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ABSTRACT

Controlling de motor speed by using microprocessor in this study is seperated in to 2
parts.First one is hardware and the rest is software.Hardware consists of Dual Full Wave Bridge
Converter and electronics circuits. 4 SCR are used in bridge conveter.This part serves as a
controllable switch.It’s controlled by firing angle to accomplish desired voltage.Firng angle is
created by electronics circuit. The reason why we have to created desired voltage because this
leads to desired speed of DC motor.In software part we use MCS 51 as a microprocessor to
calculate firing angle .And it sends 8 bit digital signal to Digital Analog Converter part to
transform into analog signal.This signal is sent to control electronics circuit to acheive desired
firing angle.And we guage speed by speed sensing part to compare with the desied speed for

closed-loop control.
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FILENAME DCMOTOR CONTROLLER.ASM
‘DESCRIPTION JAZZ31 SINGLE BOARD MICROCONTROLLER PROGRAM CONTROL DC

MOTOR
‘HARDWARE  JAZZ31 BOARD

ASSEMBLER  SXAb1
:COMPANY THE INSTITUTE OF TECHNOLOGGY LADKRABANG

-***************************ADDRESS******************************************

* %

ORG  8000H

DISBUF EQU  0025H
BUFF1 EQU = 021H
BUFF2 EQU  020H
BUFF3 EQUY Y UTRA
BUFF4 EQU  O1EH
DATAH EQU ~ 01DH
DATAL EQU ~ 01CH
DOV EQU  01BH

DPORT EQU  Q1AH

;****************SYSTEM

CALL****-X-**********************************************

SCAN EQU 0093H
SCAND EQU 0096H
SCANK EQU 0098H
DPADD  EQU 0054H
DPMUL  EQU O005AH



DPDIV EQU 0050H
DSEC EQU 0045H

B 2222222222222 SRR R R R R R N N R0
; 82565

PORT********************************i******

:SUPPORT PORT TO TRIG

PORTA .EQU OFCOOH ;8265 PORT A
PORTB EQU  OFCOTH ;8255 PORT B
PORTC EQU ~ OFCO2H ;8255 PORT C
CONTP EQU  OFCO3H ;8255 CONTROL PORT

;SET CONTROL PORT 8255

MOV  DPTR,#CONTP
MOV A,#080H :PORTA=FORWARD,PORTB=REVERSE

MOVX @DPTR,A

¥ * % % * % * * ¥ % * % % ¥ X K KX X
i * ¥ * * * % * % % * MAIN

PROGRAM**************************************

MAIN:  LIMP  INPUT

MAINT1:
LCALL DIVDATA DIV 6

MAIN2:
LCALL SCAN



MAINS:
CJNE

MAIN4:

MOV
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LIMP

MAING:
CJNE

MAING:

MOV
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LIMP

SHOWA:
MOV
MOV

A, #0AH,MAING

DPORT,DISBUF+5
A, #DPORT
DISBUF+2,#040H
DISBUF+3,#040H

DISBUF+4 #040H

DISBUF+5,#077H
R2,#0FFH
SCAND

SHOWA

A, #0BH,MAIN2

DPORT,DISBUF+5
A #DPORT
DISBUF+2,#040H
DISBUF+3,#040H
DISBUF+4,#040H
DISBUF+5,#07CH
R2 #0FFH

SCAND

SHOWB

DISBUF+2,BUFF1
DISBUF+3,BUFF2

:CHECK PRESS A=FORWARD

:‘CHECK PRESS B=REVERSE



MOV
MOV
LCALL

SHOWB:
MOV
MOV
MOV
MOV
LCALL

FORWARDA:
LCALL
LCALL
CJINE
LIMP

REVERSEB:
LCALL
LCALL
CJINE
LIMP

INPUT:
MOV
MOV
MOV
MOV
MOV
MOV
MOV

DISBUF+4,BUFF3
DISBUF+5,BUFF4
COMPAREPORT

DISBUF+2,BUFF1
DISBUF+3,BUFF2
DISBUF+4,BUFF3
DISBUF+5,BUFF4

COMPAREPORT

COMPORTA
SCAN

A #12H,MAIN2
MAIN

COMPORTB
SCAN

A #12H,MAIN2
MAIN

DISBUF,#040H

DISBUF+1,#040H
DISBUF+2,#040H
DISBUF+3,#040H
DISBUF+4,#040H
DISBUF+5,#040H
DISBUF+6,#0FFH

;COMPARE PORT

;DISPLAY START



MOV

INPUTT:

LCALL
CJINE

MOV
MOV
MOV

MOV

LCALL

LIMP

DISPLAY:

MOV

MOV

MOV

MOV

MOV

MOV

MOVC

MOV

LIMP

CONVERT:

DISBUF+7,#0FFH

SCAN JINPUT RPM

A #12H,DISPLAY ;CHECK PRESS ENTER

BUFF1,DISBUF+2
BUFF2,DISBUF+3
BUFF3,DISBUF+4

BUFF4,DISBUF+5

CONVERT

MAIN1

DISBUF,DISBUF+1

DISBUF+1,DISBUF+2
DISBUF+2,DISBUF+3
DISBUF+3,DISBUF+4

DISBUF+4,DISBUF+5
DPTR,#DATA
A,@A+DPTR

DISBUF+5,A

INPUT?



MOV  R2,#02H
LCALL SCAND

MOV  DATAH,#00H
MOV  DATAL, #00H

MOV  ABUFF1
LCALL COMPARE ;THOUSANDTH
CLR C -~ ;A*1000

MOV  DPTR,#038H
MOV  R2,#00H
MOV~ R3A

LCALL DPMUL
MOV  DATAH,DPH
MOV  DATAL,DPL

R R LA S SRR RS SEE LRk
'

MOV  R2,#02H

MOV ABUFF2
LCALL COMPARE ;HUNDREDYH
CLR ' C ;A*100

MOV  DPTR,#064H
MOV  R2,#00H
MOV R3A

LCALL DPMUL

MOV  R2,DATAH
MOV  R3,DATAL



LCALL DPADD

MOV  DATAH,DPH
MOV  DATAL,DPL

.************************************************
1

MOV  R2,#02H

LCALL SCAND

MOV A BUFF3

LCALL COMPARE ;TENTH
CLR C A*10
MOV B, #0AH

MUL AB

MOV  R2,#00H

MOV  R3A

MOV  DPH,DATAH
MOV  DPL,DATAL

LCALL DPADD
MOV  DATAH,DPH

MOV  DATAL,DPL

.*************************************************
1

MOV  R2,#02H

LCALL SCAND

MOV  ABUFF4

LCALL COMPARE JUNIT
CLR C AR



MOV  R2,#00H

MOV  R3A

MOV  DPH,DATAH
MOV  DPL,DATAL
LCALL DPADD

MOV  DATAH,DPH
MOV  DATAL,DPL

RET

.*************i*************-l-***************l*************i********************
'

*

:using value stored in A and then return value 0-9 stored in A
COMPARE:

CINE A #03FH,NEXT1

MOV A #00H

RET
NEXT1:

CJNE A #06H,NEXT2

MOV A #01H

RET

NEXT2:



NEXTS3:

NEXT4:

NEXTE:

NEXT6:

NEXT7:

CJINE
MOV
RET

CJINE
MOV
RET

CJINE
MOV
RET

CINE
MOV
RET

CJINE
MOV
RET

CJNE

A,#05BH,NEXT3

A,#02H

A #04FH NEXT4
A, #03H

A, #066H,NEXTS
A, #04H

A,#06DH,NEXT6

A, #05H

A, #07DH,NEXT7

A,#06H

A #07H,NEXTS8



MOV

RET

NEXTS:

CJINE

MOV

RET

NEXTO:

CINE

MOV

RET

FINISH:

RET

A #07H

A #07FH,NEXTS

A, #08H

A, #06FH,FINISH

A, #09H

COMPAREPORT:

CJINE
LIMP

NEXTP1:

CJINE
LIMP

FINISHP:

A, #0AH,NEXTP1
FORWARDA

A, #0BH,FINISHP
REVERSEB

PRESS A=FORWARD

;PRESS B=REVERSE



RET

;**********************DECREASE

DPTR*******************************************

DDEC:
MOV  ADPL
CIJNE A, #00H,DDECY
DEC  DPH
DDECT:
DEC DPL
RET

CEF KRR RF XXX XX HH KRR KK H X XK K% HH K HHEKF KKK E KX KKK KK KKK XK KKK KKK KXKR R NN XX

*

DATA: DB 3FH,06H,5BH,4FH,66H,60H,70H,07H,7FH,6FH

DIVDATA:

MOV  R2,#00H
MOV R3,#06H
MOV  DPH,DATAH

MOV  DPL,DATAL

LCALL DPDIV
MOV  DATAL,DPL

RET



COMPORTA:

INCRA:

INCRAT:

MOV DPTR,#PORTA
MOV A, #00H
MOVX @DPTR,A
LCALL INCRA

RET

MOV DPTR,#PORTA
MOVX @DPTRA

CJNE A,DATAL,INCRA1

RET

MOV  BA
MOV  RO,B
INC RO
MOV  B,RO

MOV R1,#02H
LCALL DSEC
MOV  R2,#0AH
LCALL SCAND
MOV AB
LJMP INCRA

COMPORTB:

MOV DPTR,#PORTB

;START AT #00H FIRST

INCREASE ONE STEP&SEND TO PORT

;START AT #00H FIRST



MOV A, #00H
MOVX @DPTR,A
LCALL INCRB

RET

INCRB:
MOV DPTR,#PORTB
MOVX @DPTR,A
CINE A,DATAL,INCRB1

RET

INCRB1:
MOV BA
MOV RO,B
INC RO INCREASE ONE STEP&SEND TO PORT

MOV B,RO

MOV R1,#02H
LCALL DSEC
MOV  R2,#0AH
LCALL SCAND
MOV AB
LJMP INCRB

END

;*******{***********************END OF

PROGRAM**********}*********************



DACO0808, DAC0807, DAC0806

National AtoD,Dto
Semiconductor

DAC0808, DAC0807, DACO0806 8-Bit D/IA Converters

General Description Features e
The DACO808 series is an 8-bit monolithic digital-to- a Relative accuracy: 0.19%  error  max
analog converter (DAC) featuring 2 full scale output (DACO808) =
current settling time of 150 ns while dissipating only s Full scale current match: =1 LS8 typ
33 mW with =5V supplies. No reference current (IREF) » 7 and 6-bit accuracy available (DACO807, DA E
trimming is required for most applications since the full % Easissttlingtion 150
scale output current is typically £1 LSB of 255 IReF/ i Ingjtirme: ns e
255. Relative accuracies of better than £0.19% assure & Noninverting digital ‘inputs are TTL and CM-@
8-bit monotanicity and linearity while zero level output compatible -
current of less than 4 uA provides 8-bit zero accuracy m High speed multipiying input siew rate: 8 mA/y-
for IREF > 2 mA. The power supply currents of the u Power supply voltage range: £4.5V 10 =18V
DACOB08 series are independent of bit codes, and » Low power consumption: 33 mW @ =5V
oxhibits essentially constant device characteristics over
the entire supply voitage range.
The DACO0808 will interface directly with popular TTL,
DTL ar CMOS logic leveis, and is a direct replacement
for the MC1508/MC1408. For higher speed applications,
see DACO800 data sheet.
Block and Connection Diagrams I — -
152
il A2 Al AL A5 AS Al At
? 9 T ? ? 9 ? T N (NOTE 3) = ) 1'% comsxsamion
| 2 15 .
.n::':g:o—-r CURRENT SWITCHES J——om ‘?“T "‘:v“""
T T il I 123 I 5
r - — N i
l .23 LADOER J l 31as CIACUIT L—ocmy ] oaccans s
3 3ERIES 12
! T MSB Al — A3 58
VRERLn C AL 18
"§CE ‘) NPM CURRENT ’) O Ve b 4 1
¥ SQUACE PAIR )~ ALY
Vags (- O
3 —0O comeen att L ag
CURRENT amp
dsg TOP VIEW
Typical Application g -3¢
;:
3 1 5.900%
usg A1 O— b O AAA D 10.000V = VagF
{ 20— -
‘ alo—;-
siGiTat | AMC—  pacuscs
(NPUTS A5 Ot
A'Ol
A7 O
Lsd Alo-i-

AB)
. veg * 15V TT2s6
FIGURE 1. +10V Output Digital to Anaiog Converter
Ordering Information
ACCURACT OPERATING TEMPE. ATURE ORDER NUMBERS* s
RANGE D PACKAGE (D16C) JPACKAGE {J18A) N PACKAGE (N164&
3-0it -55°C < TA < +125°C DACO808LD | MC1508L8 i Y
3-bit 0°CaTAS#I5'C DAC0808LCS | MCi4C8LE DACC808LCN
7-bit 0°c<Ta< +75°C DAC0807LCS | MC1208L7 DACO807LCN o
3-bit 0°C<Ta< +75°C DACOB06LCJ | MC1408L6 DACOS06LCN | MC1#%

*Note. Devices may be ordered by using erther order numoer.
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. & . te Maximum Ratings
Eg‘“ ~ Voltage :

Power Dissipation (Package Limitation) 1000 mw
¥ +18 Ve Derate above Tp = 25°C 6.7 mW/°C
= - —18 Vpe Operating Temperature Range.
ot R iage, V5—V12 —-10Vpc to +18 Vpe DAC0808L —55°C < TA < +125°C
f 5 .. ¢ Voltage, V0 -11Vpc to +18 Vpo DACQ808LC Series o o] a < +75°C
| OBREE orent. 114 S mA Storage Temperature Range —55°C to +150°C
T hiar Inouts, V14, V15 Vee, Ves
vee = —15VDpC, VREF/R14 = 2 mA, DACO808: Ta = —55°C 1o +125°C, DAC0808C, DAC0807C,
Ta = 0°C to +75°C, and all digital inputs at high logic level uniess otherwise noted.)
CONDITIONS MIN TYP MAX UNITS
! o Aceurscy (Error Relative (Figure 4) %
X % w Fuil Scale 10)
0ACC308L (LM 1508-8), 0.1 %
0AC08C8LC (LM1408-8)
0ACCB07LC (LM1408-7}, (Note 1) =0.39 %
SACO806LC (LM1408-6), (Note 1} =0.78 %
v .wxr‘g Time to Within 1/2 LS8 Ta =25°C (Note 2), 150 ns
Inciudes (PLH) (Figure 5)
sagation Deiay Time Ta =25°C, (Figure 5) 30 100 ns
7 ! Scaie Current Drift 20 ppm/°C
.nout Logic Levels {Figure 3}
rizn Levei,Logic 17 % 2 Voc
Low Lavel, Logic 0" 0.8 Voc
Dvqreai inout Current (Figure 3) '
- Hign Level Vig = 5V Q 0.040 mA
Low Lavel Vi =0.8V =0.c03 -0.8 mA
Petsrence inout Bias Current (Figure 3} = -3 uA
Qutout Current Range (Figure 3)
Vgg =—5V 0 20 2.1 mA
b Vegs = =15V, Tao =25°C b 2.0.1 4.2 mA
‘, -Outout Current Vagg = 2.000V,
R14 = 10000,
(Figure 2) 1.9 1.99 2.1 mA
Qutzut Current, All Bits Low (Figure 3] Q 4 LA
Qutzut Voitage Comoliance €, <0.19%, T4 =25°C
Z "Pn i Grounged, —0.55,+0.4 Voc
& Yeg 2eiow —10V 5.0, +0.4 vVoc
. il Aeterance Current Slew Rate (Figure 5} £l 3 mA/us
Ourtout Current Power Suooly -5V < Vee £ -16.5V 0.05 27- LAV
Sensitivity
Pawer Suppty Current (All Bits {Figure 3}
Low)
2. 22 mA
-4.3 =13 mA
Pawer Suooiy Voitage Range Ta = 25°C, (Figure 3)
5 5.0 5.5 Voc
K 5 -16.5 voe
L Power Oissioarion
All Bits Low Veg =5V, Veg = =5V 33 170 mw
Vee =5V, VEg = —15V 106 308 mw
o All Bits Hign Vee = 15V, Vegg = =5V 30 mw
- Vee = 15V, Ves = —15V 160 mw
— <

T Al bits switched.
* Range control is not required.

Al Current switcnes are tested to guarantee at least 50% of rated current,
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Typical Performance Characteristics
VCC =8V, VEE = —15V, T = 25°C, unless otherwise noted

Output Current vs Qutput

Voitage (Output Voltage Output Voltage Comoliance
Complianca) vs Temperature RS

-\LL 3ITS ‘ON"

< Logic Input Current vs Logic Thresholq. V.
D Input Voitage Bit Transfar Charactaristics < Tampera!ure oo
~ R ER Sy
r\ s | T =
] P R K]
o 3 ¥ .
= L < 18
oo g L = z
o E T ; 1] z s
o s ! ! ! = a1z
= RN = I
< 2 ! { Lidtlha i Z
= R 2 = 03
D o a1 THROUGH ..sl 5 S o8
ER - 3 S
=1 i i =
d‘ ' I o g e
S = [ ; 02
A 0 - L IS
o =12-10-3-5-4-202 4 6 31012141618 -12-10-3-6-4-20 24 5 3 101214 1518 ~$5-31-18 -1 17 35 53 gy
o Vi - LOGIC INPUT VOLTAGE {V) Vi - LOGIC INPUT VOLTAGE (V) Ta - TWPERMuagm'

z ; : :
= =5y dyeg s gy : s
= & 3
4
l1g= 2 o SO
E ( " o {SHADED AREA INDICATE
3 I s A = { PERMISSIBLE QUTPUT
= | ! = " A g VOLTAGE RANGE FOR
= ARGF daiie s 5 y
E] ] 3
- i 2D
] 3 »
’ > lhg=2ma
14 i ¥ \\ A, :
| . .
’ 14 -10-6 -2 2 5 10 1a 18 =50 a 30 100 150 *
Vg = 0UuTPUT VO[TAG; WA ' ¢ TEMPERATURE ('C) =
l o
, Typical Power Supply Typical Power Supply Typical Power Suppl-y
Current vs Temperaturs Current vs Vee Current vs Vee -
1 3
P ALL 8ITS HIGH OR Low v .| [ ALL BITSWGHUR LUW 5 s ALL BITSMGH DR LO\!
70 Liraq2ma : g 7 Ieg WITH Iyg = 2 mA z 7 "4 i
= = s c -8
E 5 i } S @
= = lez mu,,-va £ N5
= 1 2
3 3 e M s ;
> =\ B a 4
= z leg g = i 5!
- =19 leg WITH 1yq 2 0.2 mA S
2 2 2
g o D a5 Yy
El 2 : =
= - LS, & 1

53 1092 11

50 100 0 -2 4 -5 -3 =10 -12-14-16-18 207 3

TEMPERATURE ("C) Vee - NEGATIVE POWER SUPPLY (V) Yee — POSITIVE POWER St

Reference Input

Frequency Response
Uniess otherwise specified: R14 =
R15=1kQ,C =15 pF, pin 16 to Vgg;
R =509, pin4 to0 ground.

Curve A: large Signal  Bandwidth
Method of Figure 7, VRer =2 Vpp
offset 1 V above ground

Curve B: Small Signai  Bandwidth
Method of Ficure 7, RL = 250Q,
VREF = 50 mVp-p offser 200 mv
above ground.

"~ Curve C:" Large and- Small - Signal-
Bandwidth Method of Figure 9 (no
%P amp, R = 50Q), Rg = s0q,
VREF = 2V, Vg = 100 mVp-p cen-

f - FREQUENCY (MH2) tered at OV,

RELATIVE Dutpyy (ug)
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DACO80S

FIGURE 6. Reference Current Slew Rate Measuremant

vce
A14 = RIS
13
14
R1a |
135 REs )
O AAA—O “vgge LT
0AC0308 |2
. 1: 7 =l
15
l PL
3 c
SEE TEXT FOR VALUES OF C
¢]
Ve

FIGURE 8. Negative VREF

= REFERENCE AMPLIFIER DRIVE AND COMPEN-
SATION

The reference amplifier provides a voltage at pin 14 for
onverting the reference voitage to a current, and a
wrr-around circuit or current mirrer for feeding the
lacder. The raference amplifier input current, |14, must
“¥ways flow into pin 14, regardless of the set-up method
o reference voitage polarity.

bt

- “CAnections for a positive voitage are shown in Figure 7.
The reference voltage source supplies the fuil current

. 12 15 _
16 AL N\ ] A8 O— R
&0 T :
— 3 c

R14=RI5

14 :
vaer 4 Lo

9 DACO0808

SLEWING
TIME

SEE TEXT FOR VALUESOF C

Vee

FIGURE 7. Positive VRgF

Vs
ik
R14
VREeF
= 1114
15 18
H 1§
Al O— —O NC
5 When Vg =0. 114 = 2.0mA
A2 O—
A3 O——7-
3
A4 O—1 opacosos (13 VRer Vs
3 —Oo v Vo = + =] [A)R
45 O—i ~ SERIES rs Of | RallRs W\ 0

FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit

l14. For bipolar reference signals, as in the multiolying
mode, R15 can be tied to a negative voltage corres-
ponding to the minimum input level. It is possible to
eliminate R15 with only a smail sacrifice in accuracy
and temperature drift.

The compensation capacitor value must be increased
with increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.5 and 5 k{2, minimum capacitor
values are 15, 37 and 75 pF. The capacitor may be tied
to either VEE or ground, but using VEg increases
negative supply rejection.
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LF13741

_Naﬁohal
Semiconductor

L F13741 Monolithic JFET Input Operational Amplifier

General Description

The LF13741 is a 741 with BI-FET input followers on
the same die. Familiar operating characteristics — those
of a 741 — with the added advantage of low input bias
current make the LF13741 easy w0 use. Monolithic
fabrication makes this “drop-in-replacement’’ operational
amplifier very economical.

Applications in which the LF13741 excels are those
which require low bias current, moderate speed and low
cost. A few exampies include high imoedance transducer
amplifiers, photocell amplifiers, puifers for high impe-
dance, slow to moderate speed sources and buffers in
sample-and-hold type systems where leakage from the
hoid capacitor node must be kept to a minimum.

Systems designers can take full advantage of their
knowledge of the 741 when designing with the LF13741
to achieve extremely rapid “‘design times.’” The LF 13741
can aiso be used in existing sockets to make the "'arroc
budget” for input bias and/or offset currents negligible
and in many cases eliminate trimming. For higher speed
and lower noise use the LF155, LF156, LF157 series
of BI-FET operational amplifiers.

Operational Amplifiers/Buffe

, e
T S
s \

Features
m | ow input bias current 50
® |nput common-mode range to positive supply yoT

m  Low input noise current
= High input impedance
m Familiar operating characteristics

Advantages

w FET inputs — 741 operating characteristics
Low cost N

Ease of use

Standard supplies

Standard pin outs

Non-rectifying input for RF environment

Rapid “‘design time”

Applications
» Smoke detectors

| to V converters
High impedance buffers 2

Low drift sample and hold circuits

High input impedance, slow comparators
Long time timers
Low drift peak detectors

Supply current monitors

Low error budget systems

Simpliﬁed Schematic

m
QO Veo

3ALANCE
= em

781 >—o ouTPuT

PROCESSTR

L .

(D BALANCE

@
Q -Veg

j_

All on one die.

SERIAL DATA CUT
(LS8 FIRST)

——T—T=

RO |2ND

- 3
Ls8
\ 18 WICRO- Lsa | Ls8 o

Typical Applications -

Inexpensive Microprocessor D/A




wte Maximum Ratings

“yoltage *18V. Input Volitage Range (Note 2) ~ flev
?;ssipa“o" (Note 1) 500 mW Output Short Circuit Duration Continuous
:’-)qfempefature Range 0°C to +70°C Storage Temperature Range —65°Ct0 +150°C -
o 100°C Lead Temperature (Soldering, 10 seconds)  300°C
il Input Voltage 30V
gectrical Characteristics Note 3)
o
o PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Rs=10kQ, Ta=25"C 5 - 15 mV
QOver Temperature 20 mV
Volitage Offset Adjustment 10 mV
Range
3T | Average TC of Input Offset Rg =10kQ 10 uv/c
: Voltage ~
Input Offset Current Tj=25"C, (Notes 3, 4) 10 50 pA
Tj<70%e 2 nA
Input Bias Current Tj= 25°C, (Notes 3, 4) 50 200 pA
Tj<70%C 16 8 nA
Input Resistance Tj=25"C 5x 1011 Q
Large Signal Voitage Gain Vs = +15V, TA = 26°C 26, 100 V/mV
Vo =z10V, R =2kQ
Over Temperature 15 V/mV
Cutput Volitage Swing Vg =115V, Ry =10kQ - ¢ 213 Y
Input Common-Mode Voltage \/g'= =15V =\ +15.1 vV
Range } -1 \
Common-Mode Rejection Ratio Rg< 10k 70 90 ds
Suppiy Voitage Rejection Ratio (Note 5) i 96 d8
Suoply Current V B 2 4 mA
tlectrical Characteristics (Note 3)
20L ’ PARAMETER CONDITIONS MIN %P MAX UNITS
i | Siew Rate Vg =215V, Ta =25°C 0.5 V/us
W Gain-Bandwidth Product Vg=%15V, TaA=25"C 1.0 MHz
) Zquivaient Input Noise Voltage TA=25°C,Rg=100Q
: f =100 Hz 50 nVA/Hz
i i = 1000 Hz 37 nV/A/Hz
£quivalent Input Noise Current Tj= 758%@e
] f=100 Hz 0.01 pA/A/Hz
; f = 1000 Hz 0.01 pAA/Hz

. For operating at elevated temoerature, the device must be derated based on a thermal resistance of 150°C/W junction to ambient or
Function to case.
% Unless otherwise specified the absolute maximum negative input voitage is equal to the negative power supply voitage.
* These specifications apply for Vg = =15V and 0°C < Tp < +70°C. Vs, Ig,and Igg are measured at Vo = 0.
* The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature,
'3 limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction
re rises acove the ambient temperature as a result of internal power dissipation, Pp. Tj = Ta + ©ja Pp where 8ja is the thermal resis-
"miynction to ambient. Use of a heat sink is recommended if inout bias current is to be keot t0 a minimum.

Suoply Voltage Rejection Ratio is measured for both supply magnitudes increasing or decreasing simuitaneously in accordance with

>acuice.
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($134930) 35viy

COMMON-MODE NEJECTION RATIO (uB)

FREQUENCY (MH2)

e
‘_‘rwiﬂoned Output

EQUIVALENT INPUT NOISE VOLTAGE (aV/ilz)

10% 100k

FREQUENCY (Hz)

Small Signal Non-inverting
Pulse Response

VUTPUT VOLTAGE SWING (50 wv/plv)

TIME 0.5 us/01V.

Large Signal Non-nverting
Puise Response

OUTPUT VOLTAGE SWING (8v/01V)

TIME 10 us/0IV

4| performance Characteristics (continueq)

Common-Mode Rejection

Ratio

&
S

10100 1x 10k 100k 1M 1OM
FREQUENCY (Hz)

Equivalent Input
Noise Voltage

140

-

T I

IR TILE]

0 —

o L1 i
10 100 1k 10k
| FREQUENCY (Hz)

Power Supply Rejection
Ratio

I
s

=]
s

«
=)

-
a

POWER SUPPLY REJECTION HATIO (d8)
@
3

s

X 10k 100k
FREQUENCY (Hz)

Qutput Impedance

it

-
b}
=
-]
=
s
2
5
2

E
g et
R SN S |
'y F 10k 1008
FREQUENCY (Hz}

== Small Signal Inverting
Puise Response

OUTPUT VOLTAGE SWING (50 mv/0Iv)

TIME 05us/DIV

Large Signal Inverting
Pulse Response

OUTPUT VOLTAGE SWING (5V/D1V)

TIME 10 us/0IV
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Low Drift Peak Detector

%
T "
b =
RR/
RECOVERY
TIME ADJUST =

“Low leakage capacitor

Ultra-Low Drift Peak Detector

20k
\‘ —AAA—
M v 03 Ry

02

o1

Vin © DIODES 4
L
Ag

b 1N314
! AECOVERY TIME

— T ADJUST

8y adding D1 and R¢,Vp1 = Q during hoid mode. L2akage of

02 provided by feedback path through R¢.

o (Leakage of circuit is Ig plus leakage of Ch.

» D3 clamps VoyuT Alte VIN — V3 to improve speed and t0
limit the reverse bias of D2.

e Maximum input frequency should be << 1/2=RsCpg, where

Cp7 is the shunt capacitance of D2.

*Low leakage capacitor

Low Current Ammaeter

Comparator with Offset Adjust for Hi-Z Inputs

B

VR VR RVINE VAR RAY
IFULL SCALE RE Rg

100 nA 15M 15M
500 nA 300k 300k
1 uA 300k O
S uA 60k Q
10 A 30k Q
SO uA Bk Q
100 A 3k Q

100 uA FS.

Wieldl
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373

National =
Semiconductor

DM54ALS373/DM74ALS373

Octal D-Type TRI-STATE® Transparent Latch

General Description

These 8-bit registers feature totem-pole TRI-STATE outputs
designed specifically for driving nighty-capacitive or relative-
ly low-impedance loads. The high-impedance state and in-
creased high-logic-level drive provide these registers with
the capability of being connected directly to and driving the
bus lines in a bus-organized system without need for inter-
face or pull-up components. They are particularly attractive
for implementing buffer registers, I/O ports, bidirectional
bus drivers, and working registers.

The eight latches of the ALS373 are transparent D-type
latches. While the enable (G) is high the Q outputs will fol-
low the data (D) inputs. When the enable is taken low the
output will be latched at the level of the gata that was set
up.

A buffered outout control input can be used to place the
eight outputs in either a normal logic state (high or low logic
leveis) or a hign-impedance state. In the high-impedance

state the outputs neither load nor drive the bus lines signifi-
cantly. :

The output control does not affect the internal operation of
the latches. That is, the old data can be retained or new
data can be entered even wiile the outputs are off.

Features

m Switching specifications at 50 pF :

m Switching specifications guaranteed over full tempera-
ture and Vgc range

=. Advanced oxide-isolated, ion-imptanted Schottky TTL
“process b . u

® Functionally and pin for pin compatible with LS TTL
counterpart )

m !mproved AC performance over LS373 at approximately
half the power L

¥ TRI-STATE buifer-type outputr. *rive bus lines directly

Connection Diagram

Dual-in-Line Package

ENABLE
vee 8Q 80 70 7Q &Q 50 50 5Q G
lzo |19 18 17 16 15 14 13 |1z 11
Q oj" [o _oj [o Dj- »-[JD Q-LJ ;
G p—9—d3G G —d G
oc oc oc oc -
Ve o 87 |
a D D O a o iro Q
G & G G G
oc oc oc ocC
! ~ T
H ] - ./ I — 5
1 2 3 4. 5 s 7 ]a ls Iw
crT7 & 10 20 2Q 3Q 30 40 4Q D

C IROL

TL/F/6220-1

01 3» Number DM54ALS3734, DM74ALS373WM, DM74ALSS73N or DV 74,..7.3738J
See NS Package Number J20A, M208, M20D or N20A
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Symbol | parameter | Conditions L T min | Typ Max Units
ViK I Inout Clamp Voitage | Voo =45Vl = —18mA | —1.5 v
VoH High Level Output Voo = 4.5V 54ALS 24 32 ) v

1 Voitage lo = —1mA [ :

* 74ALS .

11 o = ~2.6mA 2.4 33| v

v Voo = 4.5V1055V | S4/T4ALS :

H 4

| VoL | Low Level Outout Veg = 4.5V 54/74ALS T2 o Y

ii | VYoltage . oL = 12mA | A p |

74ALS

); ! [-]OL & Al 035 05 v

Iy Input Cu_rrentatMax . Vog = 5.5V, ViH = TV 04 BT
Input Voitage |

|l | High Level Input Current | Voo = 5.5V, Vi = 2.7V |ii520 LA

I‘ I | Low Level Input Current | Veg =55V, Vy =04V | -0 mA
o | Output Drive Current Vee = 5.5V 54/74ALS

‘ Vo = 2.25V 30 112 mA

| lozd Off-State Output Current Veg = 5.5V ] 54 s

} High Level Voltage Applied Vo = 2.7V | i

i lozu | Off-State Output Current Vee = 5.5V 1 ‘ _0 A

E Low Level Voltage Applied | Vo = 0.4V | ; ! i

i Icc Supply Current Vg = 5.5V Outputs High [ o | 18 | mA

| Outputs Open Outputs Low 16 | 25 mA

| =

i Outputs Disabled l 17 1 27 mA

Absolute Maximum Ratings - -
If Military/Aerospace specified devices are required,
please contact’ the National Semiconductor Sales
Office/Distributors fof availability and specifications.

Note: The “Absolute Maximum Ratings” are those values

© ety

beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these firmits. The
parametric values defined in the “Electrical Characteristics”

Supply Voitage = v
Inout Voltage 7V table are not guaranteed at the absolute maximum ratings.
5 : ? ) ; The “Recommended Operating Conditions” table will define
Voltage Applied to Disabled Output 5.5V the conditions for actual device operation. .
Operating. Free Air Temperature Range ’

DM54ALS —55°Cto +125°C..

DM74ALS 0°Cto +70°C
Storage Temperature Range —-65°Cto +150°C :
Typical 8 )

N Package 57.0°C/W

M Package - - g 76.0°C/W . -
Recommended Operating Conditions B

: 2 T N
Ssymbol parameter ; DM54ALS373 | DM74ALS373 _] Units
Min ‘ Nom ! Max t Min Nom uax

Voo Suoply Voitage - 45 5] 455 45 BT |55 Ve
ViH High Levei Input Voitage . 21 | 2 E \
Vi | Low Level Input Voltage - 0.7 v e 08 |
loH ! Hign Level Output Current { A } g 20 mA
loL | Low Level Cutput Current e "> Wi 24-- [ "mA
ty | width of Enable Pulse, High of tow & _ el ! 1 G ns
tsy | Data Sstuo Time | {6R5 | FTW e Vg Ty i e R
ty | Data Hold Time | gk | 7 ns
Ta | Free Air Operating Temperatur | —55 | (/125 0 v on L

The ( 1) amow indicates the negauve edge of the enaole 1s used for reference.

Electrical Characteristics

od at Voo = SV, Ta = 25°C.

over recommended operating free air temperature range. All typical values-are msasur
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373

Switching Characteristics over recommended operating free air temperature range (Note 1)
Symbol * Parameter Conditions From To . DMEAAL TS DRE a7 Units
’ : . Min Max Min Max
toLH Propagation Delay Time Voo = 4.5V1t05.5V | Data Any Q o 14 2 1' 2 e
Low to High Levei Output RL = 500Q :
toHL Propagation Delay Time Gy = 50pF Data Any Q 9 s 4 N A,
High to Low Level Output .
tPLH Propagatlxo.n Delay Time Enable | AnyQ 5 26 5 22 Hs
Low to High Level Output .
tPHL Propagation Delay Time Enable | Any Q %
High to Low Level Output 1 - 7 2 ns 7
tozH Output Enable Time QOutput | Any Q o '
to Hign Level Output Control : 8.8 ° L ns ls
tpzL Output Enabie Time : QOutput | AnyQ 5 " :
to Low Level Qutput Control s e ° . . 5
terz Qutput Disable Time QOutput | AnyQ : =
from High Level Output Control : R 2 10%=lains 7 =
terz Output Disable Time ! Output | AnyQ :
| from Low Level Output * Control X 18 = = i
Note 1: Sea Sacton 1 for test waveiomms and output load. .v:
Function Table :
Output Enable = Output
Control G Q
L H H H
L H L 4
L L X Qo
H X X Z

L = Low State, H = High State, X = Don't Care e
Z = High Impedance State
Qg = Previous Conartion of Q




Logic Diagram
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PROGRAMMABLE PERIPHERAL INTERFACE

s MCS-85™ Compatible 8255A-5 a Direct Bit Set/Reset Capability Easix
Control Application Intertace |

s Reduces System Package Count |

u Impfoved DC Driving Capability
a Fully Compatible with intel® Micro- a Available in EXPRESS *
processor Families

u 24 Programmable /O Pins
m Completely TTL Compatible -

—Standard Temperature Range
= Improved Timing Characteristics —Extended Temperature Range

The Intel® 8255A is a general purpose programmable /0 device designed for use with Intel® microprocessors. It
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the®
mode (MODE 0}, each group of 12 /0 pins may be programmed in sets of 4 to be input or output. In MODE 1, the sexd
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode whichus
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




intel

8255A/8255A-5

(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 essence, 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 cxn:figuration of the

8255A.

Each of the Control blocks (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-CO)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed.

Ports A, B, and C

The 8255A contains three 8-bit ports (A, B, and C)
can be configured in a wide variety of functional char
teristics by the system software but each has its o
special features or “personality” to further enhance;
power and flexibility of the 8255A. i

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

Port B. One B-bit data input/output tatch/buffer and o
8-bit data input buffer. .

Port C. One 8-bit data output latch/buffer and one &

data input buffer (no latch for input). This port cani
divided into two 4-bit ports under the mode cons
Each 4-bit port contains a 4-bit latch and it can be
for the control signal outputs and status signal inpus
conjunction with ports A and B. ‘

i

PIN CONFIGURATION

i
ra3( N a0 [T ras l
raz(]2 [ ]res
rar (3 e[ Jrea l
*as e r[Qrar
[ 1 s x)ea
1 (1 Ss 38 [ mesr
rowen o ono 7 -
ot {—‘m oncr c) "‘:" '@n:ﬁq ngu 3 : i
== f =B |
1 ) i o] »c1 0 nPo, !
) L i e 1 82884 xHo, !
; res (2 2o,
anom el no,
'C:>1 ':::: C: crorce rco e n :.q :
W rcr s 260 %
O CTIOmaL DaTa 03 . s Sh
oo S K o re3(]vr 245
St Lo ' reo (e 23
1 'C:>‘ feestitd C 3o ° P e belul gl
;’ O | P22 nfjm
. =
» —
& q ta_i o e . PIN NAMES
C: v
“____.. 0 P <:> .0:" C: = Dy 0y DATA BUS (81 DIRECTKY
B i - RESET RESET INPUT
D T U = CHIPSELECT
TRE_ | REaDINeuT ]
[WR | wRie ineuT
———_—‘j' AQ A1 PORT ADORESS 4
& _PATPAO | PORT A (BIT)
787 P8O PORTB (BT1
PCYPCO PORT C (BIT) 4
Vec +5VOLTS Al g
GNO # VOLTS T SR
Figure 4. 8225A Block Diagram Showing Group A and

Group B Control Functions
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g255A OPERATIONAL DESCRIPTION

Mode Selection
. three basic modes of operation that can be select-
e cystem software:
- .. 0 Basic Input/Output
.1 - Strobed Input/Output
8i-Directional Bus

‘he reset input goes ““high™ all ports will be set to
vooepat mode (e all 24 lines will be in the high im-
.- state). After the reset is removed the 8255A can
.., »n the iInput mode with no additional initialization
.=t Duning the execution of the system program

e other modes may be selected using a single
. - .iwstruction. This allows a single 8255A to service
«uty of peripheral devices with a simpic software

(ORI

1o tenance routine.
1 {51 Port A and Port B can be separately defined,
", 11 C s divided into two portions as required by the
«1 Port B definitions. All of the output registers, in-
~taq the status flip-flops, will be reset whenever the
v .4 w changed. Modes may be combined so that their
1. tional detinition can be “tailored’’ to almost any 1/0
w+ . tane. For instance; Group B can be programmed in
.1} 10 monitor simple switch closings or display compu-
.l teselts, Group A could be programmed in Mode 1
1 - onetor o keyboard or tape reader on an interrupt-driven

ADDRESS BUS
1
CONTROL BUS ]
1
B DATA BUS ]

—

aE/o 110 1/0 o
P8, P8y PCyPCo PGy PC, PA;PAy
c
winih —J 8 —_— AT
e [0 1] 2
||
P8, P8, CONTROL ~ CONTROL  PA;PA,
OR 170 OR 1/0
c
Wit 7 —=[__ B — AT
7
(5 170 l I | [ l 1 1 I BI-DIRECTIONAL
J\/_ 1
P8, —— 3 PA,P
P 0 T oNTROL 7

Figure 5. Basic Mode Definitions
and Bus Interface

67

CONTROL WORD

D, | Dg [ Og | Oy | O3 | Oz | Oy ! Do

GROUP B

PORT C (LOWER)
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0= QUTPUT

MOOE SELECTION
0= MODE 0
1= MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0= QUTPUT

PORT A
1= INPUT
0= OUTPUT

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

MODE SET FLAG
1= ACTIVE

Figure 6. Mode Definition Fcrmat

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 I/O ap-
proach will surface. The cesign of the 8255A has taken
into account things such as efficient PC board layout,
control signal definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Set/Reset Feature

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

231308-001
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INTERRUPT
APPLICATIONS OF THE 8255A REQUEST
The 8255A is a very powerful tool for interfacing PCs l}““ Ry i
peripheral equipment to the microcomputer system. [t n Pa, Ry il
represents the optimum use of available pins and is flex- Phg et FULLY !
ible enough to interface almost any l/O device without PRy Ry :’EE\,%%TRDD
the need for additional external logic. ::: :‘
Each peripheral device in a microcomputer system :‘,‘f",‘,’&} PAg s:u:r
usually has a “service routine" associated with it, The Pa, CONTROL 3
routine manages the software interface between the '
device and the CPU. The functional definition of the £Cq |[=———— sTROBE 34
8255A is programmed by the I/O service routine and G ALK ’
becomes an extension of the system software. By ex- 9
amining the I/0 devices interface characteristics for BT 3

both data transfer and timing, and matching this infor-
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit" the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

INTERRUPT
REQUEST
HIGH.SPEED
PRINTER
MODE 1
(ouTPUT)
C W HAMME R
RELAYS
DATA READY
Acx ]
PAPER FEED
e —~{ FORWARD/REV
12564 D= |
g, |
re,
r8,
P8, DATAREADY
re, ack
':ODE 4 ", PAPER FEED
uTPUT) | »a, FORWARD/REV
r8, RIBBON.
CARRIAGE SEN
rc, DATA READY
pc, acx

CONTROL LOGIC AND DRIVERS

*Co
INTERRUPT

REQUEST

Figure 19, Printer Interface

INTERRUPT

BURROUGHS
SELF.SCAN
DisPLAY

PBy F—————— By
P8, B,
[ S — P
5
CFoaRieT B S R 1

10UTPYT)
P8, f——— | cLeaR
rC, DATA READY
PC,y [=—-] Acx
PC, BLANKING
PCy 1 PC; f——————/ canceL worp i

— }/

REQUEST

Figure 20. Keyboard and Display Interface;

INTERRUPT

REQUEST
93 ¥, R,
ra, R,
ra, A,
FULLY

MODE 1 | PA; a2 ®  zecosen
aneut) | gy, A, XEYBOARD
’AS R!
pa, SHIFT
22554
pa, CONTROL

PC, [=————— sTROBE

[ ACKNOWLEDGE
L BUSY LT
<, TEST LT

8, " remmin
va, e ADOAES |
[ S — b=t

T T

mooe o | 8
(NPUT) T pg —_— T K,_,—,

L1

Figure 21. Keyboard and Terminal AddTe&
Interface
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias. . .. ... ..
Storage Temperature
Voltage on Any Pin
With Respect to Ground
Power Dissipation

D.C. CHARACTERISTICS (Ta=0°Cto70°C. Vcc

1 Watt

*NOTICE: Stresses above those listed under "Abs
Maximum Ratings' may cause permanent damage
device. This is a stress rating only and functional op

tion of the device at these or any other conditions sy
those indicéted in the operational sections of this sp:f-

cation is not implied. Exposure to absolute maxiy

rating conditions for extended periods may affect dug:

reliability.

= +5V =10%, GND = 0V) *

Symbol Parameter Min. | Max. | Unit Test Conditions
ViL Input Low Voltage -0.5 | 0.8 \
ViH Input High Voitage 2.0 | "Vee \ :
VoL (DB) | Output Low Voltage (Data Bus) 0.45°| V loL = 2.5mA
Vo (PER)| Output Low Voltage (Peripheral Port) 0.45°| V loL = 1.7mA
Von (DB) | Output High Voltage (Data Bus) 24 \Y lon = -400uA
Vow (PER)| Output High Voltage (Peripheral Port) 2.4 \% loy = -200pA
Ipar!1l | Darlington Drive Current -1.0 | -4.0 | mA RexT = 7508; Vext=1.5V
lce Power Supply Current 120 | mA
e Input Load Current =10 HA Vin = Vg to OV
loFL Output Float Leakage £10 | WA VouT = Vce to 45V
NOTE:
1. Available on any 8 pins from Port B and E,
CAPACITANCE  (a=25°C. Vec = GND = 0V)
Symbol . Parameter Min. Typ. M.ax. unit Test Conzitions
Cin Input Capacitance 10 pF fc = IMHz
Cio 1/O Capacitance 20 pF Unmeasured pinsreturnedt
A.C. CHARACTERISTICS = (Ta= 0°Cto 70°C, Vcg = +5V =10%, GND = 0V)*
Bus Parameters
READ
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Untt
tAR Address Stable Before READ 0 0 ns i
tRA Address Stable After READ 0 0 ns !
tRR READ Pulse Width 300 300 ns
tRD Data Valid From READ! I 250 200 ns
toF Data Float After READ 10 150 10 100 s
tRy Time Between READs and/or WRITEs 850 850 ns i
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A.C. CHARACTERISTICS (Continued)

WRITE
e 8255A 8255A-5 |
; Symbol | Parameter Min. ’ Max. Min. Maﬂ Unit
_’ taw Address Stable Before WRITE 0 0 { ns
; - Address Stable After WRITE 20 20 ] | ns ]
{7 tww | WRITE Pulse Width 400 | 300 | s ]
| tow | Dat Validto WRITE (T.6) 100 | [ 100 | s ]
; WD f Data Valid After WRITE 30 I , 30 ] ns j
OTHER TIMINGS
L | s2ssa [ 825545 |
i
] ~Symbol Parameter ; Min. l Max. Min. ! Maxj Unit
! e | WR=1to0Outpudl [ | 3% 8. 3% | G\ |
i{ R l Peripheral Data Before RD I 0 I 0 ! I ns j
! thg j Peripheral Data After RD 0 ’ 0 I J ns ﬁl
[ x| ACK Pyl Width 30 | 300 | | ns
P tst | STB Pulse Width 500 | 500 | ns
‘ tog [ Per. Data Before T.E. of STB 0 I 0 l ns
i _tew | Per.Data After T.E. of 5T8 180 | IRER ns
" __ta0 ][ ACK =0 to Outputl 1l [ 300 , 300 , ns
{0 | AGK=ItoOutput Figar SpnOpasee ) 20 250 [ ns
. _Wwoe | WR=1t008F=0lll | 650 650 | s
ta08 | ACK = 0to OBF = 111I | 380 o350 | Ve,
s8 | STB=0tolBF = 1111 | | 300 [ 300 [T as 7|
'~z | RD=iteIBF=0ll, | | 300 | | a0 | msT ]
tan RD = 0to INTR = 0/ f | 400 ] | 400 | ns |
tsir STB =110 INTR = 11| | R goo~] | 300 | " ns
AT ACK =110 INTR = 11! ,’ | 350 | | 350 ns
it | WR=010 INTR = 0131 | | 450 ] | 450 ns |

OTES:

irsi Conditions: CL = 150 pF.

Perog of Reset pulse must be at least 50us during or atter power on. Subsequent Reset pulse can be 500 ns min.
TR may occur as early as WR|.

' 1 Extended Temperature EXPRESS, use M8255A electrical parameters.

C.TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

Ul aureyy

.
20

> TEST POINTS <
" 0a

ARE DRIVEN AT 24V FORALQGIC ! AND O 46y €25 "VerrISSET AT VARIOUS VOLTAGES DURING TESTING TOGQARANYEE THE
EA:;SURE MENTS ARE MADE AT 20V FOR & LOGC * SPECIFICATION C( INCLUDES JIG CAPACITANCE

Unoer T AVAVAV. —O Vear®

TEST
Iq-asopr
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80C51BH/80C51BH-2
CHMOS SINGLE COMPONENT 8-BIT MICROCONTROLLE
with Factory Mask-Programmable ROM

80C31BH/80C31BH-2
CHMOS SINGLE COMPONENT 8-BIT CONTROL-ORIENTE,
CPU WITH RAM AND I/0

80C51BH/80C31BH — 3.5 to 12 MHz Voo = 5V = 20%
80C51BH-2/80C31BH-2 — 0.5 to 12 MHz Vgg = 5V = 20%

® 128 X 8 RAM ® Boolean Processor

® 32 Programmable I/0 Lines ) ® 5 Interrupt Sources

® Two 16-Bit Timer/Counters & Programmable Serial Port
® 64K Program Memory Space # 64K Data Memory Space

The MCS”-51 CHMOS products are fabricated on Intel's advanced CHMOS Ill process and are functionat,
compatible with the standard MCS-51 HMOS and EPROM products. CHMOS Il is a technology which combine:
the high speed and density characteristics of HMOS with the low power attributes of CMOS  This combinatie- »
expands the effectiveness of the powerful MCS-51 architecture and instruction set. ¥

Like the MCS-51 EPROM and HMOS, the MCS-51 CHMOS products have the following features: 4K of ROV
(80C51BH/80C51BH-2 only): 128 bytes of RAM; 32 IO lines; two 16-bit timer/counters; & five-source two-leve
interrupt structure: a full duplex serial port; and on-chip oscillator and clock circuitry. In addition, the MCS-:
CHMOS products have two software selectable modes of reduced activity for further power reduction — Idie
and Power Down.

Idle mode freezes the CPU while allowing the RAM. timer/counters, serial port and interrupt system to continue
functioning. Power Down mode saves the RAM contents but freezes the oscillator causing all other chip functions
to be inoperative.

& r—}: =
82 e 1 5 e
&l %jf. k) el 3

Figure 1. Block Diagram
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ADVAK SE INFORMATION

o
f
|
t

e

proj? s0[3VCC

P11T] 2 39 {3 P0.0

P123 38 [P0

p13]4 37 {3P0.2

Pia’]5 36 [JPO3

P1ST]6 IS[1P04

P16 7 34 [IPOS

P17l 8 BI{TPOG

RSTTHO ., 2P0

P30 RXDL] 10 wcsienz 31 JEA

PITTXDT] 11 S5 W[ ALE

py2iNTE ] 12 29{JPSEN

PI3INTIC] 13 8{P27

PI4TD ] 14 273 P26

PISTIT] 1S 261P25

PI6WR ] 16 25{1P2.4

PITRD ] 17 241 P23

XTar2 ] 18 31P22

xTaLIC] 19 2P

vss ] 20 2113 P2.0

Pin

.agra=vs are tor pin relerence only
4 nage 765 are not 10 scale

P3s

[P |
a2} a1]
o5 Ld

80C51BH

20C51BH-2
80C31BH
80C31BH-2

S AN iV ed ) 051k
- z & -~ NN
6y VRN > ) L gy — 2= N
= e
A
Pad

Figure 2. Configurations

IDLE AND POWER DOWN OPERATION

Figure 3 shows the interna! !dle and Power Down
tlock configuration. As illustrated, Power Down
operation freezes the oscillator. Idle mode operation
allows the interrupt, serial port, and timer blocks to
continue to function while the clock to the CPU is
halled.

O
HPI{

ALz T xTaLs

INTERRUPT,
(O SERIAL PORT,
TIMER BLOCKS

Figure 3. Idle and Power Down Hardware

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

PCON: Power Control Regiéter

(MSB) (LSB)
[smoo] — [ — [ — [ari[Gro] PD ] 1oL |
Symbol Position Name and Function

SMOD PCON.7 Double Baud rate bit. When settoa 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 (Resserved)

— PCON.4 (Reserved)

GF1 PCON.3 General-purposa flag bit.

GFO PCON.2 General-purpose flag bit.

PD PCON.1 Power Down bit. Setting this bit
activates power down operation.
oL PCON.0 Idie mode bit. Setting this bit activates

idle mode operation.

If 1's are written to PD and IDL at the same time, PD
takes precedence. The reset value of PCON is
(0XXX0000).
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ADVANCE INFORMATIC

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . . . 0°C to 70°C
ciorage Temperature . . . . . . —65°C to +150°C
voltage on Any Pinto Vss . . . -0.5Vto Vgo+1V
vctageon Voo to Ves. - - - - - - -0.5Vto +7V
power Dissipation . .. .. ...l 1.0W

D.C. CHARACTERISTICS: (TA = 0°C to 70°C; Vgs = 0V; Ve = 5V = 20%)

*NOTICE: Stresses above those listed under “Ab-
solute Maximum Ratings' 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 oper-
ational sections of this specification is not implied.
Exposure to gbsolute maximum rating conditions for
extended periods may affect device reliability.

I symbol Parameter Min Max Unit Test Conaitions
P VIL Input Low Voltage -0:5 0.2Vgg—-1| V
T S
CVIH Input High Voltage 0.2vcc+9| Vec+0.5 Y
: (Except XTAL1, RST)
T 3
ViH1 Input High Voltage to 0.7Vce Ve +0.5 \%
XTAL1, RST
i VoL Output Low Voltage 0.45 V ot = 1.6 mA
' (Ports 1, 2, 3)
PVoL1 | Output Low Voltage 0.45 V. [loL = 3.2 mA (Note 1)
(Port 0, ALE, PSEN) .
VOH Output High Voltage 2.4 V. |loH=—80pA Vcc=5V=10%
(Ports 1, 2, 3)
: 0.75Vce V |loH= —30pA
0.8vVce V  |loH= —10pA
VOH1 Output High Voltage 24 V. |loH= —400pA Voo =5V=10%
{Pert 0 in Extornal Bus 5
: . & ; 0.75V V. o= —-130 -
| Mode, ALE, PSEN) cc O T
| : 0.9Vce V  |loH= —40pA (Note 2)
L Logical O Input Current |- -50 pA |Vin = 0.45V
(Ports 1,2,3) ~
L Logical 1 to 0 transition —-500 KA [Vin = 20V
Current (Ports 1, 2, 3)
It Input Leakage Current =10 wA 10.45 < Vin < VcC
Ea (Port 0, EA)
| RRST RST Pulldown Resistor 40 125 Kohm
Cio Pin Capacitance 10 pF |testfreq = 1 MHz, TA=25°C
IPp | Power Down Current 50 uA |Voo = 2to 6V (Note 3)
Maximum dperatjng Icc (mA) (note 4) Maximum Idle Igc (mA) (note 5)
Vee 4v 5V 6v Vee 4V 5V 6V
Freq. Freq.
0.5 MHz 1.6 2.2 3 0.5 MHz 0.6 0.9 1.2
3.5 MHz 4.3 57 7.5 3.5 MHz 1.1 1.6 22
8 MHz 8.3 1 14 8 MHz 1.8 27 3.7
12 MHz 12 16 20 12 MHz 2.5 JRNC I 4 5
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Note 1: Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be supe
Ports 1 and 3. The noise is due to the external bus capacitance discharging int
these pins make a 1-to-0 transition during bus operations. In the worst case (capacitive loading > 100 p|
pulse on ALE line may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt T
an address latch with a Schmitt Trigger STROBE input.

Note 2: Capacitive loading on Ports 0 and 2 may cause the V
specification when the address bits are stabilizing.

ADVANGE INFORRMA:,

rimposed on the Vo s of ALE 4.
0 the Port 0 and Pont 2 ping X
F). the ey,
ngger, or

OH on ALE and PSEN to momentarily fall below the gy,.

Note 3: Power Down Icc is measured with all output pins disconnected: EA=PORT0=Vcc; XTAL2 N.C.; RST= Vss

Note 4: Icc is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL =
Vih=Vcc - .5v: XTAL2 N.C.: EA=RST = PORTO0 = V(. ;

Note 5: Idle Icc is measured with all output pins disconnected:; XTAL1 driven with TCLCH, TCHCL =
Vih=Vce - .5vi XTAL2 N.C.; EA=PORTO = Vi RST = Vss.

10 ns, V;|=VSsl1~l

10 ns, Vjj=Vgg+ ¢

. A.C. CHARACTERISTICS (Tp = 0°C to 70°C; Vgg = OV; Voo = 5V = 20%;
Load Capacitance for Port 0, ALE. and PSEN = 100 pF, Load Capacitance

All Other Outputs

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS

"Symbol Parameter Min Max Unlts g
1/TCLCL Oscillator Freq (80C51BH) 35 12 MHz -
Oscillator Freq (80C51BH-2) 0.5 12 MHz
TLHLL ALE Pulse Width 2TCLCL-40 ns |
TAVLL Address Valid to ALE Low TCLCL =40 ns i
TLLAX Address Hold After ALE Low TCLCL-35 ns
TLLIV ALE Low to Valid Instr In 4TCLCL—-150 ns
TLLPL ALE Low to PSEN !, TCLCL-25 ns
TPLPH PSEN Pulse Width 3TCLCL-35 ns
TPLIV PSEN Low to Valid Instr In 3TCLCL- 150 ns
TPXIX Input Instr Hold After PSEN 0 NS
TPXIZ Input Instr Float Atter PSEN TCLCL-20 ns |
TPXAV PSEN to Address Valid TCLCL-8 ns |
TAVIV Address to Valid Instr In - 5TCLCL- 150 ns '
TPLAZ PSEN Low to Address Float 0 _ns_
TRLRH | RD Pulse Width 6TCLCL - 100 ns |
TWLWH WR Pulse Width 6TCLCL- 100 ns_:
TRLDV RD Low to Valid Data In 5TCLCL- 165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Float After RD 2TCLCL-70 ns
TLLDV ALE Low to Valid Data In 8TCLCL-150 | ns



intel

80C518H/80C51BH-2
80C31BH/80C31BH-2

Table 2. MCS?-51 Instruction Set Description

ARITHMETIC OPERATIONS

Mnemonic Description

ADD ARn Add register to
Accumulator

ADD  A.direct Add direct byte to
Accumulator |

ADD A @RI Add indirect RAM to
Accumulator

ADD A #data Add immediate data to
Accumulator

ADDC A.Rn Add register to
Accumulator with Carry

ADDC A direct Add direct byte to A
with Carry flag

ADDC A.@Ri Add indirect RAM to A
with Carry flag

ADDC A.xdata Add immediate data to
A with Carry flag

SuBB ARn Subtract register from A
with Borrow

SUBB A.direct Subtract direct byte
from A with Borrow

SUBB A,@Ri Subtract indirect RAM
from A with Borrow

SUBB A,#data Subtract immed data
from A with Borrow

INC A Increment Accumulator

INC Rn Increment register

INC direct Increment direct byte

INC @Ri Increment indirect RAM

INC DPTR Increment Data Pointer

DEC A Decrement Accumulator

DEC Rn Decrement register

DEC  direct Decrement direct byte

DEC @R Decrement indirect
RAM

MUL AB Multiply A & B

Div AB Divide Aby B

DA A Decimal Adjust
Accumulator

LOGICAL OPERATIONS

Mnemonic Destination

ANL  ARn AND regsster to
Accumulator

ANL A direct AND direct byte to
Accumulator

ANL A.@Ri AND indirect RAM to
Accumulator

ANL A #data AND immediate data to
Accumulator

ANL direct A AND Accumulator to

’ direct byte

ANL direct.#data AND immediate data to
direct byte

ORL ARn OR register to
Accumulator

ORL  A.direct OR direct byte to

Accumulator

Byte Cyc
1 1
2 1
-
2 1
1 1
2 N
1 1
BlY1
1 1
2 1
1 1
Al
1 1
1 1
2 1
1 1
1 2
1 1
1 1
e\
1 1
1 4
1 4
1 1

Byte Cyc'
1 i
B |
1 1
2 1
2. 4
3 2
2] 1
2 1

LOGICAL OPERATIONS (CONTINUED)

Mnemonic

ORL A.@Ri

ORL A #data
ORL  direct,A
ORL  direct,#data
XRL A.Rn

XRL A direct
XRL  A.@Ri

XRL A‘m;ata
XRL . direct,A
XRL direct, #data
CLR A

CPL A

RL A

RLC A

RR A

RRC A

SWAP A

DATA TRANSFER

Mnemonic

MOV  ARn
MOV AcAjirect
MOV A @Ri
MOV  A.#data
MOV RnA
MOV  Rn direct
MOV  Rn,#data
MOV  direct A
MOV  direct.Rn
MOV  direct.direct

MOV  direct,@Ri

Destination

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
RAMto A

Exclysive-OR
itmmediate data to A
Exclusive-OR Accumu-
lator to direct byte,
Exclusive-OR im-
mediate data to direct
Clear Accumulator
Complement
Accumulator

Rotate Accumulator Left
Rotate A Left through
the Carry flag

Rotate Accumulator
Right

Rotate A Right through
Carry flag

Swap nibbles within the
Accumulator

Description

Move register to
Accumulator
Move'direct byte to
Accumulator

Move indirect RAM to
Accumulator

Mov immediate data to
Accumulator

Move Accumulator to -«
register

Move direct byte to
register

Move immediate data to
register

Move Accumulator to
direct byte

Move register to direct
byte

Move direct byte to
direct

Move indirect RAM to
direct byte

Bylec“‘i
i
1 1:
i
2.0
4|
2 1
i
3 2

20
e I |
2 |l
271
32
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Byte Cyc
1 1
2 1t
1 1
2 1
1 1
L2l
2 1
2 it
22
32
2 2|




ntel

(el

MOV
[Xiol%
wOvVC
uovC
WIVX
$40VX
WMOVX
LIOVX
PUISH
P

XCH

XCH

XCHD

80C51BH/80C51BH-2
80C31BH/80C31BH-2

Table 2. MCS?-51 Instruction Set Description (Continued)

direct.#data
@RiA
@Ri.direct

@Ri.#data

DATA TRANSFER (CONTINUED)

Mremonic

Description

Move immediate data to
direct byte

Move Accumulator to
indirect RAM

Move direct byte to
indirect RAM

Move immediate data to
indirect RAM

DPTR.#data16 Load Data Pointer with

A.@A+DPTR
A.@A+PC
A.@Ri

A @DPTR
@R1LA
@OPTR.A
direct
direct
ARnN
A.direct
A.@Ri

A.@Ri

Mnemonic -
CtR . C
CLR bit
SETB C
SETB bit
CPL (o]
CPL  bit
ANL  C.bit
ANL C/bit
ORL  Crbit
08L Cu/bit
MOV Cubit
MOV bit,C

a 16-bit constant

Move Code byte relative
to DPTRto A

Move Code byte relative
toPCto A

Move External RAM (8-
bit addr) to A

Move External RAM (16~
bit addr) to A

Move A to External RAM
(8-bit addr)

Move A to External RAM
{16-bit addr)

Push direct byte onto
stack

Pop direct byte from
stack

Exchange register with
Accumulator

Exchange direct byte
with Accumulator
Exchange indirect RAM
with A

Exchange low-order
Digitind RAMw A

BOOLEAN VARIABLE MANIPULATION

Description

Clear Carry flag

Clear direct bit

Set Carry flag

Set direct Bit
Complement Carry flag
Complement direct bit
AND direct bitto Carry
flag ] ;
AND complement of
direct bit to Carry

OR direct bit to Carry
flag

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

Move Carry flag to
direct bit

Byte Cyc
3 2
1 1
2 2
2 1
S 2
1 2
1 2
1 2
IQF 2
N 2
1 2
rfa
g e )
1 1
‘2 n
1 1
1 1

Byte Cyc
1 1
A (d
1 1
P4
1 1
2 1
> P>
g
2 2
2. 2
2 1
2 2

PROGRAM AND MACHINE CONTROL

Mnemonic Description Byte Cyc
ACALL addr11 Absolute Subroutine
Call 2 2
LCALL addri6 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addril Absolute Jump 2 2
LJMP  addr16 Long Jump 3 2
SIMP rel Short Jump (relative
addr) 2 2
JAP @A+DPTR Jump indirect relative to
. ) the DPTR 1 2
Jz rel Jump if Accumulator is
Zero 2 2
INZ rel Jump if Accumulator is
Not Zero 2 2
NC rel Jump'if Carry flagis set 2 2
JNC rel Jump if No Carry flag 2 2
J8 bit.rel Jump if direct Bit set 3 2
JNB bit.rel Jump if girect Bit Not
set ] 2
Jasc bit.rel Jump if direct Bit is set
d & Clear bit 3 2
CJNE A, direct.rel Compare directtoA &
Jumpif NotEqual 3 2
CJNE A, udata.rel Comp, immed, to A & -
Jump it Not Equal. 3 2
CJNE Rn.#data.rel Comp.immed, toreg &
Jump if Not Equal 3 2
CJNE (@Ri.#data.rel Comp, immed.to ind. &
Jump if Not Equal 3 2
DJNZ Rn.rel Decrement register &
Jump if Not Zero 2 2
DJNZ direct.rel Decrement direct &
Jump if Not Zero 3
NOP No operation .8 1
Noles on data addressing mouxs:
Rn —Working register RO-R7
girect —128 internal RAM locations, any 1/Q port,
control or status register
2@Ri __Indirect internal RAM location addressed by
register RO or R1
=data ~ —8-bit constantincluded in instruction
=data16 — 16-bit constantincluded as bytes 2&30f
instruction
bit __128 software flags, any /0 pin, control or
status bit

Notes on program addressing modes:

addr16 —Destination address for LCALL & LUIMP may
be anywhere within the 64-K program
memory address space

Addr11 —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 offset byte, Range is +127-128 bytes relative
to first byte of the following instruction

All mnemonics copyrighted € Intel Corporation 1979




80C51BH/80C51BH-2

mtef 80C31BH/80C31BH-2 ADVANGE HFRMAT:,
Table 3. instruction Opcodes in Hexidecimal Order
Hex Number Mnemonic Operands Hex Number Mnemonic Operand; |
Code ofBytes Code ofBytes
T —
00 1 NOP 33 1 RLC A ;.
01 2 AIMP code addr 34 2 ADDC Asndata F
02 3 LIJMP code addr 35 2 ADDC A.data addr 3
03 1 RR A , 36 1 ADDC A.@RO '
04 1 INC A # 37 1 ADDC A @R1
05 2 INC data addr i 38 1 ADDC A.RO
06 1 INC @RO 39 1 ADDC A.R1
07 1 INC @R1 3A 1 ADDC AR2
08 1 INC RQg” 38 1 ADDC AR3
09 1 INC R1 3C 1 ADDC AR4 1
0A 1 INC R2 : ko) 1 ADDC AR5 i
0B 1 INC R3 3E 1 ADDC A.R6
ocC 1 INC R4 BF 1 ADDC AR7
0D 1 INC RS 40 AP —ic " code addr
0E 1 INC R6 a1 2 AJMP code addr
OF 1 INC R7 42 2 ORL data addr,A
10 - 3 JaC bit addr, code addr 43 3 ORL data addr,#data
1 2 ACALL code addr 44 5 ORL A.xdata
12 3 LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A.@R0O
14 1 DEC A 47 1 ORL A.@R1
15 2 DEC data addr 48 1 ORL A.RO
16 1 DEC @RO 49 1 ORL AR1
17 1 DEC @R1 4A 1 ORL AR2
18 1 CEC RO 48 1 ORL AR3 ;
19 1 DEC R 4 4c 1 ORL AR4 i
1A 1 DEC R2 4D 1/ - ORL ARS
1B 1 DEC R3 4E 1 ORL AR6 i
1C 1 |\ Bec R4 4F 1 ORL AR7 |
10 1 DEC RS 50 2 INC code addr !
1E 1 DEC R6 51 2 ACALL code addr i
1F 1 DEC R7 52 2 ANL data addr,A !
¢ 3 JE bit 2ddr, code acdr 53 3 ANL cata acar, s uzia :
21 2 AJMP code addr 54 2 ANL A.#data
22 1 RET é 55 2 ANL A.data addr
23 1 RL A 56 1 ANL A.@R0
24 2 ADD A #data 57 1 ANL A@R1
25 2 ADD A.data addr 58 1 ANL A.RO
26 1 ADD A.@RO 59 1 ANL AR1
27 1 ADD A.@R1 SA 1 ANL AR2
28 1 ADD A.RO . 58 1 ANL AR3
29 1 ADD AR1 5C: 1 ANL A.R4
2A 1 ADD A.R2 5D 1 ANL A.RS
2B 1 ADD AR3 . . 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 addr 63 3 XRL data addr, #data
31 2 ACALL code addr 64 2, XRL A #data
32 1 RETI 65 2 XRL A.data addr




80C51BH/80C51BH-2
mer 80C31BH/80C31BH-2 ADVANCE INFORMATION

Table 3. Instruction Opcodes In Hexidecimal Order (Continued)

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

. 1 XAL A.@RO 99 1 suss ARl

1% 1 XRL A.@R1 9A 1 suBs A.R2

8 1 XRL A.RO : 98 1 susB A.R3

63 1 XRL AR1 y 9C 1 susB AR4

LA 1 XRL AR2 9D 1 suBB A.RS

LB 1 XRL A.R3 9E 1 suBB A.R6

A 1 - XRL A.R4 9F 1 suBB A.R7

o0 1 XRL ARS AO 2 ORL C./bit addr

6l 1 XRL A.R6 Al 2 AJMP code addr

o 1 XRL A.R7 A2° 2 MOV C.bit addr

bit] 2 JINZ code addr A3 1 INC DPTR

b3 2 ACALL code addr A4 1 MUL AB

] 2 ORL C,bit addr AS reserved

13 1 JMP @A+DPTR AB 2 MOV @R0.dataac-

74 2 MOV A.#data A7 2 MOV @R1.dataacar

7% 3 MOV data addr.#data A8 2 MOV RO,data addr

76 2 MOV @RO0.#data A9 2 MOV R1.data addr

17 2 MOV @R1,#data AA 2 MOV R2.data adcr

18 2 MOV RO,#data AB 2 MOV R3.dataadcr

79 2 MOV R1.#data AC 2 MOV R4.data accr

iA 2 MOV R2.#data AD 2 MOV RS5.data adcr

’8 2 MOV R3,#data AE 2 MOV R6,data accr

1C 2 MOV R4 #data AF 2 MOV R7.dataaczsr -

? 2 MOV RS #data B0 2 ANL C./bit adar

Tt 2 MOV R6.#data B1 2 ACALL code addr

f 2 MOV R7.#data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 cPL C .

81 2 AJMP code addr B4 3 CJINE A.#data.code addr
62 2 ANL C.bit addr BS 3 CJUNE A.data adcr.code addr
a2 1 MOVC A @A+PC B6 3 CJNE @R0.#datz.code addr
82 1 U AB 87 2 CJINE @R1.#data.code addr
6% 3 MOV data addr, data addr o 0=, 3 CJINE ]0.2data code addr
b 2 MOV data addr.@RO B9 3 CJNE R1.zgata.coce 22ar
ol 2 MOV data addr.@R1 BA 3 CJINE R2,#data.code addr
eg 2 MOV data addr.RO B8 3 CJNE R3,#data.code addr
89 2 MOV data addr,R1 BC 3 CJINE R4,2data code addr
8A 2 MOV data addr.R2 80 3 CJNE RS5.#data code addr
L 2 MOV data addr.R3 BE 3 CJNE ~ R6.rdata.code addr
8C 2 MOV data addr,R4 BF 3 CJNE R7.#datz code addr
80 2 MOV data addr,RS co 2 PUSH data ace’

8E 2 MOV data addr,R6 c1 2 AIMP code agzr

8F 2 MOV data addr,R7 G2 2 CLR bit adar

90 3 MoV DPTR.#data c3 1 CLR c

9 2 ACALL code addr c4 1 SWAP A

92 2 MOV bit addr.C (o]} 2 XCH A.data 23dr

93 1 MOVC A.@A+DPTR ce 1 XCH A.@RO

84 2 suBB A.pdata c7 1 XCH A.@R1

o5 2 suss A.data addr cs 1 XCH A.RO R

36 1 sues A.@RO . c9 1 XCH AR1

87 1 sueB A.@R1 CA 1 XCH A.R2

98 1 suBB A.RO cB 1 XCH A.R3




%
. 80C51BH/B0C51BH-2 'y ;
In'(er 80C31BH/80C31BH-2 ADVANCE INFORMAT,.

Table 3. Instruction Opcodes in Hexldecimal Order (Continued)

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

cc 1 XCH AR4 £6 1 MOV A.@RO T
co ol SXEH A.RS E7 1 MOV A.@R1
CE 1 XCH A.R6 E8 1 MOV A.RO
CF 1 XCH A,R7 » E9 1 MOV AR1
[o]¢] 2 POP data addr EA 1 MOV A.R2
D1 2 ACALL code addr . EB 1 MOV A.R3
D2 2 SETB bit addr EC 1 MOV A.R4
D3 1 SETB Cc ED 1 MOV ARS
D4 1 DA A EE 1 MOV A.R6
D5 3 DJNZ data addr,code addr EF 1 MOV A.R7
D6 1 XCHD A.@RO ’ FO 1 MOVX @DPTRA
D7 1 XCHD A.@R1 F1 2 ACALL code addr
D8 2 DJNZ RO.code addr F2 1 MOVX ‘@RO.A
D9 2 DJNZ . Ri.codeaddr F3 1 MOVX @R1.A
DA 2 DJNZ R2.code addr F4 1 CRK A
DB 2 DJNZ R3.code addr F5 2 MOV data addr.A
DC 2 DJNZ R4.code addr Fé 1 MOV @R0.A
DD 2 DJINZ RS5.code addr F7 1 MOV @R1.A
DE 2 DJINZ - R6.code addr F8 1 MOV RO.A
DF 2 DJNZ °  RT7.codeaddr F9 1 MOV R1.A
EO 1 MOVX A.@OPTR FA 1 MOV R2.A
E1l 2 AJMP code addr FB 1 MOV R3.A -
E2 1 MOVX A.@RO FC 1 MOV R4.A

1 MOVX A.@R1 FD 1 MOV R5.A

A CLR A FE 1 MOV R6.A

MOV A.data addr FF 1 MOV R7.A
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