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A.C. MOTOR CONTROL BY MICROCONTROLLER

Nuttawut  Chutipong
Anuchit Rattanaungulwattana
Jirawath Parnklang Adviser

1995

ABSTRACT

This thesis presents implementation of the motor controller ; Motor, in general
usage, is A.C.motor that its property can vary speed while the frequency is desired to be
changed by vary the frequency of control signal. Good efficiency A.C. motor control is used
for control fluxs constantly to vary voltage in the form of proportional with frequency or
maintains constant ratio of voltage per frequency. The limitation of this method is that the
variation must be happend simultaneously, you are need. Furthermore, the output frequency of
converter should be varied by frequency signal., by the microcontroller-8031. The
characteristics of designed microcontroller is made hardware easy, cheap and reliant because
digital control makes low noise. Software control is easy changed and improves system better,

no hardware change.
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MNANPIN (Data Sheet)

A1, =60nS. . =450nS. tnumuiTuaumsi 5.1 ugs 5.2 92 1én
C, M 0.0439uF. udivINMINARD 119 C, 1A 0.0437uF.
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P = 1.v*COSO (5.4)
4 - - 3 A '
s lulSyaiinusiluamasong 0.5 usah diounumluaums 5.4 o218
0.5*746 = 220*0.8%I
L4
AulumAtanTsuavesuawas () iy 2.11 ususy
5.5 MIMUINDINYDIIIDIFHINTLNAUIL HIUYDIIDINIO
y
TulFyapiinuiilFeesFenssnanuuraniuiad (Ful Wave Bridge)

V, = 1414%V = | 414%230 = 311 T’Tﬁﬁ
P * rms ) “~ -

Ve = Vp-2%V, = 311 -(2*]) = 309 1han
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EMBEDDED CONTROLLERS

Feature 8051AH B031AH 8761H 80CH1BH 80CI1BH 87C81 8052AH 8032AH 81852 80441
Program Memory(Bytes) 4K - aK aK - 4K 8K - 8K aK
RAM Mem ory(Bytes) 128 128 128 128 128 128 256 25 256 192
Program Memory Expansion §
d 41K 84K i
(Off Chip) (Bytes) 64K 64K 64K € 64K 64K 64K 64K 64K
Data Mem ory Expanston
64 64K K < 64K B BaK 64K
(Ot Chup) (Bytes) K 64 64k 64K 64K
Max. Clock Frequercy (MHz.) 12 12 12 16 16 15 15 12 12 12
Typica Instruction Time (uS.) 1 i 1 075 075 [ RE] 1 1 1 1
16-B& Timer/Counter 2 2 2 2 2 2 3 3 3 2
. " HOLC/
Serial Communic ations Synchronous Moce, Asyne hrongus Mode, 9 or 10 Bit Programmatle sOLC
No of O Lines 32 16 32 32 16 32 32 16 32 32
intertupt Source
(Twa Priortty Levels) 5 5 5 ! 5 & 5 6 6 6 5
Power Requirem ents
flcc Max. mA ) 125 250 24 24 29 175 175 175 200
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Address (Decimal) ~ Address (Hex) Symbols Address (Hex)

127 ' 7Fh :
R AT e R R
acc L B Y eon
PSW D0h
IPC B8h
P3 BOh
IEC ABh
P2 ACh
ah AR —] .
\ SCON h
P \ el 900
TH1 g‘éhh
. THO
20h U 88h
TLO 84ah
18h TMOD 8gh
TCON 88h
: PCON 87h
10h
DPH 8h
8h DPL 82h
sp 81h
Oh PO 80h
(a) (b)

c{ @ d’ o ' b
i 63 madafuimianuhiteyanioly
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' =) 4 - - -
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7.5 Mwazdeavedllsunsumumunus sz AMNE

.ORG 0000H

LJMP INIT
sRkkkkkkRkRkkk kbR kR Rk Rk Rk Rk kokk R Rkokkkokk
e INTO ROUTINE FOR INHIBIT *
Rkkkkkkkkkok kool okkkkokkokkokokokk

.ORG OOO3H
INTO: MOV R3,#20H

DJNZ R3,$

JB P3.2, PAS

SETB P1.1

SJMP §
PAS: RETT

kkkkkkk kb kokkkiok ik kR okkokkk koo kkkokok ok
;¥ TIMERO INTERRUPT ROUTINE TO DELAY ACC&DEC *
JRRRkkRkk Rk kok ko ko k ko dok ok ok ko k ok kokk ok
.ORG 000BH
TIMERO: CLR TRO
MOV THO, #0FCH

SJMP TIMO
gRkkkckkkockk xR okkckokk Rk ko ok kekRkok kb ok kkokk ok
P X INT]1 ROUTINE TO READ A/D *

kRkkkkkkk okl Rk ko Rk ok kR Rk skkokk ok
.ORG 0013H
INT1: = MOV RO,#O0O0H
MOVX A,@RO
MOV FSET, A
SETB FO
RETI
Rk RkkR Rk kk ok Rk Rk Rk ok ok
.ORG 0030H
TIMO: MOV TLO,#18H
INT2:  JNB P3.2.PASS
JNB P1.0, INT2
SETB TRO
DJN7 LPIN, PASS
DJINZ LPEX, PASS
SEND: MOV LPIN, TIIN
MOV LPEX, TIEX
PUSH A
MOV R1,4#01H
MOV A, VOUT
MOVX @R1,A
INC RI
MOV A, FOUT
MOVX @R1,A
CLR P1.1
CLR TEST
POP A
PASS:  RETI
JRkkkkkkkkkkkooookkkrk Rk
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.ORG 0060H
INIT: MOV A,#00H
MOV RO, #01H
MOVX @RO, A
ING RO
MOVX @RO, A
MOV DIR, #0FFH
SETB P1.2
MOV THO, #OFCH
MOV TLO,#18H
MOV 'TMOD, #00000001B
CLR TTO
SETB IT1
ORL IE,#10000111B
MOV FOUT, #00H
JNB P1.3,%
INH: SETB P1.1
SET: JB P1.3, INH
MOV RO, #04H
MOVX A,@RG
MOV R4, A
DEC RO
MOVX A,@RO
MOV R5, A
SWAP A
ANL A, #00001111B
RL A
MOV R7, A
MOV DPTR, #0500H
MOVC A,@A+DPTR
MOV R6, A
MOV A, R7
INC A
MOV( A,@A+DPIR
MOV DPL, A
MOV DPH, R6
MOV R7, 400N
MOV RO, #5001
LOAD: MOV A, R7
MOVC A,@A+DPTR
MOV @RO, A
INC RO
INC R7
CINE R7,#15H, LOAD
MOV A, R5
ANL A, #00000011B
DEC A
SWAP A
MOV R6, A
MOV A, R4
ANI. A,#00001111B
ORL A, R6
RL, A
MOV R7, A



CHG11:

FWD1:

CHG12:

READ:

COMP:

CHCK:

FWD2:

STP:

NEQ:

NOVER:

LESS:

COUNT:

6]

MOV DPTR, #04A0H
MOVC A,@A+DPTR
MOV DECEX, A

MOV A, R7

INC A

MOVC A,@+DPTR
MOV DECIN, A

JB P1.4, FWD1
MOV A, #00H

CINE A, DIR, CHG11
SJMP READ

CLR P1.2

SJMP READ

MOV A, #OFFH

CINE A, DIR, CHG12
SJMP READ

SETB P1.2

MOV RO, #00H

MOVX @RO, A

CLR TFO

INB FO,$

SETB TEST

MOV ‘A, FSET

CIJNE A, FOUT, NEQ
CLR TRO

CINE A, #00H,CHCK
LJMP SET

MOV THO, #0FCH
MOV TLG, #18H

JB P1.3, STP

JB P1.4, FWD2
MOV A, #00H

CJNE A, DIR, STP
SJIMP READ

MOV A, #0FFH

CINE A, DIR, STP
SJIMP READ

MOV FSET, #00H
SJMP COMP

MOV TIEX, ACCEX
MOV TIIN, ACCIN
MOV LPEX, ACCEX
MOV LPIN, ACCIN
INC FOUT

MOV A,#0C9H

CJNE A, FOUT, NOVER
MOV FOUT, #0C8H
SIMP COUNT

MOV TIEX, DECEX
MOV TIIN, DECIN
MOV LPEX, DECEX
MOV LPIN, DECIN
DEC FOUT

SETB TRO

MOV A, #14H



CHK:

RAM:

CHECK:

FWD3:

LPCK:

STOP:

CINE A, FOUT, CHK
JNC RAM

MOV DPTR, #03A0H
MOV A, FOUT
MOVC A,@A+DPTR
MOV VOUT, A
SJMP CHECK

MOV RO, #50H

MOV A, FOUT

ADD A, RO

MOV RO, A

MOV A,@RO

MOV VOUT, A

JB P1.3,8TOP

JB P1.4, FWD3
MOV A, #00H

CJNE A,DIR,STOP
SJMP. I.PCK

MOV A, #0FFH
CINE A,DIR,STOP
JB TEST, CHECK
LJMP READ

MOV FSET, 400H
JB TEST, CHECK
LJMP CCMP

. END

15 79 D2 8C 74 14
93 F5 7A 80 09 78
15 20 94 07 74 00
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'0180° FF B5 7B 06 20 7F EB 02 00 F8 75 70 00 20 7F E2
0190 02 01 00 00 00 00 00 00 00 00 00 00 00 00 00 OO

3 3Rk K ok ok ok ok sk sk ook ok ok ok Kok sk kok sk okok ok kok kokok ok sk ko ok ok kokokok ok ok ok ok ok k
.ORG 03B5H
kKKK kK Data for voltage command *kkkkokk¥k
3 R EOR kKK oKk ok ok ok ok ok o oK R ok oK koK sk ok sk sk skok ok kR sk ok sk ok Rk ook ok Rk ok ok ok k ok k
03BO 00 00 00 00 OO0 36 38 3B 3D 40 42 45 47 4A 4D 4F
03C0 52 54 57 59 5C 5E 61 63 66 69 6B 6E 70 73 75 78
03D0O 7A 7D 80 82 85 87 8A 8C 8F 91 94 96 99 9C 9E Al
03E0 A3 A6 A8 AB AD BO B3 B5 B8 BA BD BF C2 C4 C7 C9
03FO CC CF D1 D4 D6 D9 DB DE EO E3 E6 E8 EB ED FO F2
0400 F5 F7 FA FC FF FF FF FF FF FF FF FF FF FF FF FF
0410 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0420 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0430 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0440 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0450 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
0460 FF FF FF FF FF FF FF FF FF 00 00 00 00 00 00 0O

s RkckokoRk ek skok ROk ok Rk Rk kR R Rk R ROk kR Rk Rk kR kk kR kok kR kkokkk kK
.ORG 04AOH
;************ Data for counter kkkRkkkkkkkkk
;****************************************************
04A0 01 01 01 01 01 02 01 03 01 04 01 05 01 06 01 07
04BO 01 08 01 09 01 OA 01 OB 01 OC 01 OD 01 OE 01 OF
04CO 01 19 01 19 01 32 01 4B 01 64 01 7D 01 96 01 AF
04D0 01 C8 01 E1 01 FA 02 13 02 2C 02 45 02 5E 02 717
04E0 01 05 01 05 01 0A O1 OF O1 14 01 19 01 1E 01 23
04F0 01 28 01 2D 01 32 01 37 01 3C 01 41 01 46 01 4B
sERERER R KRR R kR Rk R Ak kAR R R R AR Rk R Rk Rk kok kR kkckkokkok Rk kR Xk
' .ORG 0500H
};********** Data for address of boost RokRkokkkkkkk
i;k***************************************************
10500 06 20 06 3B 06 50 06 6B 06 '80 06 9B 06 BO 06 CB
0510 06 EO 06 FB 07 10 07 2B 07 40 07 5B 07 70 07 8B

PRRR KRR R KRR R RRFRF R KRR RFRRR R kR ERFRFRR KRR R IRk Rk kkokkokkkokk
.ORG 06208
;*********** Data for boost voltage ¥okckokok ok kR kkk
3ROk R ok R kR ok Rk Rk R K K R ok Rk Rk kK sk Rk kokskok kkkokk sk kokkkkkokkok ok
0620 00 03 05 08 OA OD OF 12 14 17 1A 1C 1F 21 24 26
0630 29 2B 2E 30 33 00 00 00 00 00 00 03 05 07 OA OC
0640 OE 11 13 16 18 1A 1D 1F 21 24 26 29 2B 2E 30 33
0650 05 07 OA OC OE 10 12 15 17 19 1B 1D 20 22 24 26
0660 29 2B 2E 30 33 00 00 00 00 00 00 08 0A 0OC OE 10
0670 12 14 16 18 1A 1C 1E 20 22 24 26 29 2B 2E 30 33
0680 0A OC OE 10 12 14 15 17 19 1B 1D 1F 21 23 24 26
0690 29 2B 2E 30 33 00 00 00 00 00 OO0 OD OE 10 12 14
06A0 15 17 19 1A 1C 1E 1F 21 '23 25 26 29 2B 2E 30 33
06BO0 OF 11 12 14 15 17 18 1A 1C 1D 1F 20 22 23 25 26
06CO 29 2B 2E 30 33 00 00 00 00 00 00 12 13 15 16 17
06D0 19 1A 1B 1D 1lE 1F 21 22 24 25 26 29 2B 2E 30 33
06E0 14 16 17 18 19 1A 1C 1D 1E 1F 20 21 23 24 25 26



i

06F0
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790

tasm:

29
1C
1A
29
1F
1F
29
23
24
29
26

2B
1D
1A
2B
20
1F
2B
23
24
2B
26

2E
1E
1B
2E
21
20
2E
24
24
2E
26

30

Bl

1C
30
21
20
30
24
24
30
26

33

20
1D
33
22
21
33
24
24
33
26

00

21
1E
00
23
21
00
25
25
00
26

64

00

22
1F
00
24
22
00
25
25
00
26

Number of errors = 0

00

23
1F
00
24
22
00
25
25
00
26

00

24
20
00
25
23
00
26
25
00
26

00

25
21
00
26
23
00
26
25
00
26

00

26
22
00
26
24
00
26
25
00
26

17
29
23
1C
29
24
21
29
26
26
29

18

2B
24
1D
2B
25
21
2B
26
26

2B

19

2E
25
1D
2E
25
22
2E
26
26
2E

1A

30
25
1E
30
26
22
30
26
26
30

1B

33
26
1F
33
26
23

33 -

26
26
33
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.ORG 0000H
LJMP INIT
‘******************************************************************
% TIMERO INTERRUPT ROUTINE (FOR CLOCK OF TRIANGLE WAVE) *
RRkkkkkkkkkokkkkkkkkkkkkkkkk kb kb kb kkk ki k ko kwxkk e kk gk k kb
| .ORG 000OH
TIMEO  CPL P1.0
! RETI
******************************************************************
% EX1 INTERRUPT ROUTINE (FOR SENDING DATA TO D/A PORT) *
******************************************************************
.ORG 0013H
EXT1  CLR P1.2
SETB P1.2

| LJMP XTER1
Fhrkkkokkkkokokbkkkdkekrkkokokk koo kR kok ok okkkok kb ek kkk ok Rk k

* TIMER1 INTERRUPT ROUTINE (DELAY FOR SENDING DATA TO D/A PORT
Rhpkkkokkkoklkkokkok ok ok ko kR ok ok Rk kR ok Rk Rk kR Rk Rk kR ok k kR k k%

.ORG 0011H
TIME1  CLR TRl

MOV TH1, TH1BUF

MOV TL1, TLIBUF

SETB TR1

LJMP XTER1

;*************************

;¥ START PROGRAM %
g kR ok ok kR ok ok ok ok sk kokk
.ORG 0030H
INIT MOV RO,#%05H

CLR A

MOVX @RO,A
MOV THO, #0E1H
. MOV TLO, #0F1H

MOV TH1,40EAH
MOV TI.1,#04CH
MOV TH1BUF, #08H
MOV TL1BUF, #04CH
MOV GFA, #00H
MOV R3, #00H
JB P1.3, HAR3
MOV HDATBUF, #08H
MOV LDATBUF, #00H
SJMP CROSS

HAR3 MOV HDATBUF, #0BH
MOV LDATBUF, #00H
MOV R3,#99H

CROSS MOV STEP, #01H
MOV FI,#00H
MOV VI, #00H



START

CHGV

NOTV

MORE

SENDV

JLESS
NOTF

NOVER

GEAUD

UPCHK1

CHK1

66

MOV TMOD, #00010010B
ORL 1E,#10001010B
ORL TCON,#01010000B
SETB P1.1

MOV R1,#00H

MOVX A,@R1

MOV FR, A

CJNE A, FI, NOTF °
MOV R1,#01H

MOVX A,@R1

MOV VR, A

CJNE A, VI, NOTV
SJMP START

JNC MORE

DEC VI

SJMP SENDV

INC VI

MOV A, VI

MOV R1,#05H

MOVX @R1,A

SIMP START

LJMP LESS

JC JLESS

INC FI

MOV A, #0CSH

CJNE A, FI, NOVER
MOV FI1,#0C8H

CLR A
CJNE A, GEA, UPCHK1
MOV A, #28

CJNE A, FI, GEAUO
MOV STEP, #06

MOV GEA, #01

CLR TR1

SETB EX1

LJMP UPTAB

MOV A,FI

CLR C

RLC A

MOV R7, A

MOV DPTR, #0D80OH
MOVC A,@A+DPTR
MOV THIBUF, A
INC R7

MOV A, RT

MOVC A,@A+DPTR
MOV TL1BUF, A
MOV THO,#0ETH
LIMP CHGY

MOV A, 401

CIJNE A, GEA, UPCHK2
MOV A, #27

CIJNE A, FI, CHK1
JC NORM1

LJMP DNTAB



NORM1

GEAU1
UPCHK2

CHK2

NORM2

GEAU2
UPCHK3

CHK3

NORM3

GEAU3
UPCHK4

CHKA4

NORM4

GEAU4
UPCHK5

CHKS

NORM5S

GEAUS
UPCHKS6

CHK6
GEA7

67

MOV A, #36

CINE A, FI, GEAU1
MOV STEP, #09

MOV GEA, #02

LIMP UPTAB

MOV A,#02

CINE A, GEA, UPCHK3
MOV A,#35

CINE A, FI, CHK2
JC NORM2

LJMP DNTAB

MOV A, #54

CJINE A, FI, GEAU2
MOV STEP,#12

MOV GEA,#03

LIMP UPTAB

MOV A, #03

CINE A, GEA, UPCHK4
MOV A, #53

CINE A, FI, CHK3
JC NORM3

LJMP DNTAB

MOV A, #72

CINE A, FI, GEAU3
MOV STEP,#15

MOV GEA, #04

LIMP UPTAB

MOV A, #04

CINE A, GEA, UPCHK5
MOV A,#71

CINE A, FI, CHK4
JC NORM4

LJMP DNTAB

MOV A, #89

CINE A, FI, GEAU4
MOV STEP, #20

MOV GEA, #05

LIJMP UPTAB

MOV A, #05

CIJNE A, GEA, UPCHK6
MOV A, #88

CINE A, FI, CHK5
JC NORM5

LJMP DNTAR

MOV A,#119

CJNE A, FI, GEAU5
MOV STEP, #30

MOV GEA,#06

LIMP UPTAB

MOV A, #06

CJNE A, GEA, GEA7
MOV A,#118

CJNE A, FI, CHK6
JC NORMG6

LJMP DNTAB



68

NORM6 MOV A,#178
CINE A, FI, GEAU6
MOV STEP, #36
MOV GEA, #07
GEAU6  LJMP UPTAB
.;**************************
LESS DEC FI
MOV A, #07
CJNE A, GEA, DNCHK6
MOV A, #169
CINE A, FI, GEAD7
MOV STEP, #30
MOV GEA, #6
GEAD7  LJMP DNTAB
DNCHK6 MOV A, #06
CINE A, GEA, DNCHK5
MOV %, #169
CINE A, FI, CHCK6
CHCK6 ~ JC ANOM6
MOV A,#110
CINE A, FI, GEAD6
MOV STEP, #20
MOV GEA, #05
GEAD6  LJMP DNTAB
ANOM6 ~ LJMP UNTAB
DNCHK5 MOV A, #05
CJNE A, GEA, DNCHK4
MOV A,#110
CINE A, FI, CHCK5
CHCK5  JC ANOM5
MOV A,#80
CINE A, FI, GEAD5 - i -
MOV STEP, #15
MOV GEA, #04
GEAD5  LJMP DNTAB
ANOM5  LJMP UPTAB
DNCHK4 MOV A, #04
CINE A, GEA, DNCHK3
MOV A, #80
CINE A, FI, CHCK4
CHCK4  JC ANOM4
MOV A,#63
CINE A, FI, GEAD4
MOV STEP, #12
MOV GEA,#03
GEAD4  LJMP-DNTAB
ANOM4  LJMP UPTAB
DNCHK3 MOV A, #03
CINF A, GEA, DNCHK2
MOV A,#63
CINE A, FI, CHCK3
CHCK3  JC ANOM3
MOV A, #45
CINE A, FI, GEAD3
MOV STEP, #09



GEAD3
ANOM3
DNCHK2

CHCK2

GEAD2
ANOM2
DNCHK1

CHCK1

GEAD1
ANOM1
GEAO

UPTAB

69

MOV GEA, #02

LJMP DNTAB

LJMP UPTAB

MOV A, #02

CJNE A, GEA, DNCHK1
MOV A, #45

CJNE A, F1, CHCK2
JC ANOM2

MOV A, #29

CJNE A, FI, GEAD2
MOV STEP, #06

MOV GEA, #01

LJIJMP DNTAB

LJMP UNTAB

MOV A, #01

CINE A, GEA, GEA0
MOV A, #29

CJINE A, #FI1,CHCK1
JC ANOM]

MOV A, %19

CINE A, FI, GEAD1
MOV STEP,#01

MOV GEA, #00

CLR EX1

MOV TH1, #0FEH
MOV TL1, #0DCH
SETB TR1

MOV THO, #0E1H
SJMP GEAO

LJMP DNTAB

I.JMP UPTAB

MOV A, FI

CLR C

RLC A

MOV R7, A

MOV DPTR, #0D80H
MOVC A,@A+DPTR
MOV TH1BUF, A

INC R7

MOV A, R7

MOVC A,@A+DPTR
MOV TL1BUF, A
LJMP CHGV

MOV DPTR, #0EOQOH
MOV A, FI

MOVC A,@A+DPTR
MOV THO, A

LJMP CHGV

yRRRKKR KK KRR KKk Rk ok kkkkdk

XTER

CJNE R3,#99H,XSIN
PUSH A

PUSH PSW

PUSH DPH

PUSH DPL

MOV RO, #02H



Cw

BACK

PASS

NEQ
RTI

NEW

CCw

70

MOV DPH, HDATBUF
MOV DPL, LDATBUF
CLR A

JNB P1.1, CCW

. MOVC A,@A+DPTR

MOVX @RO,A

INC RO

MOV A, #A+DPTR
MOVX @RO,A

MOV A,DPL

ADD A,STEDP

MOV DPL, A

JNC PASS

INC D¥H

MOV A, #0CH

CJNE A, DPH, RTI
MOV A, #67H

CIJNE A, DPL, NEQ
JC NEW

MOV HDATBUF,DPH
MOV LDATBUF, DPL
POP DPL

POP DPH

POP PSW

POP A

RETI

MOV HDATBUF, #0BH
MOV  LDATBUF, #00H
POP DPL,

POP DPH

POP PSW

POP A

RETI -
MOVC A,@A+DPTR
MOVX @RO,A

MOV RO, #04H

MOV A, #78H

MOVC A,@A+DPTR
MOVX @RO, A

MOV A, #0FOH

DEC RO

MOVC A,@A+DPTR
MOVX @RO,A-

SJMP BACK

s RRRRkR Rk kR kR kokkkokkokokk ok ok

XSIN

PUSH A

PUSH PSW

PUSH DPH

PUSH DPL

MOV RO, #02H

MOV DPH, HDATBUF
MOV DPL, LDATBUF
CLR A

JNB P1.1, SCCW



71

SCH MOVX A,®@A+DPTR
MOVX @RO,A
INC RO
MOV A, #78H
MOVC A,@A+DPTR
MOVX @RO, A
MOV A, #OFOH

INC RO
MOVC A,@A+DPTR
MOVX @RO,A
SBACK MOV A,DPL
ADD A,STEP
MOV DPL, A
JNC SPASS
INC DPH
SPASS MOV A,#09H
CJNE A, DPH, SRTI
MOV A, #67H
CJNE A, DPL, SNEQ
SNEQ JC SNEW
SRTI MOV HDATBUF,DPH
MOV LDATBUF, DPL
POP DPL
POP DPH
POP PSW
por A
RETT
SNEW MOV HDATBUF, #08H
MOV LDATBUF, #00H
POP DPL
POP DPH
POP PSW
POP A
RETI
SCCW MOVC A,@A+DPTR
MOVX @RO,A
MOV RO, #04H
MOV A, #78H
MOVC A,@A+DPTR
MOVX @RO,A
MOV A, #0FOH
DEC RO
MOVC A,@A+DPTR
MOVX @RO,A
SJIMP SBACK
. END

00 01 02 03 04 05 06 07 08 09 0A OB 0OC 0D OE OF

02 00 30.00 00 00 00 00 00 00 00 B2 90 32 00 00
00. 00 00 €2 92 D2 92 02 02 77 00 C2 8E 85 75 8D
85 76 8B D2 8E 02 02 77 00 00 00 00 00 00 00 00



0030
0040
0050
0060
0070
0080
0090
00A0
00BO
00C0O
00DO
00EOQ
00F0
0100
0110
0120
0130
0140
L0150
0160
10170
0180
0190
01A0
01B0O
01CO
01D0
01EO
{01FO
0200
0210
0220
10230
0240
0250
0260
0270
0280
0290
02A0
02B0
02C0
02D0
02E0
02F0
0300
0310
0320
0330

78
75
08
01
D2
71
F3
70
01
93
BS
70
74
77
70
74
03
02
6C
06
BS
B5
6C
70
BS
77
74
74
70
02
OE
02
B5
DC
C3
TA
70
co
08
50
85
78
78
DO
40
77
0o
EO
32

05
75
75
75
91
02
80
c8
c2
F5
74
06
23
oc
00
04
02
61
74
B5
70
74
74
06
74
OF
50
03
00
6C
74
61
70
D2
33
90
93
82
74
02
83
0B
04
Cco
93
Fb
40
32
93

E4
EA
79
70
79
80
DF
E4
8E
75
18
75
B5
75
40
02
02
74
77
74
06
OE
06
75
18
75
BS
02
40
02
1D
74
T\
8E
FF
0E
O
78
78
05
78
75
74
83
F2
82
OF
75
F2

F2
75
00
00
00
EE
02
B5S
D2
OF
74
77
70
74
03
02
6C
05
B5
017
75
74
B5
77
74
74
70
02
OE
02
BS5
01
75

J 9

80
00
8C
02
93
83
85
79
78
Cco
08
50
85
78
78

75
76
80
75
E3
50
01
74
AA
EF
1B
09
00
03
02
61
74
BS
70
74
77
A9
74
14
6E
04
00
6C
74
61
70
B5
77
8C
0D
ES
02
85
r2
74
82
00
93
82
74
02
83
08
04

8C
4C
08
71
Fb
04
7C
28
02

‘93

B5
75
40
02
02
74
59
74
06
76
24
B5
18
75
B5
02
40
02
2D
74
06
74
01
El
80
70
00
78
74
0C
79
DO
F2
78
78
05
78
75
74

El
75
75
00
72
15
40
74
02
Fb
70
74
03
02
6C
04
B5
18
75
B5S
75
70
74
74
70
02
OE
02
B5
02
75
27
75
80
93
93
TA
83
FO
BS
DO
82
74
02
93
83
86
79
78

~J4
1)

75
74
78
75
BS
71
FB
1C
61
76
00
02
02
61
74
B5
70
74
77
70
74
06
A9
05
00

6C
74
61
70
BS
717
74
74
06
Fb
EFS
BB
85
08
83
82
Do
FO
85
F2
74
82
00
93

8A
00
0B
89
70
80
05
B5
Eb5
75
40
02
02
74
48
74
06
58
1E
00
07
75
B5
02
40

02
3F
74
06
74
06
1D
00
02
75
8C
99
v
93
07
DO
83
18
78

‘74

09
79
DO
F2

El
7B
75
12
1C
02
70
70
70
8C
03
02
6C
03
B5
18
75
BS
75
40
02
Yy
70
02
OE

02
BS
03
75
18
75
BS
c2
02
OF
02
63
82
F2
74
83
DO
93
83
FO
BS
DO
82
74

75
00
79
43
79
05
74
0D
C3
El
02
61
74
B5
70
74
71
70
74
03
02
1E
00
6C
74
61
70
BS
71
74
74
70
AA
6C
EF
00
Cco
E4
E5
67
DO
DO
F2
85
08
83
82
DO
FO

8D
20
00
A8
01
71
C3
75
33
02
02
74
36
74
06
417
14
00
06
02
61
75
40
02
50

74
06
74
09
2D
01
00
75
02
93
TA
EO
30
82
BS
DO
Do
80
79
93
07
DO
83
18

EA
93
7B
8A
E3
ES
BS
77
FF
00
6C
02
B5
18
75
BS
75
40
02
02
15
74
OE
02
B5

04
75
18
75
BS
02
40
8D
02
F5
80
Co
g1
25
82
DO
EO
BD
82
F2
74
83
DO
93

75
08
99
43
F5
71
70
06
90
TA
74
B5
70
74
77
70
74
03
02
6C
70
06
74
61
70
B5
77
74
74
70
02
1D
FE
61
76
OF
DO
40
77
00
EO
32
co
E4
ES5
6.7
Do
DO
F2

8B
75
75
88
73
79
03
75
oD
74
24
74
06
35
OF
00
05
02
61
74
74
02
6E
74
06
74
0c
3F
02
00
6C
74
75
E5
02
00
Cco
93
F5
40
32
93
EO
30
82
B5
Do
DO
80

’

4C
78
77
50
B5
05
75
74
80.
01
BS
18
75
BS5
75
40
02
02
74
B2
07
02
BS
05
75

18
75
B5
02
40
02
13
8B
70
00
ES
83
F2
82
OF
75

F2

Cco

91

25

82
DO
EO
BD

;****************************************************
-ORG 0800H
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Data for sine table
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0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
08A0
08BO
08co
08DO
08EO
08F0
0900
0910
0920
0930
0940
0950
0860
0970
0980
0890
09A0
09B0O
09co
09D0
09EOQ
09F0
0AQ0O
0A10
0A20
0A30
0A40
0A50
0AB0
0AT0
0A80
0AS0
0AAO
:0ABO
0ACO
0ADO
0AEO
0AFO

HE

0B0OO
0B10

80
A3
C3
DE
F2
FD
FE
F6
E4
CA
AB
88
65
44
27
11
04
00
06
16
2E
4C
6E
91
B3
D1
E9
F9
FF
FB
EE
D8
BB
9A
77
54
35
1B
00
00
00
00
00
00
00
00
00
00

PRRNKRKk Rk

82
A5
C5
EO
F3
FD
FE
Fb5
E3
C9
A9
86
63
42
25
10
03
00
07
17
2F
4E
70
93
B5
D3
EA
F9
FF
FB
ED
D6
BS
98
74
52
33
1A
00
00
00
6o
00
00
00
00
00
00

Data for sine add the third harmonic

84
AT
C7
El
F4
FE
FE
F4
El
c7
A7
84
61
40
24
OF
03
00
08
18
31
50
2
96
B7
D5
EC
FA
FF
FA
EC
D5
B7
96
72
50
31
18
00
00
00
00
00
00
00
00
00
00

86
A9
C9
E3
Fb
FE
FD
F3
EO
Cb
A5
82
SF
3E
22
OE
02
00
08
1A
33
52
74
98
B9
D6
ED
FB
FF
F9
EA
D3
B5
93
70
4E
2F
17
00
00
00
00
00
00
00
00
00
00

88
AB
CA
E4
F6
FE
FD
F2
DE
c3
A3

80
5C
3C
21

0D
02
01

09

1B
35

54

77

9A

BB
D8
EE
FB
FF
F9
E9
D1
B3
91
6E
4C
2F
16
00
00
00
00
00
00
00
00
00
00

8B
AD
cC
E5
F7

FF
FD
F1

DD
C1

AQ

7D
5A
3A
1F
0cC
02

01

0A
1C

36

56

119

9C

BD
DA
EF
FC
FF
F8
E8
DO
B1
8F
6C
4A
2C
15
00
00
00
00
00
00
00
00
00
00

8D

AF
CE
E7
F7
FF
FC
FO
DB
BF
SE
7B
58
38
1E
0B
01
01
0B
1E
38
58
7B
9E
BF
DB
FO
FC
FF
F7
E7
CE
AF
8D
69
48
2A
13
00
00
00
00
00
00
00
00
00
00

8F
Bl
DO
E8
F8
FF
FC
EF
DA
BD
9C
79
56
36
1C
oA
01
02
0cC
1F
3A
S5A
7D
AO
C1
DD
Fl
FD
FF
F7
ES
CC
AD
8B
67
46
29
12
00
00
00
00
00
00
00
00
00
00

91
B3
D1
E9
F9
FF
FB
EE
D8
BB
9A
77
54
35
1B
08
01
02
0D
21
3C
5C
80
A3
C3
DE
F2
FD
FE
F6
E4
CA
AB
88
65
44
27
11
00
00
00
00
00

00
00

00
00
00

.ORG OBOOH

93
B5
D3
EA
F9
FF
FB
ED
D6
B9
98
74
52
33
1A
08
00
02
OE
22
3E
S5F
82
A5
Cc5
EO
F3
FD
FE
Fb
E3
CS
AS
86
63
42
25
10
00
00
00
00
00
00
00
00
00
00

96
B7
b5
EC
FA
FF
FA
EC
D5
B7
96
72
50
31
18
08
00
03
OF
24
40
61
84
AT
C17
El
F4
FE
FE
F4
El
c1
AT
84
61
40
24
OF
00
00
00
00
00
00
00
00
00
00

98
BS
D6
ED
FB
FF
F9
EA
D3
BS
93
70
4E
2F
17
07
00
03
10
25
42
63
86
AS
Cc9

E3
F5
FE
FD
F3
EO
Ccb
Ab
82
5F
3E
22
OE
00
00
00
00
00
00
00
00
00
00

9A
BB
D8
EE
FB
FF
F9
E9
D1
B3
91
6E
4C
2E
16
06
00
04
11
27
44
65
88

AB
CA

E4
F6
FE
FD
F2
DE
C3
A3
80
5C
3C
21
0b
00
00
00
00
00
00
00
00
00
00

9C
BD
DA
EF
FC
FF
F8
E8
DO
B1
8F
6C
4A
2C
15
06
00
04
12
29
46
67
8B
AD
CcC
ES
F7
FF
FD
F1
DD
Cl
AO
7D
5A
3A
1F
00
00
00
00
00
00
00
00
00
00
00

9E
BF
DB
FO
FC
FF
F7
E7
CE
AF
8D
69
48
2A
13
05
00
05
13
2A
48
69
8D
AF
CE

E7
F7
FF
FC
FO
DB
BF
9E
7B
58
38
1E
00
00
00
00
00
00
00
00
00
00
00

AOQ .
C1
DD
F1
FD
FF
F7
E5
cc
AD
8B
67
46
29
12
04
00
06
15
2C
4A
6C
8F

Bl
DO

ES8
F8
FF
FC
EF
DA
BD
SC
79
56
36
1C
00
00
00
00
00
00
00
00

‘00

00
00

;****************************************************

*x

********************************************

80 83 87 8B 8F 93 96 9A 9E A2 A5 A9 AD BO B4 BY
BA BE Cl1 C4 C7 CA CD DO D3 D5 D8 DB DD DF E2 E4



[0B20 E6
0B30 FB
|0B40 FF
0B50 FB
0B60 FB
0B70 FE
0B80 FD
.0BSO ED
'0BA0  C7
0BBO 8F
0BCO 52
0BDO 22
OBEO 07
0BFO 00
0C00 03
0C10 05
0C20 02
0C30 00
0C40 oOC
0C50 2C
0C60 61
‘0C70  9E
0C80 D3
0C90 F3
0CAO FF
0CBO FD
0CCO FA
0CDO FC
OCE0 FF
{0CFO F8
0D00 DD
0D10 AD
0D20 70
0D30 38
0D40 12
0D50 02

ES8
FC
FF
FB
FB
FE
FD
EC
Cc4
8B
4F
20
06
00
03
05
02
01
0D
2F
65
A2
D5
Fb
FF
FD
FA
FC
FF
F7
DB
A9
6C
35
10
01

EA
FD
FE
FB
FB
FE
FD
EA
C1
817
4B
1D
05
00
03
05
01
01
OE
32
69
Ab
D8
F6
FF
FD
FA
FD
FF
Fé
D8
A5
69
32
OE
01

EC
FD
FE
FB
FB
FF
FC
ES8
BE
83
48
1B
04
00
04
05
01
01
10
35
6C
A9
DB
F17
FF
FC
FA
FD
FF
Fb
D5
A2
65
2F
0D
01

ED
FD
FE
FB
FB
FF
FB
E6
BA
80
45
19
04
00
04
04
01
02
12
38
70
AD
DD
F8
F¥F
FC
FA
FD
FF
F3
D3
9E
61
2C
0cC
00

ET
FE
FE
FA
FB
FF
FB
E4
B7
7C
41
17
03
00
04
04
01
02
13
3B
74
BO
DF
F9
FF
FC
FA
FD
FE
F2
DO
9A
5D
2A
0A
00

74

F1
FE
FE
FA
FC
FF
FA
E2
B4
78
3E
15
02
01
04
04
01
02
15
3E
78
B4
E2
FA
FF
FC
FA
FE
FE
F1l
CD
96
5A
217
09
00

F2
FE
FD
FA
FC
FF
F9
DF
BO
74
3B
13
02
01
04
04
00
03
17
41
7C
B7
E4
FB
FF
FB
FA
FE
FE
EF
CA
93
56
24
08
00

F3
FF
FD
FA
FC
FF
F8
DD
AD
70
38
12
02
01
04
04
00
04
19
45
80
BA
E6
FB
FF
FB
FB
FE
FD
ED
c1
8F

52

22
07
00

F5
FF
FD
FA
FC
FF
F7
DB
A9
6C
35
10
01
01
05
04
00
04
1B
48
83
BE
E8
FC
FF
FB
FB
FE
FD
EC
C4
8B
4F
20
06
00

F6
FF
FD
FA
FD
FF
F6
D8
Ab
69
32
OE
01
01
05
03
00
05
1D
4B
87
Cl
EA
FD
FE
FB
FB
FE
FD
EA
C1
87
4B
1D
05
00

F7
FF
FC
FA
FD
FF
F5
D5
A2
65
2F
0D
01
02
05
03
00
06
20
4F
8B
C4
EC
FD
FE
FB
FB
FF
FC
E8
BE
83
48
1B
04
00

F8
FF
FC
FA
FD
FF
F3
b3
9E
61
2C
oc
00
02
05
03
00
07
22
52
8F
C17
ED
FD
FE
FB
FB
FF
FB
E6
BA
80
45
19
04
00

F9
FF
FC
FA
FD
FE
F2
DO
%A
5D
2A
0A
00
02
05
03
00
08
24
56
93
cA
EF
FE
FE
FA
FB
FF
FB
E4
B7
7C
41
17
03
00

FA
FF
FC
FA
FE
FE
Fl
CD
96
S5A
27
09
00
02
05
02
00
09
27
5A
96
CD
F1
FE
FE
FA
FC
FF
FA
E2
B4
78
3E
15
02
00

FB
FF
FB
FA
FE
FE
EF
CA
93
56
24
08
00
03
05
02
00
0A
2A
5D
9A
DO
F2
FE
FD
FA -
FC
FF
F9
DF
BO
74
3B
13
02
00

!;****************************************************
' ' .ORG OD8OH

LTS

.ORG OEOOH

Time delay for changing gear up
|;****************************************************

; ¥Rk Time delay data on free running *kkx
§RERRKRKKA KRR KRR K KRR KRR KRR AR KRR Kok Kk ok ok o Kok Kok
OD80 EA 4C EA 4C F5 26 F8 C4 FA 93 FB A9 FC 62 FC E6
O0DS90 FD 4A FD 97 FD D4 FE 07 FE 31 FE 55 FE 73 FE 8E
'‘0DA0  FE A5 FE B9 FE CB FE DC FE EA FE F7 FF 03 FF OE
ODBO FF 19 FF 22 FF 2A FF 32 FF 00 00 00 00 00 00 0O
0DCO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
O0DDO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
ODEO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO
ODFO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO

;******************************}*********************

EE 22 3



0E00
OE10
0E20
l0E30
OE40
0E50
0E60
OE70
OE80
OE90
0EAOQ
0EBO
0ECO
0EDO
OEEO
OEFO0

El
E1
DD
DD
DD
DD
D9
DF
D5
D3
DD
EO
DD
00
00
00

El
El
DE
DE
DE
DE
DA
DF
D5
DA
DD
El
DD
00
00
00

El
El
DF
DF
DE
DE
DA
EOQ
D5
DA
DE
DB
DE
00
00
0o

El
El
EO
DF
DF
DF
DB
EOQ
D6
DA
DE
DB
DE
00
00
00

El
El
D2
EOQ
DF
DF
DB
EO
D6
DA
DE
DB
DE
00
00
00

E1
E1
D3
E1
EO
DF
DB
EO
D6
DB
DE
DB
DE
00
00
00

75

El
El
D4
D7
EO
EO
bC
El
D7
DB
DF-
DB
DE
00
00
00

El
El
D5
D8
El
EO
DC
D1
D7
DB
DF
DC
DE
00
00
00

El
El
D6
D8
DS
EO
DC
D2
D7
DB
DF
DC
DF
00
00
00

El
El
D7
D9
DA
D6
DD
D2
D7
DC
DF
DC
00
00
00
00

El
El
D8
DA
DA
D7
DD
D2
D8
DC
DF
DC
00
00
00
00

El
El
D9
DA
DB
D17
DD
D3
D8
DC
EO
DC
00
00
00
00

El
D8
DA
DB
DB
D8
DE
D3
D8
DC
EO
bD
00
00
00
00

El
DA
DB
DC
DC
D8
DE
D4
D9
DD
EO
DD
00
00
00
00

El
DB
DC
DC
DC
DS
DE
D4
D9
DD
EO
DD
00
00
00
00

El
DC
DD
DD
DD
D9
DF
D4
D9
DD
EO
DD
00
00
00
00

;****************************************************
-ORG OFOOH

s koK ok

OF00
OF10
0F20
O0F30
0F40
OF50
OF60
0F70
0F80
0F90
OFAO
OFBO
OFCO

tasm:

El
El
CC
D2
D5
DD
D9
CE
D5
DS
DD
DA
DD

Time delay for ch
J***************************

El
El
CD
D3
D5
D2
DA
CF
D5
DA
DD
DA
DD

El
El
CF
D4
D6
D3
DA
CF
D5
DA
DE
DB
DE

E1
El
DO
D4
D7
D3
DB
Do
D6
DA
DE
DB
DE

El
c8
D2
D5
D7
D4
DB
DO
D6

DA’

DE
DB
DE

El
CB
D3
D6
D8
D4
DB
D1
D6
DB
DE
DB
DE

Number of errors

El
CD
D4
D7
D8
D5
DC
D1
D7
DB
DF
DB
DE

= 0

E1l
DO
b5
D8
D9
D5
DC
D1
D7
DB
DF
DC
DE

El
D2
D6
D8
D9
D6
DC
D2
D7
DB
DF
DC
DF

El
D4
D7
DS
DA
D6
DD
D2
D7
DC
DF
DC
00

El
D5
D8
DA
bA
D7
DD
D2
D8
bC
D9
DC
00

E1l
D7
D3
DA
DB
D7
DD
D3
D8
DC
b9
DC
00

anging gear down
HAAKEKARKK AR A KK KKKk Kok ok K

El
D8
DA
DB
DB
D8
DE
D3
D8
DC
D9
DD
00

El
DA
DB
DC
DC
D8

**k%k

El
Cc8
DO
DC
DC
D9
DE
D4
DS
DD
DA
DD
00

El
CA
D1
DD.
DD
D9
CE
D4
DS
DD
DA
DD
00
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PRELIMINARY

DATA SHEET

AUGUST 198

80C51-L/ 80C31-L

¢ 80C51-L- CMOS SINGLE-SHIP 8-BIT MICROC
® 80C31-L- CMOS SINGLE-CHIP 8-BIT C

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

® 80C51-L/C31-L: 0TO 6 MHz,VCC=2.7VTO 6V

ONTROLLER with factory mask-programmable ROM
ONTROL-ORIENTED CPU with RAM and 1/0

FEATURES
* POWER CONTROL MODES * BOOLEAN PROCESSOR
¢ 128 x 8 BIT RAM ¢ 5 INTERRUPT SOURCES
* 32 PROGRAMMABLE I/0 LINES * PROGRAMMABLE SERIAL PORT
* TWO 16-BIT TIMER/COUNTERS * 64K DATA MEMORY SPACE
* 64K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0 TO 70°C
¢ FULLY STATIC DESIGN
* HIGH PERFORMANCE SAJI VI CMOS
PROCESS
DESCRIPTION
MHS's 80C51 and 80C31 are high
pefformance CMOS versions of
e T A1 N 545 11 % R the 8051/8031 NMOS singie chip
wec ! 8 bitpC and is manufactured usinga

3CON_[ 110

10 1 vio

™Y W

it €

INTERIPT ST
PORT ANO TRER
BOCRS

-4

1088

WSTRUCTION
REGISTER

P10 M7

Figure 1. Block Diagram

seif-aligned silicon gate CMOS
process (SAJIVI).

The fully static design of the MHS
80C51/80C31 allows to reduce

‘system power consumption by

bringing the clock frequency down
to any value, even DC, without loss
of data.

The 80C51 retains all the features
of the 8051: 4K bytes of ROM;
128 bytes of RAM; 32 I/0 lines; two
16 bit timers; a 5-source 2-level
interrupt structure; afull dupiex serial
port; and on-chip oscillator and
clock circuits.

In addition, the 80C51 has two
software-selectable modes of
reduced activity for further reduction
in power consumption. In the idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 s identical to the 80C51
except that it has no on-chip ROM.



80C51-L/80C31-L

Figure 2. Configurations
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IDLE AND POWER DOWN
OPERATION

Figure 3 shows the internal Idle and Power Down clock
configuration. As illustrated, Power Down operation
stops the oscillator. Idle mode operation allows the
interrupt, serial port, and timer blocks to continue to
function while the clock to the CPU is gated off.

These special modes are activated by software via the

Special Function Register, Its hardware address is 87H.

PCON is not bit addressable.

O
3

XTAL2 XTAL1

osc

INTERRUPT,
SERIAL POAT,
TIMER BLOCKS

Figure 3. Idle and Power Down Hardware

PCON: Power Control Register

(MSB) (LSB)

Mool - | - | - Jori[ero] Po oL
Symbol Position Name and Function

SMOD  PCON.7 Double Baud rate bit. When set

to a 1, the baud rate is doubled

when the serial port is being

used in either modes 1,2 or 3.

- PCON.6 (Reserved)

- PCON.5 (Reserved)

- PCON.4 (Reserved)

GF1 PCON.3 General-purpose flag bit.

GFO PCON.2 General-purpose flag bit,

PD PCON.1 Power Down bit. Setting this
bit activates power down
operation.

DL PCON.0 Ide mode bit.Setting this bit

activates idle mode operation.

If 1's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
{OXXX0000).
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e —
Table 1. Status of the external pins during Idle and Power Down modes
Mode | ProgramMemory | ALE | PSEN | PORTO PORTY PORT2 PORT3 |
ldle internal 1 1 Port Data Port Data Port Data Port Data
Idie External 1 1 Floating Port Data Address Port Data
Power Internal 0 0 | PotData | PortData | PortData | PortData
Power .
Down External 0 0 Floating Port Data Port Data Port DatL
IDLE MODE STOP CLOCK MODE

The instruction that sets PCON.Q is the last instruction
executed before the Idle mode is activated. Once in
the Idle mode the CPU status is preserved in its
entirety: the Stack Pointer, Program Counter, Program

* Status Word,Accumulator,RAM,and all other registers
maintain their data during Idle. Table 1 describes the
status of the external pins during Idle mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.0
to be cleared by hardware, terminating Idle mode.
The interrupt is serviced, and following RETI, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the idle mode. For example, the
instruction that writes to PCON.O can also set or clear
one or both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the fiag bits.

The second way of terminating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1 is the last executed
priorto entering power down.Once in power down,the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
powerdown mode. A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Table 1).

in the Power Down mode. VCC may be lowered to
minimize circuit power consumption, Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voltage is
restored before the hardware reset is applied which
frees the oscillator. Reset should not be released until
the oscillator has restarted and stabilized.

Table 1describes the status ofthe external pins whilein
the power down mode. it should be noted that if the
power down mode is activated while in external
program memory, the port data that is held in the
Special Function Register P2 is restored to Port 2.1fthe
data Is a 1,the port pin is held high during the power
down mode bythe strong pullup,T1,shown in Figure 4.

Dueto static design,the MHS 80C31/C51 clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by step
utilization, and permits to reduce system power
consumption by bringing the clock frequency down to
any value. At 0 MHz, the power consumption is the
same as in the Power Down Mode.

80C511/0 PORTS

The IO port drive of the 80C51 is similar to the 8051.
The I/O buffers for Ports 1,2,and 3 are implemented as
shown in figure 4.

When the port latch contains a 0, all pFETS in figure 4
are off while the nFETis turned on.When the port latch
makes a 0-to-1transition, the nFETturns off. The strong
pullup pFET, T1, turns on for two oscillator periods,
pulling the output high very rapidly.As the outputiineis
drawn high, pFET T3 turns on through the inverter to
supply the loH source current. This inverter and T3
form a latch which holds the 1 and is supported by T2.
When Port 2 is used as an address port, for access to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned on
for the entire duration of the external memory access.

When an /O pin on Ports 1,2, or 3 is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-O transition.
The maximum sink current is specified as ITL under
the D.CSpecifications. When the input goes below
approximately 2V, T3 turns offto save ICC current.Note,
when returning to a logical 1, T2 is the only internal
pullup that is on. This will result in a slow rise time if
the user's circuit does not force the input fine high.

FROM

LATCH

Fig. 4.1/0 Buffers in the 80C51 (Ports 1,2, 3)




80C51PIN DESCRIPTIONS
Vss
Circuit ground potential

vce
Supply voltage during normal, ldle, and Power Down
operation.

Port 0

Port O is an 8-bit open drain bi-directional /O port.

Port O pins that have 1's writtento them float,andinthat
state can be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port 0 also outputs the

code bytes during program venfication in the 80Cs1.

External pullups are required during program
verification. Port O can sink eight LS TTL inputs.

Port 1

Port 1 is an 8-bit bi-directional 1O port with internal
putlups. Port 1 pins that have 1's written to them are
pulled high bythe internal pullups,andin that state can
be used as inputs. As inputs, Port 1 pins that are

externally being pulled low will source current (liL,

on the data sheet) because of the internal pullups.

Port1also receives the low-order address bytesduring
program verification. In the 80C51, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without external pullups.

Port 2

Port 2 is an 8-bit bi-directional 110 port with internal
pullups. Port 2 pins that have 1's written to them are
pulled high bythe internal pullups,andinthat state can
be used as ‘inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (L, on
the data sheet) because of the internal pullups. Port 2
emits the high-order address byte during fetches from
external Program Memory and during accesses to
external Data Memory that use 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
internal puliups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emits the contents of the P2
Special Function Register.

ltalso receives the high-order address bits and control
signals during progam verification in the 80C51.
Port 2 can sink/source three LS TTLinputs. It can drive
CMOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal
Pullups. Port 3 pins that have 1's written to them are
putled high bythe internal pullups,and in that statecan
be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (lIL, on
the data ‘sheet) because of the pullups. It also serves
the functions ofvarious special features ofthe MCS-51
Family, as listed below.

80C51-L/80C31-L

Port Pin Altemnate Function

P3.0  BXD (serial input port)

P3.1  TXD (serial output port)

P3.2  INTO (external interrupt 0)

P33  INT1 (external interrupt 1)

P3.4  TO (Timer O external input)

P3.5  T1(Timer1external input)

P36 WR (external Data Memory write strobe)
P3.7  RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTL inputs. It can drive
CMOS inputs without external pullups.

RST

A high level on this for two machine cycles while the
oscillator is running resets the device. An internal pull-
down resistor permits Power-On reset using only a
capacitor connected to V.

ALE

Address Latch Enable output for latching the low byte
of the address during accesses to external memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oscillator frequency except
during an external data memary access at which time
one ALE pulse is skipped. ALE can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
eéxternal Program Memory, two activations of PSEN are
skipped during each ‘access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory. PSEN can sink/source 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

EA

When EAIs held high, the CPU executes outofinternatl
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not be floated.

XTAL1

Input to the inverting amplifier that forms the oscillator.
Receives the external oscillator signal when an
external oscillator is used.

XTAL2

Output of the inverting ampiifier that forms the
oscillator, and input to the internal clock generator.
This pin should be floated when an external oscillator
is used.
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OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are the input and output respectively, unconnected as shown in figure 6. There are no
of an inverting amplifier which is configured for use as requirements on the duty cycle of the external clock
an on-chip osciltator, as shown in figure 5. Either a signal,since the inputto the internal clocking circuitryis
quartz crystal or ceramic resonator may be used. through a divide-by-two flip-flop, but munimum and
To drive the device from: an external clock source, maximum high and low times specified on the Data

XTAL1 should be driven while XTAL2 is left Sheet must be observed.

L l \—x7aL2
D NC—— XTAL2 ¢
EXTERNAL
T | X OSCILLATOR XTALY
SIGNAL

L™

vss = R

=

Figure 5. Crystal Oscillator Flgure 6. External Drive Configuration
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*NOTICE:

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias: Stresses at orabove those listed under *Absolute Maxi-
Commercial .................. 0°Cto70°C mum Ralings” may cause permanent damage (o the
Industrial ................. -40°Clo85°C device. This is a stress rating only and functional opera-

Storage Temperature ............ ~65°Cto+150°C tion ofthe device atthese orany otherconditions above

Voltage onVec toV —05Vio+7V those indicated in the operational sections of this spe-

9 CCOVSS....ooooeeenn. - cification is not implied. Exposure to absolute maxi-
Voltage on Any PintoV SS.....-0.5V toVeg +0.5v mum rating conditions may affect device reliability.
Power Dissipation .............................. 1w

*This value is based on the maximum allowable die
temperature and the thermal resistance of the

package.
DC CHARACTERISTICS
TA=-40°Cto 85°C; VCc=2.7Vto 6V;VSS=0V; F=0to 6 MHz
Symbol Parameter Min Max Unit Test Conditions
Vil Input Low Voltage -0.5 0.2vVece \
~0.1
VIH Input High Voltage 0.2vee vee \'%
(Except XTALs and RST) +09 +0.5
VIH1 Input High Voltage to RST for Reset 0.7vce vee \'%
+0.5
VIH2 Input High Voltage To XTAL 1 0.7vVce vee \
+0.5
VPD Power Down Voltage ToVcc in PD Mode 20 6.0 Vv
VOL Output Low Voltage (Ports 1,2,3) 0.45 \" IOL=1.6mA (note 1)
VOu1 Output Low Voltage Port 0, ALE, PSEN 0.45 % IOL=23.2mA (note 1)
VOH Output High Voltage Ports 1,2, 3 0.9vce \" IOH=-10pa
24 v IOH=-60pA
VCC=5V£ 10%
VOH1 Output High Voltage (Port 0 in External 0.9vce v IOH=-40yA
in External Bus Mode), ALE, PSEN
24 \% IOH ==~ 400pA
Ve =5V 10%
L Logical O Input Current Ports 1,2,3 -50 pA Vin=0.45V
] Input Leakage Current +10 uA 0.45 <Vin <Vce
ITL Logical 1to 0 Transition Current -500 pA Vin=2.0V
(Ports 1,2,3)
ICCPD Power Supply Current 50 10 uA Vce=2.0Vto 5.5v
(Power Down Mode) (note 2)
RRST RST Pulidown Resistor 50 150 ko
ClO Capacitance of /0 Buffer 10 pF fc=1MHz,TA=25°C
Note 1;

Capacitive loading on Ports 0 and 2 may cause
spurious noise pulses to be superimposed on the
VOLS of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port 0
and Port 2 pins when these pins make 1-to-0

transitions during bus operations. In the worst cases
(capacitive loading 100 pF),the noise pulseonthe ALE
line may exceed 0.45V with maxi VoL peak 0.6V.
A Schmitt Trigger use is not necessary.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

Variable Clock
freq=0to 6 MHz
Symbol Parameter Min Max Unit
TCLCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
VoC-0sVL . . X ‘q' TacH TeHCL
07vee
OASV—/ |\0.2VCC- 0.
. TOL X
QL |

AC CHARACTERISTICS

(TA=-40°Cto 85°CVce=2.7Vio 6V.Vs
(Load Capacitance for Port 0, ALE, and PS

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

S=0)
EN=100pf; Load Capacitance for All Other Outputs = 80pf).

Symbol Parameter Min Max Units
TLHLL ALE Pulse Width 2TCLCL-40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLIV ALE to Valid instr In 4TCLCL-170 ns
TLLPL ALE to PSEN TCLCL-25 ns
TPLPH "PSEN Pulse Widih 3ICLCL- 35 ns
TPLIV PSEN to Valid Instr In 3ICLCL~-220 ns
TPXIX Input Instr Hold After BSEN 0 ns
TPXiZ Input Instr Float After PSEN TCLCL-20 ns
TPXAV PSEN to Address Valid TCLCL-8 ns
TAVNV Address to Valid Instr In 5TCLCL-220 ns
TPLAZ PSEN Low to Address Float 0 ns

See next page for External Data Memory Characleristics.
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Symbol Parameter Min Max Units
TRLRH RD Pulse Width 6TCLCL~-100 ns
TWLWH WR Pulse Width 6TCLCL-100 ns
TLLAX Data Address Hold Alter ALE TCLCL-35 ns
TRLDV RD to Valid Data In 5TCLCL-~-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD 2ICLCL-70 ns
TLLDV ALE to Valid Data In 8TCLCL-150 ns
TAVDV Address to Valid Data In 9ICLCL - 165 ns
TLLWL ALEto WR or RD 3ICLCL-50 3TCLCL+ 50 ns
TAVWL Address to WR or RD 4TCLCL-130 ns
TQVWX Data Valid to WR Transition TCLCL-60 ns
TQVWH Data Setup to WR High 7TCLCL~150 ns
TWHQX Data Hold After WR TCLCL-50 ns
TRLAZ RD Low to Address Float 0 ns
TWHLH RD or WR High to ALE High TCLCL-40 TCLCL + 40 ns
MAXIMUM IcC (mA)
Operating (Note 3) Idie (Note 4)
Freq.Vce 2.7V sV 6V 27V sV 6V
1 MHz 0.8 mA 1.5 mA 1.8 mA 400 pA 800 pA 1mA
6 MHz 4 mA 8 mA 10 mA 1.2 mA 3.5 mA 3.8 mA
Note 2: Note 4:
Power Down Icc is measured will_all output pins idle IcCc is measured with all output pins

disconnected; EA=Port 0 =VCC: XTAL2N.C.: RST=
Vss

Note3:

ICC is measured with all output pins disconnected:
XTAL1 driven with TCLCH, TCHCL = Sns VIL=vgg +
0.5V;VIHVCe-0.5V; XTAL2N.C.: EA=RST=Port 0=
Vce. Ice would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has 5 characters. The first
character is always a ‘T’ (stands for time). The other
characters, depending on their positions, stand for the
name of a signal or the logical status of that signal.
The following is a list all the characters and what they
stand for.

disconnected; XTAL1 driven TCLCH, TCHCL=5 ns,VjL

=VSS +0.5V; ViH=Vce - 0.5V: XTAL2
VCCi EA=RST=Vgg.

EXAMPLE:

N.C;Port 0=

TAVLL =Time for Address Valid to ALE low.

TLLPL=Time for ALE low to PSEN low.

A: Address.

C: Clock.

D: Input data,

H: Logic level HIGH.

I Instruction (program memory contents).
L: Logic level LOW, or ALE.

P: PSEN

Q: Output data.

R: READ signal.

T: Time.

V:Vvalid.

W: WRITE signal

X: No longer a valid logic level.
Z: Float,
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ACTIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE
[ 12TCL0L

TLHLL — e TL LIV ——o]
ALE \
|———TPLPH
mi—r | N FW—_L__/—
TPXIX

TAVLL _wﬁ~ = TPLIV e PXIZ

~€ TPLAZ

U Y VSS—
ADDRESS
, ORSFAP2 (L ADDRESS AB-A1S P ADDRESS AB-A1S

EXTERNAL DATA MEMORY READ CYCLE

N
s
TWHLH =
TUDV F—
\
ALE —'—-/

PSEN_/ TUWL

R TRURH -
TRHDZ
- TAVWL ]\ /] .
WOV I TLLAX ] e TRLOV——pf TRHOX ~
PORT 0 N 20-87 DATA IN
o TRLAZ
ADRESS 1 .

PORT2  ADFESS. ¢ ADDRESS AB-A15 OR SFR-P2 D
EXTERNAL DATA MEMORY WRITE CYCLE Twuu«—-»j;: -
AE ‘h
PSER ___/ TLWL
wR i TWIWH /R

TAVWL --\-‘ /
|t TLLAX ] N DYWK TOVWH ot TWHOX ]
PORTO AN ¢ DATA OUT
A Y
ry-+ S ¢ ADORESS AB-A1S OR SFR-P2 P
PORT2

ACTESTING INPUT/OUTPUT, FLOAT WAVEFORMS

FLOAT

INPUT/QUTPUT
- FLOAT
vee-05V —
02vcc-o9 | VOH-0.1V /- VLOAD + 0.4V
TESTPOINTS VLOAD
045V, g2vee-ot | VOL+04V \; VLOAD- 0.1V

AC inputs during testing are driven at Vo - 0.5 fora logic “1"and 0.45V for a logic *0". Timing measurements are -
made at VIH min for a logic *1" and VIL. max for a logic *0*, For timing purposes a port pin is no longer floating when
a 100 mV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL
level occeurs. lol/loH = + 20 Ma,
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SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C. CHARACTERISTICS:
(TA=0°Ct070°C; VS =0V:VCC=2.7V 1o 6V; Load Capacitance = 80 pF)

Symbol Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL ps

TQVXH Output Data Setup to Clock 10TCLCL-133 ns
Rising Edge

TXHQX Output Data Hold After Clock 2ICLCL-117 ns
Rising Edge

TXHDX Input Data Hold After Clock Rising Edge 0 ns

TXHDV Clock Rising Edge to input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

T 1 N =N S PR~ N\ |

nnnonnnnnafinnmnirenrnmnd
(B

oo LS Y ssisesh \VINDT MBS I Y esba Y Rl

|- tove o] | 1xr0x

OUTPUTCATA ) D (i ) G X ¢« X 4

B oo N( LAY
[
YAOW YXWL—" -.L< TXHOX "
rouTONA QreoX_ XweoX  XonoX XuwoX XX XwoX— XX Xo)
i

I_‘.J seth
CLEARM
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INTERNAL STATE 4 l SIATE S STATE 6 , SIATE 1 l STATE 2 I STATE 3 l STATE 4 ‘ STATE § |
aox mlm P||P2 mlpz m'pz mlpz m'pz mlp: mlpz
XTAL 2
we — L L 1
ACTNATED DUANG TG |
Fi VA N
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
o —Jdoml [ oo | DATA PCLOUT Jom b [ Paom ] _
WP'EE& T SAMPLED | SAMPLED |
L FLOAT ’ l I FLOAT |
P2 (EXT) _._J INDICATES ADORESS TRANSTIONS | I
BEAD CYCLE
2ia}
L 1
0OH IS EMITTED PCL OUT (f PROGRAM
DURING THIS PERIOD MEMORY 1S EXTERNAL)
Po DPLOR Al DATA
out I ; FLOAT —SAMPLED |
P2 —_—y INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | S N W
wWR] £
R
) | PCL ouT (EVEN IF PROGRAM
MEMORY IS INTERNAL)
o M o ypEsal AN
L
et ! AT i PCL OUT (1 PROGRAM
2 —al ] INDICATES DPH OR P2 SFRTO PCH TRANSTTIONS [ MEMORY IS EXTERNAL)
PORT OPERATION
L™
MOV PORT SAC OLD DATA [ NEW DATA YA
MOV DEST PO I._.[ I".'l:l
MOV DEST PORT (P1 P2 P3) ‘ PO PiNS SAMPLED
(INCLUDES INTO WT 11011 m
) P2.P3 PINS SAMPLED kprprpa
SERIAL PORT SHIFT QLOCK i PINS SAMPLED
XD : ]
(MODE 0) % | +
1RXD SAMPLED

This diagram indicales when signals are clocked internally. The time it takes the signals to propagate to the pins,
however,ranges from 25 10 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies fiom output 1o output and component. Typically though (TA =25°C fully loaded)
RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns, Propagation delays
are incorporated in the AC specifications.
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Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATIONS
Mnemonic

ADD ARn
ADD Adirect
ADD A @Ri
ADD Ad#data
ADDC ARn
ADDC Adirect
ADDC A@Ri
ADDC A d#data
SUBB ARn
SuUBB Adirect
SueB A@Ri
sues Ad#data
INC A

INC Rn
INC direct
INC @Ri

INC DPTR
DEC A

DEC Rn

DEC direct
DEC @Ri
MUL AB

Dv AB

DA A
LOGICAL OPERATIONS
Mnemonic

ANL ARnN
ANL A direct
ANL A@Ri
ANL A#data
ANL i direct, A
ANL direct, #data
ORL ARn
ORL Adirect
ORL A@Ri
ORL Adtdata
ORL direct A
ORL direct,#data
XRL ARn
XRL A direct
XRL AQ@Ri
XRL Afdata
XRL directA
XRL direct #data
CLR A

CPL A

RL A

RLC A

RR A

RRC ‘A

SWAP A

Description

Add register to Accumulator

Add direct byte to Accumulator

Add indirect RAM to Accumutator

Add immediate data to Accumulator
Add register to Accumulator with Carry
Add direct byte to A with Carry flag

Add indirect RAM to A with Carry flag
Add immediate data to A with Carry flag
Subtract register from A with Borrow
Subtract direct byte from A with Borrow
Subtract indirect RAM from A with Borrow
Subtract immed. data from A with Borrow
Increment Accumulator

Increment register

Increment direct byte

Incriment indirect RAM

Incriment Data Pointer

Decrement Accumulator

Decrement register

Decrement direct byte

Decrement indirect RAM

Mulliply A& B

Divide A by B

Decimal Adjust Accumulator

Destination

AND regster to Accumulator

AND direct byte to Accumulator

AND indirect RAM to Accumulator
AND immediate data to Accumulator
AND Accumutator to direct byte

AND immediate data to direct byte
OR register to Accumulator

OR direct byte to Accumulator

OR indirect RAM {o Accumulator

OR immediate data to Accumulator
OR Accumulator to direct byte

OR immediate data to direct byte
Exclusive-OR register to Accumulator
Exclusive-OR direct byte to Accumulator
Exclusive-OR indirect RAM to A
Exclusive-OR immediate data to A
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to Jirect
Clear Accumutator

Complement Accumulator

Rotate Accumulator Left

Rotate A Left through the Carry flag
Rotate Accumutator Right

Rotate A Right through Carry flag
Swap nibbles within the Accumulator

o

—Ac—A_A—AM—A—A—A-AM—A—AM—AM—AN—LN—AM—AM—Aﬁ
o

o

M
—A—A—A-—L—A—A—AQMM_AN—AQ)NM—AN.—\(‘)MM_AN-—“S

—A—A-—A—A—A—A-—AN_L—A—A—L—LM—A—A—A—A-JM_A—L—A—A—&Q Rl e IE ) N T N P N P
(2]

-
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Table 1. (Cont.)

Description

Move register to Accumulator

Move direct byte to Accumulator
Move indirect RAM to Accumulator
Move immediate data to Accumulator
Move Accuemulator to register

Move direct byte to register

Move immediate data to register
Move Accumulator to direct byte
Move register to direct byte

Move direct byte to direct

Move indirect RAM to direct byte
Move immediate data to direct byle
Move Accumutlator to indirect RAM
Move direct byte to indirect RAM
Move immediate data to indirect RAM

Load Data Pointer with a 16-bit constant

Move Code byte relative to DPTR to A
Move Code byle relative 1o PCto A
Move External RAM (8-bit addr) to A
Move External RAM (16-bit addr) to A
Move A to External RAM (8-bit addr)
Move A to External RAM (16-bit addr)
Push direct byte onto stack

Pop direct byte form stack

Exchange register with Accumulator
Exchange direct byle with Accumulator
Exchange indirect RAM with A

Exchange low-order nibble ind RAM with A

Description

Clear Carry flag

Clear direct bit

Set Carry flag

Set direct Bit

Complement Carry flag

Complement direct bit

AND direct bit to Carry flag

AND complement of direct bit {o Carry
OR direct bit to Carry flag

OR complement of direct bit to Carry
Move direct bit to Carry flag

Move Carry flag {o direct bit

Description

Absolute Subroutine Call

Long Subroutine Call

Return from subroutine

Return from interrupt

Absolute Jump

Long Jump

Short Jump (relative addr)
Jump indirect relative to the DPTR
Jump if Accumulator is Zero
Jump if Accumulator is Not Zero
Jump if Carry flag is set

DATA TRANSFER
Mnemonic

MOV ARn

MOV Adirect
MOV A@Ri
MOV A#tdata
MOV RnA

MOV Rn direct
MOV Rn#data
MOV direct,A
MOV direct,Rn
MOV direct direct
MOV direct,@Ri
MOV direct #data
MOV @Ri A
MOV @Ri.direct
MOV @Ri #data
MOV DPTR #data 16
MOVC A@A+DPTR
MOVC A@A+PC
MOVX A@Ri
MOVX A@DPTR
MOVX @RiA
MOVX @DPTRA
PUSH direct

POP direct

XCH ARn

XCH Adirect
XCH A@Ri
XCHD A@Ri
BOOLEAN VARIABLE MANIPULATION
Mnemonic

CLR C

CLR bit

SETB C

SETB bit

CPL C

CPL bit

ANL Cbit

ANL C.1bit

ORL C/bit

ORL . C.1bit
MOV " C/bit

MOV bit.C
PROGRAM AND MACHINE CONTROL
Mnemonic

ACALL addr 11
LCALL addr 16
RET

RETI

AJMP addr 11
LJMP addr 16
SJMP rel

JMP @A+DPTR
JZ rel

JNZ rel

JC rel

JINC rel

Jump if No Carry flag

o

el A il LIS EI AT RTATNY CY N C Y P

NDRNRORNNN AN =R =

RNRRRN AR WN = = WS

o

®
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Table 1. (Cont.)

PROGRAM AND MACHINE CONTROL {cont.)

Mnemonic Description Byte Cyc

J8 bit,rel Jump if direct Bit set 3 2

JNB bit,rel Jump if direct Bit Not set 3 2

JBC bit.rel Jump if direct Bit is set & Clear bit 3 2

CINE Adirect,rel Compare direct to A& Jump if Not Equal 3 2

CJNE A #datarel Comp. immed. to A&Jump if Not Equal 3 2

CJNE Rn#datarel  Comp.immed.to reg &Jump if Not Equal 3 2

CJUNE @Rifdata.rel  Comp.immed.to ind.&Jump if Not Equal 3 2

DINZ Rn,rel Decrement register & Jump if Not Zero 2 2

DINZ direct. rel Decrement direct &Jump if Not Zero 3 2

NOP No operation 1 1

Notes on data addressing modes:

Rn ~ Working register RO-R7

direct - 128 internal RAM locations. any /0 port. control or status register

@Ri = Indirect internal RAM location addressed by register RO or R1

#data ~ 8-bit constant included in instruction )

#data 16 - 16-bit constant included as bytes 2 & 3 of instruction

bit - 128 software flags, any IO pin, control or status bit

Notes on program addressing modes:

addr 16 - Destination address for LCALL & LIMP may be anywhere within the 64-k program memory
address space

Addr 11 - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction

rel ~ SIMP and all conditional jumps include an B-bit offset byte.Range is +127~128 bytes

relative to first byte of the following instruction.

All mnemonics copyrighted * Intel Corporation 1979
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Table 2. Instruction Opcodes in Hexadecimal Order

Hex Number Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A#data

02 3  LIMP code addr 35 2 ADDC Adata addr
03 1 RR A 36 1 ADDC A@RO

04 1 INC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC ARO

06 1 INC @RO 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 38 1 ADDC AR3

09 1 iNC R1 3C 1 ADDC A R4

0A 1 INC R2 3D 1 ADDC ARS

08 1 INC R3 3E 1 ADDC ARG

oC 1 INC R4 3F 1 ADDC AR7

0D 1 INC RS 40 2 JC code addr
OE 1 INC R6 41 2  AJMP code addr
OF 1 INC R7 42 2 ORL dala addrA
10 3 JBC bit addr,code addr 43 3 ORL data addr#data
i) 2  ACALL code addr 44 2  ORL A#tdata

12 3 LCALL code addr 45 2  ORL A.data addr
13 1 RRC A 46 1 ORL A@RO

14 1 DEC A 47 1 ORL A@GR1

15 2 DEC data addr 48 1 ORL A.RO

16 1 DEC @Rro 49 1 ORL AR1

17 1 DEC @R1 4A 1 ORL AR2

18 1 DEC RO 4B 1 ORL AR3

19 1 DEC R1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL ARS

1C 1 DEC R4 4F 1 ORL AR7

10 1 DEC R5 50 2 JUNC code addr
1E 1 DEC R6 51 2  ACALL code addr
1F 1 DEC R7 52 2  ANL data addrA
20 3 JB bit addr,code addr 53 3 ANL data addr#data
21 2 AIMP code addr 54 2 ANL Ad#data

22 1 RET 55 2 ANL A, data addr
23 1 RL A 56 1 ANL A@RO

24 2 ADD Adata 57 1 ANL A @R1

25 2 ADD A.data addr 58 1 ANL ARO

26 1 ADD A@RO 59 1 ANL AR1

27 1 ADD A @R1 5A 1 ANL AR2

28 1 ADD ARO 58 1 ANL AR3

29 1 ADD ART 5C 1 ANL AR4

2A 1 ADD AR2 5D 1 ANL ARS

28 1 ADD AR3 5E 1 ANL ARB

2C 1 ADD AR4 5F 1 ANL AR7

2D 1 ADD ARS 60 2 JZ code addr
2E 1 ADD ARB 61 2 AIMP code addr
2F 1 ADD AR7 62 2 XRL data addr A
30 3 UNB bit addr,code addr 63 3 XRL data addr#data
31 2  ACALL code addr 64 2 XAL A #data

32 1 RETI 65 2 XRL Adata addr
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Table 2. (Cont.)

éioec;i(e gugytt):rs Mnemonic Operands é‘::e g‘fuglytt::; Mnemonic Operands
66 1 XRL A@RO 99 1 suBB ARt
67 1 XRL A@R1 9A 1 SUBB AR2
68 1 XRL ARO 9B 1 suBB AR3
69 1 XRL AR1 aC 1 SUBB AR4
6A 1 XRL AR2 ] 1 SUBB ARS
68 1 XRL AR3 9E 1 SuBB ARS6
6C 1 XRL AR4 9F 1 SUBB AR7
6D 1 XRL AR5 AQ 2 ORL Cbit addr
6E 1 XRL AR6E Al 2  AJMP code addr
6F 1 XRL AR7 A2 2 MOV C.bit addr
70 2 UNZ code adgar A3 1 INC DPTR
71 2 ACALL code addr A4 1 MUL AB
72 2 ORL C. bit addr A5 reserved
73 1 JMP @A+DPTR AB 2 MOV @RO0,data addr
74 2 MOV A#data A7 2 MOV @R1.data addr
75 3 MOV data addr.#data A8 2 MOV RO,data addr
76 2 MQV @RO0,#data A9 2 MOV R1.data adar
77 2 MoV @R1.#data AA 2 MoV R2,data addr
78 2 MoV RO #data AB 2 MOV R3.data addr
79 2 MQV R1#data AC 2 MOV R4, data addr
7A 2 MOV R2,#data AD 2 MOV R5,data addr
78 2 MoV R3,#data AE 2 MOV R6.data addr
7C 2 MOV R4 #data AF 2. MOV R7.data addr
7D 2 MOV R5,#data BO 2 ANL Cbit addr
7E 2 MOV R6, #data B1 2  ACALL code addr
7F 2 MOV R7#data B2 2 CPL bit addr
80 2  SIMP code addr B3 1 CPL C
&1 2 AJMP code addr B4 3 CJINE A.#data,code addr
82 2 ANL C.bit addr B5 3 CJINE A.data addrcode addr
83 1 MOVC A@A+PC B6 3 CJINE @RO0,#data,code addr
84 1 Div AB B7 3 CINE @R1,#data,code addr
85 3 MOV data addrdata addr B8 3 CINE RO,#data,code addr
86 2 MOV data addr@R0 B9 3  CINE R1,#data,code addr
87 2 MOV data addr@R1 BA 3  CJNE R2,#data,code addr
88 2 MOV data addr,RO BB 3 CINE R3,#data,code addr
89 2 MoV data addr,R1 BC 3 CJINE R4, #data,code addr
8A 2 MOV data addrR2 BD 3 CINE R5,#data,code addr
8B 2 MoV data addr,R3 BE 3 CJINE R6,#data,code addr
8C 2 MOV data addrR4 BF 3 CINE R7#data,code addr
8D 2 MOV data addrR5 Cco 2  PUSH data addr
8E 2 MOV data addrR6 1 2  AJMP code addr
8F 2 MOV data addrR7 Cc2 2 CLR bit addr
90 3 MOV DPTR #data C3 1 CLR C
91 2  ACALL code addr C4 1 SWAP A
92 2 MOV bit addr.C C5 2  XCH A.data addr
93 1 MOVC A@A+DPTR C6 1 XCH A.@RO
94 2 SUBB A#data Cc7 1 XCH A@Rt
85 2 SsusB Adata addr (of:} 1 XCH ARO
96 1 SUBB A@RO C9 1 XCH AR1
97 1 suUBs A.@R1 CA 1 XCH AR2
98 1 suBsB ARO CB 1 XCH AR3




80C51-L/80C31-L
Table 2. (Cont.)

Cie:o gfug‘ygg Mnemonic Operands g:(;(e ;”Bmyl" :; Mnemonic Operands
CcC 1 XCH AR4 E6 1 MOV A@RO
CcD 1 XCH AR5 E7 1 MOV A@R1
CE 1 XCH ARS E8 1 MOV ARO
CF 1 XCH AR7 E9 1 MOV AR1
DO 2 POP data addr EA 1 MOV AR2
D1 2 ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MOV AR4
D3 1 SETB C ED 1 MOV AR5
D4 1 DA A EE 1 MOV AR6
D5 3 DINZ data addr.code addr EF 1 MQV AR7
D6 1 XCHD A@RO FO 1 MOVX @DPTRA
D7 1 XCHD A @Rt F1 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
D9 2  DINZ Rt,code addr F3 1 MOVX @R1,A
DA 2 DINZ R2,code adadr F4 i CPL A
DB 2 DINZ R3,code addr F5 2 MOV dala addrA
DC 2 DJINZ R4,code addr F6 1 MOV @ROA
DD 2 DINZ RS.code addr F7 1 MOV @R1,A
DE 2 DINZ R6,code addr F8 1 MOV ROA
DF 2 DINZ R7.code addr F9 1 MOV R1,A
EO 1 MOVX A@DPTR FA 1 MOV R2,A
Et 2  AIMP code addr FB 1 MOV R3.A
E2 1 MOVX A@RO FC 1 MOV R4.A
E3 1 MOVX A@R1 FD 1 MOV R5A
E4 1 CLR A FE 1 MOV R6,A
E5 2 MOV Adata adadr FF 1 MOV R7A
R
P
S
D 80C31
I J 80C51 XXX L
Temperature Range Part Number Customer Rom Code Low Power
blank: Commercial 80C51Rom 4K x 8 (80C51 only) Supply Version
I: Industrial 80C31 External Rom
Package Type
P: Plastic
S: PLCC
D: Cerdip
R:LCC

.



2732A
32K (4K x 8) UV ERASABLE PROM

& 200 ns (2732A-2) Maximum Access » industry Standard Pinout . . . JEDEC
Time... HMOS*-E Technology Approved
" Compatib,le with High-Speed 8mHz * Low Standby Current...30 mA Maximum

IAPX 186...Zero WAIT State
» Two Line Control.
= Compatible with 12 MHz 8051 Family

= +10% V¢c Tolerance Available
® intgligent Identifier™ Mode
» TTL Compatible

The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read:only-memory
(EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) avallable at 200 ns. The
access time is compatible with high performance microprocessors such as the 8 MHz iAPX 186. In these
systems, the 2732A aliows the microprocessor to operate without the addition of WAIT states.

An important 2732A feature is the separate output control, Output Enable {OF), from the Chip Enable con-
trol (CE). The OF control eliminates bus contention in microprocessor systems. Intel's Application Note
AP-72 describes the microprocessor system implementation of the OF and CE controls on Intel's
EPROMs. AP-72 is available from Intel's Literature Department.

The 2732A has a standby mode which reduces power consumption without increasing access time. The
maximum active current is 125 mA, while the maximum standby current is only 35 mA, a 70% saving. The
standby mode is selected by applying the TTL-high signal tc the CE input.

The 2732A is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon GateTechnology.

"HMOS is a patented process of Intel Corporation.

PIN NAMES

Ag-Aqy ADDRESSES
& CHIP ENABLE
[ OEVpp | OUTPUT ENABLET  Vop
0p-0, | OUTPUTS

DATA QUTPUTS

vee o——ou 00-07
e e
GND o0— ] ]
_ PROGRAM I I ] I I 4gs
OE/Npp e _qEAND P L u R
£ ——| CELOGIC |—| outpur BuFFERS ~Qgo
T A
J— Y y A0s
Ao-Ayy | —=| DECODER |.* Y:GATING ~gs
ADDRESS — g
INPUTS | o x . N
= . 32,268.817 o]
—=| DECODER . CELL MATRIX 0,
— . OIC
cuoq
Figure 1. Block Dlagram Figure 2. Pin Configuration

intel Corporation Assumes No Responaibilty for the Use of Any Cucuitry Other Than Circultey Embodied in sn Intel Product, No Other Cizcuit Patent Licenses are Implied.
INTEL CORPORATION, INC 1982 OCTOBER 1583
AFN-015458
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ABSOLUTE MAXIMUM RATINGS®

‘NOTICE: Stresses above those listed under "Absolute

Temperature Under Bias............ -10°Cto +80°C Maximum Ratings™ may cause permanent damage to the
Storage Temperature ............. -65°Cto +125°C device.This is a stress rating only and functional operation
All Input or Output Voltages with of the device at these or any other conditions above those
Respectto Ground ................. +6Vto -0.3V indicated in the operational sections of this specification
Voltage on Pin 22 with Respect is notimplied. Exposure to absolute maximum rating con-
toGround ........... N +13.5Vio —-0.3V ditions for extended periods mav affect device reliability.
Vep Supply Voltage with Respect to Ground
Ouring Programming .............. +22Vto -0.3v
D.C. AND A.C. OPERATING CONDITIONS DURING READ
2732A/A-2/A-3/A-4 2732A-20/A-25/A-30
Operating Temperature Range 0°C-~70°C 0°C-~-70°C
Vee Power Supply ™2 5V = 5% 5V = 10%
READ OPERATION
D.C. CHARACTERISTICS
Limits
Symbol ‘ Parameter Min. | Typl' | Max. Units Conditions
i Input Load Current 10 uA | Vi = 55V
ho Output Leakage Current 10 uA | Voyr = 5.5V
leer? Ve Current (Standby) 35 mA [ CE=v,,, OE=V,
leca? Ve Current (Active) | 100 | ma |[GE=CE=v,
ViL input Low Voitage ~0.1 0.8 v
Vin Input High Voitage 20 Vec+1| V
Vou Output Low Voitage 0.45 V |log=21mA
Vor Output High Voltage 2.4 v lon = —400 uA
Vpp? Vpp Read Voltage 38 Vee V| Vee=5.0V=0.25v
A.C. CHARACTERISTICS
’ 2732A-2 2732A 2732A-3 2732A-4
2732A-20 | 2732A-25 | 2732A-30 Test
Symbol Parameter Min. | Max.| Min.| Max. {Min. |Max.| Min.| Max. [Units] Conditions?
tace Address to Output Delay 200 250 300 450 | ns |CE =OE =V,
tce CE to Output Delay 200 250 300 450 [ ns |DE =V,
1 tog OE to Output Delay 70 100 150 150 | ns |CE =V,
torl*) | OE High to Output Not Driven | 0 60| 0 60 { 0 | 130 | 0 [130 | ns |CE=V,
tou Qutput Hold from Addresses, 0 0 0 0 ns {CE=0OE =V,
CE or OE Whichever Occurred :
First
tA.C. TEST CONDITIONS
QutputLoad .............. 1 TTL gate and C = 100 pF Timing Measurement Reference Level:
Input Riseand FallTimes ...................... =20 ns INpUts L e 0.8 and 2.0v
Input Pulse Levels ....................... 0.45V to 2.4V Outputs ... 0.8 and 2.0V

NOTES: 1. Ve must be applied simultaneously or before Ve and removed slmuflaneously or alter Vpp.
2. Vpp may be connected directly to Ve except durlng’programming. The supply current would then be the sum of lec and lppy.
3. Typical valuas are for t, = 25°C and nominal supply voltages.
4. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer
driven — see timing diagram on page 3.



intel

2732A

CAPACITANCE!® (T, = 25°C, { = 1 MH2)

Symbol Parameter Typ. | Max. | Unit|Conditions
Cing input Capacitance

Except OE/Vpp 4 6 pF |ViN =0V
Cinz DE/vep Input

Capacitance 20 pF |ViN =0V
Cour Output Capacitance 8 12 pF |Vout = 0V

A.C. TESTING INPUT/OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

XX

13V
IND14
33KN
DEVICE
UNDER out
TEST
C, = 100 pF

AND 08V FOR A LOGIC 0

AC TESTING INPUTS ARE DRIVEN AT 24VFOR A LOGIC % AND O A4SV FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1

)

C, = 100 pF ¥
C, INCLUDES JiG CAPACITANCE

A.C. WAVEFORMS

- APLO
ADDRESSES X A?,!::IEDSS
A\
A
cE
A8 ecoe _—/'
l ‘vt >
Vin
OENVer
S o S
o™
IAOC‘- Tow——"1 E—
vm e & 0 8 8 S
. HIGH Z /; ;;;; \ -
ouTPuT £ : :g : ; VALID OUTPUT /
Vo e s 000 Z
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ERASURE CHARACTERISTICS

The erasure characteristics of the 2732A are such that
erasure begins to occur upon exposure to light with
wavelengths shorter than approximately 4000 Angstroms
(A). It should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000-4000A
range. Data show that constant exposure to room level
fluorescent lighting could erase the typical 2732A in ap-
proximately 3 years, while it would take approximately 1
week to cause erasure when exposed to direct sunlight. If
the 2732A is to be exposed to these types of lighting condi-
tions for extended periods of time, opaque labels should
be placed over the 2732A window to prevent unintentional
erasure.

The recommended erasure procedure for the 2732A Is
exposure to shortwave uitraviolet light which has a
wavelength of 2537 Angstroms (A). The integrated dose
(l.e., UV intensity X exposure time) for erasure should be
a minimum of 1§ W-sec/cm?2, The erasure time with this
dosage is approximately 15 to 20 minutes using an
uitraviolet lamp with 12000uW/cm?2 power rating. The
2732A should be placed within 1 inch of the lamp tubes
during erasure.

DEVICE OPERATION

The six modes of operation of the 2732A are listed in Table
1. A single 5V power supply is required in the read mode.
Allinputs are TTL levels except for OF/Vpp during program-
ming and 12V on Ag for the intgligent identifier™ mode. In
the program mode the OE/Vpp input is pulsed from a TTL
level to 21V.

Table 1. Mode Selection

PINS CE | OEivpp | Ag | Vee OUTPUTS
MOOE (18} 20 22| (24 11,1317
Read Vie ViL X +5 Oout
Output Disable viL ViH X +5 High Z
Standby Vin X X +5 High Z
Program \ Vpp X +5 Oin
Program inhibit Vin | Vpp X +5 High Z
intgligant Identilier i viL VH +5 Code

Notes: 1. X can be Vjyy or V)
2.Vy = 120 205V

Read Mode

The 2732A has two control functions, both of which must
| be logically active in order to obtain data at the outputs.
Chip Enable {CE) is the power control and should be used
for device selection. Output Enable (OE) is the output
control and should be used to gate data from the output
pins, independent of device selection. Assuming that ad-
dresses are stable, address access time (tacg) is equal to
the delay from CE to outpyt ({tcg). Data is availabie at the
outputs after the falling edge of OF, assuming that CE has
been low and addresses have been stable for at least

tacc—toe.

Standby Mode

The 2732A has a standby mode which reduces the max.
imum active current from 125 mA to 35 mA. The 2732A Is
placed in the standby mode by applying a TTL-high signal
to the CE input. When in standby mode, the outputs are in
a high impedance state, independent of the OE input.

Output OR-Tieing

Because EPROMs are usually used in larger memory ar-

rays, Intel has provided a 2 line control function that ac-

commodates this use of muitiple memory connection.

The two line control function allows for:

a) the lowest possible memory power-dissipation, and

b} complete assurance that output bus contention will
not occur.

To use these two control lines most efficiently, CE (pin 18)
should be decoded and used as the primary device selec-
ting function, while OE (pin 20) should be made a common
connection to all devices in the array and connected to the
READ line from the system control bus. This assures that
all deselected rmemory devices are in their low power
standby mode and that the output pins are active only
when data is desired from a particular memory device.

PROGRAMMING

CAUTION: Exceeding 22V on Pin 20 (OE/Vpp) wil
permanently demage the 2732A.

Initially, and alfter each erasure, all bits of the 2732A are
in the "1" state. Data is introduced by selectively pro-
gramming “0's” into the desired bit locations. Aithough
onty “0's” will be programmed, both “1's™ and “0's" can
be present in the data word. The only way to'change a

“0" to a *“1" is by ultraviolet light erasure.

The 2732A is in the programming mode when the OE/Vpp
input is at 21V, It is required that a 0.1 uF capacitor be
placed across OE/Vpp and ground to suppress spurious
voltage transients which may damage the device. The data
to be programmed is applied 8 bits in parallel to the data
output pins. The levels required for the address and data
inputs are TTL.

When the address and data are stable, a 50 msec, active
low, TTL program pulse is applied to the CE input. A pro-
gram pulse must be applied at each address location to be
programmed. You can program any location at any time
—either individually, sequentially, or at random. The pro-
gram pulse has a maximum width of §5 msec. The 2732A
must not be programmed with a DC signal applied to the
CE input.

Programming of muitiple 2732As in parallel with the

same data can be easily accomplished due to the simpli-
city of the programming requirements. Like inputs of the
paralleled 2732As may be connected logether when they
are programmed with the same data. A low level TTL pulse
applied to the CE input programs the paralleled 2732As.
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PROGRAMMING WAVEFORMS

OGRAM VERIFY
Vin ~ }
_ADDRESSES X ADDRESS STABLE x
Vi - ols
a3
21
v,
" Migh Z f i ’§ High 2
DATA ——< DATA INSTABLE y DATA OUT VALID 1——-—
ie [ \
he— o8 | | Yor oy —_—] v o] b 8
121 121 ] Max
Ver
tAH
o
Gt vy
A/ tots 1 lotu /
" 21 143 ) 12)
any va
0 05! -1 ._"
v,
lr et
: -7
Va ; N

NOTES.
1. ALL TIMES SHOWN IN [ ] ARE MINIMUM AND IN ,SEC UNLESS OTHERWISE SPECIFIED.
2 THE INPUT TIMING REFERENCE LEVEL IS 0 8V FOR A Vi, AND 2V FOR A v,




Intel 2732A .

PROGRAMMING'
D.C. PROGRAMMING CHARACTERISTICS; Tx = 25 = 5°C, Vee = 5V £ 5%, Vpp = 21V = 0.5V
Limits

Symbol Parameter Min. Typ. Max. Units Test Conditions
tu Input Current (AN inputs) 10 pA Vin=V_ orVy,
Vou Output Low Voltage During Verily 0.45 v loL=2.1mA
Vou Output High Voitage During Verity 2.4 v lon= — 400 uA
lee Vee Supply Current 85 100 mA
Vi Input Low Level (All Inputs) - 0.1 0.8
Vin Input High Level (All Inputs Except OF/Vpp) | 2.0 Vee v
lpp Vep Supply Current 30 mA | CE=V,, OE=Vpp
Vio Ag intgligent identifier Voltage 11.5 125 v

A.C. PROGRAMMING CHARACTERISTICS: Ta =25 = 5°C. Vee = 5V = 5%, Vpp = 21V = 0.5V

Limits
Symbol Parameter Min. Typ. Max, Units Test Conditionst
tas Address Setup Time 2 us
toes OE Setup Time 2 s
tos Data Setup Time 2 HS
tan Address Hold Time 0 us
toeH OE Hold Time : 2 uS
ton Data Hold Time 2 us
torp GOE High to Output Not Driven 0 130 ns
toy Data Valid from CE 1 us | CE=V, ,OE=v,
tew CE Pulse Width During Programming 20 50 55 ms
tear OE Pulse Rise Time During Programming 50 ns
tva Vpp Recovery Time 2 us

t+A.C. TEST CONDITIONS

Input Rise and Fall Times (10% to 90%) ......... <20 ns
InputPulse Levels ....................... 0.45V to 2.4V
Input Timing Reference Level .......... 0.8V and 2.0v
Output Timing Reference Level ......... 0.8V and 2.0v
NOTES:

1. Typical values are for T, = 25°C and nominal supply voilages,

2. This parameter is only sampled and is not 100% tested. Output loat is defined as the point where data Is no longer driven —
sea liming diagram

3. OE may be delayed up to tacc—tog alter the failing edge of CE without impacting tace.

4. When programming the 2732A, a 0.1xF capacitor Is required across OE/Vpp and ground to suppress spurious voltage
transients which may damage the device.
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Program Inhibit

Programming of muitiple 2732As in paraile! with differ-
ent data is also easily accomplished. Except for CE, all
like inputs (including OE) of the parallel 2732As may be
common. A TTL level program pulse applied to a 2732A"s
CE input with OE/Vpp at 21V will program that 2732A. A
high fevel CE input inhibits the other 2732As from being
programmed.

Verify

A verity (Read) should be performed on the programmed
bits to determine that they were correctly programmed,
The verity is accomplished with OE/Vpp and CE at Vy(, Data
shoutd be verified tpy after the faling edge of GE.

intgligent Identifier™ Mode

The intpligent Identifier Mode allows the reading out of a
binary code from an EPROM that will identify its manufac-
turer and type. This mode is intended for use by programm-
ing equipment for the purpose of automatically matching
the device 1o be programmed with its corresponding pro-
gramming algorithm. This mode Is functional in the 25°C
= 5°C ambient temperature range.

To activate this mode, the programming equipment muyst
force 11.5V to 12,5V on address line A9 (pin 22) of the
2732A. Two identitier byles may then be sequenced from
the device outputs by toggling address line AQ (pin 8) from
Vi 1o Vin. All other address lines must be held at Vyy_ during
intgligent Identifier Mode.

Byte 0 (A0 = V) represents the manufacturer code and
byte 1(A0 = Vy;,) the device identifier code. For the Intel
2732A, these two identifier bytes are givenin Table 2. Al
identifiers for manufacturer and device codes will possess
odd parity, with the MSB (0;) defined as the parity bit,

Intel began manutacturing 2732As during 1982 that con-
tained the intgligent Identifier feature. Earlier genera.
tion devices do not contain identifier information, and if
erased, will respond with a ““one" (Vo) on each data line
when operated in this mode. Programmed, preidentifier
mode 2732As will respond with the current data contain-
ed in locations 0 and 1 when subjected to the inteligent
Identifier operation.

System Consideration

The power switching characteristics of HMOS-E EPROMs
require careful decoupling of the devices. The supply cur-
rent, Icc, has three segments that are of interest 1o the
system designer—1ihe standby current level, the active cur-
rent level, and the transient current peaks that are produc-
ed by the falling and rising edges of Chip Enable. The
magnitude of these transient current peaks is dependent
on the output capacitive loading of the device. The
associated transient voitage peaks can be suppressed by
complying with Intel's Two-Line Control, as detailed in in-
tel's Application Note, AP-72, and by properly selected
decoupling capacitors. It Is recommended that a 0.1uF
ceramic capacitor be used on every device between Vce
and GND. This should be a high frequency capacitor of low
inherent inductance and should be placed as close to the
device as possible. In addition, a 4.7,F bulk electrolytic
capacitor should be used between Vs and GND for every
eight devices. The bulk capacitor should be located near
where the power supply is connected to the array. The pur-
pose of the bulk capacitor is to overcome the voltage
droop caused by the inductive effects of PC board-traces.

Table 2. 27324 intyfigent identifier™ Bytes

Pins| A, Oy O Og 04 =] 02 04 Og Hex
1dentifter (8) (17 (18) (15) (14) 03 an (10) ) Dsta
Manufacturer Code viL | 0 0 0 1 0 0 1 89
Device Code Vin o [ 0 0 ] 0 o [} o1
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‘Binary Up/Down Counter

ELECTRICALLY TESTED PER:
MPG54LS169 :

The 5415169 is a fully synchronous 4-stage up/down counter featur-
ing a preset capabliity for programmable operation, carry lookahead for
easy cascading and a U/D input to control the direction of counting. The
‘LS169 operates in a-Modulo 16 binary sequence. All state changes,
whether.in counting or paraliel loading, are initiated by the LOW-to-
HIGH transition of the clock. .

® Low Power Dissipation 100 mwW Typical

® High-Speed Count Frequency 30 MHz Typical

Fully Synchronous Operation

Full Carry Lookahead For Easy Cascading

Single Up/Down Control Input

Positive Edge-Trigger Operation

Input Clamp Diodes Limit High-Speed Termination Effects

LOGIC DIAGRAM
T

o
—i ]
HH H
P3 = D Q}=—03
P
=
E O & -
N
L
Py =R
| 5 E :
2 e
.
I
—
| [
m— =
Po— = 0 oJ--qq
qcp

AD—y

MPO
i

AVAILABLE AS:

"1 JAN: »
2) SMD: »

3} 883C: 54LS169/BXAJC

X = CASE OUTLINE AS FOLLOWS:
PACKAGE: CERDIP: E
" CERFLAT: F
LCC: 2
*Call Factory for latest update

PIN ASSIGNMENTS
FUNCTION DL FLATS LCC  BURNIN
{CONDITION A}
ub 1 1 2 Vee
cp 2 2 3 Vee
Py 3 3 4 Vee
P 4 4 5 Vee
P 5 5 7 Voo
Py N7 & £ Voo
tep 177 ] Ve
GND 8 8 10 GND
FE 8 9 12 Ve
T 0 B Voo
03 " 1 u OPEN
) 12 12 OPEN
0 LI I 7 OPEN
Qg LT B OPEN
[ B 15 1 OPEN
Ve % 2 Ve

BURN-IN CONDITIONS:
Vee = 5.0 V MIN/G.O V MAX

MODE SELECT TABLE

PE TEP TET U [Clock Edge

L X X X [Load (P10 Qp)

H L L H [Count Up (Incrament)

H L L L |Count Down
{Decremant)

H H X X |NocChange (Hold)

H X H X |No Change (Hold)

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

Military 54LS169

Action on the Rising
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CONNECTION DIAGRAM
QUTPUTS

| I I
CARRY  Qq L]} [+7} Q3 ENABLE
OUTPUT T
R ub LOAD
ENABLE
CLOCK Py Py Py 3P
| I [ ]
INORENGRORORDRE
ub ek P, P TE GND
DATA INPUTS
FUNCTIONAL DESCRIPTION

The 54LS169 uses edge-triggered D-type tlip-flops that
have no constraints on changing the control or data input
signals in either state of the Clock. The only requirement
is that the various inputs attain the desired state at least
a set-up time before the rising edge of the clock and
rerhin valid for the recommendad holaTime thereafter.

The parallel load operation takes precédence over the
other operations, as indicated in the Mode Select Table.
When PE is LOW, the data on the Pg-P3 inputs enters
the fiip-flops on the next rising edge of the Clock. In order
for counting to occur, both CEP and CET must be LOW

STATE DIAGRAM

~» Count Up
<+ Count Down

UP:  TC = Q5+ Qy+ Q7+ Q3 (UD)
DOWN: TC = 60-61-6§-03-(um)

and PE must be HIGH. The U/D input then determines the
direction of counting. .

The Terminal Count (TC) output is normally HIGH and
goes LOW, provided that TET is LOW, when a counter
reaches zero in the COUNT DOWN mode or reaches 15
in the COUNT UP mode. The TC output state is not a
function of the Count Enable Parallel (CEP) input level.
Since the TC signal is derived by decoding the flip-flop
state, there exists the possibility of decoding spikes on
TC. For this reason the use of TC as & clock signal is not
recommended. c
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WAVEFORMS
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AC TEST CIRCUIT
T OUTPUT 04
v Voo =50V OUTRUT 0
OUTPUT 03°
- ouTPUT 0
— T — ——
B Ve | !
l SR =20k = 50%
P S (SEENOTE Z) |
” % : +—e bt l
- P T T e =s0pr = wiseENOTER l l
; |- = " LOAD CRCUIT1 * = |
e N |
TEST cep ———— e
CONDITIONS a H LOAD CIRCUIT 2
PULSE PER \ = (SAME AS 1] !
GENERATOR 1 TEST CET | Sy —_————— et - — e e )
(SEE NOTE 1) TABLE ] _— s
o 1S LOAD CRCUN 3 _;
Ny R LR .l | W
Lact e
3 o ~_l__4'- LOAD CIRCUIT 4 |
folaiake Sl ol | I
P 1 LOAD CIRCUIT § 1
i/ A oedy” BUENSTY
L 7
Ndrss: ' 6. The clesr pulse ge has the foliowing ch stics:
1. The puise penerstor has the following characteristics: Y VGEN ='3.0V,t;, < 6.0 ns, Y < 6.0 na, tw(Clegr) = 20 ns. -
VGEN = 3.0V, <6.0ns, ) < 6.0 NS, ip = 0.2 ns and 2Zoyy7 ~ 60 1. 7. Rige tims to be measured from 0.7 Volts 1o 2.7 Volts. Fall time to be
2. All diodes are 1N3064 or oquivalent. measured from 2.7 Volts 1o 0.7 Volts. :
3. Cf = 50pF = 10%, including scope probe snd Jig capacitarice. 8. All massurements 10 be made at 1.3 Volt level.
4. Voltage values sre with respect to ground terminal, 9. Terminal diti {pins not desi d may be high» 2,0V,
5. fMAX: tr = tf < 6.0 ns. " low < 0.7V, or open).
WAVEFORMS
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Test Condition
Symbol P"?.T“" Limits ~ . Units (Unless Otherwise Specified)
+25°C +125°C -55°C . :
Statie. ;
Parameters: Subgroup 8 | Subgroup 10 Subgroup 11
Min | Max | Min | Max | Min | Max . .
tpHL1 | | Propagastion Delay | 2.0 27 2.0 37 2.0 37 ns VCe = 5.0V, C = S0 pF, Ry = 2.0 k0. .
tPHL1..” |CPto Qp 23 29 29 Ve = 5.0V, C = 15pF.
tPLHY Propagation Delay | 2.0 22 2.0 32 20 32 ns | VCC = 5.0V, Cp = 50 pF, R = 2.0kA.
tPLH1 CPto Q 20 25 25 Vee = 5.0V, C = 15pF. .
tPHL2 Propagation Delay | 2.0 37 2.0 a7 2.0 47 r;s Vee = 5.0V, C, = 50 pF, R, = 2.0 k.
tPHL2 CPto TC 35 44 44 Vce = 5.0V, Cp = 16 pF.
tPLH2 Propagation Delay | 2.0 35 2.0 45 2.0 45 = Vci: = 5.0V, C_ = 80pF, R = 2.0,
tPLH2 CPto 35 44 44 Vee = 8.0V, C = 15pF.
tPHL3 gf:’:%’“” Ooiey | 20 | 27 | 20 | 37 | 20 | 37 | ns Vee = 5.0V, C = 50 pF, R = 2.0 k0.
n

s [ ropegationDelay.| o0 1 22 | 20 | 32 [ 20 | 32 | ne VeC = 5.0V, i, = 50 pF, Ry = 2.0 kA,

CP to Qg
tPHLS Propagation Delay | 2.0 40 2.0 50 2.0 50 s Vee = 5.0V, C_ = 50 pF, Ry = 2.0 k0.
tPHLA to 20 25 25 Vge = 5.0V, Cp = 15 pF.
tPLH4 Propagation Delay | 2.0 35 2.0 45 2.0 45 — Vee = 8.0V, Cp = 50 pF, R, = 2.0 kQ2.
tPLH4 to 20 25 25 Vce = 5.0V, C = 15pF.
tPHLS Propagation Delay | 2.0 31 2.0 41 2.0 41 ) Vee = 5.0V, C = 50 pF, Ry = 2.0kA.
tPHLS U/D to TC 29 36 36 Ve = 5.0V, C = 15 pF.
tPLHS Propagation Defay | 2.0 27 2.0 37 2.0 37 ey Vee = 5.0V, Cp = 50 pF, R = 2.0 k0.
tPLHS UDto TC 25 31 31 Vce = 5.0V, C = 15pF,
s | eerecre o | 20 {50 | 20 | 5o | 20| 50 | ms |vecesov. CL = 50 pF, AL = 20k02. |
i | eeraoqien ety | a0 | a5 | 20 | as | 20 | a5 | e VCG = 5.0V, C = 50 pF, R, = 2.0 k0.
tPHL? S;%p:f;g” Delav | 20 | 31 | 20 | a1 | 20 | a1 ns | Vee = 5.0V, C = 50 pF, R = 2.0 kQ.
L7 - 8;%”3,9.7,‘6‘“ Oelovl 20 | 27 | 20 | 37| 20 37 | ns VEC = 5.0V, C = 50 pF, R = 2.0k,
fMAX Maximum Clock 25 20 20 MHz | YCC = 5.0V, C|_ = 50 pF, R = 2.0 kQ.
fMAX Frequency 25 Vee = 5.0V, CL = 15 pF.

NOTE:
The limits specified for Ci = 15 pF are guaranteed, but not tested,
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Test Condition
Symbot Parameter Limits Units {Uniess Otherwise Specified)
+25°C +125°C -55°C
Etanc " Subgroup 1 Subgroup 2 Subgroup 3
Min | Max | Min | Max | Min | Max
AVee = 45V, Ipy = ~0.4mA,
Logical “1” VIH=20V,V) =07V, UD =45V
VoH Output Voltage 25 3 2.5 Vo leroz v, (FE, & TET) = 0.7V,
. CP = {Sea Note 1).
o Vee =45V, 1oL = 40mA, VL = 07V,
VoL oogical "0 . 0.4 04 04 |V |Viy =45V, (UD, CEP&TET) = 45V
P 9 01 0.7V, CP = (See Note 1).
Input Clamping _ Ve = 45V, iy = —18mA,
Vic Voltage 1.5 V. other inputs are open.
Logical “0" = - 9 Ve =55V, Vin =04V,
Ly Input Current 24 04 I other inputs are open.
Logical 0" _ 2 " Vee = 5.5V, ViN(CcP) = 04V,
hL2 Input Current g8 b &8~ 4 other inputs are open.
Logical “0” g A 7 Vee = 5.5V, VIN(PE) = 04V,
L input Current K 2 hZ A other inputs are open.
Logical “1* Voo =65V, Vi = 2.7V,
It Input Current 28 &x 2 BA | other inputs are open.
Logical 1" VEe = 5.5V, Viyy = 5.5V,
ftHH1 Input Current 100 100 100 A other inputs are open.
Logical “1" Vee = 55V, ViH(cp, CET) = 27V,
liH2 Input Current e 49 40 A other inputs are open.
Logical “1" Vee = 5.5V, VIHK(CP, CET) = 55 \A
HHH2 input Current 200 200 200 A other inputs are open.
Logical “1” Ve = 5.5V, VIH(pE) = 27V,
1H3 Input Current e g0 50 A other inputs are open.
Logical “1* Ve = 5.5 V'VIKH(PE) = 5.5V,
"tHHa Input Current <00 300 79 A other inputs are open.
Vee = 5.5V, Viy = 4.5V {all inputs),
1os g‘::‘l’j‘;t‘g:‘r‘::m =15 | =100 | =15 | =100 | =15 | =100 | mA [PE = GND, Vout = GND,
CP = {See Note 1).
Power Supply Vee = 5.5V, ViN = GND (sl inputs),
lcc Current Off 34 ¥ 3¢ | mA 1CF  (See Note 1).
Logicat 1"
VIH input Voltage 2.0 2.0 2.0 v Ve = 45V,
viL Logical 0" 07 07 07 | v |vee=asv,
Input Voltage ' : -
Subgroup 7 | Subgroup 8A | Subgroup 88
per Truth Table with Vo = 4.5V,
Functional Tests {Repeat st) Voo = 55V,
. - VINL = 0.4V, and ViNY = 2.3 V.
NOTE:

a5V
S N
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TECHNICAL DATA

Advance Information

Dual D Flip-Flop wnth Set

and Reset
High-Performance Silicon-Gate cMoSs

The MC54/74HC74A is identical in pinout to the LS74. The device inputs are
compatible with standard CMOS outputs; with pullup resistors, they are com-
patible with LSTTL outputs.

This device consists of two D flip-flops with individual Set, Reset, and Clock
inputs. Information at a D-input is transferred to the corresponding Q output
on the next positive going edge of the clock input. Both Q and Q outputs are
available from each flip-flop. The Set and Reset inputs are asynchronous.

e Qutput Drive Capability: 10 LSTTL Loads
® Outputs Directly interface to CMOS, NMOS, and TTL
¢ Operating Voltage Range: 2.0 to 6.0 V
¢ Low Input Current: 1.0 uA
® High Noise Immunity Characteristic of CMOS Devices
o In Compliance with the Requirements Defined by JEDEC Standard No. 7A
® Chip Complexity: 128 FETs or 32 Equivalent Gates
® Improvements over HC74

e Improved Propagation Delays

® 50% Lower Quiescent Power

¢ Improved Input Noise and Latchup immunity

LOGIC DIAGRAM
RESET 1 __—J'
NN 5
DATA 1 —— L o
clock 1 ——b S

L
ser1——J
RESET 2 “—&

DATA 2 2 LI
"
CLOCK 2 8 ]
serat0 T
PIN 14 = Vcc
PIN? = GND

This document contains information on a new product,
Spacifications and information herein sre subject to change without notice.

MC54/74HC74A

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

ﬁ D SUFFIX
" 33 soic

e

N CASE 751A-02

ORDERING INFORMATION

MC74HCXXAN Plastic
MCS54HCXXAY Ceramic
MC74HCXXAD SOIC
TA = -55°16'125°C for sll packages.
Diménsions in Chapter 6.

,PIN ASSIGNMENT-

RESET1 T 1o 14 Ve
ATA1( 2 13 [1 RESET 2
oockids  12fioaTaz
SET1[] 4 11 1 CLOCK 2
ags 10 1 SET2
Gigs spa2
GND O 7 apa:
e 3
FUNCTION TABLE
Inputs- Outputs
Set’ Reset Clock Data] @ T
L H.X X [|H L
H L X xX-|L H
L L X X | H* B
H H /" HI|H L
H H _/~ LijL H
H- H L X | No Change
H H H X | No Changs
H H "\_. X |NocChange

*Both outputs will remain high as long
as Set and Reset are low, but the output
states are unpredictable if Set and
Reset go high simultaneously,




MC54/74HC74A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
_ circuitry to guard against damage
Vee DC Supply Voltage {Referenced to GND) 0510 +7.0 v due to high staticvoltages or slec-
Vin DC Input Voltage {Referenced to GND} -15toVeo+ 16| V tric fields. However, precautions
— must be taken to avoid applice-
Vout | OC Output Volitage {Referenced to GND} 05t Vec+05] V ions of any voltage higher than
lin DC Input Current, per Pin +20 mA imum rated voltages to this
- " high-impedance circuit, For
lout | OC Output Current, per Pin *25 mA proper operation, Vin and Vouy
lee DC Supply Current, Vcc and GND Pins +50 mA should be constrsined to the
) Power Dissipation in Still Alr, Plastic or Ceramic DIP 750 mw range GND < Vi or Vout) < Vc.
A Unused inputs must always be
. SOIC Package 500 " . f

. . tied to an appropriate logic volt-
Tstg Storage Temperature -65to0 +150 °C age lavel {e.g., either GND or
T Lead Temperature, 1 mm from Case for 10 Seconds °C :’C'Z‘C)- :)nused outputs must be

‘ {Plastic DIP or SOIC Packags) 260 . gruenen.

, {Ceramic DIP) 300
,*Maximum Ratings are those valuas beyond which damaga to the device may occur.
Functions! operstion should be icted to the R d Operating Conditi:

RECOMMENDED OPERATING CONDITIONS

Symbol i / Parametsr Min | Max | Unit
. Vee DC Supply Voltage (R‘eferenced to GND) 2.0 6.0 v
VinVout | DC Input Volitage, OQutput Voltage {Referenced to GND) 0 Vee | V
.. TA _ [ Operating Temperaturs, All Package Types ~55 | +125 | °C
i| tnt | InputRise &ind Fall Time Vee = 20V 0" | 1000 | ns
{Figure 1) Vee = 45V 0 500
S Vee =60V 0 400

DC. ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND}

. Guaranteed Limit

; Vee
Symbol Parameter Test Conditions o ¥ 8 Unit
Y v [ BCro | enee | <i2sc

-55°C
1 ViR Minimum High-Leve! input Vout = 0.1VorVce - 01V : 2.0 1.5 1.5 - 18 V.
. © ' | Voltage Noutl = 20 pA 45 | 3.8 3.1 7| 3.8
v 6.0 42 |" a2 | 42
ViL | Maximum Low-Level input Vout = 0.1VorVce - 01V 2.0 0.5 0.5 0.5 v
i "l voltage ' loutl < 20 pA 45 | 135 135 | 135 .
‘ ' ' 6.0 1.8 1.8 1.8
VOH ;| Minimum High-Level Output Vin = Vi or Vi, 2.0 1.9 1.9 1.9 \
Voltage . foutl = 20 pA 45 | ' 44 44 44 |

6.0 5.9 5.9 5.9

Vin = VIH or Vi foutl 40mA | 45 | 398 3.84 37 '
floutl 5.2mA |-6.0 | 5.48 634 | 52 ;

VHL ¢ | Maximum Low-Level Output Vin = ViHor Vi 1 20 0.1 0.1 0.1 v
Voltage foutl € 20 nA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1

Vin=VHOrVIL  foul<40mA | 45 | 026 | 033 0.4
foul s6.2mA | 60 | 026 | 033 | 04

lin Maximum Input Leakage Current Vin = Vg or GND 60 { =0.1 *1.0 +1.0

35

Ice Maximum Quiescent Supply Vin = Vcc = GND 6.0 20 20 80-
Current {per Package) | lout = 0 pA




AC ELECTRICAL CHARACTERISTICS (C| = 50 pF, Input t; = tf = 6.0 ns)

MC54/74HC74A

Guaranteed Limit

i Vee
Symbol Parametet Unit
m V Ct | cgoec [ <i2sc
. ~56°C
fmax | Maximum Clock Frequency (50% Duty Cycle) 20 6.0 4.8 40 | MHz
‘(Figures 1 and 4) a5 30 24 20
6.0 35 28 24
tPLH. Maximum Propagation Delay, Clock to Q or G 20 100 125 150 ns
tPHL {Figures 1 and 4) 4.5 20 25 30 !
. 6.0 17 21 26
tPLH. Maximum Propagation Delay, Set or Reset to Q or O 2.0 105 130 160 ns
tPHL {Figures 2 and 4} 45 21 26 32
o 6.0 18 22 27
tTLH. Maximum Output Transition Time, Any Output 2.0 75 95 110 ns
tTHL {Figures 1 and 4) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cpp Power Dissipation Capacitance {Per Flip-Flop) Typical @ 25°C, Vg = 5.0V
Used to determine the no-foad dynamic power consumption:
Pp = Cpp Ve + lec Ve : 3 al
TIMING REQUIREMENTS (input t, = t; = 6.0 ns) '
Guaranteed Limit .
Symbo! Parameter Vee 25°C ¢, ' Unit
: V 1 2 | <85 | <125
tsu Minimum Setup Time, Data to Clock 2.0 80 100 120 ns
{Figure 3} 45 16 20 24
. . 6.0 14 17 20
" th, | Minimum Hold Time, Clock to Data 2.0 3.0 3.0 3.0 ns
(Figure 3) ' a5 3.0 3.0 3.0
6.0 3.0 3.0 3.0.
trec ‘' | Minimum Racovery Time, Set or Reset Inactive to Clock 2.0 8.0 8.0 8.0 ns -
L (Figure 2)* 45 8.0 8.0 8.0
g . 6.0 8.0 8.0 8.0
tw Minimum Pulse Width, Clock 2.0 60 7% 90 ns
“ {Figure 1) 45 12 15 18
. 6.0 10 13 15
tw Minimum Pulse Width, Set or Reset 2.0 60 7% 80 | ns
P {Figure 2), . 45 12 15 18
. S . 60| 10 13 15
l,,f tf 4 | Maximum Iriput Rise and Fall Times 2.0 1000 1000 1000 ns
{Figure 1) 4.5 6500 500 500 '
' 6.0 400 400 400




MC54/74HC74A

SWITCHING WAVEFORMS

— T —
vV
SETOR 0% «
RESET \—_/ — GND
—>] 1PHL T
GorRQ i 50%
—> PLH
QORT
ny m s
ot Yree
Figure 1.
Vee
CLocK : 50% .
—GND
Figure 2.
VALID
Vee TEST POINT
DATA 0%
QUTPUT
DEVICE
UNDER

G

TeST I

Figure 3. a
. *includes st probe and jig capacitance

Figure 4.

EXPANDED LOGIC DIAGRAM
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TECHNICAL DATA

Dual J-K Flip-Flop with Reset
High-Performance Silicon-Gate CMOS

The MCB4/74HC73 is identical in pinout to the LS73. The device inputs are com-
patible with standard CMOS outputs; with pullup resistors, they are compatible with
LSTTL outguts. '

Each Mlip-flop is negative-edge clocked and has an active-low asynchronous reset.

The MC54/74HC73 is identical in function to the HC107, but has 8 different
pinout. - '
® Output Drive Capability: 10 LSTTL Loads
® Outputs Directly Interface to CMOS, NMOS, and TTL
® Operating Voltage Range: 210 6 V
@ Low Input Current: 1 pA
High Noise Immunity Characteristic of CMOS Devices
In Compliance with the Requirements Defined by JEDEC Standard No. 7A
Chip Complexity: 92 FETs or 23 Equivalent Gates

'LOGIC DIAGRAM
14
J1 12 a
Clock 1—Lp>
13
b——a7
s K1— :
Reset i—z——Y
—=I
L9 o2
Clock 2—50>
g 8
oz
K2 —10_|
. !1030)!2#—-T
Pindm= Vee
Pin 11=GND

MC54/74HC73

ORDERING INFORMATION

MC74HCXXN Plastic
MCB4HCXXJ Ceramic

Ta = —85° io f25'C for all packages.
Dimensions in Chapter 6.

PiN ASSIGNMENT

)
Clock 1 1@ 148 0N
i Reset1(2 1341 O1
K13 12f1 Q1
Vec 4 11{] GND
Clock 2 {5 100 K2
Reset 2 {J6 290 Q2
217 8p 43
FUNCTION TABLE
_ inputs Qutputs
Resot Clock J K| @ @
L X x X[ t H
H O L L | No Change
H- ™~ L H| L H
H . H | u
H: ™. H H |’ Toggle
H L X X | No Change
H H X X | No Change
H /" X X | NoChange




MCb54/74HC73

MAXIMUM RATINGS*

Symbol Parameter Value Unit This davice contains protection
Vce | DC Supply Voltage (Referenced to GNDY ~0.51t0 +7.0 v clreuitry to guard against damage
due to high static voltages or electric
Vin. DC Input Voltage {Referenced to GND} ~1.5t Vec+ 1.5 v Tields. However, precautions must
Vout__| DC Outpyt Voitage {Referenced 1o GND) -0.5to Ve +0.5 \ be taken to avoid applications of any
lin OC Input Current, per Pin +20 mA voltage higher than maximum rated
o voltages to this high-impedance
'out | DC Qutput Current, per Pin +% mA circuit. For proper operation, Vi, and
lcc | OC Supply Current, Ve and GND Ping $50 mA Vout should bs constrained to, the
Pp | Power Dissipation in Still Air, Plastic or Ceramic DiPt 750 mwW range GND < (Vi or Vo) sVe.
TS‘.L Storage Temperature —65to + 150 °C Unused mpuls.mus‘l always ba tied
- - = to an approprité logic voitage level
i Lead Temperature, 1 mm from Case for 10 Seconds C {e.g., elther GND or V¢e). Unused
. (Plastic DIP) 260 outputs must be leflt open.
) . {Ceramic DIP) 300
*Maximum Ratings ara those values beyond which damage 10 the device may occur.
Functional operation should be i to the R ded Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C
For high frequency or heavy load considerations, ses Chapter 4.
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max Unit
Vce [ DC Supply Voltage (Referenced to GND) 20 6.0 v
Vin.Vout | DC input Voltage, Output Voltage (Referenced to GND} 0 Vee \
TA Operating T , All Package Types -55 +125 °C
t. 4 |Input Rise and Fall Time Veg=20V 0 1000 ns
- (Figure 1} Neg=45V (1] 500
[ Vee=6.0V 0 400
DC ELECTRICAL CHARACTERISTICS {Voltages Refarenced to GND) L.
' . 7 Guaranteed Limit * !
Symbol Parameter Test Conditions cc o .] Unit
v v 235:,'(‘:’ s85°C | s128°C
ViH Minimum High-Level Input Vout=0.1VorVec-0.1V 2.0 1.5 1.5 16 ¢ \4
Voltage Thout] 520 pA 4.5 3.15 315 | 315
’ 6.0 4.2 - 4.2 42
' ViL | Maximum Low-Level Input Vout=0.1Vor Vg ~0.1 v 290 0.3 0.3 0.3 v
, ) Voliage loutl $20 pA 4.5 0.9 0.9 0.9
6.0 1.2 1.2 1.2
VoH | Minimum High-Level Output Vin=V)y or V. 2.0 1.9 1.9 1.9 v
Voliage Pout! 20 pA 45 4.4 4.4 44
. ) 6.0 5.9 59 5.9 f
NVin=Vigg or v loutl s4.0mA| 45 3.98 3.84 3.9
lloul 5.2 mA| 6.0 5.48 5.34 6.20
VoL | Maximum Low-Level Qutput Vin = Vi or Vii_ 20 0.1 0.1 0.v v
Voltage llout]l 520 sA 4.5 0.1 0.1 0.1 ¢
4| 60 0.1 0.1 0.1
Vin=ViH or ViL loutls4.0mA| a5 0.26 033" | 0.40
llout] 5.2 mA| 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current |V}, = Voc or GND 6.0 +0.1 +1.0 +1.0 uA
icc Maximum Quiescent Supply Vin=Vce or GND 6.0 4 40 80 pA
Current {per Package) lout =0 pA

NOTE: Information on typical parametric values can be found in Chapter 4.




AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t; =ty =6 ns)

MC54/74HC73

Vee

Guaranteed Limit

1bol P t . Unit
Symbe arameter v 25°C to <85°C | szmc
. ) -85°C :
fmax | Maxi Clock Freq y (50% Duty Cycle) 20 6.0 48 4.0 MHz
. (Figures 1.and 4) 4.5 30 24 20
! 6.0 35 28 24 N
tpLH, |Maximum Propagation Dalay, Clock to Q or G 2.0 125 155 190 ns
tPHL {Figures'1 and 4} 4.5 25 31 38
’ 6.0 21 26 32
tpLH. | Maximum Propagation Delay, Reset to Q or a 2.0 155 195 235 ns
tPHL {Figures 2 and 4) 4.5 3 3% a7
) A 6.0 26 33 40
tYLH. | Maximum Output Transition Time, Any Qutput 2.0 75 95 10 ns
tTTHL {Figures 1 and 4) 45 15 18 22
6.0 13 16 19
Cin M Input Capacitance - 10 10 10 pF
NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 4.
2. Information on typical parametric values can be found in Chapter 4.
Cpep Power Dissipation Capacitance {Per Flip-Flop) Typical @ 25°C, Vec=5.0 V
Used to di ine the no-load dy ic power
Pp=Cpp Vecd+Icc Vee 35 pF
For load considerations, see Chapter 4. .
TIMING REQUIREMENTS (input t;=t;=8 ns) i
N Guaranteed Limit
Symbol Parameter Vee 25°C to Unit
v A <85°C | =125°C
-55°C
tau Minimum Setup Time, J or K to Clock 2.0 100 126 160 ns
{Figure 3) 45 20 25 0
6.0 17 21 26 N
th Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns
(Figure 3} 4.5 3 3 . 3.
6.0 3 3 3
troc | Minimum Recovery Time, Reset Inactive to Clock 20 100 125 150 ns
{Figure 2) ' 4.5 20 25 30
L 6.0 17 21 28 .
tw | Minimum Pulse Width, Clock 2.0 80 100 120 ns
" {Figure 1) ! 45 16 20 24
8.0 14 17 20 .
tw Minimum Pulse Width, Reset 2.0 80 100 120 , ns
{Figure 2) . ‘ 45 16 20 24
, 6.0 14 17 20
t, tt | Maximum Input Rise and Fall Times 2.0 1000 1000 1000, ns °
(Figure 1) 45 500 500 600
6.0 400 400 ' 400
NOTE: Inf

fon on typicsl ic values can ba found in Cha_p(ev 4,
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MC54/74HC73
SWITCHING WAVEFORMS
ft—tyy —{
— Vee
— v [__..._.___.....
ce Reset FSO% Y o . .
GND ) — GND
> tPHL .
Q, 50%,
_,,J PLH
a 5% | N
Y = v(—,‘lec
Figure 1. ¥ : . _ VCCt
, Clock 50% . o
GN
Figure 2. '
Valid——-——3»] A s Test Point

’ - . Vee Output .
JorK 50% )( Device
GND Under .
T Test =CL*
— — Ve
Clock

GND

o lnclu‘des all probe and jig capacilance.

Figure 4. Test Circuit

EXPANDED LOGIC DIAGRAM
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Des}'gne;’g Data Sheet
Power Field Effect Transistor

N-Channel Enhancement-Mode
Silicon Gate TMOS

These TMOS Power FETs ars designed for high voitage. high ,
soeed power switching aoplications such as switching regulators. TMDSI-

MTM 1 5N35
MTM15N40

4

., TMOS POWER FETs
15 AMPERES

DS{on) = 0.3 OHM

350 and 400 VOLTS

conwerters, solenoid ang retay drivers.

o Scon Gate for Fast Switching Soeeds — Switcning Times
Soecifiea at 100°C

® Designer's Data — Inss, VOS(ion) YGSith) and SOA Soecified
at Elevated Temperature

® Ruggea — SOA is Power Dissioation Limied

® Source-t0-Orain Diode Charactenzed for Use With Induciive Loaas

MAXIMUM RATINGS

MM : !
Rating Symbal = - Unit i
i ISN3S | 15N40
, Desin-Source Voltaga © Ypgs 380 i 200 - vdc
! Dran-Gate Voltage (Rgg = 1 MM} i /0GR 3%, w0 VYde. i
| Gate-Source Voltage — Continuous i Vgs =20 Povde .
! — Non-repetitive ity < SO pe) | Ygsm . =40 i Vpk i
g Demn Current — Continuous Y %o\/J/ - 15 , Ade |
— Pulsed I ‘oM i 70 { )
Texal Power Olssioation @ Tg = 25°C ' b)) | 50 l Waus
Derste above 25°C i k 2 , wWre
Coerating and Storage Temoerature Range VT, Tstg | -35 to 150 Nagf’C
THERMAL CHARACTERISTICS
Thermai Resistance — Junction (o Case i Rec as §oow
— Junction to Ambignt I ROJA o I
Maxmum Lead Temoerature for Soldering T 275 it Jc
Purposes. 1/8° from case for 5 seconds !

=
=)

CASE 197A-02
TO-204AE

esemnr v ctmm s aaes 4L o emaseas o

s

Designer’s Dsta for “Worst Case” Conditions — The Designers Data Sheet permits the casign of most circuits antirely from the informstion presented.
SOA Limil curves — reorasenting boundaries on devics charactansucs — sre grven to factitate “worst case” * design,
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ELECTRICAL CHARACTERISTICS (T « 25°C uniess atherwisa noted) -

! Chacgeteristic . | Symbol i Min Max l Unit j
OFF CHARACTERISTICS )
; Drain-Sourze Braskdown Voitage . . ! ViBRioSS | ' Vde
VGg = 0.1 = 0.25 mA) MTMISN3S | | 3’0 ' -
VTMISNGG ! 100 —
| Zero Gate Vottage Orain Current b 'pss mAdc
i iVDs = Aawea Vpgs, VGs = 0) ; ! - 0.2
| :Vpg = 0.8 Ratec Vpsgs. VGS = 0. Ty = 125°C) s —_ 1
! Gaw-Body wearage Current, forward (Vgge = 20 Vde. Vng = O ! 'gssf - 100 | nade
! Gate-8oov Leskage Current, Raverse (Vggp = 20 Vée. Vng = 0} i igssp | - 100 ! nAde
ON CHARACTERISTICS® T
{ Gate Thresnotd Voitage YGsin | Vde
!' iVDs = VGs. Ip = | mA} ] 2 H 45
i Ty=100C HRE 3
! Stauc Drain-S. On-R \V5s = 10 Vde, in = 7.5 Adc DBSiow i — 1 03 | Ohm
1 Dram-Source On-Voitage {(Vgs = 10V) Yostony .- Vde
Iy = 1S Adc) i Ny, O I
1p = 75Ade, T) = 100°C Y S
Forwara Transconouctance (Vog = 15V, Ip = 7.5 A) : 9FS | 5 - | mhos
DYNAMIC CHARACTERISTICS -
1 .
Inout Caacrtance i (VoS = 25 V. Vgg = 0, Css | =~ 3000 oF
Qutout Capacitance f = 1MHD) Coss | - i 300
Reverse Transfer Capacitance ALAE . Crsa | -~ 200 .
SWITCHING CHARACTERISTICS® (T) = 100°C) .
Tura-On Delav Time Wion) - ! 60 Tas
Rise Time Vpp = 25V.1p = 0.5 Rated Ip Y - i 130
— Rgen = 30 ohms)
Tum-Off Delav Time See l?iqum S, 13 and 14 tdfoff) — | 40
Fail Time_ ! % o=~ ' s
Tofai Gace Charge (VDS = 0.8 Ratea Vpss, Qq 10 (Typy | 160 nC
Gate-Sourcs Chergs Ip = Rate~'n, Vgg = 10 V) Ogs 50 (Typt | _
Gate-Dram Charge Sogurer? Qg | 60(Typ) | . —
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voftage (Ig = RatedIg Vsp 130vel | 16 | vde
Forward Turn-On Time vVGs = 0) ton Limited by stray inductanca
Reverse Recovery Time ter 1200 (Tvp) | —_ | ns
INTERNAL PACKAGE INDUCTANCE
Intarnai Orain Inductance o] 5 (Typ) -~ nH
{Measured from the contact screw ori the hesder closer
0 the source pin and the center of the dia)
Internsl S 1 L 12,5 (Typ) -
{Measured from the source pin, 0.25" from the package
* to the source bond pad}

*Suise Tert: Pulse Width & 300 us, Outy Cycle < 2%,
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Figure 7. Maxamum Rated Forward Bissed
Safe Operating Area

FORWARD BIASED SAFE OPERATING AREA

The FBSOA curves cefine the maximum drain-to-
source voltage and drain current that a device can safely
hanale wnen it is forwarg biasea, or when it is on, or
deing turned on. Sacause these curves include the limi-
‘ations of simuitaneous nigh voltage ana high current,
4D to the rating of the <evice, they are especially useful
to designers of linear svsiems. The curves are based on
3 case temoerature of 26°C and a maximum junction tem-
derature of 150°C, Limitanions for repetitive puises at vas-
‘ous case temoeratures can be determined by using the
thermal. response curves. Motorola Application Note,
ANSE9, “Transient Therrmal Resistance-General Data and
its Use” provides oetailes instrucuons.

SWITCHING SAFE OPERATING AREA

The switching safe operating area {SOA) of Figure B is
the boundary that the icad line may traverse without in-
curring damage to the MOSFET. The fundamenta! limits
are the peak current, iy and the breakdown voltage,
V(Bmoss. The switching SOA snown in Figure 8 is ap-
plicaole for both turn-on and turn-off of the devices for
switching times less than one microsecond.

Figure 8. Maximum Rated Switching
Sale Operating Area

The power averaged over a comolete switching cycle
must be less than:
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