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INDEX BY FUNCTION

MiSeries 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| S5 BYte Mask-Prog. ROM, 128-Byte RAM, C.si |5+10%| 15 | 2 | 4 |64PaB/72P6 | Notet
M50740A-XXXSP/FP x| 3K-Byte Mask-Prog. ROM, 96-Byte RAM C,Si |5*10% | 15 2 4 52P4B/50P6 | Note1l
M50740ASP #| External ROM Type, 96-Byte RAM C,Si |{5*10% | 15 2 4 52P4B Note1
M50741-XXXSP/FP | 4K-Byte Mask-Prog. ROM, 96-Byte RAM C,Si |5%+10% | 15 2 4 52P4B/50P6 | Notet
M50742-XXXSP/FP »| &K Byte Mask-Prog. ROM, 128-Byte RAM, "G, |5+10% | 15 | 2 | 4 |64P4B/72P6 | Noted
M50743-XXXSP/FP | 4K-Byte Mask-Prog. ROM, 128-Byte RAM C,Si |5%10% | 30 1 8 64P4B/72P6 | Note1l
M50744-XXXSP/FP | 4K-Byte Mask-Prog. ROM, 144-Byte RAM C, Si |5*10% | 15 2 4 64P4B/72P6 | Note1
M50745-XXXSP/FP x| 6K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si |5+10% | 15 2 4 64P4B/60P6 | Notel
M50746-XXXSP/FP | 6K-Byte Mask-Prog. ROM, 144-Byte RAM C,Si1 |5%10% | 15 2 4 64P4B/72P6 | Note1
M50747-XXXSP/FP x| 8K-Byte Mask-Prog. ROM, 256-Byte RAM C,Si |5%+10% | 30 1 8 64P4B/72P6 | Notet
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,
M50752-XXXSP High Voltage Port, CR Oscillation Type C,S1 |5*10% | 15 2 4 | 52P4B Note1
M50753-XXXSP/FP | 5Brte Mask-Prog. ROM, 96-Byte RAM., C.Si |5%10%| 15 | 2 | 4 |64P4B/6OP6 | Notel
6K-Byte Mask-Prog. ROM, 160-Byte RAM, — 64P4B/72P6/
M&50754-XXXSP/FP/GP PWM, High Voltage Port, Serial 1/0 C, Si 4~5,5 20 |1.90| 4.2 64PBW Note1
3K-Byte Mask-Prog. ROM, 96-Byte RAM, . B
M50757-XXXSP  x High Voltage Port, CR Oscillation Type C,Si |5+10% | 15 2 4 | 52P4B Note1
3K-Byte Mask-Prog ROM, 96-Byte RAM, o e
MS50758-XXXSP %\ g Violtage Port, Geramic Oscillation Type G Si"|5X10%| 15 | 2 | 4 |52P4B Note1
_ 4K-Byte Mask-Prog. ROM, 128-Byte RAM, "
M50930-XXXFP LCD Controller/Driver, Serial 1/0 C,Si |5+10% | 15 |1.86| 4.3 | 80P6
_ 4K-Byte Mask-Prog. ROM, 512-Byte RAM, .
M50931-XXXFP LCD Controller/Driver, Serial 1/0 C,Si |5+10% | 15 |1.86| 4.3 | 80P6 Note2
_ 8K-Byte Mask-Prog. ROM, 512-Byte RAM, .
M50932-XXXFP LCD 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, Serial 1/0 C,Si |3.8~5.5| 15 |1.86| 4.3 | 80P6 Motz
ote
8K-Byte Mask-Prog. ROM, 256-Byte RAM, . -
M50934-XXXFP LCD Controller/Driver, Serial 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,Si |5+10% | 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 1/0 C,Si |5%10% | 30 1 8 64P4B/60P6 | Note1
12K-Byte Mask-Prog. ROM, 192-Byte RAM, . —
M50944-XXXSP/FP 8-Bit A-D Converter, Two Serial I/Og 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 I/0
_ 6K-Byte Mask-Prog. ROM, 144-Byte RAM, . 0,
M50950-XXXSP High Voltage Port, Two Serial 1/Os C, Si |5X+10% | 20 1.6 5 52P4B Note1
_ 4K-Byte Mask-Prog ROM, 144-Byte RAM, "
M50951-XXXSP High Voltage Port, Two Serial I/Os .C,Si |[5*10% | 20 |- 1.6 5 | 52P4B Note1
8K-Byte Mask-Prog. ROM, 192-Byte RAM, - 64P4B/72P6/
M50954-XXXSP/FP/GP PWM, High Voltage Port, Serial 1/0 C, Si 4~5.5 20 [1.90| 4.2 B4PEW Note1
10K-Byte Mask-Prog. ROM, 192-Byte RAM, . — 64P4B/72P6/
M50955-XXXSP/FP/GP PWM, High Voltage Port, Serial /0 C, Si 4~5.5 20 [1.90| 4.2 64P6W Note1

* : New prodhct ** . Under development

Notel :

Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>”

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

edition>”

3

: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol 1.”
: The production of this product 1s no longer planned due to announcement of new series or upgrades.
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INDEX BY FUNCTION

MiSeries MELPS 740 single-chip microcomputers (continued)

Electnical charactenstics

Supply | Typ | M. | Max.
Type Circutt function and organization Structure | voltage pwr | cycle | fre- Package Page
(v) issi 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 I/0
12K-Byte Mask-Prog. ROM, 256-Byte RAM,
M50958-XXXSP/FP,¥ PWM, High Voltage Port, 4-Bit Comparator, C,S1 | 4~5.5 | 20 |1.90 | 4.2 | 64P4B/72P6 | Note2
Serial I/0
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 170
10K-Byte Mask-Prog. ROM, 160-Byte RAM,
M50963-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 I/0
6K-Byte Mask-Prog. ROM, 160-Byte RAM,
M50964-XXXSP/FP | 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,Si |5+10% | 15 2 4 64P4B/72P6 | Notet
Serial 10
External ROM, RAM Type, 5-Timer, 8-Bit A-D .
M50734SP/FP Converter, Serial 1/0 C,Si |5+10% | 30 1 8 64P4B/72P6 Note2
- " e
M50734sP/Fp-10 | Eternal ROM, RAM Type, 5-Timer, 8-Bit A-D c,si |5+10%| 35 | 0.8 | 10 | 64PaB/72P6
16K-Byte Mask-Prog. ROM, 320-Byte RAM, .
M37100M8-XXXSP/FP Two Serial I/0s, A-D Converter, OSD Function C,Si |5+10% |27.5 2 4 64P4B/80P6 | Note3
16K-Byte Mask-Prog. ROM, 320-Byte RAM, n 0,
M37102M8-XXXSP/FP * Two Serial I/0s, A-D Converter, PWM, OSD Function C,Si |5%+10% | 110 1 4 64P4B/80P6N | Note3
8K-Byte Mask-Prog. ROM, 320-Byte RAM, .
M37103M4-XXXSP x Serial 1/0, A-D Converter, PWM, OSD Function C,Si |5+10% | 35 2 4 64P4B Note3
_ 12K-Byte Mask-Prog. ROM, 256-Byte RAM, . +109
M37120MB-XXXFP * Serial 1/0, A-D Converter, D-A Converter, OSD Function C.si |5+10% | 75 1 4 80PEN Noted
g 24K-Byte Mask-Prog. ROM, 384-Byte RAM, ) o
M37201M6-XXXSP X| Ty/q Serial I/0s, A-D Converter, PWM, OSD Funcion | & ST [5%10% | 110 | 1 | 4 | 64P4B Note3
12K-Byte Mask-Prog. ROM, 256-Byte RAM, )
M37202M3-XXXSP **| Serial 1/0, A-D Converter, PWM, OSD Function, C,S1 |5%10% | 110 1 4 | 64P4B Note3
Four Timers .
32K-Byte Mask-Prog ROM, 512-Byte RAM,
M37204M8-XXXSP **| Serial /0, A-D Converter, D-A Converter, PWM, C,Si |5+10% | 110 1 4 | 64P4B Note3
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 Note3
PLL Function, Four Timers
24K-Byte Mask-Prog. ROM, 320-Byte RAM, . +109,
M37260M6-XXXSP ** 8-Byte Serial /0, OSD Function, Four Timers C,Si |5+10% | 110 1 4 | 52P4B Note3
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 | Note3
Timer
. 4K-Byte Mask-Prog. ROM, 128-Byte RAM, .
M37409M2-XXXSP/FP Dual-Port RAM, Three UARTS, Bus Interface, Timer C,Si |5%10% | 50 0.8 10 | 52P4B/56P6N | Note3
6K-Byte Mask-Prog. ROM, 192-Byte RAM, . -
M37410M3HXXXFP! g6 ial 170, A-D Converter, LCD Controller/Driver C.S8i |2.5~5.5 30 | 1 | 8 |80P6S Noto3
t
M37410M4HXXXFP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM C,Si |2.5~5.5| 30 1 8 80P6S ote
M37410M6B6HXXXFP| 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 . +109 :
M37412M4-XXXFP | |0 Py, 8-Bit A-D Converter, 5-Bit D-A Converter C.Si |5+10%| 15 | 2 | 4 |72P6 Note3
8K-Byte Mask-Prog. ROM, 256-Byte RAM, . -
M37413M4HXXXFP Serial /0, A-D Converter C, Si |2.5~5.5| 30 1 8 80P6S Note3
M37413MBHXXXFP #% ;gg_'g;'t': prask-Prog. ROM.. , C.si [25~55/ 30 | 1 | 8 |8oPes Note3
X 10K-Byte Mask-Prog. ROM, 160-Byte RAM, Serial . o,
M37414MS-XXXFP *| 1,0, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter C.Si |5+10%| 15 | 2 | 4 |72P6 Note3
8K-Byte Mask-Prog. ROM, 512-Byte RAM, -
M37415M4-XXXFP Serial 1/0, LCD Controlier/Driver, DTMF Generator C, 8 |2.5~5.5] 20 | 2.5 | 3.2 | 80P6 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. 1.”

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

lSeries 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) i time |quency
(mW) | (us) |(MHz)
4K-Byte Mask-Prog. ROM, 128-Byte RAM, UART, 0,
M37416M2-XXXSP/FP  * Comparator, Bus interface, Key on wake up C,S1 |5%10% | 50 1 8 | 52P4B/56P6N | Note3
8K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, .
M37420M4-XXXSP Serial 1/0, A-D Converter, D-A Converter, Timer C.si |5£10% | 30 ! 8 52P4B Note3
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, .
M37421M6-XXXSP/FP Serial 1/0, High Voltage Port, 4-Bit Comparator C,Si |5*+10% | 25 |0.95| 4.2 | 64P4B/72P6 | Note3
16K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM,
M37424M8-XXXSP % | Serial 1/0, 8-Bit A-D Converter, 5-Bit D-A Converter, C,Si |5%10% | 30 1 4 | 64P4B Note3
Timer
16K-Byte Mask-Prog. ROM, 256-Byte RAM,
M37524M4-XXXSP %% PWM, Serial 1/0, 8-Bit A-D Converter, 5-Bit C,Si |5*10% | 30 1 4 | 64P4B Note3
D-A Converter, Timer
R 8K-Byte Mask-Prog. ROM, 384-Byte RAM, . 2,
M37428M4-XXXFP **x UART, LCD Controller/Driver, Timer C,Si |5+10% | 15 1 8 | 80P6N Note3
4K-Byte Mask-Prog. ROM, 128-Byte RAM,
M37450M2-XXXSP/FP | 8-Bit A-D Converter, 8-Bit D-A Converter, UART, C,Si |5%+10% | 30 | 0.8 | 10 | 64P4B/80P6
DBB, Three Timers, PWM 3—3
M37450M4-XXXSP/FP | 8K-Byte Mask-Prog. ROM,-256-Byte RAM C,Si |5+10% | 30 | 0.8 | 10 | 64P4B/80P6
M37450M8-XXXSP/FP | 16K-Byte Mask-Prog ROM, 384-Byte RAM C,Si |5+10% | 30 | 0.8 | 10 | 64P4B/80P6
M37450S1SP/FP 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 | 3—43
M3745084SP/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/BOPES
DBB, Three Timers, PWM
M3T451MB-XXXSP/FP/GP % | 16K-Byte Mask-Prog. ROM, 384-Byte RAM C.Si |5+10% | 40 |0.64 [12.5 | 84P4B/ 3-59
i ! ' - ) “~ | 80P6N/80P6S
_ _ " o 64P4B/
M3T45IMC-XXXSP/FP/GP %% | 24K-Byte Mask-Prog. ROM, 512-Byte RAM C,St |5*+10% | 40 [0.64 {12.5 80PEN/8OPES
| . 0, 64P4B/ _
M37451SSP/FP/GP % External ROM, 1024-Byte RAM C,Si |5+10% | 40 [0.64|12.5 80PEN/8OPES 3—106
4K-Byte Mask-Prog ROM, 128-Byte RAM, " -
M37470M2-XXXSP % Serial 170, A-D Converter C,Si |2.7~5.5 17.5 1 4 | 32P4B s
M37470M4-XXXSP x| 8K-Byte Mask-Prog. ROM, 192-Byte RAM C,Si |2.7~5.5/17.5| 1 4 | 32P4B
M37470M8-XXXSP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM C,Si |2.7~5.5[17.5| 1 4 | 32P4B
g 4K-Byte Mask-Prog. ROM, 128-Byte RAM, . -
M37471M2-XXXSP/FP  * Serial 170, A-D Converter C,Si |2.7~5.5/17.5| 1 4 | 42P4B/56P6N —30
M37471M4-XXXSP/FP  *| 8K-Byte Mask-Prog ROM, 192-Byte RAM C,Si |2.7~5.5/17.5| 1 4 | 42P4B/56P6N
M37471M8-XXXSP/FP x| 16K-Byte Mask-Prog. ROM, 384-Byte RAM C,Si |2.7~5.5{17.5 1 4 42P4B/56P6N

* . New product %%

: Under development

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

edition)>”

3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1.”
% The production of this product is no longer planned due to announcement of new series or upgrades.
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Extended operating temperature version of microcomputers

Electrical charactenistics
Supply | Typ | Min | Max
Type Circuit function and organization Structure | voltage pwr | cycle | fre- Package Page
(V) dissipation| time [quency
(mW) | (us) |(MHz)
4K-Byte Mask-Prog. ROM,144-Byte RAM,
M50744T-XXXSP x| Extended Operating Temperature Version of C,Si [5*10% | 15 2 4 | 64P4B Note1
M50744-XXXSP
8K-Byte Mask-Prog. ROM,256-Byte RAM,
M50747T-XXXSP Extended Operating Temperature Version of C, Si |5+10% | 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,Si |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,S1 |5+10% | 30 | 0.8 | 10 | 64P4B/84P0 | 3—125
M37450M4-XXXSP
8K-Byte Mask-Prog ROM, 256-Byte RAM,
M37451M4DXXXSP/FP *%*| Extended Operating Temperature C, S |5+10% | 40 |0.64|12.5 | 64P4B/80P6N
Version of M37451M4-XXXSP/FP 3—139
16K-Byte Mask-Prog ROM, 384-Byte RAM,
M37451M8DXXXSP/FP %% | Extended Operating Temperature C,Si |5+10% | 40 [0.64 |12.5| 64P4B/80P6N
Version of M37451M8-XXXSP/FP
HPiggyback type microcomputers (EPROM mounted type)
Electrical charactenistics
' Supply Typ Min | Max
Type Circutt 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 | 5281M 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, Si 5+5% | — 2 4 | 80s6M Note1
M50945-PGYS Piggyback for M50940/M50941/M50945 C, Si 5+5% | — 2 4 | 64S1M Note2
M50950-PGYS Piggyback for M50950/M50951 C,Si | 5+5% | — | 1.6 5 |5281M Note1
M50955-PGYS Piggyback for M50754/M50954/M50955 C, S 5+5% | — | 1.9 | 4.2 | 64S1M Note1
M50957-PGYS Piggyback for M50957/M50958/M50959 C, Si 5+5% — 1.9 | 4.2 | 64S1M Note2
M50964-PGYS Piggyback for M50964/M50963 C, S | 5+5% | — 2 4 | 64S1M Note1
M37409PSS *| Piggyback for M37409M2-XXXSP C,S1 | 5*+5% | — |0.8] 10 |5281M Note3
M37415PFS Piggyback for M37415M4-XXXFP C,S1 |3.0~5.5| — | 2.5 | 3.2 | 80S6M Note3
M37421P-000SS " . _
M37421PA001SS Piggyback for M37421M6-XXXSP C, Si 5+5% 0.95| 4.2 | 64S1M Note3
M37450PSS Piggyback for M37450M2/M4/M8-XXXSP C, Si 5+5% - 0.8 10 | 64S1M 3—141
M37450PFS Piggyback for M37450M2/M4/M8-XXXFP C,Si | 5+5% | — (0.8 | 10 |80S6M 3—148

* . New product ** . Under development

Note1 :

Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS)”

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

edition>”

3 ! Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> Vol. 1~
% ! The production of this product is no longer planned due to announcement of new series or upgrades
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

HlBuilt-in PROM type microcomputers

Electrical characteristics
Supply | Typ. | Min. | Max
Type Circuit function and organization Structure vo(lt\?)ge pwr iiﬁlee fre- Package Page
(mW) | (us) [(MH2)

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 | Note1l
M50747ES/EFS PROM Version of M50747-XXXSP/FP C, Si 5+5% 30 1 8 64S1B/72S6 | Notet
M50944E-XXXSP/FP | One Time Programmable Version of M50944-XXXSP/FP C,Si | 3~5.5| 15 | 1.9 | 4.2 | 64P4B/64P6S
M50944ES PROM Version of M50944-XXXSP C, Si 3~5.5 15 1.9 | 4.2 | 64S1B Notet
MS50957E-XXXSP | One Time Programmable Version of M50957-XXXSP C,Si [ 5*5% | 20 | 1.9 | 4.2 | 64P4B Note+
M50957ES PROM Version of M50957-XXXSP C,Si |5+5% ( 20 [ 1.9 { 4.2 | 64S1B
M50963E-XXXSP/FP | One Time Programmable Version of M50963-XXXSP C,Si | 5+5% | 15 2 4 | 64P4B/72P6 | Note1
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 | Note3
M37120E6-XXXFP x| PROM Version of M37120M&-XXXFP C, Si 5+5% 75 1 4 80P6N Note3
M37201E6-XXXSP *| One Time Programmable Version of M37201M6-XXXSP 5+10% | 110 1 4 64P4B Note3
M37410E6HXXXFP | One Time Programmable Version of M37410MEHXXXFP C,Si |2.5~5.5| 30 1 8 80P6S
M37410E6HFS PROM Version of M37410MBHXXXFP C, Si |2.5~5.5] 30 1 8 80S6 Note3
M37412E5-XXXFP One Time Programmable Version of M37412M4-XXXFP C, Si 5+5% | 15 2 4 72P6 Note3
M37413E6HXXXFP**| One Time Programmable Version of M37413ME6HXXXFP C, Si |2.5~5.5/ 30 1 8 80P6S Note3
M37413E6HFS **| PROM Version of M37413MEHXXXFP C, Si 5+5% 30 1 8 80S6
M37414E5-XXXFP | One Time Programmable Version of M37414M5-XXXFP C, Si 5+5% 15 2 4 72P6 Note3
M37420E6-XXXSP *| One Time Programmable Version of M37420M6-XXXSP C, Si 5+5% | 30 1 8 52P4B Note3
M37420E6SS *| PROM Version of M37420M6-XXXSP C, Si 5+5% 30 1 8 5281
M37424E8-XXXSP **| One Time Programmable Version of M37424M8-XXXSP C,Si [5%+10% | 30 1 4 64P4B Note3
M37524E4-XXXSP **| One Time Programmable Version of M37524M4-XXXSP C,Si |[5+10% | 30 1 4 | 64P4B Note3
M37450E4-XXXSP/FP One Time Programmable Version of M37450M4-XXXSP/FP C, Si 5+5% | 30 | 0.8 | 10 | 64P4B/80P6 3—156
M37450E4SS/FS PROM Version of M37450M4-XXXSP/FP C, Si 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 3—174
M37450E8SS/FS x| 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 | 3—192
MSTASIEXIXSP/FPIGP | One Time Programmable Version of MG7451M4-XXXSP/FP/GP | C, Si | 5109 | 40 |0.64 | 12.5 | Se-tB/80PEN/
M37451E4SS/FS | PROM Version of M37451M4-XXXSP/FP C,S1 |5+10% | 40 |0.64 |12.5 | 64S1B/80D0O
MGTASTES-XXYSPIFP/GP | One Time Programmable Version of M374STMB-XXXSP/FP/GP | G, Si |5310% | 40 |0.64 | 12.5 | SOmS/80PON/|
M37451E8SS/FS | PROM Version of M37451M8-XXXSP/FP C,SI [5%+10% | 40 |0.64 |12.5 | 64S1B/80D0O
MST4STEC-XXXSP/FPIGP | One Time Programmable Version of M745{MC-XXXSP/FP/GP | C, Si | 5:£10% | 40 [0.64|12.5 | Soro 80PN/
M37451ECSS/FS *x| PROM Version of M37451MC-XXXSP/FP C,Si |5+10% | 40 |0.64 |12.5| 64S1B/80D0
M37451E4DXXXSP/FP %% | One Time Programmable Version of M37451 M4DXXXSP/FP C,Si |5+10% | 40 |0.64 |12.5 | 64P4B/80P6N 3—292
M37451EBDXXXSP/FP | One Time Programmable Version of M37451 M8DXXXSP/FP C,Si |5+10% | 40 |0.64 |12.5 | 64P4B/80P6N
M37470E4-XXXSP x| One Time Programmable Version of M37470M4-XXXSP C,Si |2.7~5.5|17.5 1 4 32P4B 4—64
M37470E8-XXXSP | One Time Programmable Version of M37470M8-XXXSP C,Si [2.7~5.5/17.5| 1 4 32P4B
M37471E4-XXXSP/FP x| One Time Programmable Version of M37471M4-XXXSP/FP C,Si |2.7~5.5/17.5 1 4 42P4B/56P6N
M37471E8-XXXSP/FP *| One Time Programmable Version of M37471M8-XXXSP/FP C,Si [2.7~5.5{17.5| 1 4 | 42P4B/56P6N | 4—72
M37471E8SS *| PROM Version of M37471M8-XXXSP C,Si (2.7~5.5{17.5 1 4 42S1B

* . New product %% : Under development

Note1 :

Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>”

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

edition>”

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

MSeries 38000 single-chip microcomputers
Refer to the “1991 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>

Vol. 3.”
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (1)

M50964-XXXSP/FP

MELPS 740 N - Debug system F
or luation
Type name Processor mode Debugger Option board gntw"g,'e
M50740A-XXXSP/FP :
M50741-XXXSP/FP | Single-chip mode PCA4040 M50740-PGYS
M50740ASP .
M50742-XXXSP/FP )
M50708-XXXSP/FP Single-chip mode PCA4042 M50742-PGYS
) ) PCA4043 or
M50743-XXXSP/FP | Single-chip mode POA4043R M50743-PGYS
M50744-XXXSP/FP PCA4044G02 or
M50744T-XXXsP | Single-chip mode PCA4044R
M50746-XXXSP/FP Msgﬁ:is‘z/f':s
M50746E-XXXSP/FP | Microprocessor PCA4044XG02
M50746ES/EFS mode
. . PCA4045 or
M50745-XXXSP/FP | Single-chip mode POA4045R M50745-PGYS
M50747-XXXSP/FP PCA4047G02 or
M50747H-XXXSP/FP | Single-chip mode PCA4047RG02
M50747T-XXXSP ME0747ES/EFS
MS0747E-XXXSP/EP | 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
M50753T-XXXSP Single-chip mode PCA4053 (Note 2)
M50754-XXXSP/FP/GP .
M50954-XXXSP/FP/GP | Single-chip mode PCA4054G02 or M50955-PGYS
PCA4054RG02
M50955-XXXSP/FP/GP SRA74 PGA000E RTT74
M50930-XXXFP
M50930T-XXXFP ‘
M50931-XXXFP Sinale-chin mode PCA4093 or M50931-PGYS
M50932-XXXFP gle-chip PCA4093R (Note 2,3)
M50933-XXXFP
M50934-XXXFP
M50940-XXXSP/FP
M50941-XXXSP/FP | Single-chip mode :g::gg:: ('3 02 M50945-PGYS
M50945-XXXSP/FP
M50943-XXXSP/FP | Single-chip mode PCA4033 PCA4333G02
(Note 1)
M50944-XXXSP/FP
M50944E-XXXSP/FP | Single-chip mode PCA7044 M50944ES
M50944ES
M50950-XXXSP ) )
M50951-XXXSP Single-chip mode PCA4095 M50950-PGYS
M50957-XXXSP/FP
m:ggz;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
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.
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (2)

MELPS 740 Debug system
Assembler For n
Type name Processor mode Debugger Option board ?:3?353{'@
. . 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 _—
mg;:zggg;(;::: Single-chip mode M37120T-RTT M37120E6-XXXFP*
M37201M6-XXXSP
M37201E6-XXXSP M37201E6SS**
M37201E6SS
M37202M3-XXXSP PC4000E
M37202E3-XXXSP Single-chip mode + M37201T5-POD* M37202E3SS**
M37202E3SS PC4600*
M37204M8-XXXSP
M37204E8-XXXSP M37204E8SS**
M37204E8SS
M37250M6-XXXSP
M37250E6-XXXSP Single-chip mode PC4000E M37250T-RTT* M37250E6SS**
M37250E6SS
PC4000E
MBT260ME-XINSP Single-chip mode + N 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
mg;:: ::\:; ;z(;(;(:: Single-chip mode M37412T-OPT M37412E5-XXXFP
M37413M4HXXXFP
m;: 2:'5:::;:: Single-chip mode MB7413T-RTT M37413E6HFS**
M37413E6HFS
xg;:: :z‘:’_ ;x;::: Single-chip mode M37414T-RTT M37414E5-XXXFP*
M37415M4-XXXFP | Single-chip mode PC4000E M37415T-OPT M37415PFS
M37416M2-XXXSP/FP | Single-chip mode M37416T-RTT* —
M37420M4-XXXSP
mg;:;gg‘; ;()():(;(s: Single-chip mode M37420T-OPT M37420E6SS*
M37420E6SS
M37421M6-XXXSP/FP | Single-chip mode M37421T-OPT ::g;:::::gg?gz
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 1—9




MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems (3)

MELPS 740 Debug system
Assembler For |
Type name Processor mode Debugger Option board go‘}:'v‘v'g,'e
M50734SP/FP PCA4034G02 or
PC4000E PCA4034RG02

M50734SP-10

Development support systems (4) series 7450

Series 7450 Debug system
Assembler Control Base PC4000E Base PC4600 For evaluation
Type name Processor mode software  |pgpugger| Option board | Debugger| Emulator MCU

M37450M2-XXXSP/FP
M37450M4-XXXSP/FP | ingle-chip M3745£T'°PT
MB37450MATXXXSP/) | mode M37450T-RTT
M37450M8-XXXSP/FP M37450PSS/PFS.
M37450E4-XXXSP/FP M37450RSS M37450E4SS/FS
M37450E4TXXXSP/J Mieroorosessor or or
T e S rcorr || M| e
M37450E8SS/FS M37458;x - (Note 3)
M37450S1SP/FP Microprocessor
M37450S2SP/FP mode
M37450S4SP/FP RTT74 PC4000E
M37451M4-XXXSP/FP/GP SRA74 (Note 1) +
M37451MB-XXXSP/FP/GP PC4600*
M37451MC-XXXSP/FP/GP
M37451E4-XXXSP/FP/GP | Single-chip
M37451E4SS/FS mode
M37451E8-XXXSP/FP/GP ‘M37451E4SS/FS*,
M37451E8SS/FS M374:r1 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

RTT74 (Note 1)

PC4000E
+
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 is 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
M3B004E8-XXXSP/FP
M38004E8SS/FS
M38007M4-XXXSP/FP
M38007E4-XXXSP/FP
M38007E4SS/FS

M38042M3-XXXFP
M38042E3-XXXFP
M38042E3FS

M38062M3-XXXFP/GP
M38062E3-XXXFP/GP
MB38062E3FS
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

SRAT74

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 is necessary.

o s
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

- Program writing adapter for built-in
PROM type microcomputers

Program writing a&apter 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 PCA4T10
MB50746EFS MB37450E4TXXXJ PCA4712(Note 1)
MBO746E-XXXFP PCA4701G02 M37450E4-XXXFP
M50747E-XXXSP M37450E4FS PCA4711
M50747ES PCA4700G02 M37450E8-XXXFP
M50747E-XXXFP M37450E8FS
MBO74TEFS PCA4701G02 M37451E4FS
MB50044E-XXXSP M37451EBFS PCA4T19
MB0944ES PCA4TIS M37451ECFS
M50944E-XXXFP PCA4T14 M37451E4-XXXFP
MB50057E-XXXSP M37451E8-XXXFP PCA4TST*
M50957ES PCA4TO3 M37451EC-XXXFP
MB50963E-XXXSP M37451E4-XXXGP
M50963ES PCA4700G02 M37451E8-XXXGP PCA4752*
MB50963E-XXXFP M37451EC-XXXGP
MB50963EFS PCA4701G02 M37451E4DXXXSP
M37102E8-XXXSP M37451EBDXXXSP PCA4T10
M37102E8SS PCA4724 M37451E4DXXXFP
M37102E8-XXXFP M37451EBDXXXFP PCA4751*
M37102E8FS PCA4725 M37460E8-XXXFP PCA4713(Note 1)

M37120E6-XXXFP

PCA4716(Note 1)

M37470E4-XXXSP

M37201E6-XXXSP

M37470E8-XXXSP

M837451EC-XXXSP

M37201E68S PCA4723 M37471E4-XXXSP PCA4730
M37202E3-XXXSP M37471E8-XXXSP

M37202E3SS M37471E8SS

M37204ES X)XSP PCA4726* MG74TI B4 0P PCA4731
M37204E8SS M37471E8-XXXFP

M37250E6-XXXSP M38002E2-XXXSP

M37250E6SS M38002E2-XXXFP

M37260E6-XXXSP M38002E2SS Under development
M37260E6SS PCA4736™ M38002E2FS

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

M37413E6HXXXFP PCA4728 MB3BOO3ES-XXXFP

M37413E6HFS PCA4729 M38003E6SS

M37414E5-XXXFP PCA4720 M38003E6FS

M37420E6-XXXSP M3B004E8-XXXSP

M37420E6SS PCAaT27 M38004EB-XXXFP

M37424E8-XXXSP M38004E8SS

M37424E8SS M38004EBFS

M37524E8-XXXSP PCA4T21 M38007E4-XXXSP Under development
M37524E8SS M38007E4-XXXFP

M37450E4-XXXSP M38007E4SS

M37450E4SS M38007E4FS

M37450E8-XXXSP M38042E3-XXXFP

M37450E8SS M38042E3FS

M37451E4-XXXSP PCA4710 M38062E3-XXXFP

M37451E4SS M38062E3-XXXGP

M37451E8-XXXSP M38062E3FS

M37451E8SS * : New product #x : Under development

Note 1 ! Be necessary 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 PCA47385-64
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
MB38174E8FS
M38184E8-XXXFP PCA4738F-100%
M38184E8FS Under development

* . New product *x ! Under development

MITSUBISHI 1—13




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
Examplel. M 5 07 40-001 SP -2
2 Sf sptthl SE e

M  Mitsubishi integrated prefix

Temperature range

5 [ Standard industrial/commercial
(0 to 70/75°C or —20 to 857C)

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 aluminum-gate ED-MOS
89 . CMOS

9 . DTL

S0~82 ' 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.

ER



MITSUBISHI MICROCOMPUTERS

ORDERING INFORMATION

Example2. M 3 ‘7
T 7

4 50 E 4 - 001 SP

.

2

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

wuozZzam

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 1 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 MICROCOMPUTERS

ORDERING INFORMATION

2. PACKAGE CODE

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

Example: 42 P 4 B
‘—l: -T- T

1

N AN

K
[]
S

Number of pins

Package structure

. Glass-sealed ceramic
. Molded plastic

. Metal-sealed ceramic

Package outline
. DIP
. SOP
. DIP
. QFP

L—Secondary outline code

Special-purpose secondary codes describing outline are included as necessary. For
details, contact your sales representative.
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PACKAGE OUTLINES

32P4B 32pin molded plastic DIP Dimension in mm

@
AANANNAANANANA0N

O O

8.9%0.15

eqdr . e

®
28.0+0.2
x
3 ) ©
© o
o
7]
z Al ) M I z
3 =
= ! ! o
+0.3 0.1
LT 10013 0.59MAX 0.73 10.16 ‘“iﬁto.oz
T
SEATING PLANE
42P4B 42pin molded plastic DIP Dimension in mm
+0.5
o 36.7 793
@
oanoonononnAnNnnonNnn
©
) o ol
®
BUUUUUUUUUUUUUUUUUUU
15.2420.3
e — N A
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) 1103 .
—0.1
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

42S1B | 42pin ceramic DIP Dimension in mm
40.64:-0. 40
e @
i
INDEX 7 & T 15.240. 25
3. 05MAX Z
L%
= EI \___':1ﬂ
‘ ‘ T o0
1.7820.13 f‘ 0.46%0.05  Z 0-2520. 02
44P6N | Plastic 44pin QFP Dimension in mm
, 12.80.3 2.8 0(min.)
10.0£0.2
@ @
HAARAAAARAR =~
(D£ O O E@
== = Hf2
o = PN
o 1 o = |~
s S
®$ O o ®
HEgHEHEEHEE N SEATING PLANE
® 2 015335
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i /ﬂ —
(jmd
N\ SEATING PLANE —_—
0.8
-
[H6.19 0.35%0.T\ = SEE DETAIL F ¢

DETAILF |

1.4

—

0.6%0.2
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

50P6 50pin molded plastic QFP Dimension in mm
15.60.3
10.020. 15
o P 2.0 OMIN
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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
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52S1M 52pin piggyback DIP Dimension in mm
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

56P6N 56pin molded plastic QFP Dimension in mm
16.8+0.3 ‘
14.0%0.2
@ ®
® ofy o @
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S S o o=}
B 8 o= =
o S o =]
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6 0P6 60pin molded plastic QFP Dimension in mm
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13.240.15 2.0
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PACKAGE OUTLINES

64P4B 64pin molded plastic DIP(Lead pitch 1.778mm) Dimension in mm
+0.5
56.4" 05
@ )
nannNNaAanANNANNAANANANANNANNNANNN
guddludgutuuduuuuuaguuooooaoogo
0) ® 19.05+0.3
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:x__ +0 07
’ I 0.5MIN [Z.BMlN ’Lﬂﬂ
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1778+0 25 10 oY 05401 ! |
19~22
64P6N | 64pin molded plastic QFP Dimension in mm
. 16.8+0.3 28 omin
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(ON-'= =
®
= © O
o -]
o -]
(== — ™
== s s
o Fo 3|
=o' -] g ©
(== o ¢ | S
o] ==
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o
® §\O % ® =
LEEEEEEEEEEERLL L E— ~
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0-15-0 02 L4
le—
i 7 3.05MAX
ol
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- — SEE DETAIL F
0.3520.1
DETAIL F
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PACKAGE OUTLINES

64P6S 64pin molded plastic QFP
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PACKAGE OUTLINES

64S1B 64pin ceramic DIP Dimension in mm
58. SMAX

®».._
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PACKAGE OUTLINES

72P6 72pin molded plastic QFP Dimension In mm
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S
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+, A 000000000000000
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° s P 13.240.2
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PACKAGE OUTLINES

80P6 80pin molded plastic QFP Dimension in mm
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== Q =4
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o T = o
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PACKAGE OUTLINES

80P6S 80pin molded plastic QFP Dimension in mm
14%0.2
mpasmsaAensaRansh
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PACKAGE OUTLINES

80S6M 80pin piggyback QFP Dimension in mm
0.8 M 18.4 ®
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84P0 84pin molded plastic leaded chip carrier Dimension in mm
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PACKAGE OUTLINES

Dimension in mm

Plastic 100pin QFP
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MITSUBISHI MICROCOMPUTERS

LETTER SYMBOI.S FOR THE DYNAMIC PARAMETERS

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 LS| data book for the
new products only. Future editions of this data book
will be applied this system. The |EC document which
degcribes “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=DC)IF  errireerrernreecreeneesneeinnens (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

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

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

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

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

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

Note 1 Subscripts A to F may each consists of one or more letters
2 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 1t 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:

tA(B-D)
or  tam)
or tA(D) — often used for hold times
or tar — no brackets are used in this case
or ta

or tgc—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 AMTSLB!SHI
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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/Write RW
Term Subscript Chip select S
Cycle time c Write (write enable) W
Ti . . | Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex-
ime 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)
P . . 3 If the same terminal, or signal, can be used for two functions (for example
recharging time pc Data input/output, Read/Write) 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 wu 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

e . Valid steady-state level (either low or high) \Y)
Characteristic Subscript . ) , ,
Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis L e
. The direction of transition is expressed by two letters,
Enable time en A .
. . 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 he letters bei . b
- . the letters being as given above.
Transition time T . gasg K L

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

: . 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 \Y;
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 Vv Y,
. - Note Since subscripts C and E may be abbreviated, and since subscripts B and D
Data mDUt/OUtp‘Jt DQ may contain an indeterminate number of letters, 1t 1s necessary to put the
Chip enable E restriction on the subscripts B and D that they should notend with H, L,

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

g MITSUBISHI 13
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

If necessary, subscript F is used to represent any addi-
tional qualification of the parameter such as mode of
operation, test conditions, etc. The letter symbols for
subscript F are given below.

Subscript F should be in upper-case.

Modes of operation Subscript
Power-down PD
Page-mode read PGR
Page-mode write PGW
Read R
Refresh RF
Read-modify-write RMW
Read-write RW
Write w
1—32 MITSUBISHI
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SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol

Former symbol|

Parameter—definition

C,

CO

Cio
Cite)

f

fig)

|

BB
IBB(AV)
lce
lcc(av)
lce(PD)
lop
loD(AV)
[ete]
1GG(AV)
h

HiH

hie
lLoan
leeax
loH

oL

loz

lozH
lozL
los
Iss
Pd
New
NRa
R,

RL
RorFF
Ron
ta
ta(a)
ta(cas)
tace)
ta(e)
ta(pr)
ta(ras)
tacs)
te
ter
terF

tepa

ta(ap)

ta(ce)

ta(oE)

ta(cs)

tc(rD)

tc(ReF)
te(pa)

Input capacitance

Output capacitance

Input/output terminal capacitance

Input capacitance of clock input

Frequency

Clock frequency

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

Supply current from Vgg

Average supply current from Vgg

Supply current from Vce

Avarage supply current from Vcc

Power down supply current from Vcc

Supply current from Vpp

Average supply current from Vop

Supply current from Vgg

Average supply current from Vgg

Input current

High-level input current—the value of the input current when Vg is applied to the input considered

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

Built-in resistor current

Peak current

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

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

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

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

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

Short-circuit output current

Supply current from Vgg

Power dissipation

Number of erase/write cycles

Number of read access unrefreshed '

Input resistance

External load resistance

Off-state output resistance

On-state output resistance

Access ime—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

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

Column address strobe access time

Chip enable access time

Output enable access time

Data access time after program

Row address strobe access time

Chip select access time

Cycle time

Read cycle ime—the time interval between the start of a read cylce and the start of the next cycle

Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level

Page-mode cycle time

KR
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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

tew te(wR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

tg Delay time—the time between the specified reference points on two pulses

td (8) 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 ume, column addre‘ss strobe to write

td (RAS-CAS) Delay time, row address strobe to column address strobe

td(ras-w) | td (Ras-wRr)| Delay ime, row address strobe to write

tdis(r-Q) [ldis(R-DA) Qutput disable time after read

tdis(s) tePxz(cs) Output 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 input 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 1s dnven with a specified loading networks

ten(a-Q) |tPzv(a-pg)| Outputenable time after address

teng R-Q) tPzV(R-DQ) Output enable time after read

ten(s-Q) |tPzx(cs-ng) Output enable time after chip select

t ’ Fall ime

t'h Hold time—the interval of time dunng which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal

th(a) th(ap) Address hold time

th(a-E) th(ap-ce) Chip enable hold time after address

[h(A.pR) th (AD-PRO) Program hold time after address

th(cas-ca) Column address hold time after column address strobe

th (CAS-D) th(CAS~ DA) Data-in hold ume after column address strobe

th(CASAQ) thcas-out) |- 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-PR) th(pa-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(e-c) th(ce-oF) Output enable hold time after chip enable

th(R) th(RD) Read hold time

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

t h(RAS-CAS) Column address strobe hold time after row address strobe

'h(RAS-D) Ih(F!AS-DA) Data-in hold time after row address strobe

th(ras-w) |th(ras-wr)| Write hold time after row address strobe

th (s) Ih(cs) Chip select hold time

Ih(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) | Datainhold time after write

‘h(w-RAs) Ih(WR-RAS) Row address 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

output 1s going to the low (high) level and when the device 1s driven and loaded by typical devices

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

tr Rise ime

trec (W) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

trec (PD) tR(PD) Power-down recovery time '

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

ISU(A) tsu(AD) Address ;ewpnme
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tsu (ra-cas)
tsu(s)
tsu(s-w)
tsu(w)
tTHL
tTLH
tv(a)
tv(e)
tv(e)PR
tvia)
tv(pr)
tv(s)
tw
tw(e)
tw(en)
tw(eL)
tw(pr)
tw(r)
tw(s)
tw(w)
twig)
Ta
Topr
Tstg
Ves
Vee
Voo
Vae
Vi

Vin
Vi
Vo
Von
VoL
Vss

New symbol |Former symbol| Parameter—definition
tsu(A-E) tsu (AD-Ce) | Chip enable setup ume before address

tsu(a-w) |[lsu(ap-wR)| Writesetup ime before address

tsu(CA-RAS) Row address strobe setup time before column address
tsu(p) tsu(pa) Data-in setup ime

tsu(p-e) |tsu (DA-CE)| Chip enable setup time before data-in

tsu(p-w) |[tsu(pa-wRr'| Writesetup ime before data in

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

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

tsu(G-E) tsu(oe-ce)| Chipenable setup ime before output enable
tsu(p-g) ts’u (P-CE) Chip enable setup time before precharge

tsu(pD) Power-down setup time

tsu(r) tsu(rD) Read setup time

tsu (R-CAS)|tsu (Ra-cAS) Column address strobe setup time before read

tsu(cs)
tsu(cs-wR)

tsu(wr)

tdv (aD)
tdv (ce)
tv(ce)pr
tyv(oE)

tv(cs)

tw(ce)
tw(ceH)

tw(eL)

tw(rD)
tw(cs)

tw(wr)

. Vgs supply voltage

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 is
going to the low (high) level and when a specified input signal i1s applied through a specified network and

Low:-level- to high-level transition time the output 1s loaded by another specified network

Data valid time after address

Data valid time after chip enable

Data valid time after chip enable in program mode

Data valid time after output enable

Data valid tume after program

Data valid time after chip select

Puise 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

Vec supply voltage

Vpp supply voltage

Vge 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 output

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

IC & LSI have made rapid technical progress in electrical
performances of high integration, high speed, and sophisti-
cated functionality. And now they have got boundless wider
applications in electronic systems and electrical ap-
phiances.

To meet the above trend of expanding utilization of IC &
LSI, Mitsubishi considers that it is extremely important to
supply stable quality and high reliable products to cus-
tomers.

Mitsubishi Electric places great emphasis on quality as a
basic policy “Quality First”, and has striven always to im-
prove quality and reliability.

Mitsubishi has already developed the Quality Assurance
System covering design, manufacturing, inventory and de-
livery for IC & LSI, and has supplied highly reliable pro-
ducts to customers for many years. The following articles
describe the Quality Assurance System and examples of
reliability control for Mitsubishi Single-chip 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.

2.1 Quality Assurance in Designing

The following steps are applied in the designing stage for a

new product.

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

(2) Discussion of performance and quality for circuit de-
sign, device structure, process, material and package.

(3) Verification of design by CAD system to meet standar-
dized design rule.

(4) Functional evaluation for bread-board device to confirm
electrical performance.

(5) Reliability evaluation for TEG (Test Element Group)
chip to detect basic failure mode and investigate fai-
-lure mechanism.

(6) Reliability test (In-house qualification) for new product
to confirm quality and reliability target.

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

' formance, reliability, production flow/conditions, pro-
duction capability, delivery and etc.

2.2 Quality Assurance in Manufacturing

Quality assurance in manufacturing is performed as follows.

(1) Environment control such as temperature, humidity and
dust as well as deionized water and utility gases.

(2) Maintenance and calibration control for automatized
manufacturing equipments, automatic testing equip-
ments, and measuring instruments.

(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 ider‘nification, handling and ESD
(Electro Static Discharge) preventive procedure.

2.3 Reliability Test

To verify the reliability of a product as described in the Mit-
subishi Quality Assurance System, reliability tests are per-
formed at three different stages in new product develop-
ment, pre-production and mass-production.

At the development of a new product the reliability test
plan is fixed corresponding to the quality and reliability
target of each product, respectively. The test plan includes
in-house qualification test and TEG evaluation, if necessary.
TEG chips are designed and prepared for new device
structure, new process and new material.

After the proto-type product has passed the in-house qual-
ification test, the product advances to the pre-production. In
the pre-production stage, the specific. reliability tests are
programmed and performed again to verify the quality of
pre-production product.

In the mass production, the reliability tests are performed
periodically to confirm the quality of the mass production
product according to the quality assurance test program.
Table 1 shows an example of reliability test program for
plastic encapsulated IC & LSI.

Table 1. TYPICAL RELIABILITY TEST PROGRAM
FOR PLASTIC ENCAPSULATED IC & LSI
Group Test Test condition
1 Solderability 230°C, 5sec. Rosin flux
Soldering heat 260°C, 10sec
2 Thermal shock —55C, 125°C, 15cycles
Temperature cycling —65C, 150°C, 100cycles
3 Lead fatigue 250gr, 90°, 2arcs
Shock 1500G, 0. 5msec.
20G, 100~2000Hz
4 Vibration X, Y, Z direction
4min./cycle, 4cycles/direction
Constant acceleration 20000G, Y direction, Tmin.
5 Operation life Tg;r:ziri’ Vecmax
g | Hightemperature Ta=150C, 1000hours
storage life
High temperature and o
, m;h humi‘;"y 85°C, 85%, 1000hours
Pressure cooker 121°C, 100%, 100hours
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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.

L RETURNED PRODUCT
{

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT

l

FAILURE ANALYSIS [ -
| |
I VISUAL INSPECTION |
I |
| ELECTRICAL |
| CHARACTERISTICS TEST
| | |
CLASSIFICATION OF | ’
| FAILURE MODES |
l ACCEPTANCE |3 |
| =
| G |
w
| g |
- |
| :
Vi
| SIMULATION TEST T oL |
I I —— 1 |
| ELECTRICAL CHIP ANALYSIS I
' ICHARACTERISTICS TES '
| REJECTION l
(ACCEPTANCE| _ _ __ __ _ _ __ __ __ | R | —_————de
-1 CONFIRMATION OF k
> FAILURE CAUSE |
_ FAILURE CAUSE __ _
\r___@vesnGATmN oF musﬁ:@&’gg’gﬁ&%m )
REPORT
GENERATION[< ]
PRELIMINARY
CORRECTIVE 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 ‘
The reliability test results for Mitsubishi Single-chip 8-bit
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

for representative types of Single-chip 8-bit Microcompu-

ters.

Test Series Type Number Test Condition Nsua",:)’:resf D?vri“cgull-'igurs N#;?I?;?ésd

M38002M2-XXXFP 22 22000 0

M38063M6-XXXFP 22 22000 0

M38102M5-XXXSP 22 22000 0

38000 Series M38112M4-XXXSP 22 22000 0

M38173M6-XXXFP 22 22000 0

M38002E4-XXXFP 22 22000 0

M38063E6-XXXFP 22 22000 0

M38173E6-XXXFP 22 22000 0

M37450M8-XXXFP 22 22000 0

High Temperature M37451M4-XXXSP 22 22000 0

Operation Life M37450M4TXXXSP 125C 7V 22 22000 0

37450 Series M37451M4DXXXSP 22 22000 0

M37450E4-XXXSP 22 22000 0

M37451E8-XXXSP 22 22000 0

M37451E8DXXXSP 22 22000 0

M37470M2-XXXSP 22 22000 0

M37470M8-XXXSP 22 22000 0

37470 Series M37471M8-XXXSP 22 22000 0

M37470E8-XXXSP 22 22000 0

M37471E4-XXXSP 22 22000 0

M37471E8-XXXSP 22 22000 0

M38002M2-XXXFP 22 22000 0

M38063M6-XXXFP 22 22000 0

M38102M5-XXXSP 22 22000 0

M38112M4-XXXSP 22 22000 0

38000 Series M38173M6-XXXFP 2 22000 0

M38002E4-XXXFP 22 22000 0

M38063E6-XXXFP 22 22000 0

High Temperature M38173E6-XXXFP 175°C 22 22000 0

Storage Life M37450M8-XXXFP 22 22000 0

. M37451M4-XXXSP 22 22000 0

87450 Series M37450E4-XXXSP 2 22000 0

M37451E8-XXXSP 22 22000 0

M37470M8-XXXSP 22 22000 0

M37471M8-XXXFP 22 22000 0

87470 Series M37470E4-XXXSP 2 22000 0

M37471E8-XXXSP 22 22000 0

38000 Series M38063MEDXXXFP 22 22000 0

Low Temperature M38063E6DXXXFP —55C 5.5V 22 22000 0

Storage Life . M37450M4TXXXSP 22 22000 0
37450 Series

, M37451E8DXXXSP 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.

1—40
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Test Series Type Number Test Condition NSu:r]nb;ﬁregf D%‘ﬂfgu':g‘)"s N,‘:‘;'i"zfésm
M38002M2-XXXFP 22 22000 0
M38063M6-XXXFP 22 22000 0
M38102M5-XXXSP 2 22000 0
M38112M4-XXXSP 22 22000 0
38000 Series M38173M6-XXXFP 22 22000 0
M38002E4-XXXFP 22 22000 0
M38063E6-XXXFP 22 22000 0
High Temperature M38102E5-XXXFP ) 22 22000 0
High Humidity Life M38173E6-XXXFP 85C 85%RH 5.5V 22 22000 0
M37450M8-XXXFP 22 22000 0
37450 Series M37451M4-XXXSP 22 22000 0
M37450E4-XXXSP 22 22000 0
M37451E8-XXXSP 22 22000 0
M37470M8-XXXSP 22 22000 0
) M37471M8-XXXFP 22 22000 0
87470 Series M37470E4-XXXFP 22 22000 0
M37471E8-XXXSP 22 22000 0
Test Series Type Number Test Condition 96Hours 240Hours 500Hours
M38002M2-XXXFP 0/22 0/22 —
M38063M6-XXXFP 0/22 0/22 —
M38102M5-XXXSP 0/22 0/22 —
38000 Series M38112M4-XXXSP 0/22 0/22 —
M38173M6-XXXFP 0/22 0/22 —
M38002E4-XXXFP 0/22 0/22 —
M38063E6-XXXFP 0/22 0/22 —
M38173E6-XXXFP . 0/22 0/22 —
Pressure Cooker M37450MB-XXXEP 121°C  100%RH 0/22 0/22 —
) M37451M4-XXXSP 0/22 0/22 —
87450 Series M37450E4-XXXSP 0/22 0/22 =
M37451E8-XXXSP 0/22 0/22 —
M37470M8-XXXSP 0/22 0/22 —
X M37471M8-XXXSP 0/22 0/22 —
87470 Series M37470E4-XXXSP 0/22 0/22 =
M37471E8-XXXSP 0/22 0/22 —
Test Series Type Number Test Condition 10Cycles 100Cycles | 300Cycles
M38002M2-XXXFP : 0/22 0/22 0/22
M38063M6-XXXFP 0/22 0/22 0/22
M38102M5-XXXSP 0/22 0/22 0/22
M38112M4-XXXSP 0/22 0/22 0/22
88000 Senes M38173M6-XXXFP 0/22 0/22 0/22
M38002E4-XXXFP 0/22 0/22 0/22
M38063E6-XXXFP 0/22 0/22 0/22
. M38173E6-XXXFP . 5 0/22 0/22 0/22
Temperature Cycling M37450M8-XXXFP —esC~150C 0/22 0/22 0/22
X M37451M4-XXXSP ) 0/22 0/22 0/22
87480 Series M37450E4-XXXSP 0/22 0/22 0/22
M37451E8-XXXSP 0/22 0/22 0/22
M37470M8-XXXSP 0/22 0/22 0/22
37470 Serios M37471M8-XXXFP 0/22 0/22 0/22
M37470E4-XXXSP 0/22 0/22 0/22
M37471E8-XXXSP 0/22 0/22 0/22
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Table 4. MECHANICAL TEST RESULTS

Test Test Condition Package

32P4B|42P4B|64P4B|64P6N|B0PEN| 80P6 |80P6S)

Soldering Heat 260°C  10sec 0/110|0/110|0/110|0/110{0/110{ 0/110| 0/110
Thermal Shock —40°C~125C 15cycle 0/110]0/110{0/110 { 0/110 { 0/110 { 0/110 { 0/110
Solderebility 230C b5sec Using a rosin-type Flux 0/110{0/110{0/110 | 0/110|0/110 { 0/110 { 0/110
Shock 1500G 0.5msec X, Y, and Z directions 3times 0/110{0/110 | 0/110| 0/110{0/110 | 0/110 | 0/110
Vibration 20G X, Y, and Z directions 4times 100~2000Hz 4minutes/Cycle |0/110|0/110{0/110}0/110{0/110|0/110|0/110
Constant Acceleration | 20000G Y, direction 1minute 0/110{0/110{0/110|0/110{0/110 | 0/110 { 0/110
Free Fall 75cm  onto a maple wood board 3times 0/110{0/110|0/110 {0/110 | 0/110|0/110|0/110
Lead Integrity 250g 90° Berding 2times (QFP, 125g) 0/110]0/110|0/110 | 0/110|0/110 | 0/110 { 0/110
5009 Tension 30sec (QFP, 250g) 0/110{0/110 | 0/110 | 0/110|0/110{0/110| 0/110

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 225C, 1000hours.

§ on Al bonding pad

Fig.4
Au-Al plague formation
on bonding pad

Fig.5
Lifted Au wire ball base

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

Fig.8

Cl
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.

Fig.9
Micrograph of surge
voltage destruction

. TA “ P
SURGE
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i o W L

501m

S
S

Fig.10
Aluminum trace
of destructive spot

N

(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 impfove
PPM, fraction defective and FIT, failure rate.

Mitsubishi would highly appreciate if the customer would

provide quality and reliability data of incoming inspection or

field failure rate essential to verify and improve the quality/
reliability of IC & LSI.
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A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (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/LSls contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI.

Under certain conditions, however, it may be impossible
to completely avoid destruction of the thin insulator-film due
to the application of unexpectedly high voltage or thermal
destruction due to excessive current from a forward biased
P-N junction. Therefore the following recommendations
should be followed in handling MOS devices.

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

1. The recommended ranges of operating conditions
provide adequate safety margins. Operating within these
limits*will assure maximum equipment performance and
quality.

2. Forward bias should not be applied to any terminal since
excessive current may cause thermal destruction.

3. Output terminals should not be connected directly to
the power supply. Short-circuiting of a terminal to a
power supply having low impedance may cause burn-out
of the internal leads or thermal destruction due to
excessive current,

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/LSIs 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/LSIs 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 MOS 'IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from electro-

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

o MsusisH
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MITSUBISHI MICROCOMPUTERS
Series 38000 Index by Function

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M Typical type
Shortest 1/0 port Function Interrupt
osEIII‘IxMI:m nstruction (number) ! Senal I/0 cause
Group name frequency exzc;;m (n:;lmev ) Clock- A-D converter | D-A converter 8-bit Package
(MHz) (us) /0 ume t:ymﬂm synchronized (bitX channel) | (bitX channel) PWM | emal | ntemal
(bitXnumber)
M3800x 8 0.5 58 8X4 1 — — — — 8 6 | 64P4B/64P6N
M3806x 8 0.5 72 8X4 1 8X1 8X8 8X2 — 7 8 | BOP6N/80P6ES
Einternal high-breakdown-voltage port type
] Ag 1/0 port Function Interrupt
N | 5~ -
R (number) Senal /0 PWM breakdioun: FLP cause
s=2|%E voltage p
fr?“up x| €2 (M‘I)'(lmer ) Wihan | A-D converter | Comparator Sub (namber) controller Package
ame | g % ‘gé syngthCked automatic | (bitXchannel) | (bitX channe!) clock R
3 ronized | g sf - - €| €
§ 2153 iput Op /0 (bitXnumber) mhen?:‘me’ 8-bit]14-oit Output| 170 |Segment| Digit | £ | 2
S o 5 3 (btXnumber): w | =
64P4B/
M3810x | 4.2 |0.95| 1 |28 |28 | 8X4 8X2 - - 4X1 - 1 |O| 28 - - -
64P6N
64P4B/
M3811x | 4.2 (0.95| 1 |28 28| 8X4 8X1 8X1 - 4X1 - 1 10| 28 - 8~16 8~16 | 4| 9 64PBN
M3817x | 6.3 |0.63| 1 |24 |45 | 8X6 8X1 8X1 8X8 - 1 1 (O 4 8 8~24 4~16 | 5 [ 12 | 80P6N
M3818x | 6.3 |0.63| 3 |20 | 67 | 8X6 8X1 8X1 8X8 — 1 1 O] 2 | 12 8~24 4~16 | 5 | 12 [ 100P6S
MITSUBISHI 2—3
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M3800x Group

DESCRIPTION

The M3800x group is made up of 8-bit microcomputers
based on the MELPS 740 core.

The M3800x group is designed for office automation equip-
ment, household appliances and include four timers, serial
1/0 function.

The various microcomputers in the M3800x group include
variations of internal memory size and packaging. For de-
tails, see the section on part numbering.

For details on availability of microcomputers in the M3800x
group, see the section on group expansion.

FEATURES
® Basic machine-language instructions ««««««=-sreerereeeeess 71
) Instruction execution time ................................... 0.5#3

(shortest instruction at 8MHz oscillation frequency)

® Memory size

................................................ 4K to 32K bytes
192 to 1024 bytes

) Programmable input/output POItS ++oresreesrnneneseeeseeen 58
@ Interrupts 15 sources, 15 vectors
. Timefs .......................................................... 8 bltx4
® Serial I/Q-veeeee 8-bitX 1(UART or Clock-synchronized)
® Clock generation circuit-----* Internal feedback amplifier
" (connect to external ceramic resonator or quartz crystal)
o Supply VOltage wwrrre e 3.0to 5.5V
® Low power dissipation «=--ssereerrrerrer s 32mwW
® Memory expansion possible

® Operating temperature range ««+-««====wwxweeeee —20 to 85C
APPLICATIONS

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

PIN CONFIGURATION (TOP VIEW)

[£]++ P0o/ADg
[S]++ P0Oy/AD,
[&]++ P0y/AD,
[5]+> PO3/ADj3
[£]++ P04/AD4
[&]++ POs/ADs
[&]+> POg/ADg
(=]« P0O;/AD;7
[5]<+ P1o/ADg

2]

P3,/RD + [&]
P3¢/WR + [50]
P35/SYNC +

O

P3,/ONW + <+ P2;/DBs
P3, +[55] 126] ++ P24/DBg
Joo= (5 M38002M4-XXXFP |2+ P2/DB;

cc Vss
P7, +> 58] = Xour
P70+ [59] “— Xin
P67+ [60] + P4,
P8+ [61] [20] +~ P4,
P65 +* [62] 9] < RESET
P64+ [63] 18] +— CNVgg
P63+ [64] > P4,/INT,
) 23] 1| 3 9} 5 | R ) 3 D D G
LI S T A N O O O O 2 O 4
N - N © - O W T M N > X -
CEEEEEEr 23338
ZZIIIINIBSS
002358397
, ".?6& ocodaaaa
[y 8

Package type : 64P6N
64-pin plastic-molded QFP

o
1
2
3
4
5

«» P1,/ADg
+» P13/AD
«~ P15/AD
« P1g/AD
« P1;/AD

(8]« P1,/AD

=]
[§]++ P14/AD

&l
2]
€]

> P2,/DB,
> P2,/DB,
[%] +> P2,/DB,
%) <> P2,/DB,
« P2,/DB,

2—4 * MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

P5s/CNTR, +*
P5,/CNTR, +>
P53/INTs +>
P5,/INT, +>
P5,/INT5 +>
P5¢/INT, ++
P4;/Spoy +*
P4g/ScLk ++
P45/TyD ++
P4,/RyD ++
P4y/INT, +>
P4,/INTo +
CNVgs —
RESET —

P4,

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

61] > P3,

- P3,

+ P3,/ONW
61] «+ P3,/RESETour
60] > P3,/ ¢
59] +» P35/SYNC
58] «+ P3s/WR
+ P3,/RD:
56] > PO,/AD,
5]« PO,/AD,
54] > PO,/AD,
«> P03/AD,
+ P0,/AD,
I51]+> P0Os/ADs
50} ++ P0g/ADs
[45] > PO,/AD,
48] +> P1/ADsg
[47] ++ P1,/AD,
[46] <> P1,/AD1o
45] ++ P15/AD
[44] > P1,/AD;»
3] ++ P15/AD, 5
2] +> P16/AD;4
[41] +> P1,/AD;s
[40] ++ P2,/DB,
3]+~ P2,/DB,
3] «> P2,/DB,
[37] «» P2,/DB;
[36] > P2,/DB,4
[35] «> P25/DB;
3] «> P26/DBs
« P2,/DB;

dSXXX-¥W2008EW
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FUNCTIONAL BLOCK DIAGRAM (Package : 64P4B)

Clock input  Clock output
Xin Xout Vss

— g

Vee

Reset input

CNVsg

@ - - -

Clock generation CcPU
circurt
RAM ROM A
| X
Y
I S
PCn PC,
PS

75
v

Timer 1(8)

IPrescaler PRE12(8) Timer 2(8) I

vaescalev PREX(B}I—{ Timer X(B)—l
IPrescaler PREV(S)}—{ Timer Y(8) l

CNTR, | CNTR,

' [' 7 7

\/

INTo
to
INTq

1/0 port P7 1/0 port P6 170 port PS5

\/
[ pr2 ] [ e
S _m b
1/0 port P4 I/Oport P2 1/Opot Pl 1/Oport PO

d3LNdWOD0UIIN SOND L118-8 dIHO-IT1INIS

dnoig xQ008SEIN
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MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
Alternate Function

Vece Power supply Power supply inputs 30 to 5 5V to V¢g, and OV to Vsg

Vss

CNVsgg CNVss This pin controls the operation mode of the chip. Normally connected to Vss |f this pin 1s connected to Ve, the internal
ROM 1s inhibited and external memory 1s accessed.

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under normal operating condi-
tions

Xin Clock input Input and output signals for the internal clock generation circuit. Connect a ceramic resonator or quartz crystal between
the Xin and Xour pins to set the oscillation frequency If an external clock Is used, connect the clock source to the Xy

XouTt Clock output pin and leave the Xoyr pin open

POo,—PO; | I/0 port PO An 8 bit CMOS 1/0 port An I/0O direction register allows each pin to be individually programmed as either input or out-
put At reset this port I1s set to input mode

P1,—P1; | 170 port P1 In modes other than single-chip, these pins are used as address, data, and control bus 1/0 pins

P2,—P2; | I/0 port P2

P3,—P3; | I/0 port P3

P4,, P4, 1/0 port P4 An 8-bit CMOS 1/0 port with the same function as port PO

P4,/INT,, External interrupt input pins

P43/INT,

P4,/RxD, Senal 1/0 1/O pins

P45/TxD,

P4s/Scik

P4;/Srpy

P50/INT,—|{ 1/0 port P5 An 8-bit CMOS 1/0 port with the same function as port PO | External interrupt input pins

P53/INT5s

P5,/CNTR,, Timer X and Timer Y 1/0 pins

P5s/CNTR;

P56, P5;

P6,—P6; | I/0 port P6 An 8-bit CMOS 1/0 port with the same function as port PO

P70, P74 1/0 port P7 An 2-bit CMOS 1/0 port with the same function as port PO

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product name

M3800

2

4 - XXX SP

—E— Package type

SP: 64P4B package

FP: 64P6N package

SS- 64S1B package

FS' 64D0 package
ROM number

Omitted in some types.

L——————— ROM/PROM size

- 4096 bytes
8192 bytes
12288 bytes

- 16384 bytes
20480 bytes
24576 bytes
28672 bytes

+ 32768 bytes

0 N OO OsE W N -

The first 128 bytes and the last two bytes of ROM
are reserved areas, they can not be used

Memory type

M. Mask ROM version
E EPROM or one-time programmable version

RAM size

0.192 bytes
1 256 bytes
2 384 bytes
3 512 bytes
4 640 bytes
5 768 bytes
6 896 bytes
7 1024 bytes

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION 2
Mitsubishi plans to expand the M3800x group as follows:

(1) Support for mask ROM, one-time programmable, and
EPROM versions
ROM/PROM capacity ««------seeeeeeeeeees 8K to 32K bytes
RAM capagity «««e-omoeeeeeeeessenneeeeeenns 384 to 1024 bytes

Packages

64P4B ............................... Shnnk p|asﬁc molded D|P
64P6N ........................................ Plastic mo'ded QFP
64S1B ........................................ Shrink Ceramic DlP
64D0 .................................................. Ceramic LCC

Memory expansion plan

ROM size (bytes) New product

1:] 4 S SO SO — S S
i New p:roducl

1)y SO S— —— 1
i New product :

M38002M4/E4 ) i--

16K

< IT: > S

2 s T D) S e S

i M6: Under developmént

Under development

................................. [

R § S [

New product

- M38007M4/EZ

P — U S— -
: New product

T - M3B002M2/E2 D) -+

RAM size (bytes)

P S— SRR S— R SRR NS SR S—
192 2% 384 512 640 78 8% 1024

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

Currently supported products are listed below




MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

As of March 1992

Product name (P) ROM size (bytes)| RAM size (bytes) | Package Remarks

M38002M4-XXXSP ' Mask ROM version
M38002E4-XXXSP 64P4B | One-time programmable version
M38002E4SP One-time programmable version (blank)
M38002M4-XXXFP Mask ROM version
M38002E4-XXXFP 16K 384 64P6N | One-time programmable version
M38002E4FP One-time programmable version (blank)
M38002E4SS 64S1B | EPROM version
M38002E4FS 64D0 EPROM version
M38002M2-XXXSP Mask ROM version
M38002E2-XXXSP 64P4B | One-time programmable version
M38002E2SP One-time programmable version (blank)
M38002M2-XXXFP 8K 384 Mask ROM version
M38002E2-XXXFP 64P6N | One-time programmable version
M38002E2FP One-time programmable version (blank)
M38002E2SS 64S1B | EPROM version
M38002E2FS 64D0 EPROM version
M38004M8-XXXSP Mask ROM version
M38004E8-XXXSP 64P4B | One-time programmable version
M38004E8SP One-time programmable version (blank)
M38004M8-XXXFP 32K 640 Mask ROM version
M38004E8-XXXFP 64P6N | One-time programmable version
M38004E8FP One-time programmable version (blank)
M38004E8SS 64S1B | EPROM version
M38004E8FS 64D0 EPROM version
M38007M4-XXXSP Mask ROM version
M38007E4-XXXSP 64P4B | One-time programmable version
M38007E4SP One-time programmable version (blank)
M38007M4-XXXFP 8K 1024 Mask ROM version
M38007E4-XXXFP 64P6N | One-time programmable version
M38007E4FP One-time programmable version (blank)
M38007E4SS 64S1B | EPROM version
M38007E4FS 64D0 EPROM version
M38003E6-XXXSP 64P4B One-time programmable version
M38003E6SP One-time programmable version (blank)
M38003E6-XXXFP 24K 512 64P6N One-time programmable versfon
M38003E6FP One-time programmable version (blank)
M38003E6SS 64S1B | EPROM version
M38003E6FS 64D0 EPROM version
FUNCTIONAL DESCRIPTION ; 0
Central Processing Unit (CPU) [T T T T T T[] CPUmode regster
Microcomputers of the M3800x group use the standard (CPUM address 003B15)
MELPS 740 instruction set. Refer to the table of MELPS

. A A Processor mode bits
740 addressing modes and machine instructions or the bl
MELPS 740 Software Manual for details on the instruction 00 : Single-chip mode

0 1 : Memory expansion mode
set. 1 0 : Microprocessor mode
Machine-resident MELPS 740 instructions are as follows" 11 : Do not use
The FST and SLW instructions are not available for use. Stack page select bit
The STP, WIT, MUL, and DIV instructions can be used. 0 : RAM in the zero page Is
used as stack area
. 1 RAMi

CPU Mode Register AAN I Page 115 used
The CPU mode register (address 003B,s) contains proces-
sor mode bits that specify the operating mode of the chip. Fig. 1 Structure of CPU mode register

The CPU mode register also contains the stack page select

bit.

2—10
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MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

* Special Function Register (SFR) Area
The Special Function Register area contains registers
which control functions such as I/0 ports and timers, and
is located in the zero page area.

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

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

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

* Zero Page

The 256 bytes from addresses 0000, to 00FF,¢ are cal-
led the zero page area. The internal RAM and the spe-
cial function registers (SFR) are allocated to this area.

The zero page addressing mode can be used to specify
memory and register addresses in the zero page area.
This dedicated zero page addressing mode enables ac-
cess to this area with only 2 bytes.

* Special Page

The 256 bytes from addresses FF004¢ to FFFF,5 are call-
ed the special page area. The special page addressing
mode can be used to specify memory addresses in the
special page area. This dedicated special page addres-
sing mode enables access to this area with only 2 bytes.

000046
RAM area SFR area Zero
RAM capacity ' 004016 page
(bytes) Address XXXX;g
192 00FF6 ram| 0
256 013F4¢
384 01BFye
512 023F4¢ XXXX16 | o e e cmmm e o
640 02BF,¢
768 033F4¢ Reserved area
896 03BF4¢
1024 043F ¢ 044046
Not used
ROM area FYYYYw"'-“""" ......
ROM capacity | jiress YYYY1e | Address zzzz Reserved ROM area
(bytes) e 16 (common ROM area,128 bytes)
4096 F000,¢ F080,¢ 222246
8192 E000+¢ E080+¢
12288 D000,¢ D080,¢
16384 C0004¢ C080+6
20480 B000:¢ B080.¢ ROM
24576 A000,¢ A0804¢ FF00,¢
28672 9000,¢ 90806
32768 800046 8080, FFDCy¢ Special
Interrupt vector area page
FFFE4s
Reserved ROM area
L_FFFFye '
Fig. 2 Memory map diagram
MITSUBISHI 2—-11
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M3800x Group

0000,6
000146
0002;6
00035
000415
000546
000615
000745
000816
00096
000A+
000815
000C 16
000D 16
000E 16
000F ¢
001046
001146
001246
0013,6
001446
001546
001646
001746
001846
00196
001As6
001B6
001C4s
001Dys
001E+¢
001F 46

Port PO (P0)

002046

Port PO direction register (POD)

00216

Port P1 (P1)

0022¢

Port P1 direction register (P1D)

00236

Port P2 (P2)

0024,¢

Port P2 direction register (P2D)

0025+¢

Port P3 (P3)

00266

Port P3 direction register (P3D)

002746

Port P4 (P4)

00286

Port P4 direction register (P4D)

002946

Port P5 (P5)

002A+¢

Port P5 direction register (P5D)

002B,¢

Port P6 (P6)

002C1¢

Port P6 direction register (P6D)

002D+¢

Port P7 (P7)

002E¢

Port P7 direction register (P7D)

002F 6

003046

00316

00326

00336

00344

00356

003646

003746

Transmit/receive buffer (TB/RB)

003846

Serial I/0 status register (SIOSTS)

00396

Serial I/0 control register (SIOCON)

003A¢

UART control register (UARTCON)

003B1s

Baud rate generator (BRG)

003C16

003D

003E+¢

003F 6

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer XY mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Prescaler Y (PREY)

Timer Y (TY)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Fig. 3 Memory map of special function register (SFR)

2—12
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MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/0 PORTS

Direction Registers

The M3800x group microprocessors have 72 programmable
1/0 pins arranged in nine 1/0 ports (ports PO to P7). The
1/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direction
register corresponds to one pin, each pin can be set to be in-
put or output. When “0” is written to the bit corresponding to
a pin, that pin becomes an input pin. When “1” is written to

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

that bit, that pin becomes an output pin.

Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs Ref No.
Input/output, CMOS 3-state output | Address lower-byte
PO,— PO, Port PO ) p~u' utp ) P W v CPU mode register
individual bits CMOS level input output
Input/output, CMOS 3-state output | Address er-byte
P1,—P15 Port P1 ) p'u_ uip . ) P S8 uPpP 4 CPU mode register
individual bits CMOS level input output
Input/output, CMOS 3-state output 1
P2,—P2, Port P2 input/output € OUPUL| b ata bus 170 CPU mode register ()
individual bits CMQOS level input
Input/output, CMOS 3-state output
P3,—P3 Port P3 Control signal 170 CPU mode register
o 7 individual bits CMOS level input d 9
P4,, P4,
P4,/INT,, External interrupt Interrupt edge selection @
Pdo/INT, Input/output CMOS 3-state output input register
ut/ou . =
P44/RxD, Port P4 [nputfoutput € outp , @)
Pao/TD individual bits CMQOS level input Serial I/0 control @
87 X Serial I/0 function 1/0 | register
P%/S_CLK' UART control register (5)
P47/Srov (6)
P50/INT>,
P54/INT;, External interrupt Interrupt edge selection @
P52/INT,, input register
Input/output, CMOS 3-state output
P53/INTs Port P5 o ) .
individual bits CMOS level input
PS//CNTR,, Timer XY function 1/0] (8)
P55s/CNTR,
P5¢, P5,
Input/output, CMOS 3-state output
P6o—P6; PortPe | o/outPd u P
individual bits CMOS level input (9)
Input/output, CMOS 3-state output
P70, P74 Port P7 ‘nput/outpu pu
individual bits CMOS level input

Note : For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function 1/0 ports,

see the applicable sections




MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2) Port P4, or P4,
3 3
g oat bvs | Former } il

~ -
Interrupt input

(4) Port P4g

(1) Port PO, P1, P2, P3, P4, or P4,
register
Data bus —

(3) Port P4,
Senal I/0 enable bit
Recelve enable bit
P-channel output disable bit

Direction ;5 Senal 1/0 enable bit
M o Transmit enable bit l“D—
—D,J ﬁ' frection J
register
}—r—o

Data bus —..l Port iatch }
E Data bus —¢{ Port latch ’.1r _D’J

) Senal 1/0 input b@—
~
Serial 1/0 output —Dk—‘——

(6) Port P4,

(5) Port P4g

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

Sernial I/0 mode select bit
Serial I/0 enable bit

Sgpy Output enable bit

§_4, o =
1 b LY

Data bus —¢>| Port latch

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

I Eirectlon I
register
Data bus —¢»] Port latch 1—

~

External clock ~
Senal clock output _{>— input ‘—@— Senal ready output ——D—
(8) Port P54 or P55

Srest register
Irection
o S

Data bus —¢>| Port latch
Data bus —— Port latch

< Pulse output mode
Timer output ——(&—
Interrupt input ‘_@_ P Counter |nput<—@—
Interrupt input

(7) Port P5, to P53

gﬂlm

(9) Port P56, P5;, P6 or P7
register

o
1

N

Fig. 4 Port block diagram (single-chip mode)
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M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

A total of 15 sources can generate interrupts: 8 external, 6 in-

ternal, and 1 software.

@ Interrupt Control
Each interrupt is controlled by an interrupt request bit, an
interrupt enable bit, and the interrupt disable flag-except
for the software interrupt set by the BRK instruction. An in-
terrupt is generated if the corresponding interrupt request
and enable bits are “1” and the interrupt disable flag is “0".
Interrupt enable bits can be set or cleared by software
Interrupt request bits can be cleared by software, but can-
not be set by software.
The | flag disables all interrupts except for the BRK instruc-
tion interrupt.

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

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

fore setting the interrupt edge selection.

Table 1 Interrupt vector addresses and priorities
. Vector address (Note 1) Interrupt request
Interrupt cause Priority Remarks
High Low generation conditions
Reset (Note 2) 1 FFFD46 FFFCie At reset Non-maskable
INT, 2 FFEB,q FFFAL At detection of either rising or | External interrupt (active edge
falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT, 3 FFF91e FFF81e falling edge of INT, input selectable)
Senal 170 4 FFF74¢ FFF646 At end of senal /01 data re- Valid when serial /01 1s selected
reception ception
Senal 1/0 At end of serial I/01 transfer . )
5 FFF54¢ FFF44¢ shift or when transmission buf- | Valid when serial I/01 is selected
transmission X
fer is empty
Timer X 6 FFF346 FFF246 At timer X overflow
Timer Y 7 FFF146 FFFO4e At timer Y overflow
Timer 1 8 FFEF,¢ FFEE, e At timer 1 overflow STP release timer overflow
Timer 2 9 FFED+¢ FFEC,¢ At timer 2 overflow
CNTR, 10 FFEBse FFEAL At F!etectlon of either .nsmg or | External interrupt (active edge
¢ falling edge of CNTR input selectable)
At detection of either rising or | External interrupt (active edge
CNTR, 1 FFES:s FFE81s falling edge of CNTR; |npu::J selectable) i °
INT, 12 FFE7:0 FFE6,6 At detection of enhe.r rising or | External interrupt (active edge
falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INTs 13 FFESe FFEde falling edge of INT; input selectable)
INT, 14 FFE3,q FFE2,q At ~detection of erther rising or | External interrupt (active edge
falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INTs 15 FFEle FFEO1s falling edge of INTs input ° selectable) i °
! . Non-maskable software inter-
BRK instruction 16 FFDDs FFDCi¢ At BRK Instruction execution rupt
Note 1 Vector addresses contain interrupt jump destination addresses
2 : Reset function in the same way as an interrupt with the highest prionity
AMITSUBISHI _—
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Interrupt request bit ———
Interrupt enable bit ——

Interrupt disable flag (1) ——————(

BRK instruction

Interrupt request

— ]

Reset

I | Interrupt request register 1
(IREQ1 address 003Cyg)
INT, interrupt request bit

———INT,

interrupt request bit

Timer X interrupt request bit
Timer Y interrupt request bit
Timer 1 interrupt request bit
Timer 2 interrupt request bit

7 0
I | Interrupt control register 1
(ICON1 address 003E;s)
INT, interrupt enable bit

INT, interrupt enable bit

Timer X interrupt enable bit
L———— Timer Y interrupt enable bit
Qe Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

Fig. 5 Interrupt control
7 0
Interrupt edge selection register
(INTEDGE: address 003A6)
INT, active edge select bit
INT, active edge select bit
INT, active edge select bit
INT3 active edge select bit
INT, active edge select bit 0:F .
. . . Falling edge active
INT5 active edge select bit . dge active
Not used (returns “0” when read) 1+ Rising edge activ
7 0 7 0

Serial I/0 receive interrupt request bit
Serial I/0 transmit interrupt request bit

Senial I/0 receive interrupt enable bit
Senal I/0 transmit interrupt enable bit

| I Interrupt request register 2

(IREQ2 address 003D;¢)

CNTRy interrupt request bit
CNTR, interrupt request bit
INT interrupt request bit
INT; interrupt request bit
——————— INT, Iinterrupt request bit
INTs interrupt request bit

Not used (returns “0” when read)

0 : No interrupt request issued
1 * Interrupt request 1ssued

7 0
Interrupt control register 2

l (ICON2" address 003F;¢)

CNTRy interrupt enable bit
CNTR; interrupt enable bit
INT; interrupt enable bit
INT3 interrupt enable bit
INT,4 interrupt enable bit
INT5 interrupt enable bit

Not used (returns “0” when read)
(Do not write “1” to this bit)

0 : Interrupts disabled
1 * Interrupts enabled

Fig. 6 Structure of interrupt-related registers
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M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMERS

Microcomputers of the M3800x group have 4 timers: timer X,
timer Y, timer 1, and timer 2.

The timers count down. Once a timer reaches 0046, the next
count pulse reloads the contents of the corresponding timer
latch into the timer, and sets the corresponding interrupt re-
quest bit to 1.

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

7 0
| Timer XY mode register

(TM Address 0023,¢)

Timer X operation mode bit

b1b0

0 0 : Timer mode

0 1 : Pulse output mode

1 0 : Event counter mode

1 1 : Pulse width measurement mode

———— CNTR, active edge select bit
0 Interrupt at falling edge
Count at rnising edge in event
counter mode

1 *Interrupt at rising edge
Count at falling edge in event
counter mode

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

Timer Y operation mode bit

b5b4

0 0 : Timer mode

0 1 : Pulse output mode

1 0 : Event counter mode

11 I Pulse width measurement mode

CNTR; active edge select bit
0 : Interrupt at falling edge
Count at nsing edge In event
counter mode
1 :Interrupt at nsing edge '
Count at falling edge in event
counter mode

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

Fig. 7 Structure of timer XY register

Timer 1 and Timer 2

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

Timer X and Timer Y

Timer X and Timer Y can each be set to operate in one of

four operating modes by setting the timer XY mode register.

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

2. Pulse Output Mode
Timer X (or timer Y) counts a signal which is the oscilla-
tion frequency divided by 16. Whenever the contents of
the timer reach “0”, the signal output from the CNTR, (or
CNTR;) pin is inverted. If the CNTR, (or CNTR,) active
edge select bit is “0”, output begins at “H”. If it is “1”,
output starts at “L”. When using a timer in this mode, set
the corresponding port P5, (or port P55) direction regis-
ter to output mode.

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

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

In all of these modes, the count can be stopped by setting

the timer X (timer Y) count stop bit to “1”. Every time a timer

overflows, the corresponding interrupt request bit is set.

MITSUBISHI
ELECTRIC
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Data bus

!

W

To timer X interrupt
request bit

To CNTR interrupt

request bit

|..<.__._> To timer Y interrupt

request bit

Oscillator Divider
(Xn) 116 I Prescaler X latch (8 I I Timer X latch (8) ]
N -
Pulse width Timer mode
measurement Pulse output mode
mode
Prescaler X (8 Timer X (8)
P5,/CNTR, pin CNTR, active !
edge select bit Timer X count stop bit
NG N
V-
“” CNTR, active ’
zgge select Q
i )
ﬂ\; Toggle flip-flop T J
o la R
Timer X latch wnte
direction register @ Pulse output mode
Pulse output
mode () Data bus
l Prescaler Y latch (8) J I Timer Y latch (8 |
1 Pulse width | Timer mode
measurement [Pulse output mode
mode
Prescaler Y (8) |———-L Timer Y (8)
P55/CNTR, pin CNTR; active
edge select bit Timer Y count stop bit
‘.on“ N
V'

To CNTR; interrupt

“qr

Port P5; latch
direction register
Pulse output
mode

CNTR; active
edge select
bit

wqn

request bit

Toggle fip-flop T

R

—

g

Timer Y latch write
Pulse output mode

Data bus

L N

L

Prescaler
" 12 latch (8)

Timer 1 latch (8)

Timer 2 latch (8)

2! U

!

Timer 1(8)

Prescaler 12(8)

Timer 2 (8)

> To timer 2 interrupt
request bit

To timer 1 interrupt

request bit

Fig. 8 Block diagram of timer X, timer Y, timer 1, and timer 2
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SERIAL 1/0
Serial /0 can be used as either clock synchronous or asyn-
chronous (UART) serial 1/0. A dedicated timer is also pro-
vided for baud rate generation.
(1) Clock Synchronous Serial 1/0

Clock synchronous serial 1/0 mode can be selected by

setting the mode select bit of the serial I/0 control regis-
ter to “1”

For clock-synchronized serial 1/0, the transmitter and the
receiver must use the same clock. If an internal clock is
used, transfer is started by a write signal to the transmit
or receive buffer.

Data bus

Address 0018,¢
Receive buffer

P4,/RyxD (@] Receive shift register

Shift clock

Clock control circuit

Adcress 001

»—> Receive buffer full flag (RBF)

L - Receive interrupt request (RI)

Pde/Sciis O

Serial I/0 clock select bit
BRG count source select bit Frequency division ratio 1/(n+1)

P4;/Sppy

O
-
~
Rl

P45/TxD O [Transmit shift register

Transmit buffer

- Baud rate generator H1/4
1/4

Falling-edge detector Clock control circurt -

Shift clock

Address 001C+¢

Transmit shift completion flag (TSC)
Transmit interrupt source select bit
Transmit interrupt request (T1)

Transmit buffer empty flag (TBE)

jr Address 0018,5| Senal I/0 status register lAddress 00196
NY

Data bus

Fig. 9 Block diagram of clock-synchronized serial 170

Transfer shift clock
(1/2 to 1/2048 of the internal
clock, or an external clock)

Senal output TxD

XD X _Ds

{ !
Senal input RxD Y 0, XD, D, D X Dy X Ds X Dg X D X

Recelve enable signal Sppy —'l_,

Interrupt signal to |

receive/transmit buffer I T

(address 0018,5)

tBE=0 '
TBE=1
TSC=0

from the TxD pin

Note 1 : The transmit interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the transmit shift
operation has ended (TSC=1), by setting the transmit interrupt source select bit (TIC) of the serial I/O control register
2 . If data 1s written to the transfer buffer when TSC=0, the transmit clock Is generated continuously and serial data i1s output continuously

3 : The receive interrupt (RI) is set when the receive buffer full (RBF) flag becomes “1”

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

Fig. 10 Operation of clock-synchronized serial 1/O function
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(2) Asynchronous serial I/0 (UART) mode

Clock asynchronous serial 1/0 mode (UART) can be
selected by clearing the serial I/0 mode select bit of the
serial 1/0 control register to “0”.

Eight serial data transfer formats can be selected, and
the transfer formats used by a transmitter and receiver
must be identical.

The transmit and receive shift registers each have a buf-
fer, but the two buffers have the same address in mem-

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

Data bus

Address

001846
OE Recelve buffer

Character length select bit

7 bits

Receive shift register

Senal 1/0 control register | Address 001A+6

Receive buffer full flag
(RBF)

Receive interrupt request
(R1)

P4,/RxD O«llsx aenacrov“-[

8 bits

PEFE

SP detector|

I UART control register l

Address 001B+¢

Serial 1/0 clock select bit

=] Clock control circuit |——>1

P46/SCLK O

BRG count source select bit

Frequency division ratio 1/(n+1)

f(Xin) oo Baud rate generator
Address 001C;¢
I ST/SP/PA generator I'r
Transmit shift completion flag (TSC)
Transmit interrupt source select bit
P4s/TXD O [Transmit shift register o .
o Transmit interrupt request (T1)
Character length select bit .
9 Transmit Dutfor Transmit buffer empty flag (TBE)
’”‘ Add(;&sg"s [ Senial 170 st\itvus register | Address 0019,
Data bus
Fig. 11 Block diagram of UART serial 170
: MITSUBISH
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Transmit or receive clock '

Transmit buffer write signal I I

TBE=0
TSC=0

Senal output TxD
1 start bit

7 or 8 data bits
1 or 0 panty bit
1 or 2 stop bit(s)

Receive buffer write signal

B \EV D €2 Gl

Senal input RxD

Note 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception)

RBF=1

SP

2 : The transmit interrupt (T1) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the
transmit interrupt source select bit (TIC) of the senial I/0 control register
3 : The recewve interrupt (RI) 1s set when the RBF flag becomes “1”

Fig. 12 Operation of UART serial 1/0 function

[Serial VO Control Register (SIOCON) 001A;¢]
The serial 1/0 control register contains eight control bits for
the serial 1/0 function.

[UART Control Register (UARTCON) 001B;]
The UART control register consists of four control bits (bits
0 to 3) which are valid when asynchronous serial 1/0 is
selected and set the data format of an data transfer. One
bit in this register (bit 4) is always valid and sets the output
structure of the P45/TxD pin.

[Serial VO Status Register (SIO1STS) 0019;¢]
The read-only serial I/O status register consists of seven
flags (bits 0 to 6) which indicate the operating status of the
serial 1/0 function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART
mode.

The receive buffer full flag (bit 1) is cleared to “0” when
the receive buffer is read.

If there is an error, it is detected at the same time that data
is transferred from the receive shift register to the receive
buffer, and the receive buffer full flag is set. A write to the
serial 1/0 status register clears all the error flags OE, PE,

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

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

[Transmit Buffer/Receive Buffer (TB/RB) 0018,¢]
The transmit buffer and the receive buffer are located at
the same address. The transmit buffer is write-only and the
receive buffer is read-only. If a character bit length is 7
bits, the MSB of data stored in the receive buffer is “0”

[Baud Rate Generator (BRG) 001C,¢]

The baud rate generator determines the baud rate for se-
rial transfer.

The baud rate generator divides the frequency of the count
source by 1/(n+1), where n is the value written to the
Baud Rate Generator. '

ELECTRIC
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Serial I/0 status register
(SIOSTS address 00194)

Transmit buffer empty flag (TBE)
0 : Buffer full
1 ! Buffer empty

Receive buffer full flag (RBF)
0 : Buffer empty
1 . Buffer full

Transmit shift completion flag (TSC)
0 : Transmit shift in progress
1 ! Transmit shift completed
Overrun error flag (OE)
0 : Noerror
1 : Overrun error
'——————— Parity error flag (PE)
0 I No error
1 Parity error
Framing error flag (FE)
0 ! No error
1 ! Framing error
Summing error flag (SE)
0 : OEUPEUFE=0
1 . OEUPEUFE=1

7 0
| l UART control register

L(UARTCON' address 001B;s)

Character length select bit (CHAS)
0 :8bits
1.7 bits
Parity enable bit (PARE)
0 : Panity checking disabied
1  Parity checking enabled
Parity select bit (PARS)
0 : Even parity
1 1 0dd parity
Stop bit length select bit (STPS)
0 1 stop bit
1 I 2 stop bits

P45/TxD P-channel output disable bit
(POFF)

1 ' N-channel open drain output
(in output mode)

0 : CMOS output (in output mode)

7 0
| | Serial 1/0 control register

[_ (SIO1CON address 001A4)

BRG count source select bit (CSS)
0 (XN
1 1 1(X)y) divided by 4
Serial /0 synchronization clock select bit
(scs)
0 : BRG output divided by 4 when clock
synchronized serial I/0 is selected,
BRG output divided by 16 when
UART 1s selected
1 : External clock input

Sroy output enable bit (Sppy)

0 : P4; pin operates as ordinaly I/0 pin
1 % P4; pin operates as Sppy output pin

Transmit interrupt source select bit (TIC)
0 : Interrupt when transmit buffer has
emptied
1 I lInterrupt when transmit shift
operation Is completed
Transmit enable bit (TE),
0 ! Transmit disabled
1 ! Transmit enabled
Recelve enable bit (RE)
0 : Receive disabled
1 ! Receive enabled

Serial 170 mode select bit (SIOM)
0 : Clock asynchronous (UART) senial I/0
1 Clock synchronous serial 1/0

Serial 1/0 enable bit (SIOE)
0 : Sernal I/0 disabled
(pins P4, to P4, operate as oridinary I/0 pins)
1 : Senal I/0 enabled
(pins P4, to P4, operate as serial I/0 pins)

Fig. 13 Structure of serial I/0 control registers
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RESET CIRCUIT

A microcomputer in the M3800x group is reset if the RESET
pin is held at a “L” level for at least 2us then is returned to
a “H” level (the power supply voltage should be between
4.0V and 5.5V). In order to give the X,y clock time to stabil-
ize, internal operation does not begin until after 8 to 12 Xy
clock cycles are complete. After the reset is completed,
the program starts from the address contained in address
FFFD,¢ (upper byte) and address FFFC,s (lower byte).
Make sure that the reset input voltage is no more than 0.8V
for a power supply voltage of 4.0V.

' I
_:/"4. ov
Power |
voltage o |
| |
R t t _1/\_/—
eset inpu
voltage ov | : 0.8v
| |
| .
| Veo
1
5 RESET
M51953AL
4
w
0. 1uF
3
¢ Vss
7T M3800x

Fig. 14 Example of reset circuit

Address Register contents

(1) Port PO direction register (000 1 ,6)-"
(2) Port P1 direction register (00 0 3 |s)~~~
(3) Port P2 direction register (0005 .s)":
(4) Port P3 direction register (00 0 7 .6)--~
(5) Port P4 direction register (000 9 15)“'
(6) Port P5 direction register (0 0 0 B|G)~~
(7) Port P6 direction register (0 0 0 D|6)-~-
(8) Port P7 direction register (0 0 0 Fy¢)-+
(9) Senal I/0 status register (0019 nnnunnnn
(10) Senial 170 control register (0 0 1 Aqg)-+ 0046

(1) UART control register (00 1Byg) nnnnnnn
(12) Prescaler 12 (002 0,6)'“
(19 Timer 1 (002t ot |
(14 Timer 2 (002 2.6)“-
(19 Timer XY mode register (0023 |e)"‘
(1) Prescaler X (0024 ‘5)“'
(1) Timer X (002 5.6)'"
(18 Prescaler Y (002 6,5)~~
(19 Timer Y (0027 w)...[ FFis

(20) Interrupt edge selection register (0 0 3 Ayg)-- 0046

(21) CPU mode register (00 3Bye) nnnnnnn
(22) Interrupt control register 1 (0 0 3 Eg)-+
(23) Interrupt control register 2 (0 0 3 F4¢)-

(24) Processor status register

(P C)--*|Contents of address FFFD;g

(25 Program counter

(P C)-|Contents of address FFFCyg

Note : X !Undefined
% The imtal values of CM, are determined by the level at the
CNVsgs pin
The contents of all other registers and RAM are undefined
after a reset, so they must be initialized by software

Fig. 15 Internal status of microcomputer after reset
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8 to 12 clock cycles

(X I I I JLrrur
¢ S N I i e e e rer
RESET
RESETour
(internal reset)
SYNC [ 1
Address X XL X X7 X~ FFFC X FFFD
Reset address from vector table

Data >(7)( 7)(7X7X7)(AT)._XKUHX

Note 1 : f(X;y) and @ are in the relationship f(X,y)=2¢

2 A question mark ( ? ) indicates an undefined status that depends on the
previous status

Fig. 16 Timing of reset

2—24
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CLOCK GENERATION CIRCUIT

An oscillation circuit can be created by connecting a re-
sonator between X,y and Xour. When using an external
clock signal, input the clock signal to the Xy pin and leave
the Xour pin open.

Oscillation Control

1)

(@)

Stop Mode

If the STP instruction is executed, osciilation stops with
the internal clock ¢ at “H”. Timer 1 is set to “FF,” and
prescaler 12 is set to “014¢".

Oscillation restarts when an external interrupt is re-
ceived, but the internal clock ¢ remains at “H” until tim-
er 1 overflows.

-This allows time for the clock circuit oscillation to sta-

bilize. If oscillation is restarted by a reset, no wait time
is generated, so keep the RESET pin at “L” level until
oscillation has stabilized.

Wait Mode

If the WIT instruction is executed, the internal clock ¢
stops at a “H” level, but the oscillator itself does not
stop. The internal clock restarts if a reset occurs or
when an interrupt is received.

Since the oscillator does not stop, normal operation can
be started immediately after the clock is restarted.

To ensure that interrupts will be received to release
the STP or WIT state, interrupt enable bits must be set
to “1” before the STP or WIT instruction is executed.

When the STP status is released, prescaler 12 and tim-
er 1 will start counting and reset will not be released
until timer 1 overflows, so set the timer 1 interrupt en-
able bit to “0” before the STP instruction is executed.

Xin Xour

Il

- CIN

71; ;Ccom

Fig. 17 Ceramic resonator circuit

XIN XOUT

Open

Vee
External oscillator | | | | I l

Vss

Fig. 18 External clock input circuit

Interrupt request

Interrupt disable

e s e s

[—STP instruction

Y
kY

)

¢ output

flag (1) s Q
Reset WIT
STP instruction R instruction ™}
ONW pin AONW
Single-chip mode D ONW
control

T__j

} Internal clock ¢

—| 1/8 H Prescaler 12 H Timer 1 J—————

XOUT

XIN

FFi6 0146

Reset or STP instruction

Fig. 19 Block diagram of clock generation circuit
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PROCESSOR MODES

Single-chip mode, memory expansion mode, and micro-
processor mode can be selected by changing the contents
of the processor mode bits CMy and CM, (bits 0 and 1 of
address 003B;s). In memory expansion mode and micro-
processor mode, memory can be expanded externally through
ports PO to P3. In these modes, ports PO to P3 lose their
170 port functions and become bus pins.

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

Function
Outputs lower byte of address
Outputs upper byte of address.
Operates as 1/0 pins for data D; to Dg
(including nstruction codes)
P3, and P3, function only as output pins
(except that the port latch cannot be
read)
P3, 1s the ONW input pin
P3; 1s the RESETour output pin. (Note)
P3, 1s the ¢ output pin .
P35 1s the SYNC output pin
P3s I1s the WR output pin, and P3; Is the
RD output pin.

Port Name
Port PO
Port P1

Port P2

Port P3

Note : If CNVgg Is connected to Vgs, the microcomputer goes to single-
chip mode after a reset, so this pin cannot be used as the
RESETgyr output pin

® Single-Chip Mode
Select this mode by resetting the microcomputer with
CNVgg connected to Vgs.

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

® Microprocessor Mode
Select this mode by resetting the microcomputer with
CNVgs connected to Vgc, or by setting the processor
mode bits to “10” in software with CNVgg connected to
Vss. In microprocessor mode, the internal ROM is no lon-
ger valid and external memory must be used.

0000 000046
00084 000846
SFR area SFR area
004046 004046
Internal RAM Internal RAM
reserved area reserved area
044046 044046
YYYY§
Internal ROM
FFFFie FFFFie
Memory expansion mode Microprocessor mode
The shaded areas are external memory areas
* 1 YYYY, 1s the start address of internal ROM

Fig. 20 Memory maps in various processor modes

CPU mode register
(CPUM address 003Bs)

Processor mode bits
b1b0
0 0 : Single-chip mode
0 1 I Memory expansion mode
1 0 : Microprocessor mode
11 : Do not use

Stack page select bit
0 : RAM in the zero page Is used
as stack area
1 : RAM n page 1 1s used as
stack area

Fig. 21 Structure of CPU mode register




MITSUBISHI MICROCOMPUTERS

M3800x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Bus Control with Memory Expansion
Microcomputers of the M3800x group have a built-in ONW
function to facilitate access to extra memory and 1/0 func-
tions in memory expansion mode or microprocessor mode.

If an “L” level signal is input to the ONW pin when the CPU
is in a read or write state, the corresponding read or write
cycle is extended by one cycle of ¢. During this extended
period, the RD or WR signal remains at “L". This extension
period is valid only for writing to and reading from addres-
ses 00006 to 00074¢ and 0440,¢ to FFFF,s and only read

and write cycles are extended.

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle Wnite cycle
le e le e e |
I~ i 1 - -l
¢ [ L L1 L1 L] | R
0 t00s X X XTIX—X X
RD [ l l
WR (| [ [
ONW \ /
e e e
* * *
* : Period during which ONW input signal i1s received
During this period, the ONW signal must be fixed at either “H” or “L” At all other times, the input level of the ONW signal has no affect
on operations
The bus cycles is not extended for an address in the area 0008,6 to 043F 6, regardless of whether the ONW signal is received

Fig. 22 ONW function timing

ELECTRIC
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag (1)
which is “1”. Therefore, flags that affect program execution
must be initialized after a reset

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

Interrupts

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

Decimal Calculations

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

In decimal mode, the values of the negative (N), overflow
(V), and zero (Z) flags are invalid. .

The carry flag can be used to indicate whether a carry or
borrow has occurred, but must be initialized before each
calculation. Clear the carry flag before an ADC and set the
flag before an SBC.

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

Multiplication and Division Instructions

The MUL and DIV instructions do not affect the T and D
flags.

The execution of these instructions does not change the
contents of the processor status register.

Ports

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

Serial I/0

In clock synchronous serial 1/0, if the receive side is using
an external clock and it is to output the Sgpy signal, set the
transmit enable bit, the receive enable bit, and the Sgpy
output enable bit to “1”.

Serial 1/0 continues to output the final bit from the TxD pin
after transmission is completed.

Instruction Execution Time

The instruction execution time is obtained by multiplying
the frequency of the internal clock ¢ by the number of cy-
cles needed to execute an instruction.

The number of cycles required to execute an instruction is
shown in the list of machine instructions.

The frequency of the internal clock ¢ is half of the Xy fre-
quency.

When the ONW function is used in modes other than sing-
le-chip mode, the frequency of the internal clock ¢ may be
one fourth the Xy frequency.

ELECTRIC
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:
1. Mask ROM Order Confirmation Form
2. Mask Specification Form
3. Data to be written to ROM, in EPROM form (three
identical copies)

ROM Writing Method

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

Package Name of Wnite Adapter
64P4B, 64S1B PCA4738S-64
64P6N PCA4738F-64
64D0 PCA4738L-64

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

Wrniting with PROM writer

~_~

Screening (Note)
(150C for 40 hours)

~ =

Vernification with PROM writer

~ =

Functional check in target device

Note : The screening temperature Is far higher than
the storage temperature Do not leave the
microcomputer at 150°C for longer than 100 hours

Fig. 23 Writing and testing of one-time programmable
version

SR
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3t07.0 v
Input voltage PO,—P07, P1g—P17, P2p—P2;,
\'2 P3y—P3;, P4y—P4;, P5,—P5;, —0.3 to Vgc+0. 3 \
P6o—P86;, P7, P74
—— All voltages measured with reference to the
\A Input voltage RESET, Xy —0.3 to Vg 0.3 \
Vss pin, output transistors Isolated
vV, “Input voltage CNVgg —0.3t013 \
Output voltage POo—P07, P19—P17, P29—P2;7,
Vo P3y—P37, P4g—P4;, P5,—P5;, —0.3 to Vge+0.3 4
P6o— P67, P70, P74, Xour
Pd Power dissipation Ta=25C 1000( Note) mw
Topr Operating temperature —20 to 85 c
Tstg Storage temperature —40 to 125 C

Note : 300mW in case of the flat package

RECOMMENDED OPERATING CONDITIONS (Vcc=3.0t05.5V, Ta = —20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
v Supply voltage (f (Xi)=2MHz) 3.0 5.0 5.5 v
ce Supply voltage (f (Xiy)>2MHz) 4.0 5.0 5.5
Vss Supply voltage 0 \"
“H" input voltage P0,—PO0;, P1o—P1;, P2p—P2;, P3,—P3;, P4y—P4;,
Vi P g 0 7, Flo 7, Peo 7, Pdo 7, P4o 7 0. 8Veo Voo v
P5,—P5;, P6o—P867, P7o, P74
Vin “H” input voltage RESET, Xy, CNVss 0.8Vee Vce \%
“L” input voltage POq—P07, P1o—P1;, P2g—P27, P3y—P3;, P4;—P4;,
Vie P! ¢] o 7, Plo 7 P2o 7, P30 7, Pdo 7 0 0.2Veo v
P5o—P57, P6,—P67, P75, P74
\/ “L” input voltage RESET 0 0.2Vee \%
Ve “L” input voltage X 0 0.16Vce \
Vi “L” input voltage CNVsgg . 0 0.2Vee \
Slon(peak) | “H” total peak output current PO;—PO07, P1o—P1;, P2o—P2;, P3,—P3; (Note 1) —80 mA
Slon(peak) | “H” total peak output current P4y—P4;, PSy—P5;, P6y—P67, P70, P74 (Note 1) —80 mA
Slow(peak) | “L” total peak output current PO;—P07, P1o—P17, P2g—P2;, P3,—P3; (Note 1) 80 mA
Slow(peak) | “L” total peak output current P4y—P4;, P5,—P5;, P6o— P67, P7, P7; (Note 1) 80 mA
2|ou(a_vg) “H" total average output current PO;—P0,, P1o—P1;, P2;—P2;, P3,—P3; (Note 1) —40 mA
Slontavg) | “H" total average output current P4o—P47, P5o—P5;, P6;—P67, P7,, P71 (Note 1) —40 mA
2|0L(avg) “L” total average output current POy— P07, P1o—P1;, P2,—P2;, P3;—P3; (Note 1) 40 mA
Slouavg) | “L" total average output current Pdo— P47, P5,—P5;, P6o—P67, P7,, P7; (Note 1) 40 mA
“H" peak output current PO,—PO07, P19—P17, P2y—P2;, P3;—P3;, P4o—P4;,
lon(peak) . —10 mA
P5o—P5;, P6o—P67, P7o, P7y (Note 2)
“L” peak output current POg—P0Q7, P1o—P17, P2p—P2;, P3p—P3;, P4o—P4;,
lov(peak) 10 mA
P5—P5;7, P6o—P67, P70, P71 (Note 2)
| “H" average output current PO,—P0;, P1o—P1;, P2,—P2;, P3;—P3;, P4o—P4;, 5 A
- m
on(avg) PSo—P5;, P6y— P67, P70, P7; (Note 3)
“L” average output current POg—P07, P1g—P1;, P2o—P2;, P3;—P3;, P4,—P4,
loLcavg) 5 mA
P5,—P5;, P6o—P67, P7q, P7; (Note 3)
Internal clock oscillation frequency (Vec=4. 0~5.5V) 8
1(Xin) queney Zee MHz
Internal clock oscillation frequency (Voc=3.0~5.5V) 2

Note 1 The total output current is the sum of all the currents flowing through all the applicable ports The total average current is an average value me-
asured over 100ms The total peak current I1s the peak value of all the currents
2 The peak output current is the peak current flowing in each port
3 The average output current Io. (avg): low (avg) In an average value measured over 100ms
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ELECTRICAL CHARACTERISTICS (Voc=4.0105.5V, Vgs = 0V, Ta = —20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
“H” output voltage PO;—PO07, P1o—P17, P2g—P2;, lon=—10mA _
P 9 U 7 Voo=4. 0~5.5V Vee—2.0
Vou P3y—P3;, P4;—P4;, P5,—P5;, — \
lop==—10mA ~1.0
P6y—P6;, P70, P7; (Note) Voc=3.0~5.5V Vee— 1.
“L” output voltage POy—PO0;, P1o—P1;, P2;—P2;, lor=10mA 20
Vec=4.0~5.5V .
Vou P3y—P3;, P4g—P4;, P5;—P57, \%
loc=1.0mA 1.0
P6o—P67, P70, P74 Voe=3.0~5.5V .
Vr4+—Vr— | Hysteresis CNTRy, CNTRy, INTo—INT; 0.4 \"
Vr4+—V;— | Hysteresis RxD, Scik 0.5 \"
Vr4—Vi— | Hysteresis RESET 0.5 \
“H” input current POg—P07, P1o—P17, P2p—P2;,
I P3—P3;, P4g—P47, P5o— P57, Vi=Vgc 5.0 uA
P6o—P67, P70, P74
lin “H” input current RESET, CNVsgg Vi=Vee 5.0 uA
iy “H” input current Xy Vi=Vgc 4 A
“L” input current PO—PO07, P1o—P17, P29— P27,
P3,—P3;, P4g—P4;, P5;—P5;,
Vi=V, —b5.
i P6,—P6;, P76, P74 1= Vss 5.0 HA
RESET, CNVss
he “L” input current Xy - Vi=Vss —4 “A
Veam RAM hold voltage With clock stopped 2.0 5.5 \'
f(Xin)=8MHz, Vec=5V 6.4 13
1(Xin)=5MHz, Vcc=5V 4 8
’ f(Xin) =2MHz, Voc=3V 0.8 2.0
When WIT instruction 1s executed with 1.5
(Xin) =8MHz, Voo =5V i mA
| Supol ¢ When WIT instruction 1s executed with 1
u| curren
ce PPy 1(Xi) =5MHz, Vo=5V
When WIT instruction 1s executed with 0.2
f(Xin) =2MHz, Vcc=3V i
When STP nstruction 1s executed Ta=25C 0.1 i
with clock stopped, output HA
transistors isolated Ta=85T 10
Note : P45 is measured when the P4s/TxD P-channel output disable bit of the UART control register (bit 4 of address 001By) Is “0”
)\ﬁecmlc' 23
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TIMING REQUIREMENTS 1 (Vcc=4.0105.5V, Vss =0V, Tq= —20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ. Max

tw(RESET) Reset input “L” pulse width 2 us
tooxg External clock nput cycle time 125 ns
twHOGy) External clock input “H” pulse width 50 ns
twLoxy) External clock input “L” pulse width 50 ns
tc(oNTR) CNTRy, CNTR; input cycle time 200 ns
twH(CcNTR) CNTRo, CNTRy input “H” pulse width 80 ns
twHONT) INTo to INT5 input “H” pulse width . 80 ns
twL(CNTR) CNTRo, CNTR; input “L” pulse width 80 ns
twLOnT) INTo to INT5 input “L” pulse width 80 ns
toso) Senal /0 clock input cycle time (Note) 800 ns
twh(sg k) Senal 1/0 clock input “H” pulse width (Note) 370 ns’
twi(sgk) Senal 1/0 clock input “L” pulse width (Note) 370 ns
tsu(ryp—sc k)| Senal 1/0 input set up time 220 ns
th(scik—RxD) | Senal I/0 input hold ime 100 ns

Note : When f(X;y) =5MHz and bit 6 of address 001A¢ I1s “1” Divide this value by four when f(X,y)=5MHz and bit 6 of address 001A Is “0”

TIMING REQU'REMENTS 2 (Voo =3.0t05.5V, Vgs =0V, Ta = —20to 85C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max

tw(RESET) Reset input “L" pulse width 2 us
tooxw) External clock input cycle time 500 ns
twHO) External clock input “H” pulse width 200 ns
twioxgn) External clock input “L” pulse width 200 ns
to(onTR) CNTRo, CNTR; Input cycle time . o 500 ns
twH(CNTR) CNTRo, CNTR; input “H” pulse width 230 ns
twHONT) INTp to INT5 input “H” pulse width 230 ns
twL(CNTR) CNTRg, CNTR; input “L” pulse width 230 ns
twiL(nT) INT, to INT5 input “L” pulse width 230 ns
tecsee Sernal 1/0 clock input cycle time (Note) 2000 ns
twH(sgL) Senal 1/0 clock input “H” pulse width (Note) 950 ns
twi(se) Senal I/0 clock input “L” pulse width (Note) 950 ns
tsu(ryp—scik)| Senal 170 input set up time 400 ns
th(sck—RxD) | Seral I/0 input hold time 200 ns

Note : When f(X;y)=5MHz and bit 6 of address 001A 1s “1” Divide this value by four when f(X;y)=5MHz and bit 6 of address 001As is “0”
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SWITCHING CHARACTERISTICS 1

(Vec =4.0105.5V, Vgs = 0V, Ty = —20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
twH(sg) Serial 1/0 clock output “H” pulse width te(se/2—30 ns
twi(sgw) Senial 1/0 clock output “L” pulse width teisou/2—30 ns
td(sqk—TxD) | Serial I/0 output delay time (Note 1) 140 ns
tv(scc—TxD) | Serial I/0 output valid time (Note 1) —30 ns
trisou) Serial /0 clock output rise time 30 ns
Hisou) Serial 1/0 clock output fall time 30 ns
tr(cmos) CMOS output nse time (Note 2) 10 30 ns
tf(cmos) CMOS output fall time (Note 2) 10 30 ns
Note 1 : When the P4s/TxD P-channel output disable bit of the UART control register (bit 4 of address 001By) is “0”
2 Xour pin excluded
SWITCHING CHARACTERISTICS 2 (Vcc=3.0105.5V, Vgs= 0V, Ta = —20 t0 85°C, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ Max
twh(sck) Senal 1/0 clock output “H” pulse width to(se0/2—50 ns
twicscw) Senal 1/0 clock output “L” pulse width to( ScLK>/2_50 ns
td(scik—TxD) | Senal I/0 output delay time (Note 1) 350 ns
tu(sgLk—Tx0) | Senal I/0 output valid time (Note 1) —30 ns
tr(sc) Serial 1/0 clock output rise time 50 ns
(s Senal 1/0 clock output fall ime 50 ns
tr(cmos) CMOS output rise time (Note 2) 20 50 ns
tf(cmos) CMOS output fall ime (Note 2) 20 50 ns
Note 1 : When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B;¢) 1s “0”
2 1 Xour pin excluded
Measurement output pin (O— [
100pF
CMOS output
Fig. 24 Circuit for measuring output switching characteristics (1)
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TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vec =14.0105.5V, Vgg =0V, Ta = —20 to 85C, unless otherwise noted)

Limits
Symbol Parameter . Unmit
Min Typ Max
tsu(onw—g¢) | ONW Input set up time —20 K ns
th(s—onw) ONW input hold time —20 ns
tsu(os—¢) Data bus set up time 60 ne
th(¢—DB) Data bus hold time 0 ns

SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vec=14.01t05.5V, Vgs =0V, Tg = —20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max

tc(e) ¢ clock cycle ime 2Xteixn) ns
twh(e) # clock “H” pulse width teoun) — 10 ns
twi(s) ¢ clock “L” pulse width :C(X,N)—u') ns
td(s—an) AD;s to ADg delay time 20 40 ns
tv(s—an) ADss to ADg valid time | 6 10 ns
td(s—AL) AD; to AD, delay time (L 25 45 ns
ty(g—aL) AD; to AD, valid time ‘ 6 10 ns
td(g—svnc) SYNC delay time 20 ns
ty(p—svne) SYNG valid time B 10 ns
td(e—wr) RD and WR delay time 10 20 ns
tyv(p— W) RD and WR valid time 3 5 10 ns
td(¢—DB) Data bus delay time 20 70 | __ns
tv(s—DB) Data bus valid time 15 ns
td(REseT—REseTour) | RESETour output delay time (Note) 200 ns
ty(s—RESET) RESETour output valid time (Note) 0 200 ns

Note : The RESEToyr output goes “H" in sync with the rise of the ¢ clock that 1s anywhere between about 1 cycle and 19 cycles after the RESET input
goes “H”

Measurement output pin (O)- ’

-

CMOS output

100pF

Fig. 25 Circuit for measuring output switching characteristics (2)
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TIMING DIAGRAM

(1) Timing diagram

| tecentr)
| twH(cnTR) | twi(cnTR)
CNTR,, CNTR, -8Veo ;l\ ooy /
R CC A
L twHONT) | twiont)
INT,—INTs . 8Vce j\ oV /
/ R C A
L tw(Resen) )
RESET ooV 0. 8Vee
Sl( AL ,L
teoxy)
L twHx) | twiixy)
X 0.8Vcc h
A 0.2Voo ¥
teisow)
t twitsci) tr | twh(sg k)
Sewx ’\ 0.8Vcc N
ko. 2Vee \
7
tsu(scLk—RxD) th(scLk—RxD)
ReD - 0.8Vce 3
L 0.2Voc |
td(scLk—TxD) tv(scLk—TxD)
TxD %
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(2) Timing diagram in memory expansion mode and microprocessor mode

te(e)
twh(e twi(e)
[ /
7/0. 5Vee \\ ]
tdee—am tvp—am
AD;5—ADg ; %O. SVee W
td(p—aL) tvs=aL)
td(s—svne) ty(s—svne)
td(s—wr) tv(p—wr)
=t ==t
RB, WR 0.5Vcc
tsuonw—¢) th(s—onw)
b
' F0. 8Voo Y
ONW 0. 2Veo .
th(s—pe)

tsu(os—9)

DB,—DB;
(At CPU reading)

e

tv(s—oB)

0. 5Vec 9—-—

td(s—om)

DB,—DB;
(At CPU writing)

(3) Timing diagram in microprocessor mode

o 0.8Vee oy
RESET {
[
td(RESET—RESETyT) ty(p—RESEToUT)
RESETour 0-5Vee

4G £
3w 24




MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
DESCRIPTION FEATURES
The M3806x group is made up of 8-bit microcomputers ® Basic machine-language instructions «««---««=srsseveeeeee 7
based on the MELPS 740 core. ® Instruction execution time ==+ sseereeraree 0.5us
The M3806x group is designed for controlling systems that (shortest instruction at 8MHz oscillation frequency)
require analog signal processing and include two serial I/0 ® Memory size
functions, A-D converters, and D-A converters. ROM corverreermmerimerniinnnitni 4K to 32K bytes
The various microcomputers in the M3806x group include RAM -coereereimserreieiisii e 192 to 1024 bytes
variations of internal memory size and packaging. For de- ® Programmable input/output ports -««--sreereereeeiinnn 72
tails, see the section on part numbering. ® Interrupts 16 sources, 16 vectors
For details on availability of microcomputers in the M3806x @ TQimers crerreeerrecsei 8 bitX4
group, see the section on group expansion. ® Serial I/01 -+ 8-bitX 1(UART or Clock-synchronized)
® Serial 1/02 -+ -+ 8-bitX 1(Clock-synchronized)
. A_D convener ................................. S_bltxa Channels
. D_A converter .................................. 8_blt><2 channels
® Clock generation circuit -+ Internal feedback amplifier
(connect to external ceramic resonator or quartz crystal)
. Supply Voltage ........................................... 30 to 55V
® Low power dissipation ...................................... 32mwW
® Memory expansion possible
® Operating temperature range ««--+«-=+=+e---+ —20to 85C
APPLICATIONS
Office automation, VCRs, tuners, musical instruments,
cameras, air conditioners, etc.
PIN CONFIGURATION (TOP VIEW)
=
R
I craovoonooZNozTE
Z\w >Fpooooooooacooooon
OESBIFIECLLLITLLLLLILILLS
PP R P EC O LR RARaRats
IR R R R EE R R
[64 [e1} 6ol o] [se] (7] [se] s [54] 53] [52] 5] [50] ] [28] 47 [ae] [46] [ ] [41]
P8; < [5] [« P2o/DBg
P8g + [68] <+ P2,/DB4
P85 « 3] «~ P2,/DB;
P8y « [5) [7]+~ P2:/DBs
P83 < [E9] [36] «~ P2,/DB,
P8 «» [38] «~ P25/DBs
P8y ~ > P2s/DBg
Ml M38063M6-XXXFP - a/ee
cCc ss
VRer — — Xout
AVgs — [30] «— Xin
P67/AN7 <+ 23]« P4g
P66/ANg ++ [T] [« P4,
P65/AN5 <~ — RESET
PB4/AN, 5] «— CNVss
P63/AN3 < [5] [25] <+ P42/INTo
K| 3| IE3 | | I3 K { I3 5 2 3 3 2 2 2 =
itthtttttttttotqtntwtottéét
ZEZZOEER| 23358 8EEEEER| S it
333 POBIRBZEZIIZN VWD HSS
g£ee 2R 889080 Feddd
Ta& S50 7 &
aa
Package type : 80P6N
80-pin plastic-molded QFP
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PIN CONFIGURATION (TOP VIEW)

5
P
2 Qo ercnovporeofTtE
Ziw L_DDDDDDDDDDDDDDD
OrsnZrssssIc<IIIIILL
PR RS S R RN PR RN RN
PPPPPPWPPPWWWWPPPPPP
AR R R R R R R EEEEEEEE:
[eolfsase]fs7]ss[fss|fs4llsslfzzs |fsolf s 4e][a7[[se] 5] aa] za][a2][1]
P3; «[g]] [35]++ P16/ADy4
P3y - [&2] 58]+~ P1;/ADys
P87 += &3] (58]~ P2o/DBy
P8g = [&4] . 7]+~ P2,/DB,
P85 ++ &3] (]« P2,/DB;
P84 + [66] [55] «+ P23/DB3
P83+ [¢7] 3]~ P2,/DB,
P8y = [&g] [33] «» P25/DBs
P8y = [E9] [32] ++ P2/DBs
Nindag T M38063M6-XXXGP G+ P2:/DBy
cC
Veer — [72] (28] — Xout
AVgs — [73] (28] «—— Xin
P67/AN; ~ [7d] 7]~ P4
P66/ANg + [75] 28]+ P4,

P61/AN; ++ [60]
1 HEBE OB 718 T9ff20]

I EEEEEEREE: I EEREREE

S S YR SRR E S § 8

ZEERR 0 J3508EERE2E 84>

> DOB o 22T 00

£ 2acedf93888 i

S m%ppp id

Package type : 80P6S
80-pin plastic-molded QFP

[53]+ P4,/INT,
%3]+~ Pd3/INT,
5]+ P44/RxD
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FUNCTIONAL BLOCK DIAGRAM (Package : 80P6N)
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
’7 Alternate Function

Vece Power supply Power supply inputs 4 0 to 5 5V to V¢c, and OV to Vss.

Vss

CNVss CNVsg This pin controls the operation mode of the chip Normally connected to Vss If this pin i1s connected to Vg, the internal
ROM 1s inhibited and | memory is d

VRer Analog reference Reference voltage input pin for A-D and D-A converters

voltage

AVss Analog power supply GND input pin for A-D and D-A converter Keep at the same potential as Vss

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under normal operating condi-
tions

Xin Clock input Input and output signals for the internal clock generation circuit Connect a ceramic resonator or quartz crystal between
the Xiv and Xour pins to set the oscillation frequency If an external clock 1s used, connect the clock source to the Xy

XouT Clock output pin and leave the Xout pin open

P0o— P07 | I/0 port PO An 8 bit CMOS 1/0 port An I/0O direction register allows each pin to be individually programmed as either input or out-
put At reset this port Is set to input mode

P1o—P1; | 1/0 port P1 In modes other than single-chip, these pins are used as address, data, and control bus I/0 pins

P2,—P2; | I/0 port P2

P3o—P3; | I/0 port P3

P4y, P4, 1/0 port P4 An 8-bit CMOS 1/0 port with the same function as port PO

P4,/INTo, External interrupt input pin

P43/INT,

P4,/RxD, Senal 1/01 1/0 pins

P45/TxD,

P4e/Scik1,

P47/SRDYI

P50 1/0 port PS5 An 8-bit CMOS 1/0 port with the same function as port PO

P5;/INT,— External interrupt input pin

P53/INT,

P5,/CNTR,, Timer X and Timer Y I/0 pins

P55/CNTR,

P5¢/DAq, D-A convertér output pins

P57/DA2

P6o/ANg— | 170 port P6 An 8-bit CMOS 1/0 port with the same function as port PO | A-D converter input pins

P67;/AN,

P7¢/Sinz2, 1/0 port P7 An 8-bit 1/0 port with the same function as port PO The | Senal 1/02 170 pins

P74/Sout2, output structure of this port is N-channel open drain, and !

P72/Scik2, the input levels are CMOS compatible

P73/Srovz2

P7,—P7;

P80—P8; | I/0 port P8 An 8-bit CMOS 1/0 port with the same function as port PO

240 MITSUBISHI
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PART NUMBERING

Product name M3806 3 M 6 - XXX FP
T 77 L
Package type

FP. 80P6N package
GP 80P6S package
FS 80D0 package

ROM number
Omitted in some types

ROM/PROM size

. 4096 bytes
8192 bytes
12288 bytes
16384 bytes
20480 bytes
24576 bytes
28672 bytes
32768 bytes

® N0 s W N =

The first 128 bytes and the last two bytes of ROM
are reserved areas, they can not be used

Memory type

M- Mask ROM version
E EPROM or one-time programmable version

RAM size
192 bytes
256 bytes

- 384 bytes
512 bytes
640 bytes
768 bytes

' 896 bytes
1024 bytes

N O s W N - O
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MITSUBISHI MICROCOMPUTERS

M3806x Group

KRR - ' SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION
Mitsubishi plans to expand the M3806x group as follows:

(1) Support for mask ROM, one-time programmable, and
EPROM versions
ROM/PROM capagcijty ««««««-omsseeeereeeees 12K to 32K bytes
RAM capagity ««--««w+e-ereememeeesnnesnanes 384 to 1024 bytes

(2) Packages
BOPBN -ooeveveeeeeernenees 0.8mm-pitch plastic molded QFP
BOPES:--vrrereerrereeeees 0.65mm-pitch plastic molded QFP

0.8mm-pitch ceramic LCC

Memory expansion plan

ROM size (bytes)

Being planned

TG a— eeeeeeree et
28K Jevvennes S
28K ferrrreeinnd
Under development
16K ............}............;s. M38062M4/E4 :..
! Newproduct __:
L IR SN ¥ IV | S
BK oo 'f,.-t- 00"'%-'000-0 .
VT EE TP NP PO SO SN ST
H L H H

Under development

- - M38067M8/E8

M38064M8/E8

creeeet

S SR ST

cecsseesirasesraibanee

’

192 256 384 512 640 896 1024
! RAM size (bytes)
The development schedule and other details of products under development may be revised without notice
Currently supported products are histed below
As of March 1992
Product name (P) ROM size (bytes)| RAM size (bytes) Package Remarks

M38062M3-XXXFP Mask ROM version
M38062E3-XXXFP 80P6N | One-time programmable version
M38062E3FP One-time programmable version (blank)
M38062M3-XXXGP 12K 384 Mask ROM version
M38062E3-XXXGP 80P6S | One-time programmable version
M38062E3GP One-time programmable version (blank)
M38062E3FS 80D0 | EPROM version
M38062M6-XXXFP Mask ROM version
M38062E6-XXXFP 80P6N | One-time programmable version
M38063E6FP One-time programmable version (blank)
M38063M6-XXXGP 24K 512 Mask ROM version
M38063E6-XXXGP 80P6S | One-time programmable version
M38063E6GP One-time programmable version (blank)
M38063E6FS R 80D0 EPROM version
- MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

Microcomputers of the M3806x group use the standard

MELPS 740 instruction set. Refer to the table of MELPS

740 addressing modes and machine instructions or the

MELPS 740 Software Manual for details on the instruction

set.

Machine-resident MELPS 740 instructions are as follows:
The FST and SLW instructions are not available for use.
The STP, WIT, MUL, and DIV instructions can be used.

CPU Mode Register

The CPU mode register (address 003B,¢) contains proces-
sor mode bits that specify the operating mode of the chip.
The CPU mode register also contains the stack page select
bit.

7 0

I I CPU mode register

(CPUM address 003B,)

Processor mode bits

0 : Single-chip mode

1 : Memory expansion mode
0 : Microprocessor mode

1 ! Do not use

—_——ooZ

Stack page select bit
0 : RAM in the zero page Is
used as stack area
1 I RAM in page 1 is used
as stack area

Fig. 1 Structure of CPU mode register

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY « Zero Page
« Special Function Register (SFR) Area The 256 bytes from addresses 00004¢ to 00FF;s are cal-
The Special Function Register area contains registers led the zero page area. The internal RAM and the spe-
which control functions such as 1/0 ports and timers, and cial function registers (SFR) are allocated to this area.
is located in the zero page area. The zero page addressing mode can be used to specify
* RAM memory and register addresses in the zero page area.
RAM is used for data storage as well for stack area. This dedicated zero page addressing mode enables ac-
* ROM cess to this area with only 2 bytes.
The first 128 bytes and the last two bytes of ROM are re- « Special Page
served for device testing and the rest is user area for The 256 bytes from addresses FF00,¢ to FFFF,¢ are call-
storing programs. ed the special page area. The special page addressing
* Interrupt Vector Area mode can be used to specify memory addresses in the
The interrupt vector area contains reset and interrupt special page area. This dedicated special page addres-
vectors. sing mode enables access to this area with only 2 bytes.
00006
RAM area SFR area Zero
RAM capacity 00406 page
(bytes) Address XXXX,¢
192 00FF,q nan| 0100
256 013F,6
384 01BF,¢
512 023F,¢ XXKKt6 L e e cemmmmcmem e e aa
640 02BF,¢
768 033F,6 Reserved area
896 03BF;s
1024 043F,¢ 0440,
Not used
ROM area . FYYYY === ============= -
ROM capacity Reserved ROM area
(bytes) Address YYYYq6 | Address ZZ2ZZ,¢ (common ROM area, 128 bytes)
4096 F000;6 F08046 222246
8192 E000,¢ E08046
12288 DO0004¢ D080+6
16384 C000;6 C080+¢
20480 B000,6 B0804¢ ROM
24576 A000;¢ A080,¢ FF00+6
28672 9000,¢ 90806
32768 800046 8080:6 FFDCe Special
Interrupt vector area page
FFFEqs
Reserved ROM area
L FFFF,s

Fig. 2 Memory map diagram

- & MITSUBISHI
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

0000, | Port PO (P0) 0020, | Prescaler 12 (PRE12)
00016 | Port PO direction register (POD) 002146 | Timer 1 (T1)
0002, | Port P1 (P1) 00225 | Timer 2 (T2)
0003, | Port P1 direction register (P1D) 00236 | Timer XY mode register (TM)
00045 | Port P2 (P2) 0024, | Prescaler X (PREX)
0005, | Port P2 direction register (P2D) 0025,¢ | Timer X (TX)
000645 | Port P3 (P3) 002645 | Prescaler Y (PREY)
0007:¢ | Port P3 direction register (P3D) 00276 | Timer Y (TY)
0008, { Port P4 (P4) 0028,¢
0009, | Port P4 direction register (P4D) 0029,¢
000A;¢ { Port P5 (P5) 002A;6
000B,¢ | Port P5 direction register (P5D) 002B;s
000C;¢ | Port P6 (P6) 002C¢
000D, | Port P6 direction register (P6D) 002D+¢
000E,¢ | Port P7 (P7) 002E+¢
000F,¢ | Port P7 direction register (P7D) 002F ¢
001046 | Port P8 (P8) 003046
0011,¢ | Port P8 direction register (P8D) 003146
001246 003246
001346 003346
00144¢ 0034,5 | AD/DA control register (ADCON)
001546 003546 | A-D conversion register (AD)
00166 00365 | D-A1 conversion register (DA1)
00174¢ 00374 | D-A2 conversion register (DA2)
00186 | Transmit/receive buffer 1 (TB1/RB1) 00386
0019,¢ | Serial I/01 status register (SIO1STS) 00396
001A;s | Senial 1701 control register (SIO1CON) 003A,s | Interrupt edge selection register (INTEDGE)
001B4¢ | UART control register (UARTCON) 003B,¢ | CPU mode register (CPUM)
001C4¢ | Baud rate generator (BRG) 003Cy¢ | Interrupt request register 1 (IREQ1)
001D4¢ | Senial 1/02 control register (SIO2CON) 003Dy | Interrupt request register 2 (IREQ2)
001E4¢ 003E,s | Interrupt control register 1 (ICON1)
001F,¢ | Serial 1702 register (S102) 003F;¢ | Interrupt control register 2 (ICON2)
Fig. 3 Memory map of special function register (SFR)
5
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/0 PORTS

Direction Registers

The M3806x group microprocessors have 72 programmable
1/0 pins arranged in nine 1/0 ports (ports PO to P8). The
1/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direc-
tion register corresponds to one pin, each pin can be set to
be input or output. When “0” is written to the bit corres-
ponding to a pin, that pin becomes an input pin. When “1”
is written to that bit, that pin becomes an output pin.

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

Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs Ref No
Input/output, . CMOS 3-state output | Address lower-byte
PO,— PO, Port PO P ) P . P v CPU mode register
individual bits CMOS level input output
| t/output, CMOS 3-stat tput | Add -byt
P1,—P1; Port P1 nput/outpu ale outpu ress upper-byte CPU mode register
individual bits CMOS level input output
P2 —p2 Port P2 Input/output, CMOS 3-state output Data bus I/0 cPU " t (1)
— r ata bus mode register
° § individual bits CMOS revel input giste
P3.—P3 Port P3 Input/output, CMOS 3-state output Control si | 1/0 CPU mod ist
— T ontrol signa mode register
° 7 individual bits CMOS level input 9 giste
P4,, P4,
P4,/INTy, External interrupt Interrupt edge selection @
P43/INT, Input/outout CMOS 3-stat tout input register
ut/output, -state outpu!
Pd4/RxD, Port P4 put/outp P _ 3)
individual bits CMOS level input Serial 1/0 control
P45/TxD, . (4)
Serial 1/01 function I/0 | register
Pde/Seur, UART control register (5)
P47/Saovt ¢ B)
P5y (1)
P51/INT,, External int t Interrupt ed lect
xternal interr nterrupt edge s 10}
P5,/INTs, up rrupt edge selection | (5)
Input register
P53/INT, Port P5 Input/output, CMOS 3-state output| .
P5,/CNTR,, individual bits CMOS leve! input . X
Timer XY function 170, (7)
P5;/CNTR,
PSe/DAs, D-A t tput | AD/DA control t (8)
-A converter outpu control register
P5,/DA, v |tp registe
P6o/ANo— ' Input/output, CMOS 3-state output
Port P6 A-D converter input 9
P6;/AN-, individual bits CMOS level input ceonv " inpu ©
P70/Sin2, (10
P7,/Sour2, ) Serial 1702 function | Serial 1/02 control 1)
Input/output, N-channel open-drain output
P72/ScLka, Port P7 L X 170 register 12)
individual bits CMOS level input
P73/Srov2 (13)
P7.—P7, 4
Input/output, CMOS 3-state output
P8,—P8, Port P8 nput/outbut © ou'p m
individual bits CMOS level input

Note : For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function 1/0 ports,

see the applicable sections.

2—46
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Port PO, P1, P2, P3, P4,, P44, P5,, or P8

register
Port latch

Data bus —1

(3) Port P4,

Serial 1/0 enable bit
Receive enable bit

register
Port latch

=3

(2) Port P4,, P4, P5,, P5,, or P53

Direction
3
Data bus —»| Port latch ﬁ

Interrupt input —@J

(4) Port P4

P-channel output disable bit
Senial 1/0 enable bit
Transmit enable bit }D—

irection
register

Data bus ﬁ-wl Port latch I

(5) Port P4g

Senal I/0 clock select bit
Senal I/0 enable bit

Senial I/0 mode select bit
Senal 1/0 enable bit

Direction
register
Data bus _—<.)I Port latch ;

Senal 1/0 input ‘@—

~

Serial 1/0 output —f>——

(6) Port P4,

Senal I/0 mode select bit
Serial 1/0 enable bit
Sroys output enable bit

register
Port latch

Sernial clock output —>——

input

(7) Port P5, or P55

register
Data bus —45] Port latch H——T>

External clock g

1
Eﬂy 5

Pulse output mode
Timer output

—
Counter input @@——
Interrupt input

Serial ready output AA—

(8) Port P5¢ or P5,

register
Data bus —»{ Port latch

. ]
D-A converter output >—°

D-A1 output enable bit (P5¢)
D-A2 output enable bit (P5;)

Fig. 4 Port block diagram (single-chip mode) (1)
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(9) Port P&

register
Data bus —¢3| Port latch

N \o——l
A-D coverter input <—°

Analog input pin select bit

(1) Port P7,

Sernial 1/02 transmit end signal
Senal |/02 port select bit

register

N

Serial 1/02 output

(13 Port P75

Srovz output enable bit —

,l Direction } %
register

=

Data bus —-«»)[ Port latch I[

2
Serial ready output —fL——

Data bus —¢3] Port latch

(10) Port P7,

Direction
register B
—O

3
~

Senial I/0 nput *—@‘“

(19 Port P7,

Senal 1/02 clock select bit 17°
Senal 1/02 port select bit

Direction
register

External clock

Serial clock 2 output ——ﬁ——‘ 2 input ‘—@—

(19 Port P7, to Port P7;

register
Data bus —| Port latch

(3
1

Fig. 5 Port block diagram (single-chip mdde) (2)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS ’

A total of 16 sources can generate interrupts: 7 external, 8 in-

ternal, and 1 software.

@ Interrupt Control
Each interrupt is controlled by an interrupt request bit, an
interrupt enable bit, and the interrupt disable flag-except
for the software interrupt set by the BRK instruction. An in-
terrupt is generated if the corresponding interrupt request
and enable bits are “1” and the interrupt disable flag is “0”.
Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but can-
not be set by software.
The | flag disables all interrupts except for the BRK instruc-
tion interrupt.

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

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

fore setting the interrupt edge selection.

Table 1 Interrupt vector addresses and priorities
Vector address (Note 1 Interrupt request
Interrupt cause Prionty - ( ) P q ) Remarks
High Low generation conditions
Reset (Note 2) 1 FFFD4s FFFC1e At reset Non-maskable
At detection of either rising or | External interrupt (active edge
INTo 2 FFFBie FFFA1e falling edge of INT, Input selectable)
At detection of either rising or | External interrupt (active edge
INT, 3 FFFO1 FFF81s falling edge of INT4 Input selectable)
Serial 1701 At end of serial 1/01 data re- . .
reception 4 FFF746 VFFFS,G ception Valid when serial 1/01 is selected
Serial 1701 At end of serial 1/01 transfer
n e 5 FFF546 FFF446 shift or when transmission buf- | Valid when senal 1/01 1s selected
transmission fer 1s empty
Timer X 6 FFF34e FFF246 At timer X overflow
Timer Y 7 FFF146 FFFO46 At timer Y overflow
Timer 1 8 FFEF¢ FFEE ¢ At timer 1 overflow STP release timer overflow
Timer 2 9 FFEDqe FFEC16 At timer 2 overflow
At detection of either rising or | External interrupt (active edge
CNTRo 10 FFEB1s FFEAe falling edge of CNTR, input selectable)
At detection of either rising or | External interrupt (active edge
CNTR, " FFE9:c FFE8:c falling edge of CNTR; input selectable)
At end of serial 1/02 data
Serial 1/02 12 FFE746 FFE646 transfer Valid when serial 1/02 1s selected
At detection of either rising or | External interrupt (active edge
INT, 12 FFES:e FFE4e falling edge of INT, input selectable)
At detection of either nising or | External interrupt (active edge
INTs 14 FFES:e FFE2:16 falling edge of INTg input selectable)
At detection of either rising or | External interrupt (active edge
INT, 15 FFEl6 FFEOse falling edge of INT, input selectable)
A-D converter 16 FFDF,¢ FFDE¢ At end of A-D conversion )
Non-maskable soft inter-
BRK instruction 17 FFDD+e FFDC1e At BRK instruction execution rupt oftware inter

Note 1 : Vector addresses contain interrupt jump destination addresses

2 ! Reset function in the same way as an interrupt with the highest priority

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Interrupt request bit ——
Interrupt enable bit ———]

Interrupt disable flag (1) ———(

BRK instruction
Reset

—J

Interrupt request

Fig. 6 Interrupt control

7 0

[_r_]_]—r—[—]'—r—] Interrupt edge selection register
(INTEDGE address 003A¢)
INT, active edge select bit
——— INT, active edge select bit
Not used (returns “0” when read)
INT, active edge select bit
INT; active edge select bit

INT, active edge select bit
Not used (returns “0” when read)

7 0

I_r—]_]_'['_r'm Interrupt request register 1
(IREQ1 address 003C1¢)

INT, interrupt request bit

INT, interrupt request bit

Serial 1/01 receive interrupt request bit
Senal 1701 transmit interrupt request bit
Timer X interrupt request bit

Timer Y interrupt request bit

Timer 1 interrupt request bit
Timer 2 interrupt request bit

7 0
I | Interrupt control register 1
(ICON1 address 003E;s)

INT, interrupt enable bit
INT, interrupt enable bit
Serial 1/01 receive interrupt enable bit
Sernial 1701 transmit interrupt enable bit
Timer X interrupt enable bit
Timer Y interrupt enable bit

Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

0 : Falling edge active
1 : Rising edge active

7 0
Interrupt request register 2

(IREQ2 address 003D+¢)

CNTRy interrupt request bit
— CNTR; interrupt request bit

Serial 1/02 interrupt request bit

INT interrupt request bit

INT3 interrupt request bit
‘——————— INT, interrupt request bit
A-D converter interrupt request bit
Not used (returns “0” when read)

0 : No interrupt request issued
1 *Interrupt request issued

7 0

[ ] Interrupt control register 2
(ICON2 address 003F,g)
CNTR;y interrupt enable bit
CNTR; interrupt enable bit
———— Senal 1/02 interrupt enable bit

INT, interrupt enable bit
INT3 interrupt enable bit

‘———————— INT, Interrupt enable bit
L—————- A-D converter interrupt enable bit
Not used (returns “0” when read)
(Do not write “1” to this bit)

0 : Interrupts disabled
1 :Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS

Microcomputers of the M3806x group have 4 timers: timer X,
timer Y, timer 1, and timer 2.

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

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

Timer XY mode register
[_J_ (TM- Address 0023,6)
Timer X operation mode bit
b1b0
0 0 : Timer mode
0 1 : Pulse output mode
1 0 : Event counter mode
1 1 : Pulse width measurement mode

CNTR, active edge select bit
0 ! Interrupt at falling edge
Count at rising edge in event
counter mode

1 ! Interrupt at nising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0 : Count start
1 ! Count stop

Timer Y operation mode bit

b5b4

0 0  Timer mode

0 1 : Pulse output mode
1 0 : Event counter mode

1 1 : Pulse width measurement mode

CNTR, active edge select bit
0 : Interrupt at falling edge
Count at rising edge in event
counter mode
1 ! Interrupt at nsing edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0 : Count start
1 * Count stop

Fig. 8 Structure of timer XY register

Timer 1 and Timer 2

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

Timer X and Timer Y

Timer X and Timer Y can each be set to operate in one of

four operating modes by setting the timer XY mode register.

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

2. Pulse Output Mode
Timer X (or timer Y) counts a signal which is the oscilla-
tion frequency divided by 16. Whenever the contents of
the timer reach “0”, the signal output from the CNTR, (or
CNTR;) pin is inverted. If the CNTR, (or CNTR,) active
edge select bit is “0”, output begins at “H”. If it is “1”,
output starts at “L” When using a timer in this mode, set
the corresponding port P5, (or port P55) direction regis-
ter to output mode.

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

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

In all of these modes, the count can be stopped by setting

the timer X (timer Y) count stop bit to “1”. Every time a timer

overflows, the corresponding interrupt request bit is set.
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Oscillator Divider

S ‘ Data bus

f(Xin) 1/16

—

P54/CNTR, pin CNTRo active
edge select bit

I Prescaler X latch B)J

U

[ Timerxiaten (8)

Timer mode
Pulse output mode

Pulse width
measurement
mode

—

To timer X interrupt
request bit

To CNTRy interrupt

aqr

direction register
Pulse output
mode

request bit

CNTR; active

PSs/CNTR, pin edge select bit

I_\____> To timer Y interrupt

Prescaler X (8 Timer X (8)

Event

counter Timer X count stop bit

mode N

1°
CNTR, active
zdge select Q
it wqn
—\_’_ Toggle flip-flop T -/
o la R
Timer X latch write
Pulse output mode
S Data bus 2
I Prescaler Y latch (8) | L Timer Y latch (8 l
Pulse width | Timer mode
measurement JPulse output mode
mode
Prescaler Y (8 Timer Y (8)

(E:gSr?tter Timer Y count stop bit

mode N,
’ . 1>

request bit

To CNTR; interrupt

“g”

“qn

direction register

mode

Pulse output

CNTR; active
edge select
bit

o———Q
“qn

request bit

Toggle flip-flop T

g Q R

G:Tlmer Y latch write
Pulse output mode

Data bus

L &

L

Prescaler
12 latch (8)

Timer 1 latch (8)

Timer 2 latch (8)

U U

!

Timer 1(8)

Prescaler 12(8)

Timer 2(8)

= To timer 2 interrupt
request bit

To timer 1 interrupt

request bit

Fig. 9 Block diagram of timer X, timer Y, timer 1, and timer 2
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SERIAL 1/01
Serial 1/01 can be used as either clock synchronous or asyn-
chronous (UART) serial 1/0. A dedicated timer is also pro-
vided for baud rate generation.
(1) Clock Synchronous Serial 1/0

Clock synchronous serial 1/01 mode can be selected by

setting the mode select bit of the serial 1/01 control reg-
ister to “1”

For clock-synchronized serial 1/01, the transmitter and
the receiver must use the same clock. If an internal clock
is used, transfer is started by a write signal to the trans-
mit or receive buffer.

Receive buffer

Receive shift register

P4,/RxD O

Shift clock

Pds/Scii O—

Data bus

»—= Receive buffer full flag (RBF)

L = Recewve interrupt request (RI)

Clock control circuit

Serial 1/0 clock select bit

BRG count source select bit Frequency duvision ratio 1/(n+1)

Shift clock

lTransmit shift register

P4s/TxD e

Address 001C,¢

f(Xin) Baud rate generator | 1/4
1/4

P4;7/Sroyv1 O F/E Falling-edge detector| Clock control circuit

Transmit shift completion flag (TSC)
Transmit interrupt source select bit

r@——) Transmit interrupt request (T1)
T

Transmit buffer |

ransmit buffer empty flag (TBE)

Address 001 8‘e|§enal 1/01 status reglster] Address 0019
N

Data bus

Fig. 10 Block diagram of clock-synchronized serial 1/01

Transfer shift clock
(1/2 to 172048 of the internal
clock, or an external clock)

Senal output TxD X Dy X D

|
Sernial input RyD Y 0, X D, X DZ X D X D, X Ds X Ds X D; X
|

Receive enable signal Sppy, _I___'

Interrupt signal to |

receive/transmit buffer I T
(address 0018,) v ]
tBE=0 '
TBE=1 RBF=1
TSC=0 TSC=1

|
|
T

Overrun error (OE) detection

Note 1 : The transmit interrupt (T1) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the transmit shift
operation has ended (TSC=1), by setting the transmit interrupt source select bit (TIC) of the senal /01 control register
2 ! If data I1s written to the transfer buffer when TSC=0, the transmit clock 1s generated continuously and serial data 1s output continuously
from the TxD pin
3 : The receive interrupt (RI) is set when the receive buffer full (RBF) flag becomes “1”

Fig. 11 Operation of clock-synchronized serial 1701 function
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(2) Asynchronous serial 170 (UART) mode ory. Since the shift register cannot be written to or read
Clock asynchronous serial 1/0 mode (UART) can be from directly, transmit data is written to the transmit buf-
selected by clearing the serial I/O mode select bit of the fer, and receive data is read from the receive buffer. The
serial 1/0 control register to “0”. transmit buffer can also hold the next data to be transmit-
Eight serial data transfer formats can be selected, and ted, and the receive buffer can hold a character while
the transfer formats used by a transmitter and receiver the next character is being received.

must be identical.
The transmit and receive shift registers each have a buf-
fer, but the two buffers have the same address in mem-

Data bus
haggess Address 001As
16
OE Receive buffer ?F?gsl)ve buffer full flag
Character length select bit Receive interrupt request
P4,/RxD  OH[st a...m]|—[ 7 bits recas s regver} (RI)
8 bits \l l 1/16
PE FE SP detector I UART control register I
{  Clock control W Address 001B4s
T

Serial 1/0 clock select bit

P4e/ScLki O

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

Baud rate generator

Address 001C;¢

[Transmit shift register

f(Xin)

Transmit shift completion flag (TSC)
Transmit interrupt source select bit

Transmit interrupt request (TI)

P4s/TxD O

|
Character length select bit —_— Transmit buffer empty flag (TBE)

Add&gisg's |Senal 1701 stﬁéus register | Address 0019,

Transmit

Data bus

Fig. 12 Block diagram of UART serial I/0
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Transmit or receive clock 1 2

Transmit buffer write signal I I I_I
v

TBE=0
TSC=0

Senal output TxD
1 start bit

Recelve buffer wnte signal

7 or 8 data bits
1 or 0 parity bit
1 or 2 stop bit(s)

—_—

Serial input RD

Note 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception)
2 ! The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the
transmit interrupt source select bit (TIC) of the senal 1/O control register
3 ! The receive interrupt (RI) 1s set when the RBF flag becomes “1”

Fig. 13 Operation of UART serial I/0 function

[Serial /O Control Register (SIO1CON) 001A,]
The serial I/0 control register contains eight control bits for
the serial 170 function.

[UART Control Register (UARTCON) 001B,¢]
The UART control register consists of four control bits (bits
0 to 3) which are valid when asynchronous serial /0 is
selected and set the data format of an data transfer. One
bit in this register (bit 4) is always valid and sets the output
structure of the P45/TxD pin.

[Serial /01 Status Register (SIO1STS) 0019,¢]
The read-only serial I/01 status register consists of seven
flags (bits 0 to 6) which indicate the operating status of the
serial 1/0 function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART
mode.

The receive buffer full flag (bit 1) is cleared to “0” when
the receive buffer is read.

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

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

All bits of the serial 1/01 status register are initialized to “0”
at reset, but if the transmit enable bit (bit 4) of the serial
1/0 control register has been set to “1”, the transmitter shift
completion flag (bit 2) and the transmitter buffer empty flag
(bit 0) become “1”.

[Transmit Buffer/Receive Buffer (TB/RB) 0018,¢]
The transmit buffer and the receive buffer are located at
the same address. The transmit buffer is write-only and the
receive buffer is read-only. If a character bit length is 7
bits, the MSB of data stored in the receive buffer is “0”.

[Baud Rate Generator (BRG) 001C,¢]

The baud rate generator determines the baud rate for se-
rial transfer.

The baud rate generator divides the frequency of the count
source by 1/(n—+1), where n is the value written to the
Baud Rate Generator

MITSUBISHI

ELECTRIC




SINGLE-CHIP

MITSUBISHI MICROCOMPUTERS

M3806x Group

8-BIT CMOS MICROCOMPUTER

7 0
| | Senal I/01 status register

(SIO1STS: address 0019,)

Transmit buffer empty flag (TBE)
0 : Buffer full
1 . Buffer empty

Receive buffer full flag (RBF)
0 : Buffer empty
1 : Buffer full
Transmit shift completion flag (TSC)
0 : Transmit shift in progress
1 Transmit shift completed
Overrun error flag (OE)
0 : Noerror
1 : Overrun error
Parity error flag (PE)
0 : Noerror
1 ! Parity error

' Framing error flag (FE)
0 : No error
1 . Framing error
Summing error flag (SE)
0 ! OEUPEUFE=0
1 : OEUPEUFE=1

7 0
[ l UART control register

L(UARTCON address 001B;¢)

Character length select bit (CHAS)
0 :8hbits
1 17 bits
Parity enable bit (PARE)
0 : Panty checking disabled
1 ! Panty checking enabled
Parity select bit (PARS)
0 : Even parity
1 : 0Odd parity
Stop bit length select bit (STPS)
0 :1 stop bit
1 2 stop bits
P45/TxD P-channel output disable bit
(POFF)

0 : CMOS output (in output mode)

1 : N-channel open drain output
(in output mode)

7 0
| Serial 1/01 control register

(SIO1CON address 001A,6)

L

I

BRG count source select bit (CSS)
0 :f(Xin)
1 2 #(Xi) divided by 4
Serial 1/01 synchronization clock select bit
(scs)
0 : BRG output divided by 4 when clock
synchronized senal 1/0 is selected,
BRG output divided by 16 when
UART 1s selected
1 : External clock input

Srov: output enable bit (Sgpy)
0 : P4; pin operates as ordinaly I/0 pin
1 I P4; pin operates as Sgpy output pin

Transmit interrupt source select bit (TIC)
0 : Interrupt when transmit buffer has
emptied
1 ! Interrupt when transmit shift
operation 1s completed

Transmit enable bit (TE)
0 : Transmit disabled
1 ! Transmit enabled

Recelve enable bit (RE)
0 : Receive disabled
1 ! Receive enabled

Sernial 1701 mode select bit (SIOM)
0 : Clock asynchronous (UART) serial I/0
1 : Clock synchronous sernal 1/0
Serial 170 enable bit (SIOE)
0 : Serial I/0 disabled
(pins P4, to P4; operate as oridinary 1/0 pins)
1 : Senal I/0 enabled
(pins P4, to P4; operate as serial 1/0 pins)

Fig. 14 Structure of serial I/0 control registers
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SERIAL 1/02

. . 7 0

The serial I/~02 function can be used only for clock syn- [T T T T T T T Serial o2 control regster
chronous serial 1/0. [ E[ (SIO2CON address 001D,)
For clock synchronous serial I/0 the transmitter and the re- Internal synchronization clock select bits
ceiver must use the same clock. If the internal clock is b2 b1 b0

. . . . 000 :f(Xy) divided by 8

ed, transfer is start write signal to the serial 1/02 N

use arted by a 9 e serial 1/0 S f(X) divided by 16
register. f(Xin) divided by 32

T f(X;n) divided by 64
T f(Xin) divided by 128
1 1(Xin) divided by 256

—-— 000

0
1
1
1
1

—_O - O =

Serial /02 Control Register (SIO2CON) 001D,
The serial 1/02 control register contains seven bits which
serial 1/02 cc gister contains L Senal 1/02 port select bit (SM2,)

control various serial 1/0 functions. 0 :1/0 port

1 * Sour2 Scikz signal output
Srov2 output enable bit (SM2,)

0 :1/0 port

1 ! Srov2 signal output
Transfer direction select bit (SM2;)

0 ! LSB first

1 1 MSB first
Synchronization clock select bit (SM2s)

0 ! External clock

1 Internal clock

Fig. 15 Structure of serial I/02 control register

Internal
1/8 synchronization
1/16 clock _[lata bus
|
5 1732 select bits
Xw O 2 ea
O] 1/128
P75 latch Synchronization | 1/2%6
‘0" & clock select bit “r
P7a/Srovz “qn Srov ISynchromzahm o=
circuit
«"

Srovz output enable bit ¢
r
& | External clock

P7, latch

P72/Scuc “1” o= =l| Sernial 1/0 counter 2 (3) Jl
Senial 1702 port select bit Senal 1/02
P7, latch interrupt request

“0” !
P71/Soutz o=

Senal 1/02 port select bit
P7o/Sme (O >|l Serial 1/0 shift register 2 (8)

i

Z

Fig. 16 Block diagram of serial 1702 function
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Transfer clock (Note 1)

Serial 1/02 register

write signal

; { (Note 2)
Serial 1/02 output Sour2 j X Do X Dy X D) X D3 X Di X Ds X Ds X D/

: / :
Serial 1/02 input Sy2 X X X X X X X X X
Recelve enable signal :
Sroyz L———l '1‘

Sernial 1/02 interrupt request bit set

Note 1. When the internal clock 1s selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the senal 1/02
control register
2. When the internal clock 1s selected as the transfer clock, the Sqyr, pin goes to high impedance after transfer completion

Fig. 17 Timing of serial 1702 function
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A-D CONVERTER
The functional blocks of the A-D converter are described
below.

[A-D Conversion Register]

The A-D conversion register is a read-only register which
contains the result of an A-D conversion. This register
should not be read during an A-D conversion.

[AD/DA Control Register]

The AD/DA control register controls the A-D conversion
process. Bits 0 to 2 select a specific analog input pin. Bit 3
signals the completion of an A-D conversion. The value of
this bit remains at “0” during an A-D conversion, and
changes to “1” when an A-D conversion ends. Writing “0” to
this bit starts the A-D conversion. Bits 6 and 7 are used to
control the output of the D-A converter.

[Comparison Voltage Generator]

The comparison voltage generator divides the voltage be-
tween AVgs and Vgee into 256 steps for comparison to the
analog input.

[Channel Selector]
The channel selector selects one of the ports P6,/AN, to
P67;/AN7, and inputs the voltage to the comparator.

[Comparator and Control Circuit]

The comparator and control circuit compares an analog in-
put voltage with the comparison voltage, then stores the re-
sult in the A-D conversion register. When an A-D conver-
sion is complete, the control circuit sets the A-D conversion
completion bit and the A-D interrupt request bit to “1”.

The comparator contains a capacitor, so f(X;y) should be at
least 500kHz during an A-D conversion.

AD/DA control register
LD;(ADCON address 0034,¢)
Analog input pin select bits
b2 b1 b0
000 : P6yo/ANg
. P64/AN,
I P6,/AN,
. P63/AN;
L P64/AN,
1 P6s/ANg
. P6g/ANg
111 :P6;/AN;
A-D conversion completion bit
0 I Conversion in progress
1 : Conversion completed
D-A1 output enable bit
0 : D-A1 output disabled
1 ! D-A1 output enabled
‘——————————— D-A2 output enable bit
0 ! D-A2 output disabled
1 : D-A2 output enabled

N e R =X =)
—0 0 = =0
o= O = O —

Fig. 18 Structure of AD/DA control register

Data bus

S

AD/DA control register l l l l [ l

(address 0034,)

F

P6o/ANg

A-D control circuit }

A-D interrupt request

P61/AN,
P6,/AN,
P63/AN3
P64/AN,4
P6s/ANs

Comparator

Channel selector

{

A-D conversion register I (Address 0035¢)

T8

-

P6s/ANg

Resistor ladder I

T

L

P67/AN;

5d

Vrer AVss

Fig. 19 Block diagram of A-D converter
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D-A CONVERTER

Microcomputers of the M3806x group have two internal D-A
converters (D-A1 and D-A2) with 8-bit resolutions.

The D-A converter outputs a voltage corresponding to the
value in the D-A conversion register. The voltage is output
from the DA, or DA, pin by setting the D-A output enable
bit to “1”.

When using the D-A converter, the corresponding port
direction register bit (DA,/P5¢ or DA,/P5,) should be set to
“0” (input status).

The output analog voltage V is determined by the value n
(base 10) in the D-A conversion register as follows:

V=Vger X n/256 (n=0 to 255)
Where Vgee is the reference voltage.

At reset, the D-A conversion registers are cleared to “00”,
the D-A output enable bits are cleared to “0”, and the P5¢/
DA, and P5;/DA, pins are set to input (high impedance).
The D-A output is not buffered, so the user must supply an
external buffer when driving a low-impedance load.

Set Vg to at least 4.0V, when using the D-A converter.

[ D-A1 conversion register (8) ]

D-A1 output enable bit

R-2R resistor ladder j——O/O'——-OPSS/DA,

Data bus

l D-A2 conversion register (8) I

D-A2 output enable bit

I R-2R resistor ladder }—o/o——o P5,/DA,

Fig. 20 Block diagram of D-A converter

“0" D-Ai output enable bit R

P51/DAI Q—<13

D-Ai conversion
register

AVss

Vrer

Fig. 21 Equivalent connection circuit of D-A converter
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RESET CIRCUIT

A microcomputer in the M3806x group is reset if the RESET
pin is held at a “L” level for at least 2us then is returned to
a “H” level (the power supply voltage should be between
4.0V and 5.5V). In order to give the X,y clock time to stabil-
ize, internal operation does not begin until after 8 to 12 Xn
clock cycles are complete. After the reset is completed,
the program starts from the address contained in address
FFFD4s (upper byte) and address FFFCys (lower byte).
Make sure that the reset input voltage is no more than 0.8V
for a power supply voltage of 4.0V.

l |
: 4.0V
Power |
voltage ov |
| |
Reset t _:/'/_
eset Inpu
voltage ov | : 0.8v
| |
' '
Vee
1
5 RESET
M51953AL
4
e
0. 1uF
3
¢ Vss
e M3806x

Fig. 22 Example of reset circuit

Address Register contents
(1) Port PO direction register (0 0 0 14¢)-* 0046
(2) Port P1 direction register (0 0 0 34¢)-- 0046
(3) Port P2 direction register (0 0 0 54¢)-
(4) Port P3 direction register (0 0 0 7 4¢)* 0046
(5) Port P4 direction register (0 0 0 94¢)-* 0046
(6) Port P5 direction register (0 0 0 Bqg)-+- 0046
(7) Port P6 direction register (0 0 0 Dyg)-*
(8) Port P7 direction register (0 0 0 Fqg)+
(9) Port P8 direction register (0 0 1 14¢)

(10 Senal 1/01 status register (0 0 1 94¢)-- nunnnn
(11) Serial 1/01 control register (0 0 1 Aqg)--
[1][1]o]o[o]o]

(i) UART control register (00 1Byg)

(13) Seral 1/02 control register (0 0 1 Dyg)*

WA i

(14) Prescaler 12 (00204g) FFie

(19 Timer 1 (002146) 0146

(16) Timer 2 (002246) FFis

(17 Timer XY mode register (002346) 0046

(13) Prescaler X (00244) FFis

(19 Timer X (00254) FFie

(20) Prescaler Y (002646) FFis

@) Timer Y (002746) FF1s

(22) AD/DA control register (003 4,5) : 0}0 nnnun
(239 D-A1 conversion register (0036 .6)"'
(24) D-A2 conversion register (0 0 3 74¢)* 0016

(25) Interrupt edge selection register (0 0 3 Asg)-- 0046

(26) CPU mode register (00 3Byg) nunnnnn
) Interrupt control register 1 (0 0 3 Eqg)-* 0046 B

(23) Interrupt control register 2 (0 0 3 F4¢)- -

(29) Processor status register (Ps) X n XX

(30) Program counter (P Cy) |Contents of address FFFDg

e

(P C_) |Contents of address FFFCyq

Note : X : Undefined
¥ ! The initial values of CM; are determined by the level at the
CNVsgs pin
The contents of all other registers and RAM are undefined
after a reset, so they must be initialized by software

Fig. 23 Internal status of microcomputer after reset
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(Xin) I frrr
¢ S I Il rir i rirrirrerererer
RESET J
RESETour
(internal reset)
SYNC [ 1
Address X XL XXX FFFC X_FFFD
- Reset address from vector table
Data D GEED GEAD GEED GEAD GEED &1 M

Note 1 : f(X;y) and ¢ are in the relationship f(X,y)=2¢
21 A question mark ( ? ) indicates an undefined status that depends on the
previous status

8 to 12 clock cycles

Fig. 24 Timing of reset
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CLOCK GENERATION CIRCUIT

An oscillation circuit can be created by connecting a re-
sonator between Xy and Xouyr. When using an external
clock signal, input the clock signal to the X,y pin and leave
the Xout pin open.

Oscillation Control

(1

Stop Mode

If the STP instruction is executed, oscillation stops with
the internal clock ¢ at “H”. Timer 1 is set to “FF;5” and
prescaler 12 is set to “014¢".

Oscillation restarts when an external interrupt is re-
ceived, but the internal clock ¢ remains at “H” until tim-
er 1 overflows.

This allows time for the clock circuit oscillation to sta-
bilize. If oscillation is restarted by a reset, no wait time
is generated, so keep the RESET pin at “L” level until
oscillation has stabilized.

Wait Mode

If the WIT instruction is executed, the internal clock ¢
stops at a “H” level, but the oscillator itself does not
stop. The internal clock restarts if a reset occurs or
when an interrupt is received.

Since the oscillator does not stop, normal operation can
be started immediately after the clock is restarted.

To ensure that interrupts will be received to release
the STP or WIT state, interrupt enable bits must be set
to “1” before the STP or WIT instruction is executed.

When the STP status is released, prescaler 12 and tim-
er 1 will start counting and reset will not be released
until timer 1 overflows, so set the timer 1 interrupt en-
able bit to “0” before the STP instruction is executed.

Xin Xour

Il

=Cn

; j:rCouT

Fig.

25 Ceramic resonator circuit

Xout

Open

oy

Vee
External oscillator
Vss

Fig.

26 External clock input circuit

Interrupt request

Interrupt disable Reset

flag (1) s Q s Q Q s ——G___
Reset WIT
STP Instruction R |nstruct|on‘-4 R R——STP instruction
P ¢ output
ONW pin — Internal clock ¢
Single-chip mode g:le
1/2 ———| 1/8 H Prescaler 12 H Timer 1 |—————
Rd

Rf

XIN XOUT

FFie 0146 T

Reset or STP instruction

Fig. 27 Block diagram of clock generation circuit
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PROCESSOR MODES ‘
Single-chip mode, memory expansion mode, and micro-
processor mode can be selected by changing the contents
of the processor mode bits CMy and CM; (bits 0 and 1 of
address 003B;g) . In memory expansion mode and micro-
processor mode, memory can be expanded externally through
ports PO to P3. In these modes, ports PO to P3 lose their
170 port functions and become bus pins.

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

Port Name Function

Port PO Outputs lower byte of address.

Port P1 Outputs upper byte of address

Port P2 Operates as 1/0 Plns for data D; to Do
(including instruction codes)
P3, and P3,; function only as output pins
(except that the port latch cannot be
read)
P3, is the ONW input pin.

Port P3 P3; is the RESETour output pin (Note)

P3, is the ¢ output pin.

P35 1s the SYNC output pin.

P3g Is the WR output pin, and P3; Is the
RD output pin

Note : If CNVgs i1s connected to Vs, the microcomputer goes to single-
chip mode after a reset, so this pin cannot be used as the
RESEToyr output pin

® Single-Chip Mode
Select this mode by resetting the microcomputer with
CNVgg connected to Vgs.

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

® Microprocessor Mode
Select this mode by resetting ‘the microcomputer with
CNVgs connected to Vg, or by setting the processor
mode bits to “10” in software with CNVgs connected to
Vss. In microprocessor mode, the internal ROM is no lon-
ger valid and external memory must be used.

0000,¢ 000046
000846 000846
SFR area SFR area
004046 0040,¢
Internal RAM Internal RAM
reserved area reserved area
044046 / 044046
YYYYid
Internal ROM
FFFFis FFFFq
Memory expansion mode Microprocessor mode
The shaded areas are external memory areas
* 1YYYY,¢ I1s the start address of internal ROM

Fig. 28 Memory maps in various processor modes

CPU mode register
(CPUM address 003B;s)

Processor mode bits

b1b0

0 0 : Single-chip mode

0 1 : Memory expansion mode
1 0 : Microprocessor mode
11 Do not use

Stack page select bit
0 : RAM In the zero page 1s used
as stack area
1  RAM in page 1 1s used as
stack area

Fig. 29 Structure of CPU mode register
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Bus Control with Memory Expansion
Microcomputers of the M3806x group have a built-in ONW
function to facilitate access to extra memory and /0O func-
tions in memory expansion mode or microprocessor mode.

If an “L” level signal is input to the ONW pin when the CPU
is in a read or write state, the corresponding read or write
cycle is extended by one cycle of ¢. During this extended
period, the RD or WR signal remains at “L”. This extension
period is valid only for writing to and reading from addres-
ses 0000, to 0007,¢ and 0440, to FFFF.s and only read

and write cycles are extended.

Read cycle Dummy cycle Wnte cycle Read cycle Dummy cycle Write cycle
le le e Sle le le |
[ -1 1 -1 il il i

¢

—

I L LI

AD;s to ADo

|
X X X

L

A

on operations.

* : Period during which ONW input signal I1s received
During this period, the ONW signal must be

fixed at either “H” or “L" At all other times, the input level of the ONW signal has no affect

The bus cycles Is not extended for an address in the area 00085 to 043F;, regardless of whether the ONW signal 1s received

Fig. 30 ONW function timing
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag (I)
which is “1”. Therefore, flags that affect program execution
must be initialized after a reset.

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

Interrupts

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

Decimal Calculations

To calculate in decimal notation, set the decimal mode flag
(D) to “17, then execute a ADC or SBC instruction. Only the
ADC and SBC instructions yield proper decimal results. Af-
ter executing an ADC or SBC instruction, execute at least
one instruction before executing a SEC, CLC, or CLD in-
struction.

In decimal mode, the values of the negative (N), overflow
(V), and zero (Z) flags are invalid.

The carry flag can be used to indicate whether a carry or
borrow has occurred, but must be initialized before each
calculation. Clear the carry flag before an ADC and set the
flag before an SBC.

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

Multiplication and Division Instructions

The MUL and DIV instructions do not affect the T and D
flags.

The execution of these instructions does not change the
contents of the processor status register.

Ports

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

Serial /O

In clock synchronous serial I/0, if the receive side is using an
external clock and it is to output the Sgpy; signal, set the
transmit enable bit, the receive enable bit, and the Sgpy; out-
put enable bit to “1”.

Serial 1/01 continues to output the final bit from the TxD pin
after transmission is completed. The Sgyr, pin from serial
1702 goes to high impedance after transmission is completed

A-D Converter

The comparator uses internal capacitors whose charge will
be lost if the clock frequency is too low.

Make sure that f(X)y) is at least 500kHz during an A-D con-
version. (If the ONW pin has been set to “L”, the A-D conver-
sion will take twice as long to match the longer bus cycle,
and so f(X,y) must be at least 1IMHz.)

Do not execute the STP or WIT instruction during an A-D
conversion.

D-A Converter

The accuracy of the D-A converter becomes poor rapidly
under the Vgc =4.0V or less condition. So set V¢ to at least
4.0V, when using the D-A converter.

Instruction Execution Time

The instruction execution time is obtained by multiplying the
frequency of the internal clock ¢ by the number of cycles
needed to execute an instruction.

The number of cycles required to execute an instruction is
shown in the list of machine instructions.

The frequency of the internal clock ¢ is half of the X\ fre-
quency.

When the ONW function is used in modes other than single-
chip mode, the frequency of the internal clock ¢ may be one
fourth the Xy frequency.
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:
1. Mask ROM Order Confirmation Form
2. Mask Specification Form
3. Data to be written to ROM, in EPROM form (three
identical copies)

ROM Writing Method

The built-in PROM of the blank one-time programmable
version and built-in EPROM version can be read from and
written to with an normal EPROM writer using a special
write adapter.

Package Name of Write Adapter
80P6N PCA4738F-80
80P6S PCA4738G-80
80D0 PCA4738L-80

The PROM of the blank one-time programmable version is
not tested or screened after assembly. To ensure proper
operation after writing, the procedure shown in Figure 31 is
recommended to verify programming.

Writing with PROM writer

=~ _—

Screening (Note)
(150°C for 40 hours)

=~ -

Verification with PROM writer

=~ -

Functional check in target device

Note : The screening temperature 1s far higher than
the storage temperature Do not leave the
microcomputer at 150°C for longer than 100 hours

Fig. 31 Writing and testing of one-time programmable
version

KRV
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3t07.0 \"
Input voltage P0o-P07, P19-P17, P2,-P2;,
\Z P30-P37, P4o-P4;, P5-P57, —0.3to Vgc10.3 Vv

P6o-P67, P70-P77, P8o-P87, Vrer

All voltages measured with reference to the

V, Input voltage RESET, X —0.3 to Vgc+0.3 v
Vss pin, output transistors i1solated
vV, Input voltage CNVgg —0.3t013 | \
Output voltage P0o-P0;, P19-P17, P2,-P2;,
Vo P30-P3;, P4g-P47, P5,-P57, —0.3 to Vec10.3 "
P6o-P6;, P7,-P77, P8¢-P87, Xour

P4 Power dissipation Ta=25C 500 mwW
B Topr Operating temperature —20 to 85 C

Tstg Storage temperature —40 to 125 C

RECOMMENDED OPERATING CONDITIONS (Vcc=3.0t05.5V, T = —20 to 85°C, unless otherwise noted)

L Limits
Symbol Parameter Unit
Min Typ Max
Supply voltage (f(Xjy) <2MHz) 3.0 5.0 5.5
Vee Supply voltage (f(Xiy) >2MHz) 4.0 5.0 5.5 v
Supply voltage (when D-A converter I1s used) 4.0 5.0 5.5
Vss Supply voltage 0 \
v Analog reference voltage (when A-D converter 1s used) 2.0 Vece v
REF Analog reference voltage (when D-A converter is used) 4.0 Vee
AVss Analog power voltage 0 \
Via Analog input voltage ANg-AN; AVgg Vce v
“H” input voltage PO0o-PO7, P1g-P17, P29-P2;7, P3,-P3;, P4o-P4;,
Vin p ge P0o-PO7, P1o-P17, P2g-P27, P3o-P3;, P4o-P4; 0. 8Voo Voo v
P5¢-P5;7, P6o-P67, P7¢-P7;, P8¢-P87
Vin “H" input voltage RESET, Xy, CNVsg 0.8Vee Vece v
- “L” input voltage P0o-P07, P1o-P17, P2o-P2;, P3,-P3;, P4g-P47, 0 0.2Veo v
P5¢-P5;, P6o-P67, P7,-P77, P8,-P8;
Vie “L” input voltage RESET 0 0.2Vcee v
Vio “L” input voltage Xy 0 0.16Vee \'
VL “L” input voltage CNVsgs 0 0.2Vce \4
Slou(peak) | “H" total peak output current P0y-P07, P19-P17, P2o-P27, P3y-P3;, P8:-P8; (Note 1) —80 mA
Slon(peak) | “H” total peak output current Pdo-P47, P5o-P57, P6o-P6; (Note 1) —80 mA
EIOL(Deak) “L” total peak output current P0o-P07, P1-P17, P2y-P2;, P3p-P3;, P8¢-P8; (Note 1) 80 mA
Zlomak) “L” total peak output current P4q-P4;, P5¢-P5;, P6y-P67, P7o-P7; (Note 1) 80 mA
“H” total average output current P0g-P07, P1o-P17, P2¢-P27, P3¢-P37,
Zlontavg) —40 mA
P8y-P8; (Note 1)
Slon(avg) | “H” total average output current P4g-P4;, P5g-P57, P6o-P6; (Note 1) —40 mA
“L” total average output current P0o-P07, P1o-P17, P2o-P2;, P3,-P3;,
Slow(avg) 40 mA
P8¢-P8; (Note 1)
Slouavg) | “L” total average output current P4o-P4;, P5,-P57, P6o-P67, P7o-P77 (Note 1) 40 mA
“H” peak output current P0o-P07, P1o-P17, P2y-P2;, P3¢-P3;7, P4o-P47,
lon(peak) —10 mA
P50-P57, P6o-P6;, P8)-P8; (Note 2)
“L” peak output current P0Oy-PO;, P1¢-P17, P2o-P27, P3¢-P3;, P4o-P47,
loL(peak) 10 mA
P5,-P5;, P6y-P67, P7¢-P77, P8y-P8; (Note 2)
“H" average output current P0o-P07, P1¢-P17, P2o-P2;, P3-P37, P4¢-P4;,
loncavg) -5 mA
P5¢-P5;, P6y-P67, P8o-P8; (Note 3)
“L” average output current P0g-P07, P1¢-P17, P2o-P2;, P3¢-P3;, P4o-P47,
loLcavg) 5 mA
P5¢-P57, P6o-P67, P7¢-P77, P8,-P8; (Note 3)
Internal clock oscillation frequency (Vgo=4. 0~5.5V) 8
f(Xin) <e MHz
Internal clock oscillation frequency (Voc=3.0~5.5V) 2

Note 1 The total output current is the sum of all the currents flowing through all the applicable ports The total average current is an average value me-
asured over 100ms The total peak current 1s the peak value of all the currents
2 The peak output current is the peak current flowing 1n each port
3 The average output current I, (avg), lon (avg) in an average value measured over 100ms
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ELECTRICAL CHARACTERISTICS

(Voe =3.0105.5V, Vgg = 0V, Tg = —20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max
“H” output voltage P0,-P0;, P1o-P17, P2;-P27, low=—10mA Vee—2.0
Vec=4.0~5. 5V
Von P30-P37, P4o-P47, P5o-PS5y, v
low=—1.0mA Vge—1.0
P6y-P67, P8,-P8; (Note 1) Vege=3.0~6.5V
“L” output voltage PQg-P07, P1o-P17, P2-P2;, lo,=10mA 2.0
Vv P3g-P3;, Pdg-P47, P5o-P5: Voc=4.0~5.5V v
oL O PR TR lo.=1.0mA 1.0
P6o-P67, P7o-P7+, P8,-P8; Vec=3.0~5.5V
Vr+—Vy— | Hysteresis CNTRq, CNTR;, INTo-INT, 0.4 \"
Vr+—Vy— | Hysteresis RxD, Scik1, Sinz, Scike 0.5 v
Vr+—Vr_ | Hysteresis RESET 0.5 \
“H” input current P0o-P07, P1o-P17, P2p-P2;,
- P39-P37, Pd-P47, P5g-P57, Vi=Veo 5.0 uA
P6o-P67, P7¢-P77, P8o-P87
hn “H” input current RESET, CNVss Vi=Vcc 5.0 MA
hu “H" input current Xy Vi=Vcc 4 A
“L” input current P0o-P0y, P1o-P17, P29-P2;,
P3-P3;, P4o-P47, P5o-P5;,
V=V, —5.0
e PGo-P67, P7o-P77, P8-P87, e HA
RESET, CNVsgg
i “L” input current Xy Vi=Vss —4 “A
VRam RAM hold voltage With clock stopped 2.0 5.5 \
1(Xin) =8MHz, Vec=5V 6.4 13
f(Xin) =5MHz, Voe=5V 4 8
1(Xin) =2MHz, Vgc=3V 0.8 2.0 A
When WIT instruction s executed with f(X;n) =8MHz, Voc=5V 1.5 m
lcc Supply current
When WIT instruction is executed with f(Xin) =5MHz, Voo=5V 1
When WIT instruction is executed with f(Xin)=2MHz, Vcc=3V 0.2
When STP instruction 15 executed | T,=25°C (Note 2) 0.1 1
with clock stopped, - sA
output transistors isolated Ta=85C (Note 2) 10

Note 1 : P45 is measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B,) is “0”
21 With output transistors i1solated and A-D converter having completed conversion, and not including current flowing through Veee pin

A-D CONVERTER CHARACTERISTICS

(Voe=3.0t0 5.5V, Vgg=AVgs=0V, Vpgr=2. 0V to V¢, Ta=—20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
. Min Typ Max

— Resolution 8 Bits
— Absolute accuracy (excluding quantization error) +1 +2.5 LSB
tconv Conversion time 50 tc ()
Riapper | Ladder resistor 35 kQ
lvrer Reference power source input current (Note) Vger=5. OV 50 150 200 A
li (aD) A-D port input current 0.5 A

Note : When D-A conversion registers (addresses 0036, and 0037¢) contain “00:¢”

D-A CONVERTER CHARACTERISTICS

(Voc=4.0 10 5.5V, Vsg=AVgs=0V, Vper=4. 0V to V¢, Ta=—20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

— Resolution 8 Bits

— Absolute accuracy 1.0 %

tsu Setting time 3 "s
Ro Output resistor 1 2.5 4 kQ
lvRer Reference power source input current (Note) 3.2 mA

Note : Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “00:¢", and excluding currents flowing
through the A-D resistance ladder

MITSUBISHI
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS 1 (Vcc=4.01t05.5V, Vss =0V, Tqa= —20 1085, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max.

tw(RESET) Reset input “L” pulse width ' 2 S
toixg) External clock input cycle time 125 ns
twHOxgy) External clock input “H” pulse width 50 ns
twiixy) External clock input “L” pulse width 50 ns
tc(eNTR) CNTRo, CNTR; input cycle time 200 ns
twH(CNTR) CNTRo, CNTR; input “H” pulse width 80 ns
twHONT) INTo to INT, input “H” pulse width 80 ns
twL(CNTR) CNTRo, CNTR; input “L” pulse width 80 ns
twLONT) INTo to INT4 input “L” pulse width 80 | ns
toisein) Senial 1/01 clock nput cycle time (Note) 800 ns
to(soike) Serial 1/02 clock input cycle ime 1000 ns
twH(scik) Serial 1/01 clock input “H” pulse width (Note) 370 ns
twH(scike) Serial 1/02 clock input “H” pulse width 400 ns
twitsoik) Serial 1701 clock input “L” pulse width (Note) 370 ns
twi(sgike) Serial 1/02 clock input “L” pulse width 400 ns
tsu(ryD-scuky) | Senal I/01 input set up time 220 ns
tsu(sinz-Scike) | Serial 1/02 input set up time 200 ns
th(scLki-RxD) | Serial I/01 input hold time 100 ns
th(scike-Sin2) | Serial 1/02 input hold time 200 ns

Note : When f(X;y) =8MHz and bit 6 of address 001A¢ is “1” Divide this value by four when f(X;y)=8MHz and bit 6 of address 001Ay¢ is “0”

TIMING REQUIREMENTS 2 (Vcc=3.01t05.5V, Vss =0V, Ta= —201085%, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max

tw(RESET) Reset input “L” pulse width 2 us
toox) External clock input cycle time 500 ns
twhOxpy) External clock input “H” pulse width 200 ns
twi(xp) External clock nput “L” pulse width 200 ns
tc(cNnTR) CNTRy, CNTR; input cycle time 500 ns
twH(cNTR) CNTRyg, CNTR; input “H” pulse width 230 ns
twH(NT) INT to INT, input “H” pulse width 230 ns
twL(cNTR) CNTRy, CNTR; input “L” pulse width 230 ns
twLONT) INTo to INT4 input “L” pulse width 230 ns
tolseikn) Senal 1/01 clock input cycle time (Note) 2000 ns
teisorke) Serial 1/02 clock input cycle time 2000 ns
twH(scik) Serial 1701 clock input “H” pulse width (Note) 950 ns
twH(sgLk2) Seral 1/02 clock input “H” pulse width 950 ns
twi(seix) Serial 1/01 clock input “L” pulse width (Note) 950 ns
twi(soir) Senal 1/02 clock input “L” pulse width 950 ns
tsu(ryD-scLkr) | Senal 1701 input set up time 400 ns
tsu(sne-ScLk2) | Serial 1702 input set up time 400 ns
th(sciki-RxD) | Serial 1701 input hold time 200 ns
th(sc ka-sinz) | Serial 1/02 input hold time 300 ns

Note : When f(X,y)=2MHz and bit 6 of address 001A¢ is “1” Divide this value by four when f(X;y)=2MHz and bit 6 of address 001A,¢ is “0”
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS 1 (Voc =4.0105.5V, Vs =0V, Ta= —20 t0 857, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max
twH(sg k1) Senal 1/01 clock output “H” pulse width te(scuki)/2—30 ns
twH(sc ko) Serial 1/02 clock output “H” pulse width to(scLka)/2—160 ns
twiiscix) Serial 1/01 clock output “L" pulse width te(scLk)/2—30 ns
twi(scike) Senal 1/02 clock output “L” pulse width to(ScLK)/2—160) ns
td(sciki—TxD) | Seral 1/01 output delay time (Note 1) 140 ns
td(sc ka—Sout2)| Serial 1702 output delay time 0. 2Xtc(sc, ) ns
tv(scLki—TxD) | Seral 1701 output valid time (Note 1) —30 ns
tviscLka—Sourz)| Serial 1702 output valid time 0 ns
tr(soinn) Serial 1/01 clock output rise time 30 ns
L) Senial 1/01 clock output fall time 30 ns
t(scLia) Senal 1/02 clock output fall time 40 ns
i tricmos) CMOS output nse time (Note 2) 10 30 ns
Y cmos) CMOS output fall time (Note 2) 10 30 ns
Note 1 . When the P4s/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B;¢) is “0”
2 Xour pin excluded.
Measurement output pin () ' 1kQ
J— 100pF Measurement output pin (O L
; 100pF
CMOS output g;
N-channel open-drain output
Fig. 32 Circuit for measuring output switching characteristics (1)
SWITCHING CHARACTERISTICS 2 (Vcc=3.0105.5V, Vss =0V, Ta= —20 t0 857, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
twH(scki) Serial 1/01 clock output “H” pulse width te(scLkr)/2—50 ns
twH(sgk2) Serial 1/02 clock output “H” pulse width to(scLie)/2—240) ns
twi(sciki) Serial 1/01 clock output “L” pulse width to(soLky)/2—50 ns
twi(scikr) Serial 1/02 clock output “L” pulse width te(ScLkz)/2—240) ns
td(scLki—TxD) | Senal I/01 output delay time (Note 1) 350 ns
td(sgLie—sour2)| Senal 1702 output delay time 0. 2Xtg(sg, o) ns
t(sci—TxD) | Senal 1701 output valid time (Note 1) —30 ns
t(sc kz—Sout») | Serial 1/02 output valid time 0 ns
tr(scucn) Serial 1/01 clock output rise time 50 ns
Y(scLin) Senial 1/01 clock output fall ime 50 ns
s Serial 1/02 clock output fall ime 50 ns
tricmos) CMOS output rise time (Note 2) 20 50 ns
t(cmos) CMOS output fall ime (Note 2) 20 50 ns
Note 1 . When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B¢) is “0”
2 ! Xour pIn excluded.
PR
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vec =4.0105.5V, Vgs =0V, Ta = —20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter e . e unit
tsu(GRw—#) | ONW input set up time —20 -
th(s—onw) | ONW input hold time —20 ns
tsu(os—¢) Data bus set up time 60 ns
th(s—DB) Data bus hold time ’ 0 ns

SWITCHING CHARACTERISTICS. IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vee=14.0105.5V, Vgs =0V, Tq = —20 to 85°C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max

L) # clock cycle time 2Xteoixy) ns
twh(#) # clock “H” pulse width teogy) =10 ns
twi(e) 4 clock “L” pulse width toxy =10 ns
td(p—AH) AD;s to ADg delay time 20 40 ns
ty(g—An) AD;s to ADg valid time 6 10 ns
td(s—AL) AD; to AD, delay time 25 45 ns
tv(g—aL) AD; to ADy valid time 6 10 ns
td(g—svynC) SYNC delay time 20 ns
ty(g—sYNC) SYNC valid time 10 ns
td(s—wr) RD and WR delay time 10 20 ns
ty(s—Wi) RD and WR valid time 3 5 10 ns
td(s—DB) Data bus delay time 20 70 ns
tv(s—DB) Data bus valid time 15 ns
td(RESET—RESETour) | RESETour output delay time (Note 1) . 200 ns
ty(s—RESET) RESETour output valid time (Note 1) 0 200 ns

Note 1 The RESEToyr output goes “H” in sync with the rise of the ¢ clock that is anywhere between about 1 cycle and 19 cycles after the RESET in-
put goes “H”

Measurement output pin (O} '

"

CMOS output

100pF

Fig. 33 Circuit for measuring output switching characteristics (2)

72 g MITSUBISHI
, ELECTRIC



MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM

(1) Timing diagram

| teentr)
\ twh(cnTR) | twi(cnTR)
0. 8V,
CNTRo, CNTR, ce NO w /
AL A
| twrOnT) | twLonn |
INT-INT, 0.8Vec
0.2V¢e
\ tw(reseT) |
R 0.8V,
RESET N\ 0.2v. / e
. 2Vce
L oo
\ twH (X)) | twi(xy)
Xon 0.8Voo /
0. 2Veo j
tetsek) tetseika)
i twiscike)» tWiisgike) t . twH(sckr)» tWH(sG K2)
Seues ‘\ 0.8Vec b
Scik2 KO- 2Veo 7 \__
tsucrxo—scLk1)r thiscLki—Rx0)
tsu(sine—Scuk2) thiscike—sin2
RxD £0.8Vco i
Sinz L 0. 2V g
tv(scLi—TxD)
td(sii—Tx0)» td(scLka—Sour2) tv(scika—Sout2)
TxD
Sourz
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2)

Timing diagram in memory expansion mode and microprocessor mode

AD;5-ADg

AD;-AD,

SYNC

DB,-DB;

(At CPU reading)

DB,-DB;

(At CPU writing)

(3) Timing diagram in microprocessor mode

RESET

RESETour

teip
twh(g) twi(e)
7[0. 5Vee \\ ]!
td(s—an) ty(s—an)
i i ,LO. PVee \k
td(s—a0) tvig—a0)
i 5 : Ve —M
td(g—svne) ty(p—syne)
i i : Ve %(:
td(s—wr) ty(s—wr)
1 el
0.5Vce
tsu(onw—g¢) th(s—onw)
o2t
\ 0. 2Vcc 7
1
tsu(oa—9) h(¢—oB)
td(s—om) tv(s—os)
0.5Vee %——

i

0.8Vec 7(

td(RESET—RESETOUT)

0.5Vee

n

)

£

tv(¢—RESETOUT)

L

)]
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M3810x group is made up of 8-bit microcomputers
based on the MELPS 740 core.

The M3810x group is designed mainly for VCR control, and
include four 8-bit timers, a PWM function, and a 4-bit com-
parator circuit.

The various microcomputers in the M3810x group include
variations of internal memory size and packaging. For de-
tails, see the section on part numbering.

For details on availability of microcomputers in the M3810x
group, see the section on group expansion.

FEATURES
® Basic machine-language instructions
@ Instruction execution time:««««-roererrererrmiaeiaiee: X
(shortest instruction at 4.19MHz oscillation frequency)
® Memory size '
................................................ 4K to 32K bytes
192 to 1024 bytes

. Programmable input/output pons ...........................
® High-breakdown-voltage output ports
) |nterrupts ................................. 11 sources, 11 vectors
. Timers .................................. 8_b|tx4
® Serial 1/0Q-eevreeeees - 8-bitX 2 (Clock-synchronized)
® PWM output CIrCUIt - rererrer e 14-bit X1
® Comparator CIFCUIL s v e 4-bit X1
® 2 Clock generation circuit
Clock (Xin-Xour) woreeemeeeees Internal feedback amplifier
Sub clock (Xein-Xcout) Internal amplifier without feedback
@ SUpPly Voltage «--wrorer e 4.0to 5.5V
® Low power dissipation
In high-speed operation -««---«««++essssrmseereeennnenens 25mwW
(at 4.19MHz oscillation frequency)
In Iow-speed operation ................................... 300uW
(at 32kHz oscillation frequency)
® Operating temperature range ===+ —10 to +85TC
APPLICATIONS

VCRs, tuners, musical instruments, office automation, etc.

PIN CONFIGURATION (TOP VIEW)

O r NPt o er oot w o
fEEfERPRaaEracntsn
L A O A A A O O A
Joe] [a7] [ae] e5] [ad [an} o] 0] [36] [z5] 3]
P3, 2 — P2,
P3s ] — P2,
P35 — ] — P2,
P3, — ] — P2,
P3, 8]« P2,
P3, «— "’P25
P3, « 6] +> P2¢
\'/’:2 - M38102M5-XXXFP Bl SZ
Vee — — Xour
P6; +~ Xin
P6s/AN +> — Xeour
P65+ + Xein
P6, «— RESET
P6; «— P4y/INT,
P6; + > P4,/INT,
A E e A
FAE 20 T T T T T T T A
Cclv s st «
£25 555 5acdEddy
Ligodslddsst & S
SoSFESSSEF P F
oddd Qoa 5

Package type : 64P6N
64-pin plastic-molded QFP
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MITSUBISHI MICROCOMPUTERS

M3810x Group

8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

Voo 51 — 3,

Vee — — P3,

P6; > —P3,
P6s/AN > - P3,
Ps > —p3,

P, + ~ P3

P, > — P3,

PG, > —p3,

P6, — PO,

» PBo/PWM + — PO,
P57/Srov2 +* — PO,
P56/ScLkz +* — PO,
P55/Sourz +* k< — P04
P5,/Sinz <> & — PO
P53/Spovi +* Q — POs
P5,/ScLii +* < — PO;
P51/Sours +* & — Pl
PSo/Sii +* % —p1,
P47/Tour + é —P1;
Pg+ T —~P1,
P45/CNTR + - P1,
Pa, — P15

Py +> — Pl
P4,/INT, + — P1;
P4,/INT; + — P2,
P4o/INT, — — P2,
RESET — — P2,
Xein ™ — P23
Xcour P2,

XN — P2

Xour + P2

Vss + P2;

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

DIP

MITSUBISHI
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FUNCTIONAL BLOCK DIAGRAM (Package : 64P4B)

Sub  Sub
Clock Clock clock clock

LL—2

input output input output Reset nput
Xin  Xoutr Xow Xcout RESET Vee ss Vee
e — ———— =
i Data bus i
' [ ] '
! LT 1 !
! Clock generation CPU . !
circuit
| aam || ou - |
| - }
i Timer3(8) > i
i PO J Timer4 (8) i
' l CNTR Tour '
! L ] J !
| ;o
| il |
! A N D I N !
| |
l I
i S 1/01 (8) ) |
| |
‘ [ pale I FICH N P2 (8) | | P1 (8) i
z
t J - i
| J |
L GGl e Sbbbbbsd —Sldbbbbs |
H_J \_Y_/

1/0 port P6

1/0 port PS

1/0 port P4

~
Output port P3

~
1/0 port P2

~
Output port P1

Y
Output port PO
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
J Alternate Function
Vee, Vss | Power supply Power supply inputs 4 0 to 5 5V to Vcc, and 0V to Vss.
Vee Pull-down power Applies voltage supplied to pull-down resistors of ports PO, P1, P2,-P2;, and P3
input

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con-
ditions In low-speed operation start mode, internal reset is not released until the Xcgin-Xcour clock has had time to sta-
bilize

Xin Clock input Input and output signals for the internal clock generation circuit It consist of internal feedback amplifier Connect a
ceramic resonator or quartz crystal between the X,y and Xoyr pins to set the oscillation frequency If an external clock 1s

XouT Clock output used, connect the clock source to the Xy pin and leave the Xoyr pin open This clock is used as system clok

Xein Sub clock nput Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback
Connect a ceramic resonator or quartz crystal and external feedback resistor between the X¢iy and Xcour pins If an ex-
ternal clock I1s used, connect the clock source to the Xgiv pin and leave the Xcour pin open This clock can also be

Xcout Sub clock output used as the system clock

P0o-PO, Output port PO 8-bit output port The output structure is high-breakdown-voltage P-channel open drain with internal pull-down resistors
connected between the output and the Vge pin

P1o-P1; Output port P1

P2y-P23 Output port P2 A 4-bit output port with the same function as port PO.

P2,4-P2; 1/0 port P2 A 4-bit I/0 port An I/0O direction register allows each pin to be individually programmed as either input or output At re-
set this port 1s set to input mode The output structure of this port is CMOS 3-state, and the input levels are TTL com-
patible.

P30-P3; Output port P3 An 8-bit output port with the same function as port PO

P4,/INT, Input port P4, 1-bit CMOS input pin External interrupt input pins

P4,/INT,, 1/0 port P4 A 7-bit CMOS 1/0 port with the same function as port P24-

P4,/INT, P2;, with CMOS compatible input levels.

P4, P4,

P4;/CNTR Event counter input pin

P4,

P47/ Tour Timer output pin

P50/Sin1, | 170 port P5 An 8-bit CMOS 1/0 port with the same function as port | Senal 1701 1/0 pins

P5,/Sour1, P24-P2; The output structure of this port 1s N-channel

P5,/Scik1, open drain, and the input levels are CMOS compatibie

P53/Sroy1 Keep the input voltage of this port between 0V and Vcc

P5,/Sin2, Serial 1/02 1/0 pins

P55/Soura,

PSe/ScLkas

P57/Srov2

P6o/PWM | I/0 port P6 An 8-bit CMOS 1/0 port with the same function as port | 14-bit PWM output pin
P24-P27, with CMOS compatible input levels

P6,-P6s

P6g/AN Comparator input pin

P6;

2-78 )\ELEcmc



MITSUBISHI MICROCOMPUTERS
M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

5 - XXX SP

( L— Package type

SP ! 64P4B package
FP : 64P6N package
SS : 6451B package
FS : 64D0 package

Product name M3810 2

1z
=

ROM number
Omitted in some types

ROM/PROM size
4096 bytes

: 8192 bytes

: 12288 bytes

: 16384 bytes

. 20480 bytes
24576 bytes

- 28672 bytes

- 32768 bytes

ONOO D WN —

The first 128 bytes and the last two bytes of ROM are reserved areas, they can not be used

Memory type
M Mask ROM version
E  EPROM or one-time programmable version

RAM size

0 192 bytes
256 bytes
384 bytes
512 bytes
640 bytes
768 bytes
896 bytes
1024 bytes

N O A WN —




MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the M3810x group as follows:

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

ROM/PROM capacity

RAM capacity

12K-24K bytes

--384-512 bytes

(2) Packages

............................... Sh"nk plastic mo'ded D|p
........................................ P'astic molded QFP
Shrink ceramic DIP

.................................................. Ceramic LCC

Memory expansion plan

ROM size (bytes)
32K

28K

24K

20K

16K

12K

8K

4K

New product

M38103M6/E6

1 :
192 256

384

512

640

768 896

RAM size (bytes)
The development schedule and other details of products under development may be revised without notice
Currently supported products are listed below
As of March 1992
Product name (P) ROM size (bytes)| RAM size (bytes) | Package Remarks
M38102M5-XXXSP Mask ROM version
M38102E5-XXXSP 64P4B | One-time programmable version
M38102E5SP One-time programmable version (blank)
M38102M5-XXXFP 20K 384 Mask ROM version
M38102E5-XXXFP 64P6N | One-time programmable version
M38102E5FP One-time programmable version (blank)
M38102E5SS 64S1B | EPROM version
M38102E5FS 64D0 EPROM version
M38103M6-XXXSP Mask ROM version
M38103E6-XXXSP 64P4B | One-time programmable version
M38103E6SP One-time programmable version (blank)
M38103M6-XXXFP 24K 512 Mask ROM version
M38103E6-XXXFP 64P6N | One-time programmable version
M38103E6FP One-time programmable version (blank)
M38103E6SS 64S1B | EPROM version
M38103E6FS 64D0 EPROM version
MITSUBISH
2—80 I
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)

Microcomputers of the M3810x group use the standard

MELPS 740 instruction set. Refer to the table of MELPS

740 addressing modes and machine instructions or the

MELPS 740 Software Manual for details on the instruction

set.

Machine-resident MELPS 740 instructions are as follows:
The FST and SLW instructions are not available for use.

CPU MODE REGISTER

The CPU mode register is allocated to address 003B;¢.

Bits 0 and 1 of this register are processor mode bits and
should always be set to “0”.

The CPU mode register contains the stack page selection
bit.

For details of the Xcoyr drivability selection bit, main clock
stop bit, and internal system clock selection bit, see the
section on the clock generation circuit.

The STP, WIT, MUL, and DIV instructions can be used.

7 0

l | | CPU mode register (CPUM : address 003B;¢)

U'— Processor mode bits

b1b0
0 0 : Single-chip mode
0 1 I Do not use
10 : Do not use
11 Do not use
Stack page selection bit
0 I RAM In the zero page Is used as stack area
1 *RAM in page 1 1s used as stack area
Xcour drivability selection bit
0 : Low drive
1 > High drive
Man clock (Xin-Xout) stop bit
0 : Operating
1 1 Stopped
“Internal system clock selection bit
0 Xin-Xour selected (high-speed operation mode)
12 Xein-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register




MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

Special Function Register (SFR) Area

The Special Function Register area contains registers
which control functions such as 1/0 ports and timers, and is
located in the zero page area.

RAM

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

ROM

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

Interrupt Vector Area

The interrupt vector area contains reset and interrupt vec-
tors.

Zero Page

The 256 bytes from addresses 00004¢ to 00FF,¢ are called
the zero page area. The internal RAM and the special func-
tion registers (SFR) are allocated to this area.

The zero page addressing mode can be used to specify
memory and register addresses in the zero page area. This
dedicated zero page addressing mode enables access to
this area with only 2 bytes.

Special Page

The 256 bytes from addresses FF004¢ to FFFF,¢ are called
the special pade area. The special page addressing mode
can be used to specify memory addresses in the special
page area. This dedicated special page addressing mode
enables access to this area with only 2 bytes.

000046
SFR area
RAM area 0040 Zero
RAM capacit 16 page
PAClYy | Address XXXX4e
(bytes) 0100
192 00FF¢ RAM 16
256 013F;6
384 01BF4¢
512 023F,¢ XXXX16 | o e cemmmmcmmm e amam
640 02BF ¢
768 033F,¢ Reserved area
896 03BF¢
1024 043F ;¢ 044046
Not used
ROM area CYYYY, === ===========-= -
i ' Reserved ROM area
ROM capacit
(byte‘:) Y Address YYYY.¢ | Address Z2Z2ZZ,¢ (common ROM area, 128 bytes)
4096 F0004¢ F08046 222246
8192 E00046 E080+6
12288 D000,¢ D080+6
16384 C000,¢ C08046
20480 B000,¢ B08046 ROM
24576 A000+¢ A080,¢ FF00:¢
28672 900046 90806
32768 800046 808046 FFDCs Special
Interrupt vector area page
FFFE
° Reserved ROM area
L_FFFFye
Fig. 2 Memory map diagram
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

000046 | Port PO (PO) 002046

000146 002146

0002, | Port P1 (P1) 0022,¢

000345 002346

0004, | Port P2 (P2) 002446 | Timer 1 (T1)

00056 | Port P2 direction register (P2D) 0025, | Timer 2 (T2)

000646 | Port P3 (P3) 0026, | Timer 3 (T3)

0007+¢ 002746 | Timer 4 (T4)

0008, | Port P4 (P4) 0028, | Timer 12 mode register (T12M)
00096 | Port P4 direction register (P4D) 0029:¢ | Timer 34 mode register (T34M)
000A¢ | Port P5 (P5) 002A:¢

000B,6 | Port P5 direction register (P5D) 002B,¢ | PWM control register (PWMCON)
000C,¢ | Port P6 (P6) 002C,¢ | PWM register (upper) (PWMH)
000D | Port P6 direction register (P6D) 002D,s | PWM register (lower) (PWML)
000E¢ 002E¢

000F ¢ 002F6

001046 0030, | Comparator register (CMP)

001146 003146

00124 00324

001346 003346

001446 0034,¢

001546 00354¢

001646 0036,¢

001746 003746

00184¢ 0038, | High-breakdown-voltage port control register (HVPC)
0019:¢ | Senal 1701 control register (SIO1CON) 00396

001A¢¢ 003A6 | Interrupt edge selection register (INTEDGE)
001Bs | Sernal 1/01 register (SIO1) 003B;¢ | CPU mode register (CPUM)
001Cys 003C;¢ | Interrupt request register 1 (IREQ1)
001D,¢ | Serial 1/02 control register (SIO2CON) 003D, | Interrupt request register 2 (IREQ2)
001E+¢ 003E;¢ | Interrupt control register 1 (ICON1)
001F,¢ [Seral 1702 register (S102) 003F,¢ [ Interrupt control register 2 (ICON2)

Fig. 3 Memory map of special function register (SFR)
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/0 PORTS

Direction Registers

The M3810x group microprocessors have 27 programmable
1/0 pins arranged in four 1/0 ports (ports P2,~P2;, P4;~
P4,, P5, and P6). The 1/O ports have direction registers
which determine the input/output direction of each individual
pin. Each bit in a direction register corresponds to one pin,
each pin can be set to be input or output.

When “0” is written to the bit corresponding to a pin, that pin
becomes an input pin. When “1” is written to that bit, that pin
becomes an output pin.

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

High-Breakdown-Voltage Output Ports

The M3810x group microprocessors have four ports with
high-breakdown-voltge pins (ports PO, P1, P2y~P2;, and P3).
The high-breakdown-voltage ports have P-channel open
drain output with a breakdown voltage of Vgc—40V. Each pin
has an internal pull-down resistor connected to Vge. At reset,
the P-channel output transistor of each port latch is turned off,
so it.is forced to the level of Vge by the pull-down resistor.
Writing “1” to bit 0 of the high-breakdown-voltage port control
register (address 0038,¢) slows the transition of the output
transistors to reduce transient noise. At reset, bit 0 of the
high-breakdown-voltage port control register is set to “0”
(strong drive).

only the port output latch is written to and the pin remains

floating.
Diagral
Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs INgo m
High-breakdown-voltage P- High-breakdown-voltage
P0,-PO; Port PO Output channel open-drain output 9 9
X port control register
with pull-down resistor
High-breakdown-voltage P- High-breakdown-voltads
P1o-P1; Port P1 Output channel open-drain output 9 ® .l m
. . port control register
with pull-down resistor
High-breakdown-voltage P-
High-breakdown-voltage
P2o-P25 Output channel open-drain output '
port control register
Port P2 with pull-down resistor
Input/output, TTL level input
P2,-P2, P OUTE ove e @)
individual bits CMOS 3-state output
High-breakdown-voltage P- High-breakdown-vollage
P3,-P3, Port P3 Output channel open-drain output g . 9 (1)
N port control register
with pull-down resistor
P4,/INT, Input CMOS level input . (3)
External interrupt Interrupt edge selection
P4./INT,, input register (4)
P4,/INT, P! °9
P4, P4, Port P4 Input/output, CMOS level input (2)
P45;/CNTR individual bits CMOS 3-state output | Event counter input Timer 34 mode register (4)
Pdo (@)
P4;/Tour Timer 3 output Timer 34 mode register (5)
P5o/Sint, (6)
P5,/Sour1,
v oum Serial 1/01 function I/0 | Senal I/01 control register (7)
P5,/Scik1, .
CMOS level input
P53/Srov1 Input/output, . (8)
Port P5 L N-channel open-drain
P54/Sinzs individual bits (6)
output
P5s/Soura, "
Serial 1/02 function I/0 | Serial I/02 control register (7)
P5¢/Scika
P5;/Srov2 (8)
PWM control register
P6o/PWM 14-bit PWM output PWML register (9)
Port P& Input/output, CMOS level input PWMH register
P6,-P65 individual bits CMOS 3-state output (2)
P6¢/AN Comparator input Comparator register 10)
P6; (2)

Note Make sure that the input level at each pin is either OV or V¢ during execution of the STP instruction.
If an input level is at an intermediate potential, a current will flow In the input-stage gate

2—84
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MITSUBISHI MICROCOMPUTERS
M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Port PO, P1, P2o~ P23, P3 (2) Port P2,~ P2;, P4;, P4,, P4¢, P6,~ P6s, P6;

Direction
Data bus — Port latch »—-Do——jg* 5 :l hg
< Data bus —4 Port latch | :‘ }J:j'

(3) Port P4o (4) Port P4,, P4,, P4y

Data bus <1 Direction
: < © *%‘-Dj
. D
INT, interrupt request ‘/QIL Data bus—¢-—> Port latch

(25}

1

~

INT;, INT;, CNTR interrupt request or
timer 4 external clock input

(5) Port P4, (6) Port P5p, P54

Direction
register )

Timer 3 output selection bit

Direction §

register O
Data bus —4 Port latch :l Data bus —4>—>| Port latch |— Ll

q
- ~N
Timer 3 output —é—
* High-breakdown-voltage P-channel transistor
Fig. 4 Port block diagram (1)
MITSUBISH ‘
I 2—85
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MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(7) Port P5,, P5,, P55, P56 (8) Port P53, P57

Sgroy output enable bit

Direction
register
11 Data bus—e-»| Port latch

1

Output-off control signal
Serial I/0 port selection bit .

Direction
register

317

N

Sroy output

(9) Port P6, (10 Port P6g

PWM output enable bit
Direction |__
register

Data bus —¢ Port latch

Direction
register ; :l )D~I
Data bus —1»—4 Port latch 'r D—l

o
o

PR

A\
R
Comparator input «<——
PWM output

Fig. 5 Port block diagram (2)
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M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

A total of 11 sources can generate interrupts: 4 external, 6 in--

ternal, and 1 software.

Interrupt Control

Each interrupt is controlled by an interrupt request bit, an in-
terrupt enable bit, and the interrupt disable flag-except for
the software interrupt set by the BRK instruction. An interrupt
is generated if the corresponding interrupt request and en-
able bits are “1” and the interrupt disable flag is “0”.

Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but cannot
be set by software.

The | flag disables all interrupts except for the BRK instruc-
tion interrupt.

Interrupt Operation

When an interrupt is received, the program counter and pro-
cessor status register are automatically pushed onto the
stack. The interrupt disable flag is set to inhibit other inter-
rupts from interfering. The corresponding interrupt request bit
is cleared and the interrupt jump destination address is read
from the vector table into the program counter.

Notes on Use

If you will change interrupt edge selection from rising edge to
falling edge, interrupt request bit will be set to “1” automati-
cally. Therefore, please make following process;

(1) Disable INT which is selected.

(2) Change INT edge selection.

(3) Clear interrupt request which is selected.

(4) Enable INT which is selected.

Table 1. Interrupt vector addresses and priorities
I Vector address (Note 1) Interrupt request
Interrupt cause Priority - . Remarks
l High Low generation conditions
Reset (Note 2) 1 FFFD46 FFFC1e At reset Non-maskable
At detection of either rising or | External interrupt (active edge
INTo 2 FFFB1s FFFAse falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT 3 FFF94e FFF8: falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT> 4 FFF716 FFF6ie falling edge of INT, input selectable)
At end of senal I/01 data ) .
Senal 1701 5 FFF546 FFF446 Valid when senal 1/01 is selected
transfer
At end of serial 1702 data ' X
Senal 1/02 6 FFF346 FFF246 transfer Valid when serial 1/02 1s selected
Timer 1 7 FFF146 FFFO46 At timer 1 overflow
Timer 2 8 FFEF6 FFEE,¢ At timer 2 overflow STP release timer overflow
| Timer 3 9 FFED1e FFECqe At timer 3 overflow
Timer 4 10 FFEB46 FFEAe At timer 4 overflow
At detection of either nising or | External interrupt (active edge
CNTR " FFE916 FFE81s falling edge of CNTR nput selectable)
Non-maskable software inter-
BRK instruction 12 FFDD.¢ FFDCq6 At BRK Instruction execution rupt
Note 1 Vector addresses contain interrupt jJump destination addresses
2 Reset function In the same way as an interrupt with the highest priority
MITSUBISHI 0—g7
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/

Interrupt request bit——
Interrupt enable bit ——

Interrupt disable flag(l) —_—

BRK in

struction
Reset

Interrupt request

—

Fig. 6 Interrupt control

. 0

(INTEDGE : address 003A;¢)

Interrupt edge selection register

INT, active edge select bit

INT, active edge select bit

INT, active edge select bit

Not used (returns “0” when read)
CNTR active edge select bit

Not used (returns “0” when read)

Interrupt request register 1

0
I [ l I l (IREQ1 : address 003C1¢)

INT, interrupt request bit

INT, interrupt request bit

INT, interrupt request bit

Serial 1/01 interrupt request bit
Serial 1/02 interrupt request bit
Timer 1 interrupt request bit
Timer 2 interrupt request bit
Timer 3 interrupt request bit

0 .

I_!_r—f—l_m—l Interrupt control register 1

(ICON1 : address 003E;¢)
L—INTO interrupt enable bit

‘————INT, interrupt enable bit

INT, interrupt enabie bit

Serial 1/01 interrupt enable bit

Senal 1/02 interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

0 ! Falling edge active
1 : Rising edge active

7 0
Interrupt request register 2

I I l (IREQ2 : address 003D;s)

=

0 : No interrupt request 1ssued
1 ! Interrupt request issued

Timer 4 interrupt request blt
CNTR interrupt request bit
Not used (returns “0” when read)

Interrupt control register 2

0
[ ] (ICON2 : address 003F )

|—Tlmer 4 interrupt enable bit
—————CNTR interrupt enable bit
Not used (returns “0” when read)

Not used (returns “0” when read)
(Do not write “1” to this bit)

0 : Interrupts disabled

1 ! Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS

Microcomputers of the M3810x group have four built-in tim-
ers. The timers count down. Once a timer reaches 0046, the
next count pulse loads the contents of the corresponding tim-
er latch into the timer, and sets the corresponding interrupt
request bit to 1. Each timer also has a stop bit that stops the
count of that timer when it is set to “1” .

Note that the system clock ¢can be set to either high-speed
mode or low-speed mode by the CPU mode register.

Timer 1 and Timer 2

The count sources of timer 1 and timer 2 can be selected by
setting the timer 12 mode register.

When the chip is reset or the STP instruction is executed, all
bits of the timer 12 mode register are cleared, timer 1 is set
to FFy6, and timer 2 is set to 014.

Timer 3 and Timer 4

The count sources of timer 3 and timer 4 can be selected by
setting the timer 34 mode register.

Timer 3 can also output a rectangular waveform from the P4,/
Tour pin. The waveform changes polarity each time timer 3
overflows.

When timer 4 is assigned to external event count mode, ris-

ing edge is active.

[‘—l_[—r!—mo—' Timer 12 mode register
(address 0028,¢)

Timer 1 count stop bit
0 : Operating
1 Stopped

Timer 2 count stop bit
0 : Operating
1 ! Stopped

Timer 1 count selection bit
0 : f(Xin) or f(Xcn) divided by 16
12 f(Xom)

Timer 2 count selection bit
0 : Overflow from timer 1
1 H(Xom)

r—l_rT]'—[T‘Iil Timer 34 mode register
_L (address 0029,¢)
Timer 3 count stop bit
0 : Operating
1 Stopped
Timer 4 count stop bit
0 : Operating
1 : Stopped
Timer 3 count selection bit
0 : f(X)n) or f(Xgn) divided by 16
1 . Overflow from timer 2
Timer 4 count selection bits
00 : f(Xn) or f(Xcin) divided by 16
01 : Overflow from timer 3
10 ! External count input CNTR
11 : Do not use
Timer 3 output selection bit (P4;)
0:1/0 port
1 Timer 3 output

Fig. 8 Structure of timer-related registers
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P4;/ Tour

P45/ CNTR (O

Xen O

s

aqn

Xin O——@—o
0

Internal system clock

selection bit

wyn

1/16

“g”

Data bus

Timer 1 latch (8)

Timer 1 count

selection bit

RESET
STP instruction

Timer 1 count

stop bit

“qn

selection bit
“qr

Timer 2 latch (8)

Timer 2 count

Timer 2(8)

Timer 1 interrupt request

Timer 2 interrupt request

Timer 2 count
stop bit

Timer 3 latch (8)

Timer 3 count
selection bit

NIz

Timer 3 count

Timer 4 latch (8)

Timer 4 count

selection bit
Timer 4 (8)

Timer 4 count

| Rising/ falling I

P4, latch
aqn
0
Timer 3 output stop bit
selection bit
P4; direction register
“01”
L—o
“00"
“10”
stop bit
> :
|~

——— = Timer 3 interrupt request

L = Timer 4 interrupt request

CNTR interrupt request

l edge switch I

Fig. 9 Timer block diagram
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SERIAL 1O The 1/0 pins of the serial 1/0 function also operate as /0
Microcomputers of the M3810x group have two built-in 8-bit port P5, and their operation is selected by the serial I/0 con-
clock synchronized serial I/0 channels (serial 101 and serial trol registers (adresses 0019, and 001D;g).

1/02).

Serial 1/01 has the same function as serial 1/02.

Xewn O Data bus
Internal system clock
“1”y selection bit
Xin O—0 © 1/16
“0” P53 latch Synchronization dsct,
clock
[ “0” selection bit “1” SC1o
P53/ Srov1 §'_ ©
'RDY1
“1" non
Sgroy1 output selection bit
P5, latch
P5,/S v
2ok ugn O >'L Senal 1/0 counter 1 (3) } Sernial 1/01 interrupt
Senal 1/01 port selection bit
P5, latch
“q
P51/ Sourt
P
Senal 1/01 port selection bit
PS¢/ Sint O >{  Serial 1/0 shift register 1 (8)

Synchronization

Py latch clock 0sC2,
“0” selection bit & SC2
P5;/Srov2 SROY2 [Srchomzavon

circurt

g
Srov2 output selection bit

External clock

P5¢ latch
.

P5¢/S, O—e
5‘? oLz “1" o= >]‘ Serial 1/0 counter 2 (3) I Senal 1/02 interrupt
Senal 1702 port selection bit

P5; latch
g

P55/Sourz
aqnO<

Senal 1/02 port selection bit
P5,/Sinz O = Senal I/0 shift register 2 (8)

—

Fig. 10 Serial 170 block diagram
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[Serial VO Control Registers]SIO1CON, SIO2CON
Each of the serial 1/0 control registers (addresses 001946
and 001D,¢) contains seven bits that select various control
parameters of the serial I/0 function.

7 0 .
| | Serial 1/01 control register(SIO1CON : address 00194¢) -
l—u—— Internal synchronization clock selection bits

000 : f(Xin) or f(Xcin) divided by 8
001 : f(Xin) or f(Xciy) divided by 16
010 : f(Xyn) or f(Xcn) divided by 32
011 : f(Xin) or f(Xcin) divided by 64
110 - f(Xin) or f(Xcin) divided by 128
111 2 f(Xin) or f(Xcin) divided by 256
Serial 1/01 port selection bit (P5; and P5,)
0 : 170 port
1 . Souri and Sciks signal pins
Srovs output selection bit (P53)
0:1/0 port
1 : Sgpys signal pin
Transfer direction selection bit
0 : LSB first
1 MSB first
Synchronization clock selection bit
0 : External clock
1 ! Internal clock

7 0
| I Serial 1702 control register (SIO2CON : address 001D;¢)
’—J—-[—— Internal synchronization clock selection bits

000 : f(Xn) or f(Xgin) divided by 8
001 : f(Xn) or f(Xcin) divided by 16
010 : f(Xin) or f(Xcin) divided by 32
011 : 1(Xn) or f(Xciny) divided by 64
110 2 f(Xin) or f(Xciv) divided by 128
111 2 f(Xin) or f(Xcin) divided by 256
Serial 1/02 port selection bit (P55 and P5g)
0170 port
1 Sourz and Sgk» signal pins
Sroy2 output selection bit (P5;)
0:1/0 port
1 I Sgrpyz signal pin
Transfer direction selection bit
0 : LSB first
1 . MSB first
Synchronization clock selection bit
0 : External clock
1 ! Internal clock

Fig. 11 Structure of serial 170 control registers
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Operation In Serial /0 Mode

Either an internal clock or an external clock can be
selected as the synchronization clock for serial 1/0 transfer.
A dedicated divider is built-in as the internal clock, giving a
choice of six clocks.

If internal clock is selected, transfer start is activated by a
write signal to a serial 1/O register (address 001B;s or
001F,) . After eight bits have been transferred, the Spoyr
pin goes to high impedance.

If external clock is selected, the clock must be controlled
externally because the contents of the serial 1/0 register
continue to shift while the transfer clock is input. In this
case, note that the Sgyt pin does not go to high impedance
at the completion of data transfer. The interrupt request bit
is set at the end of the transfer of eight bits, regardless of
whether the internal or external clock is selected.

Synchronization
clock

Transfer clock

Senal 1/0 register
write signal

Senal 1/0 output
SOUT

Sernal I/0 input
SIN

Receive enable

signal
SRDY

after transfer ends

Note. If internal clock i1s selected, the Soyr pin ts at igh impedance

Interrupt request bit set

Fig. 12 Serial 1/0 timing (for LSB first)
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PULSE WIDTH MODULATION (PWM)
OUTPUT CIRCUIT

Microcomputers in the M3810x group have a PWM function
with a 14-bit resolution. When the oscillation frequency Xy
is 4MHz, the minimum resolution bit width is 500ns and the
cycle period is 8192us. The PWM timing generator sup-
plies a PWM control signal based on a signal that is half
the frequency of the X,y clock.

The explanation in the rest of this data sheet assumes Xy
= 4MHz.

I
Data bus
Setto 1 at )3 )
(wvite ) PWML register (address 002Dg)
| bits | | T | bitd |
$ N
A >
1 o G:
2
PWMH register
(address 002C4s)
oYX
PWM latch (14 bits)
wel | | PP LT L LT [ [
N ~
14
A
\ /
P6y latch
P6o/PWM
14-bit PWM circuit PWM )
PWM output
T PWM output  Selection bit
PWM (128 15 penod) selection bit
()EiwltAHz) = 12 tlmlngt P8, direction
generator (8192 us penod) register
(2MH2) P

Fig. 13 PWM block diagram




MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

(1) Date Set-up

The PWM output pin also functions as port P6,. Set port PG,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B,¢) . The upper eight bits of
output data are set in the upper PWM register PWMH
(address 002C4¢) and the lower six bits are set in the lower
PWM register PWML (address 002D+6).

(2) Transfer From Register to Latch

Date written to the PWML register is transferred to the
PWM latch once in each PWM period (every 8192us), and
data written to the PWMH register is transferred to the
PWM latch once in each sub-period (every 128us). When
the PWML register is read, the contents of the latch are
read. However, bit 7 of the PWML register indicates
whether the transfer to the PWM latch is completed; the
transfer is completed when bit 7 is “0".

Table 2. Relationship between lower 6 bits of data and
period set by the ADD bit

(3) PWM Operation

The timing of the 14-bit PWM function is shown in Fig. 16.
The 14-bit PWM data is divided into the lower six bits and
the upper eight bits in the PWM latch.

The upper eight bits of data determine how long an “H”"-
level signal is output during each sub-period. There are 64
sub-periods in each period, and each sub-period is 256 X
7 (128us) long. The signal is “H” for a length equal to N
times 7, where 7 is the minimum resolution (500ns).

The contents of the lower six bits of data enable the leng-
thening of the high signal by = (500ns). As shown in Fig.
13, the six bits of PWML determine which sub-cycles are
lengthened.

As shown in Fig. 16, the leading edge of the pulse is leng-
thened. By changing the length of specific sub-periods in-
stead of simply changing the “H” duration, an accurate
waveform can be duplicated without the use of complex ex-
ternal filters.

Lower 6 Bits of Data(PWML) Sub- ds tm Lengthened (m =0 to 63 . . . .
00000 | None ub-periods tm Lengthened (m 063) For example, if the upper eight bits of the 14-bit data are
000001 oy 0346 and thel lower SIX'bItS are 0546, the length f)f the “H”"-
000010 |m=i64 level output in sub-periods tg, t4, 32, tao, and tsg is 4 7, and
000100 |m=8,2440,56 . its length 37 in all other sub-periods.

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, - ,57,59, 61,63
8192 us
128 us 128 us 128 us 128 us 128 us
m=0 m=7 m=8 m=9 m=63
— « « ——l_
=1 < ﬂ = = = > = e = =>4 < = =
315 us 315 us 31.5 us 320 us 315 us 315 us 315 us
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width is 32 us : m = 8, 24, 32, 40, 56
Sub-periods where “H” pulse width 1s 315 us : m = all other values
Fig. 14 PWM timing
MITSUBISHI 2—95
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0

DIIEEE%

P6o/PWM output selection bit
0 :1/0 port
1 { PWM output

PWM mode register (address 002B,;)

Fig. 15

Structure of PWM mode register

Example 2 6A
PWM outputl I

Lower 6-bit output :
H=6Ag, L=18;¢

Data 6A,¢ stored at address 002C,¢ Data 7B, stored at address 002C+¢
PWMH
register 596 l\ 6A1s l hY 7B
Data 24, stored| at address 002Dq¢ Bit 7 cleared after transfer \ Data 35,¢ stored at address 002D,¢
174 H
I!Devgvl"s'l'é'r 1346 l Adyg \ 4 24,6 J I 3 3546
JTransfer from register to latch B54¢ /l Transfer from register to latch
Pmﬁblftfh [ 165316 | N 1a93,6 1AA4,s J1ansie] N reEd, y 1EF5;q |
its
— & When bit 7 of PWML is 0, transfer
T=819%2us )
from register to latch 1s disabled
(64X128us) L
_ — — T . _—
L t=128us T —
Example1 6A [6B 6A 6B 6A 6B 6A 6B 6A 6B [6B |6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A (6B 6A
PWM output | I |
O}
Lower 6-bit outputil 5 5 5 5 51245 5 5 5. 5 5 5 5 I 5 l
H=6A15 L=24,¢ '
6By -36times 6As - -28mes o 106X64+36
(107) (106)

6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A

6A 6B 6A 6B 6A 6B (6A 6A

6A$69368 67}

-to2301]
. 1]

6By 24tmes 6As 40times ————=106X64+24
e =128ps T —]
(256X0. 5us)
Minimum bit width| T =05 us “$
9_'@.
PWM output [c6]eaicoiesiory — to21 o1]
(2\\ 1 . L 1 L] .
e ADD
8-bit T02 501100 FF!FE}FD!FCY —nrr 1971919
counter [t jFEFDIFC Bl B

FFEFEEFDiFC —»-—-~-»597:96§95§ """"""""

The ADD J

portions with
additional T are
determined by
PWML

)

H period length specified by PWMH

2567 (128us), fixed

Fig. 16 14-bit PWM timing
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of a switch tree, ladder resis-
tors, a comparator, a comparator control circuit, a comparator
register (address 0030¢), and an analog signal input pin
(P6¢/AN) . The analog signal input pin (P6¢/AN) also func-
tions as an ordinary digital port.

Comparator Register (CMP)

The comparator register is a 5-bit register of which bits 0 to 3
can be used to generate internal reference voltages in steps
of 1/16 Vgc. The result of the comparison between the analog
input voltage and an internal reference voltage is stored in bit
4 of the comparator register.

Comparator Operation

To activate the comparator, first set port P6g to input mode
by setting the corresponding direction register (address
000D,¢) to “0”"—this ensures that port P6¢/AN is used as an
analog voltage input pin. Then write a digital value corres-
ponding to the internal comparison voltage into bits 0 to 3
of the comparator register (address 00304¢). This write op-
eration immediately activates the comparison. After 14 cy-
cles of the system clock ¢ (the time required for the
comparison), the comparison result is stored in bit 4 of the
comparator.

If the analog input voltage is greater than the internal refer-
ence voltage, bit 4 is “1”; if it is less than the internal refer-
ence voltage, bit 4 is “0”. To perform another comparison,
the comparator must be written to again, even if the same
internal reference voltage is to be used.

Table 3. Correspondence between bits 0 to 3 of the
comparator register and internal reference

voltage
Comparator register

- " - Internal reference voltage
Bit3 | Bit2 | Bit1 | Bit0

0 0 0 0 1/32Vee

0 0 0 1 1/16Vec+1/32Vec

0 0 1 0 2/16Vec+1/32Vec

0 0 1 1 3/16Vec+1/32Vec
.0 1 0 0 4/16Vcc+1/32Vec
0 1 0 1 5/16Vcc+1/32Vec
0 1 1 0 6/16Voc+1/32Vec
0 1 1 1 7/16Vec+1/32Vec
1 0 0 0 8/16Vcc+1/32Vec

1 0 0 1 9/16Vec+1/32Vec

1 0 1 0 10/16Vec+1/32Vec

1 0 1 1 11/16Vec+1/32Vee
I 1 0 0 12/16Vec+1/32Vcc
K 1 0 1 13/16Voo+1/32Vec

1 1 1 0 14/16Vec+1/32Vec

1 IR 1 15/16Vec+1/32Vec

¢ Data bus P

(Address 000C,6)

Comparator control circuit

P6, O*;ﬁ

Analog input voltage

Comparator resuit

:: output 4
‘ Comparator register (CMP)
! (address 0030;¢)

Bit 4 Bit3 Bit2 Bit 1 Bit0

{4

Internal reference voltage T Switch tree
' |

| N

|

Jr Ladder resistors

Vss Vee

Fig. 17 Comparator circuit
" 2—97

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

RESET CIRCUIT
After a reset, the microcomputer will start in high-speed
mode or low-speed mode depending on a mask-
programmable option.

High-Speed Start Mode

In high-speed start mode, reset occurs if the RESET pin is
held at a “L” level for at least 2us then is returned to a “H”
level (the power supply voltage should be between 4.0V
and 5.5V). Both the X,y and the Xgy clocks begin oscillat-
ing. In order to give the Xy clock time to stabilize, internal
operation does not begin until after 13 X,y clock cycles are
complete. After the reset is completed, the program starts
from the address contained in address FFFDs (upper
byte) and address FFFC,¢ (lower byte).

Low-Speed Start Mode
In low-speed start mode, reset occurs if the RESET pin is
held at a “L” level for at least 2us then is returned to a “H”

i _ Power on
72

RESET Vce
27 1

ov

) 4

s ov

Note : Reset release voltages :
In high-speed operation mode : Vgc=4.0V
In low-speed operation mode : Voc=2 8V

RESET V,
27 < Power supply voltage
|—1 T ——= /detectlon circuit

Fig. 18 Power-on reset circuit example

level (the power supply voltage should be between 2.8V
and 5.5V). The Xy clock does not begin oscillating. In
order to give the X¢y time to stabilize, timer 1 and timer 2
are connected together and 512 cycles of the Xqn/16 are
counted before internal operation begins. After the reset is
completed, the program starts from the address contained
in address FFFD;s (upper byte) and address FFFCie
(lower byte).

If the Xcin clock is stable, reset will complete after approx-
imately 250ms (assuming f(X¢n) =32.768kHz). Immediate-
ly after a power-on, the stability of the clock circuit will de-
termine the reset timing and will vary according to the
characteristics of the oscillation circuit used.

Note on Use ~

Make sure that the reset input voltage is no more than 0.8V
in high-speed start mode, or no more than 0.5V in low-
speed start mode.

2—98
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Address Register contents
(1) Port PO register (00004 0046
(2) Port P1 register (000 24) 0046
(3) Port P2 register (0004,
(4) Port P2 direction register (0 0 0 5 4¢)-* 0046
(5) Port P3 register (000646)
(6) Port P4 register (000 846) 0046

(7) Port P4 direction register (0 0 0 9 4¢)-

(8) Port P5 register (000A,E)

8

i

(9) Port P5 direction register (0 0 0Byg)*
(10 Port P6 register (00 0Cq¢)
(1) Port P6 direction register (0 0 0Dqg)

(12 Serial 1/01 control register (0 0 1 9 44)-

(13 Senal 1/02 control register (0 0 1 Dyg) "+ 0046
(4 Timer 1 register (0024,6) FFie
(19 Timer 2 register (00254)

(1 Timer 3 register (0026+6) FFis
(1) Timer 4 register (00274 FFys

(1 Timer 12 mode register (00 28.4)

(19 Timer 34 mode register (0029,6)

(20) PWM control register . (0 0 2Byg)

1) Comparator (00304)

(22) High-breakdown-voltage (0 0 3 8 4¢)-
port control register

(23) Interrupt edge selection register (0 0 3 Aqg) -+

(4 CPU mode register (00 3Byg)|* nnnnn

(@9 Interrupt control register 1 (00 3Eqw): -

(26) Interrupt control register 2 (0'0 3Fqg) 0046

@7) Processor status regvlster (PS)- n
(29 Program counter (P Cy)---|Contents of address FFFDg

]

(P C_)-[Contents of address FFFC,

Note : * ! The initial values of bits 7 and 6 of the CPU mode register
are determined by a mask option
X ! Undefined
The contents of all other registers and RAM are undefined
after a reset, so programs must set their initial values

Fig. 19 Internal status at reset
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Voo 4.0v

RESET

Xour

(4MHz) —j

Time until oscillation starts

Jlme necessary for oscillation to stabilize

Xcour I

T<

(32kHz) __[

Time until oscillation starts

Internal
reset

M

System
clock

Address

Data

SYNC

S I I

0.5us

sy

‘ X X X XFFFCXFFFDXADH,LX:

Fig.

20 Reset sequence in high-speed operation mode

5.5V

Voc gy !

RESET

Xout
(4MHz)

(Oscillation stopped)

xCOUT

(32kHz) ~ |

Time until oscillation starts

A\

'
l/Tlme necessary for oscillation to stabilize

Internal
reset

=T

- System
clock
Address

Data

SYNC

RN ERE
! X X X XrereXFrr0 X X:

62.5us

1

Fig. 21

Reset sequence in low-speed operation mode

2—100
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CLOCK GENERATION CIRCUIT

When using an external clock signal, input the clock signal
to the X;y (Xcinv) pin and leave the Xour (Xcout) pin open.lf
the X¢in clock is not used, connect the Xg v pin to Vsg, and
leave the Xcourt pPin open.

Either high-speed operation start mode or low-speed op-
eration start mode can be selected by using a mask option.

(1) High-Speed Operation Start Mode

After reset has completed, the internal clock ¢ is half the
frequency of X)y. Immediately after power-on, both the Xy
and Xgn clock start oscillating. To set the internal clock ¢
to low-speed mode, set bit 7 of the CPU mode register
(address 003B,¢) to “1”.

(2) Low-Speed Operation Start Mode

After reset has completed, the internal clock ¢is half the
frequency of Xgin. Immediately after power-on, only the
Xcin clock starts oscillating. To set the internal clock ¢ to
normal operation mode, first set bit 6 (CMg) of the CPU
mode register (address 003B,¢) to “0”, the set bit 7 (CM;)
to “0” .Note that the program must allow time for oscillation
to stabilize.

(3) Oscillation Control

Stop mode

If the STP instruction is executed, oscillation stops with the
internal clock ¢ at an “H” level. Timer 1 is set to “FF;” and
timer 2 is set to “014¢”".

Either X,y or Xc)y divided by 16 is input to timer 1, and the
output of timer 1 is connected to timer 2. The timer 1 and
timer 2 interrupt enable bits must be set to disabled (“0”),
so a program must set these bits before executing a STP
instruction. Oscillation restarts at reset or when an external
interrupt is received, but the internal clock ¢ is not supplied
to the CPU until timer 2 overflows. This allows time fer the
clock circuit oscillation to stabilize.

Wait mode
If the WIT instruction is executed, the internal clock ¢ stops
at a “H” level but the oscillator itself does not stop. The in-

ternal clock restarts if a reset occurs or when an interrupt is.

received. Since the oscillator does not stop, normal opera-
tion can be started immediately after the clock is restarted.

Low-speed mode

If the internal clock is generated from the sub clock (Xc),
a low power consumption operation can be entered by
stopping only the main clock X;y. To stop the main clock,
set bit 6 (CMg) of the CPU mode register (003B,¢) to “1”.
When the main clock Xy is restarted, the program must
allow enough time to for oscillation to stabilize.

Note that in low-power-consumption mode the Xcin-Xcout
drive performance can be reduced, allowing even lower

power consumption (20uA with Xgin =32kHz). To reduce
the Xcin-Xcout drive performance, clear bit 5 (CMs) of the
CPU mode register (003B4) to “0”. At reset or when a STP
instruction is executed, this bit is set to “1” and strong drive
is selected to help the oscillation to start.

Xcin Xcout Xin Xour

Rf Rd

I {
I Cen st Ccour 5 Cin ;_COUT

Fig. 22 Ceramic resonator circuit

XCIN XCOUT XIN XOUT

Open Open

External oscillator or pulse External oscillator
Vss Vss

Fig. 23 External clock input circuit

LA
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Xein Xcour

QO
g
Timer 1 count

O
gy
Internal system clock

source selection bit
CM; (Note)

bit

Main clock stop bit CMg
Internal system clock

source selection bit CM;

instruction instruction

Reset

Note : The values of CM; and CM; at reset are determined by a mask option

Timer 1 count stop bit

source selection

_Ja s s Q Q S—G_
Reset

R STP WIT —R R}—— STP instruction

Interrupt disable flag |
Interrupt request

Timer 2 count stop bit

Timing ¢
(Internal clock)

Fig. 24 System clock generation circuit block diagram
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WIT
instruction
Xin clock oscillating €
Xcin clock oscillating
¢ is stopped (“H") S
Timer operating Interrupt
External INT,

SI/0 interrupt

WIT
Xy clock oscillating instruction
Xcin clock oscillating -—
#1s stopped (“H")
Timer operating - 5
(Note 3) Interrupt
WIT
Xin clock stopped instruction
Xcin clock oscillating -—
$1s stopped (“H")
Timer operating
(Note 3) Interrupt

Note 1

timer interrupt, or

The example assumes that 4 MHz 1s being applied to the X,y pin and 32 kHz to the Xcin pin

When the STP state i1s ended, a delay of approximately 2ms is automatically generated by timer 1 and timer 2

2 The delay after the STP state ends I1s approximately 0 25s

3 If the internal clock ¢ divided by 8 1s used as the timer count source, the frequency of the count source 1s f(Xcin) /16
4 Specify this option when ordering a mask ROM version

High-speed operation
start mode (Note 4)

STP
Iinstruction
Xin clock oscillating — Xin clock stopped
Xcin clock oscillating Xcin clock stopped
¢ =t(Xin)/2 415 stopped (“H”)
Interrupt
(Note 1)

CM;=0 External INT, or
SI/0 nterrupt

CM;=1
STP
instruction
Xn clock oscillating —— X clock stopped
Xcw clock oscillating Xcin clock stopped
¢ =H(Xoin)/2 - ¢1s stopped (“H")
Interrupt
(Note 1)

The program must
allow time for Xin

CMe=1 oscillation to stabilize
STP
nstruction
Xin clock stopped —— Xin clock stopped
Xen clock oscillating Xcin clock stopped
¢ =t(Xcn) /2 ¢ =stopped (“H")

Interrupt
(Note 2)

Low-speed operation
start mode (Note 4)

Reset

Fig. 25 State transitions of system clock
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag (1)
which is “1”. Therefore, flags that affect program execution
must be initialized after a reset.In particular, it is essential
to initialize the T and D flags because of their effect on cal-
culations.

Interrupts

The contents of the interrupt request bits do not change im-
mediately after they have been written.

After writing to an interrupt request register, execute at
least one instruction before performing a BBC or BBS in-
struction.

Decimal Calculations

To calculate in decimal notation, set the decimal mode flag
(D) to “1”, then execute a ADC or SBC instruction. Only the
ADC and SBC instruction yield proper decimal results. After
executing an ADC or SBC instruction, execute at least one
instruction before executing a SEC, CLC, or CLD instruc-
tion.

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

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

Multiplication and Division Instructions
The MUL and DIV instructions do not affect the T and D
flags.

The execution of these instructions does not change the
contents of the processor status register.

Ports

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

Serial /0

When using an external clock, input “H” to the external
clock input pin and clear the serial 1/0 interrupt request bit
before executing a serial 1/0 transfer.

When using the internal clock, set the synchronization clock
to internal clock, then clear the serial 1/0 interrupt request

bit before executing a serial 1/0 transfer.

Instruction Execution Timing

The instruction execution time is obtained by multiplying
the frequency of the internal clock ¢ by the number of cy-
cles needed to execute an instruction. The number of cy-
cles required to execute an instruction is shown in the list
of machine instructions. The frequency of the internal clock
¢ is half of the X;y or X¢n frequency.
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:

(1) Mask ROM Order Confirmation Form

(2) Mask Specification Form

(3) Data to be written to ROM, in EPROM form (three iden-
tical copies)

If required, specify the following option on the Mask Con-
firmation Form:

* Operation start mode switching option

ROM Writing Method

The built-in PROM of the blank one-time programmable
version and built-in EPROM version can be read from and
written to with an normal EPROM writer using a special
write adapter.

Package Name of Write Adapter
64P4B, 64S1B PCA4738S-64
64P6N PCAA4738F-64
64D0 PCA4738L-64

The PROM of the blank one-time programmable version is
not tested or screened after assembly. To ensure proper
operation after writing, the procedure shown in Figure 26 is
recommended to verify programming.

I Writing with PROM writer ]

N

Screening (Note)
(150°C for 40 hours)

N

Verification with
PROM writer

NS

I Functional check in target device

Note : The screening temperature is far higher than
the storage temperature Do not leave the
microcomputer at 150°C for longer than 100 hours

Fig. 26 Writing and testing of one-time programmable
version

x MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3t07.0 v
Vee Pull-down power supply voltage Vee—40 to Vee+0.3 \
V, Input voltage P24-P2;, P4,-P4;, P5,-P5;, P6o-P6; —0.3 to Vg +0.3 \Y
A Input voltage P4 —0.3 to Vge+0.3 \%

— All voltages measured based on the Vss pin
\A Input voltage RESET, Xy Output transistors are Isolated. —0.3 to Vg t+0.3 \
\A Input voltage Xcin —0.3 to Vge+0. 3 \
Vo Output voltage P0y-P0;, P19-P17, P2,-P23, P3o-P3; Vee—40 to V0.3 \
Vo Output voltage P24-P2;, P4,-P4;, P5y-P5;, P6o-P6s, . 0.3 to Voct0.3 v
P7,-P77, Xour, Xcour

Pd Power dissipation Ta=25C 1000(Note 1) mw
Topr Operating temperature —10 to 85 c
Tstg Storage temperature —40 to 125 ‘c

Note 1 600mW in case of the flat package

RECOMMENDED OPERATING CONDITIONS (Vec =14.0105.5V, Ta= —10 t0 85C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max
High-speed operation mode 4.0 5.0 5.5
Vece Supply voltage \
Low-speed operation mode 2.8 5.0 5.5
Vss Supply voltage 0 \
Vee Pull-down power supply voltage Vee—38 Vce \4
Via Analog input voltage 0 Vece \
Vin “H” input voltage P2,-P2; 0.4Vce Vce \
Vin “H” input voltage P4, 10.75Vee Vee \
Vin “H" Input voltage P4,-P4;, P5,-P5;, P6-P6; ~{0.75Vee Veo v
Vin “H” input voltage RESET 0.8Vee Vee \"
Vin “H” input voltage X, Xcin 0.8Vce Vce \%
Ve “L” input voltage P2,4-P2; 0 0.16Vec v
VL “L” input voltage P4 0 0.25V¢c \%
Vo “L” input voltage P4,-P4;, P5¢-P5;, P6o-P6; 0 0.25Vec \
Vo “L” input voltage RESET T 0 0.2Vce \%
Vo “L” input voltage XN, Xcin 0 0.2Vee \Y
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RECOMMENDED OPERATING CONDITIONS (Vcc=4.0t05.5V, Ta=—10 to 85C, unless otherwise noted)

Symbol Parameter - Lumits Unit
Min Typ Max
“H” total peak output current P0o-P07, P1,-P17,
*lon(peak) ° (Npote 1) P2-P2;, P3y-P3; 240 mA
3 lon(peak)| “H” total peak output current P4,-P4;, P6y-P6; —60 mA
“L” total peak output current P24-P2;, P4,-P4;,
Slowpeak P P Ps:_%:’ P6:-Pe: 100 mA
ZloL(peak)| “L" total peak output current P6q 3.0 mA
“H” total average output current P0,-P07, P1o-P17,
=lontavg) (Note 1) P2,-P2;, P3g-P3; —120 mA
S loncavg) | “H” total average output current P4,-P4;, P6,-P6; —30 mA
ZIOL(avg) L” total average output current ::-:: :;:-:: 50 mA
ZloLavg) | “L” total average output current P6y 1.5 mA
|0H(peak) “H” peak output current POo-P07, P1o-P17, P2y-P23, —40 mA
P3y-P3; (Note 2)
lon(peak) | “H” peak output current P2,-P2;, P4,-P4;, P6o-P6; —10 mA
loL(peak)| “L” peak output current P2,4-P27, P64-P6; 10 mA
loL(peak)| “L” peak output current P4,-P4;, P5,-P5; 10 mA
loL(peak)| “L” peak output current P&y 3.0 mA
“H” average output current P0o-P0;, P1o-P17,
loncavg) (Note 3)  P2y-P2;, P3)-P3; -8 mA
IOH(an) “H" average output current P24-P2;, P4:-P4;, 5.0 mA
P6o-P67
loL(avg) | “L” average output current P24-P2;, P61-P6; 5.0 mA
loLcavg) | “L” average output current P4,-P4;, P5,-P5; 10 mA
loLcavg) | “L” average output current P6, 1.5 mA
f(CNTR) | Clock input frequency for timers 4 (duty cycle 50%) 250 kHz
f(Xin) Main clock input oscillation frequency (Note 4) 4.2 MHz
f(Xcin) Sub clock input oscillation frequency (Note 4, 5) 32.768 50 kHz

Note 1. The total output current is the sum of all the currents flowing through all the applicable ports The
total average current is an average value measured over 100ns The total peak current is the peak

value of all the currents.

OOBswWN

f(Xcin) is less than f(X;y)/3

. The peak output current is the peak current flowing in each port
. The average output current in an average value measured over 100ms
. When the oscillation frequency has a duty cycle of 50%.
. When using the microcomputer in low-speed mode, make sure that the sub clock’s input frequency

x MITSUBISHI
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ELECTRICAL CHARACTERISTICS (voc=4.0105.5V, Ta= —10 10 85C, unless otherwise noted)

. Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max
Vou “H” output voltage P0o-PO7, P19-P17, P26-P25, P30-P3; | loy=—18mA, Voc=4.5 t0 5.5V Vee—2.0 \Y;
Vou “H” output voltage P24-P2;, P4,-P4;, P6y-P6; low=—10mA, Vcc=4.5 t0 5.5V Voe—2.0 \'
VoL “L” output voltage P24-P2;, P4,-P4;, P5,-P5;, P6,-P6; loo=10mA, V¢c=4.5 to 5.5V 2.0 \%
Vou “L” output voltage P6, lo,=1.5mA, V¢c=4.5 t0 5.5V 0.5 \"
Vr4+—Vi— | Hysteresis INTo-INT2, Sint, Sinz: CLK1, CLK2, CNTR When using a non-port function 0.4 \"
Vy+—Vr— | Hysteresis RESET, Xy RESET : Vge=2.8V t0 5.5V 0.5 Vv
Vr4+—Vy— | Hysteresis Xcin 0.5 \
™ “H” input current P24-P2;, P44-P4;, P5y-P5;7, P6,-P67 Vi=Vcc 5.0 A
I “H” input current P4, Vi=Vec 5.0 “A
hy “H” input current RESET, Xcin Vi=Vcc 5.0 ©A
[ “H" input current Xy Vi=Vec 4 “A
he “L” input current P24-P2;, P4,-P4;, P5,-P5;,-P6y-P6; Vi=Vss —5.0 uA
I “L” input current P4, Vi=Vss —5.0 A
[ “L” input current RESET, Xcin Vi=Vss —5.0 uA
he “L” input current Xy Vi=Vgs —4 §77.\
ILoAD Output load current POo-PO;, P1g-P17, P2g-P25, P3g-P3; Ver=Voo—36V, Vo=Vee, 150 | 500 900 A
With output transistors off
Output leakage current P0g-PO;, P1g-P17, P2-P2;, Vee=Vgc—38V, Vo=Vcc—38V,
leeax P30-P3; With output transistors off (Except for reset) —10 #A
Vgram RAM hold voltage When clock Is stopped 2.0 5.5 v
In high-speed operation mode
(Xin)=4MHz
f(Xcin) =32kHz 5 10 mA
Output transistors off
Comparator operating
In high-speed operation mode
f(Xin)=4MHz (in WIT state)
#(Xcin) =32kHz 1 mA
Output transistors off
Comparator stopped
In low-speed operation mode
f(Xin)= stopped f(Xcin) =32kHz
lec Power supply current Low-power dissipation mode set 60 200 A
(CM5=0)
Output transistors off
In low-speed operation mode
f(Xin)= stopped
f(Xon)=32kHz (in WIT state) 20 40 4A
Low-power dissipation mode set
(CMs=0)
Output transistors off
All oscillation stopped Ta=25°C 0.1 1.0
(in STP state) #A
Output transistors off | Ta=85T 10
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COMPARATOR CHARACTERISTICS

(Voe=4.0t0 5.5V, Vss=0V, T3=—10 to 85C, high-speed operation mode, unless otherwise noted)

J Limits )
Symbol Parameter Test conditions Unit
Min. Typ Max
— Resolution L 4 Bits
— Absolute accuracy l 1/2 LSB
Tconv Conversion time ! 7 us
hia Analog port input current 4L 5.0 A
Riapper | Ladder resistor l 30 kQ
TIMING REQUIREMENTS (Vcc=4.0105.5V, Vgs =0V, Ta = —10t0 85, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(RESET) Reset input “L” pulse width : 2 us
teOoan) Main clock input cycle time (Xy input) 238 ns
twH ) Main clock input “H” pulse width | 60 ns
twLOan) Main clock input “L" pulse width 60 ns
toixem) Sub clock input cycle time (Xcin) 2.0 ms
twixcn) Sub' clock input pulse width (Xcin) 1.0 ms
to(enTR) CNTR nput cycle time 4 us
twH(CNTR) CNTR input “H” pulse width 1.6 S
twL(CNTR) CNTR nput “L” pulse width 1.6 us
twHONT) INTo~INT, input “H” pulse width 80 ns
twLanT) INTo~INT, input “L” pulse width 80 ns
te(se) Serial clock nput cycle time 1 1000 us
twh(scu) Senal clock nput “H” pulse width 40 1 %
twi(scw) Senal clock input “L” pulse width 40 %
tr(scik) Sernal clock nput clock nise time 5 50 ns
trescuo Senal clock input clock fall ime 5 40 ns
thiscik-sn) | Seral input hold time 0. 2tc ns
| tsucscicsi | Senal input setup time 0. 2tc ns
SWITCHING CHARACTERISTICS (Voc=4.0105.5V, Vs =0V, Ta= —10to 85C, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
twh(scL) Serial clock output “H” pulse width C_=100pF, R_,=1kQ tc/2—160 ns
twi(sck) Senal clock output “L” pulse width C_L=100pF, R_,.=1kQ tc/2—160 ns
td(scik-sour) | Serial clock delay time 0. 2tc ns
tv(scik-soup) | Senal clock hold time 0 ns
t(sc Senal clock output fall ime C_ =100pF, R.=1kQ 40 ns
¢ P-channel high-breakdown voltage output rise time _ _ _
F(Pen.strg) (Note 1) C_=100pF, Veg=Vcc—36V 55 ns
P-channel high-breakdown voltage output fall time /
te(Pepweak) (Note 2) CL=100pF, Veg=Vcc—36V 1.8 ns

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) 1s at “0”
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) 1s at “1”
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P56/ScLk2 Ru _{

PS2/Scwk PO, P1, P2y~P2,,P3

7

Serial clock output port P-channel output port

Fig. 27 Output switching characteristics measurement circuit

2—110 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M3810x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING CHART

CNTR

INTo-INT,

RESET

Xein

Scik

Sin

Sour

I toentr)
‘ \ twH(cNTR) | twiicnTR)
0.8Vee
0.2V¢ee J
. twHONT) L twionT) ;
0.8Vce 0.2v.
/ . 2Vce
. twireseT) .
0.8Vec
. 0.2Vcee
. teox)
) twhixy) L twiix)
0.8Vce
0.2Vee #
| tetxem)
| twHixcin) - twiixen)
0.8Vee
0.2Vee .
teserk)
tf twi(sLk) tr twh(sew)
_— .
\ 0.2v /f 0.8Veo \‘\
R € /
tsutsin—scLk) thiscik—siv)
m o er ]
L 0. 2Veo P

td(scik—sour)

tvisoLk—sour)
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DESCRIPTION @ INtErrUpts - rrereereeenees e 14 sources, 12 vectors
The M3811x group is made up of 8-bit microcomputers @ THMEIS - oeeeeerrrerrnsssstm et 8-bitX4
based on the MELPS 740 core. ® Serial I/0 e -+~ Clock-synchronized 8-bitX2
The M3811x group is designed mainly for VCR timer/func- (Serial 1/01 has an automatic data transfer function)
tion control, and include four 8-bit timers, a fluorescent dis- ® PWM output circuit-- -+ 14-bitX1
play automatic display circuit, a PWM function, and a com- @ Comparator -orrerererrerr e 4-bitX1
parator. ® Fluorescent display function
The various microcomputers in the M3811x group include SEGMENLS crevrerrrrrrrrerrrr s 8to 16
variations of internal memory size and packaging. For de- Digits «w+vvveeeersrees s 8to 16
tails, see the section on part numbering. ® 2 Clock generation circuit
For details on availability of microcomputers in the M3811x Clock (Xjn-Xoyr) *weerreree Internal feedback amplifier
group, see the section on group expansion. Sub clock (Xein-Xcout) Internal amplifier without feedback
) Supply VOltage - wwrrrrr e 4.0 to 5.5V
FEATURES ® Low power dissipation
[ ] Basic machine_|anguage inStruCtionS ....................... 71 |n high_speed Operaﬁon .................................... 25mW
@ Instruction exXecution time:«-««--wteerereerenrerene 0.95us (at 4.19MHz oscillation frequency)
(shortest instruction at 4.19MHz oscillation frequency) In low-speed operation ««««««o-sorrerrrrmrreeseeeeee 300.W
® Memory size (at 32kHz oscillation frequency)
Y IR CRRCIRILIII I AN R 4K to 32K bytes ® Operating temperature range «««+--==-=++==* —10 to 85C
192 to 1024 bytes : .
® Programmable input/output ports ===+ ssreeesreeneeiies 27 APPLICATIONS
® High-breakdown-voltage output ports ==+ EREEERRIREE 28 VCRs, tuners, musical instruments, office automation, etc.

PIN CONFIGURATION (TOP VIEW)

Nt oo
es0T3IIE
FFOOY090
SA0Q000Q0Q0
oDoIIIS<S
ERER-BR N S B i
fRRERpRpo0d00000
nonnonnnaQLoooooQ
QELVYLOLALL0000Q
33335832 IRl
n.n.n.&n.n.mn.u.n.n.mn.n.n.n.
trttttrrtttttrts
44| 4]|33]

P3;/SEG; +[#] 2] = P2y/DIGs \
P3s/SEGe + [50] — P2,/DIG7

P3s/SEGs + [51} %] — P2,/DIG1s
P3,/SEG,; + 8] — P2;/DIG1g

P33/SEGs + 28] +> P2,
P3,/SEG, + [54] P25
P3,/SEG, +[5 . %)+ P2

P3o/SEG, + [5§] (5] > P2
e M38112M4-XXXFP Ve
Vee — 5] 18] = Xour
P6, + [ 2]+ Xy
P6g/AN +> &) — Xcour
P6s <+ [l &) Xom
P6, + [¢2] [19] «— RESET
P6; + [63] O [18] «— P4,/INT,
P6, > [51] <> P4,/INT,
113 E11 3 63| 2 310 L ) S
I EEEEEEEEEEEEEEE
- NN N oo (: ot nl EoOrXr J oo
\ £3lE38FicEaadbddy
LT LD S
SreBP S TE Y
gegetfgee § ¢
5
o
a

Package type : 64P6N
64-pin plastic molded QFP
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PIN CONFIGURATION (TOP VIEW)

P5;/Sapyz ++ 11

P5g/Scie +> [12]

P55/Soyrz2 +* [13}
P54/Sinz +* [14}
P53/Srov1/CS/ScLkr2 +> [18]
P5,/ScLk11 +* [1€]
P54/Sour1 +*

P50/Sni +* [18]

P47/ Tour + [19]

dSXXX-¥NZLI8EW

P2,
P2
P2
P2,

Outline 64P4B
64-pin shrink plastic molded DIP

4] — P3,/SEG,
-+ P3,/SEG,
— P3,/SEG,
— P3,/SEG;
— P3,/SEG,
— P35/SEGs
— P3/SEGs
— P3,/SEG,
~ P0y/SEGs/DIGo
— P0,/SEGe/DIG;
— P0,/SEG/DIG;
— P04/SEG1/DIG;
— P0,/SEG2/DIG4
— P05/SEG3/DIG5
— POG/SEG14/DIGs
— P0,/SEG5/DIG;
— P1y/DIGs
— P1,/DIGo
— P1,/DIGyo
— P14/DIGy4
— P1,/DIGy2
— P15/DIG1s
— P15/DIGy4
— P1,/DIGys
— P24/DIG1s
— P2,/DIGy7
— P2,/DIG1s
— P2,/DIGso
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FUNCTIONAL BLOCK DIAGRAM
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Clock Clock clock clock
input  output nput output Reset input
Xin  Xour Xen Xcour RESET Vee Vss Vee
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' 1
! Data bus I
I I
| Timer 1(8) |
l Clock generation CPU |
| e L2 ] |
l RAM ROM _ Timer 2(8) l
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| | ez e |
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i PCy PC, Timer 4(8) i
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' ) glu/tgma!lc Siomatic :\Ia:tDomatlc ot I
| _J et | o] [doer, | [ '
] I& '
| |
I 7. o i % o [
1 |
l N |
I' [comparator(4)|[ PWM(14)] | [ | SI702(8) ][ SI/O1(8) I
| INlTo ,
l INT, \Z - ; l
] [ Pe(s) [ psa) ] P4(8) [ P3(8) [r2e | [ pPitg) | [_Po8__] l
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M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
l Alternate Function
Vce, Vss | Power supply Power supply inputs 4 0 to 5.5V to Ve, and 0V to Vss.
Vee Pull-down power Applies voltage supplied to pull-down resistors of ports PO, P1, P2,-P2; and P3.
input

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con-
ditions. In low-speed operation start mode, internal reset is not released until the X¢n-Xcour clock has had time to sta-
bilize

Xin Clock input input and output signals for the internal clock generation circuit. It consist of internal feedback amplifier Connect a
ceramic resonator or quartz crystal between the X,y and Xoyr pins to set the oscillation frequency If an external clock is

Xout Clock output used, connect the clock source to the Xy pin and leave the Xoyr pin open This clock 1s used as system clock

Xem Sub clock input Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback
Connect a ceramic resonator or quartz crystal and external feedback resistor between the X¢iv and Xcour pins If an ex-
ternal clock is used, connect the clock source to the Xciv pin and leave the Xcour pin open This clock can aiso be

Xcout Sub clock output used as the system clock.

P0,/SEGs/ | Output port PO An 8-bit output port The output structure 1s high- | FLD automatic display pins

DiGo- breakdown-voltage P-channel open drain with internal

P0,/SEG s/ pull-down resistors connected between the output and the

DIG; Vee pin Are “L” at reset.

P1¢/DIGg- | Output port P1 An 8-bit output port with the same function as port P0. FLD automatic display pins

P1;/DIG;s

P2¢/DIG16- | Output port A 4-bit output port with the same function as port PO FLD automatic display pins

P2;/DIGyg

P2,-P2; 1/0 port P2 A 4-bit CMOS 1/0 port An I/O direction register allows each pin to be individually programmed as either input or out-
put. At reset this port 1s set to input mode The input levels are TTL compatible

P3y/SEG,- | Output port P3 An 8-bit output port with the same function as port PO FLD automatic display pins

P3;/SEG,

P4y/INT, Input port P4q A 1-bit CMOS input pin External interrupt input pin

P4,/INT,, | I/0 port P4 A 7-bit CMOS 1/0 port with the same function as port P2,4- | External interrupt input pins

P4,/INT, P27, with CMOS compatible input levels

P4, P4,, P4

P45/CNTR Event count input pin

P4;/Tour Timer output pin

P5¢/Sints 1/0 port PS5 An 8-bit 170 port with the same function as port P2,-P2; | Senal I/01 1/0 pins

P5,/Sour1, The output structure of this port 1s N-channel open drain,

P52/Sciki1s and the input levels are CMOS compatible

P53/Srpvi/ Keep the input voltage of this port between 0V and Vcc.

CS/SCLK12

P54/Sinz2s Serial 1/02 1/0 pins

P5s/Sourz,

P5¢/Scuke,

P57/Sgov2
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PIN DESCRIPTION

Pin Name Function
Alternate Function
P6o/PWM | I/0 port P6 An 8-bit CMOS 1/0 port with the same function as port | 14-bit PWM output pins
P2,-P2;, with CMOS compatible input levels.
P6,-P6s, P67
P6s/AN Comparator input pin
2116 MITSUBISHI
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PART NUMBERING

Product name M3811 0 M X - XXX SP

Package type
SP ! 64P4B package
FP : 64P6N package
SS : 64S1B package
FS : 64D0 package

ROM number
Omitted in some types

ROM/PROM size
. 4096 bytes

: 8192 bytes

: 12288 bytes
116384 bytes
: 20480 bytes
. 24576 bytes
. 28672 bytes
. 32768 bytes

OO0 D WN -

The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used

Memory type
M : Mask ROM version
E : EPROM or one-time programmable version

RAM size
. 192 bytes
: 256 bytes
- 384 bytes
512 bytes
: 640 bytes
768 bytes
. 896 bytes
* 1024 bytes

NO s WN—=O
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GROUP EXPANSION

Mitsubishi plans to expand the M3817x group as follows:

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

(2) ROM/PROM size 16K to 32K bytes
RAM size ........................................ 384 to 640 bytes
(3) Packages
64P4B ............................... Shnnk plasﬁc mo'ded DIP
64P6N ........................................ PIastiC molded QFP
B4STB -ovvvererererereeenne Window type shrink ceramic DIP
BODO ................................ WindOW type ceramic LCC

Memory Expansion Plan
ROM size (bytes) Under development
K [mm— T T T m 7T 7~ (M3BT14MB/ER B
| | I |
! | | | | | I |
8K f———— j——————— - ——————— == — = ——
| | | ! | | | I
1 [ ! ! | | | [
2K '———-—+-———+—————1——-——||————~:————+—~--—f————l
| I I | |
. | I | ! I | | |
20K ————J————-t-——~——ll—-————L————+—~—-1——————+—————1
: New product I' II : : :
)
6K f——— +———+ 2M—l———~a————p—~——+—-—-1
| | — | | I | |
| | | | | | | |
12K h————-)—————i—————w‘————}-—————:-————*l——'—*|~————1
| | I | |
| [ ! ! | ' [ [
8K f-——— 4——-———F—-————-:————4—————f————l————f————T
| | | I I
I ! [ | | | | |
4K -—————4——~—r————+————|————+—————Jl.————|'—————:
| | | | |
I | I | | | | |
1 I 1 | | ] | L ]
192 256 384 512 640 768 896 1024
RAM size (bytes)

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

Currently supported products are listed below.

As of March 1992

Product name (P) ROM size (bytes)| RAM size (bytes) | Package Remarks
M38112M4-XXXSP Mask ROM version
M38112E4-XXXSP 64P4B | One-time programmable version
M38112E4SP One-time programmable version (blank)
M38112E4SS 16K . a82 64S1B | EPROM version
M38112M4-XXXFP Mask ROM version
M38112E4-XXXFP 64P6N | One-time programmable version
M38112E4FP One-time programmable version (blank)
M38112E4FS 64D0 EPROM version
!
MITSUBISHI
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FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)
Microcomputers of the M3811x group use the standard
MELPS 740 instruction set. Refer to the table of MELPS
740 addressing modes and machine instructions or the
MELPS 740 Software Manual for details on the instruction
set.

Machine-resident MELPS 740 instructions are as follows:

CPU MODE REGISTER

The CPU mode register is allocated to address 003Be.

Bits 0 and 1 of this register are processor mode bits and
should always be set to “0”.

The CPU mode register contains the stack page selection
bit.

For details of the Xgour drivability selection bit, main clock
stop bit, and internal system clock selection bit, see the

The FST and SLW instructions are not available for use. section on the clock generation circuit.

The STP, WIT, MUL, and DIV instructions can be used.

7 0
| | CPU mode register (CPUM : address 003By)

u—— Processor mode bits

b1b0
0 0 : Single-chip mode
0 1 : Donotuse
1 0 : Do not use
11 : Do not use
Stack page selection bit
0 > RAM in the zero page 1s used as stack area
1 I RAM in page 1 is used as stack area
t———————————————— Xgour drivability selection bit
0 ! Low drive

1 I High drive

Main clock (Xin-Xour) stop bit
0 : Operating
1 ! Stopped

Internal system clock selection bit
0 : Xin-Xour selected (high-speed operation mode) *
1 : Xan-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register

MITSUBISHI
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MEMORY

« Special Function Register (SFR) Area

The Special Function Register area contains registers
which control functions such as 170 ports and timers, and
is located in the zero page area.

* RAM

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

* ROM

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

storing programs.
« Interrupt Vector Area

The interrupt vector area contains reset and interrupt

» Zero Page
The 256 bytes from addresses 00004¢ to 00FF,¢ are cal-

led the zero page area. The internal RAM and the spe-
cial function registers (SFR) are allocated to this area.

The zero page addressing mode can be used to specify
memory and register addresses in the zero page area.
This dedicated zero page addressing mode enables ac-
cess to this area with only 2 bytes.

« Special Page
The 256 bytes from addresses FF00;¢ to FFFF;s are cal-

led the special page area. The special page addressing
mode can be used to specify memory addresses in the

special page area. This dedicated special page addres-

vectors. sing mode enables access to this area with only 2 bytes.
000046
SFR area
RAM area Zero
» 0040 -
RAM capacity Address XXXXs 6 | FLD automatic display RAM area page
(bytes) 006046
192 00FF4¢ 0100
256 013F 6 "6 |Seriall/Oautomatictransfer RAM areal
384 01BFy6 RAM 012046
512 023F,¢
640 02BF,¢
768 033F16 XXXX16 fom e cmmmcccccae————— 4
896 03BF¢
1024 043F 16 Reserved area
ROM area 044016
ROM capacity .
(bytes) Address YYYY,s | Address ZZZZ,¢ Not used
4096 F000,¢ F080,¢ YYYY, == mmmmmmm e m 4
8192 E000-6 E080+¢ (‘ Reserved ROM area
12288 D000:6 D08046 (common ROM area, 128 bytes)
16384 C000,4¢ C0804¢
20480 B000,¢ B0804¢ 222746
24576 A000¢ A080+6
28672 900046 9080,¢
32768 800046 808016
ROM
FF00,6
FFDCe
Special
Interrupt vector area page
FFFE;e
Reserved ROM area
L FFFF
Fig. 2 Memory map diagram
MITSUBISHI
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00004¢ | Port PO (PO)

00026 | Port P1 (P1)

0004,¢ | Port P2 (P2)
00056 | Port P2 direction register (P2D)
0006,¢ | Port P3 (P3)

00086 | Port P4 (P4)
000946 | Port P4 direction register (P4D)
000A6 | Port P5 (P5)
000B,¢ | Port P5 direction register (P5D)
000C;¢ | Port P6 (P6)
000D, | Port P6 direction register (P6D)

00125 | Port PO /digit register (POSDR)

0014, | Port P2 digit/port switching register (P2DPR)
0015, | Key-scan blanking register (KSCN)
001646 | FLDC mode register (FLDM)

0017, | FLD data pointer (FLDDP)

001846 | Serial I/0 ic transfer data pointer (SIODP)
001946 | Serial I/01 control register (SIO1CON)
001A¢ | Serial I/0 automatic transfer control register (SIOAC)
001B;¢ | Serial /01 register (S101)

001C;¢ | Senal I/0 automatic transfer interval register (SIOAI)
001D | Serial 1/02 control register (SIO2CON)

001Fs | Senal 1/02 register (SI02)

002046
002146
00224
002344
0024, | Timer 1 (T1)

0025 | Timer 2 (T2)

002645 | Timer 3 (T3)

0027, | Timer 4 (T4)

0028, | Timer 12 mode register (T12M)
0029,5 | Timer 34 mode register (T34M)
002A¢ )
002B,;s | PWM control register (PWMCON)
002C;¢ | PWM register (upper) (PWMH)
002D,6 [ PWM register (lower) (PWML)
002E+¢
002F;¢
0030,6 | Comparator register (CMP)
003146
003246
003346
0034,¢
003546
003646
003746
0038, | High-breakdown-voltage port control register (HVPC)
003946
003A,6 | Interrupt edge selection register (INTEDGE)
003B;¢ | CPU mode register (CUPM)

003C,¢ | Interrupt request register 1 (IREQ1)
003D | Interrupt request register 2 (IREQ2)
003E,¢ [ Interrupt control register 1 (ICON1)

003F;¢ |Interrupt control register 2 (ICON2) |

Fig. 3 Memory map of special function register (SFR)

/0 PORTS

« Direction Registers
The M3811x group microprocessors have 27 programm-
able 1/0 pins arranged in four 1/0 ports (ports P2,-P2;,
P4,-P4;, P5 and P6). The 1/0O ports have direction regis-
ters which determine the input/output direction of each
individual pin. Each bit in a direction register corres-
ponds to one pin, each pin can be set to be input or
output.
When “0” is written to the bit corresponding to a pin, that
pin becomes an input pin. When “1” is written to that bit,
that pin becomes an output pin.
If data is read from a pin which is set for output, the value
of the port output latch is read, not the value of the pin it-
self. Pins set to input are floating. If a pin set to input is
written to, only the port output latch is written to and the
pin remains floating.

« High-Breakdown-Voltage Output Ports

The M3811x group microprocessors have four ports with
high-breakdown-voltage pins(ports PO, P1, P2,-P2;, P3).
The high-breakdown-voltage ports have P-channel open
drain output with a breakdown voltage of Vcc—40V. Each
pin in Ports PO, P1, P2,-P2; and P3 has an internal pull-
down resistor connected to Vge. At reset, the P-channel
output transistor of each port latch is turned off, so it is
forced to the level of Vge by the pull-down resistor.
Writing “1” to bit 0 of the high-breakdown-voltage port
control register(address 0038,¢)slows the transition of the
output transistors to redyce transient noise. At reset, bit 0
of the high-breakdown-voltage port control register is set
to “0” (strong drive).
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. Diagram
Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs No.
High-breakdown FLDC mode register
igh- -
P0o/SEGg/ 9 Segment/digit
, voltage P-channel ) .
DIGo- . FLD automatic switching register
Port PO Output open-drain output . . (1)
P0,/SEGs/ display function High-breakdown-
with pull-down
DIG; voltage port control
resistor .
register
High-breakdown-
'9 FLDC mode register
voltage P-channel . .
P1o/DIGg- FLD automatic High-breakdown-
Port P1 Output open-drain output (2)
P1,/DIG;s ] display function voltage port control
with puli-down K
A register
resistor
. FLDC mode register
High-breakdown- .
Digit/port switching
voltage P-channel
P2o/DIG+e~ - FLD automatic register
Output open-drain output K (3)
P23/DIGqo . display function High-breakdown-
Port P2 with pull-down
voltage port control
resistor
, register
Input/output, TTL level input
P2,-P2; put/output P ()
individual bits CMOS 3-state output
High-breakdown- .
FLDC mode register
voltage P-channel
P3./SEG drain output FLD automatic High-breakdown-
- open-drain outpu
° ° Port P3 Output P P display function voltage port control (5)
P3;/SEG; with pull-down
register
resistor
External interrupt Interrupt edge
P4,/INTo Input CMQOS level input . (6)
input selection register
P4,/INT4, External interrupt Interrupt edge @
P4,/INT, Port P4 input selection register
4. Pa. Pa Input/output, CMOS level input @
&4 "8 individual bits CMOS 3-state output -
P45/CNTR Event count input Timer 34 mode register (7)
P4;/Tour Timer 3 output Timer 34 mode register (8)
P50/Sint, Serial 1701 control (9)
P5,/S ) register
17=ouTt Serial 1701 function g‘ . (10
P5,/SciLk1, /o Serial I/0 automatic
P53/Srpv1/ CMOS level input transfer control
— Input/output, )
CS/Scik12 Port P5 N-channel register
individual bits
P54/Sin2, open-drain output (9)
P5s/SouT2, Serial 1/02 function | Sernal 1702 control )
P5¢/ScLk2, 170 register
P57/Sroy2 (1)
PWM mode register
P6o,/PWM 14-bit PWM output PWML register (12
Port P6 Input/output, CMOS level input PWMH register
individual bits CMOS 3-state output
P6,-P6s, P6; (4)
P6s/AN Comparator input Comparator register 13)

Note. Make sure that the input level at each pin is either OV or V¢ during execution of the STP instruction
If an input level is at an intermediate potential, a current will flow in the input-stage gate
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(1) Port PO

Shift signal from previous stage

S/D switching register

Local data __A

bus M
N
) Shift signal to next stage
(3) Port P2,-P2;
Shift signal from previous stage
—{D/P switching registerIT
A
N Dimmer signal —o
(Note)
Data bus —4—5"
e
Blanking ~
register
Shift signal to next stage
(5) Port P3
Dimmer signal —=o
Local data (Note)
bus

Data bus —1—" Port latch

4
N

(7) Port P4,, P4,, P4s

Direction
register
E =p

Data bus —¢->{_Port latch }

A
Blanking ~N Dimmer signal—s-o
register N (Note)
Data bus — e

(2) Port P1

Shift signal from previous stage

Dimmer signal —o
(Note)

Data bus ———o" Port latch

Shift signal to next stage

s, I

(4) Port P2,-P2;, P43, P4,, P4s, P6,-P6s5, P6,
Direction
:j % register j
Data bus —¢~{ Port atch } D! il
VEE
~
A\
(6) Port P4,
Data bus {} -O

*

INT, interrupt
request

VEE
(8) Port P4,

Timer 3 output selection bit

Direction
register

Port latch

N

T

Data bus —4

LG

N
INT,, INT; interrupt request
CNTR or timer 4
external clock input

* © High-breakdown-voltage P-channel transistor

Note. The dimmer signal sets the Toff timing

4

N

Timer 3 output selection bit +

Fig. 4 Port block diagram (1)
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(Q) Port P5,, P5, (10 Port P5,, P55, P55, P5¢
Direction ) Output-off conFroI signal
register Serial 1/0 port selection bit —
o Direction
register
—O
Data bus -~ Poran ] — il
Data bus —¢ Port latch j
—< g
Sour of Scik ——D—J
| i il
! Serial clock input !
Lo e D -J
(1) Port P53, P5; P5,, P55 only

Srpy output selection bit

Direction
register
Data bus — Port latch

(12 Port P6,

PWM output enable bit —
._O P

Direction j
1 register
Data bus — Port latch j'

g _

Sgrpy output :_ _______ - —
e o |

L_S_"f‘f‘_ _é_ I N PWM output —>——

(13 Port P6g

Data bus ——»—>| Port latch }

Direction
register %——__1 )a__|

N J
Comparator input

Fig. 5 Port block diagram (2)
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INTERRUPTS

A total of 14 source can generate interrupts: 4 external, 9

internal, and 1 software.

« Interrupt Control

Each interrupt is controlled by its interrupt request bit, its
interrupt enable bit, and the interrupt disable flag except
for the software interrupt set by the BRK instruction. An
interrupt is generated if the corresponding interrupt re-
quest and enable bits are “1” and the interrupt disable

flag is “0".

Interrupt enable bits can be set or cleared by software.

Interrupt request bits can be cleared by software, but

cannot be set by software.

The | flag disables all interrupts except for the BRK in-

struction interrupt.

¢ Interrupt Operation

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

address is read from the
counter.
* Notes on Use

vector table into the program

If you will change interrupt edge selection from rising
edge to falling edge, interrupt request bit will be set to
“1” automatically. Therefore, please make following pro-

cess;

(1) Disable INT which is selected.

(2) Change INT edge selection.

(3) Clear interrupt request which is selected.
(4) Enable INT which is selected.

Table 1. Interrupt vector addresses and priorities
Interrupt Gause Priority Vector Address (Note 1) Interrupt Request Remarks
P High Low Generation Conditions
Reset (Note 2) 1 FFFD16 FFFCqe At reset Non-maskable
At detection of either rising or | External interrupt (active edge
INTo 2 FFFB1e FFFA1s falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT, 3 FFFO1e FFF81e falling edge of INT, input selectable)
. At detection of either rising or | External interrupt (active edge
INT. 4 FFFT16 FFF61e falling edge of INT, input selectable)
Valid when serial 1/0 normal
Serial 1/01 At end of data transfer X
ceee 5 FFF FFF4 .............................................. s seleCted
Serial 1/0 automa- 51 b . when serial 1/0 automa-
K At end of final data transfer . .
tic transfer tic transfer mode is selected
Serial 1702 6 FFF34¢ FFF24¢ At end of data transfer
Timer 1 7 FFF146 FFFO46 At timer 1 overflow
Timer 2 8 FFEF,¢ FFEEqg At timer 2 overflow STP release timer overflow
Timer 3 9 FFED+e FFEC16e At timer 3 overflow
Timer 4 10 FFEB16 FFEA ¢ At timer 4 overflow
At detection of either rising or | External interrupt (active edge
CNTR " FFE9:s FFE816 falling edge of CNTR input selectable)
Valid when FLD bianking inter-
FLD blanking At fall of final digit ] 9
12 FFE EEGi.  |eeeereremsmmsmerenimsmsseesnnnrienens | fuptis selected ...
" St T VR digi Valid when FLD digit interrupt
FLD digit is selected
BRK instruction 13 FFDD+g FFDC1¢ At BRK instruction execution Non-maskable software interrupt

Note 1. Vector addresses contain interrupt jump destination addresses.
2. Reset function in the same way as an interrupt with the highest priority.

~
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Interrupt request blt—-{

Interrupt enable bit ——

Interrupt disable flag(l) ——4

BRK instruction
Reset ——————U

Interrupt request

Fig. 6 Interrupt contro\l

7

Interrupt edge selection register
(INTEDGE - address 003A,)

INT, active edge select bit
INT, active edge select bit
INT, active edge select bit
Not used (returns “0” when read)

CNTR active edge select bit
Not used (returns “0” when read)

(———- INT, interrupt request bit
INT, interrupt request bit

b Serial I/01 interrupt request bit, or

Interrupt request register 1
(IREQ1 : address 003C¢)

0 : Falling edge active
1 ! Rising edge active

Interrupt request register 2
(IREQ2 : address 003D;6)

INT, interrupt request bit

Serial I/0 automatic transfer

L——— Timer 4 interrupt request bit
CNTR interrupt request bit

Not used (returns “0” when read)
FLD blanking interrupt request bit, or
FLD digit interrupt request bit

interrupt request bit

Serial 1/02 interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrupt request bit
Timer 3 interrupt request bit

|—— INT, interrupt enable bit

Interrupt control register 1
(ICONT1 : address 003E¢)

0

Not used (returns “0” when read)

0 : No interrupt request 1ssued
1 ! Interrupt request issued

Interrupt control register 2
CON2 : address 003F )

INT, interrupt enable bit
INT, interrupt enable bit

Serial 1/01 interrupt enable bit, or
senal 1/0 automatic transfer

{
‘— Timer 4 interrupt enable bit
—— CNTR interrupt enable bit

Not used (returns “0” when reed)
FLD blanking interrupt enable bit, or
FLD digit interrupt enable bit

Not used (returns “0” when read)

interrupt enable bit

Serial 1/02 interrupt enable bit
Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

Not used (returns “0” when read)
(do not write “1” to this bit)

0 : Interrupts disabled
1 ! Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS
Microcomputers of the M3811x group have four built-in tim-
ers. The timers count down. Once a timer reaches 0046, the
next count pulse loads the contents of the corresponding
timer latch into the timer, and sets the correspanding inter-
rupt request bit to 1. Each timer also has a stop bit that
stops the count of that timer when it is set to “1”.
Note that the system clock ¢ can be set to either high-
speed mode or low-speed mode by the CPU mode reg-
ister.
* Timer 1 and Timer 2
The count sources of timer 1 and timer 2 can be selected
by setting the timer 12 mode register.
When the chip is reset or the STP instruction is executed,
all bits of the timer 12 mode register are cleared, timer 1
is set to FF4¢, and timer 2 is set to 0146.

* Timer 3 and Timer 4
The count sources of timer 3 and timer 4 can be selected
by setting the timer 34 mode register.
Timer 3 can also output a rectangular waveform from the
P4,;/Toyr pin. The waveform changes polarity each time
timer 3 overflows.
When Timer 4 is assigned to external event count mode,
rising edge is active.

7 0
mTrm Timer 12 mode register
[ (T12M : address 0028¢)

Timer 1 count stop bit
0 ! Operating
1 ! Stopped

Timer 2 count stop bit
0 : Operating
1 ! Stopped

Timer 1 count source selection bit
0 f(Xin) or f(Xcin) divided by 16
10 H(Xe)

Timer 2 count source selection bit
0 : Overflow from timer 1
1 f(Xew)

Timer 34 mode register
l_ (T34M : address 0029;¢)

Timer 3 count stop bit
0 : Operating
1 ! Stopped

Timer 4 count stop bit
0 . Operating
1 . Stopped

Timer 3 count source selection bit
0 : 1(Xin) or f(Xei) divided by 16
1 : Overflow from timer 2

Timer 4 count source selection bits
b5 b4
00 : f(Xn) or f(Xcin) divided by 16
0 1 : Overflow from timer 3
1 0 : External count input CNTR
11 ! Do not use

Timer 3 output selection bit (P4;)
0 :1/0 port
1 : Timer 3 output

Fig. 8 Structure of timer-related registers
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Data bus

Xein O l’b ] Timer 1 latch (8)
Timer 1 count
“q»  selection bit
“" Q
Timer 1(8)
Xin 116 3 .

RESET
STP instruction
> Timer 1 interrupt request

“0 Timer 1 count
Internal system clock stop bit
selection bit

Timer 2 latch (8)

Timer 2 count
o selection bit

(T J 7
B

“1”  Timer 2 count
stop bit

Timer 2 interrupt request

Timer 3 latch (8)

Timer 3 count |
selection bit

Timer 3(8) v
Timer 3 count J. l
stop bit

P4, latch

P47/ Tour

Timer 3 interrupt request

Timer 3 output
selection bit

Timer 4 latch (8)

Timer 4 count
“01"  selection bit

“10” Timer 4 count : )
/ stop bit :

P4, direction register

—o0 Timer 4 interrupt request
“00"

Rising/ falling
edge switch

CNTR interrupt request

P4s/ CNTR O J@

Fig. 9 Timer block diagram
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SERIAL 10

Microcomputers of the M3811x group have two built-in 8-bit
clock synchronized serial 170 channels (serial /01 and se-

rial 1/02).

Serial 1/02 can only be used in normal operation mode.
The 1/0 pins of the serial 1/0 function also operate as 1/0
port P5, and their operation is selected by the serial 1/0
control registers (addresses 0019, and 001D;¢).

Serial 1/01 has a built-in automatic transfer function.Normal
serial operation can be set via the serial I/0 automatic
transfer control register (address 001A;).

Main Local Main data Local data
address bus address bus StIr/aOnsa’gtro’r:‘n:&c
(010046 to 011F4¢
Address decoder transfer data 2
¢ Serial I/0 automatic
transfer 2]~ transfer interrupt request
controller €
ks
5
Xom Internal 3
system clock y
1" X selection bit o ]
O O - &4
Xn O ,"0.,0 P5, latch Synchronization 172y iy
clock selection %
S <— | __bit i
EG/ Srovi (Note) kfﬂ"_ Synchronization| '%
/CS/Sciki2 1 arcut G
_— % Scikiz x z
cs & |External clock| el
P5, latch fﬁ
“0" Y
P52/Sciks O Ty o Serral 170 counter 13 : Serial 1/01
Senal /01 port selection bit ‘l; e 3 { interrupt request
0" o< P5, latch -
P5,/Sourn O—<J0~ ° 5
“qr .
Serial 1/01 port selection bit x
P5o/Sm1 O | Senal I/0 shift register 1(8) i
Frequency divider 4
O %
P5; latch Synchronization 8
“o" clock selection ¥ %
S bit “1” -
P5;/Srov2 "o Srovz ‘Syncmom:all O=
ircuit
Srovz Output selection bit - C_Q‘:;_j;g 0"
o T o<—Psg latch 3
P5¢/S 6 latc
ormoLk uqn O= eral 1/0 counter 2(3 Setnal ”?2 .
Serial 1/02 port selection bit Interrupt reques
“0" o< PS5y latch
P55/S 6 1alC
5/ SouT2 AT
11/
P54/Sin2 Csena 02 port o ’{Serlal 1/0 shift register 2(8)|*J
Note. Selection 1s by the synchronization clock selection bit, the Sgoy1 Output selection bit, and the serial 1701 port selection bit of the serial 1/01
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the seral 1/0 automatic transfer
control register

Fig. 10 Serial 1/0 block diagram
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(Serial /O Control Registers) SIO1CON, SIO2CON
Each of the serial 1/0 control registers (addresses 0019,
and 001D,¢) contains seven bits that select various control

parameters of the serial 1/0 function.

7 0

l—l:—l— Internal synchronization clock selection bits

L Sqovs output selection bit (P5;)

Senal I/01 control register (SIO1CON(SC1) : address 001946)

b2 b1 b0
000 :f(Xn) or f(Xcin) divided by 8
(X)) or f(Xcin) divided by 16
L 1(Xin) or f(Xein) divided by 32
S f(Xin) or f(Xein) divided by 64
T f(Xin) or f(Xein) divided by 128
T f(Xn) or f(Xgin) divided by 256
Serial 1701 port selection bit (P54, P5,, and P5;*)
0 :1/0 port
1 : Sour, Sckir» and Sciki2™ signal pins

—_ — 0 OO

0
1
1
1
1

—_—o — O =

0 : 170 port_

1 : Spov:/CS™* signal pin
Transfer direction selection bit

0 : LSB first

1 : MSB first

7 0

Synchronization clock selection bit
0 : External clock
1 ! Internal clock

Serial 1/02 control register (SIO2CON(SC2) : address 001D¢)

Internal synchronization clock selection bits
b2 b1 b0
000 :f(Xy) or f(Xen) divided by 8
:r(x.N) or f(Xcin) divided by 16
T f(Xin) or f(Xcin) divided by 32
L f(Xin) or f(Xein) divided by 64
S f(Xin) or f(Xein) divided by 128
Lf(Xin) or f(Xcin) divided by 256
al 1702 port selection bit (P55 and P5¢)
1 1/0 port
. Soutz and Scgik2 signal pins
Srov2 output selection bit (P5;)
0 :1/0 port
1 : Srovz signal pin
Transfer direction selection bit
0 :LSB first
1 1 MSB first

0
1
1
1
1

—_e = O —

0
0
0
1
1
Sen.
0
1

% : Valid only in serial I/0 automatic transfer mode

Synchronization clock selection bit
0 : External clock
1 ! Internal clock

Fig. 11

Structure of serial I/0 control registers
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1

Operation in Normal Serial I/0 Mode

Either an internal clock or an external clock can be
selected as the synchronization clock for serial 1/0
transfer. A dedicated divider is built-in as the internal
clock, giving a choice of six clocks.

If internal clock is selected, transfer start is activated
by a write signal to a serial 1/0 register (address
001B4¢ or 001F¢). After eight bits have been transfer-
red, the Soyr pin goes to high impedance.

If external clock is selected, the clock must be control-
led externally because the contents of the serial 1/0
register continue to shift while the transfer clock is in-
put. In this case, note that the Soyr pin does not go to
high impedance at the completion of data transfer. The
interrupt request bit is set at the end of the transfer of
eight bits, regardless of whether the internal or exter-
nal clock is selected.

Synchronization
clock

Serial I/0 register
write signal

Serial 1/0 output
SOUT

Serial 1/0 input
Sin

Recelve enable

signal
Srov

Note. If internal clock is selected, the Soyr pin is at high impedance

after transfer ends.

Interrupt request bit set

Fig. 12 Serial 1/0 timing in normal mode (for LSB first)

(2)

Serial I/0 Automatic Transfer Mode

The serial 1/01 function has an automatic transfer func-
tion. For automatic transfer, switch to the automatic
transfer mode by setting the serial 1/0 automatic trans-
fer control register (address 001Ag).

The following memory spaces are added to the circuits
used for the serial 1/01 function in ordinary mode, to
enable automatic transfer mode:

* 32 bytes of serial I/0 automatic transfer RAM

* A serial 1/0 automatic transfer control register

* A serial 1/0 automatic transfer interval register

* A serial 1/0 automatic transfer data pointer

When using serial I/0 automatic transfer, set the serial
1/0 control register (address 0019;¢) in the same way
as for ordinary mode. However, note that if external
clock is selected and bit 4 (the Sppy; output selection
bit) of the serial I/01 control register is set to “1”, port
P53 becomes the CS input pin.

(Serial 1/0 Automatic Transfer Control Register)
SIOAC

The serial 1/0 automatic transfer control register (address
001A;¢) contains four bits that select various control para-
meters for automatic transfer.

7 0
I | Serial I/0 automatic transfer control register

(SIOAC : address 001A;)
Automatic transfer control bit
0 : Ordinary serial mode
(serial 1/01 interrupt)
1 ! Automatic transfer mode
(serial 1/01 automatic transfer interrupt)
Automatic transfer start bit
0 : Transfer end
1 : Transferring(start of 1 write)
Transfer mode switching bit
0 : Fullduplex(transmit and receive)
mode
1 : Transmit-only mode
Synchronization clock output
pin selection bit
0 * Scikn

1 % Scikie

Fig. 13 Structure of serial I/0 automatic transfer

control register

KRy
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(Serial /0 Automatic Transfer Data Pointer) SIODP
The serial I/0 automatic transfer data pointer (address
0018,¢) contains five bits that indicate addresses in serial
1/0 automatic transfer RAM (each address in memory is
actually the value in the serial I/0 automatic transfer data
pointer plus 01004¢).
Set the serial 1/0 automatic transfer data pointer to (the
number of transfer data—1), to specify the storage position
of the start of data.
« Serial I/0 Automatic Transfer RAM
The serial 1/0 automatic transfer RAM is the 32 bytes
from address 010046 to address 011F.

Uk 6 5 4 3 2 1 0

010016
010116
010216

011D
011Es6
011F1g

Fig. 14 Bit allocation of serial I/0 automatic transfer RAM

« Setting of Serial /0 Automatic Transfer Data
When data is stored in the serial 1/0 automatic transfer
RAM, it is stored with the start of the data at the address
set by the serial 1/0 automatic transfer data pointer and
the end of the data at address 010046.

(Serial I/0 Automatic Transfer Interval Register)
SIOAI.

The serial I/0 automatic transfer interval register (address
001C,¢) consists of a 5-bit counter that determines the
transfer interval Ti during automatic transfer.

If a value n is written to the serial 1/0 automatic transfer in-
terval register, a value of Ti= (n+2) X Tc is generated,
where Tc is the length of one bit of the transfer clock.
However, note that this transfer interval setting is only valid
when internal clock has been selected as the clock source.

Transfer clock

Senal 1/0 output
Sour

Serial 1/0 input )
sIN

Ly
(20, X(2o: X(20: X20. X00: XBoeX(Dor}-— = = = = = y S D G G
) D G S S

1 byte data

Ti

Fig. 15 Serial I/0 automatic transfer interval timing
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« Setting of Serial I/0 Automatic Transfer Timing
Use the serial 1/01 control register (address 0019,¢) and
the serial 1/0 automatic transfer interval register
(address 001C,¢) to set the timing of serial I/0 automatic
transfer.
The serial 1/01 control register sets the transfer clock
speed, and the serial I/0 automatic transfer interval reg-
ister sets the serial |/0 automatic transfer interval.
This setting of transfer interval is valid only when internal
clock is selected as the clock source.

« Start of Serial 1/0 Automatic Transfer
Automatic transfer mode is set by writing “1” to bit 0 of
the serial 1/0 automatic transfer control register (address
001A:6), then automatic transfer starts when “1” is written
to that bit. Bit 1 of the serial /0 automatic transfer control
register is always “1” during automatic transfer; writing
“0” to it is one way to end automatic transfer.

* Operation in Serial I/0O Automatic Transfer Modes
There are two modes for serial I/0 automatic transfer: fuil
duplex mode and transmit-only mode. Either internal or
external clock can be selected for each of these modes.

(2.1) Operation in Full Duplex Mode

In full duplex mode, data can be transmitted and received
at the same time. Data in the automatic transfer RAM is
sent in sequence and simultaneously receive data is written
to the automatic transfer RAM, in‘accordance with the serial
1/0 automatic transfer data pointer.

The transfer timing of each bit is the same as in ordinary
operation mode, and the transfer clock stops at “H” after
eight transfer clocks are counted. If internal clock is
selected, the transfer clock remains at “H” for the time set
by the serial 1/0 automatic transfer interval register, then
the data at the next address indicated by the serial 1/0
automatic transfer data pointer is transferred. If external
clock is selected, the setting of the automatic transfer inter-
val register is invalid, so the user must ensure that the
transfer clock is controlled externally.

Data transfer ends when the contents of the serial 1/0 auto-
matic transfer pointer reach “00,¢". At that point, the serial
1/0 automatic transfer interrupt request bit is set to “1” and
bit 1 of the serial 1/0 automatic transfer control register is
cleared to “0” to complete the serial 1/0 automatic transfer.

(2.2) Operation in Transmit-Only Mode

The operation in transmit-only mode is the same as that in
full duplex mode, except that data is not transferred from
the serial 1/01 register to the serial 1/0 automatic transfer
RAM.

Transfer direction selection bit LSB first (SC15=0) : MSB LSB
MSB first (SC1s=1) : LSB MsB
DO;7 | DOg | DOs | DO, | DO; | DO, | DO, | DO,
Sin I Sour
I I —> Dl | DO7 | DOg 005|004 DO; (DO, | DOy| —>
| | | l —> | DIy | Dlp | DO7|DOg | DOs | DO4 | DO; | DO, | —=
| I | | | | > DI, | DI, | Dlp | DO; | DOg | DOs | DO, | DO4 =
I I I | | I I I | l | I | I I | Dl; [ Dlg | DIs | Dls | Dl3 | DI, | DIy | Dly
Transfer clock Sernial I/01 register
Fig. 16 Serial 1/01 register in fuil duplex mode
MITSUBISHI
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(2.3) If Internal Clock is Selected

If internal clock is selected, the P53/Sppy1/CS/Sciki2 pin
can be used as the Sgpyy pin by setting the SC1, bit to “1”.
If internal clock is selected, the P5; pin can be used as the
synchronization clock output pin Sgi k2 by setting the
SIOAC; bit to “1”. In this case, the Sg ky1 pin is at high im-
pedance.

Select the function of the P53/Sppy1/CS/Scikiz and P5,/
Sciki1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6
(SC1g) of the serial I/01 control register (address 0019;¢)
and bit 3 (SIOAC;) of the serial /0 automatic transfer con-
trol register (address 001A). (See Table 2.)

If using the Scik11 and Sciki2 pins for switching, set the
P53/Srov1/CS/Sciki2 Pin to P53 by setting the SC1, bit to
“0”, and set the P53 direction régister to input mode.

Make sure that the SIOAC; bit is switched after automatic
transfer is completed, while the transfer clock Is still “H”.

Table 2. Sc.ki11 and Sciki2 selection

SC1g SC14 SC33 SIOAC3 | P5/Sciki1 | P5a/Scikiz
0 Scuki P55
1 0 1 High
1 Scikiz
impedanse

Note. SC1;: Serial 1/01 port selection bit
SC1, . Sgpyy output selection bit
SC1g . Synchronization clock selection bit
SIOAC; : Synchronization clock output pin selection bit

Senial 1/0 automatic transfer
control register

I

bit 1 wnte signal

Serial 1/0 automatic transfer
control register bit 1

Write signal from RAM to N

senal I/01 register
Write signal from serial 1/01

register to RAM

Data pointer n

Receive ,

;
Transfer lock ———y M MMM
(internal or Sc k output) ! !

enabled signal | I
SRDY ’
Serial 1/0 output = — - = D CED CID CD, C) D Gy CED SEetits (X PEXED)- - ----
Sour

Senal 1/0 input .
S (01 X 01 X 012 X 01 X 01X D' X Dl X Ofz S D ¢/B €D T

Transfer interval

Fig. 17 Timing during serial I/0 automatic transfer (internal clock selected, Sroy used)

Serial 1/0 automatic transfer
control register

/I |_n

bit 1 write signal

Serial I/0 automatic transfer
control register bit 1 —J

Write signal from RAM to N L.

senal /01 register l

Write signal from senial 1/01 1,1 - J|l

register to RAM | \ | “

Data pointer ™ D, GRS I | W : i\ n
|
SIOAC, | \\ | r\\

T T

Transfer clock

(internal) —y MMM UL T
1
Souar output = M MMM

Sciki2 output

Senal 1/0 output

Senal 1/0 input
IN

Sour= === ~CXTEXCEXEX XX EEN TN ~ ~ = == 5] YEEXED)- —~~ }»---
€9 G G €5 €O € C CIp

Transfer interval

Fig. 18 Timing during serial I/0 automatic transfer (internal clock selected, Scik11 and Scik12 used)

2—134

2 My



MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2.4) If External Clock is Selected

If an external clock is selected, the internal clock and the
transfer interval set by the serial 1/0 automatic transfer in-
terval register are invalid, but the serial 1/0 output pin Soyr
and the internal transfer clock can be controlled from the
outside by setting the Sppy; and CS (input) pins.

When the CS input is “L”, the Soyr pin and the internal
transfer clock are enabled. When the CS input is “H”, the
Sout pin is at high impedance and the internal transfer
clock is at “H”.

Select the function of the P53/Sppy1/CS/Sciki2 pin by set-
ting bit 4 (SC1,) and bit 6 (SC1¢) of the serial 1/01 control
register (address 0019,) and bit 0 (SIOAC,) of the serial
1/0 automatic transfer control register (address 001A,g).
Make sure that the CS pin switches from “L” to “H” or from
“H” to “L” while the transfer clock (Sc k input) is “H” after
one byte of data has been transferred.

If external clock is selected, make sure that the external
clock goes “L” after at least nine cycles of the internal sys-
tem clock ¢ after the start bit is set. Leave at least 11 cy-
cles of the system clock ¢ free for the transfer interval after
one byte of data has been transferred.

If CS input is not being used, note that the Syt pin will not
go high impedance, even after transfer is completed.

If CS input is not being used, or if CS is “L”, control the ex-
ternal clock because the data in the serial 1/0 register will
continue to shift while the external clock is input, even after
the completion of automatic transfer. (Note that the automa-
tic transfer interrupt request bit is set and bit 1 of the auto-
matic transfer register is cleared at the point at which the
specified number of bytes of data have been transferred.)

Table 3. P53/Srpy1/CS selection

SC1s SC14 SIOAC, P53/Srov1/CS
0 X P53
0 . 0 Srovt
1 cs

Note. SC1,: Sgpys output selection bit
SC1g : Synchronization clock selection bit
SIOAC, : Automatic transfer control bit

Serial 1/0 automatic transfer
control register

bit 1 write signal

Senal 1/0 automatic transfer

control register bit 1 J

Write signal from RAM to n

serial 1/01 register
Write signal from serial 1/01

register to RAM

Data pointer n

External input —

cs

Sernal |/0 output
Sout ~

"N

|
Transfer clock
Scik Input | LJUUUUUULJ Ul—ll—lu
|
Transferclock—y—‘ r‘ l—l I_l r-l n ,—| l—] l
(internal) :

Serial 1/0 input G CIY GIA CID CID G G GID SIS €9 €9 €9 &

Note. Data marked with X 1s invalid

Fig. 19 Timing during serial I/0 automatic transfer (external clock selected)
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PULSE WIDTH MODULATION (PWM)

OUTPUT CIRCUIT

4MHz.

Microcomputers of the M3811x group have a PWM function

with a 14-bit resolution. When the

oscillation frequency Xy

is 4MHz, the minimum resolution bit width is 500ns and the
cycle period is 8192us. The PWM timing generator sup-
plies a PWM control signal based on a signal that is half

the frequency of the Xy clock.

The explanation in the rest of this data sheet assumes Xjy=

Data bus

(

Setto 1 at

PWML register(address 002D )

write

I bit0 I

" B

[oir]

[ |

| | [ee]

PWMH register
(address 002C )

A

XIN
(4MHz)

~N
_—

(e]
PWM latch(14bits)
beel 1 1 1 1 1 [ L [ [ [T [
- N J
L/
14 y
P6, latch
P6,/PWM
PWM
14-bit PWM circuit O
PWM output
selection bit
PWM output
PWM (128us period) selection bit
172 tming | P6, direction
) generator |(8192us period) register

Fig. 20 PWM block diagram
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(1) Data Set-up

The PWM output pin also functions as port P6,. Set port P&,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B;¢). The upper eight bits of
output data are set in the upper PWM register PWMH
(address 002C,¢) and the lower six bits are set in the lower
PWM register PWML (address 002Ds¢).

(2) Transfer From Register to Latch

Data written to the PWML register is transferred to the
PWM latch once in each PWM period (every 8192xs), and
data written to the PWMH register is transferred to the
PWM latch once in each sub-period (every 128us). When
the PWML register is read, the contents of the latch are
read. However, bit 7 of the PWML register indicates.
whether the trangfer to the PWM latch is completed; the
transfer is completed when bit 7 is “0”.

Table 4. Relationship between lower 6 bits of data and
period set by the ADD bit

(3) PWM Operation

The timing of the 14-bit PWM function is shown in Fig. 23.
The 14-bit PWM data is divided into the lower six bits and
the upper eight bits in the PWM latch.

The upper eight bits of data determine how long an “H"-
level signal is output during each sub-period. There are 64
sub-periods in each period, and each sub-period is 256 X
7 (128us) long. The signal is “H” for a length equal to N
times 7, where 7 is the minimum resolution (500ns).

The contents of the lower six bits of data enable the leng-
thening of the high signal by 7 (500ns). As shown in Fig. 20,
the six bits of PWML determine which sub-cycles are leng-
thened.

As shown in Fig. 23, the leading edge of the pulse is leng-
thened. By changing the length of specific sub-periods in-
stead of simply changing the “H” duration, an accurate
waveform can be duplicated without the use of complex ex-
ternal filters.

Lower 6 Bits of Data(PWML) Sub-periods tm Lengthened (m =0 to 63) For example, if the upper eight bits of the 14-bit data are
LSB
00000%T |None 03,6 and the lower six bits are 0546, the length of the “H”-
000001 m=32 . . .
000010 | m=icss level output in sub-periods tg, tos, taz, tso, and tsg is 4 7, and
000100 | m=s, 24405 its length 3 7 in all other sub-periods.
001000 | m=4,1220,28,36,44,52,60
010000 m=2, 6,10, 14,18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 |[m=1,3,5,7, - ,57,59, 61,63
L
8192 s
128 us 128 us 128 us 128 us 128 us
m=0 m=7 m=8 m=9 m=63
— (¢ (¢
= < >4 < > < > = > < ﬂ < > <
315 us 315 us 315 us 320 us 315 us 315 us 315 us
Pulse width modulation regster H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width 1s 32 us : m = 8, 24, 32, 40, 56
Sub-periods where “H” pulse width 1s 315 us : m = all other values
Fig. 21 PWM timing
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7 0

0 :1/0 port
1 ! PWM output

D:ED:[[]{ PWM mode register (address 002B;¢)

P6o/PWM output selection bit

Fig. 22 Structure of PWM mode register

Data 6A4¢ stored at address 002C¢

Data 7B, stored at address 002Cs

PWM output | l |
0]

Lower 6-bit output ZI 5 5 5:215 5 5 5
H=6A5, L=24;5 4 ° ° '

PWM output l I

Lower 6-bit output :
H=6A16, L=18,5 ey

(256X0. 5u8)
Minimum bit width| 7 =0.5us

9——-——*4—-

feaster ___ %0 |\ O [ Bue
Data 24,4 storedl at address 002D,¢ Bit 7 cleared after transfer ‘ Data 35, stored at address 002D
2’3’.’;’1";, 1316 H Adis v 244 ]\ v 355
l \Transier from register to latch 85,5/\ Transfer from register to latch
F'mﬁb!?t?h | 165316 [ X 1A93,6 1AAGe [ranae] Nieea, | 1EF56 |
its
T=8192us A When bit 7 of PWML 1s 0, transfer
from register to latch is disabled
(64X128ys) |\
~ " — T —_— _
P —, t=128us —_—
Example 1 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B (6B |6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B GA [6B 6A

6B4s - - 36times 6A 28mes . 106X64436
(107) (106)
Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B [6A BA

6B,g 24times 6As6° ———=106X64+24

- T mizes

PWM output 66]6ni 6968467 o2y o1 BA169% 68} 673 —rnemv iz 01
(2\' ' ' L) ' ' . ' 1] 1 , . 0
e ADD ) ADD
8-bit 102301100 [FFiFE!FDIFCE - 197496 § 95§ 102401400 |FFiFEIFDLFCE —mmr 1970965954
counter —toc oLt 4FELFD:FCE 19719094 1023014 00|FFiFE}FDIFCH H 1951

The ADD-] J

portions with

additional 7 are
determined by
PWML 256 T (128us), fixed

H period length specified by PWMH

Fig. 23 14-bit PWM timing
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of a switch tree, ladder re-
sistors, a comparator, a comparator control cricuit, a com-
parator register (address 00304¢), and an analog signal in-
put pin (P6¢/AN). The analog signal input pin (P6¢/AN)
also functions as an ordinary digital 1/0 port.

Comparator Register (CMP)
The comparator register is a 5-bit register of which bits 0 to
3 can be used to generate internal refernce voltage in
steps of 1/16 Vgc, The result of the comparision between
the analog input voltage and an internal reference voltage
is stored in bit 4 of comparator register.

Comparator Operation

To activate the comparator, first set port P6¢ to input mode
by setting the corresponding direction register (address
000D,¢) to “0”—this ensures that port P6¢/AN is used as an
analog voltage input pin. Then write a digital value corres-
ponding to the internal comparison voltage into bits 0 to 3
of the comparator register (address 00304¢). This write op-
eration immediately activates the comparison. After 14 cy-
cles of the system clock ¢ (the time required for the
comparison), the comparison result is stored in bit 4 of the
comparator.

If the analog input voltage is greater than the internal refer-
ence voltage, bit 4 is “1”; if it is less than the internal refer-
ence voltage, bit 4 is “0”. To perform another omparison,
the comparator must be written to again, even if the same
internal reference voltage is to be used.

Table 5. Correspondence between bits 0 to 3 of the
comparator register and internal reference

voltage
Comparator register Internal reference voltage
Bit 3 Bit 2 Bit 1 Bit 0

0 0 0 0 1/32Vce

0 0 0 1 1/16Vec+1/32Vc
0 0 1 0 2/16Vec+1/32Vcce
0 0 1 1 3/16Vec+1/32Vec
0 1 0 0 4/16Vec+1/32Vcc
0 1 0 1 5/16Vcc+1/32Vec
0 1 1 0 6/16Vec+1/32Vec
0 1 1 1 7/16Vec+1/32Vec
1 0 0 0 8/16Vcc+1/32Vec
1 0 0 1 9/16Vec+1/32Vee
1 0 1 0 10/16Vec+1/32Vec
1 0 1 1 11/16Vgc+1/32Vec
1 1 0 0 12/16Vec+1/32Vec
1 1 0 1 13/16Vec+1/32Vcc
1 1 1 0 14/16Vec+1/32Vec
1 1 1 1 15/16Vec+1/32Vec

(Address 000C+¢)

Comparator control circuit

GGO——L————)

Analog input voltage e

Comparator result

output 4
Comparator register (CMP)
(address 0030;¢)

Bit4 | Bit3 Bit 2 Bit 1 Bit0

/L \ ‘ /

I

Internal reference voltage

Switch tree

Ladder resistors

Vss Vee

Fig. 24 Comparator circuit
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FLD CONTROLLER * Port PO segment/digit switching register

Microcomputers of the M3811x group have fluorescent dis-  Port P2 digit/port switching register

play (FLD) drive and control circuits. * Key-scan blanking register

The FLD controlier consists of the following components: * 32-byte FLD automatic display RAM

* 16 pins for segments Eight to sixteen pins can be used as segment pins and
* 20 pins for digits eight to sixteen pins can be used as digit pins.

* FLDC mode register Note that only 28 pins (maximum) can be used as segment
* FLD data pointer and digit pins.

* FLD data pointer reload register

Main address

bus FLD automatic display RAM Main data bus Local data bus
B 0040, G1 (SEG P3) ] P30/So
G2 (SEG P3) ¥ e arer g DL
s P P3,/S,
& P34/Sa
G15 (SEG P3) P3J/%s 8
004F 5 G16 (SEG P3) P35/Ss
005046 G1 (SEG P0) - Ple/S
Iaﬂcs:al address G2 (556 FO) & P3,/S;
4 0006,6
A4 S/D | PO,/Sy/Do
G15 (SEG P0) iﬁ S/D P0,/Se/D;
005F G16 (SEG P0) bl ST/ | P0,/S,0/D,
5 —>I"s/p [ Poys,, /D,

S/D | PO/Sw/Ds | g
, S/D| P0s/Sia/Ds
i 3 l—=] S/D | P0s/S14/Ds
4 I—=S/D [ P0,/S:s/D;
001246 00004¢

i I TR e RN 3y Pro/Dn
bes Key-scan P1,/Dg
blanking P1,/Dro
- register P1a/Dry
| (adaress 0015,6) =
FLD data pointer reload R /D12 18
register (address 00174¢) 5\1 P1s/Dia
i P1¢/D1g
Address o P17/D1s
i> decoder “ 000216
FLD data pointer 4
=~ | (address 00174¢)
4 D/P P2y/D16
k D/P P2,/Dy7
< D/P P2,/D1s 8
4 L lom | Poype
. 0014;5 000475
ot
% FLD blanking interrupt

Timing generator

o> FLD digit interrupt

Fig. 256 FLD control circuit block diagram
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FLDC Mode Register (FLDM)
The FLDC mode register (address 0016;¢) is a seven bit
control register which is used to control the FLD automatic

display.

Key-scan Blanking Register (KSCN)

The key-scan blanking register (address 0015,¢) is a two
bit register which sets the blanking period Tscan between

the last digit and the first digit of the next cycle.

7 0

| I FLDC mode register(FLDM : address 00164¢)

b4 b3 b2

o
o
o

—_—0 -0 —= 0O —

|- Ny =)

—~CO—~O0Og0 mmwO0O0 ==

Tof

<o

- —00g

|— Automatic display control bit(P0, P1, P2, P3)
0 : Normal mode
1 : Automatic display mode
Display start bit
0 : Display stopped
1 : Display in progress
(display starts when “1" 1s written to this bit)
Tdisp control bits
(digit timing setting, when operating at 4MHz)

1 128us
1 256us
1 384us
:512us
1 640us
1 768us
1 896us
11024us

ntrol bits (digit/segment-off timing setting)

- 1/16XTdisp

- 10/16XTgisp
- 12/16XTdisp
- 14/16XTgisp

Fig. 26 Structure of FLDC mode register (FLDM)

7 0

D:lm_ﬁj_‘ Key-scan blanking register(KSCN : address 00154¢)
Tscan control bits

bl b0
00:

—_—O
—_— =

*1XTdisp
12X Tdysy
*3XTdisp

FLD digit interrupt(at rnise of each digit)

FLD blanking interrupt
(at fall of final digit)

Fig. 27 Structure of key-scan blanking register (KSCN)
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FLD Automatic Display Pins

The FLD automatic display function of Ports PO, P1, P2,-
P2;, and P3 is selected by setting the automatic display

uqn,

control bit of the FLDC mode register (address 0016,5) to

Table 6. Pins in FLD automatic display mode

When using the FLD automatic display mode, set the num-
ber of segments and digits for each port.

Port Name Automatic Display Pins Setting Method
P3,-P3; SEG(-SEG; None (segment only)
SEGg-SEG1s X .
The individual bits of the segment/digit switching register (address 00124) can be used to set each pin to
P0o-PO; or wqn " gy
segment (“1”) or digit (“0") (Note)
DIGo-DIG;
P1o-P1; DIGg-DIGys None (digit only)
DIG16-DIG1g . . . X
P2.-P2 or The individual bits of the digit/port switching register (address 0014,5) can be used to set each pin to digit
oTres (“1”) or normal port output (“0") (Note)
P20-P2;3

Note. Always set digits in sequence

Number of digits

Port P3

Port PO

register)

Port P1

Port P2

Number of segments

(segment only)

(has segment
/digit switching

(digrt only)

(has digit/port
switching register

SEG,

SEG4

SEG,

SEGs

SEG4

SEGs

SEGs

SEG;

SEGsg

SEGo

SEGio

SEG4

SEG»

SEGy3

SEG4

[P UG UG Y UG R DY Y

SEGs

DIGg ~G8

DIGg —G7

DIG1o, ~G6
DIGy; =G5

DIG, =G4

DIGy3 ~G3
DIG4 —~G2

DIG;s ~+G1

P2,

P2,

P2,

o|lo|o|o

P23

Segment (Note)

Digit

Normal port

12
16

SEG,

SEG;,

SEG,

SEG3

SEG,

SEGs

SEGg

SEG;

SEGg

SEGy

SEGjo

SEG

DIG, ~G16

DIGs »G15

DIGs ~G14

olo|lo|/o|=|=|=]—

DIG; #~G13

DIGg ~G12

DIGg —~G11

DIGy —+G10

DIG;; ~G9

DIG,, »+G8

DIG3 =+G7

DIG4 ~G6

DIGs =G5

DIGc G4

DIGy; =+G3

DIGs G2

DIGs —G1

Note : Eight pins are used among the sixteen segment pins (SEG, to SEGs)

Segment

Digit

16

SEGo

SEG,

SEG,

SEG;

SEG,

SEGs

SEGg

SEG;

SEGs

SEGg

SEGio

SEGy4

SEG;,

SEGi3

SEG14

SEGis

DIGg »G12

DIGg —»G11

DiGyo —G10

DIGy; —~G9

DIG;, ~G8

DIGy3 ~G7

DIGy4 ~G6

DIGys +G5

DIGyg ~G4

DIG,; ~G3

DIGg ~G2

DIG,s —~G1

Segment

Digit

Fig. 28 Segment/digit setting example
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FLD Automatic Display RAM

The FLD automatic display RAM area is the 32 bytes from

address 0040,¢ to 005F¢. The FLD automatic display RAM

area can be used to store 2-byte data items for a maximum
of 16 digits. Addresses 0040, to 004F;s are used for P3
segment data, addresses 0050,¢ to 005F;¢ are used for PO

segment data. .

* FLD Data Pointer and FLD Data Pointer Reload Register
The FLD data pointer indicates the data address in the
FLD automatic display RAM to be transferred to a seg-
ment, and the FLD data pointer reload register indicates
the address of the first digit of segment PO.

Both the FLD data pointer and the FLD data pointer re-
load register are allocated to address 0017, and are 5-
bits wide. Data written to this address is written to the
FLD data pointer reload register, data read from this
address is read from the FLD data pointer.

The actual memory address is the value of the data poin-
ter plus 4015, 5015.

The contents of the FLD data pointer indicate the start
address of segment PO at the start of automatic display. If
segment PO data is transferred to the segment, the FLD
data pointer returns — 16; if segment P3 data is transfer-
red, it returns +15. After it reaches “00”, the value in the
FLD data pointer reload register is transferred to the FLD
data pointer. In this way, two bytes of data for the PO and
P3 segments of one digit are transferred.

Bt 6 5 4 3 2 1 0
Address Final digit
0040,6 SEG; SEGs SEGs SEG, SEGs SEG, SEG, SEGo  |e|— (final data of
00415 SEG; SEGg SEGs SEG, SEG; SEG, SEG; SEGqg segment P3)
0042,¢ SEG; SEGs SEGs SEG, SEG; SEG, SEG, SEG,
Segment P3
data area
004D-6 SEG, SEGs SEGs SEG, SEG; SEG, SEG, SEGo
004E¢ SEG; SEGg SEGs SEG, SEG3 SEG; SEG; SEGq
004F s SEG; SEGs SEGs SEG, SEG3 SEG, SEG, SEG, Final digit
0050,6 SEG 5 SEG4 SEG 3 SEG:, SEG SEGio SEGs SEGs  f=| —— (final data of
005146 SEG5 SEG4 SEG3 SEG, SEG4 SEGo SEGy SEGsg segment PO)
00526 SEGs SEG;4 SEG3 SEG; SEGy, SEGo SEG,g SEGg
Segment PO
data area
-
005D+¢ SEG5 ] SEG4 SEG3 SEG,; SEG1, SEGio SEGs SEG,
005E,¢ SEG5 SEG14 SEGq3 SEG,; SEG,4 SEGo SEGg SEGs
005F ;6 SEGss J SEG4 SEGq3 SEG,, SEG, SEG¢ SEGsg LSEGS
Fig. 29 FLD automatic display RAM and bit allocation
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e Data Setup
When data is stored in the FLD automatic display RAM,
the end of segment P3 data is stored at address 0040+,
and the end of segment PO data is stored at address
0050,6. The head of each of the segment P3 and PO data
is stored at an address that is the number of digits—1
away from the corresponding address 0040,6, 0050;¢.

Set the FLD data pointer reload register to the value
given by the number of digits—1. “1” is always written to
bit 4. Note that “0” is always read from bit 4 during a
read.

For 12 segments and 16 digits For 16 segments and 12 digits
(FLD data pointer reload register=15) (FLD data pointer reload register=11)
Bit Bit

Address | 7 | © 5 | 4 3 | 2 1 0 Address 716 |5 | 4 3 2 1 0
004046 [ V/ / [ //Z 004046 / / / // / / /
004146 004146 / / / / / // / //
0042, 7/ /7 00426 V//A/]] XTIV
0043, 7 ’7 0043, / LIV TAT T TN
004446 00445 [/// [TV 1A ]]
0045, 7 '] 00456 V/////] [TV ATV ]
004645 / Z/ 004646 // // f// //
004746 / 00476 /LY TN TIITIN T IV LA
0048, 77 7 008 [ //N//NT]T [TV ]
00495 / / // 0049, VI T T T
004As /7] 7 777 004Ae |/ /] /] [/1]] /
004B,, 7 004Bis | // [V AT
004C6 / / 004C16
004D;6 g 1SV A/ 1/ 004Dy¢
004E ¢ / V. 004E;¢ -
004F 5 / /1Y, 004F 45
0050, 7 7/ 0050: 7/ X7/
005115 T1177V7 7] 005146 / /1Y sy
0052, 0052, / 71/ I
005346 0053, 77V /1]
0054, 005446 [/I] [T/
0055, 008545 /77 v
005646 0056, / siaesvass
0057, / 00575 V] /
0058, 77 7 058 |///V/ /] /
0059, 0059,y 1/ /
005As 005A |/ / [T1/] /
005B, 005816 / /
005C,¢ 005C46
005D,¢ 005D16
005E ¢ 005E;¢
005F ¢ / 005F ¢

Note. Shaded areas are not used

Fig. 30 Example of using the FLD automatic display RAM.
MITSUBISHI
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* Timing Setting

The digit timing (Tdisp) and digit/segment turn-off timing
(Toff) can be set by the FLDC mode register (address

automatic display is started by writing “1” to bit 1.
During automatic display bit 1 always keeps “1”, automa-
tic display can be interrupted by writing “0” to bit 1.

0016,¢). The scan timing (Tscan) can be set by the key-

scan blanking register (address 0015;¢).

Note that flickering will occur if the repetition frequency
(1/(TdispX number of digits+Tscan)) is an integral mul- 1.

tiple of the digit timing Tdisp-
* FLD Start

To perform FLD automatic display, you have to use the

following registers.

* Port PO segment/digit switching register
* Port P2 digit/port switching register

* Key-scan blanking register

* FLDC mode register

* FLD data pointer

Automatic display mode is activated by writing “1” to bit 0 1.
of the FLDC mode register (address 0016,5), and the

If key-scan is to be performed by segment during the

key-scan blanking period Tscan,
Write “0” to bit 0 (automatic display control bit) of

FLDC mode register (address 0016,).
2. Set the port corresponding to the segment to the nor-

mal port.

3. After the key-scan is performed, write “1” (automatic
display mode) to bit 0 of FLDC mode register

(address 0016,6).

Note on performance of key-scan in the above 1 to 3

order.

(address 00164¢).

Do not write “0” to bit 1 of FLDC mode register

2. Do not write “1” to the port corresponding to the digit.

Tdisp Tscan
<
Gn I__I
Gn-1 | | r"—l
Gn-2 | ] ﬁ
G1
Segment
output L VA Y| A A A [ A £ A A VA )\
S —
T Segment setting by software
FLD digit interrupt generated FLD blanking interrupt generated at
at the nsing edge of segment the falling of edge of the last digit
data
Digtt ‘
Segment /
| |
; Toff ‘
-
{ ' Tdisp |
|
Fig. 31 FLDC timing

2—145




MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

RESET CIRCUIT

After a reset, the microcomputer will start in high-speed

operation start mode or low-speed operation start mode

depending on a mask-programmable option.

* High-Speed Operation Start Mode
In high-speed operation start mode, reset occurs if the
RESET pin is held at an “L” level for at least 2us then is
returned to an “H” level (the power supply voltage
should be between 4.0V and 5.5V). Both the Xy and the
Xcin clocks begin oscillating. In order to give the Xy
clock time to stabilize, internal operation does not begin
until after 13 X,y clock cycles are complete. After the re-

1
lf/ Power on
I

| HMWNote)
|

RESET Ve
27 1

ov

P, ov

Note. Reset release voltages :
In high-speed operation start mode : Voc=4. 0V
In low-speed operation start mode : Vgo=2.8V

f
|
|
|
|

RESET Vee

Power supply voltage

Z7 L 1/ detection circuit

|
|
|
l
|
|

Fig. 32 Power-on reset circuit example

set is completed, the program starts from the address
contained in address FFFD,s (upper byte) and address
FFFC,s (lower byte).

* Low-Speed Operation Start Mode
In low-speed operation start mode, reset occurs if the
RESET pin is held at an “L” level for at least 2us then is
returned to an “H” level (the power supply voltage
should be between 2.8V and 5.5V). The X\ clock does
not begin oscillating. In order to give the X¢n time to sta-
bilize, timer 1 and timer 2 are connected together and
512 cycles of the Xcin/16 are counted before internal op-
eration begins. After the reset is completed, the program
starts from the address contained in address FFFD;g
(upper byte) and address FFFC,¢ (lower byte).
If the Xcgn clock is stable, reset will ‘complete after
approximately 250ms (assuming f(Xgn)=32.768kHz).
Immediately after a power-on, the stability of the clock
circuit will determine the reset timing and will vary
according to the characteristics of the oscillation circuit
used.

* Note on Use
Make sure that the reset input voltage is no more than
0.8V in high-speed operation start mode, or no more than
0.5V in low-speed operation start mode.
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Address Register contents Address Register contents

(1) Port PO register (00004) (4 Timer 12 mode register (00284) 0046

(2) Port P1 register (000 2) 59 Timer 34 mode register (0029,) 0045

(3) Port P2 register (000 4,) (26 PWM control register (002 B,s)n-
(4) Port P2 direction register (0 0 0 54)-* @7 Comparator register (0030 ,s)-"
(5) Port P3 register (00064) 0046 (28) High-breakdown-voltage port (0 0 3 8 ‘s)"'
(6) Port P4 register (000 84g) control register

(7) Port P4 direction register (0 0 0 94¢)- 0046 (29) Interrupt edge selection register (0 0 3 A|s)"'
(8) Port P5 register (000A)- ) CPU mode register (003 nnnnnnnﬂ

(9) Port P5 direction register (0 0 0 Byg)-* (1) Interrupt request register 1 (0 0 3 Cq)-*

8

(10 Port P6 register (000Cqg) (32 Interrupt request register 2 (0 0 3 Dyg)-** 0056

(1) Port P6 direction register (0 0 0 D) (33 Interrupt control register 1 (0 0 3 Eg)- 0046
(1 Port PO segment/digit (001 24) 0045 (34 Interrupt control register 2 (0 0 3 F,g)-*

004
(9 Processor status register (PS) ...n X

(13 Port P2 digit/port switching (0 0 1 4,6)-- 0046 (36) Program counter (PCy)-

switching register

register (PCL)-

SIoX]
HHIE
22
@& |[x
el
g8 |X
2
@ || ®
814
mim
3|3
ollo
212 1[x]

(4

Key-scan blanking register (0 0 1 54¢)-
(19 FLDC mode register (001646
(16 Serial 101 control register (0 0 1 946)
(1) Senal I/0 automatic transfer (0 0 1 Ayg)-- 0046
control register
(18 Serial 1/0 automatic transfer (0 0 1 Cg)-
interval register
(19 Serial 1/02 control register (0 0 1 D)
@) Timer 1 register (0024,) FFie
@) Timer 2 register (00254

(22 Timer 3 register (00264) FFs

@3 Timer 4 register (002746) FFie

Note. * ' The initial values of bits 7 and 6.of the CPU mode register are determined by a mask option.
X ! Underfined
The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values

Fig. 33 Internal status at reset
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5.5V !
4.0V _—— Y — — — — T T T T —— —— —— —— — —

Vee

{ QUS  [r———
RESET D

Xour

(4MHz) —ﬁj |
Time until oscillation starts f Time necessary for oscillation to stabilize
>t

Xcout I /

(32kHz)
Time until oscillation starts \,——
[‘ =

Internal | o5

reset - ous

piginipiph

clock X

Address | X X X XrrrcXFrro Xan, X
Data ! AD, m

SYNC I I

Fig. 34 Reset sequence in high-speed operation mode

5.5V I
VCCZ_SV -_— - T T T T T T T T T T T

2us
RESET s<__)\

(Oscillation stopped)

Xour (
(4MHz) 1

Xcour j : . \
(32kHz) J

Time until oscillation starts I/Tlme necessary for oscillation to stabilize
>T<

Internal
reset 62.5us

System I I I | l | I |
clock
Add 1 !
ress X X X XrrroXrrro X X
SYNC ___l I_

Fig. 35 Reset sequence in low-speed operation mode
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CLOCK GENERATION CIRCUIT
When using an external clock signal, input the clock signal
to the Xiy (Xcin) pin and leave the Xour (Xcout) pin open.
If the Xcn clock is not used, connect the Xgy pin to Vgs,
and leave the Xcout pPin open.
Either high-speed operation start mode or low-speed start
mode can be selected by using a mask option.
* High-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of X\y. Immediately after power-on, both the
Xin and Xcny clock start oscillating. To set the internal
clock ¢to low-speed operation mode, set bit 7 of the
CPU mode register (address 003B;¢) to “1”.
* Low-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of Xcy. Immediately after power-on, only the
Xcin clock starts oscillating. To set the internal clock ¢ to
high-speed operation mode, first set bit 6 (CMg) of the
CPU mode register (address 003B,¢) to “0”, the set bit 7
(CM;) to “0”. Note that the program must allow time for
oscillation to stabilize.
Oscillation Control
Stop Mode
If the STP instruction is executed, oscillation stops with
the internal clock ¢ at an “H” level. Timer 1 is set to
“FF4¢” and timer 2 is set to “014¢".
Either X,y or Xciv divided by 16 is input to timer 1, and
the output of timer 1 is connected to timer 2. The timer 1
and timer 2 interrupt enable bits must be set to disabled
(“0”), so a program must set these bits before executing
an STP instruction. Oscillation restarts at reset or when
an external interrupt is received, but the internal clock ¢
is not supplied to the CPU until timer 2 overflows. This
allows time for the clock circuit oscillation to stabilize.

Wait Mode

If the WIT instruction is executed, the internal clock ¢
stops at an “H” level but the oscillator itself does not
stop. The internal clock restarts if a reset occurs or when
an interrupt is received. Since the oscillator does not
stop, normal operation can be started immediately after
the clock is restarted.

Low-Speed Mode

If the internal clock is generated from the sub clock
(Xcin), @ low power consumption operation can be en-
tered by stopping only the main clock X,y. To stop the
main clock, set bit 6 (CMg) of the CPU mode register
(003B) to “1”. When the main clock X,y is restarted, the
program must allow enough time to for oscillation to sta-
bilize.

Note that in low-power-consumption mode the Xgn-
Xcour drive performance can be reduced, allowing even
lower power consumption (20uA with Xon= 32kHz). To

reduce the Xgn-Xcour drive performance, clear bit 5
(CMs) of the CPU mode register (003B;s) to “0”. At re-
set or when an STP instruction is executed, this bit is set
to “1” and strong drive is selected to help the oscillation
to start.

Xcin Xcout Xin Xout
28 29 30 31
Rt Rd

10 0
717;_Ccm 7;; Ccour' 7% Cin 7;-7_COUT

Fig. 36 Ceramic resonator circuit

Xcin Xcout Xin Xour
28 29 30 31
Open Open

External oscillator or pulse External oscillator

Vee | l | I Vec IIIIIlIII
Vss Vss

Fig. 37 External clock input circuit

ol syEH
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Xoin Xcour

Internal system clock

5
g
Timer 1 count

source selection

Timer 1 count stop bit

Timer 2 count stop bit

Timing ¢
(Internal clock)

G Reset

|— STP instruction

) selection bit bit
CM; (Note)
Main clock stop bit CMg
Internal system clock
selection bit CM;
L—Q S s Q Q S
R STP wIT —R R
instruction instruction
Reset

Interrupt disable flag |
Interrupt request

Note. The values of CM; and CM; at reset are determined by a mask option.

Fig. 38 System clock generation circuit block diagram
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< Reset »

wiT STP
nstruction i
structi
Xin clock oscnllanT\g Xy clock oscillating instrue '0; Xin clock stopped
Xoin clock oscillating Xgin clock oscillating Xcin clock stopped
¢ 1s stopped (“H") - =1(Xin) /2 - #1s stopped (“H")
Timer operating Interrupt Interrupt
(Note 1)
External INT,

timer interrupt, or
SI/0 interrupt

WIT STP
Xin clock oscillating instruction instruction
Xom clock oscillating - Xy clock oscillating - s X clock stopped
“yr X clock oscillating Xcin clock stopped
¢ 1s stopped (“H”) CIN opp
Timer operating d=1(Xcin)/2 #1s stopped (“H”")
(Note 3) Interrupt Interrupt
(Note 1)
CMe=0
The program must
CMe=1 allow time for Xy
oscillation to stabilize
wIT STP
Xin clock stopped instruction instruction
Xcin clock oscillating - X clock stopped —_— Xin clock stopped
¢ is stopped (“H”) Xcin clock oscillating Xcin clock stopped
Timer operating #=1(Xoin) /2 ¢=stopped (“H")
(Note 3) Interrupt interrupt
(Note 2)

The example assumes that 4MHz 1s being applied to the Xy pin and 32kHz to the Xciy pin

Note 1.
2.
3.
4,

The delay after the STP state ends is approximately 0. 25s

Specify this option when ordering a mask ROM version

When the STP state 1s ended, a delay of approximately 2ms 1s automatically generated by timer 1 and timer 2

If the internal clock ¢ divided by 8 is used as the timer count source, the frequency of the count source 1s f(Xgn)/16

High-speed operation
start mode(Note 4)

External INT, or
SI/0 interrupt

e |

Low-speed operation
start mode (Note 4)

Fig. 39 State transitions of system clock
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NOTES ON PROGRAMMING

* Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag
(1) which is “1”. Therefore, flags that affect program ex-
ecution must be initialized after a reset. In particular, it is
essential to initialize the T and D flags because of their
effect on calculations.

Interrupts

The contents of the interrupt request bits do not change
immediately after they have been written.

After writing to an interrupt request register, execute at
least one instruction before performing a BBC or BBS in-
struction.

Decimal Calculations

To calculate in decimal notation, set the decimal mode
flag (D) to “1”, then execute a ADC or SBC instruction.
Only the ADC and SBC instruction yield proper decimal
results. After executing an ADC or SBC instruction, ex-
ecute at least one instruction before executing a SEC,
CLC, or CLD instruction.

In decimal mode, the values of the negative (N), over-
flow (V), and zero (Z) flags are invalid.

The carry flag can be used to indicate whether a carry or
borrow has occurred, but must be initialized before each
calculation. Clear the carry flag before an ADC and set
the flag before an SBC.

Timers

If a value n (between 0 and 255) is written to a timer
latch, the frequency division ratio is 1/(n+1).
Multiplication and Division Instructions

The MUL and DIV instructions do not affect the T and D
flags.

The execution of these instructions does not change the
contents of the processor status register.

Ports

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

Serial 1710

When using an external clock, input “H” to the external
clock input pin and clear the serial 1/0 interrupt request
bit before executing a serial 1/0 transfer.

When using the internal clock, set the synchronization
clock to internal clock, then clear the serial 1/0 interrupt
request bit before executing a serial 1/0 transfer.
Instruction Execution Timing

The instruction execution time is obtained by multiplying
the frequency of the internal clock ¢ by the number of cy-
cles needed to execute an instruction.

The number of cycles required to execute an instruction

.

.

is shown in the list of machine instructions.
The frequency of the internal clock ¢ is half of the X,y or
Xcin frequency.
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DATA REQUIRED FOR MASK ORDERS
The following are necessary when ordering a mask ROM
production:
(1) Mask ROM Order Confirmation Form
(2) Mark Specification Form
(3) Data to be written to ROM, in EPROM form

(three identical copies)
If required, specify the following option on the Mask Con-
firmation Form: .
* Operation start mode switching option

ROM Writing Method

The built-in PROM of the blank one-time programmable
version and built-in EPROM version can be read from and
written to with an normal EPROM writer using a special
write adapter.

Package Name of Write Adapter
64P4B, 64S1B PCA4738S-64
64P6N PCA4738F-64
64D0 PCA4738L-64

The PROM of the blank one-time programmable version is
not tested or screened after assembly. To ensure proper
operation after writing, the procedure shown in Figure 40 is
recommended to verify programming

[ Writing with PROM writer I

N

Screening (Note)
(150C for 40 hours)

S

Venfication with
PROM writer

A N
[ Functional check in target device I

Note. The screening temperature Is far
higher than the storage temperature Do
not leave the microcomputer at 150°C
for longer than 100 hours

Fig. 40 Writing and testing of one-time programmable
version

ELECTRIC
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'ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3t07.0 \'
Vee Pull-down power supply voltage Vec—40 to Vee+0. 3 \'
v Input voltage P24-P2;, P4,-P4;, P5,-P5;, P6o-P6; —0.3 to Vec+0.3 v
Vi Input voltage Pdo All voltages d based on the Vss pin :0' 3o Voo+0.3 v
Vi Input voltage RESET, Xix Output transistors are Isolated 0.3t0 Voo t0.3 v
\A Input voltage Xcin —0.3 to Vge+0. 3 Vv
Vo Output voltage P0y-P07, P14-P1;, P2p-P23, P3¢-P3; Vec—40 to Vee+0. 3 \%

Output voltage P2,-P2;, P4,-P4;, P50-P5;,
Vo P6o-P67, Xout, Xcour —0.3 1o Veet0.3 v

Pd Power dissipation Ta=25TC 1000(Note 1) mwW
Topr Operating temperature —10 to 85 C
Tstg Storage temperature . —40 to 125 ‘c

Note 1 : 600mW in case of the flat package

RECOMMENDED OPERATING CONDITIONS (Vec=4.0t05.5v, Ta= —10to 85C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max
Voo Supply voltage High-speed operation mode 4.0 5.0 5.5 v
Low-speed operation mode 2.8 5.0 5.5
Vss Supply voltage 0 \
Vee Pull-down power supply voltage Vec—38 Vee \
Via Analog input voltage 0 Vee \
Vin “H” input voltage P2;-P2; 0.4Vce Vee \'4
Vin “H" input voltage P4, 0.75V¢e Vce \
Vin “H” input voltage P44-P4;, P5,-P5;, P6y-P6; 0.75Vee Vece \Y
Vin “H” input voltage RESET 0.8Vce Vee \
Vin “H" input voltage Xin, Xoin 0.8Veoc Vee \
ViL “L” input voltage P2,4-P2; 0 0.16Vge \
Vi “L” input voltage P4y 0 0.25V¢e \
ViL “L” input voltage P4,-P4;, P5,-P5;, P6,-P67 0 0.25V¢ec \'
Vi “L” input voltage RESET 0 0.2Vce \'
VL “L” input voltage Xin, Xoin 0 0.2Vee \




MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MJICROCOMPUTER

RECOMMENDED OPERATING CONDITIONS (Vcc=4.01t05.5V, Ta=—10to 85°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
“H” total peak output current P0o-P07, P1o-P17,
Zlon(peak) —240 mA
(Note 1) P2¢-P27, P3-P3;
S lon(peak)| “H” total peak output current P4,-P4;, P6o-P6s —60 mA
“L" total peak output current P24-P2;, P4-P4;,
| 100 mA
oLpeak) P5g-P57, P6;-P6;
Zlou(peak)| “L" total peak output current P8y 3.0 mA
“H" total average output current P0o-P0;, P1o-P17,
Sloncavg) 9e oulp o e —120 | mA
(Note 1) P24-P2;7, P3,-P3;
S lon(avg) | “H” total average output current P4,-P4;, P6,-P6; —30 mA
“L” total average output current P2,-P2;, P4,-P4;,
ZloLcavg) 50 mA
P50-P57, P64-P6;
S loL(avg) | “L” total average output current P6g 1.5 mA
\ “H” peak output current P0o-PO;, P1o-P17, P2,-P2;, 40 A
— m
on(peak) P3,-P3; (Note 2)
lon(peak) | “H" peak output current P24-P27, P4,-P4;, P6o-P67 —10 mA
loL(peak)| “L” peak output current P2,-P2;, P6-P6; 10 mA
loL(peak)| “L" peak output current P44-P4;, P5,-P5; 10 mA
loL(peak)| “L" peak output current P6; 3.0 mA
“H” average output current P0o-PO;, P1o-P1;, P29-P2;,
loncavg) —18 mA
(Note 3) P3,-P3;
“H" average output current P24-P2;, P4,-P4;,
loncavg) —5.0 mA
P6o-P6;
loL(avg) | “L” average output current P2,-P2;, P6,-P6; 5.0 mA
loL(avg) | “L" average output current P4,-P4;, P5,-P5; 5.0 mA
loL(avg) | “L" average output current P6g 1.5 mA
f(CNTR) | Clock input frequency for timer 4 (duty cycle 50%) 250 kHz
f(Xin) Main clock input oscillation frequency (Note 4) 4.2 MHz
f(Xcin) | Sub clock input oscillation frequency (Note 4, 5) 32.768 50 kHz

Note 1. The total output current i1s the sum of all the currents flowing through all the applicable ports The
total average current is an average value measured over 100ms. The total peak current is the peak

value of all the currents

OB wWwnN

frequency f(Xcin) is less than f(Xy)/3

. The peak output current is the peak current flowing in each port.

. The average output current in an average value measured over 100ms
. When the oscillation frequency has a duty cycle of 50%

. When using the microcomputer in low-speed operation mode, make sure that the sub clock’s input

ELECTRIC
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ELECTR'CAL CHARACTER|ST|CS (Veec = 4.0t05.5V, Ta = —10 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

“H” output voltage P0,-P07, P1¢-P17, P2¢-P2;,

Voun P3y-P3; lop=—18mA Veo—2.0 v
Von “H” output voltage P24-P2;, P4;-P4;, P6y-P6; lon=—10mA Vec—2.0 Vv
VoL “L” output voltage P24-P2;, P44-P4;, P5,-P57, loL=10mA 2.0 v
P64-P6;
VoL “L" output voltage P8y lou=1.5mA 0.5 \'
Vr+—Vr— | Hysteresis INTo-INT2, Sint, Sina: Sciki, Scikes CNTR When using a non-port function 0.4 v
Vr4+—Vr— | Hysteresis RESET, Xiy RESET : Voe=2.8V to 5.5V 0.5 \;
Vr4—Vy— | Hysteresis Xcin 0.5 v
[ “H" input current P24-P2;, P44-P4;, P5,-P5;, P6,-P6; Vi=Vce 5.0 ~A
I “H" input current P4, Vi=V¢e 5.0 ~A
ha “H” input current RESET, Xoin Vi=Vee 5.0 ~A
hn “H" input current Xy Vi=Vee 4.0 A
I “L” input current P24-P2;, P44-P4;, P5¢-P5;, P6,-P67 Vi=Vss —5.0 uA
I “L” input current P4, Vi=Vgs —5.0 #A
he “L” input current RESET, Xcin Vi=Vsgs —5.0 uA
I8 “L” input current Xy Vi=Vsgs —4.0 ©A
Vee=Vcc—36V,
lLoaD Output load current POy-P0;, P1g-P17, P2g-P25, P39-P3; | Vo=V, 150 500 900 ~A
With output transistors off '
Vee=Vcc—38V, .
Output leakage current P0g-P07, P1o-P17, P2o-P23,
lLeax P3g-P3; VoL=Vcc—38V, —10 A
With output transistors off (Except for reset)
Veam RAM hold voltage When clock 1s stopped 2.0 5.5 \Y
In high-speed operation mode
f(Xin) =4MHz
f(Xcin)=32kHz 5| 10 mA

Output transistors off
Comparator operating

In high-speed operation mode
f(Xin)=4MHz (in WIT state)
1(Xoin) =32kHz 1 mA
Output transistors off

Comparator stopped

In low-speed operation mode
#(Xiy)= stopped, f(Xcin)=32kHz
Low-power dissipation mode set 60 200 HA
(CMs=0)

Output transistors off

lec Power supply current

In low-speed operétlon mode
f(X\y)= stopped

f(Xcin)=32kHz (1n WIT state)
Low-power dissipation mode set
(CMs=0)

Output transistors off
All oscillation stopped Ta=25T 0.1 1.0
(in STP state) : LA
Output transistors off Ta=85C 10

20 40 uA
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

COMPARATOR CHARACTERISTICS

(Vee=4.0105.5V, Vss=0V, Ta=—10 to 85°C, high-speed operation mode, f(X;y)=500kHz to 4MHz unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
-— Resolution 4 Bits
- Absolute accuracy 1/2 LSB
Tconv Conversion time 7 “S
ha Analog port input current 5.0 7.
Riapper | Ladder resistor 30 kQ
TIMING REQUIREMENTS (Voc=4.0t05.5V, Vgs =0V, Ta=—101085C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(RESET) Reset input “L” pulse width 2 “s
teixn) Main clock input cycle time (X input) 238 ns
twHOxin) Main clock input “H” pulse width 60 ns
twiLOan) Main clock input “L” pulse width 60 ns
toixom) Sub clock input cycle time (Xoi input) 2.0 ms
twHxcm) Sub clock input “H” pulse width 0.5 ms
twiL(xcin) Sub clock input “L” pulse width 0.5 ms
tG(CNTR) CNTR input cycle time 4 “s
twH(CNTR) CNTR input “H” pulse width 1.6 us
twL(CNTR) CNTR input “L” pulse width 1.6 “Ss
twHONT) INTo-INT, input “H” pulse width 80 ns
twLGNT) INTo-INT, input “L” pulse width 80 ns
to(sc) Serial clock input cycle time 1 us
twH(scLk) Serial clock input clock “H” pulse width 400 ns
twi(sck) Serial clock input clock “L” pulse width 400 ns
tsu(scik-sw) | Senal input setup time 200 ns
thisgk-sy) | Serial input hold time 200 ns
SWITCHING CHARACTERISTICS (Voc=4.0105.5V, Vg =0V, Ta = —10to 85T, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
twH(scu) Senial clock output “H” pulse width C_=100pF, R,=1kQ te/2—160 ns
twi(sok) Serial clock output “L” pulse width C.=100pF, RL,=1kQ tc/2—160 ns
td(scik—Sour)| Senal output delay time 0. 2tc ns
tv(scik—Sour) | Senal output hold time 0 ns
tiesci) Senial clock output fall time C_=100pF, R,=1kQ 40 ns
¢ P-channel high-breakdown voltage output rise time _ _ _
rPch-strg | (note 1) CL=100pF, Veg=Vcc—36V 55 ns
P-channel high-breakdown voltage output rise time
Ytpch-weak) (Note 2) C_=100pF, Vgg=Vcc—36V 1.8 us
Note 1. When bit 0 of the high-breakdown voltage port control register (address 00384¢) 1s at “0”
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) is at “1”
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P5¢/Scikz Ry —‘ j

P5,/S,
Serial clock output 2 Dotk P-channel

port r output port T*
— c, c
7 J

PO, P1, P2,-P2;, P3

Fig. 41 Output switching characteristics measurement circuit
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Timing Chart

1 teiontr)
\ twH(cNTR) | twiienTR)
0. 8V, /
CNTR cc
0.2Vce A
. twhOnT) | twianT) |
0. 8V,
INTG-INT, / ce 0.2Veo
. tw(ReseT) ,
- 0.8Vee
RESET 0.2Vee
. tex)
X twrHixy) ) twiix)
0.8V¢e
Xin 0.2Veo A
X tetxem)
| twH(xcin) | tWiixen)
Xem ) 0.8Vce 0. 2Vee /
7
tetsow)
1 twiisck) tr twH(sck)
4 N
0.8Vee
Scux \t 0.2V¢e / \\
tsulsin—scLx) thiscuc—sin)
¥ 0.8Vce
S L 0.2Voc
1, -
td(scLk—sour) V(scLk—Sout)
SOUT
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DESCRIPTION @ THMErG -erererrrrrrrrrnernrrr ettt 8-bitX6
The M3817x group is made up of 8-bit microcomputers @ Serial [/Q eerrerrrereerreneenes Clock-synchronized 8-bitX2
based on the MELPS 740 core. (Serial 1701 has an automatic data transfer function)
The M3817x group is designed mainly for VCR timer/func- @ PWM output CIrGuit----sseeerererereeseneremeseeeen 14-bitX1
tion control, and include six 8-bit timers, a fluorescent dis- 8-bitX 1(also functions as timer 6)
play automatic display circuit, a PWM function, and an 8- @ A-D converter:«--orerrereresrreieieseinnes 8-bitX 8 channels
channel A-D converter. ® Fluorescent display function
The various microcomputers in the M3817x group include SEGMENES wrerrrrrrrrrrrrrrr e 8to 24
variations of internal memory size and packag_ing. For de- DigitS ............................................................ 4to 16
tails, see the section on part numbering. ® 2 Clock generation circuit
For details on availability of microcomputers in the M3817x Clock (Xin-Xout) *rorrmrreeeeeees Internal feedback amplifier
group, see the section on group expansion. Sub clock (Xgin-Xcour) = Internal amplifier without feedback
©® Supply voltage -« «««wrrrrrrrerremnes 4.0to 5.5V
FEATURES ® Low power dissipation
® Basic machine-language instructions In high-speed operation ««=««-=«oxreeereerrerrneeeene. 38mwW
® Instruction execution time:«««=scoorerrerreeeeeeneeenee. . (at 6.3MHz oscillation frequency)
(shortest instruction at 6.3MHz oscillation frequency) In low-speed operation «««««srrmrrrrerrrer e 300uW
® Memory size (at 32kHz oscillation frequency)
ROM - -+ 4K to 32K bytes ® Operating temperature range ««--«+=xoeeeeeees —10 to 85C
RAM ............................................... 192 to 1024 bytes
® Programmable input/output POrts -+-««+«++sweseeeneeueess 45 APPLICATIONS
® High-breakdown-voltage output ports ««-::«-eooceeeeeeeeses 32 VCRs, tuners, musical instruments, office automation, etc.
[ Interrupts ................................. 18 sources, 15 vectors

PIN CONFIGURATION (TOP VIEW)

98688888
GG EEEEE3d3800S 558554
DOU LUy 22209000
DDDDDNDDDDNNNNNNNAOOOOOQQ0
B T T T e T T T
ST RIS PSS S S S SO rr e e
PR R RERRRaaaaaaaa
trttttttttrrttrttttttttt
64) [63] [62] [61] [60] [59] [58] [57] [56] [55] [54] [53] [52] [51] [50] [ 4] [46] [45][44] [43] [42] [41]
P8;/SEG? P2
P8s/SEGe P2,
P85/SEGs P2;
P84/SEG4 P23
P83/SEG3 P24
P8,/SEG2 P2s
P8,/SEG1 P26
P80/SEGo P2,
Ve M38173M6-XXXFP Ve
Vee Xout
AVss Xin
Vrer Xcour
P7;/AN; Xcin
P7s/ANg RESET
P75/ANg P4o/INT,
P74/ANg P44/INT4
L] Tt Tnd T T2 Ts] D sl el A T o ool for T2 T3] 24
R R R R A R R R R
O N - O N Y NN N EED YOOk kDY ON
2222 2 XEZggkzoO o alls DO b I
<<<<§J&d8wfﬁgmmgy—;-gg‘go_a.zzz
IIIJIVLOISSP > zZz EE S33
NN XS0 LOLS 0ooxeT T FPP
D.Q.ﬂ.&mmug’ﬂ-|w“§‘|5°- S35 aad
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l;
o
'3
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~N
I3
a

Package type : 80P6N
80-pin plastic molded QFP
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FUNCTIONAL BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

M3817x Group

PIN DESCRIPTION

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Pin Name Function
Alternate Function
Vee, Vss | Power supply Power supply inputs 4 0 to 5 5V to V¢e, and OV to Vsg
Vee Pull-down ﬁower Applies voltage supplied to pull-down resistors of ports PO, P1, P2 and P3
input .
VRer Analog reference Reference voltage input pin for A-D converter
voltage

AVss Analog power supply GND input pin for A-D converter Keep at the same potential as Vsg

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con-
ditions In low-speed operation start mode, internal reset 1s not released until the Xcin-Xcour clock has had time to sta-
bilize

Xin Clock input Input and output signals for the internal clock generation circuit It consist of internal feedback amplifier Connect a
ceramic resonator or quartz crystal between the Xy and Xour pins to set the oscillation frequency If an external clock is

XouT Clock output used, connect the clock source to the Xiy pin and leave the Xoyr pin open This clock 1s used as system clock

Xein Sub clock input Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback
Connect a ceramic resonator or quartz crystal and external feedback resistor between the Xciy and Xcour pins If an ex-
ternal clock is used, connect the clock source to the Xciy pin and leave the Xcour pin open This clock can also be

Xcout Sub clock output used as the system clock

P0,/SEG;¢/ | Output port PO An 8-bit output port The output structure 1s high- | FLD automatic display pins

DIGo- breakdown-voltage P-channel open drain with internal

P0;/SEG,3/ pull-down resistors connected between the output and the

DIG, Vee pin Are “L” at reset

P1,/DIGg- | Output port P1 An 8-bit output port with the same function as port PO FLD automatic display pins

P1;/DIGys

P2y-P2; 1/0 port P2 An 8-bit CMOS 1/0 port An I/0 direction register allows each pin to be individually programmed as either iput or out-’
put At reset this port is set to input mode The input levels are TTL compatible

P3y/SEGg- | Output port P3 An 8-bit output port with the same function as port PO FLD automatic display pins

P3;/SEGs

P4,/INT, Input port P4, A 1-bit CMOS input pin External interrupt input pin

P44/INT,- | I/0O port P4 A 7-bit CMOS 1/0 port with the same function as port P2, | External interrupt input pins

P4,/INT, with CMOS compatible input levels

P45

P4e/T1ouT, Timer output pin

P4;/T30ur ’

P50/Sint, 1/0 port P5 An 8-bit /O port with the same function as port P2 The | Senal 1701 1/0 pins

P5:/Sout1, output structure of this port 1s N-channel open drain, and

P52/Sci ki1, the input levels are CMOS compatible

P53/Srovi/ Keep the input voltage of this port between 0V and Ve

CS/SCLK‘Z

P54/Sin2s Sernial 1/02 1/0 pins

PSS/SOUTZv

P5¢/Scuke,

P5;/Sroy2
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PIN DESCRIPTION

Pin Name Function
Alternate Function

P6o/PWM, | 1/0 port P6 A 6-bit CMOS 1/0 port with the same function as port P2, | 14-bit PWM output pin

with CMOS compatible input levels.
P6,/PWM, ‘ 8-bit PWM output pin
P6,/CNTR,, Event counter input pins
P63/CNTR,
P64, P6s
P70/ANg- 1/0 port P7 An 8-bit CMOS 170 port with the same function as port P2, | A-D converter input pins
P7;/AN; with CMOS compatible input levels.
P8y/SEG,- | 1/0 port P8 An 8-bit I/0 port with the same function as port P2. The | FLD automatic display pins
P8;/SEG; output structure of this port is P-channel open drain, and

the input levels are CMOS compatible. Please note that

this port does not have internal pull-down resistors.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product name M3817 0 M X - XXX FP

Package type
FP : 80P6N package
FS : 80D0 package

ROM number
Omitted in some types

ROM/PROM size
. 4096 bytes

. 8192 bytes

112288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
. 28672 bytes
: 32768 bytes

OO SEsE WN —

The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used

Memory type
M : Mask ROM version
E : EPROM or one-time programmable version

RAM size
192 bytes
: 256 bytes
384 bytes
- 512 bytes
640 bytes
768 bytes
- 896 bytes
1024 bytes

NS WN = O
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M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION
Mitsubishi plans to expand the M3817x group as follows:
(1) Support for mask ROM, one-time programmable, and

EPROM versions

(2) ROM/PROM size

............................. 16K to 32K bytes

RAM size ........................................ 384 to 640 by‘es
(3) Packages
BOPGN ........................................ P|astic molded QFP
80D0 ................................ Window type ceramic LCC
Memory Expansion Plan
ROM size (bytes)
7 S e e e
| | | I
I ! | ! I
e e N e s S
l : New product =L | || | |
UK f————F+———F+———+ ‘:——-——f‘————f——‘“—il
| | | |
I I | | | I I
20K —————4————4-7———}————L———+————-~i-———+—————|
1 Under deveiopment I : : : :
R CC S B e e A
| I |
: 1 | ' | I l [
12K r————+———+————r————:—————lr—————1———-:—-————1
|
l l ' [ | ' | |
g — -l————~l-————:————¥l——*——f——-———:————:——-——-—:
| |
I I | | | l | |
K F————;————r——-—+———-|————T———JI————I—————il
| | |
{ | [ | | | ! |
| ! ] I L 1 1 ] J
192 256 384 512 640 768 896 1024
RAM size (bytes)

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

Currently supported products are listed below.

As of March 1992

Product name (P) ROM size (bytes)| RAM size (bytes) | Package Remarks
M38173M6-XXXFP Mask ROM version
M38173E6-XXXFP 24K 512 80P6N | One-time programmable version
M38173E6FP One-time programmable version (blank)
M38173E6FS 80D0 EPROM version
M38174M8-XXXFP Mask ROM version
M38174E8-XXXFP One-time programmable version
M38174E8FP One-time programmable version (blank)
M38174E8HXXXFEP 32K 640 80P6N | One-time programm.able version .
(High-speed operation start version)
M38174E8HFP On.e—tlme programmable version (blank)
(High-speed operation start version)
M38174E8FS 80D0 EPROM version
MITSUBISHI
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' SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)

Microcomputers of the M3817x group use the standard

MELPS 740 instruction set. Refer to the table of MELPS

740 addressing modes and machine instructions or the

MELPS 740 Software Manual for details on the instruction

set. '

Machine-resident MELPS 740 instructions are as follows:
The FST and SLW instructions are not available for use.
The STP, WIT, MUL and DIV instructions can be used.

CPU MODE REGISTER

The CPU mode register is allocated to address 003Bys.

Bits 0 and 1 of this register are processor mode bits and
should always be set to “0”.

The CPU mode register contains the stack page selection
bit.

For details of the Xcour drivability selection bit, main clock
stop bit, and internal system clock selection bit, see the
section on the clock generation circuit.

7 0
[ | CPU mode register (CPUM : address 003B4¢)

U——- Processor mode bits

b1b0
0 0 : Single-chip mode
0 1 : Do not use
1 0 ! Do not use
11 ! Do not use
Stack page selection bit
0 : RAM in the zero page Is used as stack area
1 I RAM in page 1 is used as stack area
Xcout drivability selection bit
0 : Low drive
1 : High drive
Main clock (Xin-Xout) stop bit
0 : Operating
1 : Stopped

Internal sy clock selection bit
0 : Xn-Xout selected (high-speed operation mode)
1 : Xein-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register
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MEMORY

« Special Function Register (SFR) Area
The Special Function Register area contains registers
which control functions such as 170 ports and timers, and

is located in the zero page area.

* RAM

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

* ROM

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

storing programs.

« Interrupt Vector Area

The interrupt vector area contains reset and interrupt

« Zero Page
The 256 bytes from addresses 0000,¢ to O0FF,¢ are cal-

led the zero page area. The internal RAM and the spe-
cial function registers (SFR) are allocated to this area.

The zero page addressing mode can be used to specify
memory and register addresses in the zero page area.
This dedicated zero page addressing mode enables ac-
cess to this area with only 2 bytes.

* Special Page
The 256 bytes from addresses FF00,¢ to FFFF,¢ are cal-

led the special page area. The special page addressing
mode can be used to specify memory addresses in the

special page area. This dedicated special page addres-

vectors. sing mode enables access to this area with only 2 bytes.
000046
SFR area
RAM area Zero
RAM capacity Address XXXX1s 004046 FLD automatic display RAM area page
(bytes) 007046
192 00FFg 0100
256 013F ., AAM 6 |Seriall/Oautomatictransfer RAM area|
384 01BF4¢ 012016
512 023F ¢
640 02BF,;¢
768 033F,6 e O I ]
896 03BF¢
1024 043F1s Reserved area
ROM area 0440se
ROM capacity
Address YYYY;¢ | Address ZZZZ,¢ Not used
(bytes)
4096 F000+¢ F080,¢ T YYYYy === == =eme-e- b
8192 E000+6 E080+6 Reserved ROM area
12288 D000:¢ D080, (common ROM area, 128 bytes)
16384 C000+¢ C080,¢
20480 B000,6 B08016 2222+
24576 A000,¢ A080+¢
28672 9000,¢ 908046
32768 800046 808046
ROM
FF004¢
FFDCy¢
Special
Interrupt vector area page
FFFEss
Reserved ROM area
| FFFFyq
Fig. 2 Memory map diagram
MITSUBISH
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000046 | Port PO (P0)
000146
0002,
000346
00044¢
000546
000646
00074¢
000846
0009;6
000A¢
000B;¢
000C+6
000D;6
000E,¢
000F ¢
001046
001146
001246
001346
00144
001546
001646
001746
0018y
001946
001A46
001Bs¢
001C16
001D+
001E4s
001F;s | Serial 1702 register (S102)

Port P1 (P1)

Port P2 (P2)
Port P2 direction register (P2D)
Port P3 (P3)

Port P4 (P4)
Port P4 direction register (P4D)
Port P5 (P5)
Port P5 direction register (P5D)
Port P6 (P6)
Port P6 direction register (P6D)
Port P7 (P7)
Port P7 direction register (P7D)
Port P8 (P8)
Port P8 direction register (P8D)

Senial /0 automatic transfer data pointer (SIODP)
Serial 1/01 control register (SIO1CON)
Senal 1/0 transfer control register (SIOAC)
Serial 1701 register (SI01)

Serial I/0 transfer interval register (SIOAI)
Serial 1702 control register (SIO2CON)

002046
002115
002246
00236
00246
002545
002645
002745
002845
0029,5
002A46
002B46
002C1s
002D16
002E 45
002F 16
003044
003146
003245
0033,
0034
00354
003645
003746
003846
00396
003Aq
003Bys
003C16
003D16
003Es6
003F 45

Timer 1 (T1)
Timer 2 (T2)
Timer 3 (T3)
Timer 4 (T4)
Timer 5 (T5)
Timer 6 (T6)

Timer 6 PWM register (T6BPWM)
Timer 12 mode register (T12M)
Timer 34 mode register (T34M)
Timer 56 mode register (T56M)
PWM control register (PWMCON)
PWM register (upper) (PWMH)
PWM register (lower) (PWML)

A-D control register (ADCON)

A-D conversion register (AD)

Port PO segment/digit switching register (POSDR)
Port P1 digit/port switching regrster (P1DPR)
Port P8 segment/port switching register (P§SPR)
Key-scan blanking register (KSCN)
FLDC mode register (FLDM)

FLD data pointer (FLDDP)
High-breakdown-voltage port control register (HVPC)

Interrupt edge selection register (INTEDGE)
CPU mode register (CUPM)

Interrupt request register 1 (IREQ1)
Interrupt request register 2 (IREQ2)
Interrupt control register 1 (ICON1)
Interrupt control register 2 (ICON2)

Fig. 3 Memory map of special function register (SFR)

/0 PORTS

 Direction Registers
The M3817x group microprocessors have 45 programm-
able 170 pins arranged in six 1/0 ports (ports P2 and P4
to P8). The 1/0 ports have direction registers which de-
termine the input/output direction of each individual pin.
Each bit in a direction register corresponds to one pin,
each pin can be set to be input or output.
When “0” is written to the bit corresponding to a pin, that
pin becomes an input pin. When “1” is written to that bit,
that pin becomes an output pin.
If data is read from a pin which is set for output, the value
of the port output latch is read, not the value of the pin it-
self. Pins set to input are floating. If a pin set to input is
written to, only the port output latch is written to and the
pin remains floating.

High-Breakdown-Voltage Output Ports

The M3817x group microprocessors have four ports with
high-breakdown-voltage pins(ports PO, P1, P3, P8). The
high-breakdown-voltage ports have P-channel open drain
output with a breakdown voltage of Vcc—40V. Each pin
in Ports PO, P1, and P3 has an internal pull-down resistor
connected to Vee. Port P8 has no internal pull-down resis-
tors and external resistors should be used if necessary.
At reset, the P-channel output transistor of each port latch
is turned off, so it is forced to the level of Vge by the pull-
down resistor.

Writing “1” to bit 0 of the high-breakdown-voltage port
control register(address 0038+5)slows the transition of the
output transistors to reduce transient noise. At reset, bit 0
of the high-breakdown-voltage port control register is set
to “0” (strong drive).
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Diagram
Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ngo
FLDC mode register
POo/SEG 1o/ High-breakdown- Segment/digit .
° e voltage P-channel gme 9
DIGe- FLD automatic switching register
Port PO Output open-drain output X 1)
P0;/SEG3/ . display function High-breakdown-
with pull-down
DIG; . voltage port control
resistor
register
FLDC mode register
P1¢/DIGg- High-breakdown- @)
P13/DIG voltage port control
a/BPiGm High-breakdown- ge p "
register
voltage P-channel
FLD automatic FLDC mode register
Port P1 Output open-drain output R L L
i display function Digit/port switching
with pull-down .
P14/DiGq2- K register
resistor A (3)
P1;/DIGs High-breakdown-
voltage port control
register
Input/output, TTL level input
P24-P2; Port P2 input/outp P @)
individual bits CMOS 3-state output
High-breakdown- N
FLDC mode register
P3,/SEG voltage P-channel | o 1 . tomatic High-breakdown
P3 /SEG\8 Fort P8 outpat open-drain output display function volgta e port control s)
7 e with pull-down play gep
N register
resistor
External interrupt Interrupt edge
Pao/INTo Input CMOS level input | . P ptedo (6)
input selection register
P4,/INT4- External interrupt Interrupt edge @
P4,/INT. Port P4 input selection register
P44 2 Input/output, CMOS level input P 9 @
S individual bits CMOS 3-state output s -
P4g/T10uT, Timer 12 mode register
Timer output (8)
P4,/T30uTt Timer 34 mode register
P50/Sinn, Serial 1/01 control (9)
P5,/8, s register
1"Soum Serial 1701 function | oo , )
P5,/ScLk1, /o Serial I/0 automatic
P53/Sgrpy1/ CMOS level input transfer control
_ Input/output, R )
CS/Sciki2 Port P5 ) N-channel register
individual bits
P54/Sin2, open-drain output (9)
P5s/SouT2, Senal 1/02 function Serial 1/02 control 10
P5¢/Scik2, 170 register
P57/Srov2 ()]
PWM control register
P60o/PWMg 14-bit PWM output PWML register 12
PWMH register
Input/output, CMOS level input Timer 56 mode register
P61/PWM, Port P& Input/outp P 8-bit PWM output : 9 )
individual bits CMOS 3-state output Timer6 PWM register
P62/CNTRy, Interrupt edge
2 Ro External count input .p 9 (7)
P63/CNTR, selection register
P64, P6s (4)
P70/ANg- Input/output, CMOS level input
Port P7 A-D converter input | A-D control register 13
P7;/AN; individual bits CMOS 3-state output P o 19
CMOS level input FLDC mode register
High-breakdown- . Segment/port
P8o/SEG,- Port P8 Input/output, voltage P-channel FLD automatic switching register )
P8,/SEG7 individual bits open-drain output display function High-breakdown-
without pull-down voltage port control
resistor registor
Note. Make sure that the input level at each pin 1s either OV or V¢ during execution of the STP instruction
If an input level is at an intermediate potential, a current will flow in the input-stage gate
* MrI'SLBlSHI 2—169




MITSUBISHI MICROCOMPUTERS

M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Port PO (2)

Shift signal from previous stage

Poit P1o-P13

Shift signal from previous stage

S/D switching register b \anal
‘—l——_: immer signal —o
’ J{} - (Note)
Blanking Dimmer signal—-o
register
gser TN (Note) ot bus 15 3+
Data bus —1 %o :
Local data _/J/ M
bus M ~N
—<—
Shift signal to next stage Vee
Shift signal to next stage Vee
(3) Port P14-P1;
Shift signal from previous stage
(4) Port P2, P45, P6,, P65
D/P switching register
N Dimmer signal =0
S g g
o register
Data bus —4— Port latch * 9!
4 Data bus —>{ Port Jatch_} _D—Jj
Blanking N v
register
Shift signal to next stage Vee
~N
(5) Port P3 (6) Port P4g
Dimmer signal —o
Local data (Note) )1
bus j_ Data bus <t -0
Data bus ,0—)| Port latch }—— *
" INT, interrupt A
N request \‘U]

(8) Port P4g, P4;, P6,
Timer 1 output selection bit
Timer 3 output selection bit —

Timer 6 output selection bit
Direction
register

Data bus — Port latch

(7) Port P4,-P4,, P6,, P63

Direction
7| register

Data bus —t-={_Port latch _}

;

Y

LY
b

|

<3
INT;-INT, interrupt request
CNTRg, CNTR, or timer 4
external clock input

Timer 1 output selection bit
Timer 3 output selection bit
Timer 6 output selection bit

% . High-breakdown-voltage P-channel transistor

Note. The dimmer signal sets the Toff timing

Fig. 4 Port block diagram (1)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(9) Port P5,, P5, (10 Port P54, P5,, P55, P5¢
Direction Output-off control signal
register Serial I/0 port selection bit —
') Direction
register o
Data bus —~ Por T }— il '
Data bus — Port latch :1
—< &
Sour o Scik —d‘—
rr T - il
! Serial clock nput !
L e e -J
(1) Port P53, P5; P52, PSe only

Sgrpy output selection bit

Direction
register
Data bus — Port latch

(12 Port P86,

PWM output enable bit —,

- Direction j'
’1 register
Data bus — Port latch j'

"N
Sroy output — ____ 1 —<
~a |
LCS input 4—@7 PWM output E

19 Port PGs (4 Port P8

—
register ={S/P switching register| -
— —
D-Jj Dimmer signal —so

— } )|
Data bus —->{_Port latch | | Drecton ] (Note)
Local data reqister
) bus _‘_l
Data bus —4—o° Port latch

\' ‘-N—[ )
A-D converter input

* : High-breakdown-voltage P-channel transistor
Note,

Note The dimmer signal sets the Toff timing

Fig. 5 Port block diagram (2)
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INTERRUPTS

A total of 18 source can generate interrupts: 5 external, 12

internal, and 1 software.

* Interrupt Control )
Each interrupt is controlled by its interrupt request bit, its
interrupt enable bit, and the interrupt disable flag except
for the software interrupt set by the BRK instruction. An
interrupt is generated if the corresponding interrupt re-
quest and enable bits are “1” and the interrupt disable
flag is “0".
Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but
cannot be set by software.
The | flag disables all interrupts except for the BRK in-
struction interrupt.

Table 1. Interrupt vector addresses and priorities

* Interrupt Operation

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

address is read from the
counter.
* Notes on Use

vector table into the program

If you will change interrupt edge selection from rising
edge to falling edge, interrupt request bit will be set to
“1” automatically. Therefore, please make following pro-

cess;

(1) Disable INT which is selected.

(2)
(3
(4)

Change INT edge selection.
) Clear interrupt request which is selected.
Enable INT which is selected.

o Vector Address (Note 1) Interrupt Request
Interrupt Cause Priority - : Remarks
. High Low Generation Conditions
Reset (Note 2) 1 FFFD4s FFFCqe At reset Non-maskable
INT 2 E— FEFA At detection of either rising or | External interrupt (active edge
° 16 e falling edge of INT, input selectable)
INT 3 FFF9 FFF8 At detection of either rising or | External interrupt (active edge
1 16 b falling edge of INT, input selectable)
INT 4 EFE7 FEF6 At detection of either rising or | External interrupt (active edge
2 16 e falling edge of INT, input selectable)
N Valid when senal 170 normal
Serial 1701 At end of data transfer .
selected )
Senal 1/0 automa- 5 FFFS1s FFF41e Valid when serial 1/0 automa-
. At end of final data transfer
tic transfer tic transfer mode 1s selected
Serial 1/02 6 FFF346 FFF24¢ At end of data transfer
Timer 1 7 FFF146 FFFO4¢ At timer 1 overflow
Timer 2 8 FFEF4e FFEE 6 At timer 2 overflow STP release timer overflow
Timer 3 9 FFED;¢ FFECqe At timer 3 overflow
Timer 4 10 FFEB4s FFEAs At timer 4 overflow ]
Timer 5 1 FFE9, 6 FFE84¢ At timer 5 overflow
Timer 6 12 FFE746 FFE646 At timer 6 overflow
INT 13 FFES FFE4 At detection of either rising or | External interrupt (active edge
3 16 16 falling edge of INT3 input selectable)
INT At detection of either rising or | External interrupt valid when INT, inter-
4 falling edge of INT,4 input elected (active edge selectable)
............................ 14 FFE31S F':E21e
At end of A-D conversion when A-D interrupt s
A-D converter selected
. o Valid when FLD blanking inter-
FLD blanking At fall of final digit
...................... ruptis selected .
o 15 FFE14¢ FFEOs¢ At nise of each digit Valid when FLD digit interrupt
FLD digit is selected
BRK Instruction 16 FFDD1e FFDC¢ At BRK instruction execution Non-maskable software interrupt

Note 1. Vector addresses contain interrupt jJump destination addresses

2. Reset function in the same way as an interrupt with the highest priority
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Interrupt request bit———‘
Interrupt enable bit —

Interrupt disable flag(l) ——d

BRK instruction

—

Reset

Interrupt request

Fig. 6 Interrupt control

7

Interrupt edge selection register
(INTEDGE : address 003Aq¢)

INT, active edge select bit
INT, active edge select bit
INT, active edge select bit
INT; active edge select bit
INT, active edge select bit
INT4/A-D conversion

interrupt switching bit 1

CNTR;y active edge select bit }
CNTR;, active edge select bit

Interrupt request register 1
(IREQ1 : address 003Ce)

]— INT, interrupt request bit

INT, interrupt request bit
INT, interrupt request bit

0 : Falling edge active

1

: Rising edge active

0 [ INT, interrupt

1

. A-D interrupt

0 : Count at rising edge

1

Serial 1/01 interrupt request bit, or

Senal I/0 automatic transfer
interrupt request bit

Serial 1/02 interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrupt request bit

"

Timer 3 interrupt request bit

Interrupt control register 1
CONT1 : address 003E;)

INT, interrupt enable bit
INT, interrupt enable bit
INT, interrupt enable bit

Serial 1701 interrupt enable bit, or
Serial I/0 automatic transfer
interrupt enable bit

Senal 1/02 interrupt enable bit
Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

. Count at falling edge

7 0
l [ I(|

=

Interrupt request register 2
REQ2 : address 003D;¢)

Timer 4 interrupt request bit
Timer 5 interrupt request bit
Timer 6 interrupt request bit
INT3 interrupt request bit

INT, interrupt request bit, or
A-D conversion interrupt request bit

FLD blanking interrupt request bit, or
FLD digit interrupt request bit
Not used (returns “0” when read)

0 : No interrupt request issued
1 ! Interrupt request issued

7

0 : Interrupts disal

Interrupt control register 2
l (ICON2 : address 003F¢)

Timer 4 interrupt enable bit
Timer 5 interrupt enable bit
Timer 6 interrupt enable bit
INT; interrupt enable bit

INT, interrupt enable bit, or
A-D conversion interrupt enable bit

FLD blanking interrupt enable bit, or
FLD digit interrupt enable bit

Not used (returns “0” when read)
Not used

(do not write “1” to this bit)

bled

1 ! Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS
Microcomputers of the M3817x group have six built-in
timers. The timers count down. Once a timer reaches 00;¢,
the next count pulse loads the contents of the correspond-
ing timer latch into the timer, and sets the corresponding
interrupt request bit to 1. Each timer also has a stop bit that
stops the count of that timer when it is set to “1”.
Note that the system clock ¢ can be set to either high-
speed mode or low-speed mode by the CPU mode reg-
ister.
* Timer 1 and Timer 2
The count sources of timer 1 and timer 2 can be selected
by setting the timer 12 mode register.
Timer 1 can also output a rectangular waveform from the
P4¢/T1oyr pin. The waveform changes polarity each time
timer 1 overflows.
The active edge of the external signal CNTR, can be set
by the interrupt edge selection register.
When the chip is reset or the STP instruction is executed,
all bits of the timer 12 mode register are cleared, timer 1
is set to FFyg, and timer 2 is set to 014.

Timer 3 and Timer 4

The count sources of timer 3 and timer 4 can be selected
by setting the timer 34 mode register.

Timer 3 can also output a rectangular waveform from the
P4,/T30yr pin. The waveform changes polarity each time
timer 3 overflows.

The active edge of the external signal CNTR; can be set
by the interrupt edge selection register.

.

Timer 5 and Timer 6

The count sources of timer 5 and timer 6 can be selected
by setting the timer 56 mode register.

Timer 6 can also output a rectangular waveform from the
P6,/PWM, pin. The waveform changes polarity each time
timer 6 overflows.

.

Timer 6 PWM,; Mode

Timer 6 can also output a rectangular waveform of n
cycles high and m cycles low. The n is the value set in
timer latch 6 (address 0025,5) and m is the value in the
timer 6 PWM register (address 0027,¢). If n is “0”, the
PWM; output is “L”, if m is “0” and n is not “0”, then the
PWM; output is “H”. In PWM mode, interrupts are gener-
ated at the rising edge of the PWM, output.

_ MITSUBISHI
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Data bus

P6, direction register

Timer 1
X, count RESET
on O b nfernal sysem | Seurce Timer 1 latch (8) RESET
clock selection | “1” selection bit ‘ STP instruction
y Q i 0 | 2 Timer 1 (8) Timer 1 interrupt request
n O B g 0" Timer 1
count sto
P4g/Tiour P4 latch bit P
Timer 1 output
selection bit
Timer 2
count y
oo Source Timer 2 latch (8),
P4 direction register selecllon bt - 0146
o I Timer 2 (8) Timer 2 interrupt request
e Tz
«1g» Timer 2
count stop
o l> | Tismg/fallmg I bit
P62/CNTR, edge switch
Timer 3
count
source Timer 3 latch (8),
«q»|selection bit
) o »_ Timer 3 (8) Timer 3 interrupt request
P4,/ T3our P4;latch| 0" Timer3 d.
count stop bit
Timer 3 output .
Timer 4
selection bit
count Timer 4 latch (8)
w01 | Source
selection bit
ooty ool T 6T
P, direction register| 0050 [ X Timer 4 (8) . Timer 4 interrupt request
“10" Timer 4
- count stop
Timer 5
PN Timer 5 latch (8)
“1”|selection bit ‘
_ o k Timer 5 (8) Timer 5 interrupt request
0 Timer 5
count stop bit
Timer 6
count
.| Saurce Timer 6 latch (8),
01| selection bit
R > k Timer 6 (8) . Timer 6 interrupt request
“10” Timer 6
count stop
bit
[Timer 6 PWM register (8)
P6,/PWM; O <}<1-Ps: latch
.' 4;1 e PWM
N o
Timer 6 output °
selection bit Timer 6 operation

mode selection bit

Fig. 8 Timer block diagram
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0 f(X;n) or f(Xgy) divided by 16

1—7-1—1—]—]——'—[—[% Timer 12 mode register U Timer 34 mode register
(T12M : address 0028¢) (T34M : address 0029:6)
l——— Timer 1 count stop bit ‘-— Timer 3 count stop bit
0 : Operating 0 ! Operating
1 : Stopped 1 . Stopped
L——— Timer 2 count stop bit Timer 4 count stop bit
0 : Operating 0 ! Operating
1 ! Stopped 1 . Stopped
Timer 1 count source selection bit

Timer 3 count source selection bit
0 @ f(Xin) or f(Xcin) divided by 16

11 f(Xemw) 1 : Overflow from timer 2

Timer 2 count source selection bits Timer 4 count source selection bits
b5 b4 b5 b4
0 0 : Overflow from timer 1 00 :#(Xin) or f(Xcw) divided by 16
01 f(Xow) 0 1 : Overflow from timer 3
1 0 : External count input CNTR, 1 0 : External count input CNTR,
11 Do not use 11 Do notuse

Timer 1 output selection bit (P4g) t———————————— Timer 3 output selection bit (P4;)
0 :1/0 port 0 :1/0 port

1 : Timer 1 output

I——,—r—r—r—l——-[T—O-I Timer 56 mode register
(

T56M : address 002A,5)
L Timer 5 count stop bit

0 : Operating
1 ! Stopped
Timer 6 count stop bit
0 : Operating
1 . Stopped
Timer 5 count source selection bit
0 : f(X) or f(Xoin) divided by 16
1 ! Overflow from timer 4
Timer 6 operation mode selection bit
0 : Timer mode
1 ' PWM mode

Timer 6 count source selection bits
b5b4
0 0 : f(Xi) or f(Xcin) divided by 16
0 1 : Overflow from timer 5
1 0 : Overflow from timer 4
11 Do not use

Timer 6 (PWM,) output selection bit (P6,)
0 :1/0 port
1 ! Timer 6 output

1 : Timer 3 output

Fig. 9 Structure of timer-related registers

Timer 6

count source

Timer 6
PWM mode

i I

nXtg mXtg

(n+m)Xtg

Timer 6 interrupt request

I .

Timer 6 interrupt request

Note. If the value set in timer 6 I1s n and the value set In the timer 6 PWM register i1s m, a PWM waveform with

duty cycle n/(n+m) and period (n+m)Xts 1s output (where s tg the frequency of the timer 6 count source)

Fig. 10 Timing in timer 6 PWM, mode
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SERIAL 1/0 Serial 1/02 can only be used in normal operation mode.
Microcomputers of the M3817x group have two built-in 8-bit The 1/0 pins of the serial 1/0 function also operate as I/0
clock synchronized serial 1/0 channels (serial 1/01 and se- port P5, and their operation is selected by the serial I/0
rial 1/02). control registers (addresses 0019;5 and 001Dye).

Serial 1/01 has a built-in automatic transfer function.Normal
serial operation can be set via the serial I/0 automatic
transfer control register (address 001A;¢).

Main data Local data
bus _

Main Local
address bus address bus

SI/0 automatic
transfer RAM
(010046 to 011F;¢

>

transfer data
pointer
SI/0 automatic|

transfer
controller

Address decoder

Serial 1/0 automatic
transfer interrupt request

Xew Internal
system clock
“1” ¥ selection bit o

O
Xn O “0"C P54 latch Synchronization
clock selection
o = | bit “”

P5a/Sapys O (Note) o Srov1 |

/CS/Sciki2 arrcut

.55 % Sciki2 x 0"

S |External clock

P5; latch

wg
P5,/S ~<]—o/& :: }—
2/Scrkin O Apo L Senial 1/0 counter 1(3

Senal 1701
interrupt request

Senal 1701 port selection bit

wyr

. - n _O=-P5, latch
P5/Soutt [

R
Serial 1/01 port selection bit
PSo/Smy O > Serial 1/0 shift register 1(8)

Frequency divider

O
P5; latch Synchronization

g clock selection ¥
___ g bit “1”
P57/Sgoy2 o Srovz |$ym:nrmuauo O=
JE— circut
Sgpy2 output selection bit —ﬁ “Q”

0 g
P56/SciLkz2 PS5 latch
“17 O 4 enal 1/0 counter 2(3) Setnal 1702
Senial 1/02 port selection bit interrupt request
: e
P5s/Sourz P5¢ latch

1&1»0‘
Serial 1/02 port selects
P5,/Sine O ena port selechon bi ’{Senal 1/0 shift register 2(8)}‘J

Note. Selection is by the synchronization clock selection bit, the Sgpys output selection bit, and the serial 1/01 port selection bit of the senal I/01
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the serial 1/0 automatic transfer
control register

Fig. 11 Serial 170 block diagram
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(Serial YO Control Registers) SIO1CON, SIO2CON
Each of the serial 1/0 control registers (addresses 0019
and 001D;) contains seven bits that select various control

parameters of the serial 1/0 function.

7 0

I—[—l— Internal synchronization clock selection bits

Serial 1/01 control register (SIO1CON(SC1) : address 0019;¢)

b2 b1 b0
000 :f(Xn) or f(Xcin) divided by 8
< f(Xin) or f(Xc) divided by 16
L f(Xn) or f(Xein) divided by 32
*f(Xin) or f(Xoi) divided by 64
T f(Xin) or f(Xci) divided by 128
T f(Xin) or f(Xcin) divided by 256
Serial 1/01 port selection bit (P5,, P5,, and P55*)
0 :1/0 port
1 Souris Scikit, and Scikiz® signal pins
Srov: output selection bit (P53) '
0 170 port
1 : Srpyt/CS™ signal pin
Transfer direction selection bit
0 :LSB first
1 ! MSB first

—_ -0 oo

0
1
1
1
1

—_—o — O —

7 0

Synchronization clock selection bit
0 : External clock
1 ! lInternal clock

Serial 1702 control register (SIO2CON(SC2) : address 001Dyg)

Internal synchronization clock selection bits

b2 bl b0

000 :f(Xpn) or f(Xen) divided by 8
$H(Xin) or f(Xew) divided by 16
TH(Xin) or f(Xoin) divided by 32
T1(Xin) or f(Xain) divided by 64
SH(Xin) or f(Xoiy) divided by 128
(X)) or f(Xgin) divided by 256
Seral 1/02 port selection bit (P55 and P5g)

0 :1/0 port

1 : Sourte and Sci k. signal pins
Srovz Output selection bit (P5;)

0 :1/0 port

1 : Sgrpyz signal pin
Transfer direction selection bit

0 :LSB first

1 © MSB first
Synchronization clock selection bit

—_—— 0 oo
_—— O
—_,O = O =

0 : External clock
1 !lnternal clock *

% : Vahd only in senal I/0O automatic transfer mode

Fig. 12 Structure of serial I/0 control registers
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(1)

Operation in Normal Serial I/0 Mode

Either an internal clock or an external clock can be
selected .as the synchronization clock for serial 1/0
transfer. A dedicated divider is built-in as the internal
clock, giving a choice of six clocks.

If internal clock is selected, transfer start is activated
by a write signal to a serial 1/0 register (address
001B,¢ or 001F,¢). After eight bits have been transfer-
red, the Spyt pin goes to high impedance.

If external clock is selected, the clock must be control-
led externally because the contents of the serial 1/0
register continue to shift while the transfer clock is in-
put. In this case, note that the Soyr pin does not go to
high impedance at the completion of data transfer. The
interrupt request bit is set at the end of the transfer of
eight bits, regardless of whether the internal or exter-
nal clock is selected.

Synchronization
clock

Transfer clock 'III';IIIIIIIII'
|
|

\ |
Il
|

Senal 1/0 register n
write signal

Senal 1/0 output
SOUT

Sernal I/0 input |
Sin (

Receive enable i 1

o L

SHDV

Note. If internal clock is selected, the Soyr pin is at high impedance

after transfer ends

Interrupt request bit set

Fig. 13 Serial I/0 timing in normal mode (for LSB first)

()

Serial /0 Automatic Transfer Mode

The serial 1/01 function has an automatic transfer func-
tion. For automatic transfer, switch to the automatic
transfer mode by setting the serial 1/0 automatic trans-
fer control register (address 001Ag).

The following memory spaces are added to the circuits
used for the serial 1/01 function in ordinary mode, to
enable automatic transfer mode:

* 32 bytes of serial I/0 automatic transfer RAM

* A serial I/0 automatic transfer control register

* A serial 1/0 automatic transfer interval register

* A serial I/0 automatic transfer data pointer

When using serial 1/0 automatic transfer, set the serial
1/0 control register (address 0019,¢) in the same way
as for ordinary mode. However, note that if external
clock is selected and bit 4 (the Sgpy; output selection
bit) of the serial 1/01 control register is set to “1”, port
P55 becomes the CS input pin.

(Serial /0 Automatic Transfer Control Register)
SIOAC

The serial 1/0 automatic transfer control register (address
001As¢) contains four bits that select various control para-
meters for automatic transfer.

7 0
| I Serial 170 automatic transfer control register

(SIOAC : address 001A:6)
Automatic transfer control bit
0 : Ordinary senal mode
(serial 1/01 interrupt)
1 : Automatic transfer mode
(serial 1/01 automatic transfer interrupt)
Automatic transfer start bit
0 : Transfer end
1 : Transferring(start of 1 write)
Transfer mode switching bit
0 : Fullduplex(transmit and receive)
mode
1 ! Transmit-only mode
Synchronization clock output
pin selection bit
0: Sciki1

1 % Scikiz

Fig. 14 Structure of serial I/0 automatic transfer

control register

AL
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(Serial /0 Automatic Transfer Data Pointer) SIODP
The serial I/O automatic transfer data pointer (address
0018,¢) contains five bits that indicate addresses in serial
1/0 automatic transfer RAM (each address in memory is
actually the value in the serial I/0 automatic transfer data
pointer plus 010046).
Set the serial 1/0 automatic transfer data pointer to (the
number of transfer data—1), to specify the storage position
of the start of data.
« Serial I/0 Automatic Transfer RAM
The serial I/0 automatic transfer RAM is the 32 bytes
from address 0100,¢ to address 011F.

Bit
Addres 7 6 s
010046
010146
010245

011016
011E46

011F1s

Fig. 15 Bit allocation of serial I/0 automatic transfer RAM

« Setting of Serial I70 Automatic Transfer Data
When data is stored in the serial I/0 automatic transfer
RAM, it is stored with the start of the data at the address
set by the serial 1/0 automatic transfer data pointer and
the end of the data at address 01004s.

(Serial I/0 Automatic Transfer Interval Register)
SIOAI

The serial 1/0 automatic transfer interval register (address
001C4s) consists of a 5-bit counter that determines the
transfer interval Ti during automatic transfer.

If a value n is written to the serial I/0 automatic transfer in-
terval register, a value of Ti= (n+42) X Tc is generated,
where Tc is the length of one bit of the transfer clock.
However, note that this transfer interval setting is only valid
when internal clock has been selected as the clock source.

Transfer clock

Serial 1/0 output

Serial I/0 input ) Dl
Sin

Te

1 byte data

oy ————w ~(50; X006, X50; X505 0. 00 X0 B0, p= — = — — — — 2 G G G G
Dl X DIz XDls XDls X 0ls X Dls XDl X XXX

T

Fig. 16 Serial I/0 automatic transfer interval timing

2—180

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

« Setting of Serial I/0 Automatic Transfer Timing
Use the serial 1/01 control register (address 0019,¢) and
the serial 1/0 automatic transfer interval register
(address 001C4¢) to set the timing of serial I/0 automatic
transfer.
The serial 1/01 control register sets the transfer clock
speed, and the serial I/0 automatic transfer interval reg-
ister sets the serial 1/0 automatic transfer interval.
This setting of transfer interval is valid only when internal
clock is selected as the clock source.

« Start of Serial I/0 Automatic Transfer
Automatic transfer mode is set by writing “1” to bit 0 of
the serial 1/0 automatic transfer control register (address
001A46), then automatic transfer starts when “1” is written
to that bit. Bit 1 of the serial /0 automatic transfer control
register is always “1” during automatic transfer; writing
“0” to it is one way to end automatic transfer.

* Operation in Serial 1/0 Automatic Transfer Modes
There are two modes for serial 1/0O automatic transfer: full
duplex mode and transmit-only mode. Either internal or
external clock can be selected for each of these modes.

(2.1) Operation in Full Duplex Mode

In full duplex mode, data can be transmitted and received
at the same time. Data in the automatic transfer RAM is
sent in sequence and simultaneously receive data is written
to the automatic transfer RAM, in accordance with the serial
1/0 automatic transfer data pointer.

The transfer timing of each bit is the same as in ordinary
operation mode, and the transfer clock stops at “H” after
eight transfer clocks are counted If internal clock is
selected, the transfer clock remains at “H” for the time set
by the serial I/0 automatic transfer interval register, then
the data at the next address indicated by the serial 1/0
automatic transfer data pointer is transferred. If external
clock is selected, the setting of the automatic transfer inter-
val register is invalid, so the user must ensure that the
transfer clock is controlled externally.

Data transfer ends when the contents of the serial 1/0 auto-
matic transfer pointer reach “004¢". At that point, the serial
170 automatic transfer interrupt request bit is set to “1” and
bit 1 of the serial 1/0 automatic transfer control register is
cleared to “0” to complete the serial I/0 automatic transfer.

(2.2) Operation in Transmit-Only Mode

The operation in transmit-only mode is the same as that in
full duplex mode, except that data is not transferred from
the serial 1/01 register to the serial I/0 automatic transfer
RAM.

Transfer direction selection bit LSB first (SC15=0) : MSB LSB
MSB first (SC15=1) : LSB MSB
DO; | DOg | DOs | DO, | DO3 | DO, | DOy | DO,
SIN SOUT
l l —> | Dlp | DO;| DOg¢ | DOs | DO4| DO3| DO, | DO, | —>
T
— | Dl | Dl IDO7 DOG‘DOS 004}003 DOg| —
I | | I | | > DI, | DI, | Dlp { DO; | DOg | DOs | DO, | DOs =
d
Illlllllllllll'l Di; | Dlg | Dis | DIy | DIz | DIy Dth!oJ
Transfer clock Serial 1/01 register
Fig. 17 Serial I/01 register in full duplex mode
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(2.3) If Internal Clock is Selected

If internal clock is selected, the P53/Spoy1/CS/Scikiz pin
can be used as the Sgpy; pin by setting the SC1, bit to “1”.
If internal clock is selected, the P53 pin can be used as the
synchronization clock output pin Sgiki2 by setting the
SIOAC; bit to “1”. In this case, the Sgikq1 pin is at high im-
pedance.

Select the function of the P53/Sppy1/CS/Scikiz and P5,/

If using the Sgiki1 and Sciki2 pins for switching, set the
P53/Srov1/CS/ScLki2 pin to P55 by setting the SC1,4 bit to
“0”, and set the P53 direction register to input mode.

Make sure that the SIOAC; bit is switched after automatic
transfer is completed, while the transfer clock is still “H”.

Table 2. Scik11 and Sci k12 selection

: . . : . SC1g SC14 SC3; SIOAC3 P52/Sciki1 | P53/Scikiz
Sciki1 Pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6 0 Soucn P55 :
(SC1e) of the serial 1/01 control register (address 00194) 1 0 1 Figh
and bit 3 (SIOAC;) of the serial I/0 automatic transfer con- ! impedanse Soukrz
trol register (address 001Ass). (See Table 2.) . Note. SC1;: Serial I/01 port selection bit
SC1, ! Sgpyy output selection bit
SC1e : Synchronization clock selection bit
SIOAC; : Synchronization clock output pin selection bit
Sernal I/0 automatic transfer
control register _n _— /[
bit 1 write signal
Serial I/0 automatic transfer -
control register bit 1 —J —!——
Write signal from RAM to n n_. !
senial I/01 register 1 h
Write signal from serial 1/01 : fl - 4
register to RAM | : \\ !
' Data pointer Nl [, S T\ W
T T T
Tramsfer clock ——y MMM
(internal or Sc,k output) : i
Recelve L .
enabled signal |
SRDY
Serial I/0 output - — — —— {50X50, XD0,YD0.X00.X00-X00X00, )
sOUT
Serial 1/0 input
S €1 CD CD €5 € €D €D &
Transfer interval
Fig. 18 Timing during serial 1/0 automatic transfer (internal clock selected, Sgpy used)
Senal 1/0 automatic transfer
control register - // // |l
bit 1 write signal
Senal I/0 automatic transfer I - -
control register bit 1 J
Write signal from RAM to N n. n
serial 1/01 register
Write signal from serial 1701 ]ﬂ - jﬂ
register to RAM | F ! “
Data pointer ™ 1 X pra| 0T I\ i)
| 1
SIOAC, | _ \\ ! ?\
Transfer clock ! . A
(internal) t||||||||||||||k -
1 I
z |
Souerr output M MMM ) ,
|
Sciki2 output - |
Senal 1/0 output
Sour— === (22X 20.X20:X20:X20.X 20 XCoX20 )= = = = ==
Senal 1/0 input
o X XX e T E L - )
Transfer interval

Fig. 19 Timing during serial I/O automatic transfer (internal clock selected, Sc k11 and Scik12 used)
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(2.4) If External Clock is Selected

If an external clock is selected, the internal clock and the
transfer interval set by the serial 1/0 automatic transfer in-
terval register are invalid, but the serial 1/0 output pin Soyr
and the internal transfer clock can be controlled from the
outside by setting the Spoy; and CS (input) pins.

When the CS input is “L”, the Sour pin and the internal
transfer clock are enabled. When the CS input is “H”, the
Sour pin is at high impedance and the internal transfer
clock is at “H”.

Select the function of the P&/%/&/Samz pin by set-
ting bit 4 (SC1,) and bit 6 (SC1s) of the serial 1/01 control
register (address 0019;5) and bit 0 (SIOAC,) of the serial
1/0 automatic transfer control register (address 001A;).
Make sure that the CS pin switches from “L” to “H” or from
“H” to “L” while the transfer clock (Sc.k input) is “H” after
" one byte of data has been transferred.

If external clock is selected, make sure that the external
clock goes “L” after at least nine cycles of the internal sys-
tem clock ¢ after the start bit is set. Leave at least 11 cy-
cles of the system clock ¢ free for the transfer interval after
one byte of data has been transferred.

It CS input is not being used, note that the Soyr pin will not
go high impedance, even after transfer is completed.

If CS input is not being used, or if CS is “L”, control the ex-
ternal clock because the data in the serial 1/0 register will
continue to shift while the external clock is input, even after
the completion of automatic transfer. (Note that the automa-
tic transfer interrupt request bit is set and bit 1 of the auto-
matic transfer register is cleared at the point at which the
specified number of bytes of data have been transferred.)

Table 3. P53/Sgrpy1/CS selection

SClg SC14 SIOAC, P53/Srov1/CS
0 X P5,
0 ; 0 Srov1
1 =

Note. SC1,: Sgpy; output selection bit
SC1g . Synchronization clock selection bit
SIOAC, : Automatic transfer control bit

Senal |/0 automatic transfer
control register

bit 1 write signal

Sernal 1/0 automatic transfer

control register bit 1
Write signal from RAM to
senal |/01 register ﬂ

N

Write signal from serial 1/01

register to RAM

Data pointer n

External input
s |

)

|

IN

|
Transfer clock
Scik input |
|
Transfer clook =] M MMM LML |
(internal) | |
S | 1/0 output l ||
eria outpu
f,’UT -@E'E@'Eﬂ@m
Senial /O Ingut
S @D (DI; XDI2XDIgXDis X Dls X Dig XDI7) n (X XX XX

N

|

X n-1
=T

I

|

|

|

|

|

|

|
—q——————

|

I

Note. Data marked with X 1s invalid

Fig. 20 Timing during serial 1/0 automatic transfer (external clock selected)
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PULSE WIDTH MODULATION (PWM)
OUTPUT CIRCUIT

Microcomputers of the M3817x group have a PWM function
with a 14-bit resolution. When the oscillation frequency Xy
is 4MHz, the minimum resolution bit width is 500ns and the
cycle period is 8192us. The PWM timing generator sup-
plies a PWM control signal based on a signal that is half
the frequency of the Xy clock.

The explanation in the rest of this data sheet assumes X\y=
4MHz.

Data bus
Setto 1 at PWML register(address 002D;¢)
(wrlte > \ *
LT T o)
JQK__C_
Lol [ L1 [ [ [
PWMH register
(address 002C+6)
(? \
PWM latch(14bits)
bel | L L LT T T T T T T Tsf
\ A J
14
P6, latch
P6y/PWM
PWM
14-bit PWM circuit —0
PWM output
T selection bit
PWM output
X PWM __ |(128xs period) selection bit
N 172 timing P6, direction
(4MHz) generator |(8192us period) register
(2MHz) s P

Fig. 21 PWM block diagram
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(1)

Data Set-up

The PWM output pin also functions as port P6,. Set port
P6o to be the PWM output pin by setting bit 0 of the
PWM mode register (address 002B.s). The upper
eight bits of output data are set in the upper PWM reg-
ister PWMH (address 002C;¢) and the lower six bits
are set in the lower PWM register PWML (address
002Dy6).

Transfer From Register to Latch

Data written to the PWML register is transferred to the
PWM latch once in each PWM period (every 8192us),
and data written to the PWMH register is transferred to
the PWM latch once in each sub-period (every 128us).
When the PWML register is read, the contents of the
latch are read. However, bit 7 of the PWML register in-
dicates whether the transfer to the PWM latch is com-
pleted; the transfer is completed when bit 7 is “0”.

Table 4. Relationship between lower 6 bits of data and

period set by the ADD bit

(3) PWM Operation

The timing of the 14-bit PWM function is shown in Fig.
24. The 14-bit PWM data is divided into the lower six
bits and the upper eight bits in the PWM latch.

The upper eight bits of data determine how long an
“H”-level signal is output during each sub-period.
There are 64 sub-periods in each period, and each
sub-period is 256X 7 (128us) long. The signal is “H”
for a length equal to N times 7, where 7 is the mini-
mum resolution (500ns).

The contents of the lower six bits of data enable the
lengthening of the high signal by 7 (500ns). As shown
in Fig. 21, the six bits of PWML determine which sub-
cycles are lengthened.

As shown in Fig. 24, the leading edge of the pulse is
lengthened. By changing the length of specific sub-
periods instead of simply changing the “H” duration, an
accurate waveform can be duplicated without the use
of complex external filters.

Sub-periods where “H” pulse width 1s 32 us :
Sub-periods where “H” pulse width 1s 31 5 us :

m = 8, 24, 32, 40, 56
m = all other values

Lower 6 Bits of Data(PWML) Sub-periods tm Lengthened (m =0 to 63)
LS8
00000% | None For example, if the upper eight bits of the 14-bit data
000001 m=32 . .
000010 Im=tsm are 0346 and the lower six bits are 05, the length of
000100 | m=8,240.55 the‘ H”-level f)utput in sub-.penods ts, toa, taz,.t.;o, and
001000 | m=4,12 20,28, 3, 44,5260 tsg is 47, and its length 3 7 in all other sub-periods.
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 o ,57,59, 61, 63
8192 us
128 us 128 us 128 us 128 us 128 us
m=0 m=7 m=8 m=9 m=63
_( « 1
))
= = = = > = > = = Q > = e =
315 us 315 us 315 us 32.0 us 31.5 us 315 us 315 us
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101

Fig. 22 PWM timing
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EED:ED:]{

0

P60o/PWM output selection bit
0 : 170 port
1 PWM output

PWM mode register (address 002B,¢)

Lower

Lower

PWM output l l |
O]

H=6A5, L=18;5 ==t

Fig. 28 Structure of PWM mode register
Data 6A,s stored at address 002Cg Data 7B;¢ stored at address 002C6
PWMH
register 596 IL 6A1s 1 hY 7B
Data 24,6 stored | at address 002D¢ Bit 7 cleared after transfer \ Data 35,¢ stored at address 002D4¢
PWML 1 .
register 1316 At 8 1 24 I Vi 35
lTransfer from register to latch 85,5/‘ Transfer from register to latch
Pmﬂblft)ch [1653:6 | X 1a93,6 1AA41s [1aadis] N 1eea, y 1EF5y6 |
Its
T=8192us *—— When bit 7 of PWML 1s 0, transfer
from register to latch Is disabled
(64X128us) L ¢
_/‘—/ —128 \.\'\.
L t=128us T — ]
Example! 6A |[6B 6A 6B 6A 6B 6A 6B 6A 6B |6B |6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A [6B 6A

Example 2 6A
PWM output

6-bit output :

6-bit outputtl 5 512415 5 5 5 5
H=6A5, L=24,¢ ° > ° !
6B1g 36times 6A- - 28tmes______ 106X 64436
(107) (106)

6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A

6A 6B 6A 6B 6A 6B [6A 6A

6B16 24times 6As - —————=106X64+24
L — t=128us - —]
256X0.
Minimum bit width| 7 =0.5us ( Sus)
—
PWM output 68]6n 1691681674 ) 6A3693 68467} io2or)
@ ADD ADD '
8-bit 02101300 |FFFEIFDIFCE 971903 05 -nome 1021 014500 |FFiFE]FDIFCS —rrrm I —
A A A L L L A e A A e - .l P L A A AL i A A
counter
The ADD -j - J )
portions with H period length specified by PWMH
additional T are L
determined by
PWML 2567 (128us), fixed
Fig. 24 14-bit PWM timing
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A-D CONVERTER
The functional blocks of the A-D converter are described
below.

(A-D Conversion Register) AD

The A-D conversion register is a read-only register that
contains the result of an A-D conversion. This register
should not be read during an A-D conversion.

(A-D Control Register] ADCON

The A-D control register controls the A-D conversion pro-
cess. Bits 0 to 2 of this register select specific analog input
pins. Bit 3 signals the completion of an A-D conversion. The
value of this bit remains at “0” during an A-D conversion,
then changes to “1” when the A-D conversion is completed.
Writing “0” to this bit starts the A-D conversion.

(Comparison Voltage Generator)

The comparison voltage generator divides the voltage be-
tween AVgg and Vgge by 256, and outputs the divided vol-
tages.

(Channel Selector)
The channel selector selects one of the input ports P7,/AN;
to P7¢/ANg

(Comparator and Control Circuit)

The comparator and control circuit compares an analog in-
put voltage with the comparison voltage and stores the re-
sult in the A-D conversion register. When an A-D conver-
sion is complete, the control circuit sets the A-D conversion
completion bit and the A-D interrupt request bit to “1”.

Note that the comparator is constructed linked to a capaci-
tor, so set f (X,n) to at least 500kHz during A-D conversion.

7

0
[—[—‘—l—‘—,—m A-D control register
(ADCON : address 00304¢)
Analog input pin selection bits

b2 bl b0

L P7¢/ANg

L P7./AN,

: P7,/AN,

P P73/AN;

. P74/AN,

: P7s/ANs

: P7¢/ANg

. P7;/AN;

onversion completion bit
. Conversion In progress
: Conversion completed

Do not use

Do not use

—_—O—m O -0 =0

0O - =00 = =00

A-|

—o0—-—-—-—0co0o0co

Fig. 26 Structure of A-D control register

A-D interrupt request

Data bus
7 0
A-D control register l I I I I r ] 1
3
A-D control circuit

P7o/ANy O— =
P7/AN; O— =]
P72/AN2 () = 8 Comparator A-D conversion registe
P73/AN; O—=] <

[z
P74/ANy O——e Tc)
P7s/AN; O— | §

o Resistor ladder
P76/ANg ()—— =]
P72/AN; (O— l i

VREF AVSS

Fig. 26 A-D converter block diagram
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD CONTROLLER « Port PO segment/digit switching register
Microcomputers of the M3817x group have fluorescent dis- « Port P1 digit/port switching register
play (FLD) drive and control circuits. « Port P8 segment/port switching register
The FLD controlier consists of the following components: * Key-scan blanking register ,
* 24 pins for segments * 48-byte FLD automatic display RAM
* 16 pins for digits Eight to twenty-four pins can be used as segment pins and
* FLDC mode register ) four to sixteen pins can be used as digit pins.
* FLD data pointer Note that only 32 pins (maximum) can be used as segment
* FLD data pointer reload register and digit pins.
Main address Main data Local data
bus bus bus
- FLD automatic display RAM - S/P| P8y/Sy
0040:s[ G1 (SEG P8) N L——-—._A S/P| P8,/S,
G2 (SEG P8) | /| S/P| P8,/S,
: - S/P| P8,/S,
i S/P| P8./S,
‘ S/P| P85/Ss
G15 (SEG P8) v S/P| P8e/Se
004Fs| G16 (SEG P8) - S/P| P8,/S, R
005046|_G1 (SEG P3) 0034,; 001056
G2 (SEG P3) M NV
Local address N P3o/Sq
bus X | eI\ P81/S,
i 5 ‘ P35/819
P35/S
G15 (SEG P3) 7 st/s:;
005F 5] G16 (SEG P3) _ F3e/5:a
0060:6| G1 (SEG P0) - F3.75m,
G2 (SEGIPO) R
; . 00066
: : S/D] P0y/S;6/Dq
G15 (SEG P0) . R]S/D]_P0,/5,7/D;
006Fs| G16 (SEG P0) (3' S/D| P0,/S,4/D,
& s —=1S/D] P0,/S;o/D5
< S/D] P0,/S;0/Dy
8 ): S/D] P05/S,,/Ds
o ¢ S/D| P04/S,,/Dg
v — i i S/D| P0,/S;5/D, |
B— —y i 0032:6 000046
FLD data pointer reload - Key-soan
register(address 00374¢) N blanking
register P1y/Dg
(address 0035:6)] [F1,7D,

’:> ::g;g:sr | FLD data pointer P12/D1o

(address 0037¢) 34 P13/D4
- D/P| P1,/Dy»
D/P| P15/Dy3

D/P | Ple/Dys
D/P | P1,/D;5
0033;5 000276

Tlmlng ———a» FLD blanking interrupt
enerator i
g Ol == FLD digit interrupt

Fig. 27 FLD control circuit block diagram
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M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLDC Mode Register (FLDM)
The FLDC mode register (address 0036,¢) is a seven bit
control register which is used to control the FLD automatic

display.

Key-scan Blanking Register (KSCN)

The key-scan blanking register (address 0035;¢) is a two
bit register which sets the blanking period Tscan between
the last digit and the first digit of the next cycle.

0

o
o
o

L O SO = —

| N N =)

To

—o—-ogg—-—co—=—o

- =00y

FLDC mode register(FLDM : address 0036,¢)

Automatic display control bit(PO, P1, P3, P8)
0 ! Normal mode
1 ! Automatic display mode
Display start bit
0 : Display stopped
1 ! Display in progress
(display starts when “1” is written to this bit)
lesp control bits
(digit iming setting, when operating at 4MHz)
b4 b3 b2

ntrol bits (digit/segment-off timing setting)

S 1/16XTaisp
- 10/16XTdisp
$12/16XTqisp
$14/16X Tdisp

1 128us
1 256us
1 384us
1 512us
1 640us
1 768us
1 89%6us
1 1024us

Fig. 28 Structure of FLDC mode register (FLDM)

0

il

bl b0
00:
01
10:
11

Key-scan blanking register(KSCN : address 0035,6)

Tscan control bits

TIXT
ZXTg:zp FLD blanking interrupt
$3XTgisp | (atfall of final digit)

FLD digit interrupt(at nse of each digit)

Fig. 29 Structure of key-scan blanking register (KSCN)
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M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display Pins the FLDC mode register (address 00361¢) to “1”.
The FLD automatic display function of Ports PO, P1, P3, and When using the FLD automatic display mode, set the num-
P8 is selected by setting the automatic display control bit of  ber of segments and digits for each port.

Table 5. Pins in FLD automatic display mode

Port Name Automatic Display Pins Setting Method
SEG(-SEG; )
The individual bits of the segment/port switching register (address 003445) can be used to set each pin to
P8o-P87 or wan . .
erther segment (“1”) or normal port input (“0”) (Note)
P8,-P8;
P3,-P3; SEGg-SEG+s None (segment only)
SEG16-SEG23 " i
The individual bits of the segment/digit switching register (address 0032;6) can be used to set each pin to
P0o-PO, or wan R
segment (“1") or digit (“0") (Note)
DIG¢-DIG7
P1o-P13 DIGg-DIGyy None (digit only)
DIG12-DIG1s o . A '
The individual bits of the digit/port switching register (address 0033;5) can be used to set each pin to digit
P14-P1, or . e -
(“1”) or normal port output (“0”) (Note)
P14-P17
Note. Always set digits in sequence.
Number of segments
Number of digits 16 8 16 24 16
4 12 10 8 16
0| P8y 0| P8 0| P8y 1| SEGg 1| SEGq
0{ P8, 0| P84 0| P8, 1| SEG, 1| SEG
Port P8 0| P8, 0| P8, 0P8, 1| SEG, 1| SEG;
(has segment/port 0| P83 0| P83 0] P8 1| SEGs 1| SEG;
switching register) 0| P8, 0| P8, 1| SEG4 1| SEG, 1| SEG,
0| P8 0 |'P8s 1| SEGs 1| SEGs 1| SEGs
0| P8¢ 0| P8g 1| SEGe 1| SEGe 1| SEGs
0| P8, 0| P8; 1| SEG; 1| SEG; 1| SEG;
SEGs SEGg SEGsg SEGsg SEGs
SEGy SEGy SEG, SEGy SEGy
Port P3 SEGio SEGio SEGio SEGo SEG1o
(segment only) SEG, SEG4 SEGy; SEG14 SEG;,
SEG;2 SEG» SEG, SEG> SEG;,
SEG;3 SEG13 SEG;s SEG;3 SEG;3
SEG4 SEG14 SEGi4 SEG4 SEG14
SEGis SEGs SEG;s SEG;s SEG;s
1| SEGys 0| DIGo ~G12 1 i SEGis 1| SEGqe 0] DIGy =G16
1| SEGyy 0[DIG, »G11 1| SEG;7 1| SEGy7 0| DIG; =~G15
Port PO 1| SEGys 0| DIG, ~G10 1| SEGys 1| SEGqs 0| DIG, —=G14
(has segment/digit 1] SSGio 0| DIG3 ~G9 1| SEGys 1| SEG1g 0| DIG; —G13
switching register) 1| SEGpo 0| DIG, —~G8 0| DIG4 =G10 11| SEG2o 0| DIG, »G12
1| SEGy 0| DIGs ~G7 0| DIGs —+G9 1| SEGx 0| DIGs —~G11
1| SEGp 0| DIGs —~G6 0| DIGs ~G8 1| SEGp, 0| DIGs =G10
1| SEGps 0 } DIG; +~G5 0| DIG; =G7 1 | SEGy3 0| DIG; —=G9
DIGs G4 DIGg G4 _ | .DIGs —~G6 DIGs —G8 DIGs —~G8
DIGg —+G3 DIGg —G3 DIGy —»G5 DIGy —~G7 DIGy —=G7
Port P1 DIG;p —~G2 DIGyo ~G2 DIGyo —~G4 DIGyo =GB DIGyo —~G6
(has digit/port DIG;; —G1 DIGy; —~G1 DIG,; ~G3 DIG;; =G5 DIG,, =G5
switching register) 0| Pl 0] Pl 1] DIG,; ~G2 1] DIG,, —G4 1] DG, —G4
0{Pls 0] P15 1| DIG;3 =Gt 1| DIGy3 —G3 1| DIG;3 —~G3
0| Plg 0| Plg 0| Plg 1| DIGy4 —G2 1| DIGy4 —G2
0| Pl 0] Pl 0| Pl; 1| DIGy5s ~G1 1| DIGys =G1

Fig. 30 Segment/digit setting example
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M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display RAM

The FLD automatic display RAM area is the 48 bytes from

address 0040, to 006Fc. The FLD automatic display RAM

area can be used to store 3-byte data items for a maximum
of 16 digits. Addresses 004045 to 004F,s are used for P8
segment data, addresses 005046 to 005F¢ are used for P3
segment data, and addresses 00605 to 006F;¢ are used for

PO segment data.

* FLD Data Pointer and FLD Data Pointer Reload Register
The FLD data pointer indicates the data address in the
FLD automatic display RAM to be transferred to a seg-
ment, and the FLD data pointer reload register indicates
the address of the first digit of segment P3.

Both the FLD data pointer and the FLD data pointer re-
load register are allocated to address 0037, and are 6-
bits wide. Data written to this address is written to the
FLD data pointer reload register, data read from this
address is read from the FLD data pointer

The actual memory address is the value of the data poin-
ter plus 404¢, 5046, OF 6046. .

The contents of the FLD data pointer indicate the start
address of segment PO at the start of automatic display. If
segment PO or P3 data is transferred to the segment, the
FLD data pointer returns — 16; if segment P8 data is
transferred, it returns + 31. After it reaches “00”, the
value in the FLD data pointer reload register is transfer-
red to the FLD data pointer. In this way, three bytes of
data for the PO, P3, and P8 segments of one digit are
transferred .

Bit 7 6 5 4 2 1 0
Address Final digit

004046 SEG; SEGe SEGs SEG, SEG, SEG, SEGq —— (final data of

0041,¢ SEG; SEGe SEGs SEG, SEG, SEG;, SEGq segment P8)
Segment P8
data area

004E+¢ SEG; SEGs SEGs SEG, SEG, SEG, SEG,

004F ¢ SEG; SEGg SEGs SEG, SEG, SEG; SEGo Final digit

005046 SEGs SEG4 SEG;3 SEG SEG4 SEG1o SEGsg SEGs k&~ | —— (final data of

005146 SEGqs SEG14 SEGy3 SEG;2 SEGq4 SEGso SEGy SEGg segment P3)

: Segment P3

data area

005E,¢ SEG;s SEG14 SEG3 SEG, SEG4 SEGo SEGg SEGg

005F ;¢ SEG;s SEG, SEG3 SEG, SEG4 SEGo SEGs SEGg Final digit

006046 SEG»s SEG2, SEG,, SEG3o SEG;e SEGs SEG;7 SEGis | |—— (final data of

006146 SEGy; SEG2, SEG» SEG» SEGig SEGs SEG;, SEGs segment P0)
Segment PO
data area

006E+¢ SEGy; SEG2. SEG,, SEGyo SEGyo SEG,s SEG SEG+s

006F 16 SEG3 SEG», SEGy, SEG2o SEG,e SEG1s SEG;; SEG+s

Fig. 31 FLD automatic display RAM and bit allocation
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M3817x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

* Data Setup

~When data is stored in the FLD automatic display RAM,
the end of segment P8 data is stored at address 0040,
the end of segment P3 data is stored at address 0050,

Set the FLD data pointer reload register to the value

and the end of segment PO data is stored at address
006046. The head of each of the segment P8, P3, and PO
data is stored at an address that is the number of
digits—1 away from the corresponding address 0040,

005046, 0060+¢.

given by the number of digits—1. “1” is always written to
bit 5, and “0” is always written to bit 4. Note that “0” is al-
ways read from bit 5 or 4 during a read.

For 17 segments and 15 digits For 24 segments and 8 digits
(FLD data pointer reload register=14) (FLD data pointer reload register=7)
Bit Bit
Addres 7 6 5 4 0 Addross 7 [ 5 4 3 2 1 0
00404 00404
00415 00415 V/
0042,6 00426
0043, 0043,
004446 0044,¢
0045,¢ 0045,¢
0046,¢ 00466
004746 004746
004846 00486
00496 '} | 00496
004A¢ 004A¢
004B;6 4 004B¢
004C16 : 004C;s
004D 004D;6
004E¢ 004E4¢
004F 6 004F 16
00506 005046
005146 00514
00526 00526
005346 00536
005446 005445
005546 005516 d
005646 005646
005746 005746
005846 005846
0059,¢ 00596
005A¢ 005A+6
005B,¢ 005B+¢
005C16 005C,s
005D ¢ 005D+
005E 46 005E;¢
005F ¢ 005F ¢
006016 006016
00616 00616 V) 7
00626 006216
006316 006346
0064, 006416
0065, 00656 |/,
006646 006616
006746 006746
006816 006846
006946 00695
006A¢ 006A+¢
006B;s 006B;6
006C+s 006Cs
006D+¢ 006D,¢
006E+6 006E;6 [ |
006F 16 006F 16 !
Note. Shaded areas are not used

Fig. 32 Example of using the FLD automatic display RAM.
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* Timing Setting

The digit timing (Tdisp) and digit/segment turn-off timing
(Toff) can be set by the FLDC mode register (address
00364¢). The scan timing (Tscan) can be set by the key-
scan blanking register (address 0035;¢).

Note that flickering will occur if the repetition frequency
(1/(Tdisp X number of digits+Tscan)) is an integral mul-
tiple of the digit timing Tdisp.

FLD Start

To perform FLD automatic display, you have to use the
following registers.

* Port PO segment/digit switching register

« Port P1 digit/port switching register

* Port P8 segment/port switching register

» Key-scan blanking register

* FLDC mode register

* FLD data pointer

Automatic display mode is activated by writing “1” to bit 0
of the FLDC mode register (address 0036,¢), and the

automatic display is started by writing “1” to bit 1.
During automatic display bit 1 always keeps “1”, automa-
tic display can be interrupted by writing “0” to bit 1.

If key-scan is to be performed by segment during the

key-scan blanking period Tscan,

1. Write “0” to bit 0 (automatic display control bit) of
FLDC mode register (address 0036,¢).

2. Set the port corresponding to the segment to the nor-
mal port.

3. After the key-scan is performed, write “1” (automatic
display mode) to bit 0 of FLDC mode register
(address 0036¢).

Note on performance of key-scan in the above 1 to 3

order.

1. Do not write “0” to bit 1 of FLDC mode register
(address 00364¢).

2. Do not write “1” to the port corresponding to the digit.

FLD digit interrupt generated
at the nising edge of segment

Taisp Tscan
o — —
G n-1 ﬁ f——-—l
o L L
G1 ‘ r—
Pt s Vs Y e ¥ Y Y e Y i ¥ i Y s ¥ s ¥ e ¥ i V
¥~*v_—‘—/
T Segment setting by software

FLD blanking interrupt generated at
the falling of edge of the last digit

Tdisp

data
Digit
ST U Ga—
Toff

Fig. 33 FLDC timing
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RESET CIRCUIT retuned to an “H” level (the power supply voltage
After a reset, the microcomputer will start in high-speed should be between 2.8V and 5.5V). The Xy clock does
operation start mode or low-speed operation start mode not begin oscillating. In order to give the Xgy time to sta-

depending on a mask-programmable option.
* High-Speed Operation Start Mode

bilize, timer 1 and timer 2 are connected together and
512 cycles of the Xcin/16 are counted before internal op-

In high-speed operation start mode, reset occurs if the eration begins. After the reset is completed, the program
RESET pin is held at an “L” level for at least 2us then is starts from the address contained in address FFFD,q
returned to an “H” level (the power supply voltage (upper byte) and address FFFC,¢ (lower byte).

should be between 4.0V and 5.5V). Both the X,y and the If the Xciv clock is stable, reset will complete after
Xoin clocks begin oscillating. In order to give the X approximately 250ms (assuming f(X¢yy)=32.768kHz).
clock time to stabilize, internal operation does not begin Immediately after a power-on, the stability of the clock
until after 13 X,y clock cycles are complete. After the re- circuit will determine the reset timing and will vary
set is completed, the program starts from the address according to the characteristics of the oscillation circuit
contained in address FFFD,s (upper byte) and address used.

FFFCys (lower byte).
* Low-Speed Operation Start Mode

* Note on Use
Make sure that the reset input voltage is no more than

In low-speed operation start mode, reset occurs if the 0.8V in high-speed operation start mode, or no more than
RESET pin is held at a “L” level for at least 2us then is 0.5V in low-speed operation start mode.

i Power on

I(/

Note. Reset release voltages :
In high-speed operation start mode : Voc=4. 0V
In low-speed operation start mode : Vgo=2.8V

RESET

Voc

27

[
|
|
[
|
[

Power supply voltage

By __ — detection circuit

Fig. 34 Power-on reset circuit example
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Address Register contents Address Register contents
(1) Port PO register (000 04¢) (@) Timer 12 mode register (00284) 004¢
(2) Port P1 register (000 24) @1) Timer 34 mode register (002946)
(3) Port P2 register (000 446) (28) Timer 56 mode register (002A) 0046
(4) Port P2 direction register (0 0 0 54¢) (29 PWM control register (002Byg) 0046
(5) Port P3 register (000646) (30 A-D control register (003 04)
(6) Port P4 register (000 846) @31 Port PO segment/digit (003 24)

(7) Port P4 direction register (000 9,) switching register

(8) Port P5 register (000 A 0046 (32) Port P1 digit/port switching register (0 0 3 3 4¢)
(9) Port P5 direction register (0 0 0 Byg)-*- 0046 (339 Port P8 segment/port (0034,) 0046
(10 Port P6 register (000Cqe) switching register
(1) Port P6 direction register (0 0 0 D) (3 Key-scan blanking register (0 0 3 54¢)- 0046
(1)) Port P7 register (000E ) (3% FLDC mode register (00364
(13 Port f’7 direction register (0 0 0 F46)* (36) High-breakdown-voltage port (0 0 3 8 4g) "+
(14 Port P8 register (001 04) 0046 control register

(19 Port P8 direction register (00 1 146) (1) Interrupt edge selection register (0 0 3 Ayg)--

(39 CPU mode register (003Byg) nnnnn

(39 Interrupt request register 1 (0 0 3 Cyq)-

(16 Senal I/01 control register (00 1 9 46)-
(10 Senal 170 automatic transfer (0 0 1 Ayg)-

control register 40 Interrupt request register 2 (0 0 3 Dyg)""
(1) Senal 1/0 automatic transfer (0 0 1 Cyg)- 4) Interrupt control register 1 (0 0 3 E4¢)-

interval register 42 Interrupt control register 2 (0 0 3 F4¢)-- 0046

43 Processor status register (PS)-|X n X

(19 Senal 1702 control register (0 0 1 Dqg)--+

o
&
§
3|
21 2
w || »
el 2
|| ® 8
al|l a o
all e H
4
o || ©
w || »
» || »
milm
mi|lm
milm
3|81 <]
312

(20 Timer 1 register (002046) FFis (@) Program counter - (PCy)--
@) Timer 2 register (002146) (PCL)
(22) Timer 3 register (002 24) FFie
@3) Timer 4 register (002346) FFie
(4 Timer 5 register (0024y) - FFie
(9 Timer 6 register (002546) FFie

Note. * : The initial values of bits 7 and 6 of the CPU mode register are determined by a mask option
X @ Underfined
The contents of all other registers and RAM are undefined after a reset, so programs must set their imtial values

Fig. 35 Internal status at reset
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5.5V

Voo 4.0v

RESET

Xour
(4MHz)

Xcour

Internal
reset

.
|
Time until oscillation starts I/Tlme necessary for oscillation to stabilize

(32kHz) ] f

<

Time until oscillation starts

M

0.5us

System
clock

Address

Data

SYNC

=

Ry

LT LML
X X X XFFFCXFFFD XADH. Lx

AD_

ADy

Fig.

36 Reset sequence in high-speed operation mode

5.5V

Vee 5 gy

RESET

Xour

XCOUT

Internal
reset

(4MHz) — |

(32kHz) j
! Time until oscillation starts | Time necessary for oscillation to stabilize

/ (Oscillation stopped)

N\

le

1<

62.5us

System
clock
Address

Data

SYNC

Uy

: X X X XrrrcXFreDX X:

AD. X ADy

I |

Fig. 37 Reset sequence in low-speed operation mode
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CLOCK GENERATION CIRCUIT
When using an external clock signal, input the clock signal
to the X;n (Xciv) pin and leave the Xour (Xcour) pin open.
If the X v clock is not used, connect the Xgin pin to Vss,
and leave the Xcour pin open.
Either high-speed operation start mode or low-speed op-
eration start mode can be selected by using a mask option.
« High-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of X\y. Immediately after power-on, both the
Xin and Xgn clock start oscillating. To set the internal
clock ¢to low-speed operation mode, set bit 7 of the
CPU mode register (address 003By¢) to “1”.
* Low-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of X¢in. Immediately after power-on, only the
Xcin clock starts oscillating. To set the internal clock ¢ to
high-speed operation mode, first set bit 6 (CMg) of the
CPU mode register (address 003B;¢) to “0”, the set bit 7
(CMy) to “0". Note that the program must allow time for
oscillation to stabilize.
Oscillation Control
Stop Mode
If the STP instruction is executed, oscillation stops with
the internal clock ¢ at an “H” level. Timer 1 is set to
“FF46” and timer 2 is set to “014¢".
Either Xy or Xgin divided by 16 is input to timer 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>