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LADDING COMPENSATION
’I'héppachai Saeteng
. Prawit Doungdee
Sittipong Kerdmanee
Sulak Josannmsont

Asst.Prof. Chongrak Boonseng  Advisor
1996
ABSTRACT
The purpose of this thesis is to present Ladding Compensation used in
loadgroup of industrial factory. The motor will have low power factor in motors will
depend on load side and speeds of motor, Voltage and Current signal to Zero
Crossing Detector and pass signal through phase Comparator. The signal form phase
comparator will send to microprocessor for processing and controlling. Furthermore,

the data from the experient can respond power factor in many load.
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A-Wauany (T-flipflop)
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2.5 21935 5ns0ndeRmained
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25,1 199TUDUBUNDI AT 13 ATBATIANNADS (Noninverting Zero-Crossing Detector)
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2.5.3 23955 13ns0aFeRmninnsE ma0ss Fe (Zero-Crossing Detector with Hysteresis)
o I'd o o
gwu!mmm Iaﬁﬂ [jmﬂlﬂﬂ (Upper-Threshold Voltage)
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laeiinsdlaad12ading (Lower-Threshold Voltage)
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peak noise voltage) oz lufAA AN 1AYEUBIANARTOHFY (output crossing) Futush Vy
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Total current = \/(Active current ) + ( Reactive current )
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COS@ = Active power = kW
Apparent power kVA (33)
TAN @ = Reactive power = kVAR
' Active power . kW (34)
SIN @ = Reactive power = kVAR
Apparent power kVA (3.5)
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COS2 = Active power = kW
Apparent power kVA (3.3)
TAN @ = Reactive power = kVAR
' Active power kW (3.4)
SIN @ = Reactive power = kVAR
Apparent power kVA (3.35)
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2. STAVUSIAURAYY ( Voltage Improvement )
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. MAYYUBITZVUAAA ( Power System loss )
4. anmlWih ( Lower - purchased powercosts )
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HSIAUANTEHINEW ( Line to line voltage drop ) 1 1@91n

AV:\/_;I(Rcos@+xSin@) (3.13)
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I = fAJSIaTY ( souLls )
k4 a 4
R = ANUAUMUNNUAYY ( IG‘HH )
=1 4 ‘et (4
X = JUDNUAUFNNIAYY  ( IG‘HN )
4 o
%) = HN‘\IBQLWH’JS?LMﬂLﬂﬂi
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YSudgedmmnneiudmmes i 95 % vamussduandsutasndatsulsamnesivn
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1000 1000
= 972V

o o o 4
ﬂ@ﬂﬂillll‘ij lﬂ']l')ﬂjuﬂf!&flﬂi
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Av '\/; * 64.7 (0.424 * 150 * 0.95+ 0.284 * 150 * 0.312)

1000 1000

= 8.16
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%oPower loss = 100 ( Initial P.F.) %
Final P.F

% Loss Reduction = 100[1-(PF,) ] (3.15)

PE,
Loss Reduction = Loss at PE., [1-(PF) ] (3.16)
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lulnsneulnsniaes MCS-51

=3 1 1 1 °
Tulpsnounsames e lulasIiswaaesfismorduvesmisawileTonssn
Time\Counter 31553 13 IuFifonii¥oSonin Fufatlulnsaoulnsamed (Single Chip

. P -] v o =
Microcontrollers) FINUODN 1ﬂezunsumzﬂn 4.1

ALU 1 Timer/Counter I/0
Port
;\ccumulator .
Register (s) I/0
Port
Internal Interrupt
Internal ROM Circuit
RAM
Clock
Stack Pointer Circuit
Program Counter

s1)ii 4.1 uienlapzunsuves lulnsneuTnsamed

st TulnsaeuTnsamedazisznen e

- ALU

- usAfy@ABS (ACC)

- 53awes

- usumelu (Internal RAM)

- HUAANBUIABS (SP)

- SUIBUBAIOY (Internal ROM)

- Tdsunsuwanimes (pc)

- TeTewesa O Port)

- 20939UIRDI5UA (Interrupt Circuit)
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- 29935A80A (Clock Circuit)
- ‘lnfiwesienlaed (TimerCounter)
Je1lSsuifiousening Z-80 uaz 8051
780 dululasTmameesaun 8 fin Fwaalavustnleasn dwu 8051 i

a a o o sa' a aw a =S 9 1 o dy
FunarllulnsaeuInsames nndalasuSndumaidsunnaeaail

Z80 8051
pin Configurations
Total pins 40 40
Address pins 16 (fixed) 16
Data pins 8 (fixed) 8
Interrupt pins 2 (fixed) <2
I/O pins 0 32
Architecture
8-bit Registers 20 34
16-bit Registers 4. 2
Stack size 64K 128
Internal ROM 0 4K bytes
Internal RAM 0 128 bytes
External Memory 64K 128K bytes
Flags 6 4
Timers 0 2
Parallel port 0 4
Serial Port 0 1
Instruction Sets
(types/Variations)
External moves 4/14 2/6
Biock moves 2/4 0
Bit mainpulate 4/4 12/12
Jump on bit 0 ' 33
Stack 3/15 2R
Singie byte 203 49
Muiti-byte 490 62

AN 4.1 UAAIAIINLANATNISHIN Z80 Lag 8051
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e flalqan
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DAY 2.2 kW woutl Alated Aland
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wanaon urmned usyil
380 9.36 3.99 0.65 4.69 6.15
385 9.61 4.09 0.64 4.95 6.42
390 9.48 420 0.63 5.14 6.64
395 10.1 431 0.63 5.4 6.95
460 10.2 4.41 0.62 5.55 7.09
:‘ .4 L7 T ")
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oIS 5.5 kW | $1uau . ., ‘
. " L | maed \ nlaTian
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380 3 6.13 3.87 0.96 1.13 4.06
385 3 6.22 3.97 0.96 1.2 4.15
390 3 6.42 412 0.95 1.35 434
395 3 6.48 4.22 0.95 1.40 4.45
400 3 6.62 431 0.94 1.57 4.59

A @ @ 4 h L Qi
318N 6.7 m‘snﬂaNﬂsuuﬂﬂwmﬂmmnu HazlinSYAITIULER TUNRA

kY

usime Ay 1 i - . n ;
muns - nlaTaan
220 Taavi 28 wontl | wewd] fladnd flan$
1450 SR urnines uoutl
210 2.26 334 0.5 411 475
215 2.38 251 0.48 464 530
220 2.41 252 0.48 463 528
225 2.50 261 0.47 498 562
230 2.63 270 0.45 546 610
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START:

CLRSEG:

;FILE NAME Sulak.ASM

;PROJECT NAME Ladding Compensation
sHARD WARE Jazz-31 Board
;ASSEMBLER 8XA~51
;COMMUNICATION XTALK

Rk Rk kA kR KDORTH* bk kht ks

CONA1 EQU OFCOOH
CONB1 EQU OFCO1H
CONC1 EQU OFCO2H
CONP1 EQU OFCO3H
CONA2 EQU OFB00H
CONB2 EQU OFS801H
CONC2 EQU OF802H
CONP2 EQU OF803H

jhEkkEk k¥ Ak TNTERNAL RAM*t*kkkkdkh s

ORG 0032H

DISBUFF: DS 8 ;Display Buffer
ORG 0016H

NUMPUL : Ds 1 ;:Number of Pulse
PFSET: Ds 1 ;Power Factor Setting
PEFSET1: Ds 1 ;Stepping Power Factor
CRVALUE: DS 1 ;C/K Value Setting
TIME: Ds 1 ;Time Setting

TIMEL: DS 1 ;Rest Timel

TIME2: Ds 1 ;Rest Time2

TIME3: Ds 1 Rest Time3

KEEPR4: Ds 1 ;Rest R4

KEEPC: Ds 1 :Keep Status Capbank

JERRERAI*ERGYSTEM FLAGR*Akkdkhs

LEADLAG EQU OOH ;0=Lag 1l=Lead
OVERLESS EQU O01H :0=0Over l=Less
STATE EQU O02H ;0=Over l=Less

jREEKIEREASTART MATN PROGRAMM** %%k hkdk

ORG 8100H ;Starting Address
LJMP START
ORG 810BH ;Interrupt Vector Timer0

LJMP INTROU

;MAIN PROGRAMM

ORG 8140H ;Start Main Programm

Mov DPTR, #CONP1 ;Set Input/Output Port
MoV A, #99H

MOVX QDPTR,A

MOV DPTR, #CONP2 ;Set Display/Reypress Port
MOV A,#89H

MOVX @DPTR,A

MOV T™MOD, #22H ;Set Timero
SETB EA
SETB  ETO

MoV TLO, #00H
MOV THO, #00H
MoV TIMEL,#00H
MOV TIMEZ2, #00H
MoV TIME3, TIME

MOV REEPC, #00H iClear Status Step of Capbank

MOV RO, #08H iClear Display Buffer
MOV R1,#DISBUFF

MoV @R1,#00H

INC R1



BEGIN:

PRO:

SHOW1:

SHOW2:

COMTI1:

CONTI2:
CONTI3:

CONTIA:

DJINZ
MOV

MOV

MOV

CJNE

MoV

LoMp

Mov

MoV

CPL
INC
MoV

SUBB

SETB

CPL

INC

CLR
MOV

RO,CLRSEG
DPTR, #CONA1
A,@DPTR
DISBUFF+1,#00H
DISBUFF+7, #00H
R7,A

A,#3FH
NUMPUL, A

A,R7

A, #80H

A, #80H,LAG
LEADLAG
DISBUFF+3,#0D8H
PRO

LEADLAG
DISBUFF+3, #84KH
A,R7

A, #40H

A, #40H, PROG
RO, #NUMPUL
R1,#DISBUFF+4
COoMO

SHOWL

PROGRAM

DPTR, #CONB1
A,KEEPC
@DPTR, A
R5,#08H

R6, #00H

R7, #DISBUFF
SCANO

R5, SHOW2

A, NUMPUL
LEADLAG, CONTI1
A

A

R7,A

A,PFSET

c

A,R7

CONTI2
OVERLESS

A

A

CONTI3
OVERLESS
R1,CRVALUE
LEADLAG, CONTI4
OVERLESS

c

A,R1

OPTI
DISBUFF+2,#08E
OVERLESS, UP
STATE, CH1
TR1,DELAY3

cHl
DISBUFF+2,#01H
STATE, CH2

TRO, DELAY3
STATE

cE3

STATE

;Move Input from Input Port
;Clear Display Buffer+2

:Clear Display Buffer+7
;Separate Number of Pulse

;Separate Lead/Lag

;Lead
H-»

;Lag
;1.
;Separate Program

;/go to Setting the Value

;Check PF.

;PF.Set - Real Pulse

;Check C/K Value

;Real - difference Set



CH3:

QPTI:

DELAY3:
DELAYS:

DELAY4:

INTROU:

CONTI41:

DECRE40:

CONTI42:

CONTI4O0:

SCANO:

CLR TRO

MoV TIMEL, #00H
MOV TIME2 ,#00H
MOV TIME3, TIME

SETB TRO
LJMP DELAY3
CLR TRO

MOV R1,#34H

MOV DISBUFF+2,#40H
MOV R4,#6FH

MOV RS, #08H

MOV R6,#00H

MOV R7, #DISBUFF
CALL  SCANO

DJNZ RS5,DELAY4

DJNZ R4 ,DELAYS

LJMP BEGIN

; INTERRUPT ROUTINE

PUSH ACC
PUSH PSW
PUSH DPH
PUSH DPL

MOV KEEPR4,R4

MOV  R4,TIMEL

NG R4

MOV TIME1L, R4

CINE R4, #OFFH,CONTI40
MOV R4, TIME2

INC R4

MOV TIMEZ , R4

Mov TIME1, #00H

CJNE R4,#OEH,CONTILO
MoV TIME2 , #00H

DJNZ  TIME3,CONTI40
MOV TIME3, TIME

JNB STATE , DECRE40

‘Mov DPTR, #CONBL

MOV A,KEEPC
CJINE A, #3FH,CONTI41
LJMP  CONTI4O

RL A

INC A

Mov KEEPC, A

MOVX  @DPTR,A

LIMP  CONTI4O

MOV DPTR, #CONB1
MOV A,KEEPC

CJNE A, #00H,CONTI42
LIMP  CONTI40

DEC A

RR A

MoV KEEPC,A

MOVX  @DPTR,A

MOV R4 ,KEEPR4

POP DPIL
POP DPH
POP PSW
POP ACC
RETI

;SUBROUTINE DISPLAY THE VALUE
MoV DPIR, #CONB2

;Optimum

; (Middle)
;:Delay for Loop Cycle

;Interrupt Routine

;Increase Step of Capbank

;Decrease Step of Capbank

;8how Display



MOVX  A,GDPTR
ANL A, #0F8H

ORL A,R6

MOVX  @DPTR,A

MOV  A,R7

MOV  RO,A

MOV  A,RRO

MOV DPTR, #CONA2
MOVX  QDPTR,A

MOV RO, #05H

DELAY: MOV R1l,0CO0H ;Delay for Show Display
DINZ R1,$
DJINZ  RO,DELAY
MOV A, #00H ;Clear Display
MOVX @DPTR,A
INC R6
INC R7
RET

/SUBROUTINE COMPARE NUMBER OF PULSE TO COS ANGLE

COoMO : CJNE  RRO,#00H,COM1 ;Compare Number of Pulse
LJMP  UNITY ito Segment Code
CoM1: CJNE BRO,#01H,coM2 71 1.00
Lomp UNITY
coM2 : CJINE @RO, #02H, COM3 ;2 -
LJIMP UNITY
COM3; CJINE @RO,#03H, COM4 ;3
LJaMp UNITY
COM4 : CJNE @RO, #04H,COM5 :4
LJIMp UNITY
COMS: CJINE @RO, #05H, COM6 ;5 0.99
LJIJMP L399
COM6 : CJNE  @RO,#06H,COM7 ;6
‘ LIMP LS9
coM7: CJINE @RO, #07H,COMS :7
LJMP .99
COMS : CJNE  @RO,#08H,COM9 ;8
’ LJIMP LS9
COM9 : CJNE @RO, #09H, COM1.0 ;9
LJaMp L99
coM10: CINE @RO,#0AH,COMI11 ;10 0.98
LJaMp L98
CopM1i: CJNE @RO,#0BH,COM12 ;11
LaMp 198
coM12: CJINE 8RO, #0CH,COM13 ;12
LJIMP LS8
CcOoM13: CJINE @RO, #0DH, COM14 ;13 0.97
LaMP ‘L97
coMliqg: CJINE @RO,#0ER,COM1S ;14
LJMP L97
CoM15: CJINE @RO, #0FH,COM16 ;15 0.96
LIMP 196
coM1L6: CINE  @RO,#10H,COM17 ;16
LJMP LS6
coM17: CJNE Q@RO, #11H,COoM18 ;17 0.95
LoMP L95
coM18: CJINE 8RO, #12H,com 9 ;18
LJMP LS5
ceeflg: CJINE  QRO,#13H,COM20 ;19
LoMP 195
CQM20 ¢ CJINE €RO,#14E,COM21 ;20 0.94
LJaMP L94

co2] CJINE @RO, #15H, coM22 ;21



UNITY:

L99S:

Ls8:

L97:

L96:

L95:

L94:

coM22

coM23

coMz24

coM2s

coM26

coM27

comzs

.
.

.
.

"

INC

LaMp
MOV
INC

LIMP

INC
MOV
LoMp
MoV
INC

INC

194
R1,#DISBUFF+3
@R1,#86H

R1

€R1,#3FH

R1

@R1,#3FH

REST

@R1,#6FH

R1

@R1,#6FH

REST

@R1,#6FH

R1

@R1, #7FH

REST

@R1, #6FH

R1

@R1,#07H

REST

@R1,#6FH

R1

@R1,#7DH

REST

@R1,#6FH

R1

@R1,#6DH

REST

@R1,#6FH

Rl

8R1, #6680

REST
@RO,#16H,COM23
@R1, #6FH

Rl

@R1, #4FH

REST

@RO, #17H, CoM24
8R1,#6FH

R1

@R1, #5BH

REST

@RO, #18H, COM25
@R1,#6FRH

R1

@R1,#06H

REST

@RO, #19H, COM26
@R1,#6FH

R1

@R1,#3FH

REST

@RO, #1AH, COM27
@R1,#6FH

R1

GR1,#3FH

REST

@RO, #1BH, COM28
@R1,#7FH

R1

@R1, #6FH

REST

@RO, #1CH, CoM29

;0.99

:0.98

;0.97

:0.96

;0.95

;0.94

;22

;26

0.93

0.91

0.90

0.90



COM29:

COM30:

COM31:

CoM32 ;

COM33:

cOM34:

COM35:

COM36:

coM37:

coM38:

COM39:

COM40:

MOV
INC

LJMP
CJINE
MOV
INC

CJINE
MOV
INC

INC

INC

@RL,#7FH

R1

@R1,#7FH

REST

@RO, #1DH, COM30
@R1,#7FH

Rl

8R1,#7FH

REST

@RO, #1EH, COM31
@R1,#7FH

Rl

@R1,#07H

REST

@RO, #1FH,COM32
@R1,#7FH

R1

@R1,#7DH

REST

@RO, #20H, COM33
@RL1,#7FH

R1

@R1,#6DH

REST
@RO,#21H,COM34
@R1,#7FH

R1

@R1,#66H

REST

@RO, #22H, COM35
QR1,#7FH

R1

8R1,#4FH

REST

6RO, #23H,COM36
@R1, #7FH

R1

@R1, #5BH

REST

8RO, #24H,COM37
@GR1,#7FH

R1

@R1,#06H

REST
@RO,#25H,COoM38
@R1,#7FH

R1

@R1,#3FH

REST

8RO, #26H, COM39
@R1,#07H

R1

Q@R1,#6FH

REST

@RO, #27H, COM40
8R1,#07H

R1

@R1,#7FH

REST

@RO,#28H, CcOM41
@R1,#07H

R1

€R1,#07H

;29

;30

;31

;34

;38

37

;39

0.88

0.87

0.86

0.85

0.84

0.80

0.79

0.78



COM41:

coM4e2 :

COM43:

COM4E4:

CcoM4S:

COM46:

CoM47:

COoM48:

COM45:

COM50 ¢

coMS1 :

COM52 :

CoM53 :

LJMP
CJINE

INC
MOV

MOV
INC

REST
@RO, #29H, COM42
@R1,#07H

R1

@R1, #6DH

REST

@RO, #2AH, coM43
@R1,#07H

R1

@R1,#66H

REST

@RO, #2BH, cCOM4 4
@R1,#07H

R1

@R1, #4FH

REST

@RO, #2CH,COM45
@R1,#07H

R1

@R1,#5BH

REST

@RO,#2DH, COM46
@R1,#07H

R1

@R1, #06H

REST

@RO, #2EH, coMA7
@R1,#07H

Rl

@R1,#3FH

REST

@RO, #2FH,COM48
@R1,#7DH

R1

@RL,#7FH

REST

@RO, #30H, COM49
@RrR1, #7DH

R1

@R1,#07H

REST

8RO, #31H, COMS50
@R1,#7DH

RrR1

@R1,#6DH

REST

@RO, #32H, coM51
@R1,#7DH

R1

@R1,#66RH

REST

E€RrO, #33H, cCOM52
@R1, #7DH

R1

@R1, #4FH

REST

8RO, #34H, CoM53
@R1,#7DH

Rl

@R1,#5BH

REST

8RO, #35H,CoM54
@R1,#7DH

;41

;42

143

44

:45

;46

i 47

;48

;49

;50

;51

;53

0.75

0.74

0.73

0.70

0.68

0.67

0.64

0.62



INC R1
MOV @R1, #3FH

LIMP  REST
CcOMS4 : CJRE 8RO, #36H,COMSS ;54 0.59
Mov @R1,#6DH
INC R1
MOV 8R1,#6FH
LJMP  REST
COMS5 : CINE @RO,#37H,COMS6 ;55 0.58
MOV @R1, #6DH
INC R1
MoV 8R1,#7FH
LJMP  REST
COM56: CINE  @RO,#38H, COM57 ;56 0.56
MoV @R1,#6DH
INC R1

MOV @Rri, #7DH
LJMP  REST

COM57 CINE @RO,#39H,COMS8 ;57  0.55
MoV @R1, #6DH
INC R1
MOV @R1,#6DH
LJMP  REST
coM58 : CJNE  QRO,#3AH,COM59 ;58  0.53
MoV @R1,#6DH
INC R1
MOV @R1,#4FH
LJMP  REST
COM59: CJNE  @RO,#3BH,COM60 ;59  0.52
MOV QR1,#6DH
INC R1
MOV @R1,#5BH
LJMP  REST
comM60: MOV @R1, #6DH ;60  0.50
INC R1
MOV @R1,#3FH
REST: RET

;SUBROUTINE FOR KEY WAIT

DELO: MOV R1,#0FFH ;Delay for Reydown
DEL1: MOV RO, #00H

DJINZ RO, S

DJINZ R1,DEL1

RET

;SUBROUTINE PROGRAM SETTING
PROGRAM: MOV DPTR, #CONA1
7 SUBROUTINE AUTO/MANUAIL

MANUAL: MoV DPTR, #CONAL Move Input from Input Port
MOVX  A,@DPTR
MOV R7,A ;Separate Number of Pulse

ANL A, #3FH
MOV NUMPUL, A

MOV DISBUFF+1,#0F3H P,
MOV DISBUFF+7,#06H ;1
MOV A,R7
ANL A,#80H ;Separate Lead/Lag
CINE A,#80H,LAG10
MOV DISBUFF+3, #0D8H ;Lead /c.
LJIMP CONTI1O
LAG1O: MOV DISBUFF+3,#84H ;Lag /i.

CONTI10: MOV A,R7
ANL A,#40H



BAlO:

SHOW11l:

SHOW12:

SHOW13:

KEYDOWNL :
INCRE1l:
DECRE1ll:

ENTER11:

CH11l:

INCRE12:

INCRE13:

DECREl2:

DECRE13:

PFSETT:
CQO0:

COol:

co2:

CJINE
LJMP
MOV

Mov
MoV
MOV
MoV

CJINE

MOVX

CJINE

CLR

DJINZ
DJNZ
LJMp
SWAP
ORL

CJINE
LJIMP
CJIRE
LJIMP
CJINE
CLR

MOV

MOVX

CJINE

MOV

A, #40H,BA10
BEGIN

‘RO, #NUMPUL,
R1,#DISBUFF+4

COMO
R4, #6FH

RS, #08H

R6, #00H

R7, #DISBUFF
SCANO

R6,#07H, SHOW13

DPTR, #CONC2
A,@DPTR
A, #0FH

A, #0FH,KEYDOWN1
DISBUFF+2,#40H

TRO

RS, SHOW12
R4, SHOW11
MANUAL,

A

A,R6

A,#0B7H,DECRE11

INCRE12

A, #77H,ENTER11

DECRE12

A, #0D7H, SHOW13

TRO

DPTR, #CONC2
A,@DPTR

A, #0FH

A, #OFH,CH11
PFSETT

DISBUFF+2,#01H
STATE , INCRE13

TRO , SHOW13
TRO

TIMEL, #00H
TIME2,#00H
TIME3, TIME
STATE

TRO

SHOW13

DISBUFF+2, #08H
STATE ,DECRE13

TRO , SHOW13
TRO
TIMEL,#00H
TIMEZ, #00H
TIME3, TIME
STATE

TRO

SHOW13

:Value of Loop Time

;SUBROUTINE POWER FACTOR SETTING

MOV
CJNE
MOV
LaMp
CJINE
MOV
LIMp
CJINE

R2,PFSET1
R2,#00H,CO1
PFSET, #00H
PFL

R2,#01H,CO2
PFSET,#07H
PF1

R2,#02H,C03

;Compare PF. to Number of Pulse
:1.00

;0.99

;0.98



CO3:

Co4:

CO5:

co7:

co8:

cos:

Cc010:

COl11:

col12:

CcOl3:

COl4:

CO15:

COl6:

c017:

co18:

C0o19:

C020:

co21:

C022:

Cco23:

LJIMP
CJINE
MoV

MoV
LJMP
CJINE
MOV
LJIMP
CJINE

CJINE
MOV
LJMp
CJINE
MOV

CJINE

LJIMP
CJINE
MOV

LJaMP
CJINE
MOV

LIMP
CJINE

CJINE

LJaMp
CJINE

PFSET, #0BH
PF1
R2,#03H,C04
PFSET, #0DH
PF1

R2, #04H,CO5
PEFSET, #0FH
PF1
R2,#05H,C06
PFSET, #12H
PF1
R2,#06H,CO7
PFSET, #14H
PF1
R2,#07H,CO8
PFSET, #16H
PF1
R2,#08H,CO9
PFSET, #17H
PF1
R2,#09H,CO10
PFSET, #18H
PF1

R2, #0AH, CO11
PFSET, #1AH
PF1
R2,#0BH,C012
PFSET, #1BH
PF1
R2,#0CH,co13
PFSET, #1CH
PF1
R2,#0DH,CO14
PFSET, #1EH
PF1

R2,#0EH, CO15
PFSET, #1FH
PF1
R2,#0FH,CO16
PFSET, #20H
PF1
R2,#10H,C017
PFSET, #21H
PF1
R2,#11H,C018
PFSET, #22H
PF1
R2,#12H,CO19
PFSET, #23H
PF1
R2,#13H,C020
PFSET, #24K
PFL
R2,#14H,C021
PFSET, #258
PF1
R2,#15H,C022
PFSET, #26H
PF1
R2,#16H,C023
PFSET, #27H
PF1
R2,#17H,C024

;0.97

;0.96

;0.95

;0.93

;0.92

;0.91

;0.80

;:0.89

;0.88

;0.87

;0.86

:0.85

;0.84

;0.83

;0.82

;0.81

;0.80

;0.79

;0.78

:0.77



MoV PFSET, #28H

LJIMP PF1

co24: CJNE R2,#18H,C025 :0.76
Mov PFSET, #29H
LIMP PF1l

co025: CJNE R2,#19H,C026 ;0.75
MOV PFSET, #29H
LJIMP PF1

C026: CJNE R2,#1AH,C027 ;0.74
MOV PFSET, #2AH
LJIMP PF1l

co27: CJNE R2,#1BH,C028 ;0.73 .
MOV PFSET, #2BH
LIMP PF1

co28: CJNE R2,#1CH,C029 :0.72
MOV PFSET, #2CH
LIMP PF1

Co29: CJNE R2,#1DH,C030 5 ;0.71
MOV PFSET, #2DH
LJIMP PF1

CO30: CJNE R2,#1EH,PF1l ;0.70
MoV PFSET, #2EH

PF1l: MOV RO, #PFSET
MOV DISBUFF+2,#00H
MOV DISBUFF+7, #5BH 22
MoV R1,#DISBUFF+4
MOV DISBUFF+3,#84H £

CALL  COMO
SHOW21: MOV R4,#08H
MOV R6, #00H
MOV R7, #DISBUFF
MoV DPTR, #CONA1
MOVX  A,@DPTR
ANL A, #40H
CINE A, #40H,SHOW22
LJMP  BEGIN
SHOW22: CALL SCANO
MoV DPTR, #CONC2
MOVX  A,@DPRTR
ANL A, #0FH
CINE A,#OFH,KEYDOWN2
SHOW23: DJNZ R4,SHOW22
LIMP  SHOW21
KEYDOWN2: SWAP A
ORL A,R6
INCRE21: CJNE A,#77H,DECRE21
LJMP  INCRE22
DECRE21: CJNE A,#0B7H,ENTER21
LJMP  DECRE22
ENTER21: CJNE A,#OD7H,SHOW22
MOV DPTR, #CONC2 ;go to Time Setting

CH21: MOVX  A,@DPTR
ANL A, #OFH
CJNE A,#0FH,CH21
SEC
INCRE22: II;:;P :?PIE‘S;:TI ;Increase PF. to Bettter
CJNE A, #1EH,INCRE23
LoMP PFSETT
INCRE23: INC A
MOV PFSETL A
CALL DELO
LIMP PFSETT
DECRE22: MOV A,PFSETL ;Dacrease PF.



DECRE23:

TIMESEC:

TIMO:

TIM1:

TIM2:

TIM3:

TIMA:

TIMS:

TIME:

CJINE
LoMP
DEC
MOV
CALL
LJIMP

A, #00H,DECRE23
PFSETT

A

PFSET1,A

DELO

PFSETT

;SUBROUTINE TIMER SETTING

MoV
CLR
SUBB

A, TIME
(o}
A,#0AH
TIMO

A, TIME
COMPARE
A, TIME
c
A,#14H
TIML

A, TIME
A, #06H
COMPARE
A,TIME
Cc

A, #1EH
TIM2
A,TIME
A,#0CH
COMPARE
A, TIME
C

A, #28H
TIM3

A, TIME
A,#12H
COMPARE
A, TIME
c

A, #32H
TIM4

A, TIME
A,#18H
COMPARE
A, TIME
c
A,#3CH
TIMS

A, TIME
A,#1EH
COMPARE
A,TIME
c

A, #46H
TIM6
A,TIME
A,#24H
COMPARE
A, TIME
c

A, #50H
TIM7

A, TIME
A, #2aH
COMPARE

;1-9,0

;A~13,6

;14-1D,C

$1E-27,12

;28-31,18

;32-3B,1E

;3c-45,24

:46-4F,2a



TIM7: Mov A,TIME ;50-59,30
CLR c
SUBB A, #5aH
JNC TIM8
MOV A, TIME
ADD A,#30H
LJIMP COMPARE

TIMB: MOV A, TIME ;BA-63,36
CILR (o
SUBB A,#64H
JNC TIM9

MOV A, TIME
ADD A,#36H
LIMP  COMPARE

TIMI: MOV A, #99H
COMPARE: PUSH ACC ;Change to Segment Code
ANL A, #0FH ;Change Low

MoV RO,A

MOV DPTR, #SEGTABL
MOV A,DPL

CLR (o}

ADD A,RO

MOV DPL,A

MOV A,DPH

ADDC A, #OOH

MOV DPH,A

MOVX  A,@DPTR

MOV DISBUFF+4,A

POP ACC ;Change High
ANL A, #O0FOH
SWAP A

MOV RO,A

MOV DPTR, #SEGTAB1

MOV A,DPL

CLR c

ADD A,RO

MOV DPL,A

MOV A,DPH

ADDC A, #00H

MOV DPH,A

MOVX  A,@DPTR

MOV DISBUFF+3,A

MOV DISBUFF+5, #0EDH ;S§.=Seconds

MoV DISBUFF+7,#4FH ;3
SHOW31: MOV R4, #08H

MoV R6,#00H

MoV R7, #DISBUFF

MOV DPTR, #CONA1

MOVX  A,@DPTR

ANL A, #40H

CINE A, #40H, SEOW32

LIJMP  BEGIN
SHOW32: CALL SCANO

MOV DPTR, #CONC2

MOVX  A,@DPTR

ANL A, #OFH

CINE A, #O0FR,KEYDOWN3
SHOW33: DJNZ R4,SHOW32

LIMP  SHOW31
KEYDOWN3: SWAP A

ORL A,R6
INCRE31: CJNE A,#0B7H,DECRE31

LIMP  INGRE32



DECRE31:

ENTER31:

CH31l:

INCRE32:

INCRE33:

DECRE32:

DECRE33:

SEGTABI:

CJINE

INC

LJMP
MOV
CJINE
LJIMP
DEC

LJMp
DB
DB
DB

A,#77H,ENTER3L
DECRE32

A, #0D7H, SHOW32
DPTR, #CONC2
A,@DPTR

A, #0FH
A,#0FH,CH31
MANUAL

A,TIME
A,#63H,INCRE33
TIMESEC

A

TIME,A

DELO

TIMESEC

A,TIME
A,#01H,DECRE33
TIMESEC

A .

TIME,A

DELQ

TIMESEC

3FH,06H,5BH, 4FH
66H, 6DH, 7DH, 07H

7FH,6FH

;go to Manual

;Increase Time

;Decrease Time
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

a MCS-85™ Compatible 8255A-5 u Direct Bit Set/Resst Capability Easing

» 24 Programmable /O Pins Control Application Interface
a Reduces System Package Count

n Completely FlsCompatibls = Improved DC Driving Capabllity

a Fully Compatible with Intel® Micro-

u Avallable In EXPRESS
procgéate Famities —Standard Temperature Range
u improved Timing Characteristics —Extanded Temperature Range

The Intel® 8255A is a general purpose programmable /O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. in the first
mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each grcup may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) Is a bidirsctional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.
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Figure 1. 8255A Block Diagram Figure 2. Pin Configuration
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPI)
device designed for use in intel® microcomputer
systems. Its function is that of a general purpose 110
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the'8255A is programmed by the system software
so that normally no external logic is necessary to inter-
face peripneral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to interface
the 8255A to the system data bus. Data is transmitted or
racelved by the butfer upon execution of input or output
instructions by the CPU. Cantrol words and staius infor-
mation are also transferred through the data bus bufter.

(RD)
Read. A “low™ on this input pin enables the 8255A to
send the data or status information to the CPU on the

data bus. In essence, it allows the CPU to “read from"
the 8255A.

(WR)
Write. A “low" on this input pin enables the CPU to write
data or control words into the 8255A,

(Ag and Ay)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Agand A,).

8255A BASIC OPERATION

A1l Ag | RO | WR | &5 | INPUT OPERATION (READ)
Read/Write and Control Logic 0 o 0 L 0_| POAT A= DATA BUS
. . . \ 0 1 0 1 0 | PORT B = DATA BUS
The, function of this block is to manage all of the internal 1 ;) 0 ] 0 | PORT C~ DATA BUS
and external transfers of both Data and Control or Status QUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con- (WRITE)
trol busses and in turn, issues commands to both of the L 1 0 0 | DATA BUS = PORT A
s { 0 1 1 0 0 | DATA BUS ~ PORT B8
Contfol Goups t 1 0| 1 0 | 0 ! DATABUS=FORTC
1 1 1 0 0 DATA BUS ~ CONTROL
_1 DISABLE FUNCTION
(CS) X X x X } | DATA BUS~ 3-STATE .,
Chip Select. A “low™ on this input pin enables the com- ) 1 2 ! ILLEGAL CONDITION
muniction between the 8255A and the CPU., X1 X 1 1 0 | OATA BUS = 3-STATE
= - ' "
&R 2 Nonits K = KD,
AN e -
w
o
N =l K=
g b
- DWELTIONAL DATA SUS
0,0, >
smt
ilen > o
jo-ebd Ko ", ey
g
- t
CAG CACAw
] K—— » .
oA f):) o K o
}

- ¥

Figure 3. B255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Fupctions
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(RESET)

Reset. A “high” on this input clears the control register
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is program-
med by the systems software. In essencs, the CPU “out-
puts” a control word to the 8255A. The control word con-
tains information such as “mode”, “bit set”, "'bit reset",
etc., that initializes the functional configuration of the
B255A,

Each ot the Control biocks (Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“control words™ from the internal data bus and issues the
proper commands to its associated ports.

Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-C0}
The Control Word Register can Only be written into. No
Resd operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, 8, and C). All
can be configuted In a wide variety of functional charac.
teristics by the system software but each has its own
special features or “personality” to further enhance the
power and flexibility of the 8255A.

Port A. One 8-bit data output latch/butfer and one 8-bit
data input fatch.

Port B. One 8-bit data input/output latctvbutfer and one
8-bit data input buffer.

Port C. One 8-bit data output latchvbuffer and one 8-bit
data input buffer (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

2%7a ] S l]ras
raz(]2 »Jras
ear (]2 n[]es
ras(fo [ rar
F a U s nh
{ L e »n{neser
=) - *=gy npe
——. - T e K
I R 2 Y 7 mrme agls nf]e,
comtan, [S—— - 1= s (e 2o,
scr (e »o,
T e (1 B8A  nNyp,
] >Yall} nJoy
- A N a ) »{3o,
K = o < scal]e "Ew
@G Tty a8 = ra: - ~.v“
P L rcz2 e nlire
or-on ¢ ) f,__-—_——':,) seau 2] ree
e ) - e n{]re
T c:){ rome — Ya 3P e 7 res
- re2llnm n{Jema
}
I
- ., R4 PIN NAMES
) == e [ | <k o
N e ]’Q——J . K e 0y -0y OCATA SUS IM.DINECTIONAL)
"‘"—" ] RESET RESET Ut
(e — [ } 16; Owp SLECT
READ WeryT
wh WAITE T
AB, AY PFORT ADORESS
o f PAIPAY PORT A (BITY
187700 PFORT § (UTY
PCIPCH PORT C (M T
._Vs 5 VOLTS
OND 4 YOLTS

Figure 4. 8225A Biock Diagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION
Mode Selection

There are three basic modes of operation that can be select-
ed by the system software:

Mode 0 — Basic Input/Output
Mode 1 — Strobed Input/Output
Mode 2 - 8i-Directional Bus

When the reset input goes *high" all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). Atter the reset is removed the 8255A can
remain in the input mode with no additional initiatization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a single 8255A to service
a variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be "tailored” to almost any 1/0
structure. For instance; Group B can be programmed in
Mode 0 to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis.

{ ADDRESS 8US )
ANIS
{ CONTROL BUS 1
1 [ 11
C GATA BUS
1L 1L
0,-04 A'SA‘}'
82584 |
uooeo—:{ s — A ]
1k 1B
I
mopeE1 —] 8 -—c— AT
= 1] 3
T e Soame TN
mooE2 —L_2 —_— AT
ni:};o l| i ” w“l“‘m[ I 'glgomec‘nonn

Figure 5. Basic Mode Definitions
and Bus Interface

CONTROL WORD

B[00 |0 | D] D) 01 0

L1

GROUP 8

PORT C (LOWER)
1 = INPUT
0= OUTPUT

GROUP A

PORT C (UPPER)
1+ INPUT
0= oUTPUT

PORT A -
1= INPUT
0=QUTAUT

MODE SELECTION
00 = MODE 0
01 = MQDE 1t
1X = MODE 2

MOOE SET FLAG
1= ACTIVE

Figure 6. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical 1O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functionat flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum useé of the available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

231308-001




intel

8255A/8255A-5

CONTROL WOROD

Op | Og { Dy | D¢ [ Dy | Oy | Dy | Op

[ ‘ l BIT SET/RESET
L3 X x 1= SET
—_— 0= RESET
DONT
CARE
BIT SELECT
©lilz13le[51617]
ot1jol1io nioiy
o[1i1]0loi 118,

efolofo(1]1)111]s

BIT SET/RESET FLAG
0= ACTIVE

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE flip-
flop, using the bit set/reset function of port C.

This function allows the Programmer to disallow or allow a
specific 1/0 device to interrupt the CPU without affecting
any other device in the interrupt structure.

INTE flip-tlop definition:

{BIT-SET] — INTE is SET — Interrupt enable
ABIT-RESET) — INTE is RESET — Interrupt disable
Note: All Mask flip-flops are automatically reset during
mode selection and device Reset.

Operating Modes

Mode 0 Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.

® Any port can be input or output.
MODE 0 (Basic Input/Output). This functional configura- ® Outputs are latched.
tion provides simple input and output operations for ® ‘inputs are not fatched.
each of the three ports. No "“handshaking™ is required, ® 16 different Input/Output configurations are possible
data is simply written to or read from a specified port. in this Mode.
tan L
RO
N _7
}'—‘m——-‘ (o= titm —e
X K
. tan [ — 'Ra——=
l—~
CS. a1, 40 N r (
A A
°"°°”‘_—"""—_—_|‘< X y——-
: - b tor i
MODE 0 (Basic Input)
' ]

|

T X
o taw - fo— wa -
& a0 x ; x
outruT

MODE 0 (Basic Output)
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MODE 0 Port Definition
A 8 GROUP A GROUP 8
PORT C PORT C
D¢ [ D3| Oy | Dg | PORTA # R
M G e B {UPPER) PORTE | (Lower)
0 10|10 | o | outeut | outrur | o | OUTPUT | ouTPuT
0 10 10 |1 |OUTPuT | OUTPUT | 1 | OUTPUT | INPUT
o |0 |1 0 | OUTPUT | OuTPUT | 2 | INPUT OUTPUT
o | o | 1 1 | output | outPuT | 3 | INPUT INPUT
T 0 | o | ouTPuT | INPUT 4 [ ouTPuT | ouTPUT
0 | 1+ | o | 1t |ourpur | iNnFUT 5 | outruT | ineuUT
o |1 1 0 | OuTPuUT | INPUT 6 | INPUT OUTPUT
0 | 1 1 1 | outerut [ iNPUT 7 | INPUT INPUT
1t o] o | o | iNeUT OUTPUT | 8 | OUTPUT | OUTPUT
1 1o o] 1 | weur ouTPUT | 9 | OuTPUT | INPUT
ERE 0 | INPUT OUTPUT | 10 | INPUT ouTPUT
1T {0 |1 1 | INPUT OUTPUT | 11 | INPUT INPUT
1 1 [ o | o | INPUT INPUT 12 | OUTPUT | OUTPUT
1 1 0 | 1 | INPUT INPUT 13 | ouTPUT | INPUT
1 1 1 0 | INPUT INPUT 14 | INPUT OUTPUT
1 1 1 1 INPUT INPUT | 15 | INPUT INPUT
MODE 0 Configurations
CONTROL WORD =0 CONTROL WORD #2
0, Oy By, 0O, 0, D, D, DO, v O, O, Oy D, O, D, Dy D,
I‘ 0[’0]0]0[0‘[0[0_] [1Tﬂl°1ﬂ[°lol|];l
At raya, Al e,
285A 82384
L S
0,-0 c{ 0,0, c-[
e reyc, et ey,
ot ——ru,en, ) el S
CONTROL WORD »1 CONTROL WORD r3
O, Dy Oy O, Dy D, O D, O, Oy O O D; D, B, O,
i
L lelele ool T ] Llefelefelel [0]
P X N YW At pa o,
8255, 2554
SENNL EEprrey L N 1
00y c{ S0y c{
ey, bt rcyrey
of—r e, 8 fo—rtt rayrn,

231308-001
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CONTROL WORD s4
O, O, By D Dy DO, D, D

Jnnnnnnn

CONTROL WORD =8
o, D, Oy D, O; O, D, 0,

[T-LLLLLL]

A a L A, P4, A .—/L—— A, PA,
32854 82554
e ey, e
0,0y i ¢ «l: 0,0, c { \
e reyrc, e ey
o ray2n, st 1,0,
CONTROL WOROD #$ CONTAOL WORD 29

©, D, Oy O, D, D, O, D,

poooonnn

Oy Dy Oy O, 0, G 9, 0

Ldefel - Teleled ]

A .—_—/—'——.pg'.’h. A o——/.— PA,PA,
32554 82584
bl e e, SEL I ,0¢,
et ey, g NN
ot 1,0, ' ey,
CONTROL WORD =% CONTROL WORD 810

D, Og Oy D, O3 0, O; 'O,

CLLILL LI

O; DOy Dy Of Dy D Dy O

[LTT LTI

a ____’L!__. PA,2A, A -+ PA, LA,
22854 8255A
"_ﬂ‘L PGP, +‘ Py ¥C,
0,-0 =i c -|: 0,0, < {
[
A rcyrg, A ey,
t ol 1,00, 8 n,
CONTROL WORD #7 CONTROL WORD #11

D, O Oy D, Dy D, O, O,

[LTT-LLLT]

Al—ypt o [T

82884
4
po———rfm— rc,2¢,
0;-0y et < {

4

[t Py

ST B

O 0O & 9 0, D, D, D

(LTLLLL ]

Afo—rt — PA,PA,

82554
{+m«.
<

0,04 .
oG,

S
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CONTROL WORD #12
B, DO, Dy O, Oy O, D, D,

LlefeleledefeTe]

CONTROL WORD #14
% 0 o D0 0, 0, B, 0,

Llele[ [T ]

Af—rtt— PAy P, A -——/'—— AL P4,
82554 82355A
fematt—— b, 2c, ot ey
0,0, c { [ —— c {
e e, ey,
8 —-/—!—- 8,8, [ -—7'-'— re, e,
CONTROL WORD »13 CONTROL WORD #15

[TTTLLLL]

A n——/—'— PALPA,

8255A
4

‘{io—f—pc,.pc‘
(4

0;8,
‘

e e #C,y-PCy

B e,

S, Oy Dy O D, O, O, D,

(LT[ L]

A ——+'—-— PA,PA,

8255A

-———/‘—-'C-,-’C.
VS|

-—,L—pc,.pc'

8 f——r— re, 0,

Operating Modes$

MODE 1 (Strobed InputOutput). This functional con-
figuration provides a means for transferring /O data to
or from a specitied port in conjunction with strobes or
“handshaking" signais. In mode 1, port A and Port B use
the tines on port C to generate or accept these “hand-
shaking” signals.

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

® Each group contains one 8-bit data part and one 4-bit
control/data port.

® The 8-bit data port can be either input gr output.
8oth inputs and outputs are latched.

® The 4-bit port is used for control and status of the
8-bit data port.

231308-001



mte[ 8255A/8255A-5

Input Control Signal Definition

MOOE 1 (PORT A)
STB (Strobe Input). A “low” on this input loads data into
the input latch. CONTROL WORD Tt @
IBF (Input Buffer Full FIF) o e O ey | e |
A

[TLTXR] | L5 | e
A\AVAY I.[ -

A “high” on this output indicates that the data has been e — el e,
loaded into the input latch; in essence, an acknowledgement, . )« INPUT

IBF is set by STB input being low and is reset by the rising 8= ouTRUT
edge of the RD input.

#Cy = INTR,

AD —————aCy
INTR (Interrupt Request) o 2 o
7 7
A “high" on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by MOOE 1 (PORT B}
the STB is a “one”, IBF is a "on_i': and INTE is a “one”
It is reset by the falling edge of RD. This procedure allows e — D oy % @
an fiput device to request service from the CPU by simply 6, 0y Oy Dy 0y 0p Dy O m—n
strobing its data into the port. 1 INTE ¢
[+ XXX 1 X L ™
V1o 18f,
INTE A [
Controlled by bit set/reset of PC,. i T
KB ——t -
INTEB

Controlled by bit set/reset of PC.

Figure 8, MODE 1 Input

: , /
a5 ‘{l : ) AR—
-—x,..-.{
m:m—‘—'t }— “““““““ bbbt

Figure 9. MODE 1 (Strobed Input)

-
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Qutput Control Signal Definition

MOOE 1 (POAT A}
OBF (Output Butfer Full F/F). The OBF output will go . N
“low” to indicate that the CPU has written data out to the CONTROL woRD
specified port. The OBF F/F will be set by the rising edge % % 0 0, 0, 0, D, 0,

of the WR input and reset by ACK input being low. [t e [ To [ XX
ACK (Acknowledge Input). A.“low” on this inputinforms "c'.:m
the 8255A that the data from port A or port B has been 0= ouTPuT
accepted. in essence. a response from the penpheral
device indicating that it hds recieved the data output by

the CPU. R ey

Pous
INTR (Interrupt Request). A “high” on this output can be
used to interrupt the CPU when an output device has MOOE 1 (PORT B}
accepted data transmitted by the CPU. INTR is set when
ACK is a“one", OBF is a "one”, and INTE is a "one”. It is powd -, i) @

reset by the falling edge of WR. 55 By By 0, 0, 0, 0, o,

, : [ XXX o I
INTR (interrupt Request). A “high" on this output can be

used to interrupt the CPU when an output device has
accepted data transmitted by the CPU, INTR is set when
ACK is a "one”, OBF is a “one”, and INTE is a “one”. Itis
reset by the falling edge of WR,

WR ~———ee
INTE A
Controlied by bit set/reset of PCs.
INTE B
Controlled by bit sevresel of PC,. Figure 10. MODE 1 Output
L ’ o

Figure 11. Mode 1 (Strobed Output)
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Combinations of MODE 1

Port A and Port B can be individually defined as input or
output in"Mode 1 to support a wide variety of strobed 1/O
applications,

el

PCy fmm—e IBF,

CONTROL WORD
8, Dy Dy O, O; O, O, Oy e |—— inTR,
Lol o iX] :
LN oy farfee 110

)

1+ weur re, s, z>

WwR K p——e O6F,

#Cy o &CK,

- PORT A - (STROSED INPUT)
PORT 8 - [STROBED OUTIUT)

o
WR ———ci Cy fee GRF,
PCy fo— ACX,
CONTROL WORD
By Oy Oy 04 O, 0y O, Oy 1 [ INTR,
BONOTIED rooslot
XY naramad '}
ml.l
ey re e 1)
RO —==q} Syl 37,
<y — F,
Py [—— v,

PORT A - {STROBED OUTPUTY)
PORT 8 ~ {STROBED INFUT}

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus l/O). This functional
contiguration provides a means for communicating with
a peripheral device or structure on a singie 8-bit bus for
both transmitting and receiving data (bidirectional bus
1/0). “"Handshaking"” signals are provided to maintain
proper bus flow discipline in a similar manner to MODE
1. Interrupt generation and enable/disable functions are
also avaliable.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

¢ One 8-bit, bi-directional bus Port {Port A) and a 5-bit
control Port (Port C).

® Both inputs and outputs are latched.

® The 5-bit control port {Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bidirectionai Bus VO Control Signal Definition
INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output opera-
tions,

Output Operations

OBF (Output Butfer Full). The OBF output willgo “low™ to
indicate that the-:CPU has written data out to port A,

ACK (Acknowledge). A “tow"” on this input enables the
tri-State output buffer of port A to send out the data.
Otherwise, the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Fiip-Flop Associated with OBF). Con-
trolted by bit setireset of PCq.

Input Operations

STB (Strobe Input). A "low” on this input loads data into
the input latch.

I8F (Input Buffer Full F/F). A “high" on this output in-
dicates that data has been loaded into the input latch.

INTE 2 (The INTE Flip-Flop Associsted with 1BF), Con-
trolied by bit set/reset of PC,.

231306-001




Iﬂtel 8255A/8255A-5

By By O D, B, D; 0Oy D

[T XXXl

4 [N
e,
|-:vur m‘
6« OuUTPUT

== MORT S
1= INPUT
0= QuUTrUT

e T8,

[L L
e =\GROUP B MOOE b 9
0= MO0€E 0
1= MOOE 1 N
A —————eg [ -.—.,L.. 1)
Figure 13. MODE Control Word Figure 14. MODE 2
DATA FROM o\
CPU TO €2585A
WwR /
o——ta0s

1€ (7s \

DATA FROM DATA FROM'
PERIPHERAL TO 82554 £2S5A TO PERIPHERAL

DATA FROM
2258A TO 2050

Figure 15. MODE 2 (Bidirectional)

NOTE:  Any mquencs where WR occurs before ACK and STB occurs before RD is permissidle.
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MODE 2 AND MODE 0 {INPUT) MODE 2 AND MODE 0 (OUTPUT)
$C [ TR, <, [ e,
~ @, e, b &7,
CONTROL WORD e, X, CONTROL WORD G, fo———— %%,
Dy Oy Oy D, Oy Dy Dy D, Or O O Oy Dy D, D, 0
N 7
S %P7 I e, fo—n— 373, nnu%unnm <, f———e TV,
<0 - ] pmeamandl LN e G 1,
1« euT 1= INPUT
0~ ouTPUT s Qe ouTRUT s
N N
AB o KB ————qy
nm KT [T
R ————eq L]

MODE 2 AND MODE 1 (OUTPUT)

CONTROL wORD

% 04 0y 8, 0, B, O, D,

[ XXX T X

~ TR,

. A, PA, <I>

L S — 1
k)9 42 )
e ———— T,
oy f——

]

Cy f———e 307,

oy i,

Ry,

MODE 2 AND MODE 1 {INPUT}

CONTROL WORD

By Oy Oy 0, Dy D, O, By
LD IXIXXET X

'C,_.m‘

ra,ra, @

"y f—— i,
s e wF,

o,

o e,

Figure 16. MODE V4 Combinations
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Mode Definition Summary
MODE 0 MOOE 1 MODE 2
N out IN out GROUP A ONLY

PAg IN out IN out -~
PA4 IN out IN out -
PAg IN our IN our B
PA3 IN out IN ouTt <
PA4 ] ouT . IN our D
PAg IN out IN ouT B —
PAg IN out IN ouT -~
PA7 IN our IN out -~
P8y IN ouT IN our — 7]

~ P8y IN our IN out _
PEy N ouT N our —_—
P83 N out IN out — MODE 0
P, t cuT IN o e — OR MODE 1
P8g IN out N our — ONLY
PBg IN our IN our S—
P8y IN ouT IN our —
PCy IN ouT INTRg INTRg 1o
PCy IN out IBFg OBFg "o
PCy IN ouT §T8p ACKg 1o
PC3 IN our INTRA INTR 4 INTRA
PCy N out ST8a /o §TBa
PCy IN our “IBFA 1o 18F 5
PCq IN ouT 1 ACRa ACR A
PCy IN out 10 OBF 0BF 5

Special Mode Combination Considerations

There are several combinations of modes when not all of the
bits in Port C are used for control or status. The remaining
bits can be used as follows:

If Programmed as Inputs —
Al input lines can be accessed during a normal Port C
read.

I1f Programmed as Outputs —
Bits in C upper, (PC7-PC4) must be individually accessed
using the bit set/reset function,

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or accessed as a threesome by writing
into Port C.

Source Currant Capability on Port B and Port C

Any set of eight output buffers, selected randomly from
Ports B and C can source 1mA at 1.5 volits. This feature
allows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed- to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the peripheral device. Reading the contents.of Port C

allows the programmer to test or verify the “status’ of each
peripheral device and change the program flow accordingly.

There is no special instruction to read the status informa-
tion from Port C. A normmal read operation of Port C is
executed to perform this function.

INPUT CONFIGURATION
Oy O O Oy Oy 0, 0, 9O

v | vo | we, |wr,fuern,

]

GRO’(.P A GAOUP 8

OUTPUT CONFIGURATION
D, O O DO, Oy 0, O, D

[l = L=

v

GROUF A

s o

T
GROUF 3

Figure 17. MODE 1 Status Word Format

o, © O O D, D, 0O, D,

B AR G0N

L d )

GROUP A
[DEFINED BY MOOE 0 OA MODE 1 SELECTION)

Figure 18. MODE 2 Status Word Format
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INTERRUPT
APPLICATIONS OF THE 8255A REOUEST —]
The 8255A is a very powerful tool for -interfacing S oy Ay
peripheral equipment to the microcomputer system. it B | ™ Ry
represents the optimum use of available pins and is flex- PA, Ry Dsgto-bgb
ible enough to interface aimost any I/0 device without A "1 xeveoaro
the need for additional external logic, ::: :'
Each peripheral device in a microcomputer system m o rag s:«n
usually has a “service routine” associated with it. The ] A, CONTROL
routine manages the software interface between the
device and the CPU. The functional detinition of the ¢ STROBE
8255A is programmed by the IO service routine and | Fos acx
becomes an extension of the system software. By ex-
amining the /O devices interface characteristics for
both data transfer and timing, and matching this infor- e, a'
mation to the examples and tables in the detailed opera- r, 8
tional description, a control word can easily be devel- v, g, BURROUGHS
oped to initialize the 8255A to exactly "fit" the applica- re, 8, sﬁf;ﬁz"
tion. Figures 19 through 25 present a few examples of 8, 8,
typical applications of the 8255A. P8y e 8y
(3‘31":’;1- rB, SBACKSPAGE
s, CLEAR
rc, DATA READY
*c, ack
ey BLANKING
"_"":‘,"(‘g'_l e, LPc, CANCEL WORD
=TT INTERRUPT
':: REQUEST
2 . “PRINTER" Figure-20. Keyboard and Display Interface
'l. L——~ i
PAy ——t mm—
oonuh | .
Py = — MAMMER
2 ReLax, INTERRUPT
PCy =1 DATA READY |e—ed RECUEST
#Cq f—q Acx e
PCy =] PAPIN FEED o] " e n
4 26, |1 rorwano/mey ol * M
(L 7Y S [T a,
&< ] e ~ oLy
e, i —— ", A,
- - parlV @ .,
e —-={ OATA READY »
e, —ol o acx 5 Ay
MO0 1 S ] paren ree0 Ay bl
Radladl] : — f———et roRwWARO/MEY e rhy
re, -——J i RIBBON
[~——] CARRIAGE SEN, ©<, STROSE
#C, [———a! DATA READY "<y ACKNOWLEDGE
g ] Aex
— "~y sUSY LT
o, r, TEST LT
n::!nn.;y I COMTAOL LOGIC AND DRIVERS [T e -"." : : —
QUE! ", -
"' -——
mooee | 7% -
aeeum ”,
Figure 19, Printer Interface iy —~——
", Vi "
v =

Figure 21. Keyboard and Terminal Address
Interface
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[ *A (T
rn
Ay
ey
4 PA
uooto | A 7
1 PA. ‘:o“n
:v ConvirTen | ANALOG OUTRUT
(]
e,
<,
wata [ e, -
[, sTe cATA
e, ouTIUT I
bald .
SCTmEsT
<, 2AsePLE I
L -
re, .
= <o
", CONVERTEN  |o— anALOG wouT
woee _| My woa
ueeuns | e
ey
e,
re, o

INTERRULPT
REQUEST
< ey o,

PAy o‘
A3 oy
Ay oy FLOPPY OBX
A 04 prikioey
e Oy

1M00€ 2 — PA o,
rAy .8
., DATA ¢T3
ey ALX (ir)
.8 DATA ALADY

L7 Acx toUT
nea

”, TRACK 0 SEMSOR
<y SYNC READY
rc, WOEX
"y ENGATE HEAD
L) .
oy READ EMASLE

woeo | " WRITE ENABLE
n oiC SLECT
rog ERABLE CAC
iy Test
] RAYLT

Figure 22, Digital to Analog, Analog to Digital

Figure 23. Basic Floppy Disk Interface

TEARPT
RECUEST
-4
[ Tray "
", L CRT CONTROLLER
", a © CHARACTER GTR
A, ny © AEFRED SUEPER
, IS * CURION CONTAOL
Ay LY
MOOE 1 _| PAg warr
11 ra
<, OATA AEADY
", ox
”, BLANKED
<, =
oawa
Pc, Aow STR
”, COLUWS ST
~, CURSOR WV STS
e,
woeo | 78
1 Rec
hoe) ADORESS
”, Y2
”,
e,
re,

NTERRUPT
RECUEST _l
" ey "

ray "y
- Y S
Ay L TAZE
a, ,  ARADER
PAy LY

“OOE 1

fineum | PAy I
ra, a,
e, 1]
” e
Lo $T0PGO

L) MACHDOE TOOL

[ rrew

nmmc o0 rey LISNT SENSOR (WV)
r°c, OUT Of FLXD
e, CHANGE TOOL
e, LEFT/RIGNT
re,

Mmoot e | ray HOR, STEP STRORE

ouTIUT) | Pu, VERT. STEP STROSE
e, nIwsTY
e, LD ERASLE
re, sTOP

Figure 24, Basic CRT Controller interface

Figure 25. Machine Yool Controiler Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . ...... 0°C to 70°C
Storage Temperature . . ... ......... —65°C to +150°C
Voltage on Any Pin

With Respectto Ground. .. ...... L ..=0.5V10+7V
Power Dissipation-. ... .. N 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicdted in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (Ta=0Cto70°C,Vgg = +5V =10%, GND = 0V) *

Symbol Parameter Min. | Max. | Unit Test Conditions
Vie Input Low Voitage -0.5 | 0.8 \
ViH input High Voltage 20 | Vee \'
Vo.. (DB} | Output Low Voitage {Data Bus) 0.45°| V log = 2.5mA
Vo (PER}| Output Low Voltage (Peripheral Port) 0.45°1 V loL = 1.7mA
Vou(DB) { Output High Voltage {Data Bus) 24 Vv lon = ~400uA
Vo (PER)| Output High Voltage (Peripheral Port) | 2.4 v loy = ~200uA
loar!!l | Darlington Drive Current -10 | -40 | mA Rext = 75082; Vexr= 1.5V
lec Power Supply Current 120 | mA
e Input Load Current 10 | A Vin = Vee to OV
loFL Output Float Leakage $10 | mA VouTt = Vg to .45V
NOTE:
1. Available on any 8 pins from Port B and C.
CAPACITANCE (M =25C, Vee = GND = 0V)
Symbol . Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc = 1MHz
Cuo 1/0 Capacitance 20 pF Unmeasured pins returned to GND

A.C. CHARACTERISTICS (Ta=0°Cto70°C.V¢e = +5V =10%, GND = 0V)

Bus Parameters

READ
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max, Unit
AR Address Stable Before READ 0 0 ns
tRA Address Stable After READ 0 0 ns
tRRA READ Pulse Width 300 300 ns
tRD Data Valid From READII 250 200 ns
toF Data Float After READ 10 150 10 100 ns
tRv Time Between READs and/or WRITEs 850 850 ns
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A.C. CHARACTERISTICS (Continued)
WRITE

8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit

taw Address Stable Before WRITE 0 8] ns.
wa Address Stable After WRITE 20 20 ns
ww WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.E.) 100 100 ns
wo Data Valid After WRITE 30 30 as

OTHER TIMINGS

/ 8255A 8255A-5
Symbol | Parametar Min. Max. Min. Max. Unit

twa WR =1 to0 Outputl 'l 380 350 ns
iR Peripheral Data Before RD 0 ns
tHR Peripheral Data After RD 0 ns
taK ACK Pulse Width 300 300 ns
tsT ST8 Pulse Width 500 500 ns
tps Per. Darta Before T.E. of STB . 0 1] ns
teH Per. Data After T.E, of STB 180 180 ns
tAD ACK = 0 to Qutput!1! 300 300 ns
tko ACK = 1 1o Output Float 20 250 20 250 ns
wos WR = 110 OBF = 0l1] 650 650 ns
tA08 ACK =010 O8F = 1}l 350 350 ns
ts18 STB=0to IBF = i1l 300 300 ns
thig RD =110 IBF =l 300 300 ns
taIT RD = Q1o INTR = i} 400 400 ns
tsiT STB =110 INTR = 1l 300 300 ns
tar ACK = 1 to INTR = 11l 350 350 ns
twit WR =010 INTR = 0131 450 450 ns

NOTES:

1. Test Conditions: C_ = 150 pf

2. Perlod of Reset pulse must be at least SO0us during or after powaer on. Subsequent Resat pulse can be 500 ns min.

3. INTR? may occur as earty as WHY.

* For Extended Temperature EXPRESS, use MB255A electrical parametesrs.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUTIOUTRUT
DEVICE
UNDER ~O Veer
TEST o :\‘:}:\'

20 20
> restsouers < C « 1500F
os .8

AC TESTING WPYTS AAE DAIWVEN AT 24V FOR ALOGIC 1 AND O 45V FOR
ALCGIC 3 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 38V FOR A LCGIC 2

el

*Vegr 1§ SET AT VARIOUS VOLTAGES DURING TESTING TOGUARANTEE THE
SPECIFICATION €, INCLUDES JIG CAPACITANC:
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8255A/8255A.5
WAVEFORMS
MODE 0 (BASIC INPUT)
tan [
) NL :
o=t o]

iR ——et
INPUT

g ———
3 At a0 4

=

MODE 0 (BASIC OUTPUT)

[
‘e

/
\ F‘ 7 Hvo—-'{
X X
G5 a1, 40 ‘X‘ AL
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WAVEFORMS (Contlnued)

MODE 1 (STROBED INPUT)

MODE 1 (STROBED OUTPUT)

" \ ,
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

ittt T
! —tuo ]
~/ 7
1

AN

DATA FROM

PERIPHERAL TO 6256

/, ey \—\\‘4
- N Y~
/4 \_i_I_/
N .
(Bl £ Al e VR | SR
" 3 / '

DATA FROM
25§ TO PERIPHERAL

DATA FROM
6258 TO 080

NOTE:  Any smquence where WR occurs before ACK and STB oceurs before RD is permissible.

(INTR = 18F + MASK « ST8 » RO + OBF - MASK + ACK » WR )

WRITE TIMING

N

X

I ——

e —

OATA BB }

X

-

§

o= —ta— g.o-a-l

" [

ot

READ TIMING

Aere “—T X

tan —.: — e—lgy

o 15: "‘ ‘nn“:?;_

cc*jlgore =iipge——

OATA 8US:-“%,27.% iGH IMPEDANCE I/A VALID iHIGH WPEDANCE
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80C31/80C51

CMOS SINGLE-CHIP
8 BIT MICROCONTROLLER

s 80C31/80C51:0TO 12MHz
80C31/80C51-1:0TO 16 MHz
80C31-5/80C51-8 : 0 TO 20 MHz

80C31/80CS1-L: 0 TOE MHZWITH27 V< Ve <6V
80CS51F : 80C51 WITH PROTECTED ROM

FEATURES
« POWER CONTROL MODES + BOOLEAN PROCESSOR
» 128 x 8 BIT RAM s S5 INTERRUPT SOURCES
« 4 K BYTES OF ROM (80C51) « PROGRAMMABLE SERIAL PORT
s 32 PROGRAMMABLE V'O LINES » 64 K DATA MEMORY SPACE
= TWO 16 BIT TIMER/COUNTER » TEMPERATURE RANGE : COMMERCIAL,
« 64 K PROGRAM MEMORY SPACE INDUSTRIAL, AUTOMOTIVE AND MILITARY
« FULLY STATIC DESIGN

INTRODUCTION

MHS's 80C31 and 80C51 are high performance CMOS -

versions of the 8031/8051 NMOS single chip 8 bit uC
and are manufactured using a self-aligned silicon gate
CMOS process (SAJ! V).

The fully static design of the MHS 80C31/80C51 allows
to reduce system power consumption by bringing the
clock frequency down to any value, even DC, without
loss of data.

The 80CS1 retains il the features of the 8051 : 4 K
bytes of ROM ; 128 bytes of RAM ; 32V/Q lines ;two 16
bit timers® a 3-source, 2-level interrupt structure ; a full

duplex seral port ; and on-chip oscillator and clock
circuits.

in addition, the 80CS51 has two software-
selectable modes of reduced aétivity for further
reduction in power consumption. n the Idie Mode the
CPU s 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 otner
functions are inoperative.

The 80C31 is identical to the 80C51 except that it has
no on-chip ROM.
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PIN CONFIGURATION
- i
- INDEX
P1.0 1 4 pgvee CORNER
P11 2 39 QP00
P12 3 338 DPOY
Pag + 37 DPO2
Pradd s 35 D PO3
P15 6 35 P04
psd 7 32 B POs
P17 8 33 P06
asTd 9 - a2 bro7
PA.ORXD ] 10 i 31 hEA % 3
Pam@ g 1 S 0 bas )iz 80C31/80C51 Z( ~e
Pa2NTO G 12 3 23 PrRSEN 7 S as
PRLUINTI O] 13 a3 28 [JP27 Lo N
pasTod 14 =] 27 O P26 P32 )ik R( PSEN
PasTI O 15 26 BP2s P33 318 5C P27
PAEMWR O 16 25 P24
P d 17 2¢ pr2a PO S 200 P2g
xa2 ] 18 2 pPez Pas it 29( P25
xTaLt g 19 22 pP21 3
vss 4 20 21 QP20 p
VW~ N = o a m N e
gL gadyy
S~
DiL LCC
P14 P13Py2 Py Pis NCVee Poo Pos Poz Poa
IA00nnnanan
44 43 42 41 40 39 35 37 36 35 A
Ps—1 @ 3B 3 Py
Pig ] 2 2 [ P
Pyt 3 33 Pos
RST — ¢ 30 £ Por
Py B3 5 80C31/80C51 e: g EA
NC ] 6 28 NC
Pan 7 7 AlE
Pp ] 8 % esen
Py 9 25— Py
Py =1 10 240 Py
Pas 3 1 23 [ Py
12 13 14 15 16 17 18 13 00 21 22

INERREREEE

Py P:n‘{y $ Vss NC P2y P21 P2 Pza Pou
&8

Flat Pack

Olagrams are for referenca orly. Packajs sizes ars not to scale.

Figure 1,



PIN DESCRIPTION
Vss
Circuit ground potential

Vee

Supply voltage during nommnal, Idle, and Power Down
operation.

Port 0

Port 0is an 8 bit open drain bi-directional VO pert. Port 0
pins that have 1's written to them float, and in that 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 intemal
pullups when emitting 1's. Port 0 also outputs the code
bytes during program verification in the 80C51. Extemnal
pullups are required during program verification. Port 0
can sink eight LS TTL inputs.

Port 1

Port 1 is an 8 bit bi-directional /O part with internal
pullups. Port 1 pins that have 1's wiitten to them are
pulted high by the intemal pullups, and in that state can
be used as inputs. As inputs, Port 1 pins that are

extemally being pulled low will source current (IlL, on .

the data sheet) because of the intemal pullups.

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

Port2

Port 2 is an 8 bit bi-directional /O port with intemal
pullups. Port 2 pins that have 1's written to them are
pulled high by the intemal pullups, and in that state can
be used as inputs. As inputs, Port 2 pins that are
extemnally being pulled low will source current (lIL, on
the data sheet) because of the intemal pullups. Port 2
emits the high-order address byte during fetches from
extemal Program Memory and during accesses to
extemnal Data Memory that use 16-bit addresses (MOVX
@DPTR). In this application, it uses strong intemal pullups
when emitting 1's. During accesses to external Data
Memoary that use 8 bit addresses (MOVX @Ri), Port 2
emits the contents of the P2 Special Function Register.
It also receives the high-order address bits and control
signals during program verification in the 80C51. Port 2
can sink/source three LS TTL inputs. It can drive CMOS
inputs without extemal pullups.

Port3

Port 3 is an 8 bit bi-directional O port with intemal
pullups. Port'3 pins that have 1's written to them are
pulled high by the intemal pullups, and in that state can
be used as inputs. As inputs, Port 3 pins that are
extemally being pulled low will source current (IiL, on
the data sheet) because of the pullups. It alsoserves the

80C31/80C51

function of various special features of the MHS 51
Family, as listed below.

Port Pin Alternate Function

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P32  INTO (extemal interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO (Timer 0 extemal input)

P35  Ti (Timer 1 external input)

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

Port 3 can sink/source thrge LS TTL inputs. It can drive
CMOS inputs without extemal pullups.

RST

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

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 aconstant
rate of 1/6 the osdillator frequency except during an
extemal data memory access at which time on ALE
pulse is skipped. ALE can sink/source 8 LS TTL inputs.
It can drive CMOS inputs without an extemal pullup.

PSEN

Program Store Enable output is the read strobe 10
extemal Program Memory. PSEN is activated twice
each machine cycle during fetches from extemal
Program Memory. (However, when executing out of
extemal Program Memory, two activations of PSEN are
skipped during each accsss to external Data Memory).
PSEN is not activated during feiches from intemal
Program Memory. PSEN can sink/source 8 LS 7L inputs.
it can drive CMOS inputs without an extemal pullup.

EA

When EA is held high, the CPU executed out of intemal
Program Memory (unless the Program Counter
exceeds OFFFH). When EA is held fow, the CPU

executes only out of extemnal Program Memory. EA
must not be floated.

XTAL1

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

XTAL2

Output of the inverting amplifier that forms the oscillator,
and inputto the intemal clock generator. This pin should
be floated when an extemal oscillator is used.
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FUNCTIONAL DESCRIPTION

BLOCK DIAGRAM

POQ-POTY

P20-P27

1ER

INS THRUCTION

AEQ!!

Figure 2.

IDLE AND POWER DOWN OPERATION

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

O

- AL .
TIMER BLOCXS

3l

oL

Figure 3 : Idle and Power Down Hardware.

PCON : Power Control Register
(MSB) (Ls8)
fsmMop| - | - | - |GrF1[GFo[ PD [ IDL |

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 idle mode bit. Setting this bit ac-
tivates idle mode operation.




These special modes are activated by software via the
Special Function Register, its hardware address is 87H.
PCON is not bit addressable.

If 1's are written to PD and IDL at the same time. PD
‘takes precedence. The reset value of PCON is
(0X3XX0000).

IDLE MODE

The instruction that sets PCON.0 is the last instruction
executed before the Idle mode is activated. Once in the
idie mode the CPU status is preserved in its entirety :
the Stack Pointer, Program Counter, Program Status
Word, Accumulator, RAM, and all other register
maintain their data during Idle. Table 1 describes the
status of the extemal pins during ldle mode.

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.0O
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 foliowing the
instruction that wrote 1 to PCON.0.

The flag bits GF0 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.Q 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 flag bits.

The second way of terminating the Idle 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
prior to 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
power down 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.
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Table 1 describes the status of the extemal pins while
in the power down mode. it should be noted that if the
power down mode is activated while in extemal
program memory, the port data that is held in the
Spedial Function Register P2 is restored to Port 2. if the
data is a 1, the port pin is held high during the power
down moda by the strong pullup, T1, shown in Figure 4.

¥ wC ¥

Figure 4 : VO Buffers in the 80C51 (Ports 1, 2, 3).

STOP CLOCK MODE

Due to 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.

/O PORTS

The VO port drive of the 80CS51 is similar to the 8051.
The VO 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 nFET is tumed on. When the port latch
makes a 0-to-1 transition, the nFET tumns off. The strong
pullup pFET, T1, tums on for two oscillator periods,
puliing the output high very rapidly. As the output line is
drawn high, pFET T3 tums on through the inverter to
supply the lor source cumrent. 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
extemal program of data memory, any address bit that
contains a 1 will have his strong pullup tumed on for the
entire duration of the extemal memory access.

MODE PROGRAM MEMORY ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Port Data | PortData | Port Data | Port Data
Idle Extemal 1 1 Floating | PortData | Address | Port Data

e Internal 0 0 Port Data | PortData | PortData | Port Data

Power i

Down Extemnal 0 0 , Floating | PortData | Port Data | Port Data

Table 1 : Status of the external oins during ldle and Power Down modes.

B



When an VO pin on Ports 1, 2 or 3is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-0 transition. The
maximum sink current is specified as [TL underthe D.C.
Specifications. When the input goes below
approximately 2 V, T3 tums off to save ICC curment.
Note, when retuming toa logical 1, T2 is the only intemnal
sullup that is on. This will result in a slow rise time if the
user's circuit does not force the input line high. |

OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output
espectively, of an inverting amplifier which is
sonfigured for use as an on-chip oscillator, as shown in
‘igure 5. Either a quarntz crystal or ceramic resonator
Tay be used. Todrive the devica from an extemal clock
source, XTAL1 should be driven while XTAL2 is left
Anconnected as shown in figure 6. There are no
-equirements on the duty cycle of the extemal clock
signal, since the input to the intemal clocking circuitry is
‘hrough a divide-by-two flip-flop, but minimum and
maximum high and low times specified on the Data
Sheet must be observed.

LT — &0
I—II DI _ IXTAL1 : 19
1

VSS: 20

“iqure 5 : Crystal Oscillator.

NC ——XTAL2: 18
EXTERNAL
OSCILLATOR XTAL1:19
SIGNAL

VS8S:20
_[_ E—

“igure 6 : External Drive Configuration.

;0C51 WITH PROTECTED ROM

AHS provides a new member in the 80C51 Family

-amed "80CS1F" which permits full protection of the

rternal ROM contents.

Vith a non protected 80C51, itis very easy to read out

e contents of the intemal 4 K bytes of ROM.

“hree methods exist, two of them are spedial test modes

“nd the last one is by means of MOVC instructions.
Testmode *VER" : Using this special testmode, the
intemal ROM contents are autput on port PO ; the
address being applied on ports P2 (AD15...AD8) and
P1 (AD7...ADQ).

80C31/80CS51

* Testmode "TMB" : With this second test mode, the
contents of the 80C51 intemal bus is presented on
port P1 during the PH2 clock phases.

* Using MOVC instructions : If EA =0, and following
a reset, the 80C51 fetches its instructions from
external program memory. It is then possible to write
a small program whose purpose is to dump the
intemal ROM contents by means of MOVC A, @A +
DPTR and MOVC A, @A + PC instructions. A

"80C51F with program protection features

This version adds ROM protection features in some

strategic points of the 80C51F in order to efiminate the

possibility of reading the ROM contents (once the protection

has been programmed) by one if the three forementioned

methods (VER and TMB test modes, or MOVC

instructions).

Nevertheless the customer must note the following :

— Oncs the protection has been programmed, the 80C51F
program always starts at address 0 in the imtemnal ROM.

~ The application program must be self contained inthe
internal 4 K of ROM, otherwise it would be possible
to trap the program counter address in the external
PROM/EPROM (beyond 4 K) and then to dump the
intemal ROM contents by means of a patch using
MOVC-instructions.

Thus, if.an extra EPROM is necessary, it is advised to
ensure that it will contain only constants or tables.

Test of the on-chip program memory .

¢ Before protection is activated : The 80C51F can
betested as any normal 80C51 (using test equipment
or any other methods).

* After pretection is activated : it is then no longer
possible to dump the internal ROM contents.

How to program the protection mechanism
* To bum correctly the fuse a specific cenfiguration of
inputs must be settled as below :
~RST=ALE=1
-P2.7=1
Furthenmore PSEN signal must be ted at+9 V+5 %
level voltage and a pulse must be applied on P2.6 input
Port. The timing on P2.6 is shown below :

P25 4

5V H

> «50ms

Time Rise and Fall Rise < 100 ps.

* The electrical schematic shows a typical application
to deliver P2.6 signal.
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Ambiant Temperature Under Bias : .
C = commercial .......ccocsememracraseseasesnens 0'Cto70°C
| =industrial ......... ..—40°Cto +85'C
Storage Temperature.... -65Cto+150°C
Voitage on Vee 10 VSSumiraenmaninsieens -05Vio+7V
Voltage on Any-Pin to Vss........ -05VioVec+ 0.5V
Power Dissipation 1w

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

DC CHARACTERISTICS

* Notice

Stresses at or above those listed under * Absolute
Maximum Rafings® may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions may affect device reliability.

Ta=010+70'C; Vec=5V£20%;Vss=0V;F=0to 16 MHz.
Vee=5V+10%;Vss=0V;F=161{020 MHz
Ta=—-401t085C;Vec=5V+10%;Vss=0V ;F=0to 16 MHz

SYMBOL! PARAMETER MIN | MAX UNIT i TEST CONDITIONS
VIL ! input Low Voltage -05V | 0.2VCC vl
-0.1
ViH Input High Voltage 0.2VCC [VCC +0.5 v
(Except XTAL and RST) +0.9
VIH1 | Input High Voltage 0.7 VCC |VCC +0.5 v
(RST and XTAL1)
VOL | Output Low Voltage 0.3 v 1I0L = 100 pA
(Ports 1, 2, and 3) 0.45 v |OL = 1.6 mA (note 3)
1.0 Vv IOL=3.5mA
VOL1 | Output Low Voltage 0.3 V] 10L=200pA
< | (Port 0, ALE, PSEN) 0.45 V. i IOL=3.2mA (note 3)
1.0 V. {IOL=70mA
VOH | Output High Volage Ports 1,2, 3 Vec-0.3: V  {IOH=-10pA
Vec= 0.7 V | IOH=-30pA
Vee—- 1.5 \% ilOH:—GOp.A
9 "VCC=5V+10%
VOH1 | Output High Voltage Vec-0.31. \'A 10H = - 200 pA
(Port 0, ALE, PSEN) Vee - 0.7 v JOH =~3.2 mA
: Vec-1,5 \' IOH=-7.0mA
VCC=5V+10%
| Logical 0 Input Current (Ports.1, 2, 3) C |-50 pA Vin=0.45V
{ |-60
ILi Input Leakage Current (Port 0, EA) +10 pA 0.45 < Vin < VCC
ITL Logical 1 to 0 Transition Current - 650 pA Vin=20V
(Ports 1, 2, 3)
IPO Power Down Current 50 pA VCC=20Vto6V
{note 2)
RRST | RST Pulidown Resistor 50 150 kQ
ClO Capacitance of /O Buffer 10 pF fe=1MHz, TA=25°C
ICC | Power Supply Cumrent (notes 1,2)
Active Mode 12 MHz 20 mA
16 MHz 26 mA
20 MHz 32 mA
Idle Mode 12 MHz 5 mA
16 MHz 6 mA
20 MHz 8 mA




ABSOLUTE MAXIMUM RATINGS®
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* Notice

Ambiant Temperature Under Bias : Stresses above those listed under * Absolute Maximum
A= Automotive ..........ccceverueeenens —40°Cto +125°C Ratings*® may cause permanent damage to the device.
Storage Temperature..........cveeevene -85'Cto+150°C This is a stress rating only and functional operation of
Voltage on Any Pinto Vss ...... -05VoVCC+05V the davice at these or any other conditions above those
Voltage on Vec 1o VEs aneveccrenensenenens -05Vio65V indicated in the operational sections ofthis specification
Power Dissipation 1w is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.
DC CHARACTERISTICS
Ta=-40°10125°C;Vec =5V £10%;Vss=0V;F=0to 12MHz
SYMBOL PARAMETER MIN MAX | UNIT | TEST CONDITIONS
VIL | Input Low Voltage -05V |o2vece; vV
-0.1
VIH Input High Voltage (Except XTAL1, RST) 0.2 VCC [VCC+05 \%
+0.9
VIH1 | Input High Voltage (XTAL1, RST) 0.7 VCC |VCC+0.5 V'
VOL | Output Low Voltage 0.3 v IOL = 100 pA
(Ports 1, 2, and 3) 0.45 v 0L = 1.6 mA (note 3)
1.0 v IOL=3.5mA
VOL1 | Output Low Voltage 0.3 v I0L =200 pA
(Port 0, ALE, PSEN] 0.45 10L = 3.2 mA (note 3)
1.0 IOL=7.0mA
VOH | Output High Voltage (Ports 1, 2, 3) Vee ~0.3 Vv IOH == 10 uA
Vee-0.7 \ IOH =- 30 uA
) Vee-1.5 \ 10OH = - 60 HA
VOH1 | Output High Voltage Vee~0.3 Vv I0H = - 200 pA
(Port 0 in External Bus Mode, ALE, PSEN){ e — 0.7 v IOH = - 3.2 mA
Vec-1,5 v IOH==7.0mA
1L Logical 0 Input Current Ports 1, 2, 3 ~75 pA Vin=045V
. Logical 1 to 0 Transition Current 4 - 750 pA Vin=2.0V
{Ports 1, 2, 3)
ILI Input Leakage Current (Port 0, EA) +10 pA 0.45 < Vin < VCC
RRST | RST Puildown Resistor 50 150 kQ
Cilo Pin Capacitance 10 pF Test Freq = 1 MHz,
Ta=25°C
1PD Power Down Current 75 pA VCC=2Vto55V
{note 2)
ICC | Power supply current
Active mode 12 MHz 21 mA VCC =55V (notes 1, 2)
Idle mode 12 MHz 7 mA VCC =55V (notes 1, 2)




ABSOLUTE MAXIMUM RATINGS*

Ambiant Temperature Under Bias :

M =MIATY 1oovecerecanensrensnsesssnsnanans -55"Cto+125C
Storage Temperature ...... ...—85Cto+150°C
Voltage on Any Pin to Vss......— 0.5 Vto VCC + 0.5V
Voltage on Ve 10 VSS ecececnreniesnecennnes ~-05V106.5V
Power Dissipation 1w

80C31/80C51

* Notice

Stresses above those listed undar " Absolute Maximum
Ratings® may cause pérmanent damage to the device.
This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating
conditions for extended period may affect device
reliability.

DC CHARACTERISTICS
Ta=-55°t0 125°C ; VS8 =0V ; VCC=5V£10%; F=010 12 MHz
SYMBOL PARAMETER MIN MAX UNIT | TEST CONDITIONS
ViL Input Low Voltage -05V {02VCC Vv
- 0.1
VIH | Input High Voltage (Except XTAL1, RST) | 0.2 VCC { VCC +05 5 v
/ T +08 ¢ :
VIH1 | Input High Voltage ( XTAL1, RST) 07VCC ivec+051 V| 1
VOL | Output Low Voltage (Ports 1, 2, 3) 0.45 V1 10L=1.6mA (note 3) !
VOL1 | Output Low Voltage (Port 0, ALE, PSEN) 0.45 v iOL=3.2 mA (note 3) |
VOH | Output High Voltage (Ports 1, 2, 3) 24 v IOH = - 60 pA
VCC=5V*10%
0.75 VCC \% IOH =~ 25 pA
09VCC | . V. |IOH=-10pA
VOH1 | Output High Voltage 24 | v IOH =~ 800 pA
(Port 0 in External Bus Mode, ALE, PEN) X ! VCC=5V+10%
0.75 VCC! { VvV |IOH=~300pA
0.9VvCC ! 'V 'IOH=-80pA
i Logical 0 input Current Ports 1.2, 3 i -75 | pA | Vin=045V
ITL | Logical 1 to 0 Transition Current i =750 pA | Vin=2V
(Ports 1, 2, 3) i
1L Input Leakage Current (Port 0, ER) i *10 pA | 0.45 < Vin < VCC
RRST | RST Pulldown Resistor 50 150 kQ
ClO Pin Capacitance 10 pF Test Freq = 1 MHz,
Ta=25°C
IPD Power Down Curment 75 pA VCC=2Vto55V
(note 2)
ICC Power supply current
Active mode 12 MHz 21 mA | VCC=5.5V (notes 1,2)
|dle mode 12 MHz 7 mA | VCC =55V (notes 1, 2)




ABSOLUTE MAXIMUM RATINGS®

Ambiant Temperature Under Bias :
C = commercial 0'Cto70°C
o135 10 | OO -40°Cto+85C
Storage Temperature .. -65'Cto+150°C
Voltage on Vce o Vss ........ -05Vio+7V
Voltage on Any Pin to Vss ........ 5VioVec+05V
Power Dissipation 1w

** This value Is based on the maximum® aliowable die
temperature and the thermal resistance of the package

80C31/80C51

* Notice

Stresses at or above thoss listed under * Absolute
Maximum Ratings" may cause permanent damage to
the device. This is a stress rating only and functional
operation of the davice at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions may affect device reliability.

DC CHARACTERISTICS
Ta=-40°1085°C;Vcc=27V1to6V;VSS=0V;F=0t06MHz
SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
VIL input Low Voltage -05V | 02Vee Y
4 -0.1
VIH | Input High Voltage 0.2Vee | Vec+05 \
| (Except XTALs and RST) +09 I
VIH1 | Input High Voltage to RST for Reset 0.7Vec | Ve +0.5 ¢ N
VIH2 | Input High Voltage to XTAL1 0.7Vee | Vec+051 Vv
VPD | Power Down Voltage to Vcc in PD Mode 2.0 6.0 \A
VOL | Output Low Voltage 0.45 10L = 800 pA (note 3)
(Ports 1, 2, and 3)
VOL1 | Output Low Voltage 0.45 V' 10L = 1.6 mA (note 3)
(Port 0, ALE, PSEN)
VOH | Output High Voltage Ports 1, 2, 3 0.9 Veo Vv IOH=- 10 pA
VOH1 | Output High Voltage (Port 0 in Extemnal | 0.8 Vcc | \" {OH.=~ 80 pA
Bus Mode), ALE, FEN i
liL “Logical O Input Current Ports 1,2, 3 C {-50 HA
| |-60 Vin=0.45V
LI Input Leakage Current +10 pA 0.45 < Vin < VCC
. Logical 1 to 0 Transition Current - 650 RA Vin=20V
(Ports 1, 2, 3)
IPD Power Down Current 50 HA Vec=20Vto6V
{note 2)
RRST | RST Pulidown Resistor 50 150 kQ
Cio Capacitance of VO Buffer 10 pF fo=1MHz, TA=25°C
MAXIMUM fcc (mA)
OPERATING (NOTE 3) IDLE (NOTE 4)
FREQ, VCC 27V 5V 6V 27V 5V 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 12mA 3.5mA 3.8 mA
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Figure 1 : ICC vs. Frequency. Valid only within
frequency specifications of the device
under test.

8la
s

|
]

(NC)——IXTAL2
CLOCK —__dvrars
SIGNAL vsS

Figure 12 : ICC Test Condition, Idle Mode.
All other pins are disconnected.
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Figure 13 :ICC Test Condition, Active Mode. All
other pins are disconnected.
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Figure 15 : ICC Test Condition, Power Down
Mode. All other pins are disconnected.
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Figure 14 : Clock Signal Waveform for ICC Tests in Active and Idie Modes. TCLCH = TCHCL = 5 ns.



Note 1:1CC max is given by :
Active Mode : ICCMAX = 1.47 x FREQ +2.35
Idle Mode : ICCMAX = 0.33 x FREQ + 1.05

where FREQ is the extemal oscillator frequency i
MHz, ICCMAX is given in mA. See figures 1 through 5
for ICC test conditions.

Note 2: ICC is measured with all output pins
disconnected ; XTAL1 driven with TCLCH, TCHCL =5
ns, VIL=VSS +.5V,VIH=VCC -.5 V; XTAL2 N.C.
; EA=RST=Port0=VCC. ICC would be slightly higher
i a crystal oscillator used.

Idle ICC is measured with all output pins.disconnected ;
XTAL1 driven with TCLCH, TCHCL=5ns, ViL = VSS +

EXPLANATION OF THE AC SYMBOL

Each timing symbol has 5 chamacters. The first
character is always a "T" (stands for time). The other
characters, depending on their positions, stand for the
name of 2 signal or the logical status of that signal. The
following is a list of all the characters and what they
stand for.
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SV,VIH=VCC - 5V ; XTALZN.C; Port 0 =VCC;
EA=RST = VSS.

Power Down {CC is measured with all cutput pins
disconnected ; EA=PORT 0=VCC ; XTAL2N.C. ;RST
=VSS.

Nots 3 : Capacitance loading on Ports 0 and 2 may
causae spurious noise pulses to be superimposed on the
Vous of ALE and Ports 1 and 3. The noise is due to
extemal bus capacitancs discharging into the Port O
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 pulse on the ALE line may
exceed 0.45 V may exceed 0,45 V with maxi VOL peak
0.6 V. A Schmitt Trigger use is not necessary.

Example :
TAVLL = Time for Address Valid to ALE low.
TLLPL = Time for ALE low to PSEN low.

A : Address. Q : Output data.

C : Clock. R : READ signal.

D : Input data. T : Time.

H : Logic level HIGH. V : Valid.

| : Instruction (program memory contents). W : WRITE signal.

L : Logic level LOW, or ALE. X : No longer a valid logic level.
P : PSEN. Z: Float.

AC PARAMETERS

Ta=01t0+70°C;VSS=0V;VCC=5V+20%,0to 16 MHz
Ta=01t0+70°C;VSS=0V;VCC=5V+10%; 161020 MHz
Ta=-4010+85°C;VSS=0V;VCC=5V+ 10%;0t0 16 MHz

Ta=-55t0+125°C;VSS=0V;VCC=5V+10%;0to 12MHz
{Load Capacitance for PORTO, ALE and PSEN = 100 pf ; Load Capacitance tor all othaer outputs = 80 p!.)

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

0TO12 MHz 16 MHz 20 MHz
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX -

TLHLL |ALE pulse width 2TCLCL-40 110 70

TAVLL |Address Validto ALE - TCLCL~40 30 25

TLLAX |Address Hold After ALE TCLCL-30 35 25

TLLIV [ALE to Valid Instr In 4TCLCL-100 185 140
TLLPL [ALE to PSEN TCLCL-30 45 30

TPLPH |PSEN Pulse Width 3TCLCL-45 165 130
TPLIV_|PSEN to Valid Instr IN 3TCLCL-105 125 80
TPXIX |input Instr Hold After PSEN 0 0 0

TPXIZ {Input Instr Float After PSEN TCLCL-25 2 10
TPXAV_[PSEN to Address Valid TCLCL-8 55 45
TAVIV__|Address to Valid Instr In STCLCL-105 230 180
TPLAZ |PSEN Low 1o Address Float 10 10 10




EXTERNAL PROGRAM MEMORY READ CYCLE
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! 12TCLCL |
TUHLL Ty :
A TLLPL AN
st TPLPH ——p]
I tpiag T LIBXIX e [TPXZ
INSTR IN AO-A7 INSTR IN AQ-A7 W—
PORTO N—— .
TAVIV
s X ADDRESS AB-A15 ADORESS ABATE
PORT 2
EXTERNAL DATA MEMORY CHARACTERISTICS
, ; ! 0TC 12 MHz 16 MHz 20 MHz
SYMBYLY ~~TARAMpENY MIN | MAX MN | MAX | MIN | mAX
| TRLRH *RD Pulse Width 6TCLCL-100 340 260
! TWLWH iWR Pulse Width i 6TCLCL-100 340 260
| TRLDV iRD to Valid Data in STCLCL-185 240 180
! TRHDX |Data Hold After RD 0 0 0
| TRHDZ |Data Float After RD 2TCLCL-60 90 70
TLLDV [ALE to Valid Data In 8TCLCL-150 435 360
TAVDV |Address to Valid Data In ! 9TCLCL-165 480 400
TLLWL |ALE to WR or RD 3TCLCL-50 3TCLCL+50 150 250 125 185
TAVWL |Address to WR or RD 4TCLCL-130 180 170
it TQVWX !Data Valid to WR Transition | TCLCL-50 15 10
| TQVWH iData Set-Up to WR High 7TCLCL-150 380 310
! TWHQX {Data Hold After WR TCLCL-50 40 | 30
[ TRLAZ, IRD Low to Address Float 0 ) 0
i TWHLH !RD or WR High to ALE High!  TCLCL-40 TCLCL+40 3B 1 % 30 65
EXTERNAL DATA MEMORY WRITE CYCLE
TWHLH >
ALE -———/—\
PSEN
— bt TLLWL, e
WR TWLWH
1 — TOWWL } /|
e TLLAX >4 > . “=TOVWX ___ TQVWH o< TWHOX
> AC-AT DATA OUT )
PORTO
ADDRESS ADDRESS AB-A15 OR SFR-P2 >
porT 2. OR SFR-PZ
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EXTERNAL DATA MEMORY READ CYCLE

oV TWHLH >~
ALE _/ N\ /,
PSEN __/
RD

TUWL
TRLRH /
TAVWL-E\ NTHE
TAVDV |g e LA [~— TRLDY—= TRHOX > =
PORT 0 AVAY — DATAIN
> TRLAZ
PoRT21  ORtemre ADDRESS AB-A15 OR SFR-P2 >
SERIAL PORT TIMING - SHIFT REGISTER MODE
Ta=0t0+70°C;VSS=0V;VCC=5V+20%;0to0 16 MHz
TA=0t0+70°C;VSS=0V;VCC=5V£10%; 161020 MHz
Ta=-40t0+85°C;VSS=0V;VCC=5V+ 20%;0to 16 MHz
Ta=-55t0+125°C;VSS=0V;VCC=5V £10%;0t0 12 MHz
0TO 12 MHz 16 MHz 20 MHz
SIMESE PARAMETER MIN MAX MIN | MAX | MIN | MAX
1 TXLXL iSerial port clock cycle time 12TCLCL 750 600
TQVHX 0utput data setup to clock rising edge | 10TCLCL-133 563 450
TXHQX |Output data hold after clock rising edge | 2TCLCL-117 63 50
§ TXHDX !input data hold after clock rising edge 0TI} i o 0
TXHDV |Clock rising edge to input data valid 10TCLCL-133 | 563 450
SHIFT REGISTER TIMING WAVEFORMS
INSTRUCTION
| o j 1| 2 8 4|5 | 6 |7 | 8 |
ALE
e TXLXL >
+ CLOCK | N R G e ) N S T O M N
l-TQVXH—‘ Im-lox
OUTPUT DATA 0 1 2 3 4 X5 X X1/
A
ey S— SETT
WRITE TO SBUF TXHDV l4 TXHOX
INPUT DATA Qo X XX XumoX XX Xuo X XueX__ Xo)X__Xwo)
| S —
T SETRI
CLEARRI
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éXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

SYMBOL PARAMETER MIN . MAX UNIT
TCLCL |Oscillator Period 50 (5) ' ns
TCHCX [High Time 20 (5) ns
TCLCX jLow Time i 20 (5) ns
TCLCH {Rise Time [ 20 (5) ns
TCHCL |Fall Time | 20 {5) ns

. (5) AT 20 MHz

EXTERNAL CLOCK DRIVE WAVEFORMS

Vem 0,5 Ve —
hd 0.7 Ve
{ oasv 0.2 Vee—0,1 \ TCHCX
TCHCL ™ let———TCLCX i TCLCH
- TCLCL ~

AC TESTING INPUT/QUTPUT WAVEFORMS

INPUT/OUTPUT
Vee =05V
e 02 Ve + 0.9
' 0.2 Vee —0,1
0,45V a2

AC inputs during testing are driven at Vee - 0.5 for é logic *1° and 0.45 V for a logic *0". Timing measurements are
made at VIH min for a logic "1 and VIL max for a logic *0°.

FLOAT WAVEFORMS

FLOAT FLOAT

VOH-0,1V
VLOAD VLOAD + 0,1V

VOH +0,1V VLOAD +0,1V

For timing purposes as port pin is na longer floating when a 100 mV change from load voltage occurs and begins to
float when a 100 mV change from the loaded VOHNVOL level occurs. loVloH = + 20 mA.
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80C31/80C51

CLOCK WAVEFORMS

STATE4 = STATES STATE6 = STATE1 . STATE2 STATE3  STATE4 _ STATES
B2 Lnlwlnlnlntelntulatnlnlolnl sl
CLocK P!lP2P1lP2P1lP2 P1|P2 P1]P2 P1IP2 PllPZ P1IP2

oz I U LU LU UL UL
- — I“"I\ —

ING THE
EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
=1 W
PO DATA PCLOUT DATA PCLOUT DATA PCLOUT
SAMPLED SAMPLED | SAMPLED
FLOAT FLOAT st FLOAT —— '
P2 (EXT) [iNoicaTES ADDRESS TRANSITIONS] ]
READ CYCLE
RD |
0OH IS EMITTED PCL OUT (IF PROGRAM
DURING THIS PERIOD MEMORY IS EXTERNAL)
Po oma 8{" Rl Joatal__
LA FLOAT SAMPLED AV
P2, —DEf INDICATES DPH OR P2 SFR TO PCH TRANSITION oo Wi
WRITE CYCLE
WR 1 | PCL OUT (EVEN IF PROGRAM

MEMORY IS INTERNAL)
OPLORRI | ~—
- — o | RO

A
OATA OUT ———————*»{bcL OUT (IF PROGRAM

pr ] INDICATES DPH OR P2 SFR TO PCH TRANSITIONS [MEMORY IS EXTERNAL)
PORT OPERATION
\\
MOV PORT SRC.., OLD OATA | New oaTA PO PINS SAMPLED
MOV DEST PO 1
MOV DEST PORT (P1. P2. P3) PO PINS SAMPLED ——
{INCLUDES INT0. INT1. T0. T1) j—
P1. P2 P3 PINS SAMPLED ‘P1 P2.P3
SERIAL PORT SHIFT CLOCK ' : PINS SAMPLED
™o A ® g ;
{MODE 0) RXD SAMPLED RXD SAMPLED

This diagram indicates when signals are clocked intemally. The time it takes the signals to propagats to the pins,
however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation also varies from output to 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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INSTRUCTION OPCODES

MHS C51 INSTRUCTION SET DESCRIPTION

ARIMHMETIC OPERATIONS
MNEMONIC
ADD A, Rn
ADD A, direct
ADD A, @Ri
ADD A, #data
ADDC A, BRn
ADDC A, direct
ADDC A, @Ri
ADDC A, #data
sSuBB A, Rn
suBs A, direct
SUBB A, @RI
suBs A, data
INC A
INC Rn
'INC direct
INC @Ri
INC DPTR
DEC A
DEC Rn
DEC direct
DEC @Ri
MUL AR
pv AB
| DA A
LOGICAL OPERATIONS
MNEMONIC
ANL A, Rn
ANL A, direct
ANL A, @Ri
ANL A, #data
ANL direct, A
ANL direct, #data
ORL A, Rn
ORL A, direct
CAL A, @RI
ORL A, #data
ORL direct A
ORL direct, #data
XRL A, Rn
XRL A, direct
XAL A, @Ri
XAL A, #data
XRL direct, A
XAL direct, #data
CLR A
CPL A
RL A
RLC A
RR A
RRC A
SWAP A

DESCRIPTION

Add registrer to Accumulator

Add direct bytes to Accumulator

Add indirect RAM to Accumulator

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

- Add indirect RAM to A with Carry flag

Add immediate data to A with Cany 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

increment indirect RAM

Increment Data Pointer

Decrement Accumulator

Decrement register

Decrement direct byte

Decrement indirect RAM

Multiply A& B

Divide Aby B

Decimal Adjust Accumulator

DESTINATION

AND register to Accurnulator

AND direct byte to Accumulator

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

AND immediate data to direct byte
OR register to Accumulator

OR direct byte to Accumulator

OR indirect RAM to 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 direct
Clear Accumulator

Complement Accumulator

Rotate Accumulator Left

Rotate A Left through the Cany flag
Rotate Accumulator Right

Rotate A Flight through Carry flag
Swap nibbles within the Accumuiator

w [0+]
AMAA—L—A—L“NN-‘N—AQNN—LN_‘@NN—AM_Aa _A—A—A—AN—L-A—A-AN—.—AN—AN—AN—AN—AN-—LN—&a

cyc

PO O PO |\ Y G A (P P gy

cycC

cd b ek md oh ek oA D) mh mh b b A ) b b oh od a8 ) L b 2 s




80C31/80C51

ARITHMETIC TRANSFER
MNEMONIC DESCRIPTION BYTE cyYc
MOV A, Rn Move register to Accumulator 1 1
MOV A, direct Move direct byte to Accumulator 2 1
MOV A, @Ri Move indirect RAM to Accumulator 1 1
MOV A, #data Move immediate data to Accumulator 2 1
MoV Rn, A Move Accurnulator to register 1 1
MoV Rn, direct Move direct byte to register 2 2
MOV Rn, #data Move immediate data to register 2 1
MOV direct, A Move Accumulator to direct byte 2 1
MoV direct, Rn Move register to direct byte 2 2
MOV direct, direct Move direct byte to direct 3 2
MoV direct, @Ri Move indirect RAM to direct byte 2 2
MOV direct, #data Move immediate data to direct byte 3 2
Mov @Ri, A Move Accumuiator to indirect RAM 1 1
MOV @Ri, direct Move direct byte to indirect RAM 2 2
MoV @R, #data Move immediate data to'indirect RAM 2 1
MOV DPTR, #data 16 Load Data Pointer with a 16-bit constant 3 2
MOvVC A, @A +DPTR Move Code byte relative to DPTR to A 1 2
MOVC A, @A+ PC Move Code byte relative to PC to A 1 2
MOVX A, @Ri Move Extenal RAM (8-bit addr) to A 1 2
MOVX A, @DPTR Move external RAM (16-bit addr) to A 1 2
MOVX @Ri, A Move A to Extemnal RAM (8-bit addr) 1 2
MOVX @DPTR, A Move A te External RAM (16-bit addr) 1 2
. PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack 2 2
XCH A, Rn Exchange register with Accumulator 1 1
XCH A, direct Exchange direct byte with Accumulator 2 1
XCH A, @Ri Exchange indirect RAM with A 1 1
XCHD A, @Ri Exchange low-order nibble ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
MNEMONIC DESCRIPTION BYTE cyc
CLR o] Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB Cc Set Cany flag 1 1
SETB bit Set direct Bit 2 1
CPL (o] Complement Carry flag 1 1
CcPL bit Complement direct bit 2 1
ANL C, bit AND direct bit to Carry flag 2 2
ANL C.bit AND complerrfent of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry flag 2 2
ORL : C./oit OR complement of direct bit to Carry 2 2
MoV C,bit Move direct bit to Carry flag 2 1
MOV bit, C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
MNEMONIC DESCRIPTION BYTE CcYc
ACALL addr 11 Absolute subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Retumn from subroutine 1 2
RET1 Retum from interrupt 1 2
AJMP addr 11 Absolute Jump 2 2
LIMP addr 16 Long Jump 3 2
SIMP rel Short Jump (relative addr) 2 2
JMP @A + DPFTR Jump indirect relative to the DPTR 1 2
Jz rel Jump it Accumulator is Zero 2 2
JINZ rel Jump if Accumulator is Not Zero 2 2
JC re Jump if Carry flag is set 2 2
JNC . rel Jump if No Canry flag 2 2




80C31/80C51

PROGRAM AND MACHINE CONTROL {cont.)
MNEMONIC DESCRIPTION BYTE cCyc
JB bit, rel Jump if direct Bit set 3 2
JNB bit, rel Jump if direct Bit Not sef 3 2
JsC bit, rel Jump if direct Bit is set & Clear bit 3 2
CJUNE A, direct, rel Compare directto A & Jump if Not Equal 3 2
CJINE A, #data, ref Comp. immed. to A & Jump if Not Equal 3 2
CINE Rn, #data, rel Comp. immed. to reg & Jump if Not Equal 3 2
CUNE @R, #data, rel Comp. immed. to ind. & jump i Not Equal 3" T2

1 DINZ Rn, rel Decrement register & Jump i Not Zero 2 2

! DINZ direct, rel Decrement direct & Jump if Not Zero 3 2

I NOP No operation 1 1

Notes on data addressing modes :

Rn — Working register RO-R7

direct - 128 intenal RAM locations, any /O port, control or status register

@Ri — Indirect intemal RAM location addressed by register R0 or R1

#cata ~ 8-bit constant included in instruction

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

bit -~ 128 software flags, any /O 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 - SJMP and all conditional jumps include an 8-bit ofiset byte. Range is + 127 —128 bytes

relative to the first byte of the following instruction,
‘All mnemonics copyrighted® Intel Corporation 1979



INSTRUCTION OPCODES IN HEXADECIMAL ORDER

80C31/80C51

HEX NUMB. MNEM. OPERANDS HEX NUMB. MNEM. OPERANDS
CODE " OF CODE OF
s BYTES BYTES
00 1 NOP 33 1 RLC A
01 2 AJMP code addr 34 2 ADDC A #cata
02 3 LJMP code addr 35 2 ADDC A, data addr
03 1 RR A 36 1 ADDC A, @RD
» 04 1 INC A 37 1 “ADDC A @Rt
05 2 INC data addr 38 1 ADDC A RO
06 1 INC @R0 39 1 ADDC A R1
07 1 INC @Rt 3A 1 ADDC A R2
08 1 INC RO 3B 1 ADDC A R3
09 1 INC R1 3C 1 ADDC A R4
0A 1 INC R2 3D 1 ADDC A R5
08 1 INC R3 3€ 1 ADDC A, Ré
oC 1 INC R4 3F 1 ADDC A R7
o]] 1 INC RS 40 2 JC code addr
0E 1 INC R6 41 2 AIMP code addr
oF 1 INC R7 42 2 ORL data addr A
10 3 JBC bit addr, code addr 43 3 ORL data addr, #data
11 2 ACALL  code addr 44 2 ORL A, #data
12 3 LCALLR code addr 45 2 ORL A, data addr
13, 1 RC A 46 1 ORL A, @R0
14 1 DEC A 47 1 ORL A, @R1
15 2 DEC data addr 48 1 ORL A, RO
16 1 DEC @R0 49 1 ORL A Rt
17 1 DEC @R1 4A 1 ORL A R2
18 1 DEC RO 4B 1 ORL A, R3
19 1 DEC R1 4C 1 ORL A R4
1A 1 DEC R2 4D 1 ORL A, RS
1B 1 DEC R3 4E 1 ORL A, R6
1C 1 DEC R4 4F 1 ORL A R7
1D 1 DEC R5 50 2 JNC code addr
1E 1 DEC R6 51 2 ACALL  code addr
1F 1 DEC R7 52 2 ANL data addr, A
20 3 JB bit addr, code addr 53 3 ANL data addr, #data
21 2 AJMP code addr 54 2 ANL A, #data
22 1 RET 55 2 ANL A, data addr
23 1 RL A 56 1 ANL A @R
24 2 ADD A, data 57 1 ANL A, @Rt
25 2 ADD A, data addr 58 1 ANL A, RO
26 1 ADD A @RO 59 1 ANL A R1
27 1 ADD A @R1 5A 1 ANL A, R2
28 1 ADD A, RO 5B 1 ANL A R3
29 1 ADD A R1 5C 1 ANL A R4
2A 1 ADD A, R2 50 1 ANL A, RS
28 1 ADD A R3 5E 1 ANL A, R6
2C 1 ADD A R4 5F 1 ANL A R7
20 1 ADD A, RS 60 2 JZ code addr
2E 1 ADD A, R6 61 2 AJMP code addr
2F 1 ADD A R7 62 2 XRL data addr A
30 3 JNB bit, addr, code 63 3 XRL data addr, #data
31 T2 ACALL  addr 64 2 XRL A, #data
32 1 RETI code addr 65 2 XRL A, data addr




HEX  NUMB. MNEM. OPERANDS HEX  NUMB. MNEM. OPERANDS
CODE OF ccee OF
BYTES BYTES

6 1 XRL A, ©RO %9 1 SUBB - ARt

67 1 XRL A, @Rt 9A 1 SUBB AR

63 1 XRL A, RO 98 1 suBB A, R3

69 1 XRL A, R1 sC 1 SuUBB A R4

6A 1 XRL A, R2 s[o] 1 SUE8B A, RS

63 1 XRL A, R3 9E 1 suBB A, R6

6C 1 XRL A, R4 : 9oF 1 suss A R7

60D 1 XRL A, RS A0 2 ORL C, bit addr

6E 1 XRL A, R6 Al 2 AJMP code addr

6F 1 XRL A, R7 A2 2 MOV C, bit addr

70 2 JNZ code addr A3 1 INC DPTR

71 2 ACALL  code addr Ad 1 MUL AB

72 2 ORL C, bit addr A5 reserved

73 1 JMP @A+ DPTR AB 2 MOV @ RO, data addr

74 2 MOV A, #data A7 2.  MQV @R1,dataaddr -
75 3 MOV data addr, #data A8 2 MOV RO, data addr

78 2 MOV @RO, #data A9 2 MOV R1. data addr

77 2 MOV @R1, #data AA 2 MOV R2, data addr

78 2 MOV RO, #data AB 2 MOV R3, data addr

79 2 MOV R1, #data AC 2 MoV R4, data addr

7A 2 MOV R2, #data AD 2 MOV RS, 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 C, bit addr

7€ 2 MOV R6, #data ‘Bl 2 ACALL  code addr

7F 2 MOV R7, #data. B2 2 CPL Bit addr

80 2 SIMP code addr 83 1 CPL c

81 2 AJMP code addr B4 3 CJINE A, #data, code addr
82 2 ANL C, bit addr B5 3 CJINE A, data addr, code addr
83 1 MOVC A, 2A+PC B6 3 CINE @RO, #data, code addr
84 1 Div AB B7 3 CINE @R, #data, code addr
85 3 MOV data addr, data addr B8 3 CJINE . RO, #data, code addr
86 2 MOV data addr, @ RO B9 3 CJINE R1, #data, code addr
87 2 MOV data addr, @R1 BA 3 CJNE R2, #data, code addr
88 2 MOV data addr, RO B8 3 CJNE R3, #data, code addr
89 2 MOV data addr, R1 BC 3 CJUNE RS, #data, code addr
8A 2 MoV data addr, R2 BO 3 CJNE R4, #data, code addr
8B 2 MoV data addr, R3 BE 3 CJINE R6, #data, code addr
8C 2 MoV data addr, R4 BF 3 CJUNE R7, #data, code addr
8D 2 MOV data addr, RS Cco 2 PUSH data addr

8% 2 MOV data addr, R6 C1 2 AJMP code addr

8F 2 MoV data addr, R7 Cc2 2 CLR bit addr

90 3 MOV DPTR, #data c3 1 CLR o]

o1 2 ACALL  code adddr C4 1 SWAP A

92 2 MOV bit addr, C C5 2 XCH A, data addr

93 1 MOVC A, @A +DPTR Cé 1 XCH A, @Ro

94 2 SuUBs A, #data c7 1 XCH A, @R1

g5 2 SUEB A, data addr Cs 1 XCH A, RO

96 1 SUBB - A, @RO Cc9 1 XCH A, R1

97 1 SUEB A, @R1 CA 1 XCH A R2

o8 1 SUEB A, RO cB 1 XCH A, R3




80C31/8CC51

HEX NUMB. MNEM. OPERANDS HEX NUMB. |
CODE OoF CODE OF MNEM. OPERANDS ]
BYTES ! BYTES
cc 1 XCH  ARBR4 ! £5 1 MOV A, @RO :
CcD 1 XCH A, R5 ! =7 1 MOV A, @R1 :
CE 1 XCH A R6 £8 1 MOV A RO :
CF 1 XCH A R7 £9 1 MOV A R1 !
DO 2 POP data addr ! Ea 1 MOV~ AR2 :
D1 2 ACALL  code addr j £8 1 MOV A, R3 J
D2 2 SETB bit addr { EC 1 MoV A R4 :
D3 1 SETB  C i £D 1 MOV A, RS i
D4 1 DA A EE 1 MOV A, RS [
Ds 3 DINZ dam addr, code addr | EF 1 MOV A, R7
D6 1 XCHD A, @R0 | FO 1 MOVX @DPTR, A
D7 1 XCHD A, @Rt | F1 2 ACALL  code addr
D8 2 DJUNZ RO, code addr F2 1 MOVX @Ro, A i
D9 2 DINZ R, code adar F3 1 MOVX  2R1, A :
DA 2 DJNZ R2, code addr F4 1 cPL A i
D8 2 DJINZ R3, code addr F3 2 MOV data addr, A !
DC 2 DJINZ R4, code addr F6 1 MOV 2R0, A
DD 2 DJINZ RS, code addr F7 1 MOV ARt A
DE 2 DJUNZ R6, code addr F3 1 MOV RO, A
DF 2 DUNZ R7, code addr Fg 1 MOV R1,A
EO 1 MOVX A, @DPTR FA 1 MOV R2, A
E1 2 AIMP code addr FB8 1 MOV R3, A i
E2 1 MOVX A @R0 FC 1 MOV R4, A i
E3 1 MOVX A @RI -, 1 MOV RS, A
E4 1 CLR A s 1 MOV R8, A
g5 2 MOV A, data addr FF 1 MOV R7, A
ORDERING INFORMATION
R
P
A S
Q D -L
L J 80C31 -8
I v 80C51 -1 :D
M T 80C51F XXX /B 'R
{ i
Temperature Range Package Type Part Number ! Blank : 12 MHz version
blank : Commerciai P : Plastic DIL  80C51 Rom 4 K x 8 ' -1+ 16 MHz version
| : Industrial S:PLCC 80C31 Extemal Rom | } -3 i 20 MHz version
M: Miltary D:Cerdip  80C51F Secret ROM ~L : Low power.
L:Ind+BI* R:1CC version } /B : Miittary Program
Q:Com+BI* J:JleadedlLCC ) )
A: Automotive  F : Quad Flat Pack Customer Rom Code : R Tape and Reel
V1 S Quad Flat Pack (1.4 mm) (80C51 only) : D Dry Pack
T : T Quad Flat Pack (1.0 mm)™ '
* Bl : Burm-In
= : Preliminary
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'CMOS DUAL D-TYPE FLIP-FLOP

© FEATURES

Independent Set and Reset Controls

Static Operation

Logic Edge-Clocked Design

16MHz Toggle Rate @ 10Vde

Balanced Output Drive Current Specifications

L 2K 28 B 2R 4

DESCRIPTION

The SCL40138 consists of two identical, inde-
pendent D-type Flip-Flops. These devices can be
used for shift register applications, and, by con-
necting the Q output to the Data input, for counter
and toggle applications. The logic level present at
the D input is transferred to the Q output during
the positive-going transition of the Clock pulse.
Setting or resetting is independent of the Clock and
is accomplished by a high level on the Set or Reset
line, respectively.

TRUTH TABLE

.CLtd i D |Aa s aia

i —1itao o o o |

i o ja i1 g0

™~—i « | 0o o ja]a |nocHanGE
] 1 1 [+] 0 1

x x o 1 D)

{ = x 1]t (R

A = Level Change
x = Don’t Care

LOGIC DIAGRAM

oo
o-—-—->—®1:D_‘::>~ [ ! ‘:_5\/|
; & -

</

p « i W
9 i
Cz}‘ ' L3 a0
2 e 113 S a0

CONNECTION DIAGRAM
{zit packages)

© Vop Q2 Qp CLy Ry O3 S,

{ 1 | { | 1 |

14 13 12 11 10 9 8
SCL40138

1 2 3 4 5 6 7

[ T [ T 1

Q; @; cL,-R; Dy s, ‘Zs

Add suffix for package:

C 14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VDD - Vss 3w 15 Vde

Operating Temperature TA
C, D, F, H Device -55t0 +125 OC
E Device 4010 485 ©C

BLOCK DIAGRAM

ser, &

0,21 112 g,
croex, 3L FP L L,

resET, A
H a8 L__l

W |rrr2




SCL4013B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

1 . E)
PARAMETER Voo | conoimions |_Twow® | *BC LCET I T
- (vde) Min. | Max. | Mia. Typ. | Max. | Min, | Max.
QUIESCENT DEVICE “hoo
CURRENT S |Vin*Vgsor Vo] - 1.0 - [0095] 10 - 30 [uAocc
10 | All valid input - 2.0 - o 2.0 - 60
15 | combinations - |40 - 1002 | 40 - 1120

NOTES: !

Trow = -55°C for C, O, F, H device,
= —40°C for E device.

Thicw = +125°C for C, D, F, H device.

=+ 85°C for € device.

Remaining Static Electrical Characteristics are listed under “SC.

L40008 Series Famijly Specifications”.

3 This device has been designed for balanced output drive current specifications. Consult Family Soecifications.

DYNAMIC CHARACTERISTICS (C_ =50pF, T4 = 25°C)

T VDO T ) T — T . 1
i PARAMETER l peh } Min. Typ | Mex, ! Units |
CLOCKED OPERATION X
PROPAGATION DELAY TIME oL, torey, 5 ; - s b om0 | |
10 - 4 6 i 130 l
R )
OUTPUT TRANSITION TIME rim. trHy | 5 1 - ' 100 ;200 ns !
L 50 | 100 .
L s - i e ' g0
MINIMUM CLOCK PULSE WIDTH PWeL 5= (L == } 9 1 160 | ons i
b 12 1 - 30 4. €0
18 ¢ - | 20 4
MAXIMUM CLOCK FREQUENCY [ 5 | 35 | 7.0 - MHz
0 3 80 | 6 -
15 1 125 | 25 -
MAXIMUM CLOCK RISE AND FALL TIME' Loy, ey 5 115 [ - - us
I 10 ’ 10 ' - -
|1 AN o B -
'
MINIMUM SETUP TIME T ! Pe | - i 25 | 50 ns
fo— / [3¢2517¢10 ¢
Y d— 75 15
MINIMUM HOLD TIME et \\& IR 'R
10 > 0 i
| 5 . | -5 o
SET AND RESET OPERATIONS ]
PROPAGATION DELAY TIME i . i i
S10Q, Rt \ I s - 1 125 ¢ %0 . ns
10 | -+ 8 | a0 | |
15 - i 15 %0 . i
MINIMUM SET AND RESET PULSE WIDTH  [PwWg. Pvip | 5 3 — 1} 6 i 130 | ns !
’ U - 30 ;60 | i
15 i Zo 25 1. 50 s .
SET AND RESET REMOVAL TIME b S 7R R S !
fose D20 o |
L N T A Y 4 :

IWhen units are cascaded, the maximum rise and fall times of the clock input should be equal %o or

- the output driving stage for the output capacitive load.

Vos. DRAM VOLTAGE (Vi)

20 18 16 414 12 210 -8 "6 4 2 0

T 71

Yos ==5 Vdc] 5~

b 4 <10 ¥

v -l-w]Vdc htas 3

hadi! A 20 E

Vi 2 g

30 A2

. 3 3

~ Vg = —15 Vde ] 4 3

. "T.-ZS'C-\ -5 §_
L1 1 l.gp

Typical P-Channel

Source Current Characteristics

fess than the transition times of the data outputs driving cata inputs, plus the propagation delay of

din, DRAIN CURRENT (mAdc)
bd

T 1
Vs = 15 Ve
i
"
P
Ve = 10 Vde
Pt
V'
¥
/. Vos =5 Vde T, =225°C -
V ] { ‘I 1
0 4 6 8 10 12 14 16 183 20

Vos. OPAIN VOLTAGE (Vic)

Typical N-Channel i
Sink Current Charactaristics -
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SCL4040AB

FEATURES

12 Fully Static Stages X
All 12 Buffered Qutputs Available
Common Reset Line

8MHz Counting Rate @ 10Vde
All Inputs Buffered

L & X X 2

DESCRIPTION

The SCL4040AB consists of 12-ripple-carry
binary counter stages with appropriate input buffers
and reset circuitry. The counter is reset to its "all
0’s” state by a high level on the Resert input. The
counter is’ advanced one count on the negative-
going transition of each input pulse. [solation
from external noise and the effects of loads is pro-
vided by output buffering.

Applications include time delay circuits, counter
controls, and frequency dividers.

TRUTH TABLE

Clock Reset Output State
~ o No Change
- o] Advance to next
state
x 1 All Outputs are low

X = Don’t Care

CMOS
12-STAGE BINARY COUNTER

CONNECTION DIAGRAM
(all packages)

vDDQ11Q10 Q8 Q4 R L Q1
] | | | , |
16 15 14 13 12 11 10 9
: SCL4040AB
1 2 3 4 5 6 7 8
[ | | | [ 1 i
Q12 @6 Q5 Q7 Q4 Q3 Q2 vVss

‘Add suffix for package:

C  16-pin Cerdip
D’ 16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H  Chip

+
RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

VoD - Vss
Ta

DC Supply Voltage 3w 15 Vvde

Operating Temperature
C. D, F, H Device
E Device

550 +125 oC
40to +85 OC

LOGIC DIAGRAM

<Locx

o

03
7(6)

oy

Qs 0% 06

(1EH) 3
B

Q7 08 29 cio. O

]
21 lau) rm U 4 Tus) ?u)

i i %
% %

ct

FFS TRAY PP12

({11
u:scro———D.+




SCL4040A8
ELECTRléAL CHARACTERISTICS

STATIC CHARACTERISTICS '

3 o 2
PARAMETER (‘\’/30) CONDITIONS | TLow 15 ¢ THIGH” | 1jniyg
¢ Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE oo .
CURRENT 5 Vin=VesorVpg | — 5 - 1008 5| - | 150 |pAde
‘ 10 JAll valid input -1 10 - |01 10 - 1 300
15 combinations - 15 — 0.2 20 — 500
OUTPUT HIGH {SOURCE]) ton
CURRENT
C,D,F, H device 5 [Vou=4.6V -0.15 - [-0.121 05 - 1-0.08 - ImAdc
10 {Vou=9.5V -0.37 - 1-03 |-1.15 - 1-0.21 -
15 [Vou=13.5v <1.25] — 110 |45 )., ~|-069] -
- ) "Vin=Vgs or Vpp -
E device 5 Wgou=4.6V -0.14 - 1-0.12 1 -05 - 1-0.10 ~ |mAde
10 Vg =8.5V -0.35 - |-03 |-1.15 - 1-0.25 -
15 Vgou=13.5v -1.2 - 1-1.0 {45 - }-0.85 -
) Vin=Vss or Vpg
OUTPUT LOW [SINK) loL
CURRENT
C,D, F, H device S Vo_=0.4v 0.15 - 0.12 | 0.8 - 0.08 — |mAde
10 Vg =0.5V 0370 ~ 103 | 10 -1 o021| -
15 VoL =1.5V 1.25 - 1.0 5.8 - 0.69 -
Vin=Vss of Voo
E device 5 [Vg =04V 013, - {012] 05 - | 0.10] — |mAde
10 |[Vg_=0.5v 0.25 - 0.3 10 - 0.25 -
15 VoL =1.5V 1.2 - |10 | s8 - | 085 -

Vin =Vgs 0r Vop

NOTES: ! Remaining Static Electrical Characteristics are listed under "SCL40008B Series Family Specifications”.
* TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trigw = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)

PARAMETER { } (‘\’/gg) ' Min. [ Tye. l Max, I Units

CLOCKED OPERATION
PROPAGATION DELAY TIME

A I
Clock to Q1 (N s o1 e 4co ns
1M L~ ! 100 200
15 - | g0 160
QoQ., tpLH. tomy, 5 ~ 1 180 30 | ms
10 - 1 15 150 |
15 M 60 120
CUTPUT TRANSITION TIME Treme tri 5 4 . 180 360 ns
10 ¥ 90 180
N 15 1 65 130
MINIMUM CLOCK PULSE WIDTH PWer 5 - 100 200 ns
10 = 50 100
15 = 40 80
MAXIMUM CLOCK FREQUENCY fe 5 2.0 4.0 - MHz
. - 10 4.0 8.0 -
15 5.0 10.0 -
MAXIMUM CLOCK RISE AND FALL TIME te tey 5 15 - - us
10 15 - -
15 5 - -
RESET OPERATION )
PROPAGATION DELAY TIME tomt, 5 - 300 600 ns
10 - 150 300
15 - 120 240
MINIMUM RESET PULSE WIDTH PWa 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME trem 5 - 250 500 ° ns
1 - 125 250

15 - 100 200



SCL4040AB

Vos. DRAIN VOLTAGE (Vdc)
<20 18 -16 14 12 210 -8 6 ~+ 2 0 =
Ves=-5Vd 15 2
=- c S5 =
b AT o ;-10 H £
1] o g Yoo = 15 Vde
Vs =—10 Ve a5 2 Z 12 =
' {20 2 £ 1
—_ T ©
Ves =15 Vde B 5 = 8 r/. Ves = 10 Ve
2 R, ‘
5 .e 4 / e j
3 3 =
: ) £ 4|4 L Voo =5 Vde Jo=25"C+
T,=28'¢Cy = - R L
] 0 2 4 6 8 10 12 14 16 18 20
You. DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

TIMING DIAGRAM

cloc 1 2 4 8 16 a2 64 128 256‘ 512 1024 2048 %15_
R-ut—_—l
o ff M R Y WA NN Y Teal 1T N\ L
a2 f f N BN MR VoI el YA L

N B - — o RNV N — N A A g
as "IN DA UGG S e —— ) R | B
as S Ay AN R . o ~——=1o Sy |
a6 Ao\l o === 1 AR idl §

. ar : AiaVinE my i QS Al |
as Ayrdpld|y gl W § 1B
as N Lac U
0 g WAL
Kaay ;/ Sal
212 . _J’-"'_’[_

TYPICAL COUNTER STAGE




SCL40428 | CMOS QUAD: LATCH

FEATURES -
4 Common Clock . . CONNECTION DIAGRAM
4 Positive- or Negative-Edge Clocking {all packages)

4 Qand Q Outputs Available from Each Latch

: v Qs Dg Dy T Q-0 05
DESCRIPTION 00 ¢ 24 OF O9 Qa0
SCL4042B devices contain four Latch circuits, 16 15 14 13 12 11 10 9
each strabed by a common Clock. Complementary SCL4042B A
buffered outputs are available from each circuit. 1 2 3 4 5 6 7 8
Information present at the Data input is trans- T T T I T ] T T 1
fenred 0 outputs Q and Z.Idurmg t'he (?Iock level Qg4 Q) a7 o, L Ve D2 Vss
which is progrqmmed by -the Polarity input. For 5 - e

Pglarity = 0 the transfer occurs during the 0 Clock
level and for Polarity = 1 the transfer occurs during .
the 1 Clock level. The outputs foilow the Data in- Add suffix for package:

puts providing the Clock and Polarity levels defined C  16-pin Cerdip
above are present. When a Clock transition occurs D 16-pin Ceramic
{positive for Polarity = 0 and negative for Polarity E 16-pin Epoxy
= 1) the information present at the input during F  16-pin Flat
the Clock transition is retained at the outputs until H  Chip

an opposite Clock transition occurs,

RECOMMENDED OPERATING CONDITIONS

TRUTH TABLE F.or maximum reliability:
CUBCK TPOLRRITY a DC Supply Voltage Vpp - Vss 31015 Vde
b 3 3 AYA Operating Temp‘er'ature Ta
- C, D, F, H Device 85t +125 OC
g 0 LATCH E.Device 4010 +85 ©C
1 T ]
A 1 LATCH

LOGIC DIAGRAMS
One of four latches

BLOCK DIAGRAM.

%
:

[»]
s 1 Lateh
Clock O—+ 1 a
Polarny 3 1
&

D4

Latch 10

Y v
é

O3

13 Latch 11

Dga

.—Jz
-g

14 Laten

Vop * Pi ) 4 =
0O * Pin 16 o
Vgs = Ping —-+ 15 04




$CL40428

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

#

2 o k]
PARAMETER Voo | conpiTioNs | Ttow ¥25C - ThigH® | Unies
(Vde} Min. | Max.! Min. | Typ.! Max.| Min. | Max.
QUIESCENT DEVICE loo ) l
CURRENT 5 Min=VesorVpo | — | 1.0 - looos | 10] - 30 {uAde
10 {All valid input - 2.0 - 10.01 2.0 - 60
15 jcombinations - | 40 - 10.02 4.0 - {120

NOTES: ' Remaining Static Electrical Characteristics are listed under "SCL40008 Series Family Specifications”

? T ow =-55°C for C, D, F, H device.
= -40°C for € device.
Thign = +125°C for C, D. F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C).

PARAMETER (‘\’/33) Min x Typ. Mox. | Units |
PROPAGATION DELAY TIME ! . ]
From Data Inputs PLH. tPHL 5 - 150 300 | ns
- 10 - 75 150 |
15 = 60 : 120 :
From Clook Polarity Inputs . teHL 5 ¥ - 175 350 : ns
0~ 8s 170 |
15 1 - 70 140 |
*OUTPUT TRANSITION TIME trim. trme 5. L= 100§ 200 ;  ns
Ton /N 50 100
.Y E 20 .80
MINIMUM CLOCK PULSE WIDTH PWey e WV = 125 250 | o
O T R 40 ' 80 !
Ted A 30 | 0
MAXIMUM CLOCK RISE AND FALL TIME YA s | 15 2 - us
10 { 5 - -
5 ! 3 e = N
MINIMUM DATA INPUT SETUP TIME taioa 5 L -20 50 ns
) . 10 L -10 30
. 15 - -5 25
MINIMUM DATA INPUT HOLD TIME | thota 5 - 0 100 ns
! 10 = 0 50 ,
. 15 - 0o | 40 i
Vox. DRAIN VOLTAGE (Vdc)
20 98 46 34 412 10 8 6 -8 20 - [ 1
T 1 T 1— = }
— Ves =-§ Vac 5 - 2
+ ! 7 -10 7 :
: = | o
; Voo = =10 Ve — o< 15 g g ”
: 20 = = s = 15 Vde
: ' 25 8 S 2 I
Ves =15 Vic 3 E 27 LT
z I N A
! E 5 Ves = 5 Vde T,=25"C
! | a ] I 1 : ! i
T : T.=wty = 7 4 6 8 10 12 i 16 18 20
Vps. DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics

Typical N-Channel
Sink Current Characteristics



SCL4069UB

CMOS HEX INVERTER

FEATURES

4 Fully “8”-Series Compatible

4 Diode Protection on all Inputs

¢ Balanced Output Drive Current Specifications
4 Pin Compatible with 74C04

DESCRIPTION

The SC1LL4069UB consists of six CMOS inverter
circuits. The device is intended for general-purpose
inverter applications where the higher outputdrive
ahd level-shifting feature of the SCL4009UB and
SCL4049UB are not required.® The SCL406SUPR is
particularly useful for quasi-linear circuits such as
dscillators (See Applications Information).

‘*For pin-to-pin compatibility with the SCL4009UB
and SCL4049UB, the SCL4343U8 is available,

SCHEMATIC DIAGRAM
{one of six inverters)

i T x I—]JY ;
* AAA- )_L—-O

u:.s.s.)u.m i l_J)J 214.6.0,10,121

L_—I

vis

§7.31 AMGIENT TEMPERATURE (Ty}e23°C —=> = b
SEESEEREPEEE SRS RY Fu L Raed
- SUPPLY VOLTAGE (Vo) * 13V —

ORAIN CURAENRT {1t — mA

o 25 s 7.5 10 225 s
INPUT YOLTAGE (VI)—V

Typical current and voltage transfer characteristics

CONNECTION DIAGRAM
{all packages)

Vpp 6A 6Y 5A SY 4A &Y
] 1 | | IR I N |
14 13 12 11 10 9 8

scLaossus
1 2 3 4 5 6 7

{ | 1 i i | |
1A 1Y 2A 2Y 3A 3Y Vg

Add suffix for package:

C 14-pin Cerdip
D  14.pin Ceramic
E  14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
Vop-Vss 3tol15 Vde

Operating Temperature TA
C. D, F, H Device 55 10 +125 'OC
E Device 40 t0 +85 ©°C

DC Supply Voltage

LOGIC DIAGRAM

11 10
5A cr——Do—c 5Y

13 12

Vss=7
VoD ™= 14




SCL4069UB

ELECTRICAL CHARACTERISTICS -

STATIC CHARACTERISTICS"?

2 -7
PARAMETER (‘\’,30) CONDITIONS | Ttow *5C ThigH Units
. < Min. | Max.| Min. |-Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
‘CURRENT 5 |Vin=VgsorVpp| =~ | 0.05] — ]0.0004 005| — | 1.5 | nuAde
10 | All valid input - 0.10 - 10.001} 0.10 - 3.0
15 |combinations - 0.20 - 10.002 | 0.20 - | 60

NOTES: ! Remammg Static Electrical Characteristics are listed under “SCL40008 Serles Famlly Spec:f:canons
2 Teow = -565°C for C, D, F, H device.
=-40° C for E device.
TrigH = +125°C for C, D, F, H device.
=+ 85°C for E dewce
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (C, =50pF, T, =25°C)

Voo . .
. PARAMETER (vag) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLH. tPHL 5 - 60 120 ns
10 - 30 60
15 - 25 50
OUTPUT TRANSITION TIME Ty, tTHL 5 - 100 200 ns
' 10 - 50 100
15 — 40 80
Vos. DRAIN VOLTAGE (Vdc) 5o ] T !
-2‘0 -18 16 -1 -EZ -|I0 ? "6 -4 % 0 g 45 Vo, = 15 Ve
Yex==5 Vd::% S g 40 e
N Ml l.w s - ¥ -
! i | /{ ! 15 3 S 2 %
Ves =-10Vde T 7; " > <
-+ : — 20 =0 7 Voo = 10 Vde
i t5 & - S —
|_30 3 Z s A
I | 3 = 5 o LLL
Vs = =15 vde ] ) 3 s Lveg=sve T, =25C
! = T,=25°C -5 & Lo TRET
I | T “' | 0 2 4 6 8 10 12 14 16 18 20
) - -50 Voe. DRAIN VOLTAGE (Vdc)
Typical P-Channel J Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
1 8 3CLI088 13 ScLaves 113 sCLeoey
R
N T
SM¢ 2 R, 100N
Ry
Rg  Rg™{5X -10X) Rs,qra UPPER SWITCHING POINT :
XTAL voe BSTR Voo
-ci& = Countans ’ At 2
e ey CsCr tr L LOWER SWITCHING POINT:
2.2R:Cy Re = Rg Voo
We TR T
Ry » i2X~10X) R~
Ry > Ry

Typical crystal oscillator circuit

Typical RC oscillator circuit

Input pluse shaping circuit {Schmitt
Trigger)




SCL4081B, SCL4082B @

SCL4073B

CMOS AND GATES

SCL40818B -'Quad 2-Input AND
SCL4082B - Dual 4-Input AND
SCL40738B - Triple 3-Input AND

FEATURES

4 Buffered Qutputs

¢ Diode Protection on all Inputs

¢ Fully “B”-Series Compatible

4 Balancad Output Drive Current Specifications

TRUTH TABLE

lnputs Output
1101 1
All other combinations .0
FUNCTION DIAGRAMS
sCL40818
4 1A
1Y
18 z::j:::>_—
2A 58
28 6
3A 8
10 3Y
38
TR
11 4Y
4B 13
Y = AB
SCL4agB28
1A 2
3
18 11y
ic 4
10 5
3 2A 9
10
-] 13 1y
2C N
] 20 12 Y = ABCD
SCL40738
1A 1
ic 8
2A 3
2C s
3A 1%
s 3B 12%?_)'—10 3y
3C 13
Y = ABC
Vpp = Pin 14
Vgg = Pin 7
for ail Devices

CONNECTION DIAGRAMS

{all packages)
Vpp 48 4A 4Y 3Y 38 3A
] | ] | | | |
14 13 12 11 10 9 8
_ SCL4081B
1 2 3 4 5 6 1T
| ] i I 1 I l

tA 18 1Y 2Y 2A 2B Vgg

Vpp 2Y 2D 2C 28 2A NC
1 | S NN NS S N
14 13 12 11 10 °9 8

SCL40828
1 2 3 4 5 6§ 1
<< T T RV 1

1Y 1A 18 1C 1D NC Vsgs

Vpp 3C 3B 3A 3Y 1Y 1iC

1 Al Ngl? T AR |
14 13 12 11 10 9 8
SCL40738B

TN VEN I I
D¢ U7 =1
1A 18 2A 2B 2C 2Y Vgg

Add sutfix for package:

C 14-pin Cerdip
D  14-pin Ceramic
E  14-pin Epoxy
F  14-pin Flat

H  Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp - Vss 31015 Vdec

Operating Temperature Ta
C, D, F, H Device 55 t0 +125 ©C
E Device 40 to +85 ©C



SCL4081B, SCL40828, SCL40738

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS !'-?

. - 2 L4 2
PARAMETZR Voo | conpimions | Tow EC TR P
{Vde) Min. | Max.| Min. | Typ. | Max. | Min. | Max,
QUIESCENT DEVICE oo
CURRENT 5 |Viy=VggorVpe| -~ | 0.05f - lo.000s 0.05] — 15 |pAde
10 [Alivalid input - 0.10} - 10.001] 0.10! - 3.0
15  |combinations - 0.20] - ;0.002 | 0,20 ~ 6.0

NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”
* TLow =-55°C for C, D, F, H device.
= -40° C for E devace
Trigu = +125° .C for C, D, F, H device.
=+ 85°C for £ devnct

} These devices have been designed for balanced output drive current spacifications, Consult Family Specifications.

DYNAMIC-CHARACTERISTICS (C, =50pF, T, =25°C) -
PARAMETER Voo b min. Typ. ] Max. | Units
PROPAGATION DELAY TIME toum. tomd 57 - 150 300 ns
L1s I S 65 130. '
15 | - 50 100
OUTPUT TRANSITION TIME ITem. by 5 I - l 100 200 ns
L - 100
4 I 15 i~ 1 ap 80
VYoe. DRAIN YOLTAGE {Voe) 50 —
18 .16 ‘.1]‘ -12 -1r0 l3 .6 For) § T | = 45 Ves = 18 Voo
i Yes=-5 Vdc:% S i - l
[ Yo ¥ = 3
T 7 A = 3 V.
Yoo ==10 Ydc 3 =
| ity L/ 20 g i, Ves = 10 Vde
I A 25 2 C o2 :
! 20 g z s <
3 = S0l
A : | = .
Yo =15 Ve 0 % F Sl I"csl 5:"‘ T=25C 1
i ] Ta=257C4 45 & 0 2 {6 8 0 128158 20
: L1 .50 You. DRAM YOLTAGE {Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics ¥ Sink Current Characteristics
LOGIC DIAGRAMS SCHEMATIC DIAGRAM - SCL40828 (1 of.2 gates)

scLa0818”

~—iE g o H
___D—c{>— Py ___T___r—*_—_:—-;-l '
SCL4;)828 L{ E; J" l
D o
— E | | %

e T

2% ':

TU
lT

SCL40738 vt

e || T




S

"CMOS DUAL MONOSTABLE

ELAcZE MULTIVIBRATOR
FEATURES °
¢ Two Independent Multivibrators on One Chip CONNECTION DIAGRAM
® Triggerable from Leading- or Trailing-Edge {all packages)
Pulse
: Retriggerable Vpp 2T72T3 2€p2A 2B 20 3T
Resettable ) R I N S S U N
# Qand T Buffersd Outputs Available 16 15 14 13 12 1l 10 9
¢ Wide Range of Cutput Pulse Widths SCL45288
DESCRIPTION } ]Z ? ? ? § '7 ?
1Ty 1T 1Cp 1A 18 1Q T4 Vgg

‘The SCL45288 Dual Multivibrator provides
stable retriggerable/resettable one-shot operation
for any fixed-voltage timing application. Timing
for the circuit is controlled by an external resistor-
capacitor combination (Ry-Cy). Adjustment of
these components permits generation of output
plise widths from nancseconds 0  minutes.
Leading-edge and trailing-acge Trigger inputs are
provided, and both positive-going and negative-
going pulses are available from complementary
outputs. ’

Timing pulses may be terminated at any time
by applying a low logic ievel to the Reset input

Cp.

FUNCTION TABLE

Add suffix for package:

C  16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H Chip

INPUTS QUTPUTS
Co|A B | Q| Q]
L (X |[X |L |H
X |H | X jL |H
X X L (L {H
H t I H [TLW
H | L oy L ur

H = High Level {Steady State)
L = Low Level (Steady State)
¥ t = Transition, Low-to-High
1 = Transition, High-to-Low
X = Irrelevant {Ine. Transitions)
) J L= One High-Level Pulse
1J= One Low-Level Pulse

VDo - Vss

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage

Operating Temperature TA
C, D, F, H Device

3t0 15

Vde

-55t0 +125 oC

RESET b

Ry and Cyx are external components. -

E Device 40 to +85 ©C
BLOCK DIAGRAM
(one of two duvices)
Cx Ry
IRt
A = T1 T2
iN af——oQ
BN Sf—03
Ca




SCL45288

SCL4528B PULSE WIDTH YS Rx, Cx. Ypp

1902

3 T T T p./4 I T A8 - | S T—T
6 ; : A ‘// LD /4 WS S/ L[ 27 i 17
. Tz AL 7 T T
15y 15 N /7
g I // vl // I /{il //ﬂ— Z < 24
s 1 A V. 2 1y VAT ZA '
. IV ¥ '! AT T/ AL
- A 7 7
o TS K o) o v
100,02 / i /V L l //( / ! %
9083 7 : /i rt 7Y g 1T
K " £ 70 7+ 7/ 1y T 7 T 1 T [
z . /7/ v 34 /1/ Ll /// ! T
R RV AV AW 4T auRT |
= 1 ™ y
z 4 | % | |
ot 7(:;,,? s pz Ml AL : L[]
[ 74 : 32 S TIT 7074 Y i o
A yANIS/ 74 LIS 7 AT S W N N N A R
1 y f \ T T T T .
R/ 74 AR Y AR N R L :
15, l}
e M TA 1L L L T T I
” ‘s 7 ¢ ¢l . 0 2 a« s al T ‘“ 88 a6 ? s ? D)
10’ 19 i Hopd 17 (13 ! 10° 0t
PULSE WIDTH (Secancs)
[}
LOGIC DIAGRAM
1 LA . Y i [ { H ]
n, . . [ + T T v
. 3 5 -
VNWZ,. a 83 i JR'ALL v-u.uss?r V90 3V T0 uv———-—y———" =
' 3 ! H ! ! i .
c;.—{' >._.i>-__._ = A :i, i, Y% H //
E s L : L /« !
mi ~ TET QuTPUT DRIVER /e T i A
:3" | E.“.°.°_‘.5'5«-fcn z 4 : el | i :
! P ] pd Y . .
r:v;;ccl‘:n : a f 2 Hl 1 ! H
18 ; '
et : fl ERT) |/ :' ; :
L, 1
or__ . | 1 : T
os tANS! ; !
N~ 2T 50 40 -0 0 20 <« g0 %@ 100 120 40
A TA AMBIENT TEMPERATURE (9C)
! *STANDARD INPUT PACTECTION AT THESE POINTS . :
Normalized Pulsa Width versus Temperature

Notes:

There is no effective maximum limit on Rx.
recommended minimum value for Ry is 1KQ.
There are no restrictions on the value of Cy.

For proper operation all unused inputs should
be tied to a logic level. The mode point (T2).of a
unused half of device should be tied high through
an external resistor to Vpp.



scL45288

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS * . '

5
PARAMETER Voo | conpirions | Tuow? BC Tis’ [ yniny
. Vde) Min. | Max. | Min. [ Typ. | Max.| Min, | Max.
QUIESCENT DEVICE bo
CURRENT 5 |Vin=VesorVoo | - 5| - toos| 5| - | 150 {uAde
10 {Allvalidinput | - | 10 ] -~ |o1 | 0] - |2
20 |combinations - 20 - |02 20 - 600

NOTES: ' Aemaining Static Electrical Characteristics are listed under “SCLA000B Series Family Specifications”
* T ow * -55°C for C, D, F, H device.
= -40°C for E device,
Tuetgw = +125°C for C, D, F, H device,

=+ 85°C for E device. . -
DYNAMIC CHARACTERISTICS (C, = 50pF, T = 25°C)
Cx |Rx | Vgo - : ;
PARAMETER (oF) k) vaal Min. Typ. [ Max. Units
PROPAGATION DELAY TIME Win. R -
t»
From 2 0r 8- " 151 S H - 270 540 ns
10 - 90 180
) 15 - 70 140
10001 10 5 - 510 1020 A ng .
10 - 170 340
15 - 120 240 -
From Co 15| 5 ) - 279 540 | as
10 - 90 180 |
15 - 70 140 '
1000! 10 -] - 550 1100 ng
10 - 300 600
18 -~ 250 500
OQUTPUT TRANSITION TIME trLH.
trmy
- = 5 - 130 250 ns
10 - 65 130
13 - 50 100
Note: G Outout | tyyy
1515 S - 120 260 ng
10 - 65 130
1% - 50 100
1000 10 8 - 270 540 ne
10 - 240 480
15 = 220 440
MINIMUM INPUT PULSE WIDTH PW,,
Aor 8 input - - 5 - 70 140 L1
10 - 30 &0
15 - 25 50
OUTPUT PULSE WIDTH MATCH APW,,,
Sarme packace 1000} 10 5 - 75 =15 %
10 - =10 =20
15 - 210 =20
Oitferent peckages 1000{ 10 H - - *50 %
10 - - =50
15 - - £50

Voo ORAM YOLTAGE (Voc) . .
20 18 16 14 12 <10 3 5 4 2 O = '
T I
Yeg =5 Vdc e R %
| g s —
0
——T I -
Ve =-10 Vde ] -5 8 g
: 20 ® £ 25 Ves = 15 Ve )
ey e ;
o B 515 < Ves = 10 Yoe
= °§ 10 ]‘
3 S5 Yes =5 Ve Ta=25"C
1. 280 ¢ - § e I :u It ‘l I
AT [ e 0 2 4 6 8 10 12 14 16 18 20
1 - Voe. DRAIN VOLTAGE (Véc)
Typical P-Channel Typical N-Channel

Source Current Characteristics . Sink Current Characteristics



SCL45288

AC TEST WAVEFORMS
T
90% ’ ~—1
. A o llr—r\m / O\ ’°‘A(—L Yoo
) - - PWia . e ] : H
: et e i Ly, | |
8 . 4 3] it : t
; X”“f W'U i oo
| ! 10%
i —'{ = PW;n : {
i H 1 '
: i [TJRO W | r—.l, ! \
Co ; 5ok I —l 1
i so~ ! Voo
; 10% i .
{ , ——{ —PW,, I :
W,
; ‘L'_‘o'—l‘{ - }""?LH—" L".LH[L_;{I l— -I {-—'nm. - — —_—
{ | 20% T : {
R 50% 50% ifS0% 10% k / 50% )‘ /
— t t . — L.:.YLH..—‘ e tp i
;e e THL, Lm w :
a j h
Lsox / !(SO% ‘::." { }{50-‘ \ 0% £ \L
APPLICATIONS INFORMATHON
Cx Ry o Ax
G 1'} AN~ Vo [ - Voo
IT! 112 i r T1 T2
Vg vss
4 ) A
c cur y IN —— .Q_‘_ ouT
% SCL45288B : Y% SCL45288 T
——C
8 (o}
Voo Tco
T Co Voo
Voo !
-~
_ . AJUUUL
: "'1 }'-- leLn . }.ﬁ T __.JI
Astable Operation Connection for Non-Retriggerable Operation
Cxs Ryt C;r Ry
it AAA—— Voo ! ANA~—— Vo
l il K
6 ITI o ]TZ é T ITZ
Vsg Vsg
A o1 A Q2 our
% SCL45288B %4 SCL45288
8 ekl 3 ) az
Voo
Co? Co R
Voo Voo
ar J U }_I U
pe—T1
~ T2

Astable Multivibrator with Adjustable Period and Duty Cycle



imer 555

DESCRIPTION

The NE/SE 555 monalithic timing circuit is a highly staple

controller capatie of procucing accurate time cCslays, or

ctallation. Additioral terminals are proviced for triggering

or reretting if ceneed. In the time celay mode of ocoeratian,

the time is precisely controlled Dy one external reqistor ang

capacitor. For a 1tadle operation a1 an oacillator, the free

tunming frecuency and the Cuty cycle are both acgurately

controiled with two external resisiors 3nd one capacitor,

The circurt may De triggered aInd reset on falling wavefoems,

and the outdut structure €an source of 1ink uo ta 200mA

or crive TTL arrcunts.

FEATURES

* TIMING FROM MICROSECONOS THROUGH HOQURS

* OPERATES IN BOTH ASTABLE AND MOCNCSTABLE
MOOES

* AQJUSTABLE DUTY CYCLE

* HAIGH CURRENT OQUTPUT CAN SOURCE OR SINK
200mA

e QUTPUT CAN DRIVE TTL

¢ TEMPERATURE STABILITY OF 0.005% PER°C

e NORMALLY CON AND, NORMALLY OFF OQUTPUT

APPLICATIONS

PRECISION TIMING

PULSE GENERATION
SEQUENTIAL TIMING

TIME DELAY GENERATION
PULSE WIDTH MODULATION
PULSE.POSITION MODULATION
MISSING PULSE DETECTOR

BLOCK DIAGRAM

LIXKEAR IKTEGRATED CIREUITS

PIN CONFIGURATIONS (Top View}
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ABSOLUTE MAXIMUM RATINGS
Suooly Veitage
Power Dissization
Coeraung Temoerature Range
NESSS
SE35S
Storage Te~cerature Range
Leaad Temderature (Soldening, 60 secands)
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600 mw
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-25%C 10 -159°%¢
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ELECTRICAL CHARACTERISTICS Ta = 25°C, Vee

Timer 555

= *5V to 415 uniess otherwise specified

PARAMETER I rest conorrions SE 558 | NE S5 | umirs
i win | TYr Juax [ wim | TYP | max |
Supoty Volrege 48 18 45 16 v
Suooty Current Vee e SV Ry ¢ oo 3 s 1 H mA
Vee s 18V Ry s oo 10 12 10 15 ma
Low State, Noge | -
Timing Error(Monostadie} Ra. Ry » 1X0N 10 100K12
trvtsd Acturacy C=01ufF Note2 0.5 2 1 *
Drilt vt Te=cmratuee x 100 50 pom/°C
Drelt with $uoory Voltsge 005 G.2 B} LVt
Theeshowg Vortsge kiR 43 X Vee
Tregger Voitsge Vee * 1SV «3 5 8.2 H v
Timirg Srror{Asoie) Vee s SV 1451 187 | 19 187 v
Trogoer Carrent 0.5 0s nA
Reset Voltage 04 0.7 10 L 0.7 1.0 v
Rinet Current 0.1 Q1 mA
Thresnard Curreat Note 3 0.1 .25 0.1 2s A
Controt Voitsge Lt Veg v ISV 9.6 10 154 s0 | 10 n v
Veg s SV 29 333 | 38 26 3331 4 v
Ouvtout Voitage {low} Veg = 18V
15K = 10mA 0.1 o.1s [ R] 28 v
151Nk * SOmA 0.4 0os 0.4 78 v
Ising © 100mA 20 2.2 20 2 v
1IN = TO0mA 2.5 25
veg * v
j Iging = 8maA 0.1 a2s v
P oleink * Sma 25 33
Outout Vostsge Dooz {low)
ISoURCE * 290mA 128 128
VCC 15V
lsouace - 100ma
Vee » 15V 13.0 133 12.7 § 133 v
Ve * SV 10 23 215§ 12 v
Rise T.re of Quldut 100 100 . nvec
Fall Toerw of Quidut 100 100 Puc

NOTES

3. TR =il Betsemine Mo Ssaimum saive ot A, - By For 1SV gperanian,

. Tevied ot Veg @ SV sma Voo = 18V

SupOiy Cuttont whar puIdul Mign Tydially 1mA lowt

EQUIVALENT CIRCUIT (Shown for Gne Side Only}

the mas tatel A = 20 magonm,




Timer 555

TYPICAL CHARACTERISTICS

MINIMUM PULSE WIOTH
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TYPICAL CHARACTERISTICS (Cont'd)
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