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believed to be correct.and reliable. However, no responsibility is
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

Electrical characteristics
Supply Typ. | Min. | Max.
Type Circuit function and organization Structure ‘voltage pwr | cycle | fre- Package Page
() jssipation| time |quency
(mW) | (us) |(MHz)
MSeries MELPS 740 single-chip microcomputers
M50708-XXXSP/FP | SK-Byte Mask-Prog. ROM, 128-Byte RAM, C,si |5%10% | 15 | 2 | 4 |6aPaB/72P6 | 2—28
M50740A-XXXSP/FP 3K-Byte Mask-Prog. ROM, 96-Byte RAM C, Si 5+10% | 15 2 4 | 52P4B/50P6 2—3
M50740ASP External ROM type, 96-Byte RAM C, Si 5+10% | 15 2 4 | 52P4B 2—3
M50741-XXXSP/FP 4K-Byte Mask-Prog. ROM, 96-Byte RAM C, Si 5+10% | 15 2 4 | 52P4B/50P6 2—3
M50742-XXXSP/FP | SK°Bylo Mask-Prog. ROM, 128-Byte RAM, C.si |5+10% | 15 | 2 | 4 |eapaB/72Pe | 2—28
M50743-XXXSP/FP 4K-Byte Mask-Prog. ROM, 128-Byte RAM C, Si 5+10% 30 1 8 64P4B/72P6 2—54
M50744-XXXSP/FP 4K-Byte Mask-Prog. ROM, 144-Byte RAM C, Si 51+10% 15 2 4 64P4B/72P6 2—80
M50745-XXXSP/FP 6K-Byte Mask-Prog. ROM, 192-Byte RAM C, Si 5+10% | 15 2 4 64P4B/60P6 2—108
M50746-XXXSP/FP 6K-Byte Mask-Prog. ROM, 144-Byte RAM C, Si 51+10% | 15 2 4 | 64P4B/72P6 2—80
M50747-XXXSP/FP 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5+10% 30 1 8 64P4B/72P6 2—134
M50747H-XXXSP/FP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5+5% 45 | 0.67| 12 | 64P4B/72P6 2—164
_ 4K-Byte Mask-Prog. ROM, 128-Byte RAM, . +109 _
M50752-XXXSP High voltage port, CR oscillation type C, Si 5+10% | 15 2 4 | 52P4B 2—175
M50753-XXXSP/FP | SK-Bie Mask-Prog. ROM, 96-Byte RAM. c.si |5%10% | 15 | 2 | 4 |eapaseops | 2—199
] 6K-Byte Mask-Prog. ROM, 160-Byte RAM, ) _ 64P4B/72P6/ |,
M50754-XXXSP/FP/GP PWM, High voltage port, Serial /0 C, Si 4~5.5 20 {1.90| 4.2 64P6W 2—228
g 3K-Byte Mask-Prog. ROM, 96-Byte RAM, +100 _
M50757-XXXSP High voltage port, CR oscillation type C, Si 5+10% | 15 2 4 | 52P4B 2—175
» 3K-Byte Mask-Prog. ROM, 96-Byte RAM, o _
M50758-XXXSP High voltage port, Ceramic oscillation type C, Si 5+10%.| 15 2 4 | 52P4B 2—175
" 4K-Byte Mask-Prog. ROM, 128-Byte RAM,’ . +100 _
M50930-XXXFP LCD controller/driver, Serial 1/0 C, Si 5+10% | 20 |1.86| 4.3 | 80P6 2—265
- 4K-Byte Mask-Prog. ROM, 512-Byte RAM, o _
MS50931-XXXFP LCD controller/driver, Serial 1/0 : C, Si 5+10% | 20 |1.86| 4.3 | 80P6 2—265
8K-Byte Mask-Prog. ROM, 512-Byte RAM, _
M50932-XXXFP LCD controller/driver, Serial /0 C, Si 5+10% | 20 [1.86| 4.3 | 80P6 2—265
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 2—300
. Serial 1/0 .
8K-Byte Mask-Prog. ROM, 192-Byte RAM,
M50941-XXXSP/FP 8-bit A-D converter, High voltage port, C, Si 5+10% | 15 2 4 64P4B/72P6 2—300
Serial 1/0°
R 8K-Byte Mask-Prog. ROM, 192-Byte RAM, +100 _
M50943-XXXSP/FP 8-bit A-D converter, Serial 170 C, Si 5+10% | 30 1 8 64P4B/60P6 2—334
~ 12K-Byte Mask-Prog. ROM, 192-Byte RAM, . +100 _
M50944-XXXSP/FP %% 8-bit A-D converter, Two serial 1/0s C, Si 5+10% | 15 [1.91|4.19| 64P4B/64P6S | 2—364
_ 6K-Byte Mask-Prog. ROM, 144-Byte RAM, +100 _
M50950-XXXSP High voltage port, Two serial 1/0s C, Si 5+10% | 20 | 1.6 5 52P4B 2—400
_ 4K-Byte Mask-Prog. ROM, 144-Byte RAM, . S o _
M50951-XXXSP High voltage port, Two serial I/0s C, Si 5+10% | 20 | 1.6 5 | 52P4B 2—400
~ 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 64PEW 2—228
g 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 64PEW 2—228
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 2—433
Serial 1/0
16K-Byte Mask-Prog. ROM, 256-Byte RAM,
M50959-XXXSP/FP PWM, High voltage port, 4-bit comparator C, Si 4~5.5 20 |1.90| 4.2 | 64P4B/72P6 2—433
Serial 1/0 '
. | 10K-Byte Mask-Prog. ROM, 160-Byte RAM,
M50963-XXXSP/FP 8-bit A-D converter, 5-bit D-A converter PWM, C, Si 5+10% | 15 2 4 | 64P4B/72P6 2—472
Serial 1/0
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 2—472
Serial 1/0
** . Under development
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Electrical characteristics
Supply Typ. | Min. | Max. .
Type Circuit function and organization Structure voltage pwr | cycle | fre- Package Page
(v) dissipation| time [quency
(mW) | (us) |(MHz)

g 6K-Byte Mask-Prog. ROM, 192-Byte RAM, . o _
M37410M3-XXXFP. *x Serial 1/0, A-D converter, LCD controller/driver C. Si 510% 3(_) ! 8 80P6S 2—503
M37410M4-XXXFP **| 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5+10% | 30 1 8 80P6S 2—503

‘ 8K-Byté Mask-Prog. ROM, 512-Byte RAM, ; N : ' _
M37415M4-XXXFP *x LCD controller/driver, Serial /0, DTMF generator G, Si 4.5~5.5| 20 | 2.5 | 3.2 | 80P6 2—534
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 2—565
DBB,-3-Timer, PWM
M37450M4-XXXSP/FP *| 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 53+10% | 30 | 0.8 | 10 | 64P4B/80P6 | 2—565
M37450M8-XXXSP/FP *| 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, Si 5+10% | 30 | 0.8 | 10 | 64P4B/80P6 2—565
External ROM and RAM type, 5-Timer, 8-bit A-D . . > _
M50734SP/FP converter, Serial 1/0 C, Si 5410% | 30 1 8 64P4B/72P6 2—625
External ROM and RAM type, 5-Timer, 8-bit A-D . _
M50734SP-10 converter, Serial 170 , C, Si 5+10% | 35 | 0.8 | 10 | 64P4B 2—663
M37450S1SP/FP *| External ROM type 128-Byte RAM C, Si 5+10% | 30 | 0.8 | 10 | 64P4B/80P6 2—608
M37450S2SP/FP *| External ROM type 256-Byte RAM C, Si 5+10% | 30 | 0.8 | 10 | 64P4B/80P6 2—608
M3745084SP/FP *| External ROM type 384-Byte RAM C, Si 5%+10% | 30 | 0.8 | 10 | 64P4B/80P6 2—608
* . New product *% ! Under development :
\
\
1—a MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

Electrical characteristics
Supply Typ. | Min. | Max.
Type Circuit function and organization Structure voltage pwr | cycle | fre- Package Page
: (V) |dissipation time |quency’
(mW) | (us) |(MHz)
MExtended operating temperature version of microcomputers
4K-Byte Mask-Prog. ROM,144-Byte RAM
M50744T-XXXSP *| Extended operating temperature version of C, Si 5+10% | 15 2 4 64P4B 3—3
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 3—7
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 3—1
) M50753-XXXSP .
4K-Byte Mask-Prog. ROM,128-Byte RAM
M50930T-XXXFP *| Extended operating temperature version of C, Si 54+10% | 20 [1.86| 4.3 | 80P6 3—18
M50930-XXXFP
HPiggyback type microcomputers (EPROM mounted type)
M50740-PGYS Piggyback for M50740/M50741 C, Si 5+5% — 2 4 52S1M 4—3
M50742-PGYS Piggyback for M50742/M50708 C, Si 5+5% — 2 4 64S1M 4—8
M50743-PGYS Piggyback for M50743 C, Si 5+5% — 1 8 64S1M 4—13
M50745-PGYS Piggyback for M50745 C, Si 5+£5% — 2 4 64S1M 4—18
M50752-PGYS Piggyback for M50757/M50752 C, Si 5+5% — 2 4 52S1M 4—23
M50753-PGYS Piggyback for M50753 C, Si 5+5% — 2 4 64S1M 4—28
M50931-PGYS Piggyback for M50930/M50931/M50932 C, Si 5+5% — 2 4 80S6M 4—34
M50941-PGYS Piggyback for M50940/M50941 C, Si 5+5% — 2 4 64S1M 4—41
M50950-PGYS Piggyback for M50950/M50951 C,Si | 5*5% — 1.6 5 52S1M 4—48
M50955-PGYS Piggyback for M50754/M50954/M50955 C, Si 5+5% - 4.2 | 64S1M 4—54
M50964-PGYS Piggyback for M50964/M50963 C, Si 5+5% — 4 64S1M 4—60
M37450PSS *| Piggyback for M37450M2/M4/M8-XXXSP C, Si 5+5% — 0.8 10 | 64S1M 4—66
M37450PFS *| Piggyback for M37450M2/M4/M8-XXXFP C, Si 5+5% — 0.8 10 | 80S6M 4—72
HBuilt-in EPROM type microcomputers
MS0746E-XXXSP/FP | Qne Ume programmable .version of MSO746-| ¢ i | 54595 | 15 | 2 | 4 |e64PaB/72P6 |5—3
M50746ES/EFS EPROM version of M50746-XXXSP/FP C, Si 5+5% 15 2 4 64S1B/72S6 5—3
M50747E-XXXSP/FP %'(‘;S"j/r:‘:ﬁ, programmable version of MS0747-| & g | 5459 | 30 | 1 | 8 |64P4B/72P6 |5—18
M50747ES/EFS EPROM version of M50747-XXXSP/FP C, Si 5+£5% 30 1 8 64S1B/72S6 - | 5—18
MSOJ44E-XXXSP/EP x| Qne Ume programmable version of MS0944-| ¢ i | 5595 | 15 | 2 | 4 |64P4B/64PES |5—32
MS50944ES *%| EPROM version of M50944-XXXSP C, Si 5+5% 15 2 4 64S1B 5—32
M50957E-XXXSP %+ %r(l)e(SFt,ime programmable version of M50957- G si 5459 20 | 1.9 | 4.2 | 6aPaB 5—47
M50957ES **| EPROM version of M50957-XXXSP C, Si 5+5% 20 1.9 | 4.2 | 64S1B 5—47
M50963E-XXXSP/FP %(‘;sgme programmable version of MS80963- | & o | 54595 | 15 | 2 | 4 |64P4B/72PE | 5—57
M50963ES/EFS EPROM version of M50963-XXXSP/FP C, Si 5+5% 15 2 4 64S1B/72P6 5—57
. One time programmable version of . 450 s
M37410E6-XXXFP  *x| M37410M4-XXXFP C, Si 5+5% 30 1 8 80P6S 5—72
One time programmable version of . 4o y _
M37450E4-XXXSP/FP  * M37450M4-XXXSP/FP C, Si 5+5% 30 | 0.8 10 | 64P4B/80P6 5—81
M37450E4SS/FS *| EPROM version of M37450M4-XXXSP/FP C, Si 5+5% 30 0.8 10 | 64S1B/80S6 5—81
* . New product ** : Under development
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

Electrical characteristics
Supply | Typ. | Min. | Max.
Type Circuit function and organization Structure | voltage pwr | cycle | fre- Package Remarks
. (v) issipation| time |quency
(mW) | (us) [(MHz)
B Series MELPS 8-48 8-bit microcomputer
M5L8048-XXXP 1K-Byte Mask-Prog. ROM, 64-Byte RAM N,Si,ED|5+10% | 325 |-2.5 6 | 40P4 Note 2
M5L8035LP External ROM type, 64-Byte RAM N,Si,ED|5+10% | 325 | 2.5 6 | 40P4 Note 2
MS5L8049-XXXP . . +1004 |-.200 11.36] 11
M5L8049-XXXP-6 2K-Byte Mask-Prog. ROM, 128-Byte RAM N,Si,ED|5%£10% 500 | 2.5 3 40P4 Note 2
M5L8039P-11 . 500 |1.36| 11
- +10%
M5L8039P-6 External ROM type, 128-Byte RAM N,Si,.ED|5+10% 500 | 2.5 3 40P4 Note 2
MS5L8049H1-XXXP | 2K-Byte Mask-Prog. ROM, 128-Byte RAM N,Si,ED!|5%+10% | 350 |1.07 | 14 | 40P4 Note 2
M5L8039HLP-14 External ROM type, 128-Byte RAM N,Si,ED|5310% | 350 |1.07 | 14 | 40P4 Note 2
M5MB80C49A-XXXP . ‘no,
M5MBOGAOH-XXXP 2K-Byte Mask-Prog. ROM, 128-Byte RAM C,Si 51+10% | 25 |1.36| 11 | 40P4 Note 2
M5MB80C39AP . . .
M5M80C39HP External ROM type, 128-Byte RAM C,Si 5+10% | 25 |1.36| 11 | 40P4 Note 2
M5MC49A-XXXFP . :
M5MG49H-XXXFp | 2K-Byte Mask-Prog. ROM, 128-Byte RAM C,Si 51+10% | 25 |1.36| 11 | 42P6 Note 2
M5MB8050H-XXXP | 4K-Byte Mask-Prog. ROM, 256-Byte RAM N,Si,ED|5+10% | 350 [1.36| 11 | 40P4 Note 2
M5M8040HP External ROM type, 256-Byte RAM N,Si,ED|5%+10% | 350 |[1.36| 11 | 40P4 Note 2
M5M8050L-XXXP 4K-Byte Mask-Prog. ROM, 256-Byte RAM N,Si,ED|5+10% | 250 | 2.5 6 | 40P4 Note 2
M5M8040LP External ROM type, 256-Byte RAM N,Si,ED|5+10% | 250 | 2.5 6 | 40P4 Note 2
MSeries MELPS 8-41 8-bit microcomputer
_ Universal peripheral interface . 0, .
M5L8041A-XXXP 1K-Byte Mask-Prog. ROM, 64-Byte RAM N,Si,ED|5+10%, | 300 | 2.5 6 | 40P4 Note2
_ Universal peripheral interface . +100
M5L8041AH-XXXP 1K-Byte Mask-Prog. ROM, 64-Byte RAM N,Si,ED|5+10% | 450 [1.25| 12 | 40P4 Note 2
_ Universal peripheral interface . o
M5L8042-XXXP 2K-Byte Mask-Prog. ROM, 128-Byte RAM N,Si,ED|5%10% | 450 [1.25| 12 | 40P4 Note 2
HLSIs for pheripheral circuit )
M50790SP 1/0 Expander(CE = low active) C,Al 4~14 — — — | 52P4B Note 3
M50791SP 1/0 Expander(CE = low active) C,Al 4~11 — — — | 52P4B Note 3
M5L8243P 170 Expander N,Si,ED|5+10% | — — — 24P4 Note 2
M5M82C43P 1/0 Expander C,Si 5+10% | — — — .| 24P4 Note 2
M5M82C43FP 1/0 Expander C,Si 5+10% | — — — | 24P2W . Note 2

Note 1. Al=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. N=N-channel. Si=Silicon gate
Note 2. Reforto 1987 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS Vol. 2.

Note 3. Reforto 1986 MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 8-BIT MICROCOMPUTERS.
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Development support systems

Development support systems

Debugging machine

Evaluation board

Type Host machine| Assembler Main unit Option board Software or piggyback
) M50740A-XXXSP/FP
M50741-XXXSP/FP PCA4040 M50740-PGYS
M50740ASP
SDT745
M50742-XXXSP/FP
Ad M50742-PGYS
M50708-XXXSP/FP PCA4042 50742-PG
PCA4043 ;
M50743-XXXSP/FP PAGI0IaR RTT7a5 | M80743-PGYS
M50744-XXXSP/FP
MB50744T-XXXSP PCA4044G02 SDT745 | M50746E-XXXSP/FP
M50746-XXXSP/FP (Note 1)
M50746E-XXXSP/FP PCA4044RG02 RTT745 | M50746ES/EFS
M50746ES/EFS
PCA4045 SDT745 .
M50745-XXXSP/FP POAIOZER RTT745 | M80745:PGYS
M50747-XXXSP/FP PCA4047G02
M50747H-XXXSP/FP PCA4047XG02* SDT745 | M50747E-XXXSP/FP
M50747T-XXXSP — (Note 1)
M50747E-XXXSP/FP PCA4047RG02 RTT745 | M50747ES/EFS
MB50747ES/EFS PCA4047XRG02*
M50752-XXXSP
M50757-XXXSP PCA4057 M50752-PGYS
M50758-XXXSP
M50753-XXXSP/FP PCA053 SDT745  ['M50753-PGYS
M50753T-XXXSP (Note 1)
M50754-XXXSP/FP/GP PCA4054G02
M50954-XXXSP/FP/GP M50955-PGYS
M50957-XXXSP/FP PCA4054RG02 M50957E-XXXSP/FP
MS50957E-XXXSP ' (Reconstruct by order) | SPT745
. 16-bit
g_':f s M50957ES ers:)nal ASM745 PCA4054RG02 MS0957ES
) M50959-XXXSP/FP P RASM745 PC4000E | (Reconstruct by order) | RTT745
Series M50930-XXXFP computer | ¢ ams745% ‘
MELPS 740 (MS-DOS) PCA4093 SDT745
MS0930T-XXXFP (Note2) M50931-PGYS
m:g:g;zx;’:g PCA4093R RTT745 (Note 1)
M50940-XXXSP/FP PCA4094 SDT745
M50941-PGYS
M50941-XXXSP/FP PCA4094R RTT745 G
M50943-XXXSP/FP PCA4033 PCA4333G02*
M50944-XXXSP/FP PCATO4L** M50944E-XXXSP/FP**
M50944E-XXXSP/FP M50944ES**
M50950-XXXSP SDT745
MB50951-XXXSP PCA4095 M50950-PGYS
:"Aggggg'ixzﬁ;i: PCA4064* M50963E-XXXSP/FP
- M50963ES/EFS
m:gzgg;’;ggw FP PCA4064R* RTT745 | M50964PGYS
M37410M3-XXXFP
M37410M4-XXXFP M37410T-OPT** M37410E6-XXXFP**
M37410E6-XXXFP
M37415M4-XXXFP Ni37415T-OPT ™ SDT745 —
M37450M2-XXXSP/FP
M37450M4-XXXSP/FP M37450T-OPT*
450PSS/FS
M37450M8-XXXSP/FP M37450TX-OPT* M37450PSS
mgzggg;iijii M37450E4-XXXSP/FP
M37450S4SP/FP M37450T-RTT* :
450E4SS/FS
M37450E4-XXXSP/FP M37450TX-RTT* RTT745 | M37450B4SS
M37450E4SS/FS
M50734SP/FP PCA4034G02* SDT745 _
M50734SP-10 PCA4034RG02* RTT745
* . Evaluation board Y New product Y¥Under development
(Note 1) Notes on the operation temperature range when used for extended operating temperature version.
(Note 2) MS-DOS? is a registered trade-mark of Microsoft® Inc.
MITSUBISHI 1—7
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT SYSTEMS

Program writing adapter for EPROM version

MELPS 740 EPROM version
microcomputers

Program writing adapter
for EPROM version

M50746E-XXXSP

M50746ES

M50747E-XXXSP

M50747ES

M50963E-XXXSP

M50963ES

PCA4700G02

M50746E-XXXFP

M50746EFS

M50747E-XXXFP

M50747EFS

M50963E-XXXFP

MS50963EFS

PCA4701G02

M50944E-XXXFP

PCA4714*

M50957E-XXXSP

MS50957ES

PCA4703

M37450E4-XXXSP

M37450E4SS

PCA4710

M37450E4-XXXFP

M37450E4FS

PCA4711

M37410E6-XXXFP

PCA4705*

* . New product
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MITSUBISHI MICROCOMPUTERS

ORDERING INFORMATION

FUNCTION CODE
Mitsubisi 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 Producs
Example1. M 5 07 40-001 SP -2

M : Mitsubishi integrated prefix

Temperature range

5 [ Standard industrial/commercial
(010 70/75C or —20 to 85C)

9 [ High reliability

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

1 . Linear circuit

3 LTTL

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~S2 : Schottky TTL

Circuit function identification code using 2 digits.
A character next to 2-digit alphanumeric characters, “T”, is represented
using for automobile/industrial

Mask ROM number.

Package style

K . Glass-sealed ceramic flat package
P _+ Molded plastic

FP . Molded plastic flat package

GP : Molded plastic flat package

SP . Molded plastic shrink package

S . Metal-sealed ceramic

—Electrical characteristic identification code using 1 or 2 digits.

MITSUBISHI : ’ 1—9
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"MITSUBISHI MICROCOMPUTERS

ORDERING INFORMATION

Bample2 M 3 74 50 E 4 - 001 SP

M ! Mitsubishi integrated prefix

3 Represént 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

»woZ=m

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

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

1—10 ‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

ORDERING INFORMATION

2. PACKAGE CODE

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

Example.142 P 4 B
2e T 2 2

Number of pins

Package structure

K ! Glass-sealed ceramic
P . Molded plastic

S [ Metal-sealed ceramic

Package outline
1 DIP
2 S0P
4 :DIP
6 . QFP

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

MITSUBISHI —11
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 24P2W 24-PIN MOLDED PLASTIC SOP

ARARARARRAAS

| O
O |
NTTTTYTELLLLR

1.2740.2] i

8.4+0.2

0.440.1

' !0
1520.2 | H

' ©

S]

Dimension in mm

/5 T
0.5+0.2 ‘_L_ g 7:’*’88
‘ S | 1E7
11.93+0.3 [ ad
=

TYPE 24P4 24-PIN MOLDED PLASTIC DIP

Dimension in mm

0.5
31.\1’0‘2
| -
@ @
nonnonnnonononn
> O Ol ¢
— H
Uoguououguooouod
® @
15.24+0.3
(= = T
N 1 5.5MAX T
e +0.07
 0.5MIN J2-BMIN L2200
0.5+0.1 1
2.54+0.25 ‘-Zi_g:? 15.2~17
1
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 40P4 40-PIN MOLDED PLASTIC DIP

- 0.5
51.5 02

1@

@ |

ninisisisisisisisisisisisisinicisinisisl

R O

O

13+0.15

ToUoUouUooUUooUoUoUoouUgouUogg
@

w

12.54+0.25 lll0.5+0.1
1.2 +0.3

Dimension in mm

15.24 + 0.3

| 0.25+0-!

0.05

15.2-17

TYPE 42P6
()

42-PIN MOLDED PLASTIC QFP

@

L

(I ——
:!EO

]
@ O

o 3
' <
— —1 °

11 )
- — |
—  —
—Ir— -
== -
E————‘H

@

——1 o
— 11T ) @

11

i

Dimension in mm

ELECTRIC

1.7+0.2
. 1.5+0.2
j@.ﬂ.ﬂ.ﬂﬂﬂ.ﬂ.ﬂ_ﬂ.ﬂ__\):\\::ﬁk —JA00000000000
L 14.420.3 | s ° EE 10+0. 2 ‘
z 14.8+0.3
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

18+0.3

1 _ 12.4+0.2 ___J_*L_

Dimension in mm

TYPE 50P6 50-PIN MOLDED PLASTIC FLAT
@HHHHHHHHHHHHHH®
) \ ® 3
=0 :
— — —r— =
s o —r— ©
—r—] —
] o o )
o == 4
S Fr— !
== =
=0 OF=-
—— ——
50, (D)
@HHHHHHHHHHHHHH@ 53 S
| TE

B

0.1

— T

10£0.2

0.05MIN

!

15.62+0.3

[0)
®

45.85 ' 0.3
L ~0.2 N
2 27
on0onooonnNOOoAnNnNONANANNN
jujsjagupejajujujugijejupapuinpupnjujupnjupnjy

%

TYPE 52P4B 52-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm)

Dimension in mm

i

1.778+0.25

15.24 +0.3
134£0.15
| —=
5.5MAX >
Y +0.07
0.27
[ 2-8MIN ofle—~"—0.05
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 52S1M 52-PIN PIGGYBACK DIP Dimension in mm
) 50.8
R 2
CICICICICICIOICICIoYCloXOIC)
D
0000000000
(lDluuuuuuuuuuuuuuuuuuuuuuuuu .
2.54 ’ . 15.24
% RARANR RN NN SRV R TR AR _
i demb
Br— B
" e L4010 OsE0. B Ry
TYPE 60P6 60-PIN MOLDED PLASTIC QFP . Dimension in mm
® = @ 9
13.2+0.3
| g
‘_j ______________
- =z
E } s 1.320.2 | |
o ‘ S 18+0.3
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 64P4B 64-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) Dimension in mm

+0.5
58.4_0.2
(@) ®

3
OonnNnNAANNANNANNANAANNANANANANN

O O

gUU’UUUUUUUUUUUUUULIUUUUULILIUUUUUUL
D @

19.05+0.3 *

17.0£0.15

|

.3
1.778+0.25 1.0_g73

l' N — ] :
‘ :X_ 5.5MAX
\ +0.07
0.27
ﬁl 0.5MIN y2-8MIN fle— —0.05

| I

| 19~22 '

TYPE 64P6S 64-PIN MOLDED PLASTIC QFP

| ABAERARERRRARER |
2O =
WSO O,

AT
@ - ®

0.65%0.15

(2.8)

0.3%0.1

3. 05MAX

N

16.840.3

Dimension in mm

L 12.840.3 ' ‘
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 64P6W 64-PIN MOLDED PLASTIC QFP Dimension in mm

, - ‘ 14.0+0.15
X l
[ . 25.2+0.3 L o) ‘ ' 2.6Nom N~
: o 19.240.3
TYPE 64S1B 64-PIN CERAMIC DIP Dimension in mm

58. 5SMAX

p
p
p
]
]
I
1]
p
n
p
p
p
]
p
p
n
i
1]
p
p
g
p
p
p
n
1]
]
D
p
1]
]

5.35MAX
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 64S1M 64-PIN PIGGYBACK DIP Dimension in mm
- . 58.0%0.6 S
) @
SleleleloleleeeeEleEE

D
v u ClelEREERREREECE

v @
] jﬁ‘ﬁﬁﬁﬁﬁﬁﬁﬁ 2977 % 2o,
oattg

TYPE 72P6 72-PIN MOLDED PLASTIC QFP

Dimension in mm

10.820.15

0.1

4+

5

S i === =T

W %.ﬁuumuumnmwwwﬂ“\\_ = 130000000000000

S 0.2 | Trs0.2 i e t

! 23.6+0.3 % 3 = 13.280.2  |1.5%0.2
N [Ce] o
@l g 18.8£0.3 [
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 72S6 72-PIN MOLDED CERAMIC .QFP Dimension in mm
23.6%0.2
® 18.0+0.2
o 16.76+0.2
z @
3L TN
8 = =
= =]
— AR -FFF
o = —= 8 ¥ i
E%% K % of @ @
= =
%@E _J. g @
woso (I3 DUDCODOLD000N
T 0.4 TYP )]
0.8+0.2
$8.3%0.1 |~
s o
%3 <
sl
TYPE 80P6 80-PIN MOLDED PLASTIC QFP Dimension in mm
AT AR AR ARRRARRRRRRARR®
S =5 =
= =
i =
== O Q ==
L Rt -
0) @ s g
£l 22'1
~w ! o=
pday e
L F : InAN— _f 2\
s 20402 1.3£0.2— ' 1.3£0.2 1440.2 z
'Ik - 25.2:£0.3 — éJ
| 19.2+40.3 S
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 80P6S 80-PIN MOLDED PLASTIC QFP Dimension in mm
_ 1440.2 .
K @
| ‘
® o =@ |

o s o

= O

oo

o

o

o

o C\f

o .ﬁ

= 7

o

o

o

== O

R O =0
s ® @ S
0.65+0. 15 ‘ 0.3%0.1 ==
~ v +m\

! 16.8%0.3

" Ml |I S— ke

TYPE 80S6 80-PIN MOLDED CERAMIC QFP Dimension in mm
25.2:40.2
20.040.2

MWUUUUUD}J JJ))JJ)JW o

_____________ U

&

®

|
—+-
N

________________________

¢/@ j(fff(ffff((fﬂﬂﬂﬂﬂUﬂhhhmmm

. i
| J 0.80:-0. 2 . 0.38TYP

N
. fmmﬂnninnhmm

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

+0.05
0127700
3.0420.5
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 80S6M 80-PIN PIGGYBACK QFP Dimension in mm
0.8 H- 18.4
2] ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ i
® I o
[« =
° I . =
«—3] x g % g o
o = A = || Slo
- Vl :‘ o) § —_— -]
I f 12,02 %
A_AAR =
® T e
ndex on the package + ,  UUDUUUTTDDUOUDTTUTTTTOOT
‘ o 14.22 J® ,
Index on the socket * 18.12
22.3
25.2
R S ) = =
o o 2
127 [ 10,16 ! slg| ”
|
1
|
|
i
|
|
|
|
|
|
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MITSUBISHI MICROCOMPUTERS

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

1. INTRODUCTION

A system of letter symbols to be used. to represent the
dynamic parameters of intergrated circuit memories and
other sequential circuits especially for single-chip micro-
computers, microprocessors and LSls for peripheral
circuits has been discussed internationally in.the TC47
of the International Electrotechnical Committee (IEC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LS| data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes “Letter symbols for dynamic parameters of
sequential integrated circuits, including memories’ is
introduced below. In this data book, the dynamic para-
meters in the 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(sc-DCIF

where :

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

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

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

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

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

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

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

2: Subscripts D and E are not used for transition times.

3: The "“=" in the symbol (1) above is used to indicate “to’’; hence the sym-
bol represents the time interval from signal event B occuring to signal
event D occuring, and it is important to note that this convention is used
for all dynamic parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form

The general symbol given above may be abbreviated
when no misunderstanding is likely to arise. For example
to:

ta-D)
or. tae
or ta(D) — often used for hold times
or tar — no brackets are used in this case
cor  ta

or tBc—DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less.commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and

1—2 ‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

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
. . | . Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used
Fall time f 2: It should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z. (See clause 5)
P . . 3: If the same terminal, or signal, can be used for two functions (for example
reChargmg time pc Data input/output, Read/MWrite) 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 5. SUB
Setup time o . SUBSCRIPTS C AND E
Transition time 1 (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

L. X Valid steady-state level (either low or high) \%
Characteristic Subscript . e, ,
. Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output Z
Disable time dis . . L
. " The direction of transition is expressed by two letters,
Enable time en . . .
. . the direction being from the state represented by the
Propagation time P X ' )
. 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 . .

. 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 is limited to sense recovery time

4. SUBSCRIPTS B AND D

i H 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 zv \Y
Data input/output Da Note:  Since subscripts C and E may be abbreviated, and since subscripts B and D

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

MITSUBISHI | 12
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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

124 | MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol [Fortner symbol Parameter—definition

C, Input capacitance

Co Output capacitance

Cio Input/output terminal capacitance

Ci(g) Input capacitance of clock input

f Frequency

f(¢) Clock frequency

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

=) Supply current from Vgg

Isg(Av) Average supply current from Vgg

lce Supply current from Vce

lCC(AV) Avarage supply current from Vcc

lcc(pPD) Power-down supply current from Vcc

lpp Supply current from Vpp

lpD(AV) Average supply current from Vpp

¥ele} Supply current from Vgg

lgGg(av) Average supply current from Vgg

Iy Input current

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

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

lLono Built-in resistor current

lpeak Peak current

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

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

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

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

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

los Short-circuit output current

Iss Supply current from Vgg )

Pd Power dissipation

New Number of erase/write cycles

NRa Number of read access unrefreshed

R, Input resistance

Ry External load resistance

RofFF Off-state output resistance

Ron On-state output resistance

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

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

ta(cas) Column address strobe access time 4

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

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

ta(pR) Data access time after program

ta(ras) Row address strobe access time

ta (s) [va (Ccs) Chip select access time

tc Cycle time

tcR IC(RD) Read cycle time—the lirﬁe interval between the start of a read cylce and the start of the next cycle .

terF IC (REF) 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

tcra te(rPc) Page-mode cycle time

MITSUBISHI ‘ 15
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New symbol |Former symbol Parameter—definition
tcrRMW IC(RMH) Read-r'nodilv-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of
the next cycle
tew te(wR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
t4- Delay time—the time between the specified reference points on two pulses
td (¢) 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. s(rc;be to row address strobe
td (CAS-W) td(CAS WR) Delay time, column address strobe to write
td (RAS-CAS) Delay time, row address strobe to column address strobe
td (ras-w) td’(F\AS-WR) Delay time, row address strobe to write
tdlS(F\-O) IUIS(R-DA) Qutput disable time after read
tdis(s) tpxz(cs) Qutput disable time after chip select
tdis (w) tPxz(WR) Output disable time after write
toHL High-level to low-level delay time the time interval between specified reference points on the'input and on the output pulses. when the output is
. toLn : Low-level to high-level delay time going to the low (high) level and when the device is driven with a specified loading networks.
ten (A-Q) tpzv(a-Dg)| Outputenable time after address
ten(Rr-Q) tpzv(R-Dg)| Outputenable time after read
ten(&o) tPZX(CS~Do) QOutput enable time after chip select
te Fall time v
th Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal
th(a) th(ap) Address hold time
(h(A-E) th(AD-CE) Chip enable hold time after address
th(a-PR) th(Ap-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 time after column address strobe
Ih(CAS-Q) th(CAS»OUT) Data-out hold time after colur’nn 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
Ih‘(D) th(oa) 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-n) th(ce-pa) Data-in hold time after chip enable
th(e-6) th(ce-oE) Qutput enable hold time after chip enable
th(Rr) th(rRD) Read hold time
th(ras-ca) éolumn address hold time af(gr row address strobe
th(RAs-CAS) Column address strobe hold time after row address strobe
th(ras-D) [th(Ras-pa)| Data-inhold time after row address strobe
th(ras-w) |th(ras-wr)| Writehold time after row address strobe
th(s) th(cs) Chip select hold time
th(w) th(wn) Write hold time ‘
th(w-cas) |[th(wr-cas)| Column address strobe hold time after write
th(w-p) th(wr-DA) Data-in hold time after write
th(w-Ras) |th(wRr-Rras)| Rowaddress hold time after write
tpyL High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the
output is going to the low (high) level and when the device is driven and loaded by typical devices
tPLH Low-level to high-level propagation time of stated type
tr Rise time
trec(w) fwr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
trec (PD) trR(PD) Power»dowr‘\ recovery ||mé
tsu Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active
« tarnsition at another specified input terminal
tsu(a) tsu(ap) Address setup time
'
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New symbol [Former symbol Parameter—definition
tsu(a-e) |lsu(ap-ce)| Chipenable setup time before address

tsu(a-w) |lsu(ap-wr)| Writesetup time before address

tsu (CA'RAS;) Row address strobe setup time before column address
tsu(o) tsu(pa) Data-in setup time

tSu(D-E) tSU(DA-CE) Chip enable setup time before data-in

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

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

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

tsu(G-E) tsu(oe-ce)| Chipenable setup time before output enable

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

tsu(rPD) Power-down setup time

tsu(r) tsu(RD) Read setup time

tsu(r-cas) tsu (Ra-CAS) Column address strobe setup time before read

tsu (rA-CAS)
tsu(s)
tsu(s-w)
tsu(w)
TTHL
tTLH
tv(a)
tv(e)
tv(e)PR
tv(a)
tv(pR)
tv(s)

tw
tw(e)
tw (EH)
tw(eL) .
tw(pR)
tw(r)
tw(s)
tw(w)

twig)
Ta

Topr
Tstg
Ves
Vee
Voo
Vaa
Vi
ViH
Vie
Vo
Vo
VoL
Vss

tsu(cs)
tsu(cs-wR)

tsu(wr)

tdv (ap)
tdv (ce)
v (ce)PR
ty (oE)

tv(cs)

tw(ce)
tw(ceH),

tw(eL)

tw(rD)
tw(cs)

tw(wr)

Column address strobe setup time before row address

Chip select setup time

Write setup time before chip select

Write setup time

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

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

Data valid time after address

Data valid time after chip enable

Data valid time after chip enable in program mode

Data valid time after output enable

Data valid time after program »

Data valid time after chip select

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

Chip enable pulse width

Chip enable high pulse width

Chip enable low pulse width

Program pulse width

Read pulse width

Chip select pulse width

Wrtie pulse width

Clock pulse width

Ambient temperature

Operating temperature

Storage temperature

Vgg supply voltage

Ve supply voltage

Vpp supply voltage

VGa supply voltage

Input voltage

High-level input voltage—the value of the permitted high-stale 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

Vgs supply voltage

Note 1. These letter symbols are based on the |IEC publication 148 except a part of them.
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QUALITY ASSURANCE AND RELIABILITY TESTING

1 INTRODUCTION

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

To meet the above trend of expanding utilization of IC &
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 deéign, 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. v

(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)

(3) Material control such as silicon wafer, lead frame,
packaging material, mask and chemicals.

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

(5) 100% final inspection of electrical characteristics,
visual inspection and burn-in, if necessary.

(6) Quality assurance test .

-Electrical characteristics and visual inspection, lot by

lot sampling

-Environment and endurance test, periodical sampling.

(7) Inventory and shipping control, such as storage en-
vironment, date code identification, handling and ESD
(Electro Static Discharge) preventive procedure.

2.3 'Reliability Test

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

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

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

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

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

R Group Test Test condition
chip to detect basic failure mode and investigate fai- 1 Solderability 230°C, 5sec. Rosin flux
lure mechanism. Soldering heat 260°C, 10sec.
(6) Reliability test (In-house qualification) for new product 2 . | Thermal shock —55°C, 125°C, 15cycles
to confirm quality and reliability target. Temperature cycling —65°C, 150°C, 100cycles
(7). Decision of pre-production from the standpoint of per- 3 Lead fatigue 250gr, 90°, 2arcs
formance, reliability, production flow/conditions, pro- Shock 1500G, 0. 5Smsec.
duction capability, delivery and etc. 20G, 100~2000Hz
4 Vibration X, Y, Z direction
2 . . . 4min./cycle, 4cycles/direction
2. ) Qua"ty Assurance in ManUfaCturmg Constant acceleration 20000G, Y direction, 1min.
Quality assurance in manufacturing is performed as follows. T.=125°C, Vcomax
) . L 5 Operation life a ’
Environment control such as temperature, humidity and 1000hours
du§t as well as de|on|z.ed water and utility gases. 6 High tem.perature Ta=150"C, 1000hours
(2) ‘Maintenance and calibration control for automatized storage life :
manufacturing equipments, automatic testing equip- 5 :.'ghh ;emfi::amre and | g5, 859, 1000hours
ments, and measuring instruments. 191 humidity
' 9 Pressure cooker 121°C, 100%, 100hours
MITSUBISHI
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2.4 Returned Product Control

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

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

L RETURNED PRODUCT ]
I

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT

l

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.

FALURE ANALYSIS [
r—— - 7
| |
| VISUAL INSPEGTION '
I v I
| ELECTRICAL |
| CHARACTERISTICS TEST
| Y |
CLASSIFICATION OF |
I FAILURE MODES |
' ACCEPTANCE |3 ]
| =
| g !
@
[ & {
| -
| | simMuLATiON TEST T oot I
I | E— ¥ l.
B ELECTRICAL CHIP ANALYSIS |
. l (CHARACTERISTICS TEST| I
| REJECTION' I
lacceetance| " _ L . | R
’ -1 CONFIRMATION OF |
L _ FAILURECAUSE
l—_@VESTIGATION OF cAUSE) 1 LV
REPORT
GENERATION
PRELIMINARY
CORREGTIVE ACTION
CONFIRMATION
OF QUALITY NO,GO
REPORT TO
CUSTOMER
FIXED CORRECTIVE AGTION

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 resuilt 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, MELPS 740, MELPS 8-48, MELPS 8-41, and Peripher-
al LSls.

From Table 2, the combined failure rate of Mitsubishi Sing-
le-chip 8-bit Microcomputers is calculated 0.16% /1000hours
at 125C ambient temperature operation.

[ X Test Condition Number of | Device Hours | Number of
Test Series Type Number ’ .
Tal(’C) |Vece(volt) | Samples | (Hours) Failures

High Temperature MELPS 740 M50740A-XXXSP 125 7 1084 1, 816, 000 4
Operation Life M50743-XXXSP . 7 36 36, 000 0
M50744-XXXSP 7 132 180, 000 0
M50745-XXXFP 7 48 96, 000 0
M50747-XXXSP 7 480 732, 000 2

M50753-XXXFP 7 48 48, 000 0
M50754-XXXSP 7 120 186, 000 0
ME0757-XXXSP 7 48 48, 000 0
M50931-XXXFP 7 48 72,000 0
M50943-XXXFP 7 36 36, 000 0
1 M50950-XXXSP 7 36 72,000 0
M50734SP 7 84 132,000 0
M37450M2-XXXSP 7 38 38, 000 0
M37450S4SP 7 38 76, 000 0
M50747ES 125 7 38 38, 000 0
M50747E-XXXSP 7 140 280, 000 1
MELPS 8-48 M5L8049-XXXP 125 5.5 66 66, 000 0
M5L8050H-XXXP 5.5 72 72,000 0
M5M80C49-XXXP 5.5 170 170, 000 0
MELPS 8-41 MS5L8041A-XXXP 125 5.5 44 44, 000 0
M5L8042-XXXP 5.5 88 88, 000 0
Peripheral M5L8243P 125 5.5 44 44, 000 0
M5M82C43P 5.5 66 66, 000 0
High Temperature MELPS 740 M50740A-XXXSP 150 - 448 448, 000 0
Storage Life M50744-XXXSP 120 120, 000 0
M50747-XXXSP 360 720, 000 0
M50753-XXXFP 32 32, 000 0
M50754-XXXSP 60 60, 000 0
M50931-XXXFP 32 32, 000 0
M50943-XXXFP 22 22,000 0
M50734SP 48 48, 000 0
M37450M2-XXXSP 44 44, 000 0
M37450S4SP 44 44, 000 0
M50747ES 250 — 44 44, 000 0
M50747E-XXXSP 175 66 66, 000 0
MELPS 8-48 M5L8049-XXXP 150 - 66 66, 000 0
MS5L8050H-XXXP 66 66, 000 0
M5MB80C49-XXXP 88 88, 000 0
MELPS 8-41 M5L8041A-XXXP 150 - 44 44, 000 0
M5L8042-XXXP 88 88, 000 0
Peripheral M5L8243P 150 — 44 44, 000 Q
M5M82C43P 66 66, 000 0
.| Low Temperature MELPS 740 M50740A-XXXSP —55 5.5 48 44, 000 0
Storage Life M50744-XXXSP 5.5 36 36, 000 0
M50747-XXXSP 5.5 36 36, 000 0
- 22 22,000 0
M50753-XXXSP 5.5 36 36, 000 0
M50757-XXXSP 5.5 48 48, 000 0
M50950-XXXSP 5.5 24 24,000 0
M50734SP - 22 44, 000 0
M37450S4SP 5.5 22 22,000 0
M50747E-XXXSP —55 5.5 44 44, 000 0
MELPS 8-48 M5L8049-XXXP —55 - 22 22,000 0
M5M80C49-XXXP 22 22,000 0
MELPS 8-41 M5L8042-XXXP —55 — 22 22, 000 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-

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

Table 3 ENVIRONMENTAL TEST RESULTS

Test Seri T Numb Test Condition Number of | Device Hours | Number. of
s eries ype Rumber Ta('C) | RH(%) [Veolvolt)| Samples | (Hours) | Failures
High Temperature MELPS 740 M50740A-XXXSP 85 85 5.5 144 288, 000 1
High Humidity Life M50744-XXXSP 5.5 72 144, 000 0
M50744-XXXFP — 88 88, 000 0
M50745-XXXFP 5.5 24 48, 000 0
M50747-XXXSP 5.5 108 216, 000 0
M50747-XXXFP — 128 128, 000 0
M50753-XXXFP 5.5 32 32,000 0
M50754-XXXSP 5.5 48 48, 000 0
M50754-XXXFP - 44 44, 000 0
M50931-XXXFP - 66 66, 000 0
M50734SP 5.5 48 96, 000 0
M37450M2-XXXSP 5.5 38 38, 000 0
M50747E-XXXSP 85 85 5.5 44 44,000 0
MELPS 8-48 M5L8049-XXXP 85 85 5.5 66 66, 000 0
M5L8050H-XXXP ‘| 5.5 66 66, 000 0
M5MB0C49-XXXP 5.5 88 88, 000 0
M5MC49A-XXXFP 5.5 44 44, 000 0
MELPS 8-41 M5L8041A-XXXP 85 85 5.5 32 32,000 0
M5L8042-XXXP 5.5 88 88, 000 0
M5L8042-XXXP — 44 44, 000 0
Peripheral M5L8243P 85 85 5.5 66 66, 000 0
M5M82C43P 5.5 44 44, 000 0
M5M82C43FP 5.5 22 22,000 0
. " Number of | Number of Failures
‘ Test Series Type Number Test Condition Samples |96Hours|240Hours|500Hours
Pressure Cooker MELPS 740 M50740A-XXXSP 121°C, 100% 666 0 2 4
: M50744-XXXSP 102 0 0 1
M50747-XXXSP 388 0 1 2
M50753-XXXFP 44 .0 0 1
M50754-XXXSP 96 0 0 0
M50754-XXXFP 44 0 0 1
M50931-XXXFP 44 0 1 2
M50734SP 66 0 0 0
M37450M2-XXXSP 38 0 0 0
M37450S4SP 52 0 0 0
M50747E-XXXSP 121°C, 100% 220 0 1 —
MELPS 8-48 M5L8049-XXXP 121°C, 100% 66 0 0 0.
M5L8050H-XXXP ’ 44 0 0 1
| M5M80C49-XXXP 154 0 0 2
MELPS 8-41 M5L8041A-XXXP 121°C, 100% 44 0 0 0
. M5L8042-XXXP 110 0 0 1
Peripheral M5L8243P 121°C, 100% 22 0 0 0
M5M82C43P 22 0 0 0
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" Number of Number of Failures
Test Series Type Number Test Condition
Samples |10Cycles|100Cycles | 500Cycles

Temperature Cycling MELPS 740 M50740A-XXXSP —65C, 30min 220 0 0 1
M50743-XXXSP 150C, 30min 38 0 0 0

M50744-XXXSP 120 0 0 0

M50745-XXXFP 38 0 0 0

M50747-XXXSP 400 0 0 0

M50747-XXXFP ) 38 0 0 0

M50753-XXXFP 38 0 0 0

M50754-XXXSP 88 0 0 0

M50754-XXXFP 96 0 0 0

M50931-XXXFP 38 0 0 0

M50734SP 72 0 0 0

M37450M2-XXXSP 72 0 0 0

M37450S4SP . 52 0 0 0

M50747ES —65C, 30min 38 0 0 0

M50747E-XXXSP 150C, 30min 38 0 0 0

MELPS 8-48 M5L8049-XXXP —65C, 30min 88 0 0 0
M5L8050H-XXXP 150C, 30min 76 0 0 0

M5M80C49-XXXP 220 0 0 0

M5MC49-XXXFP 50 0 0 0

MELPS 8-41 M5L8041A-XXXP —65C, 30min 82 0 0 0
M5L8042-XXXP 150°C, 30min 50 0 0 0

Peripheral M5L8243P —65C, 30min 38 0 0 0
M5M82C43P 150°C, 30min 38 0 0 0
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Table 4 MECHANICAL TEST RESULTS

Package Pin Count 40P4 52P4B 64P4B 42P6 72P6, 80P6

Series | MELPS 8-48 MELPS 740 MELPS 740 MELPS 8-48 MELPS 740
) " Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of | Number of
Test Test Condition Samples | Failures | Samples | Failures | Samples | Failures | Samples | Failures | Samples | Failures
Soldering Heat 260°C, 10s 44 0 250 0 600 0 44 0 230 0
Thermal shack —40C, 125, 44 0 250 0 600 0 44 0 280 0
15cycles
Solderebility 230°C, 10s 110 0 110 o | 10 0 ‘110 0 110 0
Shock 1500G, 0. 5ms 40 0 44 0 . 52 0 44 0 44 0
20G, 100~2000Hz,
Vibration 4m/cycle, * 40 0 44 0 52 0 44 0 44 0
4cycles/direction
Constant 20000G, 1m 40 0 44 0 52 0 44 0 44 0
Acceleration
2509r/125gr, 100 0 100 0 100 0 100 0 100 0
Lead Integrity 80°Berding 2times
500gr/250gr, 50 0 50 0 50 0 50 0 50 0
Tension 30s
4 FAILURE ANALYSIS Au-Al intermetallic formation so-called “Purple plague”
Accelerated reliability tests are applied to observe failures by thermal overstress makes Au wire lift off from alumi-
. casued by temperature, voltage, humidity, current, mecha- num metallization. The activation energy of this failure
nical stress and those combined stresses on chips and mode is estimated approximately 1.0eV and no failure
packages. has been observed so far in practical uses.
Examples of typical failure modes are shown below. (2) Aluminum Corrosion Failure by Temperature/Humidity
(1) Wire Bonding Failure by Thermal Stress Stress.
Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- ‘Fig. 6, Fig. 7 and Fig. 8 are an example of corroded fa-
red by temperature storage test of 225°C, 1000hours. ilure of aluminum metallization in plastic encapsulated

IC after accelerated temperature/humidity storage test
(pressure cooker test) of 121°C, 100% RH, 1000hours

Fig.3 d .

Micrograph of uration.

lifted Au ball trace Aluminum bonding pad is dissolved by penetrated wa-

on Al bonding pad ter from plastic package, and chlorine concentration is
observed on corroded aluminum bonding pad as shown
in Fig. 8.

Fig.4 Fig.5
Au-Al plague formation Lifted Au wire ball base
on bonding pad » Fig.6

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

4

\

Fig.8

o Cl|

i 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.

_ TRACES OF Fig.9
IS YRGE ¢ | Micrograph of surge
--—==2-~DESTRUCTION | voltage destruction

Fig.10
Aluminum trace
of destructive spot

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

. | Fig.11

" Voids and

| hillocks
formation

by Aluminum

5 SUMMARY

The Mitsubishi quality assurance system and examples of

reliability control have been discussed. Customer’s interest

and requirement for high reliable IC & LSI are increasing

significantly. To satisfy customer's expectancy. Mitsubishi

as an IC vendor, would like to make perpetual efforts in the

following areas.

(1) Emphasis on built-in reliability at design stage and re-
liability evaluation to investigate latent failure modes
and acceleration factors.

(2) Execution of periodical endurance, environment and

mechanical test to verify reliability target and realize
higher reliability. '

(3) Focus on development of advanced failure analysis
techniques. Detail failure analysis, intensive corrective
action and quick response to customer's analysis re-
quest.

(4) Collection of customer's quality data in qualification, in-
c'oming inspection, production and field use to improve
PPM, fraction defective and FIT, failure rate.

Mitsubishi would highly appreciate if the customer would

provide quality and reliability data of incoming inspecfion or

field failure rate essential to verify and improve the quality/
reliability of IC & LSI.

electromigration
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QUALITY ASSURANCE AND RELIABILITY TESTING

MITSUBISHI MICROCOMPUTERS

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

If a high voltage were applied to a gate. terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSIs contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI.

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

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

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

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

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

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

When MOS IC/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/LSlIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxeé or other protective precautions.

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

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

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1mQ resistor. Be sure that
the grounding meets national regulations on personnel
safety. ' ‘

. Current leakage from electric equipment must be

prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. Items such as testers, curve-tracers and synchro-
scopes must be checked for current leakage before being
grounded. ‘

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 ch'arges for more reliable operation. When a plastic
case is used, it is desirable to coat the inside of the case
with conductive paintand to ground it. This is considered

necessary even for battery-operated equipment.

MITSUBISHI
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M50740A-XXXSP/FP,M50741-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M50740ASP

DESCRIPTION

The M50740A-XXXSP, M50741-XXXSP and the M50740ASP
are single-chip microcomputers designed with CMOS sili-
con gate technology. All are housed in a 52-pin shrink plas-
tic molded DIP (flat package type also available). These
single-chip microcomputers are useful for business equip-
ment and other consumer applications.

In addition to their simple instruction sets, the ROM, RAM,
and |I/O addresses are placed on the same memory map to
enable easy programming.

The differences among the M50740A-XXXSP, M50741-
XXXSP and the M50740ASP are noted below. The following

explanations apply to the M50740A-XXXSP. Specification ‘

variations for other chips are noted accordingly.

M50740A-XXXSP ROM 3072bytes
' Port PO, P1, P2::--++ Pull-up transistor

option
Port P3----+- Pull-down transistor option
Port R------ Input exclusive option

M50741-XXXSP
M50740ASP

ROM 4096bytes
External ROM type of M50740A-XXXSP

The differences among the M50740A-XXXSP and the
M50740A-XXXFP are the package outline and power dis-
sipation ability (absolute maximum ratings).

DISTINCTIVE FEATURES

® Number of basic instructiong:««««:+--rresrrrrreeseeeeeeeen - 70
® Memory size ROM -+ 3072bytes (M50740A-XXXSP)
4096bytes (M50741-XXXSP)

RAM ........................................ gsbytes

® |Instruction executing time
~~~~~~~ 2us (minimum instructions at 4MHz frequency)
Single power supply f(X;y)=4MHz:-------eeeeees 5VE£10%
Power dissipation
normal operation mode (at 4MHz frequency)
......................................... 15mwW (VCC=5V’ Typ.)

® Subroutine nesting «---orrerreeeereeeeeees 48 levels (Max.)
'y INtEITUPE--eeeeer e e 6types, 5 vecters ,
@® 8-bit timer-+---- e e ee e neaararaaeaaas

°

Programmable 1/0 (Ports PO, P1, P2, P3)

APPLICATION

VCR, Tuner, Audio-visual equipment

PIN CONFIGURATION (TOP VIEW)

P2, + [ Vee
P2+ [2] NC
P25+ [3] < P3,
P2, +[4] ~ P3,
170 P.
A N -~ P3,
5 P .
P22“E Pl o port pa
p2, ~[7] « P3,
p2, €] + P3;
Ne  [E] [42] +> P3¢
PO, +[10] “~P3;
z £
POs + [11] S a “ P1,
< =}
Po; [ @ Q > P1,
PO, +[13] 2 & 8 +~ P1
/0 portPO | * 207 0> 2
PO, -~ S X R BT 6w
PO, +~ [15] (_g § § ~ P1; port P1
PO, + 15} @ @ Epis
PO, +[17] + P1g
Ti 170 and
ié?;?rrupt inapnut CNE 18] Py Reset
Interrupt input INT — E — RESETour output
NC [ — CE  Chip enable
CNVss [ — R Readiwrite
Reset input RESET — [22] — ¢ Timing output
Clock input Xin — E Ry
Xoute + |24 R, l
/
Clock output Xours R, ‘ 1/0 port R
Vss hadlat
Outline 52P4B
5
0
w
boproraon vwonND |2
PPfraannanaleos
I A I IR A N A N A
[es] el [ ] ] o . 2 ] ] s o] o) o)
P3, +[x]
P33+ [4
p3, —[& O
P3, [ ‘
P3y++[# M50740A-XXXFP
Vss or
Voo ] M50741-XXXFP
P2; +[4]
L e O
P25+ %]
P2, +[x
DI I I el e h T T T T
IR T S A A S A A R A A |
O N - O N 0w ¥ O N - O
Fdfefeeceescle
S
Outline 50P6

For M50740ASP, CNVgs should be connected to Ve

NC : No Connection
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M50740A-XXXSP BLOCK DIAGRAM

Reset Interrupt Reset Input- Output Output Timing
output input input clock clock clock output (5v) (ov) (ov)
RESETour INT RESET X Xoutr Xours 4 Vee Vss CNVss
? _ ? 4(‘22>_ - D 23) S G)—- @—- @ @)
Clock generating
circuit
. \
(1 ! |
o ROM
ari r:r?dlc RAM 5 3072 bytes
L ) rocessor Progra
X logical unit Accumulator % bytes Index register | | Index register | | Stack pointer status cougnteT 2’23,:?;’,‘ (Note 1)
A(8) : “X(8) Y(8). S(8) register PS(8) PC.(8) PC(8)

<

N

U

Chi

110
p Read/ port R

enable  write

Note : 1

output

4096 bytes for M50741-XXXSP

_ Instruction
register(8)

Prescaler
PREX(8)

Ky

Instruction
decoder

Control signal

170 port P3

170 port P2

170 port P1

1/0 port PO

CNTR
Timer 1/0 and interrupt input

43LNdWOJ0HIIN SOWD LI8-8 dIHD-ITINIS

dSVYOVLOSIN'dd/dSXXX-TPLOSIN ‘dd/dSXXX-VOPZOSIA

SYILNdWOI0UIIW IHSIEGNSLIN



MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50740A-XXXSP
Parameter Functions
Number of basic instruction 70
Instruction execution time 2us (minimum instructions, at 4MHz frequency)
Clock frequency 4MHz
. ROM 3072bytes (4096bytes for M50741-XXXSP)
Memory size
RAM 96bytes
INT Input 1-bitX1
PO, P1, P2, P3 170 8-bitX4
170 port
R 1/0 4-bitX1
CNTR 1/0 1-bitX1 R
Timers 8-bit prescalerX2+8-bit timerX3

Subroutine nesting

48 level (max.)

Interrupts

External interrupt 2, Timer interrupt 3

Clock generating circuit

Built-in (RC, ceramic or quartz crystal oscillator)

Supply voltage

at operating

5vE10%

Power dissipation

at high speed

15mW (at 4MHz frequency)

170 voltage

12V (ports PO, P1, P2, INT, CNTR)

170 characteristics

Output current

10mA (ports PO, P1, P2, P3)

Memory expansion

Possible

Operating temperature range

—10~70C

Device structure

CMOS silicon gate process

M50740A-XXXSP, M50741-XXXSP, M50740ASP

52-pin shrink plastic molded DIP

Package

M50740A-XXXFP, M50741-XXXFP

50-pin plastic molded QFP

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

"PIN DESCRIPTION

! Input/
Pin Name npu Functions
. Output®

Vece Supply voltage Power supply inputs 5V*10% to V¢c, and OV to Vss.

VSS

CNVss CNVss This'is usually connected to Vss(for M50740ASP, connected to Vcc).

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

Xin Clock input Input This chip has an internal clock generating circuit.

To control generating frequency, an external RC circuit is connected between the Xy and Xoyrs or the
Xoutr pins, and an external ceramic or a quartz crystal oscillator is connected between the Xy and Xours
pins. If an external clock is used, the clock source should be connected to the Xy pin, and the Xours.and
Xoutr pins should be left open.

Xouts Clock output Output This is output pin from internal clock generating circuit. The generating frequency can be controlled by
connecting a RC circuit, a ceramic or a quartz crystal oscillator between this pin and Xy pin.

Xou;rF Clock output Output This is output pin from internal clock generating circuit. The generating frequency can be controlled by
connecting a RC circuit between this pin and Xy pin. !

@ Timing output Output This is the timing output pin.

CNTR Timer 1/O or interrupt 1/0 This is in common with an I/0 for the timer X and an interrupt input pin.

input

INT Interrupt input Input This is the lowest order interrupt input pin. |

P0o~PO0O; | 170 port PO 1/0 Port PO is an 8-bit I/0 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode. The output structure is N-channel open drain.

P1°/~P17 1/0 port P1 1/0 Port P1 is an 8-bit /0 port and has basically the same functions as port PO.

P2o~P2; | 170 port P2 170 Port P2 is an 8-bit 1/0 port and has basically the same functions as port PO.

PSQNPS7 1/0 port P3 1/0 Port P3 is an 8-bit I/0 port and has basically the same functions as port PO, but the output structure is P-
channel open drain.

Ro~R3 1/0 port R 1/0 Port R is a 4-bit I/0 port, and is used to connect with an I/0 expander. For M50740A-XXXSP, it can be only
for input.

R/W - Read/Write output Output This pin outputs read/write signal for I1/0 expander.

CE Chip enable output Output This pin outputs the chip enable signal for I/0 expander.

RESEToyr | Reset output Output This pin outputs the reset signal for I/0 expander.

s—6 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50740A-XXXSP is shown in Figure
1. Addresses 14006 to 1FFF,¢ are assigned to the built-in
ROM area which consists of 3072 bytes.

Addresses 100046 to 1FFF,s are the ROM address area
assigned to the M50741-XXXSP. .

Addresses 1F004¢ to 1FFF,s are a special address area
(special page) . By using the special page addressing
mode of the JSR instruction, subroutines addressed on this

page can be called with only 2 bytes. Addreeses 1FF44¢ to
1FFF.s are vector addresses used for the reset and inter-
rupts (see interrupt chapter). Addresses 0000;5 to 00FF;¢
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/O port, timer,
etc., are assigned to this area.

Addresses 0000, to 005F;¢ are assigned to the built-in
RAM and consist of 96 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-
routine calls and interrupts.

Decimal
( 0000e 0 " 00E0ss [Port PO
RAM // 00El+6 | Port PO fagerar®
(96 bytes) ,’ 00E2i6 | Port P1
005F g . /,’ 00E3;6| Port P1 ghrectional
Zero page Not used // 00E4+6) Port P2 _
directional
0000, // 00E5:6| Port P2 fogistar
%%%E:: 1/0 expander ’ 00E616
00E76
00FF. 255 00E8:¢[Port P3 ___
\ 00E91| Port P3 romciona!
\ 00EAg
Not used \‘ 00EB1
\\ 00EC6
1000, \ 00ED;¢
! 00EEss
140046 \ .
\ 00EF 6
\\ 00F06
\\ 00F14¢
\ 00F2:s
1700, \\\ 00F3:6
\ 00F4ys
\\ ) 00F5¢
ROM \\ 00F616
(4096 bytes) \ 00F716
for _ROM ' \\ 00F8;5
MB0741-XXXSP (307f2°lr)ytes) Speczlrpage — \\ 00F9;¢| Timer 1, 2 prescaler
except subroutine * Adaress 11 INT \ 00FAue{ Timer 1
M507?)1(XXSP call ﬁggfggz ":' Timer 2 \\ 00F B¢ Timer 2 ‘
ﬁgg:ggg ":' Timer 1 \ 00FCys] Timer X prescaler
Address L Timer X '\ 00FDse[Timer X
Address L CNTR \\ 00FE;g|interrupt control register
— 233:;2_:_ l,:, 8191 RESET \ 00FF 15| Timer control register
Fig.1 Memory map
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A XXXSP/FP M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A)

The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real
address.

STACK POINTER (S)

The stack pointer (S) is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

The contents of the stack pointer is XX;¢, the stack address
is set to 00XX;e. When using this microcomputer in the

single-chip mode, the stack pointer should be set at the
bottom address of the internal RAM.

When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction.

The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from a subroutine. '

PROGRAM COUNTER (PC)

The 16-bit program counter consists of two 8-bit registers
PCy and PC,. The program counter is used to indicate the
address of the next instruction to be executed. PCy is only
5 bits long.

7 0 7 0
A Accumulator Nfv|{T|B|D|I|{Z]|C Prosessor status regiéter
F g Carry flag
X Index register X
Zero flag
7 0 Interrupt disable flag
Y Index register Y )
Decimal mode flag
L g Break flag
S Stack pointer .
Index X mode flag
1 .
5 7 0 Overflow flag -
PCy PC. Program counter '
Negative flag
Fig.2 Register structure
2—8 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP M50741-XXXSP/FP, M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (2), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by

the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag.

2. Zero flag (2)

This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable ‘all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition

and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
- are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X mode flag (T)

When the T flag is “1”, operations between memories are
~ executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).

The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The oveflow flag is reset by the
CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no -instructions for
directly setting or resetting the negative flag.

MITSUBISHI : -
ELECTRIC ’ '



MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPT .

The MS50740A-XXXSP can be interrupted from seven
souces; CNTR, timer X, timer 1, timer 2, or INT/BRK in-
struction.

These interrupts are vectored and their priorities are shown
in Table 1. Reset is included in this table since it has the
same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag is set to
“1”. All of the other interrupts can further be controlled indi-

vidually via the interrupt control register shown in Figure 3.
An interrupt is accepted when the interrupt enable bit and
the interrupt request bit are both “1” and the interrupt dis-
able flag is “0”.

The interrupt request bits are set when the following condi-
tions occur: '

(1) When the CNTR or INT pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 go to “0”
These request bits can be reset by the program but can not
be set by the program. However, the interrupt enable bit
can be set and reset by the program.

Since the BRK instruction and the INT interrupt have the
same vectored address, the contents of the B flag must be
checked to determine if the BRK instruction caused the in-
terrupt or if INT generated the interrupt.

Table 1 Interrupt vector address and priority
Interrupt Priority Vector address
RESET -1 1FFF6, 1FFEqg
CNTR 2 1FFD+s, 1FFCqg
Timer X 3 1FFB;e, 1FFA46
Timer 1 4 1FF946, 1FF846
Timer 2 5 1FF746, 1FF646
INT(BRK) 6 1FF516, 1FF446
7 0
I I I | | I l l Interrupt control register (Address 00FE;g)
j Bit7: CNTR interrupt request bit
. Bit6: CNTR interrupt enable bit
Bit5: Timer 1 interrupt request bit
Bit4: Timer 1 interrupt enable bit
Bit3: Timer 2 interrupt request bit
Bit2: Timer 2 interrupt enable bit
Bit 1: INT interrupt request bit
Bit0: INT interrupt enable bit
Timer control register (Address 00FF )
Interrupt Bit7 :‘ Timer X interrupt request bit
request Bit6 : Timer X interrupt enable bit

Interrupt disable flag |

Reset

- Bit5: Timer X count stop bit
Bit4: Not used

Bit3:
} Timer X mode bit
Bit2:

Bit1:
} Processor mode bit
Bit0:

Fig.3 Interrupt control

2—10
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMER

The M50740A-XXXSP has three timers; timer X, timer 1,
and timer 2. Timer X has four modes which can be selected
by bit 2 and 3 of the timer control register. When the timer X
count stop bit (bit 5) is set to “1”, the timer X will stop re-
gardless of which mode it is in. A block diagram of timer X,
timer 1 and timer 2 is shown in Figure 4.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency divid-
er. The division ratio is defined as 1/(n-+2), where n is the
decimal contents of the prescaler latch. All three timers are
down-count timers which are reloaded from the timer latch
following the zero cycle of the timer (i.e. the cycle after the
timer counts to zero).

The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE,g and
00FF,¢, respectively (see interrupt section). The prescaler
latch and timer latch can be loaded with any number ex-
cept zero. '

The four modes of timer X as follows:

(1) Timer mode.(00)
In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

(2) Pulse output mode (01)
In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.

(3) Event counter mode (10) .
This' mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This mode will allow an interrupt to be generated
whenever a specified number of external events have

been.generated. The timer down-counts every rising

edge of the clock sourse.

—

Data bus {

When STP
instruction is

(Xin) 1/16 Eomdg executed, this
——\——O circuit is

Pulse width test mode

Oscillator Divider

CNTR J

O

Event counter mode
O

Pulse output mode

connected
coercively.

Timer X count stop bit (Bit 5 of address 00FF,g)

i J

F’rescaler latch (8‘,I I Timer X latch (8) I

e |

to timer X interrupt
Prescaler (8) I__l Timer X (8) rT)request bit :
01
FF]GT—‘—IGIGReSet. or STP instruction

[ Toggle flip-flop ]

L 1

T Data bus {

JL

< 7

Prescaler latch (8)

Prescaler (8)

Timer 1(8)

[ Timer 2 1aten (@) |

to timer 1 2

interrupt ) to timer 2 interrupt
request I | Timer 2(8) I request bit
bit

Fig.4 Block diagram of timer X, timer 1 and timer 2
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(4) Pulse width measurement mode (11)
This mode measures the pulse width (between lows)
input to the CNTR pin. The timer, driven by the oscilla- 7 0

tor frequency divided by 16, continues counting during | & | Timer control register (Add 00FFo)
1
the low cycle of the CNTR pin. When the timer con- N ess 1

tents reaches “0”, the interrupt request bitis setto“1”, Prosessor mode bit

. . - 0 :Si -chi
the timer's reload latch is reloaded and the counting 81 'r\/::i:sr;helzp:::iig mode

resumes. 1 0 : Microprocessor mode
The structure of the timer control register is shown in 11 : Eva-chip mode
Figure 5.

When the STP instruction is executed, or after reset,

the prescaler and timer latch are set to FF;s and 0146, Timer X mode bit
respectively. Also, when the STP instruction is ex- : 00 : Timer mode
ecuted, the oscillator's frequency (divided by 16) will ‘ 01 :Pulse output mode

1 0 ! Event counter mode

. i )
become the counting source, regardless of the timer X 11 : Pulse width measurement mode

mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to

the oscillation circuit section. — Timer X interrupt enable bit
0 ! Interrupt disable

1 I Interrupt enable

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

Timer X interrupt request bit
0 : No interrupt request
1 . With interrupt request

Fig.5 Structure of timer control register

212 MITSUBISHI
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Address
(1) Port PO directional N
(2) Port P1 directional .
(3) Port P2 directional
register ( Ese )
(4) Port P3 directional
register (B9 ) 016
(7) Interrupt control register (  FEjg )
(8) Timer control register ( FFg ) 0015
(9) Interrupt disable flag on ( ) oo mm
processor status register PS !
... Contents of address
(100 Program counter ( PCy ) TFFRie
... [Contents of address
¢ PG ) TFFELs

(1) The output of oscillator is
in the same state as the
one after “FST" instruction
execution, and is
connected to Xoutr pin.

Fig.7 Internal state of microcomputer at reset

RESET CIRCUIT

The M50740A-XXXSP is reset according to the sequence
shown in Figure 6. It starts the program from the address
formed by the content of address 1FFF,s as the high order
address and the content of the address 1FFF,¢ as the low
order address, when the RESET pin is held at “L” level for

Power on
M50740A-XXXSP -
4.5V
RESET Vee
2 2 W
A IN—t

; ' o 0.6V

M50740A-XXXSP

ESET Veo Supply voltage

52 detection circuit
S Qe
| ‘
'n

~|D

Fig.8 Example of reset circuit

more than 2us while the power voltage is in the recom-
mended operating condition and the crystal oscillator
oscillation is stable, and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 7.
An example of the reset circuit is shown in Figure 8.

When the power on reset is used, the RESET pin must be
held “L” until the oscillation of X|y-Xout becomes stable.

f(Xin) _nmr”'_ ——— - mmwm.m

4. _———mae

Ngigigigigigigigigingliy

e |

RESETour

SYNC

1

>

Data

i

8~15clock cycles. It differs
depending on the internal
condition of microcomputer l
at reset. .

3

XX X XXX X e |
Reset address from the vector table

Note : 1 Frequency relation of f(x,) and ¢ is f(x,)=4-4. When

address is I/0 expanders’ (00D0,5~00DFg), f(x,y) is
8:4.

2 The mark “?” means that the address is changeable
depending on the previous state.

Fig.6 Timing diagram at reset
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/0 PORTS

1

Port PO

Port PO is an 8-bit I/0 port with N-channel open drain
output.

Pull-up transistor can be specified as an option for
M50740A-XXXSP. As shown in the memory map
(Figure 1), port PO can be accessed at zero page
memory address 00EQ¢. Port PO has a directional reg-
ister (address 00E14¢) which can be used to program
each individual bit as input (“0”) or as output (“1”). If
the pins are programmed as output, the output data is

. latched to the port register and then output. When data

()

(5)

is read from the output port the output pin level is not
read, only the latched data in the port register is read.
This allows a previously output value to be read cor-
rectly even though the output voltage level is shifted up
or down. Pins set as input are in the floating state and
the signal levels can thus be read. When data is writ-
ten into the input port, the data is latched only to the
port-latch and the pin still remains in the floating state.
Depending on the contents of the processor status reg-
ister (bit 0 and bit 1 at address 00FFys), four different
modes can be selected; single chip mode, memory ex-
panding mode, microprocessor mode and eva-chip
mode. These modes (excluding single-chip mode)
have a multiplexed address output function in addition
to the 1/0 function. For more details, see the processor
mode information.

Port P1

In the single-chip mode, port P1 has the same function
as PO. In the other modes, P1's functions are slightly
different from P0’s. For more details, see the processor
mode information.

Port P2

In the single-chip mode, port P2 has the same function
as PO. In the other modes, P2's functions are slightly
different from PO’s. '

For more details, see the processor mode information.
Port P3

Port P3 is an 8-bit 1/0 port with P-channel open drain
outputs. This port also has the pull-down transistor op-
tion for M50740A-XXXSP.

Port R

Port R communicates with an I/0 expander. When ¢
goes to level “H”, port R outputs the port address to
that of the 1/0 expander. When ¢ goes to “L”; it out-
puts/inputs data to from the 1/0O expander. The above
data is effective only when CE pin goes to “L”. For the
M50740A-XXXSP, this port can be an input port as an
option. The timing diagram is shown in Figure 9.

CE pin

The CE pin goes to “L” when addresses are moved to
the I/0 expander addresses (00D046 ~ 00DF,o) . This
port is used to determine whether the address or data
of port R is effective.

(7)

R/W pin

The R/W pin goes to “L” when the operation is ex-
ecuted. The R/W signal tells an external device that
the CPU wants to write or read.

Clock ¢ output pin

In normal conditions, the oscillator frequency divided
by four is output as 4. When CE pin goes to “L”, the
oscillator frequency divided by eight is output as ¢.
This is to synchronize with I/0 expander.

RESEToyr pin

Wne the RESET pin goes to level “L”, the RESETour
pin also goes to “L”. On the other hand, when the RE-
SET pin goes to “H” the RESETour pin also goes to
“H" after 8~15 clock cycles. This output is used to re-
set the external devices.

INT pin :

The INT pin is an interrupt input pin. The INT interrupt
request bit (bit 7 at address 00FE;¢) is set to “1” when
the input level of this pin changes from “H” to “L”.-
CNTR pin

The CNTR pin is an I/0 pin of timer X and also an in-
terrupt input pin. The CNTR interrupt request bit (bit 7
at address 00FE;¢) is set to “1” when the input level of
this pin changes from “H” to “L”.

In the event counter mode, CNTR becomes the input
pin of the external pulse. In the pulse output mode, the
CNTR output changes polarity each time the contents
of timer X goes to “0”. In the pulse width measurement
mode, the pulse to be measured is input to this pin.

Port
ph ~XAddress X_Data__X_

¢ _] L | | I L

XXX

6E T\ /

Fig. 9 Timing diagram of port R
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Data bus

Data bus

Data directional register

N-channel open drain output -

Port latch

O

Ports PO, P1, P2

—I Data directional register P-channel open drain output
Port latch =
< Port P3

N-channel open drain output

1O

57- Ports R, CNTR

—<}—

CMOSs o.xtput

ﬂm

¢, R/W, CE, RESETour

Fig.10 Block diagram of port PO~P3 (singl-chip mode) and output formats of port R, CNTR, ¢, R/W, CE, RESETour
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PROCESSOR MODE
By changing the contents of the processor mode bit (bit 0
and 1 at address 00FF,5), four different operation modes
can be selected; single-chip mode, memory expanding
mode, microprocessor mode and evaluation chip  (eva-
chip) mode. In the memory expanding mode, microp-
rocessor mode and eva-chip mode, ports PO~ P2 can be
used as multiplexed 1/0 for address, data and control sig-
nals, as well as the normal functions of the 1/0 ports.
Figure 11 shows the functions of ports PO~ P2.
The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 12.
By connecting CNVgs to Vgg, all four modes can be
* selected through software by changing the processor mode
bits. ’
Supplying “H” level to CNVgs places the microcomputer in
the eva-chip mode. The four different modes are explained
" as follows: '
(1) Single-chip mode (00)
The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgs. Ports PO~ P2 will work as original I/0
ports.
(2) Memory expanding mode (01)
The microcomputer will be placed in the memory ex-
panding mode when CNVgg is connected to Vgs and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient.
The lower 8 bits of address data for port PO is output
when ¢goes to “H” state. When $goes to the “L”
state, PO retains its original 1/0 functions.
Port P1’s higher 5 bits of address data are output when
# goes to “H” state and as it changes back to the “L”
state it retains its original 170 functions.

Pins P1g and P15 output the SYNC and R/W control
signals, respectively’ while ¢ is in the “H” state. RDY
signal is input from P1;. When in the “L” state, P15,
P1s, and P1; retain their original 170 function.

The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.

The RDY is a ready signal input and, when it goes to
“L”, internal clock stops and the CPU waits the data.
However, the oscillation does not stop.

Port P2 retains its original output functions while ¢is at .

the “H” state, and works as a data bus of D; ~ D,
(including instruction code) while at the “L” state.

(3) Microprocessor mode (10)

_In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P15, P1g and P1; become the R/W, SYNC and
RDY pins, respectively and the normal 1/0 functions
are lost. Port P2 becomes the data bus (D;~D,) and
loses its normal 1/0 functions. Internal memory (00E1 ¢
to 00EO;¢) cannot be used, and an external memory is
needed if the address where normal 1/0 function have
lost.

(4) Eva-chip mode (11)
When “H” level is supplied to CNVgg pin, the micro-
computer is forced into the eva-chip mode. The main
purpose of this mode is to evaluate ROM programs
prior to masking them into the microcomputer's internal

‘ROM.

With the exceptions that the internal ROM is disabled
and that external memory must be attached, this mode
is the same as the memory expanding mode.

The relationship between the input level of CNVggs and
the processor mode’is shown in Table 2.

Table 2 Relationship between CNVgs pin input level and processor mode

M50741-XXXSP M50740A-XXXSP M50740ASP
CNVss
« Single-chip After reset, processor
mode is single chip
. * Memory expanding | mode. .
Vss All modes can be Same as left —
« Eva-chip selected by changing
the processor mode bit
* Microprocessor in the program.
 Eva-chip Eva-chip mode only * Microprocessor After - reset, processor | * Microprocessor -Microprocessor mode
mode is microp- only. (Do not change
* Eva-chip rocessor ‘mode. Eva the processor mode bit
v chip mode also can be in the program).
ce selected by changing
the processor mode bit
in the program.
+10v — * Eva-chip Eva-chip mode only —
2216 MITSUBISHI
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CM;, 0 0 1 1
CMp 0 1 1 0
Mode
Port Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode
J e[ J L
Port PO Ports P0;~P0g Ports P0;~P0, Same as left Ports P0;,~P0q
D D &
T LT LT
Ports Pl;~Pl, Ports Pl,~Plg " Ports P1,~Pl,
X1/0 port :X hadress X 170 port X X - Address A~ X
Port Pls Port Pls
Port P1 R/W 170 port Same as left R/W x
Port Plg Port Plg
SYNC 170 port SYNC x
Port P1; - Port P1,
:X RDY X 170 port K RDY x
Port P2 Ports P2;~P2, Ports P2,~P2, Same as left Ports P2;~P2,
Floating
1/0 port Output poriXData D;~Do - -
Fig.11 Processor mode and functions of ports PO~ P2
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TFFF,

Internal ROM

140046
(Note 1),

\&

010046
00ES, Timer, Port P3, etc|
Ports PO~P2

00EQ ¢
d
bOCO‘s 1/0 expander

0060+
Internal RAM |

000045
Memory expanding
mode

Eva-chip mode  Microprocessor mode]
The shaded area is

Note 1 : external memory area.

100046 to M50741-XXXSP

Fig.12 External memory area in processor mode

connected to the prescaler input.

CLOCK GENERATING CIRCUIT

The built-in .clock generating circuits are shown in Figure
13.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢ is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF4s and
014, respectively. The oscillator (dividing by 16) is then
This connection is
cleared when timer X overflows or the reset is in, as dis-
cussed in the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

To return from the stop status, the interrupt enable bit must
be set to “1” before executing STP instruction. To return
from the stop status, the timer X count stop bit (bit 5 of
address 00FF,g) must be set to “0” before executing STP
instruction.

Interrupt request
— s QA
Interrupt disable flag |
Reset
STP instruction R
Overflow
172 1/8 Prescaler X Timer X
SWosc Timer X count stop bit -
1/2 172 swW,
o —0
>(IN XOUTS XOUTF
CE=0
EDQ.—> Internal clock ¢
Lo S
Reset
R STP instruction
Fig.13 Block diagram of clock generating circuit
MITSUBISHI
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When FST instructions are executed, SWpsc closes and
when SLW instructions are executed, it opens. These in-
structions are used for CR oscillation and changes oscilla-
tion fequency. The SWosc closes at reset.

M50740A-XXXSP

The SW, is connected to the output of oscillation frequency Xin Xour
divided by 8 (CE=1) when addresses are 1/0 expanders 23 MQ ,25
(00D0,6~00DF;6), otherwise it is connected to the output ”:" |
devided by 4 (CE=0). Therefore the frequency of the in-

ternal clock ¢ differs depending on addresses. ‘];C'N j:%'”
This is to retain enough time for communication between 1/

O expander and signals.
The circuit example using a ceramic oscillator (or a quartz Fig.14 External ceramic resonator circuit
crystal oscillator) is shown in Figure 14.

The constant capacitance will differ depending on which

oscillator is used, and should be set to the manufacturs
suggested value. M50740A-XXXSP
~ The example of external clock usage is shown in Figure 15. ' Xon Xour
Xin is the input, and Xyt is open. 23 25
Open

PROGRAMMING NOTES : Vee
(1) The frequency ratio of the timer and the prescaler is External oscillating circuit
1/(n+2). Vss | l l | | l

(2) Set a value other than “0” for the timer and the pre-
scaler.

(3) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt reciuest bits are modified (by
the program), those instructions are only valid for the
contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(4) Reading the timer and prescaler must be avoided
while the input to the prescaler is changing.

(5) After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
is needed before the SEC, CLC, or CLD instructions
are executed.

(6) A NOP instruction must be used after the execution of
a PLP instruction.

(7)* The timer X -and prescaler X must be set “FFy¢” im-
mediately before the execution of a STP instruction.

Fig.15 External clock input cirucit

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) Mask ROM confirmation form

(2) Mark specification form

(3) ROM datg «-esveereerresmeesnmesienienieniein. EPROM 3sets
Write the following option on the mask ROM confirmation
form ’

* Port PO pull-up transistor bit
* Port P1 pull-up transistor bit
* Port P2 pull-up transistor bit
* Port P3 pull-up transistor bit
¢ Port R 170 mode

MITSUBISHI ' 2—19
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

'ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit

Vee Supply voltage —0.3~7 v

Vv, Input voltage Ro~Rs, CNVss™M?'), RESET, Xin . —0.3~7 v

V, Input voltage P3p~P3; . —3.0~Vcc+0.3 \

v, Input voltage INT, POo~P07, P1o~P17, —0.3~13 v.

P2,~P2;, CNTR .
Y Output voltage Ro~R: With respect to Vs. —0.3~7 \
= outp o 9 P; ;3 " " ] Output transistors cut-off. =

Vo utput voltage P3o~P37, Xoutr, Xours, ¢, —0.3~Vcet0.3 Vv
R/W, CE, RESETour

Vo Output voltage P0y~P0;, P1o~P17, P2p~P2;, —0.3~13 v
CNTR

Pg Power dissipation  ° Ta=25C 1000(Note 2 ) mwW

Topr Operating temperature ) —10~70 c

Tstq Storage temperature —40~125 C

Note 1 : —0.3~13V for M50740A-XXXSP.
2. 300mW for QFP types.

RECOMMENDED OPERATING CONDITIONS (Ta=—10~70C, Voe=5V+10%, unless otherwise noted)

Limits
Symbol . Parameter Unit
Min. Nom. Max.
Vece Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 \%
“H" input voltage, POo~P0;, P1o~P1;, P20~P2;,
Vi * P3y~P3s, Ry~Ry, CNVss 0.8Vee Vee v
Vin “H” input voltage, CNTR, INT 0.8Vec Vee Y
M50740A-XXXSP
: . . PR 0.8Vce Vce Vv
Vin “H" input voltage, RESET | M50740ASP -
M50741-XXXSP 0. 48Vcc Vce \%
Vin “H” input voltage, Xiy 0.8Vece Vee \
Vi “L" input.voltage, POo~P0;, P1o~P17, P2o~P27, 0 0. 2Veo v
P3p~P3;, Ro~Ra, CNVgs .
Vie “L" input voltage, CNTR, INT 0 0. 2Vce \Y
" “L" input voltage, RESET 0 0. 12Vl \
VL “L" input voltage, Xy ) 0 0.12Vee \
|0L<peak) “L" peak output current, POg~P0;, P15~P17, 10 mA
P2o~P2;
|0L<avg) “L" average output current, POg~P07, P1o~P17, 5 mA
P2o~P2;
lon(peak)| “H" peak output current, P3,~P3; —10 mA
lon(avg) | “H" average output current, P3p~P3; —5 mA
LIS Internal clock oscillating fregency 4 MHz

Note 3 : High-level input voltage of up to + 12V may be applied to permissible for ports PO, P1, P2,
CNTR, and INT ‘
4 © The total of low-level peak output current should be 60mA max. for ports PO and P2
The total of low-level peak output current should be 30mA max. for port P1
The total of low-level peak output current should be 80mA max. for port P3
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ELECTRICAL CHARACTERISTICS (Vcc=5V. Vss=0V, fx,)=4MHz, unless otherwise noted)

| Limits .
Symbol Parameter Test conditions - Unit
Min. Typ- Max
Ta=25C
Von “H" output voltage, P3, ~ P3; 3 \%
low =—10mA 4
_ Ta=25C
Vou “H" output voltage, ¢, R/W, CE, RESEToyr 3 .V
lon =—2.5mA
“L" output voltage, POg ~ P0;, P1g ~ P17; P2o ~ P2; Ta =25C ,
VoL 2 \
Ro~ R, CNTR lo =10mA .
[ Ta=25C
Voo “L" output voltage, ¢, R/W, CE, RESETour 2 v
loL =5mA
V4 — Vo= | Hysteresis, CNTR, INT Ta=25TC 0.3 1 \Y
Vr4+ — Vr— | Hysteresis, RESET Ta=25T 0.5 0.7 \4
Vr4+ — V- | Hysteresis, Xiy Ta =25C 0.1 0.5 \Y
Input leak current, POg~ P07, P1g~P1;, P2;~P2; Ta =25C
I — . , —12 12 A
INT, CNTR 0 <V, =12V, without port option
| Input leak current, P3g ~ P37, Ro ~ R3, Ta =25C 5 5 A
- w
' CNVss, RESET, Xy 0 < Vj <5V, without port option
Ta=25C
he “L" input current, POg~P0;, P1g~P17, P2,~P2; . . —60 —200 A
V, = 0V, with port option
Ta=25C
™ “H" input current, P3p~P3; a . . 60 200 A
V, = 5V, with port option
Veam RAM retention voltage Stop mode ) 2 \%
’ f =4MHz
P-channel open | W 3 6 mA
Square wave
drain input/output to
X Stop mode
lcc Supply current Vce, output termin- T =25C 1 A
als are opened, a
Stop mode
others to Vss . 10 LA
Ta=70C
TIMING REQUIREMENTS
Single-chip mode (Vec=5V£10%, Vss=0V, Ta=25C, f (x,y=4MHz, unless otherwise noted)
) ] Limits
Symbol Parameter - Unit
Min. Typ. Max
tsu(pop—g) | Port PO input setup time 270 ns
tsu(pip—g) | Port P1input setup time 270 ns
tsu(p2p—g¢) Port P2 input setup time 270 ns
tsu(Pap—¢) Port P3 input setup time 270 ns
tsu(RD—¢) Port R input setup time 330 ns
th(s—poD) Port PO input hold time 0 ns
th(s—p1D) Port P1 input hold time 0 ns
th(s—p2D) Port P2 input hold time 0 ns
th(s—p3D) Port P3 input hold time 0 ns
th(s—RD) Port R input hold time 0 ns
tc External clock input cycle time 250 ns
tw External clock input pulse width 75 ns
tr External clock rising edge time 25 ns
tf External clock falling edge time 25 ns
MITSUBISHI -
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Memory expanding mode and eva-chip mode _
(Vee=5V£10%, Vss=0V, Ta=257C, f (x,,)=4MHz, unless otherwise noted)

Limits )
Symbol Parameter - Unit
¥ . Min. Typ. Max.
tsu(poo—g | Port PO input setup time : ' 270 ns.
tsu(pio—g) | Port P1input setup time 270 ns
tsu(roy—s) | RDY inputsetup time 150 ns .
tsu(pep—g) | Port P2 input setup time 270 ns
th(s—pPoD) Port PO input hold time : 0 ns
th(s—PiD) Port P1 input hold time ’ N 0 ns
th(z—RroY) RDY input hold time 500 ns
th(s—p2D) Port P2 input hold time 0 ns
Microprocessor mode (Vee=5V£10%, Vss=0V, Ta=257, f (x,y=4MHz, unless otherwise noted)
Symbol Parameter . Limits Unit
. " .Min. Typ. Max.
tsu(s—roy) | RDY input setup time 150 : ns
tsu(p2o—e) | Port P2 input setup time ' 270 ns
th(s—RDY) RDY input hold time : ' 500 ) ns
th(¢—pP2D) Port P2 input hold time 0 ns
SWITCHING CHARACTERISTICS k
Single-chip mode (Voo=5v£10%, Vss=0V, Ta=257, f (x,=4MHz, unless otherwise noted)
Symbol . Parameter Test conditions Limits Unit
Min. Typ. Max.
td(s-Poq) Port PO data output delay time 230 ns
tde-p1Q) Port P1 data output delay time Fig17 230 ‘ns
td(s-P2q) Port P2 data output delay time 230 ns
td(¢-P3q) Port P3 data output delay time Fig.18 200 ns
td(s-RA) Port R address output delay time ) 200 ns
td(-RAF) Port R address output delay time '  Figl7 0 200 ns
td(s-ra) Port R data output delay time 200 ns
td(s-raF) Port R data output delay time ) 200 ns
td(g-ce) ﬁ-output delay time Fig.19 200 ns
td(s-RwW) R/W output delay time 100 ns

Memory expanding mode and eva-chip mode
(Veo=5VE10%, Vss=0V, Ta=25T, f (x,,)=4MHz, unless otherwise noted)

. . Limits .
Symbol Parameter Test conditions T Unit
. Min. Typ. Max.

td(¢-Poa) Port PO'address output delay time ’ 250 ns
td(¢-PoAF) Port PO address output delay time ' ’ ' 250 ns
td(s-Poq) Port PO data output delay time o 200 ns
td(g-roaF) Port PO data output delay time ’ - 200 ns
td(g-P1A) Port P1 address and control signal delay time _ Fig17 250 ns
td(e-P1AF) Port P1 address and control signal delay time : 250 ns
td(e-P1Q) Port P1 data output delay time 200 ns
td(es-P1aQF) Port P1 data output delay time 200 ns
td(s-P2q) Port P2 data output delay time 200 ns
td(s-P2aF) Port P2 data output delay time . 200 ns

»  MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Microprocessor mode (Veo=5V£10%, Vss=0V, Ta=25C, f (x,y=4MHz, unless otherwise noted)

. Limits .

Symbol Parameter Test conditions Unit
Min. Typ. Max. ‘
td(¢-Poa) Port PO address output delay time 250 ns ‘-
td(s-p1a) Port P1 address and control signal delay time Fig 17 - 250 ns |

19.
td(s-p2q) Port P2 data output delay time ’ 9 200 ns
td(g-r2aF) Port P2 data output delay time J [ 200 ns

Vee
1kQ

P P3 CE — 1 ©°
P2 100pF 1kQ 100pF R/W 100pF
" s iS

4 —I——O [4 —————I——O b ——I——o
;_ p gum ;woﬁ

Fig.17 Ports PO~P2, R test circuit Fig.18 Port P3 test circuit Fig.19 CE and R/W test circuit
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP M50741-XXXSP/FP, M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS

In single-chip mode

|

s N N /

td(s —P00)

Port PO output

tsu(PoD —¢)
Port PO input
—
td(g—pP10) h(g -POD)
—
Port P1 output .

tsu(PID 4)
Port P1 input j
—S»

td(s—P20) : htg -P10)

Port P2 output

tsu(P2D - ¢)
Port P2 input :
—S b
h(¢ —P2D)

td(¢ —P30)

—>
Port P3 output
tsu(P3o -¢) '
. pe—
Port P3 input t
2
—P3D)

2—24 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In single-chip mode (continued from the preceding page)

Port R output

Port R input

R/W

Toxp)

td(¢ -RAF)

| —

td(¢ -ROF)

>£7td(¢ RA)

td(¢ -RQ)

tsu(RD ¢)

-

td(¢ —cE)

—2

o

e—

l th(¢ RD)

—

td(e—RW)

X

" MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP,M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER:

In memory expanding mode and eva-chip mode

r 4
td(s —PoA) td(g —POAF) td(¢ —P0OF)
Port PO output x

td(g —P0Q)
tsu(POD—¢)
|
Port PO input .
—
th(¢ —PoD)
td(s —P14) td(g -P1AF) td(¢ —P10F)
—> i(— —>
Port P1 output X

' ™ td(¢ —P10)

tsu(PID —¢)
j le—
Port P1 input .
—
tsu(RDY —¢) th(g —P1D)
fE—
RDY input )
—a K

th(¢ —RDY)

td(¢ ~-P20) td(¢ —P20F)
—> —>
Port P2 output f X

‘ tsu(P2D —¢)
j le—
Port P2 input
th(g¢ —P2D)

02 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740A-XXXSP/FP, M50741-XXXSP/FP,M50740ASP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In microprocessor mode

Port PO output

Port P1 output

_ {r
RDY input

e
/ \\ A
td(s —Poa)
—
td(¢ —P1A)
—3 f—
tsu(RDY —¢)

. th(g—RDY) .

—>
td(s —P20) td(¢ —P20F)
—
-—— - - - - .- - - - - - - -
Port P2 output 4 Floating
-k e - - .- .- - - --— - -
tsu(P2D0—¢)
le—
Port P2 input
—
th(y —P2D)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

. The M50742-XXXSP and the M50708-XXXSP are single-
chip microcomputers designed with CMOS silicon gate
technology. Both are housed in a 64-pin shrink plastic
molded DIP (flat package type also available). These sing-
le-chip microcomputers are useful for business equipment
and other consumer applications.

In addition to their simple instruction sets, the ROM, RAM,
and /0 addresses are placed on the same memory map to
enable easy programming.

The differences between the M50742-XXXSP and the
M50708-XXXSP are noted below. The following explana-
tions apply to the M50742-XXXSP. Specification variations
for other chips are noted accordingly.

Type name ROM size
M50742-XXXSP 4096bytes
M50708-XXXSP 6144bytes

The differences between the M50742-XXXSP and the
M50742-XXXFP are the package outline and power dis-
sipation ability (absolute maximum ratings).

DISTINCTIVE FEATURES

® Number of basic instructions:----- A 69
® Memory size  ROM «wwoooeee 4096bytes (M50742-XXXSP)
6144bytes (M50708-XXXSP)

RAM ...................................... 128bytes

® Instruction execution time
------- 2us (minimum instructions at 4MHz frequency)
® Single power supply f(X;y)=4MHz-ooeeeeee 5V+10%

® Power dissipation
normal operation mode (at 4MHz frequency)
......................................... 15mwW (VCC=5V: Typ.)
® Subroutine nesting ««-rxeseeeeeeeeeeieneenns 64 levels (Max.)
© [NtEITUPL:-w+reeerentssnesnneseieenceaiieniens 7 types, 5 vecters
@ 8-bit timer-«-eeeoeeieneeeeeies 3 (2 when used as serial 1/0)
® Programmable 1/0 (Ports PO, P1, P2, P3, P4) «+++--exe 40
[ lnput port (POI’T ps) ....................................... -8
® Output port (Port P6)- -8
- @ Serial I/O(S-bil) ..................................................... 1
APPLICATION

Office automation equipment
VCR, Tuner, Audio-visual equipment

PIN CONFIGURATION (TOP
Vee E

P6; «—[2]
P6s +— [3]
P6; + [}
P6, «— [£]
P6; + [€]
P6, —[7] -
P, « 2]
P8, +— 2]
P2, +[io]
P2e + []
P25 [
P2, + [
P2, + [14}
P2, + [
P2, + [
P2, 1]
P3;/Saoy + []

P3/CLK ++ 9]

P3s/Sour +* @

o port] P3s/Si+[]
P3 P33/CNTR |22
P3,/INT, + [3

P3, 24
P3,+ ]
INT, — 25
CNvss [
Reset input RESET — [2]
Xin — E
Xour — @
¢~ [
Vs [Z]

Output port P6

1/0 port P2

£ £
(¢4 a
o o
RN
S s
O
1=

% &
s o
]

Interrupt input

Clock input
Clock output
Timing output

VIEW)

170 port P4

/0 port PO

170 port P1

Input port P5

O () O NO YR Or oD YR Oy O

13100800 FeeFnanannaa 2t

IEERE R R R R R R RN TN

[56][55][54|

P4+ 58] <« P5,
P4, +[59] [35] «— P5;
P4, > [&] 34 «— P53
P4, 6] PS5,
P4, +[E] «— P5;
P4, 6] [31] < P5¢
NC M50742-XXXFP (3] « P5;
Vss or Vss
NC M50708-XXXFP —~¢
Vee — Xour
P6; +— 58] (6] «— Xin
P6s +—[E3] 5] «—— RESET
Pz () O CNVes
P6, +— NC
PG, — NC

1234 s ez e e a2 3 aisell Al sffzo]

I R R R R A

N - O N © W T 0N - >¥ = ZI N - v-o

STy satlrddee

038385 7
Q
EEE" S
a
NC : No connection

Outline 72P6
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M50742-XXXSP BLOCK DIAGRAM

Clock Clock Timing Interrupt
input output output : input Reset input (SV) (OV) (ov)
Xin Xour INT, . RESET CNVss
| ‘T T ‘T l
Clock generating circuit
I \ X
I;’tr;)lcessor Program Program Stack
reg?sster counter counter pointer Inst_ructlon
PS(8) PCy (8) PC, (8) S(8) <— register (8) |
1
l L . Prescaler
e PRE12 (8) Instruction
decoder
I
! N———=
.8-b“ . RAM ROM I Prescaler Timer X C;i)g’t‘gz;l
arithmetic Index Index PREX (8) TX(8)
and Accumulator 128 bytes register register 4096 bytes
! logical unit A(®) X (8) Y@ - (Note 1) X
CNTR
!
|
l ]
PN PN PN PN PN
N N |
I
INT,
Ia Jo
| S Sz S A
HECEE IS HED | | e || me |
) z ’ !
| T
OOOEEOOO—EEHEEEEEO—EEEEEERE 1919 @020~ EEEE—EEIEIEIEIEIEE) -—
Output port P Input port P5 1/0 port P4 170 port P3 1/0 port P2 170 port P1 170 port PO

Note 1 ! 6144 bytes for M50708-XXXSP

Y3LNdWOIO0UIIN SOWD 118-8 dIHD-ITONIS

d4/dSXXX-80L0SW
d4/dSXXX-ZvLOSIN

'SHILNdWODIO0UDIW IHSIENSLIN



MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50742-XXXSP

Parameter Functions
Number of basic instructions 69
Instruction execution time 2us (minimum instructions, at AMHz frequency) )
. ROM 4096bytes (6144bytes for M50708-XXXSP)
Memory size
RAM 128bytes
INT, Input 1-bitX1
PO, P1, P2, P3, P4 110 8-bitX5 (part of P3 are in common with serial 1/0)
Input/output port -
. P5 Input 8-bitX1
P6 Output 8-bitX1
Serial I/0 8-bitX1
Timers 8-bit prescalerX2+8-bit timerX3 (8-bit timerX2 when serial 1/0 is used)

Subroutine nesting

64 levels (max.)

Interrupts

Two external interrupts (1 of external interrupt is in common with port P3;)
Three timer interrupts (or timerX2, serial I/0X1) *

Clock generating circuit

Built-in (ceramic or quartz crystal oscillator)

Supply voltage

5VE10%

Power dissipation

At high-speed mode

15mW (at 4MHz frequency)

Input/output characteristics

Input/output voltage

9V (Ports PO, P1, P2, P3, P4, P5, P6, INT,)

Output current

5mA (Ports PO, P1, P2, P3, P4, P6)

Memory expansion

Possible :

Operating temperature range -

—10~70C

Device structure

CMQOS silicon gate process

Package -

M50742-XXXSP, M50708-XXXSP

64-pin shrink plastic molded DIP

M50742-XXXFP, M50708-XXXFP

72-pin plastic molded QFP

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

. Input/ .
Pin Name Functions
Output

Vece Supply voltage Power supply inputs 5V*+10% to V¢c, and OV to Vss.

Vss

CNVgs CNVss This is usually connected to Vss.

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

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the Xy and Xour pins. If an external clock is used, the clock

XouT Clock output Output source should be connected the Xy pin and the Xour pin should be left open.

] Timing output Output This is the timing output pin.

CNTR Timer 1/0 170 This is an 1/0 pin for the timer X.

INT, Interrupt input Input This is the highest order interrupt input pin.

P0o~PO; | I/0 port PO 170 Port PO is an 8-bit 1/0 port with directional registers allowing each 1/0 bit to be individually programmed as |
input or output. At reset, this port is set to input mode.

The output structure is N-channel open drain.

P1o~P1; | 170 port P1 170 Port P1 is an 8-bit 170 port and has basically the same functions as port PO.

P2,~P2; | I/0 port P2 110 Port P2 is an 8-bit I/0 port and has basically the same functions as port PO.

P3,~P3; | I70 port P3 170 Port P3 is an 8-bit I/0 port and has basically the same functions as port P0. When serial I/0 is used, P3;,
P3g, P3s, and P34 work as Sgpy, CLK, Soyrt, and Syy pins, respectively.

Also P33 and P3; work as CNTR pin and the lowest order interrupt input pin (INT2) , respectively.

P4,~P4, | I/0 port P4 1/0 Port P4 is an 8-bit I/0 port and has basically the same functions as port PO, but the output structure is P-
channel open drain.

P5,~P5; | Input port P5 Input Port P5 is an 8-bit input port.

P6o~P6; | Output port P6 Output Port P6 is an 8-bit output port. The output structure is N-channel open drain.

MITSUBISHI , 2—3
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MITSUBISHI MICROCOMPUTERS

-M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY -

A memory map for the M50742-XXXSP is shown in Figure
1. Addresses F0004 to FFFF,¢ are assigned to the built-in
ROM area which consists of 4096 bytes.

Addresses E800,¢ to FFFF,s are the ROM address area
assigned to the M50708-XXXSP.

Addresses FF00,s to FFFFs are a special address area
(special page) . By using the special page addressing
mode of the JSR instruction, subroutines addressed on this

page can be called with only 2 bytes. Addreeses FFF45 to
FFFF.s are vector addresses used for the reset and inter-
rupts (see interrupt chapter). Addresses 0000,¢ to 00FFg -
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/0 port, timer,
etc., are assigned to this area. '
Addresses 0000, to 007F,s are assigned to the built-in
RAM and consist of 128 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-
routine calls and interrupts.

ROM
(6144 bytes)
for

M50708
-XXXSP

Zero page

ROM
(4096 bytes)
for
M50742-XXXSP

RAM
(128 bytes)

Special

page for

subroutine
call

00006

007Fy6

00EO,¢

00FF,6 I~

E80046

F000,¢

FF00¢

FFF4,q

FFFFis

Decimal

0

Not used

Not used

Address L
Address H

INT, \

Address L
Address H

S 1/0 or Timer 2 “

Address L
Address H

Timer 1

Address L
Address H

Timer X

Address L
Address H

INT,

Address L
Address H

- RESET
65535

\

’

\
\
\

00EQ,¢
00E1,6
00E2,¢
00E3,6
00E4ys
00E546
00E6,¢
00E7,6
00E8,s
00E9ys
00EA,6
00EBy6
00EC,¢
00ED,s
00EE ¢
00EF,¢
00FO0,¢
00F1,6
00F2,6
00F3,¢
00F4,q
00F5,¢
00F6,s
00F7,6
00F8,5
00F9,6
00FAg
00FB,s
00FCis
00FDyg

| O0FEg

\ 00FF,¢
\

Port PO

directional
Port PO rogister -

Port P1

directional
Port P1 register

Port P2

directional
Port P2 register

Port P3

directional
Port P3 register

Port P4

directional
Port P4 register

Port P5§

Port P6

, mode
Serial 1/0 register

Serial 1/0 register

Timer 1, 2 prescaler

Timer 1

Timer 2

Timer X prescaler

Timer X

Interrupt control register

Timer control register

Fig.1

Memory map
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A) :

The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real
address.

7 0 7 0
A Accumulator Njv|T|B|D|I|Z]|C Processor status register
0
z Carry flag
X Index register X
Zero flag
7 0 “— Interrupt disable.flag
Y Index register Y
Decimal mode flag
z 0 Break flag
S Stack pointer
Index X mode flag
15 7 0
Overflow flag
PCu : PCL Program counter -
‘ Negative flag
Fig.2 Register structure
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack pointer (S) is an.8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

The location of the stack can be determined by the stack
page bit (bit 4 at address 00FF,¢). When bit 4 is “0” and
the contents of the stack pointer is XX;¢, the stack address
is set to 00XX;6. When bit 4 is “1”, the stack address is set
to 01XX;6. When using this microcomputer in the single-
chip mode, the stack page bit must be “0” and the stack
pointer should be set at the bottom address of the internal
RAM. '

‘When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-

- tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction. '
The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from a subroutine.

PROGRAM COUNTER (PC)

The 16-bit program_counter consists of two 8-bit registers
PCy and PC,. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag.

2. Zero flag (2)

This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”."

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D) -

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X mode flag (T)

When the T flag is “1”, operations between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are executed-when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP. 8-BIT CMOS MICROCOMPUTER

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overflow flag is reset by
the CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is-input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.

Table 1 Interrupt vector address and priority

Interrupt Priority Vector address
RESET 1 FFFFqs FFFEqe
INT, 2 FFFD1e, FFFCys
Timer X 3 FFFB16, FFFA+6
Timer 1 4 FFF946, FFF846
Timer 2 or serial I/0 5 FFF716, FFFB6
INT; (BRK) 6 FFF5.6, FFF4:6

INTERRUPT

The M50742-XXXSP can be interrupted from seven souces;
INT;, timer X, timer 1, timer 2/serial 1/0, or WI’—Z/BRK in-
struction.

However, the INT, pin is used with port P3; and the corres-
ponding directional register bit should be set to “0” when
P3, is used as an interrupt input pin.

The value of bit 2 of the serial I/0 mode register (address
00F6,¢) determine whether the interrupt is from timer 2 or
from serial 1/0. When bit 2 is “0” the interrupt is from timer
3, and when bit 2 is “1” the interrupt is from serial I/0: Also,
when the bit 2 is “1”, parts of port P3 are used for serial I/
O. These interrupts are vectored and their priorities are
shown in Table 1. Reset is included in this table since it
has the same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag is set to
“1”, All of the other interrupts can further be controlled indi-
vidually via the interrupt control register shown in Figure 3.
An interrupt is accepted when the interrupt ‘enable bit and

0

' l I l Interrupt control register (Address OOFE.S)

e
O

Bit 7 : INT, pin interrupt request bit
Bit 6 : INT, pin interrupt enable bit
Bit 5 : Timer 1 interrupt request bit
Bit 4 ! Timer 1 interrupt enable bit

Bit 3 : Timer 2 interrupt or serial 1/0 interrupt request bit

Bit 2 : Timer 2 interrupt or serial 1/0 interrupt enable bit

Bit 1 1 INT, pin interrupt request bit

Bit 0 ! INT, pin interrupt enable bit

Timer control register (Address 00FF;)

Bit 7 . Timer X interrupt request bit

Bit 6 : Timer X interrupt enable bit

Interrupt
request
) Interrupt disable flag |

Reset

Bit 5 : Timer X count stop bit .

Bit 4 : Stack page bit

Bit 3 :
}Timer X mode bit

Bit 2 .

Bit1:

} Processor mode bit
Bit0:

Fig.3 Interrupt control
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the interrupt request bit are both “1” and the interrupt dis-

able flag is “0”.

The interrupt request bits are set when the following condi-

tions occur:

(1) When the INT; or INT, pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 (or the
serial 170 counter) go to “0”

These request bits can be reset by the program but can not

be set by the program. However, the interrupt enable bit

can be set and reset by the program.

Since the BRK instruction and the INT, interrupt have the

same vectored address, the contents of the B flag must be

checked to determine if the BRK instruction caused the in-

terrupt or if INT, generated the interrupt.

TIMER

The M50742-XXXSP has three timers; timer X, timer 1, and
timer 2. Since P3 (in serial 1/0 mode) and timer 2 use
some of the same architecture, they cannot be used at the
same time (see serial I/0 section). Timer X has four modes
which can be selected by bit 2 and 3 of the timer control
register. When the timer X count stop bit (bit 5) is set to
‘1”7, the timer X will stop regardless of which mode it is in.
A block diagram of timer X, timer 1 and timer 2 is shown in
Figure 4.

The ‘P33/CNTR pin cannot be used as CNTR when P3; is
being used in the normal I/0 mode.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-

Pulse width measurement
< mode

L Data bus
Oscillator  Divider When STP instruction is
- executed, this circuit is [Prescaler latch B) imer X latch (8
f(Xin) 1716 Mimermode Lo, connected
coercively.

P3;/CNTR

Event counter mode
—0

O

Pulse output mode

Prescaler Tlmer X (8 to timer X interrupt
FFus 0116 request bit
Timer X count stop blt Reset,
(BIt 5 of address 00FFis) STP
instruction

|l Toggle flip-floplL

Data bus

latch (B)l

Timer 2 latch (8)

lPrescaler latch B) ITlmer 1

>

Tlmer 1(8)

to timer 1

L_-I Prescaler (8

Transfer clock

|—> interrupt Timer 2 (8)
request
bit .
[ 1 to timer 2 or
2] serial 110
interrupt

request bit

Serial 1/0 counter (3)4}———

P3¢/CLK
@ Sync.
[ circuit
Serial I/0 mode register (Address 00F6,s)
3 0
-Fig.4 Block diagram of timer X, timer 1. and timer 2
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vider. The division ratio is defined as 1/{(n-+1), where n is
the decimal contents of the prescaler latch. All three timers
are down-count timers which are reloaded from the timer
latch following the zero cycle of the timer (i.e. the cycle af-
ter the timer counts to zero).
The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE;s and
00FF4¢, respectively (see interrupt section). The prescaler
latch and timer latch can be loaded with any number ex-
cept zero.
The four modes of timer X as follows:
(1) Timer mode (00)
In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.
(2) Pulse output mode (01)
In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.
(3) Event counter mode (10)
This mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This mode will allow an interrupt to be generated

whenever a specified number of external events have

been generated. The timer down-counts every rising
edge of the clock sourse.

(4) Pulse width measurement mode (11)
This mode measures the pulse width (between lows)
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during

the low cycle of the CNTR pin. When the timer con-.

tents reaches “0”,the interrupt request bitis setto“1”,
the timer's reload latch is reloaded and the counting
resumes.

The structure of the timer control register is shown in
Figure 5.

When the STP instruction is executed, or after reset,
the prescaler and timer latch are set to FFi5 and 0144,
respectively. Also, when the STP instruction is ex-
ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X
mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to
the oscillation circuit section.

7 0

L

Timer control register (Address OQFFne)

Processor mode bit

00 : Single-chip mode

01 : Memory expanding mode
10 ! Microprocessor mode

11 Eva-chip mode

Timer X mode bit
00 : Timer mode
01 ! Pulse output mode
10 : Event counter mode

11 ! Pulse width measurement mode

Stack page bit
0 :0 page
1:1 page
Timer X count stop bit
0 : Count start
1 . Count stop

Timer X interrupt enable bit
0 :Interrupt disable
1 ! lInterrupt enable

Timer X interrupt request bit
0 ! No interrupt request
1 © With interrupt request

Fig.5

Structure of timer control register
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SERIAL /O .

A block diagram of the serial I/0 is shown in Figure 6.

In the serial 170 mode the receive raady signal (Sgppy), syn-

chronous input/output clock (CLK), and the serial 1/0 pins

(Sour Sin) are used as P3;, P3g, P35, and P3,, respectively.

The serial I/0 mode register (address 00F6,) ‘is 4-bit reg-
" ister. Bits 1 and 0 of this register is used to select a syn-

chronous clock source.

When these bits are (00} or (01), an external clock from

P3g is selected. When these bits are (10), the overflow sig-

nal from timer 2, divided by two, becomes the synchronous

clock. Therefore, changing the timer period will change the

transfer speed. When the bits are (11], oscillator frequency

divided by 16, becomes the clock.

Bit 2 and 3 decide whether parts of P3 will be used as a

serial I/O or not. When bit 2 is a “1”, P3g becomes an 1/O

pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3e. If an exter-
nal synchronous clock is selected, the clock is input to P3¢
and P3s will be a serial output and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3, to “0”. For more information on
the directional register, refer to the 1/0 pin section.

To use the serial 1/0, bit 2 needs to be set to “1”, if it is “0”
P3¢ will function as a normal I/0. Interrupts will be gener-

ated from the serial 1/0 counter instead of timer 2. Bit 3

determines if P3; is used as an output pin for the receive

_data ready signal (Bit 3=1, Sgpy) or used as normal 1/O pin

(Bit 3=0). The serial I/0 function is discussed below. The
function of the serial I/0 differs depending on the clock
source; external clock or internal clock.

Oscillator Divider

Srov

from Timer 1,2

Timer 2(8)
(Address 00FBg)

to timer 2 or serial I/0

interrupt request bit

P3, () <| prescaler
r W Divider
I 1/2 l
L1
~— ] »—I -Serial 1/0 counter(3)‘|l
CLK '
PSGO Sync.
- clrcun) Transfer clock
Sout
P3O Y
S
P, O—2 \{ MSB  Serial I/O register(8)  LSB Q

(Address 00F7,¢) j [

/ Data bus

I

1

| I Serial 1/0 mode register (Address 00F6¢)

Ll

Synchronous clock selection bit
00:
01:

External clock

10 : Timer 2 divided by 2’

11  Frequency divided by 16
Serial 1/0 port selection bit (P35, P35)

0 : Normal I/0 port
1 ! Serial I/0 port

Sroy signal output selection bit (P3;)
0 : Nomal I/O port

Fig.6 Block diagram of serial 170

1 : Sgpy signal output pin

2—38

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Internal Clock—The Sppoy signal becomes “H" during trans-
mission or while dummy data is stored in the serial I/0 reg-
ister (address 00F7,¢) . After the falling edge of the write
signal, the Sgpy signal becomes low signaling that the
M50742-XXXSP is ready to receive the external serial data.
The Sroy signal goes “H” at the next falling edge of the
transfer clock. The serial 1/0 counter is set to 7 when data
is stored in the serial 1/0 register. At each falling edge of
the transfer clock, serial data is output to P3s. During the
rising edge of this clock, data can be input from P3, and
the data in the serial I/0 register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial 1/0 register will be empty
and the transfer clock will remain at a high level. At this
time the interrpt request bit will be set.

External Clock—If an external clock is used, the interrupt
request will be sent after the transfer clock has counted 8
times but transfer clock-will not stop.-

Due to this reason, the external clock must be controlled
from the outside. The external clock should not exceed
250kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 7. An example of communication between
two M50742-XXXSPs is shown in Figur 8.

Synchronous clock

Transfer clock

\

Serial 1/0 register

write signal : \ ’ .
SeSriaI 1/0 output i X Do X D, X Dz/ X Dy X D4 X Ds X Ds X D7
SeSrIiNaI 1/0 input g X X X X X X X X

Receivable signal.
-Sroy I—I

l E

Interrupt request bit set

Fig.7 Serial 170 timing

Sending side Receiving side
Serial 1/0 mode register ra Sroy P3 Serial 170 mode register
7 7
bit3 bit 0 bit3 bit 0
ol [r]o] [ [ fe [ x]
Set the directional Synchronous clock Set the directional
register for P3; pin P3 =1P36 register for P3, pin
in input mode. in input mode.
" Serial data -
P3; P3,
Fig.8 Example of serial I/0 connection
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RESET CIRCUIT

The M50742-XXXSP is reset according to the sequence
shown in Figure 9. It starts the program from the address
formed by using the content of address FFFF4¢ as the high
-order address and the content of the address FFFF,¢ as the
low order address, when the RESET pin is held at “L” level
for more than 2us while the power voltage is in the recom-

mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 10.
An example of the reset circuit is shown in Figure 11.
When the power on reset is used, the RESET pin must be
held “L” until the oscillation of X\y-Xour becomes stable.

1(Xin) _nmr”____ --mmm."ﬂm-

¢ _——————

gipigigigigigigigigiy

RESET . __l

[ 1

8~12 clock cyclesl

SYNC
N ED AD CD T O e T D '
R ’ Reset address from the
e XX X X X X oo Aoy vecterteble

Note 1: Frequency relation of f(X,y) and ¢ is f(X,y)=4-¢
2! The mark “? " means that the address is changeable

depending on the previous state.

Fig.9 Timing diagram at reset

Address ’
Elgg) o
E3 )
E 516 ) .

(1) Port PO directional register (
(
(
(4) Port P3 directional register ( E 95 )+
(
(
(

(2) Port P1 directional register

(3) Port P2 directional register

EBq )
EEq ) FFie

(8) Prescaler X (ECyg ) FFa

(5) Port P4 directional register -
(6) Port P6 (Note 1)

(7) Serial 10 mode register E64 )

, (9) Timer X FDy ) oo

(
(10) Interrupt control registér ( FEq )
(

Blidifvidii

Power on
g ;
M50742-XXXSP 4. 5v
RESET Voo )
28 1 ov
0.6V
%’ ov L1 0

M50742-XXXSP

RESET Vec

Supply voltage

28 1 .
r—p————— / detection circuit
(1) Timer control register FFy ) , : 1 |
| .
(12) Interrupt disable flagon ~ ( pg .. : :
processor status register |
| |
|
o !
(13 Program counter (PCy ) [ Sontens o : !
I
(PCL) - b ’
Fig.11 Example of reset circuit
Note 1 Port P6 is the high-impedance state durihg reset.
After return from reset, it is “FFyg”. )
Fig.10 Internal state of microcomputer at reset
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/0 PORTS

(1)

(4)

7)

Port PO

Port PO is an 8-bit I/O port with N-channel open drain
output. -

Pull-up transistor can be specified as an option. As
shown in the memory map (Figure 1), port PO can be
accessed at zero page memory address 00EO,¢. Port
PO has a directional register (address 00E1,5) which
can be used to program each individual bit as input
(**0”) or as output (“1”). If the pins are programmed as
output, the output data is latched to the port register
and then output. When data is read from the output port
the output pin level is not read, only the latched data in
the port register is read. This allows a previously output
value to be read correctly even though the output vol-
tage level is shifted up or down. Pins set as input are
in the floating state and the signal levels can thus be
read. When data is written into the input port, the data
is latched only to the port latch and the pin still remains
in the floating state.

Depending on the contents of the processor status reg-
ister (bit 0 and bit 1 at address 00FF,¢), four different
modes can be selected; single-chip mode, memory ex-
panding mode, microprocessor mode and eva-chip
mode. These modes (excluding single-chip mode)
have a multiplexed address output function in addition
to the 1/0 function. For more details, see the processor
mode information.

Port P1

In the single-chip mode, port P1 has the same function
as PO. In the other modes, P1’s functions are slightly
different from PQ’s. For more details, see the processor
mode information.

Port P2

In the single-chip mode, port P2 has the same function
as PO. In the other modes, P2’'s functions are slightly
different from PO's.

For more details, see the processor mode information.
Port P3

In the single-chip mode, port P3 has the same function
as PO. In the other modes, P3's functions are slightly
different from PQ’s. Port P3 can also be used as serial
170, INT, and 170 pins for timer X. For more details,
see the processor mode information.

Port P4

(8)

Port P4 is an 8-bit I/0 port with P-channel open drain

outputs. This port also has the pull-down transistor
option. -

Port P5

Port P5 is and input port with pull-up transistor option.
Port P6 '

Port P6 is an output port. It has N-channel open drain
output with pull-up transistor -option. See Figure 12 for
more details.

Clock ¢ output pin

In normal conditions, the oscillator frequency divided
by four is output as ¢.

INT, pin )
The INT; pin is an interrupt input pin. The INT, inter-
rupt request bit (bit 7 at address 00FE,g) is set to “1”
when the input level of this pin changes from “H” to
“L.

INT, pin (P3,/INT, pin)

The INT, pin is an interrupt input pin used with P3,. To
use this pin as an interrupt pin, set the corresponding
bit in the directional register to input (“0”). When this
signal level changes from “H” to “L”, the interrupt re-
quest bit (bit 1 at address 00FE,¢) is set to “1”.

CNTR pin (P33/CNTR pin)

The P33/CNTR pin is an 1/0 pin of timer X. To use this
pin as the timer X input pin, set the corresponding
directional register bit to input (“0”). In the event coun-
ter mode, CNTR becomes the input pin of the external
pulse. In the pulse output mode, the CNTR output
changes polarity each time the contents of timer X
goes to “0”. In the pulse width measurement mode, the
pulse to be measured is input to this pin.
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Ports PO, P1, P2, P3

Port P4

Port P5

Port P6

Data bus ——

Directional register

Port latch

N-channel open drain output

j Ports PO, P1, P2, P3

Directional register

Port latch

(Note) P3is also used as an 1/0 pin
of serial /0 and CNTR, and
input pin of INT,.

P-channel open drain output

Port P5

N-channel open drain output

CMOS output

%]g{—e

Fig.12 Block diagram of ports PO~P6 (single-chip mode) and output format of ¢
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PROCESSOR MODE

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

Figure 14 shows the functions of ports PO~P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 13.

By connecting CNVgs to Vss, all four modes can be
selected through software by changing the processor mode
bits. Connecting CNVss to Vg automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVgs places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFF,
Internal
ROM
(Note 1)
FO00:6 T s
01005 fSSSNNNNNY PR
00E8,6 Timer, Port P3| .
Ports PO~P2
00E0,: PO - - - - - [
008046 I o
Internal
RAM
0000,
Memory expanding Eva-chip Microprocessor
mode mode mode
The shaded area is external memory area
Note 1. E8004 for M50708-XXXSP.

Fig.13 - External memory area in processor mode

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

(2) Memory expanding mode (01)
The microcomputer will be placed in the memory ex-
panding mode when CNVgg is connected to Vgs and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient. ‘
In this mode, port PO and port P1 are as a system
address bus and the original 1/0 pin function is lost.
Port P2 becomes the data bus of D;~ Dy (including in-
struction code) and loses its nomal 1/0 functions. P3,
of port P3 becomes the input port. Pins P3; and P3,
output the SYNC and R/W control signals, respectively
when ¢ enters into the “H” state. Port P3, functions as
an input port during this same transition.

(3) Microprocessor mode (10)
After connecting' CNVgs to Vgc and initiating a reset,
the microcomputer will automatically default to this
mode. A
In this mode, port PO and P1 are used as the system
address bus and the original function of the I/0 pins is
lost. Port P2 becomes the databus (D;~Dg) and loses
its normal 1/0 functions. Port P3; and P3, become the
SYNC and R/W pins, respectively and the normal 1/0
functions are lost. '

(4) Eva-chip mode (11)
When 10V is supplied to CNVgg pin, the microcomputer
is forced into the eva-chip mode. The main purpose of
this mode is to evaluate ROM programs prior to mask-
ing them into the microcomputer’s internal ROM.
In this mode, the internal ROM is inhibited so the ex-
ternal memory is requierd. ‘
The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original I/0 functions.
Port P1's higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original I/O functions. Port P2 retains
its original output functions while ¢ is at the “H” state,
and works as a data bus of D;~ Dy (including instruc-
tion code) while at the “L” state. Pins P3y and P3, out-
put the SYNC and R/W control signals, respectively
while ¢is in the “H” state. When in the “L” state, P3,,
P3,; and P3, retain their original 1/0 function.
The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.
The relationship between the input level of CNVss and
the processor mode is shown in Table 2.
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CMmI1 0 1 0 1
CMO 0 1 1 0
mode
Microprocessor
Single-chip mode Eva-chip mode Memory expanding mode mode
-Port
2 [ S B Y [ S O I N
Port PO Ports PO,~P0q Ports PO;~P0g Ports P0;~P0g Same as
left
1/0 port Af{rﬁ\ssx 170 port Address
z i Az~Aq
Port P1 Ports P1,~P1, Ports P1;~P1g Ports P1;~P1g Same as
left
Address Address
Xom XXX
Port P2 Ports P2;~P2, Ports P2;~P2, ’ Ports P2;~P2, Same as
Output Data ———{ Data - left
W o XXX | >
Ports P3;~P3, Ports P3;~P3; Ports P3;~P3;
X 170 por :X /0 port :X 1/0 port
rt .
Port P3, Port P3, Same as
Port P3, > -——— x Input port left
Port P3, i Port P3,
SYNC " 1/0 port SYNC -
Port P3p _Port P3p
R/W 1/0 port “R/W
Fig.14 Processor mode and functions of ports PO~P3
Table 2 Relationship between CNVgs pin input level and processor mode
CNVss Mode Explanation
Vss * Single-chip mode The single-chip mode is set by the reset.
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program.
* Eva-chip mode
* Microprocessor mode
Vee « Eva-chip mode The micrbprocessor mode is set by the reset.
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.
10v « Eva-chip mode Eva-chip mode only.
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
17.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF;s and
0146, respectively. The oscillator (dividing by 16) is then
connected to the prescaler input. This connection is cleard
when timer X overflows or the reset is in, as discussed in
the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the internal clock ¢
stops in the “H” level but the oscillator continues running.
This wait state is cleared when an interrupt is accepted.
Since the oscillation does not stop, the next instructions are
executed at once.

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1” before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er X count stop bit (bit 5 of address 00FF,s) must be set to
“0” before executing STP instruction.

The circuit example using a ceramic oscillator (or a quartz
crystal oscillator) is shown in Figure 15.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures

M50742-XXXSP

Xin Xout
28 MQ 30

Fig.15 External ceramic resonator circuit

M50742-XXXSP

Xin Xourt
29 30
Open

External oscillating.

. —I_I—_U—l_r
circuit Vss

Fig.16 External clock input circuit

suggésted value.
The example of external clock uasge is shown in Figure 16.
Xy is the input, and Xyt is open.

Interrupt
request
Reset
Interrupt RS S L—{ S Q Q S —<I-
disablé flag | Q .
Reset
.WlT . —R R }— STP instruction
STP instruction — R instruciton
-_\)— Internal clock
1/2 ock ¢
1/2 1/8 —_—)— Prescaler X || Timer X
[_C Overflow
Timer X count stop bit
Xin Xour
Fig.17 Block diagram of clock generating circuit
’ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PROGRAMMING NOTES

(1) The frequency ratio of the timer and the prescaler is
1/(n+1).

(2) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt request bits are modified (by
the program), those instructions are only valid. for the
contents. before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(3) Reading the timer and prescaler must be avoided
while the input to the prescaler is changing.

(4) After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
is needed before the SEC, CLC, or CLD instructions
are executed.

(5) A NOP instruction- must be used after the execution of
a PLP instruction.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) Mask ROM confirmation form

(2) Mark specification form '

(3) ROM data ........................................... EPROM asets
Write the following option on the mask ROM confirmation
form

* Port PO pull-up transistor bit

* Port P1 pull-up transistor bit

* Port P2 puil-up transistor bit

* Port P3 pull-up transistor bit

* Port P4 pull-down transistor bit

* Port P5 pull-up transistor bit

* Port P6 pull-up transistor bit

2—46 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3~7 \
V, Input voltage, RESET, Xin —0.3~7 \Y
V, Input voltage, P4,~P4; —0.3~Vce10.3 \
v, Input voltage, POy~P07, P1 0~P1i20~P27, P3p~P37, With respect to Vs, —0,3~11 v

PSy~P5;, CNTR, INT,
Output transistors are at “off” state.
V, Input voltage, CNVsg —0.3~13 \
Vo Output voltage, P4g~P4;, Xout, ¢ —0.3~Vcc+0.3 \Y
Vo Output voltage, POg~P0;, Plo~P1;, P25~P2;, P3,~P3;, —0.3~11 v
P6,~P67 .

Pd Power dissipation Ta=25C 1000(Note 1) mw
Topr Operating temperature —10~70 C
Tstg Storage temperature —40~125 ‘C

Note 1 : 300mW for QFP types.
RECOMMENDED OPERATING CONDITIONS (vcc =5v£10%, Ta = —10~70C, unless otherwise noted)
) Limits
Symbol Parameter - Unit
Min. Nom. Max.
Vce Supply voltage 4.5 5 5.5 \"
Vss Supply voltage 0 \
“H" input voltage, PO~P0;, P1g~P1;, P2~P2;,
Viu P34~P3;, P4g~P4;, P5,~P5;, 0.8Vee Vee v
INT,, RESET, Xin, CNVss
“L” input voltage, POy~P0;, P1o~P1;, P2g~P2;,
Vie P3y~P3;7, P4o~P47, P5,~P5;, 0 0.2Vee \Y
INT;, CNVss

ViL “L" input voltage, RESET 0 0.12Vc( \Y
Vio “L” input voltage, XN 0 0. 16V \"
|0L(peak) “L" peak output current, POg~P0;, P1o~P1;, P2,~P2;, 10 mA

P3~P3;, PBg~P6;
“L” average output current, POo~P07, P1g~P1z,
louavg) P2g~P27, P3,~P3;, 5 mA
P6,~P6; (Note 2)

lon(peako| “H” peak output current, P4g~P4; —10 mA
lontavg) | “H" average output current, P4o~P4; (Note 2) =5 mA
foxp) Internal clock oscillating frequency 4 MHz

Note 2 : loicavg). loncavg) is the average current in 100ms. .
3 . The total of loL(peak) of PO, P1, P2, P3, P6 should be 80mA max, and the total of lon(peak) of P4
should be 80mA max. -
4 “H” input voltage of ports PO, P1, P2, P3, P5 and INT; is available up to +9V.
(For ports, it is only when pull-up transistor is omitted.)
MITSUBISHI 2—47
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M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Vcc =5V, Vss = 0V, Ta = 25C, f(x,,) = 4MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
Vou “H" output voltage, P4o~P4; lon = —10mA : 3 v
Vou “H" output voltage, ¢ loy = —2.5mA 3 v
“L” output voltage, POg~ P07, P1o~P1;, P2o~P2;,
VoL putveltage, "o P o P lo, = 10mA 2| v
P3,~P3;, P6o~P6;
VoL “L" output voltage, ¢ loL = 5mA 2 \
Vr+—Vr— | Hysteresis, P3g When used as CLK input 0.3 1 \
Vr+—Vr— | Hysteresis, INT; . . ) 0.3 1 \
Vr4+—Vr— | Hysteresis, P3, : When used as INT, input 0.3 1 \4
Vr4+—Vr— | Hysteresis, P33 . When used as CNTR input 0.3 1 \%
Vr4+—Vr— | Hysteresis, RESET 0.5 0.7 \%
Vr+—Vr— | Hysteresis, Xiy : 0.1 0.5 \
| “L” input current, POg~P0;7, P1o~P17, P2o~P2;, vV, =0V ' s A
- P3y~P3;, P5o~P5;, P6y~P6; without pull-up transistor “
“L" input current, POo~P07, P1o~P17, P2;~P2;, Vv, =0V
he e o Pl P ' A —40 | =70 | =125 |  uA
: P3p~P3;, P5p~P5;, P6;~P6; with pull-up transistor
i “L” input current, P4g~P4; V=0V . —5 ~A
L “L" input current, INTy, RESET, Xy . VvV, =0V ! —5 uA
| “H" input current, POg~P0;, P1g~P17, P2,~P2;, V=9V 9 A
H P3g~P3;, P5o~P57, P6o~P6; without pull-up transistor “
\ “H” input current, POp~P0;, P1o~P1;, P2,~P2;, V,=5v 5 A
" P3p~P3;, P5q~P5;, P6,~P6; with pull-up transistor . “
V) =5V '
[ “H" input current, P4o~P4; i : . 5 uA
without pull-down transistor .
V=5V
L “H" input current, P4,~P4; i . 40 70 125 A
] . . with pull-down transistor
(M “H” input current, INT;, RESET, Xy V=5V 5 nA
VRam RAM retention voltage At clock stop 2 \"
P-channel open- | f = 4MHz
: ' P (xin) 3 6 mA
drain output pins are | square wave
. to Vce, output pins | Ta=25C
lcc Supply current ce put P a 1 y77.y
are open, other 1/0 | At clock stop
pins are connected | T =70C
10 MA
to Vss. At clock stop
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MITSUBISHI MICROCOMPUTERS .

MS50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS
Single-chip mode (Vec =5VE10%, Vss = 0V, Ta = 25T, f(x,» = 4MHz, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
tsu (PoD-¢) Port PO input setup time 270 ns
tsu (P1D-) Port P1 input setup time 270 ns
tsu (P2D-¢) Port P2 input setup time 270 ns
tsu (P3D-¢) Port P3 input setup time : 270 ns
tsu (pap-¢) | Port P4 input setup time 270 ns
tsu (psp-# | Port P5input setup time 270 ns
th (4-PoD) Port PO input hold time ) 20 ns
th (4-P1D) Port P1 input hold time 20 ns
th (#-P20) Port P2 input hold time 20 ) ns
th (#-P3D) Port P3 input hold time 20 ns
th (¢-P4aD) Port P4 input hold time 20 ns
th (4-PsD) Port P5 input hold time ) 20 ns
tc External clock input cycle time 250 ns
tw External clock input pulse width 75 ns
tr External clock rising edge 25 | ns
tf External clock falling edge 25 ns
Eva-chip mode (Ve =5V£10%, Vss =0V, Ta = 25C, f(x,) = 4MHz, unless otherwise noted)
Symbol Parameter Limits Unit
Min. Typ. Max.

tsu (PoD-#) Port PO input setup time 270 ns
tsu (P1D-9) Port P1 input setup time 270 ns
tsu (P2D-¢) Port P2 input setup time 270 ns
th (4-PoD) Port PO input hold time 20 ns
th (¢-P1D) Port P1 input hold time - 20 ns
th (s.p20) Port P2 input hold time 20 ‘ns

Memory expanding mode and microprocessor mode
(Vee =5VE10%, Vss =0V, Ta= 25T, f(x, = 4MHz, unless otherwise noted)

Limits .

Symbol Parameter - Unit
Min. Typ. Max.

tsu (P2D-¢) Port P2 input setup time . 270 ns

th (¢-P2D) Port P2 input hold time 20 | ns

MITSUBISHI , a0
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS/MICROCOMPUTER

SWITCHING CHARACTERISTICS

Single-chip mode (Voo =5V£10%, Vs =0V, Ta=25C, fx,y = 4MHz, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
. Min. Typ. Max.
. td(¢-Poq) Port PO data output delay time 230 ns
- td(g-P1Q) Port P1 data output delay time . 230 ns
td(¢-p2q) Port P2 data output delay time Fig18 230 ns
td(s-p3q) Port P3 data output delay time 230 ns
td(¢-paq) Port P4 data output delay time Fig.19 230 ns
td(s-Peq) Port P6 data output delay time Fig.18 230 ns
Eva-chip mode (Vec =5Vt10%, Vss =0V, Ta = 25C, f(x, = 4MHz, unless otherwise noted)
Limits i
Symbol Parameter Test conditions - Unit
. Min. Typ. Max.
td(s-poa) Port P0 address output delay time 250 ns
td(4-POAF) Port PO address output delay time 250 ns
td(s-PoQ) Port PO data output delay time 200 ns
td(¢-PoaF) Port PO data output delay time 200 ns
td(s-pia) Port P1 address output delay time 250 ns
td(s-P1AF) Port P1 address output delay time 250 ns
td(s-P1Q) Port P1 data output delay time 200 ns
td(¢-P1arF) Port P1 data output delay time 200 ns
td(s-P2a) Port P2 data output delay time 300 ns
td(s-p2aF) P02P2 data output delay time Fig.18 300 ns
td(s-rR/W) R/W signal output delay time 250 ns
td(s-r/wr) | R/W signal output delay time 250 ns
td(s-p3pQ) Port P3, data output delay time 200 ns
td(s-pagar) | Port P3, data output delay time 200 ns
td(s-sync) SYNC signal output delay time 250 ns
td(s-syncr) | SYNC signal output delay time 250 ns
td(¢-p3,@) Port P3; data output delay time 200 ns
td(¢-pa,qF) | Port P3; data output delay time 200 ns
td(s-payQ) Port P3; data output delay time 200 ns
_td(e-paaF) | Port P3; data output delay time 200 ns

Memory expanding mode and microprocessor mode

(Voo =5VH10%, Vss =0V, Ta =257, f(x,» = 4MHz, unless otherwise noted) .

Limits
Symbol Parameter Test conditions Unit
. Min. Typ. Max.
td(s -Poa) Port PO address output delay time 250 ns
td(s -P1A) Port P1 address output delay time 250 ns
td(¢ -P2Q) Port P2 data output delay time Fig18 300 ns
td(s -p2qF) | Port P2 data output delay time 300 ns
td(s -row) R/W signal output delay time 250 ns
td(¢ -sync) | SYNC signal output delay time 250 ns

T Vee

100pF

5

00pF

#

z 1kQ )

PO
P1
P2

¢‘——l¥—01 |

P4
. I 100p|=l KO

SA—_
S

;/;_1 00pF

Fig.18 Ports PO, P1, P2, P3, P6 test circuit

Fig.19 Port P4 test circuit
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS

In single-chip mode

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P3 output

Port P3 input

Port P4 output

Port P4 input

Port P5 input

Port P6 output

— N/
— td (¢—poq)
tsu (Poo—wj e
— th (¢—roD)
— '-——‘d (¢—P1Q)
tsu (Pm—a)j le—
— blh (¢—P1D)
— >£'d (4—pP2Q)
tsu (P2D—¢)— —
— {——th (¢—P2D)
— {‘d (¢—P3Q)
tsu (Pao—wJ
—> _bth (¢—P3D)
— itd (¢—PaQ)
tsu (Pw—usj e—
} —> |=—th ($—PaD)
tsu (Pso—wj L_
— bth ($—P5D)
— td (4—peq)
tc
| tw
— A )
— tr —>| | tf
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In eva-chip mode

| —
¢ / ! \\ /

— td (p=Poa) | —> (¢—POAF) td (¢—roae)

Port PO output
td (9—PoQ)
_,I —
Port PO input tsu (POD}T—_— ‘
b th (s—poD)

— td (¢—P1a) —> d (¢—P1AF) i‘_ td (s—pP1aF)

Port P1 output X

— td (s—pP1a)

tsu (PiD—
Port P1 input

o — |‘—1d (4—pP2Q) — td (¢~p2ap)
Port P2 output X

AL

<— th (s9—P1D)

le
tsu (p2p— e
Port P2 input
th (¢—p2D)
7 td (¢—r/w) — td (4—r/wr) I‘_ td (¢—payaF).
Port P3, output (R/W) K
) — td (s—pP3g) i
— ,‘— td (¢—svyne) = td (g—syncF)  —> <— td (¢~p3,0F)
Port P3; output (SYNC) x
td (s—r3,Q)
td (s—p3,0) — td (¢—ra,aF)

S e
Port P3;, output >< Floating
————— - an an - o o= 1
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MITSUBISHI MICROCOMPUTERS

M50742-XXXSP/FP
M50708-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and microprocessor mode

—
¢ / L______A
— td (s—pon)
Port PO output { X
— td (¢—r1a)
Port P1 output X

e td (¢—p20) — td (s—p2aF)
Port P2 output X Floating .

tsu (P20—¢) —
Port P2 input
__J th (¢—pr20)
— td (s—r/w)
_Port P3; output  (R/W)

— td (4—svne)

Port P3; output (SYNC)
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MS50743-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M50743-XXXSP is a single-chip microcomputer de-
signed with CMOS silicon gate technology. It is housed in a
64-pin shrink plastic molded DIP (flat package type also

available) . This single-chip n'iicvrocomputer is useful for

business equipment and other consumer applications.

In addition to its simple instruction sets, the ROM, RAM,
and 1/0 addresses are placed on the same memory map to
enable easy programming. )

The differences between the M50743-XXXSP and the
M50743-XXXFP are the package outline and power dis-
sipation ability (absolute maximum ratings).

DISTINCTIVE FEATURES

@ Number of basic instructiong:«+«-««+<sesereeres e, 69
® Memory size ROM Meisasesesitssessesrraanesanansanes 4096bytes
RAM - cveeeemeremmmeminnimei, 128bytes

® [nstruction execution time
------- 1428 (minimum instructions at 8MHz frequency)

Single power supply f(Xin)=8MHz: -+ ovveeeenns 5V+10%
® Power dissipation .
normal operation mode (at 8MHz frequency) *-+- 30mW
® Subroutine nesting ............................. 64 levels (Max.)
® lnterrupt ....................... 7 types, 5 vecters
@ 8-bit timer-rreeeeeeeeeeeneenes 3 (2 when used as serial [/0)
® Programmable 1/0 (Ports PO, P1, P2, P3, P4) «++eeoeeee 40
® Input ports (POrt P5) «veesrerereereeens e et 8
® Output ports(Port PB) rreeererresenie 8
® Serial I/0 (S-blt) ........ 1
APPLICATION

Office automation equipment
VCR, Tuner, Audio-visual equipment

PIN CONFIGURATION (TOP VIEW)

Voo [0 54] « P2,
Pe; 2 - P2,
P6g +—[3 P2,
Pés +— [} 51] + P2,
P6, +— E P2, 170 port P2
Output port P6
P6; + [€] - P2,
P, — 7] . ~ P2g
P6, « [€] ~ P2,
P6, 2] + POy
P4, +[i0 - PO,
Pag + [i1] > PO,
P4s = [1Z PO,
wopopa | P4 ~E Z PO, [ VO PpotRO
i a > PO
P4, +[15] N - P0s
P4, + i ® %] PO,
Pa, + [} S @ern
P3;/Spoy +* [18 é «P1,
P36/CLK + o %] < P1,
P3s/Sour +> [45] ++ P14
170 P34/S)y + 21 73] P1, 170 port P1
pPortP3| b3 /CNTR + “~ Py
P3,/INT, + “ P1s
P3; +| [41] — P17
P3, + <+~ P5q
Interrupt input  INT, — «— PS5,
CNVgs — «~P5,
Reset input RESET — ‘ + P5;
Clock input Xin — «~ P5, Input port P

M50743-XXXSP

Outline 72P6 NC : No connection
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M50743-XXXSP BLOCK DIAGRAM

Clock Clock Timing Interrupt
input output output input Reset input (5v) - (OV) (ov)
Xin Xout INT, Reset Vee CNVgg

(0 A s

\23456739 334X 353637 X38 (33040, 10(D)(12X13)X14X15X16 )17 18X19X 20X 21 X 22X 23X 24X 25, 57X(58 X59XB0XE1X62X63X64)—(a1X42) (4344 )45 46X 47)X48 (49X (50X 51 (52X 53X SN,

Output port P6 Input port P5 1/0 port P4 1/0 port P3 1/0 port P2 170 port P1 . 1/0 port PO

Clock generating circuit
~
1
Processor Program Program Stack
status counter counter . Instruction
register PS (8) PCy(8) PCL(8) pointer S(8) : ;/ register (8)
| ) =
l l 'L Prescaler Timer 2 l
e PRE 12(8) T2(8) Instruction
. decoder
I "
8-bit .
arithmetic RAM : oM Presc?le)r Tim((ar X Control signal
! PREX(8 TX(8)
and llj(;%lcal Accumulator 128 bytes Index Index 4096 bytes .
A(8) register Y (8) register X(8)
\ .
CNTR
|
L ]
PN PN O
\ .
~
I
- L S e
D | L P5(8) | I PA(8) | I P1(8) ] l PO(8) I
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MITSUBISHI MICROCOMPUTERS

M50743-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

. FUNCTIONS OF M50743-XXXSP

Parameter Functions
Number of basic instructions . |69
Instruction execution time ' | 12s (minimum instructions, at 8MHz frequency) -
‘ ROM ’ 4096bytes

Memory size

RAM 128bytes

INT4, INT> ’ Input 1-bitX1

PO, P1, P2, P3, P4 170 8-bitX5 (part of P3 is used for serial 1/0, timer 1/0 and interrupt input)
Input/output ports -

P5 Input 8-bitX1

P6 Output 8-bitX1
Serial I/0 8-bitX1
Timers 8-bit prescalersX2--8-bit timerX3 (2 when serial 1/0 is used)
Subroutine nesting 64 levels (max.)
Interrupts . Two external interrupts, three internal timer interrupts (or timerX2, serial I/0X1)
Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator)
Supply voltage 5vt10%
Power dissipation At high-speed operation : 30mW (at 8MHz frequency)

. Input/Output voltage 5v

Input/Output characteristics -

Output current 5mA (ports PO, P1, P2, P3, P4, P6)
Memory expansion Possible
Operating temperature range —10~70C
Device structure CMOS silicon gate process

M50743-XXXSP 64-pin shrink plastic molded DIP
Package -

M50743-XXXFP 72-pin plastic molded QFP
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-SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

M50743-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Input/
Pin Name P Functions
Output

Vee Supply voltage Power supply inputs 5V£10% to Vcc, and OV to Vss.

Vss

CNVss CNVss This Is usually connected to Vss.

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

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the Xy and Xour pins. If an external clock is used, the clock |

XouTt Clock output Output source should be connected the Xy pin and the Xour pin should be left open.

¢ Timing output QOutput This is the timing output pin.

CNTR Timer 1/0 110 This is an output pin for the timer X.

INT, Interrupt input Input This is the highest order interrupt input pin.

P0Oo~ PO, 1/0 port PO 1/0 Port PO is an 8-bit 170 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode.

The output structure is CMOS output.

P1o~P1; | I/0 port P1 170 Port P1 is an 8-bit 170 port and has basically the same functions as port PO.

P2y~P2; | I/0O port P2 110 Port P2 is an 8-bit 170 port and has basically the same functions as port PO.

P3,~P3; | I/0 port P3 170 Port P3 is an 8-bit /0 port and has basically the same functions as port PO. When serial 1/0 is used, P3;,
P3¢, P35, and P34 work as Sgpy, CLK, Sour, and Sin pins, respectively.

Also P33 and P3; work as CNTR pin and the lowest order order interrupt input pin (INT2) , respectively.

P4,~P4, | 1/0 port P4 1/0 Port P4 is an 8-bit 1/0 port and has basically the same functions as port PO.

P50~P5; | Input port PS5 Input Port P5 is an 8-bit input port.

P6o~P6; | Output port P6 Output Port P6 is an 8-bit output port. The output structure is CMOS output.

MITSUBISHI 957
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MITSUBISHI MICROCOMPUTERS

M50743-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50743-XXXSP is shown in Figure
1. Addresses F0004¢ to FFFF¢ are assigned to the built=in
ROM area which consists of 4096 bytes.

Addresses FF004¢ to FFFF,¢ are a special address area
(special page) . By using the special page addressing
mode of the JSR instruction, subroutines addressed on this
pdge can be called with only 2 bytes. Addreeses FFF4,¢ to
FFFF.¢ are vector addresses used for the reset and inter-

rupts (see ‘interrupt chapter). Addresses 0000,5 to 00FF,s
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/0 port, timer,
etc., are assigned to this area. .
Addresses 00005 to 007F, are assigned to the built-in
RAM and consist of 128 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-
routine calls and interrupts.

000056 f

Decimal

RAM
(128 bytes)

00BF ¢
Zero page

Not used

00EO0;5

00FF ¢

Not used

E800¢

FF004¢

ROM
(4096 bytes)
Special
FFF46

page for Address L
subroutine Address H

call Address L
. Address H

Address L
Address H

Address L
Address H

Address L
Address H

Address L
Address H

FFFFye

0 ’
s 00EO,¢| Port PO
7/

.’ 00E1,¢ | Port PO ?e"gﬁiﬁ,f’,""'
. 00E2; | Port P1
o 00E3,| Port P1_geetomal

’ 00E4¢| Port P2
/ 00ES 6| Port P2 girsctional
’ 00ES,
0QE7,6
%5 00E8,q| Port P3
00E9 6| Port P3 ?;rgeigtgnal
\ 00EAg| Port P4
' 00EB,¢| Port P4 feirgelg:iec:nau
' 00EC,s| Port P5
\ 00ED;¢
00EE,g| Port P6
! 00EF,q
! 00F046
! 00F14¢
' 00F2,5
\ 00F3,
\ 00F4,6
00F5,4
! 00F8,| Serial I/0 mode

register

\ 00F7,5| Serial 1/0 register |
00F8,6
\ 00F9,¢| Timer 1,2 prescaler
W\ 00FA,q| Timer 1
S 1/0 or Timer 2 \\ 00FB,g| Timer 2
QOFC.e Timer X prescaler
00FD1¢| Timer X
00FE,¢| Interrupt control register

Timer 1 \

Timer X \

INT, !

RESET \ O0FF,¢| Timer control register
\

Fig.1 Memory map
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CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A)

The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register. )

In the index addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real

address.
7 0 7 0
A Accumlator NIV IT|B{D| 1| 2Z]|CY| processor status register
z 0 Carry flag
X Index register X
Zero flag
4 g Interrupt disable flag
Y Index register Y
Decimal mode flag
. 9 Break flag
S Stack pointer .
Index X mode flag
15 7 0
Overflow flag
PCy PC. Program counter
Negative flag
Fig.2 Register structure
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STACK POINTER (S)

The stack pointer (S) is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

The location of the stack can be determined by the stack
page bit (bit 4 at address 00FF;g). When bit 4 is “0” and
the contents of the stack pointer is XX;¢, the stack address
is set to 00XX;s. When bit 4 is “1”, the stack address is set
to 01XXs6. When using this microcomputer in the single-
chip mode, the stack page bit must be “0” and the stack
pointer should be set at the bottom address of the internal
RAM. '
When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction. .

The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. ‘Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from a subroutine.

PROGRAM COUNTER (PC)

The 16-bit program counter consists of two 8-bit registers
PCy and PC_. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below. '

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU). im-
mediately after an ope'ration. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag.

2. Zero flag (2)

This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically sét to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt., The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X mode flag (T)

When the T flag is “1”, operations between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and GLT instructions
are used to set and clear the index X mode flag, respec-
tively.
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7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overflow flag is reset by
the CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.

Table . 1 Interrupt vector address and priority

Interrupt Priority Vector address
RESET 1 FFFF6, FFFEqs
INT, 2 FFFD1s, FFFCyg
Timer X 3 FFFB1s, FFFAs6
Timer 1 4 FFF9:6, FFF8:¢
Timer 2 or serial 1/0 5 FFF7,6, FFF6:¢
INT, (BRK) 6 FFF5.6, FFF416

INTERRUPT

The M50743-XXXSP can be interrupted from seven souces;
INT,, timer X, timer 1, timer 2/serial 1/0, or INT,/BRK in-
struction.

However, the INT, pin is used with port P3, and the corres-
ponding directional register bit should be set to. “0" when
P3; is used as an interrupt input pin.

The value of bit 2 of the serial I/0 mode register (address
00F6,¢) determine whether the interrupt is from timer 2 or
from serial 1/0. When bit 2 is “0” the interrupt is from timer
2, and when bit 2 is “1” the interrupt is from serial I/0. Also,
when the bit 2 is “1”, parts of port P3 are used for serial I/
O. These interrupts are vectored and their priorities are
shown in Table 1. Reset is included in this table since it
has the same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag is set to
“1”. All of the other interrupts can further be controlled indi-
vidually via the interrupt control register shown in Figure 3.
An interrupt is accepted when the interrupt enable bit and

0

Interrupt control register (address 00FE,g)

Bit 7 : INT, pin interrupt request bit
Bit 6 : INT, pin interrupt enable bit
Bit5 ! Timer 1 interrupt request bit
Bit4 ! Timer 1 interrupt enable bit

Bit 3 ! Timer 2 or serial I/0 interrupt request bit

Bit2 ! Timer 2 or serial I/0 interrupt enable bit

Bit1 . INT, interrupt request bit

Bit0 : INT, interrupt enable bit -

Timer control register (address 00FF,s)

Interrupt
request

Bit7 : Timer X interrupt request bit
Bit6 : Timer X interrupt enable bit
Bit5 : Timer X count stop bit

éit4 . Not used

Bit 3,Bit2 : Timer X mode bits

Bit 1,Bit0 : Processor mode bits

Fig.3 Interrupt control
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the interrupt request bit are both “1” and the interrupt dis-’

. able flag is “0”.

The interrupt request bits are set when the'following condi-

tions occur: ’ .

(1) When the INT; or INT; pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 (or the
serial I/0 counter) go to “0”

These request bits can be reset by the program but can not

be set by the program. However, the interrupt enable bit

can be set and reset by the program.

Since ‘the BRK instruction and the INT, interrupt have the

same vectored address, the contents of the B flag must be

checked to determine if the BRK instruction caused the in-

terrupt or if INT, generated the interrupt.

TIMER

The M50743-XXXSP has three timers; timer X, timer 1, and
timer 2. Since P3 (in serial I/0 mode) and timer 2 use
some of the same architecture, they cannot be used at the
same time (see serial 170 section). Timer X has four modes
which can be selected by bit 2 and 3 of the timer control
register. When the timer X count stop bit (bit 5) is set to
“1”, the timer X will stop regardless of which mode it is in.
A block diagram of timer X, timer 1 and timer 2 is shown in
Figure 4.

The P33/CNTR pin cannot be used as CNTR when P33 is
being used-in the normal I/0 mode.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-
vider. The division ratio is defined as 1/(n+1), where n is
the decimal contents of the prescaler latch. All three timers
are down-count timers which are reloaded from the timer
latch following the zero cycle of the timer (i.e. the cycle af-
ter the timer counts to zero).

Data bus

r

Forcibly
connected

Oscillator divider here with the

L Prescaler latch (8) l |Lmer;( Iatch(B—)I

Timer X
o) execution of
1/16 Lmode | the STP
Pulse width \ instruction
measurement
mode

<

P33/CNTR

Prescaler (8) l—-—l Timer X (8)

to timer X interrupt

O

Event counter mode request bit
0 FFye 0146
Pulse output mode Timer X count stop bit
. Reset, or
(Bit 5 of address 00FF ) STP instruction
IIToggIe filip-filip||
iy Data bus ]

I Prescaler latch (8) I

ITimer 1 Iatch(B)I

< >

L—al Prescaler(T)‘—I—j Timer 1(8) ]—->

to timer

request
bit

interrupt

Timer 2 latch(8)

1

<

>

Timer 2 (8)

P3s/CLK

f 1/2 1
| B | to timer 2 or
Transfer clock is:t:fr'u';gto
K request bit

‘
Serial 1/0 counter (3) J—

Sync.
circuit |

3

Serial I/0 mode register (address 00F6,5)

Fig. 4 Block diagram of timer X, timer1, timer2
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The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FEg and
00FF,¢, respectively (see Interrupt section). The four mod-
es of timer X as follows:

(1)

(2)

Timer mode (00)

In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

Pulse output mode (01)

In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.

Event counter mode (10)

This mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This mode will allow an interrupt to be generated
whenever a specified number of external events have
been generated. The timer down-counts every rising
edge of the clock sourse.

Pulse width measurement mode (11)

This mode measures the pulse width (between lows)
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during
the low cycle of the CNTR pin. When the-timer con-
tents reaches “0”,the interrupt request bitis setto“1” ,
the timer's reload latch is reloaded and the counting
resumes.

The structure of the timer control register is shown in
Figure 5. .

When the STP instruction is executed, or after reset,
the prescaler and timer latch are set to FFy and 0146,
respectively. Also, when the STP instruction is ex-
ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X
mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its' mode
bits. For more details on the STP instruction, -refer to
the oscillation circuit section.

7 0

L

Timer control register (address 00FF,g)

Processor mode bit

00 : Single-chip mode

01 : Memory expanding mode
10 : Microprocessor mode

11 : Eva-chip mode

Timer X mode bit
00 : Timer mode
01 : Pulse output mode
10 I Event counter mode
11 ! Pulse width measurement mode

Stack page bit
0 . Page 0
1! Page 1
Timer X count stop bit
0 : Count start
1 Count stop

Timer X interrupt enable bit
0 :Interrupt disable
1 lInterrupt enable

Timer X interrupt request bit
0 No interrupt request
1 With interrupt request

Fig.5

Structure of timer control register
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SERIAL 1/O

A block diagram of the serial I/0 is shown in Figure 6.

In the serial I/0 mode the receive raady signal (Sgpy), syn-
chronous input /output clock (CLK), and the serial 1/0 pins
(Sout, Sin) are used as P3;, P3g, P35, and P3,, respectively.
The serial I/0 mode register (address 00F6,¢) is 4-bit reg-
ister. Bits 1 and 0 of this register is used to select a syn-
chronous clock source.

When these bits are (00] or (01), an external clock from
P3g is selected. When these bits are (10), the overflow sig-
nal from timer 2, divided by two, becomes the synchronous
clock. Therefore, changing the timer period will change the

transfer speed. When the bits are (11), oscillator frequency
divided by 16, becomes the clock.

Bit 2 and 3 decide whether parts of P3 will be used as a
serial 170 or not. When bit 2 is a “1”, P35 becomes an 1/0
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3g. If an exter-
nal synchronous clock is selected, the clock is input to P3¢
and P35 will be a serial output and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3, to “0". For more information on
the directional register, refer to the 1/0 pin section.

To use the serial 170, bit 2 needs to be set to “1”, if it is “0”

Oscillator divider

X () 1116
S
P37 : RDY 1J

from Timer 1,2

prescaler
j Divider
] 1/2 |

Timer 2(8)

(Address 00FB;¢)

J

to timer 2 or serial I/0

interrupt request bit

1 »—{ Serial I/0 counter(3)‘]l.

P3GO CLK

sync.
circuit

s

y Transfer clock

P3s (O Sour

P3, Q S

\{ MSB Serial 1/0 register(8) LsB

(Address 00F7,5)ﬁ

=

Data bus

S

Serial I/0 mode register (address 00F6,¢)

i

Synchronous clock selection bit
00:
01:

External clock

10 : Timer 2 divided by 2
11 : Frequency divided by 16

Serial 1/0 port selection bit (P35, P3g)
0 : Normal I/0 port )
1 ! Serial I/0 port

Sory signal output selection bit (P3;) )
0 : Parallel port

1 : Sppy signal output pin

Fig.6 Block diagram of serial 170
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P3g will function as a normal 1/0. Interrupts will be gener-
ated from the serial 1/0 counter instead of timer 2. Bit 3
determines if P3; is used as an output pin for the receive
data ready signal (bit 3=1, Sppy) or used as normal I/0 pin
(bit 3=0). The serial 1/0 function is discussed below. The
function of the serial 1/0 differs depending on the clock
source; external clock or internal clock.

Internal Clock—The Sgpy signal becomes “H” during trans-
mission or while dummy data is stored in the serial 1/0 reg-
ister (address 00F7¢). After the falling edge of the write
signal, the Sgpy signal becomes low signaling that the
M50743-XXXSP is ready to receive the external serial data.
The Sgpy signal goes “H” at the next falling edge of the
transfer clock. The serial 1/0 counter is set to 7 when data
is stored in the serial 1/0 register. At each falling edge of

the transfer clock, serial data is output to P3s. During the
rising edge of this clock, data can be input from P3, and
the data in the serial I/0 register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial I/0O register will be empty
and the transfer clock will remain at a high level. At this
time the interrpt request bit will be set.

External Clock—If an external clock is used, the interrupt
request will be sent after the transfer clock has counted 8
times but transfer clock will not stop. ‘
Due to this reason, the external clock must be controlled
from the outside. The external clock should not exceed
500kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 7. An example of communication between
two M50743-XXXSPs is shown in Figure 8.

Synchronous clock

Transfer clock

|
!

i
I

Serial 170 register )

write signal : \V ]
Serial 1/0 output i X Do X D, X Dz/X Ds KD‘. x Ds X Ds X D;
Sour H
Serial 1/0 i G
o D D G G Gl SN G |
'

Receivable signal

Sroy . l—l

Interrupt request bit set

Fig.7 Serial 170 timing

Receiving side

Sending side
Serial I/0 mode register Srov Serial I/0 mode register
P3, P3,
bit3 bit0
Set the directicnal Synchronous clock Sot the directional
register for P3; pin P3¢ P3¢ register for P3, pin
in input mode. in input mode.
Serial data
P3s P34
Fig.8 Example of serial I/0 connection
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RESET CIRCUIT

The M50743-XXXSP is reset according to the sequence
shown in Figure 9. It starts the program from the address
formed by using the content of address FFFF¢ as the high
order address and the content of the address FFFF¢ as the
low order address, when the RESET pin is held at “L” level
for more than 2us while the power voltage is in the recom-

mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 10.
An example of the reset circuit is shown in Figure 11.
When the power on reset is used, the RESET pin must be
held “L” until the oscillation of X;y-Xoyr becomes stable.

oo MU Nl

T

rEser —J

SYNC

Address

8~12 clock cycles

Reset address from the

XX XX XX oY on)

Note 1: The relationship between ¢ and f(x,,) is:normally fixp =49

2! The mark “? " means that the address is changeable depending on the previpus state.

ADAD,

vector table

Fig.9 Timing diagram at reset

Address
(1) Port PO directional register ( E 145 ) -
(2) Port P1 directional register ( E 34 )
(3) Port P2 directional register ( . E 545 ) -
(4) Port P3 directional register ( E 9 )
(5) Port P4 directional register ( E Byg )
(6) Port P6 (Note 1) (EEqw )--~
(7) Serial I/0 mode register ~ ( E 6,5 ) - lll.nnun
(8) Prescaler X (ECy )
'(9) Timer X (Fow) [ 01w ]
(10) Interrupt control register  ( F E,q ) -
(1) Timer control register ( FFy )

(12) Interrupt disable flag on (PS )
processor status register

Content: f
(13) Program counter , (PCy )| Soptens o

address FFFF

ontents of
( PGL ) | address FFFERs

L Power on
M50743-XXXSP ' 4.5v
RESET Vee 0
8 T W
;/-' 0.6V
ov

M50743-XXXSP

RESET Vee

Supply voltage
detection circuit

Note 1: Port P6 is the high-impedance state during reset. Fig.11 Example of reset circuit
After return from reset, it is “FFy¢”.
. Fig.10 Internal state of microcomputer at reset
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/O PORTS

(1)

Port PO

Port PO is an 8-bit 170 port with CMOS output.

As shown in the memory map (Figure 1), port PO can
be accessed at zero page memory address OOEO;e.
Port PO has a directional register (address 00E1;g)
which can be used to program each individual bit as
input (“0”) or as output (“1”). If the pins are program-
med as output, the output data is latched to the port
register and then output. When data is read from the
output port the output pin level is not read, only the
latched data in the port register is read. This allows a
previously output value to be read correctly even
though the output voltage level is shifted up or down.
Pins set as input are in the floating state and the signal
levels can thus be read. When data is written into the
input port, the data is latched only to the port latch and
the pin still remains in the floating state.

Depending on the contents of the processor status reg-
ister (bit 0 and bit 1 at address 00FF,¢), four different
modes can be selected; single-chip mode, memory ex-
panding mode, microprocessor mode and evaluation
chip mode. These modes (excluding single-chip
mode) have a multiplexed address output function in
addition to the 1/0 function. For more details, see the
processor mode information.

Port P1

In the single-chip mode, port P1 has the same function
as PO. In the other modes, P1’s functions are slightly
different from PQ’s. For more details, see the processor
mode information.

Port P2

In the single-chip mode, port P2 has the same function
as PO. In the other modes, P2's functions are slightly
different from PQ’s.

For more details, see the processor mode information.
Port P3

In the single-chip mode, port P3 has the same function
as PO. In the other modes, P3's functions are slightly
different from PQ's. Port P3 can also be used as serial
1/0, WTZ and /0 pins for timer X. For more details,
see the processor mode information.

Port P4

Port P4 has the same function as port PO in the single-
chip mede. This function does not change even though
the processor mode changes.

Port PS5

Port P5 is an input port.

Port P6

Port P6 is a CMOS output port. See Figure 12 for more
details.

Clock ¢ output pin

In normal conditions, the oscillator frequency divided
by four is output as ¢.

(9

m)

INT; pin .
The INT, pin is an interrupt input pin. The INT, inter-
rupt request bit (bit 7 at address O0FE;g) is set to “1”
when the input level of this pin changes from “H” to
“L".

INT, pin (P3,/INT, pin) '

The INT, pin is an interrupt input pin used with P3,. To
use this pin as an interrupt pin, set the corresponding
bit in the directional register to input (“0”) . When this
signal level changes from “H” to “L”, the interrupt re-
quest bit (bit 1 at address 00FE,¢) is set to “1".

CNTR pin (P3;/CNTR pin)

The P33/CNTR pin is an /0 pin of timer X. To use this
pin as the timer X input pin, set the corresponding’
directional register bit to input (“0”). In the event coun-
ter mode, CNTR becomes the input pin of the external
pulse. In the pulse output mode, the CNTR output
changes polai’ity each time the contents of timer X
goes to “0”. In the pulse width measurement mode, the
pulse to be measured is input to this pin.
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Ports PO, P1, P2, P3, P4

Directional register j

10

jr Ports PO, P1, P2, P3, P4

Data bus — Port latch

il

(Note) P3 is also used as an 1/0 pin of serial /O and CNTR,
and ‘input pin of INT,.

Port P6
:1 Port P6
Port P5
Port P5
s .

4
i

Fig.12 Block diagram of port PO~P8 (single-chip mode) and output format of ¢
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PROCESSOR MODE

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

Figure 14 shows the functions of ports PO~P3.

The memory map for the single-chip mode is-illustrated in
Figure 1 and for other modes, in Figure 13.

By connecting CNVgs to Vss, all four modes can be
selected through software by changing the processor mode
bits. Connecting CNVss to Vcc automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVsgs places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFFqe

Internal

ROM

F000,¢
010046
00E8+¢|Timer,Port P3etc| L
00EOi s NNNNNNNY Port PO~P2 |
008045

Internal
0000;6 RAM

Memory Eva-chip Microprocessor

expanding mode mode

mode

The shaded area is external memory area

Fig.13 External memory area in processor mode

(1) Single-chip mode (00}

The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgs. Ports PO~ P3 will work as original 1/0
ports.

(2) Memory expanding mode (01)

The microcomputer will be placed in the memory ex-

panding mode when CNVgs is connected to Vgg and

the processor mode bits are set to “01”. This mode is

used to add external memory when the internal mem-

ory is not sufficient.

In this mode, port PO and port P1 are as a system

address bus and the original 1/0 pin function is lost.

Port P2 becomes the data bus of D;~ Dy (including in-

struction code) and loses its normal 1/0 functions. Pins
P3, and P3, output the SYNC and R/W control signals, .
respectively when ¢ enters into the “H” state. Port P3,

functions as an input port during this same transition.

(3) Microprocessor mode (10) :

After connecting CNVgs to Ve and initiating a reset,
the microcomputer will automatically default to this
mode.
In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the databus (D,;~D,) and loses
_its normal 1/0 functions. Port P3; and P3; and P3, be-
come the SYNC and R/W pins, respectively and the
normal-1/0 functions are lost.

(4) Eva-chip mode (11)

When 10V is supplied to CNVgg pin, the microcomputer
is forced into the eva-chip mode. The main purpose of
this mode is to evaluate ROM programs. prior to mask-
ing them into the microcomputer’s internal ROM.

In this mode, the internal ROM is inhibited so the ex-
ternal memory is requierd.

The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original 1/0 functions. _
Port P1’s higher 8 bits of address data are output.when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original 1/0 functions. Port P2 retains
its original output functions while ¢ is at the “H" state,
and works as a data bus of D;~ Dq (including instruc-
tion code) while at the “L” state. Pins P3; and P3, out-
put the SYNC and R/W control signals, respectively
while ¢is in the “H” state. When in the “L” state, P3,
and P3q retain their original 1/0 function.

The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.

The relationship between the input level of CNVgg and
the processor mode is shown in Table 2.
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\ SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CM, 0 1 0 1
CMo 0 1 1 0
Mode
Single-chip mode Eva-chip mode Memory expanding mode Microprocessor

Port mode

Port PO Ports P0;~P0, Ports P0O;~P0, Ports PO;~P0o Same as left
Address Address

Port P1 Ports P1;~P1, Ports P1,~P1, Ports P1,~P1, Same as left
Address . Address

:X 1/0 port 170 port Ass~As
LT 1T |« 1T

Port P2 Ports P2;~P2, Ports P2;~P2, Ports P2;~P2, Same as left

Output Data Data
1/0 port - ——— -
Ports P3;~P3, Ports P3;~P3, Ports P3;~P3,
x 1/0 port :X 1/0 port x 1/0 port
Port P3 Port P3, Port P3, Same as left
SYNC 1/0 port SYNC -
Port P3, Port P3,
Fig.14 Processor mode and functions of port PO~P3
Table 2 Relationship between CNVgs pin input level and processor mode
CNVsg Mode Explanation
Vss * Single-chip mode The single-chip mode is set by the reset.

* Memory expanding mode
* Eva-chip mode
* Microprocessor mode

All modes can be selected by changing the processor mode bit with the program.

Vece * Eva-chip mode The microprocessor mode is set by the reset. N
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.
10V | * Eva-chip mode Eva-chip mode only.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
17.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF;¢ and
0146, respectively. The oscillator (dividing by 16) is then
connected to the prescaler input. This connection is cleard
when timer X overflows or the reset is in, as discussed in
the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the internal clock ¢
stops in the “H” level but the oscillator continues running.
This wait state is cleared when an interrupt is accepted.
Since the oscillation does not stop, the next instructions are
executed at once.

To return from the stop or the wait status, the ‘interrupt en-
able bit must be set to “1” before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er X count stop bit (bit 5 of address 00FF;) must be set to
“0” before executing STP instruction.

The circuit example using a ceramic oscillator (or a quartz
crystal oscillator) is shown in Figure 15.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures

suggested value.
The example of external clock uasge is shown in Figure 16.
Xy is the input, and Xourt is open.

M50743-XXXSP

Xin Xout
29 iMQ 30

il

L Cn — Cour

i

Fig.15 External ceramic resonator circuit

M50743-XXXSP

Xin Xour
29 30
Open

External oscillating circuit

Fig.16 External clock input circuit

Interrupt
request
Reset
Interrupt S Q Q S
disable S Q
flag |
Reset
,WI;I' tion | R R |— STP instruction
STP instruction — R instruction
Internal clock
172 } ¢
L]
1/2 1/8 . F— Prescaler X Timer X —
B " Overflow
Timer X counter stop bit
Xin Xour
Fig.17 Block diagram of clock generating circuit

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50743-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PROGRAMMING NOTES

(1) The frequency ratio of the timer and the prescaler is
1/(n+1).

(2) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt request bits are modified (by
the program), those ‘instructions are only valid for the

. contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(3) Reading the timer and prescaler must be avoided
while the input to the prescaler is changing.

(4) After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
‘is needed before the SEC, CLC, or CLD instructions
are executed.

(5) A NOP instruction must be used after the execution of
a PLP instruction.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM datg -« -r=rreeererrsrmmmrnrerseinieniiiiin, EPROM 3sets
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3~7 \%
v, Input voltage, RESET, Xy, INT;, P5o~P5; —0.3~7 \Y

Input voltage, POg~P07, P19~P1;, P2p~P2;
\A P3y~P3y, Pdg~Pdy —0.3~Vcc+0.3 \Y
With respect to Vss.
Vv, Input voltage, CNVss . —0.3~13 \%
Output transistors cut-off.
Output voltage, PO;~P0;, P1o~P17, P2;~P2;
Vo P3o~P3;, P4o~P4;, P6o~P6; —0.3~Vce+0.3 v
Xour, ¢
Pd Power dissipation Ta=25C 1000(Note 1) mw
Topr Operating temperature —10~70 C
Tstg Storage temperature —40~125 C
Note 1 : 300mW for QFP types.
RECOMMENDED OPERATING CONDITIONS (1a=—10~70C, Voc = 5V+£10%, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min. Nom. Max.
Vee Supply voltage 4.5 5 5.5 \4
Vss Supply voltage 0 \
“H" input voltage, P0o~P07, P1o~P17, P2,~P2;
Vin P3o~P3;, P4g~P4;, P5,~P5; 0.8Vce Vee \Y
INT;, RESET, X, CNVss
“L" input voltage, POo~P07, P1o~P17, P2;~P2;
Vi P3p~P37, P4o~P4;, P5~P5; 0 0.2Vcc Y,
INT;, CNVss
Vi “L" input voltage, RESET 0 0.12V(| \%
Vie “L” input voltage, Xy 0 0.16Vee \Y
“L" peak output current, POg~P0;, P15~P1;
loL(peak) P2g~P2;, P3,~P3; 10 mA
P4y~P4;, P6,~P67
“L"” average output current, POg~P07, P1o~P17
loLcavg) P2y~P2;, P3,~P3; 5 mA
P4y~P4;, P6,~P6; (Note 3 )
“H" peak output current, POg~P07, P1o~P1;
lon(peak) P2o~P27, P3,~P3; —10 mA
P4y~P4;, P6,~P6;
“H" average output current, POo~P07, P1o~P1;
loncavg) P2y~P2;, P3~P3; —5 mA
. P4o~P4;, P6;~P67 (Note 3 )
fixp) Internal clock oscillating frequency 8 MHz
Note 2 © loLcavg) loncavg) is the average current in 100ms.
3 . The total of lou(peak) of PO, P1, P2, P3, P4 and P6 should be 80mA max.
The total of lon(peak) of PO and P1 should be 30mA max.
The total of lon(peak) of P2 should be 50mA max.
The total of lon(peak) of P3, P4 and P6 should be 30mA max.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (vec =5V, vgs =4'0V, Ta =257, f(x,) = 8MHz, unless otherwise noted)

Limits

Symbol Parameter Test conditions - Unit
) Min. Typ. Max
“H” output voltage, POy~P0;, P1o~P1;, P2;~P2
Vou P! g o 7, Plo 7 P29 7 lou = —10mA 3 v
P3p~P3;, P4~ P47, P6o~P6;
Vou “H" output voltage; ¢ lon = —2.5mA 3 \%
“L" output voltage, POg~ P07, P1g~P1;, P2p~P2 .
VoL P g o 7. Plo 7 P2o~P27 loL = 10mA 2 v
P3o~P3;, P4o~P4;, P6,~P6;
VoL “L" output voltage, ¢ loL = 5mA 2 \%
Vr4+—Vr— | Hysteresis, P3g When used as CLK input 0.3 1 \'
Vr4+—Vr~ | Hysteresis, INT, 0.3 1 \%
Vr4+—Vr— | Hysteresis, P3; When used as INT, 0.3 1 \%
Vy4+—Vy— | Hysteresis, P33 When used as CNTR 0.3 1 \%
Vr4+—Vr_ | Hysteresis, RESET 0.5 0.7 \
Vr4+—Vr— | Hysteresis, Xy 0.1 0.5 \
“L” input current, PO~P07, P1o~P17, P2;~P2;
Lo P3y~P37, P4o~P4;, P5,~P5; V=0V —5 A
P6y~P67, INTy, RESET, Xin
“H" input current, POy~P07, P1g~P17, P2;~P2;
lin P3~P3;7, P4g~P4;, P5o~P5; V=5V 5 uA
P6o~P67, INT;, RESET, Xy
Veam RAM holding voltage When clock stops 2 \4
f(x)= 8MHz .
i 6 12 mA
Square wave
Output port open; -
Ta=25C
lecc Supply current , other ports are con- 1 A
! At clock stops
nected to Vss. -
Ta=70C
10 ~A
At clock stops
/
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TIMING REQUIREMENTS
Single-chip mode (Ve =5V£10%, Vss =0V, Ta = 25T, fx,) = 8MHz, unless otherwise noted)

Limits
Symbol Parameter - < Unit
- Min. Typ. Max.
tsu (PoD-®) Port PO input setup time 200 ns
tsu (P1D-#) Port P1 input setup time 200 ns
tsu (P2D-#) Port P2 input setup time 200 ns
tsu (P3D-) Port P3 input setup time 200 ns
tsu (PaD-®) Port P4 input setup time 200 ns
tsu (PsD-@) Port P5 input setup time 200 ns
th (¢-PoD) Port PO input hold time 20 ns
th (¢-P1D) Port P1 input hold time 20 ns
th (¢-P2D) Port P2 input hold time 20 ns
th (¢-pap) Port P3 input hold time 20 ns
th (4-P4D) Port P4 input hold time 20 ns
th (¢-P5D) Port P5 input hold time 20 ns
tc External clock input cycle time 125 ns
tw External clock input pulse width 62 ns
tr External clock rising edge 20 ns
tf External clock falling edge 20 ns
Eva-chip mode (Vec =5V+10%, Vss =0V, Ta= 25T, f(x,) = 8MHz, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max.
tsu (PoD-#) Port PO input setup time 200 ns
tsu (P1D-®) Port P1 input setup time 200 - ns
tsu (p2o-#) | Port P2input setup time 200 ns
th (¢-PoD) Port PO input hold time 20 ns
th (¢-P1D) Port P1 input hold time 20 ns
th (¢-p2D) Port P2 input hold time 20 ns
Memory expanding mode and microprocessor mode
(Voo =5VE10%, Vss =0V, Ta= 25T, f(x,) = 8MHz, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max
tsu (p2p-#) | Port P2 input setup time 150 ns
th (¢-p2D) Port P2 input hold time 20 ns
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SWITCHING CHARACTERISTICS
Single-chip mode (Ve =5v£10%, Vss =0V, Ta = 25T, f(x,) = 8MHz, unless otherwise noted)

Limits
Symbol Parameter o Test conditions - Unit
Min. Typ. Max.
td(¢-PoQ) Port PO data output delay time 200 ns
td(s-P1Q) Port P1 data output delay time 200 ns
td(s-P2Q) Port P2 data output delay time . Fig18 : 200 ns
td(s-P3q) Port P3 data output delay time R 200 ns
td(¢-Paq) Port P4 data output delay time 200 ns
td(s-Peq) Port P6 data output delay time . 200 ns
Eva-chip mode (Ve =5V+10%, Vss =0V, Ta = 25T, f(x,) = 8MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.

td(s-PoA) Port PO address output delay time 150 ns
td(¢-PoAF) Port PO address output delay time 150 ns
td(¢-PoQ) Port PO data output delay time 200 ns
td(s-roQF) Port PO data output delay time 150 ns
td(s-P1A) Port P1 address output delay time .| 150 ns
td(s-P1AF) Port P1 address output delay time ) 150 ns
td(s-P1Q) Port P1 data output delay time 200 ns
td(¢-P1aF) Port P1 data output delay time 150 ns
td(¢-P2qQ) Port P2 data output delay time Fig.18 150 ns
td(s-P2aF) Port P2 data output delay time 150 ns
td(s-rW) R/W signal output delay time 150 ns
td(s-R/WEF) R/W signal output delay time 150 ns
td(s-P3pQ) Port P3, data output delay time 200 ns
td(s-p3gar) | Port P3, data output delay time 150 ns
td(s-sync) SYNC signal output delay time 150 ns
td(s-syncr) | SYNC signal output delay time 150 ns
td(¢-p3;Q) Port P3; data output delay time ) 200 ns
td(s-p3,arF) | Port P3; data output delay time 150 ns

Memory expanding mode and microprocessor mode
" (Voe =5VE10%, Vss =0V, Ta =257, f (x,» = 8MHz, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

td(s -Poa) Port PO address output delay time ) 150 ns

" td(e -P1a) Port P1 address output delay time 150 ns
td(s -P2q) Port P2 data output delay time ) Fig18 200 ns
td(s -P2aF) Port P2 data output delay time 40 150 ns
td(s -rR/W) R/W signal output delay time 150 ns
td(s-sync) | SYNC signal output delay time 150 ns

PO
P1 —_[————0
P2 100pF

P3 ;

P4

P6

Fig.18 Port PO~P4 and port P6 test circuit
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TIMING DIAGRAMS
l‘ln single-chip mode 4 / N

|
|

— td (s—proQ)
Port PO output
tsu (POD—-é)J e
Port PO input
— th (¢—roD)
— td (p—p10)
" Port P1 output
tsu (mo—w} [e——
Port P1 input
th (e—pP10)
— td (¢—pP20) v_j

Port P2 output

tsu ip2p—¢)—|

Port P2 input

th (s—pP20D)
td (s—r3a)

Port P3 output

tsu (Pap—9)

Port P3 input

diis

—> th (¢—pap)
— td (¢—paq)
Port P4 output
tsu (Pap—¢) fe—
Port P4 input
—> |~—th(¢—paD)
tsu (pso—9) be—
Port P5 input
— th (s—psp)
— td (¢—psQ)
Port P6 output
tc
| tw

fxp)

L
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In eva-chip mode

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P3, output (R/W)

Port P3, output (SYNC)

’__\ |
N /
td (¢—poa) — td (s—poar) > td (¢~roar)
— td (¢—roQ)
_’I [e—
tsu (PDDT_
— th (¢—roD)
td (s—p1a) — td (¢—pP1AF) —> I<— td (¢—p10F)
)
td (s—p10)
e
tsu (PiD—9)
— th (¢—p1D)
td (¢—p2q) — td (¢—p2aF)
5 e
tsu (p2p—9)
— bth (¢—P2D)
td (s—r/W) _'{ td (s—R/WF) — “— td (¢—P3gaF)

'<~ td (¢—svyne) —

< td (¢—P3pQ)

td (e—syncr)  —
L

<— td (¢—p3,aF)

R

td (s—p3,Q)
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Port PO output

Port P1 output

Port P2 output

Port P2 input

Port P3, output (R/W)

Port P3, output (SYNC)

In memory expanding mode and microprocessor mode

/_—_—\ —

>£~ td(¢—ron)

>£— td(g—pr1a)

>( .
X

—]

E td(¢—p20)  —
tsu(p2o—¢) j

—

td(¢—p2aF)

hfhu—mm

>£\ td(e—rmw)

td(¢—svnec)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION
The M50744-XXXSP and the M50746-XXXSP are single- PIN CONFIGURATION (TOP V|EW)
~ chip microcomputers designed with CMOS silicon gate Vee 5] <~ P2,
technology. Both are housed in a 64-pin shrink plastic Reference AV (OV) - P2,
molded DIP (flat package type also available). These sing- voltage input Vaer = P2,
le-chip microcomputers are useful for business equipment D-A output D-A 4] P23
and other consumer applications. PWM output pyypg «— P2, ::/3: P2
In addition to their simple instruction sets, the ROM, RAM, P63 5] P25
and 1/0 addresses are placed on the same memory map to g;'r‘fg; P6, +— A P2
enable easy programming. P6, +—[¢] P2
The differences between the M50744-XXXSP and the P4 /:3": : ig"
M50746-XXXSP are noted below. The following explana- F’4Z/AN;“ +»P0;
tions apply to the M50744-XXXSP. Specification variations Pas/ANs ~[I] > PO, -
for other chips are noted accordingly. 1o P4a/AN, +> s = PO, port PO
port P4 P45+ 14| 3 3 + POs
Type name ROM size P4, & i + POs
M50744-XXXSP 4096bytes Pa,~[E X 7 X POy
M50746-XXXSP 6144bytes Pdo +> < % = Plo
3, L @ ~ P1,
The differences between the M50744-XXXSP and the Egs: : :z
M50744-XXXFP are the package outline and power dis- Vo PSi“ -~ P1, '{,Sn Py
sipation ability (absolute maximum ratings). port P3  |P3,/CNTR « « Pl
‘ P3,/INT, <+ 2+~ Plg
DISTINCTIVE FEATURES P3; ++ «P1,
® Number of basic instructiong:««=«-eocereeereerereireeeeee. - 69 P3p + [40] + P5,
® Memory size ROM - 4096 bytes (M50744-XXXSP) nieruptineut INT, — 39 « PS5,
6144 bytes (M50746-XXXSP) rosotnput | e 38 - PS5,
RAM weeveerrenmrnrmnsetatianinin, 144bytes ) RESET — E < PS5, .
® Instruction execution time E::z: !LF:::t XX'N : % : }:,:4;%4 'ng'ps
....... 2us (minimum instructions at 4MHz frequency) Timing output OU;‘_ - PSZ/EZ
® Single power supply f(X;n) =4MHz:-e-seeeeeeeees 5Vt10% Ves « P5,/ED,
® Power dissipation
normal operation mode (at 4MHz frequency) -+ 15mW Outline 64P4B
@ Subrouting nesting e 72 levels (Max.)
@ [NtErTUpPt: - v oo 6 types, 5 vecters FoSsSSSISS oo esr0 s
@ B-Dit HiM@F +eeeeervrrereeeernreeeseniirrtee s eierr e e ae e e 3 EEEEERREEEEREEREEE
® Programmable I/0 (Ports PO, P1, P2, P3, P4) +worees 40 S el o [
® Input ports (POFt P5) weerererrnnnnsnneereriiiiiiiennaniiannn, 8 sgi: 3 : gg;
® Output ports (POI’1 P6> ............................................. 4 P25 ++[50 3] «— P54
® A-D converter:--eeeeeeeees 8-bit successive approximation ::52: ) ﬁg“ﬁgg"
1 5 5
® D-A converter P2, +[&3) M50744-XXXFP 31] + P5¢/EDs
® 8-bit PWM function e or 2+~ Per/ED,
® Watchdog timer NSS 5] — ¢ss
Vo M50746-XXXFP =X
cc ouT
APPLICATION e s
Office automation equipment D-A+— CNVss
VCR, Tuner, Audio-visual equipment PV:,/(’;" : :g
) Il B3/ 3 3 I A 3 2 D S D 2 S
R R R EERER R
$EELELZFITEOSETEL e
o
Outline 72P6 NC ! No connection
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M50744-XXXSP BLOCK DIAGRAM

Clock input  Clock output Timing output Interrupt input Reset input (5v) (ov) (ov)

Clock géneraling circuit M H H <
[}

Timer 1

Processor Program Program T1(8)
Watchdog timer Srzaagglijsster counter counter S‘“';(F;;)'"‘ef Instruction
| PS(8) PCy(8) PC_(8) K: register (8) !

! RN

Prescaler
PRE 12(8)

Instruction
decoder

1
|
8-bit Control signal
At i RAM ROM I Presc(au?r Timer X gna
and logical 144 bytes Index PREX(S TX(8)
unt Accumulator Y register Index 4096 bytes
| A8) X(8) register Y(8) |
CNTR

i i i
! 1) A \W )
o] |
modulator (8) or (8) INT,
| XLL X/L u '
I—P6(4) L l P3(8) 1 P2(8) P1(8) PO(8)
] _/ 11 |
- —(909202)2I2 06696369~ DA209ADANONEND—E9605 ——l

DDEXD EHO-DD-63623966C

Opg‘rfg‘s PWM D-A Vgee AVgs  Input port P5 1/0 port P4 1/0 port P3 input part P2 10 port P1 10 port PO

Note 1 : 6144 byts for M50746-XXXSP
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dd/dSXXX-v¥LOSIN
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M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50744-XXXSP

Parameter Functions
Number of basic instructions 69
Instruction excution time 2us (minimum instructions at 4MHz frequency)
ROM 4096bytes (6144bytes for M50746-XXXSP)
Memory size
RAM 144bytes
INT; Input 1-bitX1
1/0 ports PO, P1, P2, P3, P4 170 8-bitX5(Part of P3 used with timer 1/0 and interrupt input)
P5 Input 8-bitX1
P6 Output 4-bitX1
Timers 8-bit prescalerX2-+8-bit timerX3
A-D converter 8-bitX 1 (4 channels)
D-A converter 5-bitX1
Pulse width modulator 8-bitX1
Watchdog timer 15-bitX1
Subroutine nesting 72 levels (max.)
Interrupt 2 external interrupts, 3 internal timer interrupts
Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator)
Supply voltage 5V+10%
Power dissipation . High-speed operation 15mW (at 4MHz frequency)
1/0 voltage 12V (Ports PO, P1, P3, P4, P5, P6, INT;)
170 characteristics
Output current 5mA (Ports PO, P1, P2, P3, P4)
Memory expansion Possibe
Operating temperature range —10~70C
Device structure CMOS silicon gate process
Package M50744-XXXSP, M50746-XXXSP 64-pin shrink plastic molded DIP
M50744-XXXFP, M50746-XXXFP 72-pin plastic molded QFP
9_g2 MITSUBISHI
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PIN DESCRIPTION

Input/
Pin Name P Functions
Output

Vece Supply voltage Power supply inputs 5V£10% to Vcc, and 0V to Vss.

Vss

CNVsg CNVss This is usually connected to Vsgs.

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

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the X,y and Xour pins. If an external clock is used, the clock

XouT Clock output Output source should be connected the Xy pin and the Xoyr pin should be left open.

¢ Timing output Qutput This is the timing output pin.

INT, Interrupt input Input This is the highest order interrupt input pin.

AVss Voltage input for A-D This is GND input pin for the A-D and D-A converters.

and D-A

Vgeer Reference voltage Input This is reference voltage input pin for the A-D and D-A converters.

input

D-A D-A output Output This is output pin from the D-A converter.

PWM PWM output Output This is output pin from the pulse width modulator.

The output structure is N-channel open drain.

P0o~PO0; | I/0 port PO 1/0 Port PO is an 8-bit 170 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode.
The output structure is N-channel open drain.

P1o~P1; | I/0 port P1 170 Port P1 is an 8-bit I/0 port and has basically the same functions as port P0.

P2o~P2; | I/0 port P2 170 Port P2 is an 8-bit I/0 port and has basically the same functions as port PO, but the output structure is
CMOS output.

P3,~P3; | I/0 port P3 170 Port P3 is an 8-bit I/0 port and has basically the same functions as port P0O. P3; and P3; work as CNTR pin
and the lowest interrupt input pin (INT.), respectively.

P4o,~P4; | I/0 port P4 170 Port P4 is an 8-bit I/0 port and has basically the same functions as port PO. P4,~P4; work as analog input
port ANs~ANj7.

P5o,~P5; | Input port P5 Input Port P5 is an 8-bit input port. P5,~P5; can be used as the edge sense inputs.

P6o~P63 | Output port P6 Output Port P6 is a 4-bit output port. The output structure is N-channel open drain.

MITSUBISHI )83
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BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50744-XXXSP is shown in Figure
1. Addresses F000,s to FFFFs are assigned to the built-in
ROM area which consists of 4096 bytes.

Addresses E80046 to FFFF,s are the ROM address area
assigned to the M50746-XXXSP. '
Addresses FF00,¢ to FFFF,¢ are a special address area
(special page). By using the special page addressing
mode of the JSR instruction, subroutines addressed on this
page can be called with only 2 bytes. Addreeses FFF4,6 to

FFFF,s are vector addresses used for the reset and inter-
rupts (see interrupt chapter). Addresses 0000;¢ to 00FF,g
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, 1/0 port, timer,
etc., are assigned to this area. ,

Addresses 0000,¢ to 008F;s are assigned to the built-in
RAM and consist of 144 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-

. routine calls and interrupts.

Decimal
( 0000
e 0 7 00E0,6 [Port PO
7/ .
RAM /7 00E1[PortP0_ rectona
(144 bytes) R 00E2, [Port P1
008F, 7 00E3,s [Port 1 glirectional
7
Zero page 2 00E4, | Port P2
Not used /,’ 00ES, [Port P2 directional
‘. 00E6,6
00EQ,¢
00E7,¢
00E8, | Port P3
00FF,6 255 16 S
\ 0089, fPOrt P8 Fogidier -
\ . 00EA,|Port P4
\
 Not used ! 00EBs|Port P4 Simsin™
\
\ 00EC,¢ | Port P5
\
E800.¢ \ 00ED, ¢ |Port P5 latch
! ’ 00EE,, | Port P6
( F000,¢ \
‘\ 00EF ¢
\ 00FO0,6 § D-A conversion register
\
\ 00F1 ¢ | Pulse width modulation register
‘\ 00F2,¢ |Successive approximation register
\\ 00F3,¢ JA-D control register
FFO00ys \
: \ 00F4,, | Watchdog timer
ROM (6144 bytes) \
for \ 00F5,¢
‘M50746-XXXSP ROM \ 00F6,¢
\
(4096 bytes) \ 00F71
for \ )
M50744-XXXSP | Special \ 00F8,s
page for ! eFea \\ 00F9,¢ | Timer 1,2 prescaler
subroutine “| Addres h INT; \  00FA|Timer1
call Address L Ti 2 \ N
Address H imer \. 00FB, | Timer 2
peribeedail Timer1 -\ 00FC,s | Timer X prescaler
\
Adaress B TimerX | OOFD,q|Timer X
Adaress INT, ‘\ 00FE,¢ |Interrupt control register
Address L rr— N .
RESET \ 00FF,¢ | Timer control register
FFFF.G Address H 65535 \ 16
Fig.1 Memory map
2—84 | MITSUBISHI
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CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A)

The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register.
In the index addressing mode, the value of the OPERAND .
added to the contents of the register Y specifies the real
address.

7 0 7 0
A Accumulator N[fV[T{B|D|I|Z]|C Processor status register
7
0 Carry flag
X . Index register X
Zero flag
7 0 Interrupt disable flag
Y Index register Y
Decimal mode flag
z 0 Break flag
S Stack pointer
Index X mode flag
7 0
15 Overflow flag
PCH PCL Program counter
Negative flag
Fig.2 Register structure
MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack pointer (S) is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

The location of the stack can be determined by the stack
page bit (bit 4 at address 00FF;s). When bit 4 is “0” and
the contents of the stack pointer is XXy¢, the stack address
is set to 00XXye. When bit 4 is “1”, the stack address is set
to 01XX;6. When using this microcomputer in-the single-
chip mode, the stack page bit must be “0” and the stack
pointer should be set at the bottom address of the internal
RAM. :

When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction. )

The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from- a‘subroutine.

PROGRAM COUNTER (PC)

The 16-bit program counter consists of two 8-bit registers
PCy and PC.. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag.

2. Zero flag (2) _

This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”. ‘

6. Index X mode flag (T)

When the T flag is “1”, operations between memories are
executed directly without passing through the acgumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.

MITSUBISHI
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7. Overflow flag (V) .

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overilow flag is reset by
the CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.

Table 1 Interrupt vector address and priority

Interrupt Priority Vector address
RESET 1 FFFF16, FFFEqg
INT, 2 FFFD46, FFFC1e
Timer X 3 FFFB1es, FFFA6
Timer 1 4 FFF9,6, FFF846
Timer 2 5 FFF7.6, FFF64g
INT2(BRK) 6 FFF516, FFF416

INTERRUPT

The M50744-XXXSP can be interrupted from seven souces;
INT4, timer X, timer 1, timer 2, or IWI'—Z/BRK instruction.
However, the INT, pin is used with port P3, and the corres-
ponding directional register bit should be set to “0” when
P3, is used as an interrupt input pin.

These interrupts are vectored and their priorities are shown
in Table 1. Reset is included in this table since it has the
same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag is set to
“1”, All of the other interrupts can further be controlled indi-
vidually via the interrupt control register shown in Figure 3.
An interrupt is accepted when the interrupt enable bit and

the interrupt request bit are both “1” and the interrupt dis-"

able flag is “0”.

The interrupt request bits are set when the following condi-
tions occur:

(1) When the INT; or INT, pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 go to “0”
These request bits can be reset by the program but can not

0

] l l [ ] Interrupt control register (Address 00FEg)

Bit7 ! INT, pin interrupt request bit
Bit6 : INT, pin interrupt enable bit
Bit5 : Timer 1 interrupt request bit
Bit4 : Timer 1 interrupt enable bit

Bit3 : Timer 2 interrupt request bit
Bit2 ! Timer 2 interrupt enable bit

Bit1 ! INT, pin interrupt request bit

Bit0 ! INT, pin interrupt enable bit

0
r [ L LJI Timer control register (Address 00FF;g)

Interrupt request

Interrupt disable flag |

Reset

Bit7 . Timer X interrupt request bit
Bit6 : Timer X interrupt enable bit
Bit5 ! Timer X interrupt stop bit
Bit4 : Timer stack page bit

Bit 3,Bit 2 : Timer X mode bits
Bit1,Bit 0 : Processor mode bits

Fig.3 Interrupt control
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be set by the program. However, the interrupt enable bit
can be set and reset by the program.

Since the BRK instruction and the INT, interrupt have the
same vectored address, the contents of the B flag must be
checked to determine if the BRK instruction caused the in-

TIMER

‘The M50744-XXXSP has three timers; timer X, timer 1, and
timer 2. Timer X has four modes which can be selected by
bit 2 and 3 of the timer control register. When the timer X

terrupt or if INT, generated the interrupt.

count stop bit (bit 5) is set to “1”, the timer X will stop re-
gardless of which mode it is in. A block diagram of timer X,
timer 1 and timer 2 is shown in Figure 4.

The P33/CNTR pin cannot be used as CNTR when P3; is
being used in the normal 170 mode.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-
vider. The division ratio is defined as 1/(n+1), where n is
the decimal contents of the prescaler latch. All three timers
are down-count timers which are reloaded from the timer
latch following the zero cycle of the timer (i.e. the cycle af-
ter the timer counts to zero). ‘

The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE;s and
00FF,¢, respectively (see interrupt section).

The four modes of timer X as follows:

Timer mode

Pulse width measurment

4 mode
Event counter mode

-0

P33/CNTR

O

Pulse output mode

[ Data bus )
Oscillator  divider [P ILLI " h(B)l VIT h(é)]
rescaler latc Timer X latc
1/16

e |

Prescaler (BTH Timer X (8)

FFie 0146

Timer X count stop bit
(Bit 5 of address 00FFg)
IToggle flip-tlopL

to timer X
interrupt request bit

Reset, or STP
instruction

=
! Data bus 1
i
lPrescaIer latch (8)‘ I Timer 1 latch (8) ] Timer 2 latch (8)
B L to timer 1 JL
to timer 2

;—-I;Prescaleril_@i Timer 1 (8) ]—>

interrupt request bit

interrupt -
request Timer 2 (8)
bit

Fig.4 Block diagram of timer X, timer 1, timer 2
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(4)

Timer mode (00)

In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

Pulse output mode (01)

In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.

Event counter mode (10)

This mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This mode will allow an interrupt to be generated
whenever a specified number of external events have
been generated. The timer down-counts every rising
edge of the clock sourse.

Pulse width measurement mode (11)

This mode measures the pulse width (between lows)
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during
the low cycle of the CNTR pin. When the timer con-
tents reaches “0”,the interrupt request bitis setto“1”,
the timer's reload latch is reloaded and the counting
resumes.

The structure of the timer control register is shown in
Figure 5. '

When the STP instruction is executed, or after reset,
the prescaler and timer latch are set to FFyg and 014,
respectively. Also, when the STP instruction is ex-
ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X
mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to
the oscillation circuit section.

7 0

I l I Timer control register (Address 00FF¢)

L

Processor mode bits
00 : Single-chip mode
01 : Memory expanding mode
10 ! Microprocessor mode
11 [ Eva-chip mode

Timer X mode bits
00 : Timer mode
01 : Pulse-output mode
10 : Event counter mode
11 I Pulse width measurment mode

Stack page bit
0:Page 0
1! Page 1

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

Timer X interrupt enable bit
0 : Interrupt disable
1 : Interrupt enable

Timer X interrupt request bit
0 : No interrupt request
1 I With interrupt request

Fig.5 Structure of timer control registe
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A-D CONVERTER

An 8-bit successive approximation method of A-D conver-
sion is employed providing a precision of =3LSB. A block
diagram of the A-D convertor is shown in Figure 6. Conver-
sion is automatic once it is started with the program.

The four analog inputs are used in common with pins P4,
P4g, P45, and P4, of port 4. Bits 1 and 0 of the A-D control
régsiter (address 00F3,¢) are used to select which pins are
used for A-D conversion. The input condition is accom-
plished by setting to “0” the bit in the directional register
that corresponds to the pin where A-D conversion is to take
place. Bit 4 of the A-D control regsiter is the A-D conver-
sion end bit. During A-D conversion, this bit is “0”, and
upon completion becomes “1”. Thus, it can be ascertained
whether or not A-D conversion has been completed or not
by inspecting this bit. The relation between the contents of
the A-D control register and the selection of input pins are
shown in Figure 7.

The results of the conversion can be found be reading the
contents of the successive approximation register (address
00F2,6) which stores the results of the conversion. The pro-
cedure for executing A-D conversion is next explained.
Firstly, the pin that is to be used for the A-D conversion is
selected by setting bit 1 and bit 0 of the A-D control regis-
ter. Next, the successive approximation is written to upon
which the A-D conversion starts. Since actual data is not

written to the successive approximation, any type of may be
written. Simultaneous with its being written, the A-D con-
version end bit (bit 4 of address 00F3;) is cleared to “0”
signifying that A-D conversion operations are being con-
ducted. A-D conversion completes after 198 clock cycles
upon which the A-D conversion end bit is set to “1” and the
results of the conversion can be found in the successive
approximation. Since the comparator consists of the capaci-
tive coupled configuration, f (X,y) is needed larger than
1MHz during A-D conversion.

A-D control register (Address 00F3,q)

Analog input selection bit
00 : P44/AN,

101! P4s/ANs
10 : P4g/ANg
111 P4;/AN;

A-D conversion end bit
0 : A-D conversion in progress
11 A-D conversion completed

Fig.7 Structure of A-D control register

AVss VRer

Resistance ladder

P4 P4 P4g P4,
7/AN7 G/ANS /AN5 /AN4

[T

Selector

Vret Comparator and

control circuits

Successive approximation register
(Address 00F2,)

A-D control
register
(Address 00F3;¢)

Data bus

Fig.6 Block diagram of A-D converter
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D-A CONVERTER

The R-2R method is used for D-A conversion. The block di-
agram is shown in Figure 8. An analog voltage is output that
corresponds to the contents of the D-A conversion register
(address 00F0,¢) . Ideally, the relation of the analog output

voltage V and the content n of the D-A conversion register
is V=Vger X n/32(n=0~31).

Reset operation clears the contents (n) of the D-A conver-
sion register to 0y6.

AVgs (OV) Vger

R-2R ladder ———->=>( ) D-A
!
D-A conversion register (Address 00F0y)
7 0
} Data bus {
Fig.8 Block diagram of the D-A converter
MITSUBISHI ' ’ 2—g1
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PULSE WIDTH MODULATOR period of 4080 X m/255 (m=0~255). Figure 9 shows that
The pulse width modulation register (address 00F14g) is relationship. An N-channel open drain output is used for the
configured of an 8-bit counter. The period of repetition is PWM pin.

4080 clock cycles. With the content of the pulse width mod- Reset sets the content m of the pulse width modulation
ulation register m, the PWM pin becomes high-level for the register to 0046.

One period of
4080 clock cycles >
0123 2532540 1 2 3 4

)6 ettt Ll ——————

m=254 ’ — “—---"-—U

m=255 "H e

Fig.9 Relation between m and PWM output
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WATCHDOG TIMER

The watchdog timer provides the means to return to a reset
condition when a program runs wild and the program will
not run the normal loops.

The watchdog timer (address 00F4,¢) is a 15-bit counter.
The watchdog timer counts 1/16th the output frequency of
the oscillator. The watchdog timer is set to 7FFF;¢ when a
reset is accomplished or a write operation has been made
to it. As well as any of the instructions that generate a write
signal, such as STA, LDM, and CLB, can be used to write
data to the watchdog timer. An output of the most signifi-
cant bits of the watchdog timer is input to the reset circuit.
When 262144 clock cycles have been counted, the most
significant bit becomes “0” and reset is carried out. When
reset is carried out, the watchdog timer is set to 7FFF, and
reset is released. The program then begins again from re-
set vector address. Normally, the program is written so that
a writing operation is made to the watchdog timer prior to
the most significant bit's becoming “0”. Application of a +
10V to the RESET pin will disable the watchdog timer func-
tion.

Since execution of the STP instruction causes both the
clock and the watchdog timer to stop, an option is offered
where the STP instruciotn can be disabled.

RESET CIRCUIT

The M50744-XXXSP is reset according to the sequence
shown in Figure 10. It starts the program from the address
formed by using the content of address FFFF,¢ as the high
order address and the content of the address FFFF5 as the
low order address, when the RESET pin is held at “L” level
for more than 2us while the power voltage is in the recom-
mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 11.
An example of the reset circuit is shown in Figure 12.

When the power on reset is used, the RESET pin must be
held “L” until the oscillation of Xy-Xoyr becomes stable.

o _JIT- - - _ _Junnnanar

SOOI I U 0

8~12 clock cycles

¢ R R
RESET
SYNC I I
XX X E e X e xa)
Reset address retrieved

Data XXX XX X020

Note 1: The relationship of frequency between f(x,) and ¢is f(x,) =4+¢.

from the vector table

2. A question mark (?) means that the address is changeable de-

pending on the previous state.

Fig.10 Timing diagram at reset
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Address
(1) Port PO directional register ( E 1,5 ) -
(2) Port P1 directional register ( E 3,5. ) -
(3) Port P2 directional register ( E 5,5 ) '
(4) Port P3 directional register( E 94 )
(5) Port P4 directional register( E B, ) -
(6) Port 6 (Note 1) ( EEq )
(7) D-A conversion register  ( F 0, )

(8) Pulse width modulation  ( F 1,5 )

register
| () watchdog timer ( Flyg ) 7FFFqe
(10) Prescaler ( FCys )
(1) Timer X ( FDy )

(12) Interrupt control register ( F E,g ) -
(13) Timer control register ( FFu )

(14) Processor status register  ( P S ) -
(only the interrupt disable
flag is set.)

(15 Program counter ( PCy ) C°"‘%’3§,‘§ss FFFFye

Contents of
( PCL ) address FFFF¢

Note 1: Port P6 is the high-impedance state during reset.
After return from reset, it is “FFg".

ol idiidi i diiad

Fig.11 Internal state of microcomputer at reset

Power on
M50744-XXXSP b

4,5v

RESET Vee
% 1
o
& ov 0.6V

ov

M50744-XXXSP

RESET Vce Supply voltage

28 1 . L
b / detection circuit
|

N
|
|

|
|
|
|
|
|
[
I
|
|
!

Fig.12 Example of reset circuit
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/O PORTS

(1)

Port PO

Port PO is an 8-bit I/0 port with N-channel open drain
output.

As shown in the memory map (Figure 1), port PO can
be accessed at zero page memory address 00EQ;e.
Port PO has a directional register (address 00E1g)
which can be used to program each individual bit as
input (“0”) or as output (“1”). If the pins are program-
med as output, the output data is latched to the port
register and then output. When data is read from the

such instructions as LDM and CLB to write a “0” to the
latch. When 00ED;¢ is read, the lower order 4 bits are
always zero.

When port P5 is used as level sence input, read the
contents of the address 00EC,¢.

Port P6

Port P6 is a 4-bit output port. It has N-channel open
drain output. See Figure 13 for more details.

Clock ¢ output pin

In normal conditions, the oscillator frequency divided
by four is output as ¢.

output port the output pin level is not read, only the (9) 'NT1ﬂ .
latched data in the port register is read. This allows a The INT, pin is an interrupt input pin. The INT, inter-
previously output value to be read correctly even rupt request bit (bit 7 at address 00FE;¢) is set to “1”
though the output voltage level is shifted up or down. when the input level of this pin changes from “H" to
Pins set as input are in the floating state and the signal '—_ o
levels can thus be read. When data is written into the (10 'NTzﬂ(P%“NTZ pin)
input port, the data is latched only to the port latch and The INT pin is an interrupt input pin used with P3,. To
the pin still remains in the floating state. use this pin as an interrupt pin, set the corresponding
Depending on the contents of the processor status reg- bit in the directional register to input (“0"). When this
ister (bit 0 and bit 1 at address 00FF,g), four different signal level changes from “H” to “L", the interrupt re-
modes can be selected; single-chip mode, memory ex- quest bit (bit 1 at address 00FEss) is set to “1".
panding mode, microprocessor mode and eva-chip (1) CNTR pin (P35/CNTR pin)
mode. These modes (excluding single-chip mode) The P33/CNTR pin is an I/0 pin of timer X. To use this
have a multiplexed address output function in addition pin as the timer X input pin, set the corresponding
to the I/0 function. For more details, see the processor directional register bit to input (“0"). In the event coun-
mode information. ter mode, CNTR becomes the input pin of the external
(2) Port P1 pulse. In the pulse output mode, the CNTR output
In the single-chip mode, port P1 has the same function changes polarity each time the contents of timer X
as PO. In the other modes, P1’s functions are slighity goes to “0”. In the pulse width measurement mode, the
different from PQ’s. For more details, see the processor pulse to be measured is input to this pin.
mode information.
(3) Port P2
In the single-chip mode, port P2 has the same function
as PO, but it has CMOS output. In the other modes,
P2’s functions are slightly different from POQ’s.
For more details, see the processor mode information.
(4) Port P3
In the single-chip mode, port P3 has the same function
as PO. In the other modes, P3's functions are slightly
different from PQ’s. Port P3 can also be used as IN_Té
and 1/0 pins for timer X. For more details, see the pro-
cessor mode information.
(5) Port P4
Port P4 has the same functicn as port PO in the single-
chip mode. But P4; through P4, can also be used as
analog input pins AN; through AN,.
(6) Port P5
Port P5 is an input port. P5, through P5; can also be
used as edge sence inputs. In such a case, reading is
begun from 00ED4s. OOED4 is provided with a latch
which is set to “1” when the input changes from high-
level to low-level. The input pulse width must be at
least 7 clock cycle wide. The latch is reset by using
MITSUBISHI 2—95

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Ports PO, P1, P3, P4

N-channel open drain output

jT Ports PO, P1, P3, P4

Data directional
register

|
Note : P3is used both as a timer input/output pin and an interrupt in-
put pin.
P4 is used as an analog input pin.
Port P2 i
; Data directional
| register }
1—4 j CMOS output
oo — 0
] I Port P2
N
Port P5
<1 O
V
Port PS5
PWM N-channel open drain output
’1 PWM
Port P6

N-channel open drain output

Data bus Port latch i Port P8

¢ CMOS output
E ::'L ¢

Fig.13 . Block diagram of port PO~P6 (single-chip mode) and ¢ output format
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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

" Figure 15 shows the functions of ports PO~P3.
The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 14.
By connecting CNVgs to Vss, all four modes can be
selected through software by changing the processor mode
bits. Connecting CNVss to Vg automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVss places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFF1e

(Note 1)

0190 I 1 P3, etc.
, etc.
00E8. imer, po ote

00EO4¢ \\\‘ -
0090,

Port PO~P2

Internal RAM

000046

Memory expanding Eva-chip mode Microprocessor
mode mode
The shaded area is external
Note 1: EB800;g for M50746-XXXSP memory area.

Fig.14 External memory area in processor mode

(1)

Single-chip mode (00)

The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgs. Ports PO~ P3 will work as original 1/0
ports.

Memory expanding mode (01) ‘

The microcomputer will be placed in the memory ex-
panding mode when CNVss is connected to Vsg and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient.

In this mode, port PO and port P1 are as a system
address bus and the original I/O pin function is lost.
Port P2 becomes the data bus of D;~ Dy (including in-
struction code) and loses it s normal 170 functions. Pins
P3, and P3, output the SYNC and R/W control signals,
respectively when ¢ enters into the “H” state. Port P3,
functions as an input port during this same transition.
Microprocessor mode (10)

After connecting CNVgs to Ve and initiating a reset,
the microcomputer will automatically default to this
mode.

In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the databus (D;~D,) and loses
its normal 170 functions. Port P3; and P3, become the
SYNC and R/W pins, respectively and the normal 1/0
functions are lost.

Eva-chip mode (11)

When 10V is supplied to CNVsgs pin, the microcomputer
is forced into the eva-chip mode. The main purpose of
this mode is to evaluate ROM programs prior to mask-
ing them into the microcomputer’s internal ROM.

In this mode, the internal ROM is inhibited so the ex-
ternal memory is requierd.

The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original 1/0 functions.

Port P1’s higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original 1/0 functions. Port P2 retains
its original I/0 functions while ¢ is at the “H” state, and
works as a data bus of D; ~ Dy (including instruction
code) while at the “L” state. Pins P3; and P3, output
the SYNC and R/W control signals, respectively while
¢ is in the “H” state. When in the “L" state, P3; and P3,
retain their original I/0 function.

The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and’'when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.

The relationship between the input level of CNVgs and
the processor mode is shown in Table 2.

MITSUBISHI ' 7—97
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CM, 0 1 0 1
CMq 0 1 1 0
Mode
Microprocessing
Single-chip mode Eva-chip mode Memory expanding mode mode
Port
J LT LT | LT
Port PO - _Ports PO:~P0o Ports P0;~P0o Ports P0;~P0q Same as left
Address
/ rt ~
:X 1/0 port XA7~A0 1/0 po K Address A;
Port P1 Ports P1;~P1, Ports P1,~P1, Ports P1;~P1, Same as left
x Address x
X 1/0 port Ars~As x 1/0 port Address A;s~Ag
Port P2 Ports P2;,~P2, Ports P2;~P2, Ports P2;~P2, Same as left
X D €209 GEID S -
¢| l l ¢ I | I ¢| l |
Ports P3;~P3, Ports P3,~P3, Ports P3;~P3;
x 170 port X 170 port x 1/0 port
Port P3, Port P3,
Port P3 .

_v_\,-—-v— \/—_———\,— Same as left
A SYNC A 1/0 port A A SYNC A

Port P3, Port P3y

R/W 1/0 port R/W

Fig.15 Processor mode and functions of Ports PO~P3

Table 2 Relationship between CNVss pin input level and processor mode

CNVss Mode Explanation

Vss « Single-chip mode The single-chip mode is set by the reset.
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program.
+ Eva-chip mode
* Microprocessor mode

Vee + Eva-chip mode The microprocessor mode is set by the reset.
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.

10v « Eva-chip mode Eva-chip mode only.

o MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
18.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF,s and
0146, respectively. The oscillator (dividing by 16) is then
connected to the prescaler input. This connection is cleard
when timer X overflows or the reset is in, as discussed in
the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the internal clock ¢
stops in the “H” level but the oscillator continues running.
This wait state is cleared when an interrupt is accepted.
Since the oscillation does not stop, the next instructions are
executed at once.

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1” before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er X count stop bit (bit 5 of address 00FF;s) must be set to
“0" before executing STP instruction.

The circuit example using a ceramic oscillator (or a quartz
crystal oscillator) is shown in Figure 16.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures

M50744-XXXSP
Xin Xout
9 MQ 30

—ANN———¢

L.Cin L Cour

Fig.16 External ceramic resonator circuit

M50744-XXXSP

X IN >(OUT
297 - .30
Open
Vee
External
oscillating Vss
circuit

Fig.17 External clock input circuit

suggested value.
The example of external clock uasge is shown in Figure 17.
Xin is the input, and Xyt is open.

Interrupt
request L

nt . Reset
nterrup! S Q Q S
disable flag | —ro S Q
Reset
wiT R R STP instruction
) L — — instructi
STP instruction —{ R instruction (option)
(option)
lock
1/2 }lnternal clock ¢

§ :
] 172 1/8 —3—
, 4

Prescaler X Timer X
Overflow
Timer X count stop bit
Xin Xout
Fig.18 Block diagram of the clock generating circuit
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PROGRAMMING NOTES

(1) The frequency ratio of the timer and the prescaler is
1/(n+1).

(2) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt requeést bits are modified (by
the program), those instructions are only valid for the
contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the .interrupt request bits and the
execution of the BBC and BBS instructions.

(3) Reading the timer and prescaler must be avoided
while the input to the prescaler is changing.

(4) After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
is needed before the SEC, CLC, or CLD instructions
are executed.

(5) A NOP instruction must be used after the execution of
a PLP instruction.

(6) Since the comparator consists of the capacitive cou-
pled configuration, f(X,y) is needed lager than 1MHz
during A-D conversion. And during A-D conversion,
don’'t use STP or WIT instruction.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM datg «-rorererereresrsesreeneneeaieiae. EPROM 3sets
Write the following option on the mask ROM confirmation
form

* STP instruction option

. MITSUBISHI
2100 ELECTRIC
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter . Conditions Ratings Unit
Vece Supply voltage —0.3~7 \%
V, Input voltage Xy 7 —0.3~7 \%
A Input voltage P2o~P2;, P4,~P4; —0.3~Vec+0.3 \
v, Input voltage POy~ P07, Pl~P17, P3¢~P37, P4g~P4;, With respect to Vss —0.3~13 Vv

P5o~P5;, INT; With the output transistor cut-off
V, Input voltage CNVsg, RESET —0.3~13 \
Vo Output voltage P2y~P2;, P44~P4;, Xout, $, D-A —0.3~Vce+0.3 \
Output voltage POg~P0;, P1o~P17, P3;~P3;, P4y~P45,
Ve i ’ P62~P6;, o : —0.3~13 v

P4 Power dissipation Ta=25C 1000(Note 1) mw
Topr Operating temperature —10~70 c
Tstg Storage temperature —40~125 C

Note 1 @ 300mW for QFP types

RECOMMENDED OPERATING CONDITIONS (vge=5V£10%, Ta4=—10~70C, unless otherwise noted)

Symbol Parameter N Limits Unit
Min. Nom. Max.
Vce Supply voltage 4.5 5 5.5 \
Vss Supply voltage ) 0 \"
VRser Reference voltage 4 . Vce \
“H" input voltage P0y~P0;, P1o~P1;, P2g~P2;,
Vin P3o~P37, P4g~P4;, P5,~P57, 0.8Vce Vece \"
' INT;, RESET, Xin, CNVss
“L" input voltage POy~P0;, P1p~P17, P2p~P2;,
Vie P3y~P3;, P4g~P4;, P5~P57, . 0 0.2Vce v
INT;, CNVss
VL “L” input voltage RESET 0 0.12Vee| -V
Vi “L” input voltage Xy 0 0.16Vce \
“L" peak output current POg~P07, P1o~P17,
loL(peak) P20~P2;, P3~P3;, 10 mA
P4o~P4;, PWM (Note 3 )
loL(peak) | "L" peak output current P6;~P6; (Note 3 ) 15 mA
v
“L" average output current POg~P07, P1o~P17,
loLcavg) P29~P2;, P3,~P3;, 5 mA
P4o~P4;, PWM (Note 2 )
loLtavg) | “L" average output current P6;~P63 (Note 2) . 7 mA
lon(peak| “H" peak output current P2,~P2; (Note 3) —10 mA
loncavg) | “H" average output current P2,~P2; (Note 2 ) —5 mA
foxp) Internal clock oscillator frequency 4 MHz

Note 2 : The average output currents-lo (avg) and loncavg) are the average value of a period of 100ms.
3 . Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, and PWM to
exceed 80mA.
Do not allow the combined high- level output-current of port P2 to exceed 50mA.
4 : “H" input voltage of ports” PO, P1, P3, P4,~P4,;, P5 and INT, is available up to +12V.

MITSUBISHI 2101
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ELECTRICAL CHARACTERISTICS (Ta=257C, Vce=5V, Vss=0V, f(x,y=4MHz, unless otherwise noted)

» ‘Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
Vou “H" output voltage P2,~P2; loy=—10mA 3 \
Vou “H” output voltage ¢ lon="—2.5mA 3 \
“L" output voltage POo~P07, P1g~P1;, P2p~P2;, .
VoL i ’ PSZ~P3;. P4Z~P4:, P62~P6:. pwy | 'or=10mA 2 v
VoL “L" output voltage ¢ lo,=5mA 2 \Y
Vr+—Vr— | Hysteresis INT; 0.3 1 \Y%
Vr4+—Vr— | Hysteresis P3; When used as INT; input 0.3 1 \
Vi+—Vr— | Hysteresis P3; When used as CNTR input 0.5 1 \%
Vr+—Vr— | Hysteresis RESET 0.5 0.7 \
Vr4—Vr— | Hysteresis Xjy 0.1 0.5 \'
“L” input current POp~P07, P1g~P1;, P20~P2;,
I P3o~P3;, P4o~P4;, P5,~P5;, V=0V —5 #A
P6o~P63, PWM .
e “L” input current INT;, RESET, Xy V=0V —5 uA
“H” input current POg~P07, P1o~P1;, P3;~P3;,
i P P42~P4:. P5:~P5:. P6:~P6:. pam | V=1 ' 12 “A
» “H” input current INTy, RESET, X, P2o~P27, - 5 LA
P4,~P4;
. Vaam RAM retention voltage When clock disabled 2 \%
fixp =4MHz
4, Xour, and D-A pins | Square wave 3 6 mA
opened, other pins at | 4t glock stop
lec Supply current Vss, and A-D conver- | ¢ o5 ! #A
ter |n the finished at clock stop -
condition. Ta=75C : 10 KA
A-D CONVERTER CHARACTERISTICS (Ta=25C, Vec=5V, Vss=0V, fix,y=4MHz, unless otherwise noted)
: " Limits .
Symbol Parameter Test conditions . in. Tve. Max. Unit
— Resolution Veer=Vce 8 Bits
— Absolute precision Veer=Vc¢, with the output transistor cut-off +3 LSB
Riapper | Ladder resistance Veer=Vce 2 10 kQ
tconv Conversion time 50 us
VRer Reference voltage 2 Vce \%
Via Analog input voltage f 0 VRser \
D-A CONVERTER CHARACTERISTICS (1a=25C, Vcc=5V, Vss=0V, f(x,y=4MHz, unless otherwise noted)
Symbol Parameter - Test conditions Limits Unit
Min. Typ. Max.
— Resolution Veer=Vcec 5 Bits
— Error in full scale range Vger=Vcc, with the output transistor cut-off +1 %
tsu Setup time Veer=Vce 3 us
Ro Output resistance Vaer=Vce ) 3 kQ
Vaer Reference voltage 4 Vece \
9102 ) MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS
Single'Chip mode (Ta=25TC, Vcc=5V*10%, Vss=0V, f(x,)=4MHz, unless otherwise noted)

Syrﬁbol Parameter - Limits Unit
Min, Typ. Max
tsu(pob—¢) | Port PO input setup time 270 ns
tsu(pip—¢) | Port P1input setup time 270 ns
tsu(p2p—¢) | Port P2 input setup time 270 ns
tsu(pap—¢) | Port P3 input setup time 270 ns
tsu(pap—g¢) | Port P4 input setup time 270 ns
tsu(psp—¢) | Port P5 input setup time 270 ns
th(¢—pPoD) Port PO input hold time 20 ns
th(s—P1D) Port P1 input hold time 20 ns
th(¢—p2D) Port P2 input hold time 20 ns
th(¢—pr3D) Port P3 input hold time . 20 ns
th(¢—pap) Port P4 input hold time 20 ns
th(¢—psp) Port P5 input hold time 20 ns
tc External clock input cycle time . 250 ns
tw External clock input pulse width 75 ns
tr External clock rise-time 25 ns
tf External clock fall-time 25 . ns
Eva-chip mode (T,=25C, Veo=5V+10%, Vss=0V, f(x,y=4MHz, unless otherwise noted)
Symbol Parameter . - Limits Unit
Min. Typ. Max.

tsu(PoD—¢) Port PO input.setup time 270 ns
tsu(pip—g) | Port P1 input setup time 270 ns
tsu(p2p—g) Port P2 input setup time 270 ns
th(s—roD) Port PO input hold time 20 ns
th(s—P1D) Port P1 input hold time 20 ns
th(s—p2D) Port P2 input hold time 20 ns

Memory expanding and microprocessor modes
(Ta=25°C. Vee=5V£10%, Vss=0V, f(x,y=4MHz, unless otherwise noted)

Limits
Symbol Parameter ‘ Unit
Min. Typ. Max.
tsu(pzo—g) | Port P2 input setup time 270 ns
th(¢—p2D) Port P2 input hold time ) 30 ns
N
, MITSUBISHI 9103
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SWITCHING CHARACTERISTICS
Single-chip mMode (15=25C, Vec=5V£10%, Vss=0V, f(x,=4MHz, unless otherwise noted)

Limits )
Symbol Parameter Test conditions N Unit
. Min. Typ. Max.
td(¢—pPoQ) Port PO data output delay time Fig. 19 230 ns
td(¢e—pP1Q) Port P1 data output delay time 230 ns
td(s—pP2q) Port P2 data output delay time Fig. 20 230 ns
td(¢—pr3a) Port P3 data output delay time 230 ns
td(s—Paq) Port P4 data output delay time Fig. 19 230 ns
td(¢—peq) Port P6 data output delay time ' . 230 ns
Eva-chip mode (Ta=25C, Vee=5V+10%, Vss=0V, fix=4MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.

td(s—proa) Port PO address output delay time 250 - ns
td(¢—poar) | Port PO address output delay time 250 ns
td(s—PoQ) Port PO data output delay time ) \ 200 ns
td(s—poar) | Port PO data output delay time Fig. 19 200 ns
td(s—pP1A) Port P1 address output delay time 250 ns
td(s—p1ar) | Port P1 address output delay time 250 ns
td(s—P1Q) Port P1 data output delay time 200 ns
td(¢—p1qr) | Port P1 data output delay time 200 ns
td(¢—p2q) Port P2 data output delay time ] Fig. 20 i 300 ns
td(s—p2qF) | Port P2 data output delay time - 300 ns
td(e—r/w) R/W signal output delay time 250 ns
tdcs—r/wr) | R/W signal output delay time : 250 ns
td(g—paga) | Port P3 data output delay time 200 ns
td(s—ragarF) | Port P3 data output delay time : Fig. 19 200 ns
td(s—svnc) | SYNC signal output delay time . 250 ns
td(¢—svncr) | SYNC signal output delay time ’ 250 ns
td(s—p3,q) | Port P3; data output delay time . 200 ns
td(s—ps;oF) | Port P3; data output delay time ) 200 ns

Memory expanding and microprocessor modes
(Ta=25C, Voc=5VE10%, Vss=0V, f(x,)=4MHz, unless otherwise noted)

\ Limits
Symba! Parameter Test conditions Unit
Min. Typ. Max.
td(e—rona) Port PO address output delay time Fio. 19 250 ns
td(s—pP1a) Port P1 address output delay time 9 250 ns
td(s—pP2Q) Port P2 data output delay time Fig. 20 300 ns
td(¢s—p2aF) | Port P2 data output delay time 9 300 ns
td(g—r/w) R/W signal output delay time Fia. 19 250 ns
ig. :
td(s—svnc) | SYNC signal output delay time 9 250 ns
Vee
o 1kQ .
P1 P4 *—1—0
P2 100pF 100pF
P3 7; _,L
P6
i I Tl
; 100pF 7;[;_1 00pF .

Fig.19 Ports PO, P1, P3, P4, P6 test circuit Fig.20 Port P2 test circuit
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS

In single-chip mode

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

|

AT
— '—— td (¢—poQ)
X

|

tsu (rop—¢)

— |——‘d (¢—P1Q)

X

b th (¢—poD)
e

tsu (P1D—¢)

1LY
]

th (¢—pP1D)

— '——td (¢—pP20)

tsu (p20—¢

:
— td (s—p3a) T
Port P3 output
tsu (Pap—9) —
Port P3 input
—> th (¢—p3D)
— td (4—paq)
Port P4 output
. tsu (Pap—¢) fe—
Port P4 input
—>{ |<—th (¢—PaD)
tsu (psp—9) he—
Port P5 input
— th (s—pso)
— td (4—pea)
Port P6 output
tc
tw
-
fexn) A N ) /
— f—tr —) < tf
MITSUBISHI 9105
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

: C SINGLE-CHIP 8-BIT CMOS MlCRdCOMPUTER

In eva-chip mode

L - D —
] / \\ /
— td (¢—poa) — td (¢—pPoar)  —> td (¢—poaF)
Port PO output
— td (¢—poQ)

tsu (POD—é—)"
" Port PO input ' /

— th (4—PoD)

e

—] td (¢—p1a) — td (s—P1aF) —> < td (s—p10F)
1

Port P1 output

— td (¢—p1Q)

tsu (P1iD—9)
Port P1 input -

TT,

—> |«— th (¢—P1D)

— I‘— td (¢—p20) — td (¢—p2aF)

Port P2 output

tsu (Pzﬁ—wA

Port P2 input’

- — th (4—p20)

] td (¢—r/w) ™ td (e—rwr) T *— td (¢—P3s0F)
Port P3, output (R/W) . q

— td (4—p3gQ)

e

X

— |ﬁ td (s—syne)  —= td (s9—syncP)  — <—td (¢—r3,aF)

/N v
— td (¢—p3,Q)

Port P3; output (SYNC)

)¢
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and microprocessor mode

] _/ \ /
— td (4—poa)
Port PO output X
— td (¢—P1a) ’
Port P1 output X
— td (s—p20) — td (¢—r2aF)
Port P2 output X ' Floating

tsu (r2p—¢) le—
Port P2 input
— th (¢—p2D)

s td (¢—r/w)

Port P3, output (R/W) X

- td (s—svne)
Port P3; output (SYNC)
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION
PIN CONFIGURATION (TOP VIEW
The M50745-XXXSP is a single-chip microcomputer de- ( )
signed with CMOS silicon gate technology. It is housed in a pa, 1] ol < P4
2 3
64-pin shrink plastic molded DIP (flat package type also 110 port P4 < pa, «[Z] - P4,
available) . This single-chip microcomputer is useful for Pdg+ ~ P45 % 170 port P
business equipment and other consumer applications. }/o P2 P2, +[4] + P4g
In addition to its simple instruction sets, the ROM, RAM, P P2+ [5] [50] +~ P4;
and 1/0 addresses are placed on the same memory map to NC Vee
enable easy programming. NG NG
The differences between the M50745-XXXSP and the :20 = :;3
M50745-XXXFP. are the package outline and power dis- P;‘_’ T - Po°
sipation ability (absolute maximum ratings). Pz‘ﬂ il - PO‘
: : 1/0 port P2 PZ“ P02
v ad P03
DISTINCTIVE FEATURES P2, b0, VO POt PO
Number of basic instructions:«+---sxeeerrereeeneeeerinnee 69 P2g > g “+ PO;
® Memory size ROM «eoveeeemsrressneenneenieenne 6144 bytes P3,/Sroy + [15] 3 + POg
RAM --+eeeerreenens e, 192 bytes P3s/CLK = ‘.A" [%9] + PO,
® Instruction execution time P3s/Sour ++ % & -~ P1,
------- 2us (minimum instructions at 4MHz frequency) V0 por PS‘/:;” ~ L P %“ :‘
® Single power supply f(Xjy) =4MHz:e--eeeeeeeee 5V+10% P;“ o ] Pf
® Power dissipation , PSf - i P1: 1/0 port P1
normal operation mode (at 4MHz frequency) -+ 15mW . Py~ @]« P1, ,
@ Subrouting nesting «««+reeeeseeeeeeneens 96 levels (Max.) Timer /O CNTR «» (2] + P,
@ Interrupt: e 7 types, 5 vecters Interrupt input INT, = 4]~ P1,
@ 8-bit timer--«erereeeeeereneeee 3 (2 when used as serial 1/0) INT, —~ 0] — PS5,
®  Programmable /0 (Ports PO, P1, P2, P3, P4) ««exeeee 40 Reset inout CNVss 3] - PS5,
@ INPUt POrts (POrt P5) «+oroeesesmesrmmmmrnreeeeinniniiiice 8 Clock P ' RESET — %‘_ P5;
. . lock inpu! Xy — 37} — P5
° | )it) ceereeraeeaateeneaeieaer et e e aien et araeraaaas IN 3
Serial 1/0 (8-bit) 1 Closk output Xour 5] - ps, Input port P5
Timing output ¢+—[30 E «— P5,
APPLICATION | Reset mEsEro 51— s,
Office automation equipment output Ves 5] — ps,
VCR, Tuner, Audio-visual equipment
Outline 64P4B
S§Sggg e ooy
[ W Y W W o W o W W o« Mo B Y« W o B0 1
IR AR R AR AR N A AR R AR A A
[] (23 el ][] [ ] e s ]
PO, + [] +— P5,
PO, +[4 «— P5,
w8 O e
7 4
P4g > [] «— P5g
P4+ <+ P5q
Pd, PS5
Vss M50745-XXXFP Vss.
P4, + [&] — RESETour
P4, +[5] ¢
P4, + [5] — Xour
P4y~ — Xin
mog O O B-ue
N Cnd CNVsg
P2+ [€9] +— INT,
) |11 B8]0 8| 6| 6| 58| D] 0]E| E ) E) ’
HHHiHHtiH
Te S Cory EzON T Og| -
RS f 4 4 3 45
X0 [§]
geg”
Outline 60P6 NC : No connection
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M50745-XXXSP BLOCK DIAGRAM

Clock Clock Timing Reset
input output - output output
Xout RESETour

——®

Interrupt
input

INT,

Interrupt
input Reset input
INT, RESET

(5v)

VCC

(ov)
VSS

(ov)
CNVgg

[ SN S G S

s

Clock generating circuit

i

i

1T

RAM ROM
Program Program
X 192bytes counter counter 6144bytes
PC,(8) PCL(8)
s
' 8-bit
arithemetic
and Processor
logical Accur(n;)lalor status Index Index Stack
unit A register PS(8) register X(8) register Y(8) pointer S(8)

|

Il

Il

1

m
Prescaler

PRE 12(8)

T2(8)

L
Prescaler

PREX(8)

Instruction
register (8)

Instruction
decoder

Q

ﬁ

PN

3

H
P4(8))

P5(8) J I

-E9EDEAEIEH DD

'

Input port P5

1/0 port P4

1/0 port P3

1/0 port P2

170 port P1

1/0 port PO

CNTR
Timer 1/0

Y3LNAWOJ0HIIN SOWD L1i9-8 dIHI-ITONIS

dd/dSXXX-SYLOSIN
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50745-XXXSP

Parameter Functions
Number of basic instructions 69
Instruction execution time 2us (Minimum instructions, at AMHz frequency)
Clock frequency 4MHz )

i ROM 6144bytes

Memory size

RAM 192bytes

INTy, INT, Input 1-bitX2

PO, P1, P2, P3, P4 1/0 8-bitX5 (Part of P3 are in common with serial 1/0)
Input/Output port .

P5 Input 8-bitX1

CNTR 110 1-bitX1
Serial I/0 8-bitX1
Timers 8-bit prescalerX24-8-bit timerX3 (2 when serial 1/0 is used)

Subroutine nesting

9 levels (max.)

Interrupts

two external interrupts, three timer interrupts (or timerX2, serial 1/0X1)

Clock generating circuit

Built-in (ceramic or quartz crystal oscillator)

Supply voltage

5vt10%

Power dissipation At high-speed operation

15mW (at 4MHz frequency)

Input/Output voltage
Input/Output characteristics

12V (Ports PO, P1, P2, P3, P4, P5, INT;, INT,, CNTR)

Output current

5mA (Ports PO, P1, P2, P3, P4)

Memory expansion

Possible

Operating temperature range

—10~70C

Device structure

CMOS silicon gate process

M50745-XXXSP

64-pin shrink plastic molded DIP

Package
M50745-XXXFP

60-pin plastic molded QFP

2—110
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Input/

Pin Name Functions
Output

Vece Supply voltage Power supply inputs 5V+10% to V¢c, and OV to Vss.

Vss )

CNVss CNVss This is usually connected to Vsgs.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under normal Vec
conditions). If more time s for the crystal oscillator to stabilize, this “L" condition should be maintained for
the required time. :

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the x;N and Xouyr pins. If an external clock is used, the clock

XouTt Clock output " Output source should be connected the Xy pin and the Xour pin should be left open. . :

@ Timing output Output This is the timing output pin.

CNTR Timer 1/0 1/0 This is an output pin for the timer X.

INT: Interrupt input Input This is the highest order interrupt input pin.

INT, Interrupt input Input This is the lowest order interrupt input pin.

P0y~PO0; | I/0 port PO 110 Port PO is an 8-bit I/0 port with directional registers allowing each I/0 bit to be individually programmed as

: input or output. At reset, this port is set to input mode.
The output structure is N-channel open drain.

P1o~P1; | I/O port P1 110 Port P1 is an 8-bit 170 port and has basically the same functions as port P0.

P2,~P2; | 170 port P2 170 Port P2 is an 8-bit I/0 port and has basically the same functions as port P0.

P3o~P3; | 170 port P3 170 Port P3 is an 8-bit I/0 port and has basically the same functions as port PO. When serial 1/0 is used, P37,
P3g, P35, and P3; work as Sgpy, CLK, Sour, and Sy pins, respectively.

P4,~P4, | 1/0 port P4 170 Port P4 is an 8-bit /0 port and has basically the same functions as port PO, but the output structure is P-
channel open drain.

P5o~P5; | Input port P5 Input Port P5 is an 8-bit input port.

RESEToyr | Reset output Output | This pin outputs the reset signal for peripheral devices.

MITSUBISHI , 111
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MITSUBISHI MICROCOMPUTER

MS50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50745-XXXSP is shown in Figure
1. Addresses E800,¢ to FFFF,s are assigned to the built-in
ROM area which consists of 6144 bytes.

Addresses FF00, to FFFF;s are a special address area
(special page) . By using the special page addressing
mode of the JSR instruction, subroutines addressed on this
page can be called with only 2 bytes. Addreeses FFF4,¢ to
FFFF.s are vector addresses used for the reset and inter-

rupts (see interrupt chapter). Addresses 000045 to 00FF;¢
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/O port, timer,
etc., are assigned to this area.

Addresses 0000 to 00BF:¢ are assigned to the built-in
RAM and consist of 192 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-
routine calls and interrupts.

Decimal

( 000046

RAM
(192bytes)

0 ,
s 00EO,¢ | Port PO
’

#" 00E1,s|Port PO foscie®

’ 00E2,6 | Port P1

L 00E3;s | Port P1 fogciar™

00BF s
Zero page
Not used

, 00E4, [ Port P2
L 00E5,s | Port P2 arectional

4 00E6:¢

00EO0;¢

00FF6

00E7,¢

Not used

255 00E8,s | Port P3
00E,¢ | Port P3  fareciional
\ 00EA,g | Port P4
\ 00EB [ Port P4 Sirectional
) 00EC,; | Port P5
| 00ED,
00EE s

( E800+¢

) 00EF,g
. 00F0,¢

\ © 00F1,

\ 00F2,6
N 00F3,6

FF001¢

ROM
(6144 bytes) | special
page for

\ 00F4,¢

00F5,6
\ 00F616 | Serial I/0 Togisier
\ 00F7,¢ | Serial 1/0 register
00F846

\ 00F9,¢ | Timer 1,2 prescaler

subroutine { FFF44¢ Addross
call Address

—_ \
INTz 00F A, | Timer 1

Address
Address

\
S 1/0 or Timer 2 | 00FB,g | Timer 2

Address
Address

Timer 1 \'" 00FC,g | Timer X prescaler

Address
Address

\
Timer X \ 00FDyg | Timer X

Address
Address

iNT, \\ O00FE, | Interrupt control register

Address
Address

IFIr(Ir|Ir|Ir|Ir .

RESET \ 00FF,q | Timer control register
\

FFFFiq

65535

Fig.1 Memory map
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A) ‘
The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER -X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register.

In the index addressing mode,. the value of the OPERAND
added to the contents of the register Y specifies the real

address.
7 0 7 0
A Accumlator NV |T|B|D|I|Z]|C Processor status register
7 0
Carry flag
X Index register X
Zero flag
7 0 ‘
Interrupt disable flag
Y Index register Y
Decimal mode flag
7 0
Break flag
S Stack pointer )
Index X mode flag
15 7 0
Overflow flag
PCy PC_ Program counter
Negative flag
Fig.2 Register structure
MITSUBISHI
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack-pointer (S) is an 8-bit register that contains the
address -of the next location in the stack. It is mainly used
during interrupts and subroutine calls, The stack pointer is
not-automatically initialized after reset and should be initial-
ized by the program using the TXS instruction:

The location of the stack can be determined by the stack
page bit (bit 4 at address 00FF;¢). When bit 4 is “0” and
the contents of the stack pointer is XXy, the stack address
is-set, to 00XX46.-When bit 4 is “1”, the stack address is set
to 01XX;6. When using this microcomputer in the single-
chip mode, the stack- page-bit must be “0” and the stack
pointer should be set at the: bottom address of the internal
RAM.

When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents-of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction.

The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
‘pushed into the stack manually. The RTS instruction is
used to return from a subroutine.

PROGRAM COUNTER (PC)

The 16-bit program counter consists of two 8-bit registers
'PCy and PC,. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below. )

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry

(CLC) instructions allow direct access for - settlng and -
clearing this flag. :

2. Zero flag (2)

This flag is used to indicate  if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLlI instructions are used to set and clear this flag,
respectively. '

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of thé inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X made flag (T)

When the T flag is “1”, operatlons between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).
The .address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overflow flag is reset by
the CLV instruction and there is no set instruction.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTER -

M50745-XXXSP/FP

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.'

Table 1 Interrupt vector address and priority
Interrupt Priority Vector address
RESET 1 FFFF16, FFFE16

INT, 2 FFFDye, FFFCig
Timer X 3 FFFBye, FFFA+6
Timer 1 4 FFF916, FFF846

Timer 2 or serial I/0 5 FFF7.6, FFF646
INT, (BRK) 6 FFF5y6, FFF416

INTERRUPT .

The M50745-XXXSP can be interrupted from seven souces;
INT,, timer X, timer 1, timer 2/serial 1/0, or INT,/BRK in-
struction. .

The value of bit 2 of the serial I/O mode register (address
00F6,5) determine whether the interrupt is from timer 2 or
from serial 1/0. When bit 2 is “0" the interrupt is from timer-
2, and when bit 2 is “1” the interrupt is from serial 1/0. Also,
when the bit 2 is “1”, parts of port P3 are used for serial I/
O. These interrupts are vectored and their priorities are
shown in Table 1. Reset is included in this table since it
has the same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag is set to
“1”_ All of the other interrupts can further be controlled indi-
vidually via the interrupt control register shown in Figure 3.

0

l ] I Interrupt control register (Address 00FE;g)

L1 ]
~

Bit7 : INT, pin interrupt request bit

Bit6 : INT, pin interrupt enable bit

Bit5 @ Timer 1 interrupt request bit

Bit4 : Timer 1 interrupt enable bit

Bit3 : Timer 2 interrupt or serial 1/0 interrupt request bit
Bit2 : Timer 2 interrupt or serial 1/0 interrupt enable bit

Bit! : INT, pin interrupt request bit

Bit0 : INT, pin interrupt enable bit

0

I L J Timer control register (Address 00FF;¢)

Interrupt
request

Interrupt disable flag 1

Reset

Bit7 : Timer X interrupt request bit
Bit6 : Timer X interrupt enable bit
Bit5 : Timer X count stop bit

Bit4 @ Stack page bit

Bit3 ©
I } Timer X mode bit
Bit1 :
it2 - :
e } Processor mode bit
Bit0 :
Fig. 3 Interrpt control
MITSUBISHI
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M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

An interrupt is accepted when the interrupt enable bit and

the |nterrupt request bit are both ‘1” and the interrupt dis-

able flag is “0”. '

The interrupt request bits are set when the followmg condi-

tions occur:

(1) When the INT, or INT, pins go from “H” to “L” '

(2) When the contents of timer X, timer 1, timer 2 (or the
serial 1/0 counter) go to “0”

These request bits can be reset by the program but can not

be set by the program. However, the interrupt enable bit

can be set and reset by the program.

Since the BRK instruction and the INT2 interrupt have the

same vectored address, the contents of the B flag must be

checked to determine if the BRK instruction caused the in-

terrupt or if m generated the interrupt.

TIMER
The M50745-XXXSP has three timers; timer X, timer 1, and
timer 2. Since P3 (in serial /0 mode) and timer 2 use
some of the same architecture, they cannot be used at the
same time (see serial I/0 section). Timer X has four modes
which can be selected by bit 2 and 3 of the timer control
register. When the timer X count stop bit (bit 5) is set to
“1”, the timer X will stop regardless of which mode it is in.
A block diagram of timer X, timer 1 and timer 2 is shown in
Figure 4.
Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-
" vider. The division ratio is defined as 1/(n+2), where n is
the decimal contents of the prescaler latch. All three timers
" are down-count timers which are reloaded from the timer
latch following the zero cycle of the timer (i.e. the cycle af-
ter the timer counts to zero). '

|

Iatch(B)I

[ Data bus
]’his .'"0961
Oscillator Divider when STP
o instruction
1/16 Timer mode is performed.
Pulse width
measurement
mode

I Presca!er !atch 8) TlmerX

CNTR

Prescaler (8) H Timer X (8)

to timer X interrupt

Event counter mode
)

O

T Pulse output mode

FF6

Timer X count stop bit
(Bit 5 of address 00FF )

IIToggle filip-filipLl

uest bi
0T req bit

Reset, or
STP instruction

Data bus

1l

l Prescaler latch (8) ]

‘I [Timem Iatch(8)! ]

|Timer 2 Ialch(S)I
e

L I

to timer 1

interrupt,

-

Timer 2 (8)

g«[ Prescaler (8) I—T[ Timer 1(8)

request
bit

[ 1/2 I
1 J to timer 2 or
serial I/0
Transfer clock interrupt
4 request bit

P3¢/CLK

Serial 170 counter (3) l—

Sync.
circuit

O

3 . 0

Serial I/0 mode register(Address 00F6,¢)

Fig. 4 Bilock diagram of timer X, timer1, timer2
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE,¢ and
00FF,q, respectively (see interrupt section). The prescaler
latch and timer latch can be loaded with any number ex-
cept zero.

The four modes of timer X as follows:

m

Timer mode (00)

In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

Pulse output mode (01)

In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.

Event counter mode (10)

This mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This: mode will allow an interrupt to be generated
whenever a specified number of external events have
been generated. The timer down-counts every rising
edge of the clock sourse.

Pulse width measurement mode (11)

This mode measures the pulse width (between lows)
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during
the low cycle of the CNTR pin. When the timer con-
tents reaches “0”,the interrupt request bitis setto“1”,
the timer's reload latch is reloaded and the counting
resumes.

The structure of the timer control register is shown in
Figure 5.

When the STP instruction is executed, or after reset,
the prescaler and timer latch are set to FF5 and 0146,
respectively. Also, when the STP instruction is ex-
‘ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X
mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to
the oscillation circuit section.

7

l , I Timer control register (Address 00FF,g)

0

U— Prosessor mode bit
00 : Single-chip mode
01 : Memory expanding mode
10 : Microprocessor mode

11 I Eva-chip mode

Timer X mode bit

00 : Timer mode

01 ! Pulse output mode

10 : Event counter mode

11 ! Pulse width measurement mode

Stack page bit
0! 0 page
1.1 page

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

Timer X interrupt enable bit
0 : Interrupt disable
1 ! Interrupt enable

Timer X interrupt request
0 : No interrupt request bit
1 1 With interrupt request
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SERIAL 1/0 .

A block diagram of the serial I/0 is shown'in Figure 6.

In the serial I/0 mode the receive raady signal (Sgppy), syn-
chronous input /output clock (CLK), and the serial I/0 pins
(Sout: Sin) are used as P3;, P3g, P35, and P3,, respectively.
~ The serial I/0 mode register (address 00F64¢) is 4-bit reg-
ister. Bits 1 and 0 of this register is used to select a syn-
chronous clock source.

When these bits are (00) or (01), an external clock from
P3s is selected. When these bits are (10, the overflow sig-
nal from timer 2, divided by two, becomes.the synchronous

clock. Therefore, changing the timer period will change the
transfer speed. When the bits are (11), oscillator frequency
divided by 16, becomes the clock.

Bit 2 and 3 decide whether parts of P3 will be used as a
serial 1/0 or not. When bit 2 is a “1”, P3g becomes an I/0
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3s. If an exter-
nal synchronous clock is selected, the clock is input to P3
and P35 will be a serial output and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3, to “0”. For more information on

Oscillator Divider
Xin- () n 116

SRDY A

from timer 1,2

P3; O < } prescaler

Divider
I 1/2 ]

Timer 2(8)
(Address 00FB,)

L1

to timer 2 or serial 1/0

interrupt request bit

— »—-{ Serial I/0 counter(3) 1

Sync.
circuit

L{}—_

Transfer clock
-

S
P34 O N - ‘{ MSB Serial 170 register(8) LSB]—] .

(Address 00F7|5)ﬁ

/ Data bus

J

]

|

| l Serial I/0 mode register (Address 00F6,)

l—L Synchronous clock selection bit

00:
01:
.10 : Timer 2 divided by 2

External clock

11 : Frequency divided by 16

Serial 1/0 port selection bit (P3s, P3s)
0 : Normal I/0 port
1 : Serial 1/0 port

Srov signal output selection bit (P3;)
0 : Nomal I/0O port

1 : Sgpy signal output pin

Fig.6 Block diagram of serial I/0
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the directional register, refer to the 1/0 pin section.

To use the serial I/0, bit 2 needs to be set to “1”, if it is “0”
P3¢ will function as a normal 1/0. Interrupts will be gener-
ated from the serial 1/0 counter instead of timer 2. Bit 3
determines if P3; is used as an output pin for the receive
data ready signal (bit 3=1, Sgpy) or used as normal 1/0 pin
(bit 3=0). The serial I/0 function is discussed below. The
function of the serial 1/0 differs depending on the clock
source; external clock or internal clock.

Internal Clock—The Sgrpy signal becomes “H” during trans-
‘mission or while dummy data is stored in the serial 1/0 reg-
ister (address 00F7,¢). After the falling edge of the write
signal, the Sgpy signal becomes low signaling that the
M50745-XXXSP is ready to receive the external serial data.
The Sgpy signal goes to “H" at the next falling edge of the
transfer clock. The serial 1/0 counter is set to 7 when data

is stored in the serial 1/0 register. At each falling edge of
the transfer clock, serial data is output to P3s. During the
rising edge of this clock, data can be input from P3, and
the data in the serial 1/0 register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial 1/0 register will be empty
and the transfer clock will remain at a high level. At this
time the interrpt request bit will be set.

External Clock—If an external clock is used, the interrupt
request will be sent after the transfer clock has counted 8
times but transfer clock will not stop.

Due to this reason, the external clock must be controlled
from the outside. The external clock .should not exceed
250kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 7. An example of communication between
two M50745-XXXSPs is shown in Figure 8.

Synchronous clock

Transfer clock

T

\

Serial 1/0 register write

\

—

Receivable signal

signal i ) ]
Serial 1/0 output i X D X o Xb. D; X D. X Ds X Ds X 1§D
Sout 1
Serial 1/0 input !
Sin : X X XU X X X X X
1
L

SRDV u

—eelea]ec]ecjec]ac]aaaa

Interrupt request bit set

Fig.7 Serial 1/0 timing

Sending side

Serial 1/0 mode register P3; Sroy

Receiving side

P3; Serial I/0 mode register

Set the directional p3,  Synchronous clock P3s Set the-directional
register for P3; pin register for P3, pin
in input mode. in input mode.
P35 Serial data P3,
Fig.8 Exai’nple of serial I/0 connection
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RESET CIRCUIT :

The M50745-XXXSP is reset according to the sequence
shown in Figure 9. It starts the program from the address
formed by using the content of address FFFFys as the high
order address and the content of the address FFFF,¢ as the
low order address, when the RESET pin is held at “L” level
for more than 2us while the power voltage is in the recom-

mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 10.
An example of the reset circuit is shown in Figure 11.

When the power on reset is used, the RESET pin must be
held “L” until the oscillation of X;y-Xouyr becomes stable.

f(Xin) _ﬂﬂm_ _——

[ _———m -

-

SO I I I O

8~12 clock cycles

RESET our
SYNC
- ADy,AD,
Address XZXZ
W@@@@- Reset address from the
Data vector table

Note 1: Frequency relation of f(X;y) and ¢ is f{(Xiy)=4+¢
2. The mark “? " means that the address is changeable depending on the previous state.

Fig.9 Timing diagram at reset

Address
(1) Port PO directional re'gisler (Elg )

(2) Port P1 directional register ( E 345 ) -+ 0046

(3) Port P2 directional register ( E 545 )
(4) Port P3 directional register ( E 946 )+ 00
(5) Port P4 directional register ( E By ) -

( F 661 [ ] ]ofofo[o

(6) Serial 10 mode register

Sl il

(7) Prescaler X ( FCqg ) FFoe
(8) Timer X ( FDyg ) oo 01,
(9) Interrupt control register  ( F E g ) -
(10) Timer control register ( FFq )
(1) Interrupt disable (PS )
flag on processor
status register
(12 Program counter (PCy )| Soatents ce
(PCL) | Sotressrrress

Fig.10 Internal state of microcomputer at reset

L Power on
4.5v
0.6V

M50742-XXXSP|
RESET Vee )
27, 59 Supply voltage
I’__, """""" detection circuit
i i
1 B
| |
|
' |
! |
| |
! |
L ———————— J

Fig.11 Example of reset circuit
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1/0 PORTS (6) Port P5

(1) Port PO Port P5 is and input port with pull-up transistor option.
Port PO is an 8-bit 170 port with N-channel open drain See Figure 12 for more details.
output. (7) Clock ¢ output pin
Pull-up transistor can be specified as an option. As In normal conditions, the oscillator frequency divided
shown in the memory map (Figure 1), port PO can be by four is output as ¢.

. accessed at zero page memory address 00EO;e. Port  (8) RESETour pin
PO has a directional register (address 00E1;g) which When the RESET pin goes to level “L”, the RESETqyr
can be used to program each individual bit as input pin also goes to “L”. On the other hand, when the RE-
(“0”) or as output (“1”). If the pins are programmed as SET pin goes to level “H", the RESETour pin also goes
output, the output data is latched to the port register to “H" after 8 clock cycles. This output is used to reset
and then output. When data is read from the output port the external circuits.
the output pin level is not read, only the latched data in (9) INT, pin
the port register is read. This allows a previously output The INT, pin is an interrupt input pin. The INT, inter-
value to be read correctly even though the output vol- rupt request bit (bit 7 at address O0FE,¢) is set to “1”
tage level is shifted up or down. Pins set as input are when the input level of this pin changes from “H” to
in the floating state and the signal levels can thus be ‘L.
read. When data is written into the input port, the data (10 INT, pin .
is latched only to the port latch and the pin still remains The INT, pin is an interrupt input pin. When this signal
in the floating state. level changes from “H” to “L”", the interrupt request bit
Depending on the contents of the processor status reg- (bit 1 at address 00FEg) is set to “1”.
ister (bit 0 and bit 1 at address 00FF,¢), four different (11 CNTR pin
modes can be selected; single-chip mode, memory ex- The CNTR pin is an 1/0 pin of timer X. In the event
panding mode, microprocessor mode and eva-chip counter mode, CNTR becomes the input pin of the ex-
mode. These modes (excluding single-chip mode) ternal pulse. In the pulse output mode, the CNTR out-
have a multiplexed address output function in addition put changes polarity each time the contents of timer X
to the 1/0 function. For more details, see the processor goes to “0". In the pulse width measurement mode, the
mode information. pulse to be measured is input to this pin.

(2) Port P1
In the single-chip mode, port P1 has the same function
as PO. In the other modes, P1's functions are slightly
different from P0’s. For more details, see the processor
mode information.

(3) Port P2
In the single-chip mode, port P2 has the same function
as PO. In the other modes, P2's functions are slightly
different from PO’s.
For more details, see the processor mode information.

(4) Port P3
In the single-chip mode, port P3 has the same function
as PO. In the other modes, P3's functions are slightly
different from PO's. Port P3 can also be used as serial
1/0 pins. For more details, see the processor mode in-
formation.

(5) Port P4
Port P4 is an 8-bit I/0 port with P-channel open drain
outputs. This port also has the pull-down transistor
option. '
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Ports PO, P1, P2, P3 " N-channel open drain output
. ‘___%___I Option
N
I
1
:} NP R |
/ Ports PO, P1, P2, P3
Data bus . —— Port latch
~N (Note) P3 is also used as an 1/0 pin of serial I/0
Port P4 .
P-channel open drain output
oot — -
Port P4
Port P5
‘%“' Option
Port P5
N-channel open drain outpul
CNTR
| a CNTR
RESET - CMOS output
¢, RESETour __?P_
EF—’L ¢, RESETour

Fig.12 Block diagram of port PO~P6 (single-chip mode) and output format of ¢
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PROCESSOR MODE

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

Figure 14 shows the functions of ports PO~P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 13.

By connecting CNVgs to Vgs, all four modes can be
selected through software by changing the processor mode
bits. Connecting CNVgg to Vg automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVgs places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFFiq

"pom \\\Q \

E800,5 .

\\\\ NN

00ES8, | Timer, port P3, etc.

00EOQ;s | Ports PO~P2 N
N NI
00CO046 - -
Internal
RAM
00006
Memory Eva-chip Microprocessor
expanding ’ mode mode
mode

The shaded area is external memory area

Fig.13 External memory area in processor mode

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

(2) Memory expanding mode (01]
The microcomputer will be placed in the memory ex-
panding mode when CNVgs is connected to Vgs and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient.
The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original 170 functions.
Port P1's higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original I/0 functions. Port P2 retains
its original output functions while ¢ is at the “H” state,
and works as a data bus of D;~ Dy (including instruc-
tion code) while at the “L” state. Pins P3; and P3, out-
put the SYNC and R/W control signals, respectively
while ¢ is in the “H” state, and RDY signal is input from
P3; pin. When in the “L” state, P3,, P3; and P3, retain
their original I/0 function.
The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.
The RDY is ready signal input and, when it goes to “L",
internal clock stops and the CPU waits the data.
However, the oscillation does not stop.

(3) Microprocessor mode (10)
After connecting CNVss to Ve and |n|t|at|ng a reset,
the microcomputer will automatically default to this
mode.
In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the data bus (D;~Dg) and loses
its normal 1/0 functions. Port P3,, P3; and P3, become
the RDY, SYNC and R/W pins, respectively and the
normal I/0 functions are lost.

(4) Eva-chip mode (11)
When 10V is supplied to CNVgs pin, the mlcrocomputer
is forced into the eva-chip mode. The main purpose of
this mode is to evaluate ROM programs prior to mask-
ing them into the microcomputer's internal ROM.
In this mode, the internal ROM is inhibited so the ex-
ternal memory is requierd.
This mode has almost the same function as the mem-
ory expanding mode except that it needs to attach all
program memories to the outside.
The relationship between the input level of CNVsg and
the processor mode is shown in Table 2.
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1 CM, 0 0 1 1
CMo 0 ' 1 1 0
Mode
Port Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode
Port PO Ports PO;~P0q Ports P0;~P0, Same as left Ports P0;~P0,
"X vopor x Aaaress X 170 port X: Agdress
A T S Y I e L[
Port P1 Ports P1;~P1, Ports P1;~P1, Same as left Ports P1,~P1o
:X 110 port X ’)ﬂgﬁ?ﬁijo port x _ Afdrees
# I I I ' # | l I ¢_._| l__l
Port P2 Ports P2;~P2 Ports P2;~P2q Sameasleft |- Ports P2~P2
) ’ Output Data Data
Y e XX e e
2 I S I Y R A
Ports P3;~P3, - Ports P3;~P3; Ports P3;~P3;
X 110 port X 170 port X 170 port
Port P3, Port P3,
Same as left \/
Port P3, g RDY x 1/0 port x ‘ A oY
. PortP3y "
SYNC 1/0 port SYNC -
Port P3o Port P3,
R/W 1/0 port ‘ R/W

Table 2 Relationship between CNVss pin input level and processor mode-

CNVgs Mode Explanation
* Vss * Single-chip mode The single-chip mode is set by the reset. -
* Memory expanding mode All modes can be selected by changing the processor mode bit with the program.
¢+ Eva-chip mode
+ Microprocessor mode .
Vee * Eva-chip mode The microprocessor mode is set by the reset.
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.
1ov « Eva-chip mode .Eva-chip mode only. )
9—124 MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
17.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF;g and
0146, respectively. The oscillator (dividing by 16) is then
connected to the prescaler input. This connection is cleard
when timer X overflows or the reset is in, as discussed in
the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the internal clock ¢
stops in the “H” level but the oscillator continues running.
This wait state is cleared when an interrupt is accepted.
Since the oscillation does not stop, the next instructions are
executed at once.

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1” before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er X count stop bit (bit 5 of address 00FF,s) must be set to
“0” before executing STP instruction.

The circuit example using a ceramic oscillator (or a quartz
crystal oscillator) is shown in Figure 15.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures
suggested value.

The example of external clock uasge is shown in Figure 16.
Xy is the input, and Xour is open.

M50745-XXXSP

X]N XOUT
28 MQ 29
——VN——9

L Cy —J— Cour

Fig.15 External ceramic resonator circuit -

M50745-XXXSP

Xin Xout
28 . 29
Open

Vee
External ' I l | l ’
oscillating .
circuit . Vss

Fig.16 External clock input circuit

Interrupt
request [
Interrupt ' Reset
nter
disale [ s a Q s r<_(;
flag | S Q
Reset
wr R R |— STP instruction
STP instruction — R instruciton
Internal clock ¢

| 1/2 1/8 |— )— Prescaler X Timer X _—
B Overflow
Timer X count stop bit
Xin Xout
Fig.17 Block diagram of clock generating circuit
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PROGRAMMING NOTES

(1) The frequency ratio of the timer and the prescaler is
1/(n+2). ,

(2) Set a value other than “0” for the timer and the pre-
scaler.

"(3) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt request bits are modified (by
the program), those instructions are orily valid for the
contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(4) Reading the timer and prescaler must be abvoided
while the input to the prescaler is changing.

(5) - After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
is needed before the SEC, CLC, or CLD instructions
are executed.

(6) A NOP instruction must be used after the execution of
a PLP instruction.

(7) Notes on serial 170

@ Set “0” in the serial /0 interrupt enable bit (bit 2 of
address 00FE,¢) before setting the serial I/0 mode.

@ Insert at least one instruction and set “0” in the serial I/
O interrupt request bit (bit 3 of address 00FE;¢) after
setting the serial 170 mode.

® Set “1” in the serial I/0 interrupt enable bit after the
operation described in @.

(8) The timer X and prescaler X must be set “FFi" im-
mediately before the execution of a STP instruction.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM data == r-ererrrrerrrrsrenensneeaiacianaan, EPROMk3sets
Write the following option on the mask ROM confirmation
form

* Port PO pull-up transistor bit

* Port P1 pull-up transistor bit

* Port P2 pull-up transistor bit

* Port P3 pull-up transistor bit

* Port P4 pull-down transistor bit

* Port P5 pull-up transistor bit
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter | Conditions Ratings ) Unit
Vee Supply voltage ) —0.3~7 v
V, Input voltage, RESET, Xiy —0.3~7 Vv
vV, Input voltage, P4o~P4; —0.3~Vcc+0.3 \
v Input voltage, PO;~P07, Plu~P17,_P2°~_P27. P3,~P3;, With respect to Vss. ) —0.3~13 v

! P5,~P57, CNTR, INT4, INT2, CNVss Output transistors are in “off” state.
Vo Output voltage, P4g~P4;, Xour, $, RESETour —0.3~Vgc+0.3 \
Vo Output voltage, POg~P07, P1o~P17, P2o~P2;, P3,~P37, . —0.3~13 v
CNTR
Pd Power dissipation Ta=2C 1000(Note 1) mwW
Topr Operating temperature ’ —10~70 ‘C
Tstg Storage temperature’ —40~125 C

Note 1 : 300mW for QFP types.

RECOMMENDED OPERATING CONDITIONS (Ta=—10~70C, Voc = 5V£10%, unless otherwise noted)

Limits
Symbol Parameter - Unit
. Min. Nom. Max.
Vece Supply voltage . 4.5 5 5.5 \"
Vss Supply voltage 0 \%
“H" input voltage, POg~P0;, P1o~P17, P2g~P2;,
Viu P3y~P3;, P4g~P4;, P5,~P5;, 0.8Vee Vce v
CNTR, INT;, INT,, RESET, Xin, CNVgg
“L” input voltage, POg~P07, Plo~P17, P2g~P2;,
Vie P3y~P3;, P4g~P4;, P5o~P5;, 0 0.2Vce \
CNTR, INT;, INT2, CNVss
ViL “L" input voltage, RESET 0 0.12Vcd \%
1 “L" input voltage, Xin 0 0. 16Vl \
“L" peak output current, PO ~ P07, P1p~ P1;
loL(peak) P2o~ P27, P3;~ P3; 10 mA
CNTR
“L" averaged output current, POg ~ P0;, P1g~ P17
loLtavg) P29 ~ P27, P3y~ P3; 5 mA
CNTR, (Note2)
lon(peak)| “H" peak output current, P4g ~ P4; —10 mA
lon(avg)y | "H" averaged output current, P4o ~ P4; (Note 2 ) —5 mA
f(x";) Internal clock occillating frequency 4 MHz

Note 2 @ loicavg), loncavg) is the average current in 100ms. - -
3 "H” input voltage of ports PO, P1, P2, P3, and P5, CNTR, INT, and INT; is available up to +12V.
(For ports, it is only when pull-up transistor is omitted.)
4 © The total of lo (peak) of ports PO, P1, P2, and P3 should be 80mA max.
The total of lon(peak) of port P4 should be 80mA max.

MITSUBISHI 127
ELECTRIC v



MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Vec =5V, Vss =0V, Ta = 25T, f(x,) = 4MHz, unless otherwise noted)

. Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max. .
Vou “H" output voltage, P4,~P4; lon = —10mA 3 \%
Vou “H" output voltage, ¢, RESEToyr loy = —2.5mA 3 Vv
“L" output voltage, POy~ P0;, P1o~P1;, P2o~P2;,
V loL = 10mA 2 A\
o P3,~P3;, CNTR o
VoL “L" output voltage, ¢, RESETour loL = 5mA 2 \
Vr4+—Vr— | Hysteresis, P3g When used as CLK input 0.3 1 \%
Vr4+—Vr— | Hysteresis, CNTR, INT, INT, 0.3 1 \%
Vr4+—Vr— | Hysteresis, RESET 0.5 0.7 \'
Vr+—Vr— | Hysteresis, Xiy 0.1 .0.5 \
0 “L" input current, POg~P0;, P1o~P1;, P2;~P2;, V=0V 5 A
- P3p~P3;, P5o~P5; without pull-up transistor “
“L" input current, POg~P0;, Plo~Pl7, P2g~P2;, vi=0v )
e i o~ o P e ' ‘ —40 | —70 | —125 uA
P3¢~P3;, P5q~P5; with pull-up transistor
he “L" input current, P4o~P4; V=0V —5 ~A
he “L” input current, CNTR, INTy, INT2, RESET, Xy V=0V —5 A
“H” input current, POg~P07, P1o~P1;, P2,~P2;, Vi =12v
lin ) 12 A
* P3p~P3;, P5,~P5; without pull-up transistor
“H” input current, POp~P07, P1o~P17, P2o~P2;, V=5V
lin ) 5 uA
P3y~P3;, P5,~P5; with pull-up transistor
1 “H” input t, Pdo~P4 e 5 A
nput current, P4~
" P 0 4 without pull-down transistor “
. V=5V
hu “H" input current, P4,~P4; 40 70 125 ~A
with pull-down transistor
lin “H" input current, CNTR, INT, INT, RESET, Xix V=5V 5 ~A
VRam RAM retention voltage at clock stop 2 \
P-channel open- | f = 4MHz
pen- | T 3 6 mA
drain output pins are | square wave
to Vec, output pins
| Supply current 1 A
ce PPy are open, other 1/0 | at clock stop “
pins are connected
10 KA
to Vss. at clock stop
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MITSUBISHI MICROCOMPUTER

‘M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Single-chip mode (Vcc =5V£10%, Vss =0V, Ta= 25T, f () = 4MHz, unless otherwise noted)

Limits )
Symbol Parameter Unit
Min. Typ. Max.

tsu (pop-¢) | Port PO input setup time 270 ns
tsu (P1D-#) Port P1 input setup time 270 ns
tsu (P2D-9) Port P2 input setup time 270 i ns
tsu (Pap-¢) Port P3 input setup time 270 ns
tsu (PaD-9) Port P4 input setup time 270 ns
tsu (PsD-#) Port P5 input setup time 270 " ns
th (&-pPoD) Port PO input hold time 20 ns
th (¢-P1D) Port P1 input hold time 20 ns
th (¢-P20) Port P2 input hold time 20 ns
th (4-Pap) Port P3 input hold time 20 " ns
th (¢-paD) Port P4 input hold time 20 ns
th (#-PsD) Port P5 input hold time 20 ns
tc External clock input cycle time 250 : ns
tw External clock input pulse width 75 ns
tr | External clock rising edge 25 ns
tf External clock falling edge ‘25 ns

Memory expanding mode and eva-chip mode

(Voo =5VE10%, Vss =0V, Ta = 25T, f (x,) = 4MHz, unless otherwise noted)

Limits .

Symbol Parameter i Typ, Mo Unit
tsu (PoD-¢) Port PO input setup time 270 ns
tsu (P1D-®) Port P1 input setup time 270 ns
tsu (P2D-¢) Port P2 input setup time 270 ns
tsu (roy-¢) | RDY input setup tme 150 ns
th (4-poD) Port PO input hold time 20 ns
th (s-P1D) Port P1 input hold time 20 ns
th (s-P2D) Port P2 input hold time 20 ns
th (s-rOY) RDY input hold time 500 ns

Microprocessor mode (Vec =5VE10%, Vss = 0V, Ta= 25T, f(x,) = 4MHz, unless otherwise noted)
Symbol Parameter Limits Unit
Min. Typ. Max.

tsu (P2D-#) Port P2 input setup time 270 ) ns
tsu (rov-g) | RDY input setup time 150 ns
th (#-P2D) Port P2 input hold time 20 ns
th (4-RDY) RDY input hold time 500 ns

MITSUBISHI
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MITSUBISHI MICROCOMPUTER

2 | M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS

Single-chip. mode (Vec =5V£10%, Vs =0V, Ta = 25C, f(x,) = 4MHz, unless otherwise noted)

N : Limits )

Symbol Parameter Test conditions . Tye. M, Unit

td(s-poq) Port PO data output delay time 230 ns

td(s-P1Q) Port P1 data output delay time . Fig.18 230 ns
td(s-p2q) Port P2 data output delay time 230 ns -

td(s-paa) Port P3 data output delay time 230 ns

td(¢-Paq) Port P4 data output delay time Fig.19 230 ns

Memory expanding mode and eva-chip mode
. (Vec =5V£10%, Vss =0V, Ta = 25C, f(x,»y = 4MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
. Min. Typ. Max.
td(s-PoA) Port PO address output delay time ’ 250 ns
td(s-POAF) Port P0 address output delay time 250 ns
td(s-PoQ) Port PO data output delay time 200 ns
td(s-PoQF) Port PO data output delay time 200 ns
td(¢-p1a) Port P1 address output delay time . 250 ns
td(s-p1AF) Port P1 address output delay time 250 ns
td(s-p1Q) Port P1 data output delay time 200 ns
td(s-P1aF) Port P1 data output delay time : 200 ns
td(s-p2Q) Port P2 data output delay time Fig18 300 ns
td(s-p2aF) Port P2 data output delay time 300 ns
td(e-r/wW) R/W signal output delay time . 250 ns
td(¢s-r/WF) R/W signal output delay time 250 ns
td(s-p3y@) Port P3, data output delay time 200 ns
td(s-psgar) | Port P3, data output delay time 200 . ns
td(¢-sync) SYNC signal output delay time ’ 250 ns
td(¢-syncr) | SYNC signal output delay time . 250 ns
td(s-p3,Q) Port P3, data output delay time 200 ns
td(s-p3,qF) | Port P3 data output delay time 200 ns
Microprocessor mode (Voc=5V£10%, Vss= 0V, Ta = 25C, fix,y = 4MHz, unless otherwise noted)
Symbol Parameter Test conditions Li@its Unit

. Min. Typ. Max. i
td(s -poa) Port P0 address output delay time 250 ns
td(e -p1a) Port P1 address output delay time 250 ns
td(s -P2a) Port P2 data output delay time . 300 ns
td(s-poar) | Port P2 data output delay time Fig18 300 ns
td(é -rw) R/W signal output delay time 250 ns
td(s -sync) SYNC signal output delay time 250 ns

Vee
1kQ

Sg P4

P2 100pF 100pF$ 1k

P3 7];_ : e ,

i ' i

;-WOpF 7;[;_1 00pF

Fig.18 Ports PO~P3 test circuit Fig.19 Port P4 test circuit
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS

In single-chip mode

TN

— td(s—roq)
Port PO output

tsucpop—¢) I
Port PO input e
— th(¢—rop)
> tdee—r1a)
Port P1 output
. {
tsutpio—¢ L
Port P1 input
— th(g—pr10)
' — td(g—r2a)
Port P2 output
tsu(pao—¢)

Port P2 input

s td(¢—paq)
Port P3 output
tsu(pap—¢)
Port P3 input . j
o th(¢—prap)
— td(g—paq)
Port P4 output . :
tsu(pap—9)
Port P4 input
— th(¢—r4p)
. tsu(psp—¢)
Port P5 input

th(¢—psp)

,lru

th(g—p20)

i

'

2

tc

tw

—tr ] l'—'tf
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MITSUBISHI MICROCOMPUTER

M50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and eva-chip mode

|

I e N

- td(g—poa) © - — td(s—roar) — td(s—poar)
Port PO output

— td(s—poq)

. tsu(roo—¢)
Port PO input .
. — th(¢—pop)
. td(s—p1a) = F—td(s—P1AF) — td(g—ri1ar)
Port P1 output o . )

— td(g—piq)

L . tsucpip—¢)
Port P1 input
—> td(s—p2a) — td(g—r2arF)
Port P2 output )

o - tsucpan— ﬂ,___
Port P2 input
. —
td(g~rw) — tdig—rwr) .
Port P3, output (R/W) ' :

th(g—pr1D)

T<>< TT

th(g—p2p)

|

td(s—payar)

<

— F— td(s—pr3e)
) — tdig—svne) td(g—syncr)  — }-— td(¢—ra,aF)
Port P3, output (SYNC) ){ ‘
— td(s—ps,@)
— tsu(rov—e)
Port P3, input (RDY) s -
S - this—roY)
.
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MITSUBISHI MICROCOMPUTER
MS50745-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In microprocessor mode

Port PO output
Port P1 output
Port P2 output
Port P2 input
Port P3, output (R/W)

Port P3, output (SYNC)

D G U

— td(s—ron)

— td(s—r1a)

tsu(p2o—-¢) ;I —

—-

— td(g—r2a) — td(s—r2ar)
X High impedance

th(g—p2p)

— >Ed(¢—n/w)

— { td(g—svne)

X
X

Port P3; input (RDY) {

—>

l— tsu(rov—9)

‘Fthw—nm)
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MITSUBISHI MICROCOMPUTERS

M50747-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION ,
The M50747-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW)
signed with CMOS silicon gate technology. It is housed in a
64-pin shrink plastic molded DIP (flat package type also Voo "P2°
available) . This single-chip microcomputer is useful for :g’: = ::21
business equipment and other consumer applications. Ps: [ 5] < P2z )
In-addition to its simple instruction sets, the ROM, RAM, P6, +[5] 5] « P2, [ /O PortP2
and 1/0 addresses are placed on the same memory map to Output port P8 1 e o [] 53]« P2,
enable easy programming. P6, «— [58] +> P25
The differences between the M50747-XXXSP and the P6; +—[8] P2,
M50747-XXXFP are the package outline and power dis- P6o 9] PO
sipation ability (absolute maximum ratings). P4z ++ 10 5] PO,
- P4+ [T} 54] +» PO,
P45 +[12] + PO,
DISTINCTIVE FEATURES o s o, | VO portPD
Number of basic inStructionsg:««+«+++=+serersrrrerieniiaiiiaiins 69 1/0 port P4 = .
Pa«[0] = [57] + P05
[ ] Memory s|ze\ ROM .................................. 8192 bytes P42"’ . 3 @ - P05
RAM ..................................... 256 bytes P41 - m If, m - P07
® |Instruction execution time P4g § (58] < P1,
------ 1us (minimum instructions at 8MHz frequency) P3;/Spoy ++ c>/<> + P1,
® Single power supply f(Xjy)=8MHz:++++eeeeereeee 5VE£10% P3s/CLK +[19] . - P1;
® Power dissipation ::i’;xg : g : :3 1/0 port P1
normal operation mode (at 8MHz frequency) -+-- 30mW 1/0 port P3 e ¢
. . P33/CNTR +[22] <+ P1s
® Subroutine nesting «:««seeereeeseenineens 128 levels (max.)
PSZ/INTZ - « P1g
@ [NtErrupt:--sooeeer e 7 types, 5 vecters P3, « 2] - P1,
® 8-bit timer reeeeeseneseieen 3 (2 when used as serial 1/0) P3y+> «— P5,
e Programmable 170 (POI’tS PO, P1, P2, P3, P4) """""" 40 Interrupt input INT, — |26] + P5,
® Input ports (pon p5) ................................................ 8 CNVsg <+~ P5,
® OULPUL POFtS (POrt PB) «+ereerereereesrsreuniniiiisiane 8 Reset input RESET — «— P5,
. Input port PS
® Serial I/0 (Clock synchronized or UART) :ws«+ssseeeeeee e Clock input - Xy — [29] = P54
Clock output ~ Xout +— + P55
APPLICATION Timing output - ¢+ <+ P5¢
Office automation equipment
VCR, Tuner, Audio-visual equipment
M50747-XXXFP
NIARAEEEEBREDEED [19]
N S R R R R R R R R AR R A
Nron@b 0N o N
RESEIIITTdd gy ddee
SI23¥0
SOPOJ[ 0
oo &Em
Outline 72P6 .
NC : No connection
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M50747-XXXSP BI.OCK DIAGRAM

Clock input Clock output Timing output

Xm

—

|
|
!

Xour

Clock generating circuit

Interrupt input

INT,

Reset input

RESET

(sv) (ov)

(OV)

BOT T—?—_G)_—@__@_

T

1l

IS

I

Efﬁisw Program Program Stack
register counter counter pointer
PS (8) PCy (8) PC, (8) S(8)
T D )
8-bit
i i RAM ROM
arithmetic
Index Index 8192 byt
and IAccumulator 256 bytes A ) ytes
logical unit ve)g(l(s;)er resu(s;«)ar

14

Prescaler |
PRE12(8)

Prescaler

PREX (8)

Instruction
register (8)

Instruction
decoder

Control signal

Output port P6

Input port P5

170 port P4

1/0 port P3

1/0 port P2

170 port P1

170 port PO
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MITSUBISHI MICROCOMPUTERS

M50747-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50747-XXXSP

Parameter Functions
Number of basic instructions ' 69
Instruction execution time 1us (minimum instructions, at BMHz of frequency)
Clock frequency : 8MHz

. ROM 8192bytes

Memory size

RAM 256bytes

INT4 Input 1-bitX1

8-bitX5 (Part of P3 are in common with Input/output of serial I/0,

PO, P1, P2, P3, P4 1/0 — |

Input/Output port timer 1/0 and INT; interrupt input)
- P5 Input 8-bitX1

P6 Output 8-bitX1
Serial /0 i 8-bit or 9-bitX1
Timers 8-bit prescalerX2+-8-bit timerX3 (8-bit timerX2 when serial I/0 is used)
Subroutine nesting 128 levels (max.)
Int \ Two external interrupts (1 of external interrupt is in common with port P3;)
nterrupts ;

P . Three timer interrupts (or timerX2, serial 1/0X1)
Clock generating circuit Bullt-in (Ceramic or Quartz crystal osclllator)
Supply voltage 5v+10%

Power dissipation at high-speed operation 30mW (at 8MHz frenquency)
Input/output voltage 5v
Input/Output characteristics
Output current 5mA (Ports P3, P4, P6)
Memory expansion Possible
Operating temperature range —10~70C
Device structure CMOS silicon gate
M50747-XXXSP 64-pin shrink plastic molded DIP
Package
M50747-XXXFP 72-pin plastic molded QFP
2—136 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5‘0747-XXX$P/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

. Input/
Pin Name P Functions
Output

Vece Supply voltage Power supply inputs 5V+10% to Vg, and OV to Vss.

Vss

CNVss CNVsgs This is usually connected to Vss.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2;45.(under normal Vge
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main-
tained for the required time.

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the Xy and Xour pins. If an external clock is used, the clock

XouT Clock output Output source should be connected the Xy pin and the Xour pin should be left open.

@ Timing output Output This is the timing output pin.

CNTR Timer 1/0 170 This is an 1/0 pin for the timer X.

INT, Interrupt input Inpht This is the highest ofder interrupt input pin.

POy~ P07 | I/0 port PO 170 Port PO is an 8-bit I/0 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode.

The output structure is CMOS output.

P1o~P1; | I/0 port P1 170 Port P1 is an 8-bit I/0 port and has basically the same functions as port P0.

P2,~P2; | I/0 port P2 1710 Port P2 is an 8-bit I/0 port and has basically the same functions as port PO.

P30,~P3; | I/0 port P3 110 Port P3 is an 8-bit I/0 port and has basically the same functions as port PO. When serial 1/0 is used, P3g,
P3s, and P34 work as CLK, TxD pins, respectively.

When clock synchronous serial 170 is used, P3; works as Sppy. Also P3; and P3; work as CNTR pin and the
lowest order interrupt input pin (INT;) , respectively.

P4o~P4; | I/0 port P4 110 Port P4 is an 8-bit /0 port and has basically the same functions as port PO.

P5¢,~P57 | Input port P5 Input Port P5 is an 8-bit input port.

P6o~ P67 | Output port P6 Output Port P6 is an 8-bit output port. The output structure is CMOS output.

MITSUBISHI _
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MITSUBISHI MICROCOMPUTERS

MS50747-XXXSP/FP

"SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY :

A memory map for the M50747-XXXSP is shown in Figure
1. Addresses E000,¢ to FFFF4 are assigned to the built-in
ROM area which consists of 8192 bytes.

Addresses FF00,¢ to FFFFys are a special address area
(special page) . By using the ‘special page addressing
mode of the JSR instruction, subroutines addressed on this
page can be called with only 2 bytes. Addreeses FFF4,5 to
FFFF.¢ are vector addresses used for the reset and inter-

rupts (see interrupt chapter). Addresses 0000,5 to 00FF g
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/0O port, timer,
etc., are assigned to this area. . '

Addresses 0000, to 00BF:;s and 0100,¢ to 013F;s are
assigned to the built-in RAM and respectively consist of
192 bytes and 64 bytes of static RAM. In addition to data

storage,’ this RAM is used for the stack during subroutine
calls and interrupts.

Decimal
c 000046 0 ,
+ 00EOs¢ | Port PO
7/ — =
RAM /" 00E1s | Port PO firectional
(192 bytes) L7
, 00E2,¢ | Port P1
00BF 1w 00E3;¢ | Port P1 fgetion
16 /
Zero page ) ; 00E4,¢ |Port P2
Not used ,/ 00ES;6 | Port P2 ?él;e.g:g"al
/
’ 00E6,¢
00EO+¢
00E7,¢
00E8 Port P3
00FF1e 25 ' = directional
RAM 010046 h 00ESs6 | Port P3 fegicier
(64'bytes) | 013F,¢ \\ 00EA;6 |Port P4
\ 00EBg | Port P4 figctional
\ 00EC s [Port P5
Not used \ :
\ 00ED;¢
) ! 00EE;¢ |Port P6
e E000,¢ \
\ -00EF4¢
\
\ 00F0,¢
\
\ 00F14¢
\
\ 00F2:¢
FF00 \ 00F31e
® \ T i/ 7
\ S I
\ 00Fs.. | TaReEy antsier ™
\ 00F6,¢ | Transmit register
\
ROM \ 00F7,s | Receive buffer register
(8192 bytes) \
Y Special \ 00F8:5
page for FFF4 \\ 00F846 |Timer 1,2 prescaler
subroutine 16 N
call Addrese i INT, \  OOFA [Timer 1
\ -
ﬁggig:i h S 1/0 or Timer 2, 00FB,¢ |Timer 2
_ Address L Timer 1 \ 00FCye [Timer X prescaler
\
Address L Timer X \ 00FDis |Timer X
ggg:ggg E, INT, \, 00FEss | interrupt control register
FFFFis Addrass H RESET \\OOFF‘G Timer control register
1 —
65535
Fig.1 Memory map
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50747-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A)

The 8-bit accumulator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real
address.

7 0 7 0
A Accumulator N|V|IT|B|DY| I] Z]|C| Processor status register
0
7 Carry flag
X Index register X
Zero flag
7 0 .
Interrupt disable flag
Y Index register Y
Decimal mode flag
7 0
t———————— Break flag
S Stack pointer
Index X mode flag
15 7 0
Overflow flag
PCy PC_ Program counter
Negative flag
Fig.2 Register structure
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MITSUBISHI MICROCOMPUTERS )

M50747-XXXSP/FP

STACK POINTER (S)
The stack pointer (S) is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.
The location of the stack can be determined by the stack
page bit (bit 4 at address 00FF;6) . When bit 4 is “0” and
the contents of the stack pointer is XX;¢, the stack address
is set to 00XX;s. When bit 4 is “1”, the stack address is set
to 01XX46. When using this ‘microcomputer in the single-
chip mode, the stack page bit must be “0” and the stack
pointer should be set at the bottom address of the internal
RAM.
When an interrupt occurs, the highef 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
are processor status register data is pulled off the stack in
reverse order from above. ’
The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction.(PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction.
The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
" any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from a subroutine.

PROGRAM COUNTER (PC) _
The 16-bit program counter consists of two 8-bit registers
PCy and PC,. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the. Carry flag (C), Zero flag (Z), Overflow flag (V)
or. the Negative flag (N). Each bit of the register is ex-
plained below.

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag. '

2. Zero flag (2)

This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D).

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X mode flag (T)

When the T flag is “1”, operations between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.
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7. . Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overflow flag is reset by
the CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.

Table 1 Interrupt vector address and priority

Interrupt Priority Vector address
RESET 1 FFFF6, FFFEg
INT, 2 FFFD,g, FFFCyg
Timer X FFFB46, FFFA46
Timer 1 FFF9,6, FFF8¢
Timer 2 or serial I/0 FFF7.6, FFF64g
INT (BRK) FFF5;6, FFF416

oo |slw

INTERRUPT

The M50747-XXXSP can be interrupted from seven souces;
INT,, timer X, timer 1, timer 2/serial 1/0, or INT,/BRK in-
struction.

However, the INT, pin is used with port P3, and the corres-
ponding directional register bit should be set to “0” when
P3; is used as an interrupt input pin.

The value of bit 2 and bit 3 of the transmit/receive mode
register (address 00F4,5) determine whether the interrupt
is from timer 2 or from serial /0. When these bits are “00”
the interrupt is from timer 2, otherwise the interrupt is from
serial 1/0. Also, when the bit 2 is “1”, parts of port P3 are
used for serial 1/0. These interrupts are vectored and their
priorities are shown in Table 1. Reset is included in this
table since it has the same functions as the interrupts.
When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupts are inhibited when the interrupt disable flag is set
to “1”. All of the other interrupts can further be controlled
individually via the interrupt control register shown'in Figure

0

I | l Interrupt control register (Address 00FE+s)

Bit 7 : INT, pin interrupt request bit

Bit 6 : INT, pin interrupt enable bit

Bit 5 Timer 1 interrupt request bit

Bit 4 . Timer 1 interrupt enable bit

Bit 3 . Timer 2 interrupt or serial 1/0 interrupt request bit
Bit 2 : Timer 2 interrupt or serial 1/0 interrupt enable bit

Bit 1 I INT, pin interrupt request bit

Bit 0 I INT; pin interrupt enable bit

Timer control register (Address 00FFs)

Interrupt
request

Intcrrupt disable flag |

Reset

Bit 7 : Timer X interrupt request bit

Bit 6 . Timer X interrupt enable bit

Bit‘s . Timer X count stop bit

Bit 4 [ Stack page bit

Bit3:
}Timer X mode bit

Bit2:

Bit1:

} Processor mode bit
Bit0:

Fig.3 Interrupt control
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3. An interrupt is accepted when the interrupt enable bit

and the interrupt request bit are both “1” and the interrupt

disable flag is “0”.

The interrupt request bits are set when the following condi-

tions occur: )

(1) When the INT; or INT, pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 (or the
serial 1/0 counter) go to “0” '

These request bits can be reset by the program but can not

be set by the program. However, the interrupt enable bit

can be set and reset by the program.

The interrupt from serial 1/0 is used swutchlng with that

from timer 2. This interrupt is slightly different from the

others. When serial 1/0 is selected, the interrupt becomes

automatically the interrupt from serial 1/0. Because the in-

terrupt request bit of timer 2 is edge-senced and not level-

senced, when interrupts are generated from both transmit
and receive sides as illustrated in Figure 5, transmit inter-
rupts will not be accepted by only taking OR of receive in-
terrupt flag Rl and transmit flag TI. Even if Rl is cleared to
“0” by executing receive interrupt processing and is re-
turned to the main routine, Tl is “1” and its level will not be
changed. In order to accept interrupts in the above state,
when Rl or Tl is cleared from “1” to “0” the pulse is gener-
ated automatically and lets the request bit go from “H” to
“L". By doing so, the level will be changed. The interrupt
processing routine of serial 1/0 is shown in Figure 4.

Since the BRK instruction and the INT, interrupt have the
same vectored address, the contents of the B flag must be
checked to determine if the BRK instruction caused the in-
terrupt or if INT, generated the interrupt.

Overrun framing
Error ?

Parity error ?

Interrupt entrance

and interrupt request bit is cleared to “0”
by hardware

[ Interrupt disable flag is set to “1” J

Error processing Receive processing

Transmit processing Error processing

!

e |

RI—0

Interrupt exit

Fig.4 Interrupt processing routine
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TIMER

The M50747-XXXSP has three timers; timer X, timer 1, and
timer 2. Since P3 (in serial 1/0 mode) and timer 2 use
some of the same architecture, they cannot be used at the
same time (see serial 1/0 section). Timer X has four modes
which can be selected by bit 2 and 3 of the timer control
register. When the timer X count stop bit (bit 5) is set to
“1”, the timer X will stop regardless of which mode it is in.
A block diagram of. timer X, timer 1, timer 2 and serial 1/0
is shown in Figure 5.

The P33/CNTR pin cannot be used as CNTR when P3; is
being used in the normal I/0O mode.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-
vider. The division ratio is defined as 1/(n+1), where n is
the decimal contents of the prescaler latch. All three timers
are down-count timers which are reloaded from the timer

latch following the zero cycle of the timer (i.e. the cycle af- -
ter the timer counts to zero).

The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE;¢ and
00FF,¢, respectively (see interrupt section).

The four modes of timer X as follows:

(1) . Timer mode (00)

In this mode the. clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is. set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

Pulse output mode (01)

In this mode, the polarity of the CNTR signal. is re-
versed each time the timer down-counts to zero.

A Data bus
Oscillator  Divider . When STP
Timer i struction IPFESCG[EF latch 3) |T|mer X Iatch
m 1/16 is executed
t
Pulse width measurement thlsc%';ﬁ:'ct':d
1 mode " coercively.
to timer X interrupt
P33/CNTR Prescaler l——' Tlmer X (8
° Event counter mode o7 request bit
—0 FFm 16 Reset, or STP
truction
Pulse output mode Timer X count stop bn instruc
(Bit 5 of address 00FF;g)
llToggIe flip-flop II—
{ 1 Data bus 1
IPrescaler latch BJ ITlmer1 latch (8 l Timer 2 latch (8)
s z to timer 1 <>
Prescaler Ti mer1 8 interrupt i
H i (8) I_>request Timer 2 (8)
bit
to timer 2 or serial 1/0
REQ " interrupt request bit
RI T )
Tl 4
L—T\k Edge pulse generating
circuit
A—d
:
. _J———?_‘____
1
|
b UL —
set interrupt request bit at this rising edge
Fig.5 Interrupt block diagram of timer X, timer 1, timer 2 and serial 170 -
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(3) ‘Event counter mode (10)
This mode operates in the same manner as the timer

mode except the clock source is input to the CNTR 7 ) 0
pin. This mode will allow an interrupt to be generated I . ] Timer control register (Address 00FFic)
whenever a specified number of external events have
been generated. The timer down-counts every rising Processor mode bit
edge of the clock source. 00 : Single-chip mode
(4) Pulse width measurement mode (11) ’ ?(1) m;To‘;?’;:::z?:gerOde
This mode measures the pulse width (between lows) ! 11 : Eva-chip mode
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during
the low cycle of the CNTR pin. When the timer con-

Timer X mode bit

tents reaches “0”,the interrupt request bitis setto*1”, : . 00 : Timer mode
the timer's reload latch is reloaded and the counting 01 % Pulse output mode
resumes. ' 10 : Event counter mode .
: . . . . 11 : Pulse width t mod

The structure of the timer control register is shown in ulse width measurement mode
Figure 6 Stack page bit

’ ) - 00 page
When the STP instruction is executed, or after reset; 101 zage

the prescaler and timer latch are set to FFq¢ and 0146,
respectively. Also, when the STP instruction is ex-
ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X . ) .
. X . X Timer X interrupt enable bit
mode setting. This state will be released when the tim- 0 : Interrupt disable
er X interrupt request bit is set to “1”, or after a reset. 1: Interrupt enable
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to
the oscillation circuit section.

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

Timer X interrupt request
0 : No interrupt request bit
1 . With interrupt request

Fig.6 Structure of timer control register
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SERIAL 1/0

Figure 7 is a block diagram of the serial 1/0. Two types ex-
ist in serial data transfer: the clock synchronous type in
which data is transferred, synchronized with the clock, and
the asynchronous type (UART) in which data is transferred
using the start and stop bits. The user can choose either
type. There are two asynchronous type modes: 8-bit data
transfer and 9-bit data transfer. The receive ready signal
(Srov) , clock 1/0 (CLK), data 1/0 (TxD and RxD) pins
share the same pins as P3;, P3¢, P35, P3,.

Figure 8 gives the bit configuration for the transmisson/re-
ceive mode register and transmisson/receive control regis-
ter. The transmit/receive mode register (00F4¢) is a 5-bit
register. Bits 1 and 0 are used to define the clock source
for synchronization. When the contents of bits 1 and 0 are
(00) or (01], respectively, the external clock is used. The
external clock is input to pin P3s. Use an external clock
with a 50% duty cycle and a frequency lower than 500kHz.
When the contents of bits 1 and 0 are (10} or (11], respec-
tively, the built-in clock is used.

When the contents are (10}, the overflow signal from timer
2 is used for the clock source. Therefore, by changing the
division rate, the data transfer speed can be controlled.
When the contents are (11], the frequency obtained by di-
viding the oscillation frequency by 16 is used as the clock
source.

Bits 2 and 3 are used to define which pins on port P3 are to
be used as serial 1/0, and which type of serial I/0 to used.
When the contents are (00), respectively, port P3 is used
as a normal parallel port.

When the contents are (01), respectively, the clock syn-
chronous type serial 1/0 is used.

P3;/Sppy on port-P3 is used as the receive ready signal
pin. P3¢/CLK is used as the input or output pin. When an
external clock is to be used, the signal from the clock is
‘connected to this pin. When the built-in clock is to be used,
the signal from the clock is output to this pin. P3s/TxD is
used as the serial data output pin. P3,/RxD is used as the
serial data input pin. When this pin is not used as the serial
‘data input pin, it can be used as the normal input/output
pin. When this pin is used as the serial data input pin, set
the directional register to the input mode.

When the contents are (10}, this serial 170 is used as an 8-
bit asynchronous serial 1/0. If the external clock source is
selected together with the bit contents (10], the clock sig-
nal is input to P3g/CLK on port P3. The data transfer speed
is 1/16 of the clock frequency. When the built-in clock is
used, this can be .used as the normal input/output pin. P3s/
TxD is used as the serial data output pin. P3,/RxD is used
as the serial data input pin. When this is not used as the
serial data input pin, it can be used as'a normal input/out-
put pin. When this pin is used as a serial data input pin, set
the directional register to the input mode. When the con-
tents are (11), a 9-bit asynchronous serial 1/0 is selected.
The functions on port P3 are the same as in the 8-bit case.
Bit 4 is used to select the sleep mode. The sleep mode is

valid only for asynchronous transmission. See the section on
the sleep mode for further explanation. When the contents

-are “0”, the sleep mode is disabled. When the contents are

“1”, the sleep mode is enabled.

The transmission/receive control register is an 8-bit regis-
ter. Bits 1, 3, 4, 5 and 7 are for read only. Each bit is ex-
plained as follows.

Transmit enable bit (TE)

When this bit is set to “0”, the send clock is pulled up to
“H”, the transmit completion bit (TI) is cleared to “0”, trans-
mission is terminated, and the serial 1/0 is initialized. When
this bit is set to “1”, transmission starts. Therefore, send
data must be written into the transmission register prior to
setting it to “1”. When the transmission is completed, the
serial 1/0 stops and the transmission clock is pulled up to
“H” automatically.

Once the above operation has been peformed, transmission
starts by writing data into the transmission register.

Transmit completion bit (TI)

This bit is cleared to “0” when the transmit enable bit (TE)
is set to “0”, or when data is written into the transmission
register. When transmission is completed, this bit is set to
“1”. An OR operation is >performed between the transmit
completion bit (TI) and the receive completion bit (RI), and
the result is input into the interrupt request bit (bit 3 of
address 00FE,s). See the section on interrupts for more in-
formation. ‘ ’

Receive enable bit (RE)

When this bit is cleared to “0”", the receive completion bit
(RI), the overrun framing error (OFR), and the receive par-
ity error bit (PER) are cleared and initialized. When this bit
is set to “1”, the I/O enters the receive enable status. For
the clock synchronous type serial 1/0, data is fetched from
the P34,/RxD pin and the contents of the receive register
are shifted by 1 bit every time the receive clock changes
from “L” to “H". For the asynchronous type 1/0, receiving
starts when a start bit is forwarded to P3,/RxD.

Receive completion bit (RI)

This bit is cleared to “0” when the receive enable bit is set
to “0”, or when writing is performed to the receive buffer
register. If the receive buffer is written to, no data is written
in the register and the previous data is preserved. When a
set of data arrives in the receive buffer, and the receive
completion bit (RI) is “0”, data is transferred to the receive
buffer régister. With this operation, receiving terminates
and the receive completion bit (RI) is set to “1”. An OR op-
eration is performed between the receive completion bit
(RI), the transmit completion bit (T1), and the result is input
to the intarrupt request bit (bit 3 at address 00FEqg). For
more information on the interrupts, see the corresponding
section.
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Overrun framing error bit (OFR)

When the receive enable bit (RE) is set to “0” or when
writing is performed to the receive buffer register, this bit is
cleared to “0". If an overrun or framing error occurs, this bit
is set to “1”. An overrun error occurs when the receive
completion bit (RI) remains set to “1” and the next data is
transferred from the receive register to the receive buffer
register. A framing error occurs when data arrives in the re-
ceive register, (which should be transferred to the receive
buffer register), and no stop bit exists. This bit is valid only
for asynchronous transmission.

Receive parity error bit (PER)

When the number of “1”s is in the received data register is
odd, this bit is set to “1”. This bit is cleared to “0” when the
receive enable bit (RE) is set to “0” or when writing is per-
formed to the receive buffer register.

Receive data bit (T8)
For 9-bit asynchronous transmission, this bit is transmitted
as bit 8 data.

Receive data bit 8 (R8)

For 9-bit asynchronous transmission, this bit is used to re-
ceive the bit 8 data. '

The operation of each transmission ‘method is described
below. )

CLOCK SYNCHRONOUS TYPE SERIAL
TRANSMISSION

Receiving starts when the receive enable bit (RE) is set to
“1”. Every time the receive clock changes from “L” to “H”,
data is fetched from P3,;/RxD pin and, s'imultaneously, the
contents of the receive. register are shifted by 1 bit. Data
transmission starts from the least significant bit. When 8 bits
of data are received, the receive completion bit (RI) is set
to “1”. When RI changes from “0” to “1”, the interrupt re-
quest bit is set to “1”. When the internal clock is used, the
receive clock stops in the “H” condition. When the external
clock is used, the clock does not stop. In this case, control
this clock using external devices. Once the receive enable
bit (RE) is set to “1”, writing to the receive buffer register
clears the receive completion bit (RI) and receiving res-
tarts. Set a “0” in the transmission enable bit during re-
ceiving.

‘Setting “1” in the transmission enable bit (TE) starts the
transmission. Accordingly, write data in the transmission
register before setting TE to “1”. Every time the transmis-
sion clock changes from “H” to “L”, data is output from the
P3s/TxD pin. Data transmission starts from the least signifi-
cant bit. The transmission completion bit (TI) is set to “1”
for each 8 bits of data transmitted. When TI changes from
“0” to “1”, the interrupt request bit is set to “1”. When the

internal clock is used, the clock stops in the “H” position af-
ter transmitting 8 bits of data. When an external clock is
used, the clock does not stop. In this case, control this
clock using external devices. Once the transmission enable
bit is set to “1”, writing data to the transmission register
clears the transmission completion ‘bit to “0” and starts the
transmission. Set a “0” in the receive enable bit during
transmission. When the external clock is used, the trans-
mission speed is the same as that of the clock. When the
internal clock is used, the clock frequency obtained by di-
viding the clock source by 16 is used for the transmission
speed. Figure 9 gives the transmission timing. This figure
also gives the timings for 8-bit and 9-bit asynchronous
transmission, which is explained below.

8-BIT ASYNCHRONOUS TRANSMISSION
Setting the receive enable bit (RE) to “1” brings the 1/0
into the receiving ready status. Transmission starts' when
the first data that changes the level from “H” to “L” is re-
ceived, and data is forwarded to the receive register. When
8 bits of data are received and the receive completion bit
(RI) is set to “1”, the 8-bits of data are transferred to the
receive buffer register, and Rl is set to “1”. See the section
on the interrupts for more information. If Ri is set to “1”, no
transfer is performed. The overrun framing error bit (OFR)
is set to “1” when Rl is set to “1” and the next data is re-
ceived. When the stop bit is set to “0”, the OFR bit is set to
“1" regardless of the RI bit status. No other condition will
change the contents of this bit. When the number of “1”s in
the received data register is odd, the receive error bit
(PER) is set to “1”. No other condition will change the con-
tents of this bit. Bits Rl, OFR, and PER are cleared to “0”
when writing is performed to the receive buffer register.
When 8-bits of data are received, receiving automatically
halts and the start bit of the next data is ready.

When the transmission enable bit (TE) is set to “1” (after
writing data to the transmit register) , transmission starts.
First, the start bit “0” is sent, and data is transferred starting
from the least significant bit. When the stop bit “1” is sent,
the transmission completion bit (TI) is set to “1” and the
transmission terminates. For more information on the inter-
rupt, see the corresponding section. After the above opera-
tion has been performed, the transmission completion bit
(T1) is cleared to “0” and transmission restarts after writing
to the transmit register is performed.

9-BIT ASYNCHRONOUS TRANSMISSION
Operation for 9-bit asynchronous transmission is same as 8-
bit asynchronous transmission except that the transmission
data consists of 9 bits. When receiving data, bit 8 of the re-
ceived data is input to bit. 7 on address 00F5,¢ (transmit/
receive control: register). When transmitting data, the con-
tents of bit 6 in the transmit/receive control register is out-
put as bit 8 of the send data.
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SLEEP MODE

For 9-bit asynchronous transmission, when bit 4 (SM,) of
the transmit/receive mode register (00F4,¢) is set to “1”
and bit 8 of the receive data is “0”, the received data is
ignored. When bit 8 of the receive data is set to “1”, data is
received. When the contents of SM, is “0", data is re-
ceived, regardless of the contents of bit 8 of the received
data. For 8-bit asynchronous transmission, the stop bit
works as bit 8 of the received data. The sleep mode is
used when several local microcomputers are to be con-
nected to a single host computer through the serial 1/0.
First, the host corﬁputer sets T8 to “1” and sends data. The
data contains the address of the local microcomputer to be
accessed. All the local microcomputers receive the same
data. Each local microcomputer checks the data (address),
and if the address is that assigned to the local micro-
computer, bit 4 of the transmit/receive mode register is set
to “0". Bit 4 of the registers of all the other local micro-
computers is set to “1”. Then, the host computer starts
transmission by setting T8 to “0”. The local microcbmputer
whose SM, is “0” receives the transmitted data, while the
other local microcomputers continue program execution
without being interrupted by serial 1/0. This is because
SM, on these computers set to “1”. Thus, the host computer
can communicate with a specific microcomputer.
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0 .7 / 0 ‘
2| SM,|SM,| Transmit/Receive mode register | R8 i T8 |PER’OFFj RiRE l Tl 'TE | Transmit/Receive control register
(Address 00F4,¢) L (Address 00F5;6)
l— Synchronous clock source selection bit ' Bit 0. Transmit enable bit
00: . .
0? . } External clock Bit1: Transmit completion bit
10: Timer2 Bit2: Receive enable bit
11 Oscillation frequency Bit3: Receive completion bit
divided by 16 I P
) Bit4: Overrun framming error
Serial communication selection bit bit
00: Parallel port
01:  Clock synchronization Bit5: Receive parity error bit
10: 8-bit UART
111  9-bit URAT
Bit 6 : Transmit data bit 8
— Sleep selection bit Bit 7 : Receive data bit 8
0 : Without sleep
1 With sleep

Fig.8 Bit structure of transmit/receive mode register and transmit/receive control register

Clock synchronization

Transmit or receive

clock (Internal clock source
divided by 16 or external clock) /
0

Receive buffer register
or transmit register write signal

Serial I/Ooutput;rxD ' x D & D, x X X
X XOEXE

Receive enable signal
—_— I I 1
Srov 1

Rl or Tl set

Serial 1/0 input RxD

Asynchronization

clock (Clock source divided eed
' ]
1
s

by 16)
Receive buffer register m
or transmit register write__ 11 ‘
signal Stop bit
Serial 1/0 output TxD :
!
=== o= T
Serial 1/0 input RxD Do Dy :
T |
8-bit or 9-bit data *
Rl or Tl set
Fig.9 Serial 170 timing
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RESET CIRCUIT

The M50747-XXXSP is reset according to the sequence
shown in Figure 10. It starts the program from the address
formed by using the content of address FFFF,s as the high
order address and the content of the address FFFFg as the
low order address, when the RESET pin is held at “L” level
for more than 2us while the power voltage is in the recom-

mended operating condition and the crystal oscillator

- oscillation is stable and then returned to “H” level. The in-

ternal initializations following reset are shown in Figure 11.
An example of the reset circuit i