
registers registers
00DF,5 9 9
00EO;6 Port P0-P2
00E6+¢ -
miscellaneous miscellaneous
00FF, . registers registers
010046 -
017F 46 Internal RAM Internal RAM
Not used Not used
200046 disol T
RAM for displa RAM for display
20D4,5 play play
Not used Not used
8000i0 10 oM for cisplay 1|
or display ROM for display 1
35FF 1 P play
Not used Not used
380046
ROM for display 2 ROM for display 2
3DFFys play play
Not used Not used
400046 -
C00046
FFFFg
Microprocessor mode Eva-chip mode
The shaded area Is external memory area

Fig. 38 External memory area in processor mode

(1) Single-chip mode (00)
The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgs is con-
nected to Vss. Ports P0O-P3 will work as original 1/0
ports.

(2) Microprocessor mode (01)
The microcomputer will be placed in the microp-
rocessor mode when CNVgs is connected to Vgg and
the processor mode bits are set to “01".
In this mode, the internal ROM is inhibited so the ex-
ternal memory is required.
In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the data bus (D;-D,) and loses
its normal output functions. Port P3; and P3, become
the SYNC and R/W pins, respectively and the normal 1/
O functions are lost.

(3) Eva-chip mode (11)
When 10V is supplied to CNVgs pin, the microcomputer
is forced into the eva-chip mode. :
In this mode, the internal ROM is inhibited so the ex-
ternal memory is required.
The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original output functions.
Port P1’s higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original output functions. Port P2 re-
tains its original output functions while ¢ is at the “H".
state, and works as a data bus of D;-Dy (including in-
struction code) while at the “L” state. Pins P3, and P3,
output the SYNC and R/W control signals, respectively
while ¢is in the “H” state. When in the “L” state, P3,
and P3, retain their original 1/0 function.
The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.
The relationship between the input level of CNVgg and
the processor mode is shown in Table 8.

Note @ The standards of M37100M8-XXXSP/FP is
assured only in single-chip'mode. Use in the
microprocessor mode or the eva-chip mode
only at program development.

*\ MITSUBISHI p




SINGLE-CHIP 8-BIT

MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
with ON-SCREEN DISPLAY CONTROLLER

CM, 0 1 0
CM. 0 1 1
Mode
Port Single-chip mode Eva-chip mode Microprocessor mode
Port PO Ports P0;-P0, Ports P0;-P0, Ports P0;-P0,o
Address Address
Port P1 Ports P1,-P1, Ports P1,-P1o Ports P1,-P1,
'/ Address Address
X orm
Port P2 Ports P2;-P2, . Ports P2;-P2, Ports P2;-P2,
. Output Data Data
X_roe 8B )
Ports P3;-P3, Ports P3;-P3; Ports P3;-P3;
x 1/0 port :X 170 port X 170 port
Port P3 Port P3, Port P3,
SYNC 1/0 port SYNC
Port P3, . Port P3,
R/W 170 port R/W

Fig. 39 Processor mode and functions of ports PO-P3

Table 8. Relationship between CNVsg pin input level and processor mode

CNVgs Mode Explanation
Vss * Single-chip mode The single-chip mode 1s set by the reset
« Eva-chip mode All modes can be selected by changing the processor mode bit with the program
* Microprocessor mode
1ov « Eva-chip mode Eva-chip mode only
sh s
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CLOCK GENERATING CIRCUIT

The M37100M8-XXXSP has two internal clock generating
circuits. Figure 41 shows a block diagram of the clock
generating circuits. Normally, the frequency applied to the
clock input pin X,y divided by four is used as the internal
clock (timing output) ¢. Bit 7 of serial 1/0, mode register
can be used to switch the internal clock ¢to 1/2 the fre-
quency applied to the clock input pin X¢.

Figure 40 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.

The M37100M8-XXXSP has two low power dissipation mod-
es; stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator (both
Xin clock and Xgin clock) stops with the internal clock ¢
held at “H” level. In this case timer 2 and timer 3 are forc-
ibly connected and ¢/ 8 is selected as timer 2 input. When
restarting oscillation, FF,¢ is automatically set in timer 2 and
0746 in timer 3 in order to enable the oscillator to stabilize.
Before executing the STP instruction, the timer 2 count stop
bit must be set to supply (“0”), timer 2 interrupt enable bit
and timer 3 interrupt enable bit must be set to disable
(“0”).

Oscillation is restarted (release the stop mode) when INT;;
INT,, or serial 1/04 or serial 1/Og interrupt is received. The
interrupt enable bit of the interrupt used to release the stop
mode must be set to “1”. When restarting oscillation with an
interrupt or canceling a reset, the internal clock ¢is held
“H” until timer 3 overflows and is not supplied to the CPU.
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 is reset or when it
receives an interrupt.

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 must be set to “1” be-
fore executing the WIT instruction.

Low power dissipation operation is also achieved when the
XN clock is stopped and the internal clock ¢ is generated
from the Xcn clock (60uA or less at f(Xgn)=32kHz). Xy
clock oscillation is stopped when the bit 6 of serial 1/04
mode register (address 00F6,¢) is set and restarted when
it is cleared. However, the wait time until the oscillation sta-
bilizes must be generated with a program when restarting
Figure 42 shows the transition of states for the system
clock.

M37100M8-XXXSP

Xin_ Xout Xcin Xcout
28 29 30 31
MQ Rf Rd

0 i
’;;C.N ;};_Cour I;CQN,;_CCOUT

Fig. 40 Example ceramic resonator circuit
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Xen Xcour
Xin Xout
. TMs
1/2 ->(>—ﬂ 1/2 1/8 %4 Timer2 |—{ Timer3
Int | systemn Timer 2 count source
System clock " chnci ssgjrce selection TMj
stop bit selection SM;

— SMg
— SM; _})— Timing ¢
(internal clock)
—1Q S S Q Q S
Reset

R STP instruction

Rp— sTP wit  —R
instruction | instruction

Reset

I>— Interrupt disable flag |

jO—— Interrupt request

Fig. 41 Block diagram of clock generating circuit
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STP instruction
—— 4MHz stop

32kHz stop

WIT instruction
-

4MHz oscillation
32kHz oscillation
¢ =stop(high-level)
Timer operation

4MHz oscillation
32kHz oscillation

¢ =stop

> $=1MHz
Interrupt Interrupt(Note 1)
External INT ‘ fExternal INT

Timer interrupt S 1/0 interrupt
S 1/0 interrupt

SM;=0

SM;=1

WIT instruction STP instruction

4MHz oscillation

- )
32kHz oscillation g;’:{:z °s°"|'r“t'?" 3;4:2 stop
¢ =stop K z o