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Miss Wanlapa Pichayaworakul
Miss Wassana Krongsooksun

Assist.Prof. Pichai Kusiriwanitchakorn (Advisor)

Educational Year 2000

Abstract

Nowadays, technologies are growing rapidly. Many systems are controlled in order to
make people more comfortable , easier , faster and some systems can save energy , too. This
project presents Light-Controlled system that controlled luminosity in a room by using photo
detecting device and microcontroller. Any user can adjust luminosity to five levels with

automatic curtain and also has setting time circuit for turning on or turning off light.
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SETB P25

CLR P20
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MOV  30H,#01101100B . fmuaveud M uYe AT ERUA 1

MOV 31H,#10001111B - fvuAveLLUA IS IR A TT AU 1
H3eVBUANVBMAITTAVT 2

MOV  32H,#10100010B . MHUAYOLLUATI YO I ITT AT 2
H3OVOUAUBIATLATT 3

MOV 33H,#10110000B . MMUAvBLUUANIS YR IAIEAUT 3

138UV NVBIAITEAVN 4



WAIT:

Al:

A2:

COUNT:

A3:

A4:

AS:

MOV  34H#10110111B

MOV 35H,#11000000B
MOV R4#00H
MOV SP#4FH

JNB  PL1.0,Al

LIMP COUNT
LCALLDELAY
INB Pl1.0,Al
CINE R4,4#05H,A2
LIMP COUNT
INC R4
LCALL LEVELI
LCALLDELAY
SETB Pl.1
JNB  Pl1.1,A3
LCALL LEVELI

LIMP WAIT
LCALLDELAY
JNB  Pl.1A3
CINE R4#01H,A4
LCALLLEVELLI
CINE R4#00H,A5
SIMP WAIT
DEC R4
LCALLLEVELLI
LIMP WAIT

; A UAYBULUANMTUUBIAITEAUT 4
NIBUBUANUBIUFITEAUN 5

; MMUAVOUUUANUTUVBIAITEALN 5
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MsUlFusTAUANMdIIS 5 53AY
st o AR R Rk ks s sk ek ok bk ks
LEVELI: CINE R4,#01HLEVEL2 ;ﬂzﬁﬁfuﬁﬂmfﬁ@U]ﬂ!ﬁﬂ@%&ﬁﬂﬂitﬁﬂ‘ﬁ1
SETB P1.2 ;1% LED adnedifen
CLR P13
CLR Pl4
CLR Pl5
CLR PL6 ‘
MOV  RO#30H 1% Ro fumanudIve N TR U9
MOV RI#31H ¥ R1 Ausanudiveuuusgd a1
LCALL COMPARE
LEVEL2: CINE R4,#02H,LEVEL3 ;ﬂ:ﬁﬁfuﬂauﬁda”lﬂzﬁag’«,"l%’;ﬁanszé’uﬁ2
SETB P1.2 JWLED a319 20
SETB P13
CLR Pl4
CLR P15
CLR Pl6
MOV RO#31H
MOV RI#32H
LCALL COMPARE
LEVEL3: CINE R4#03H,LEVEL4 ; zﬁ15uwauf?¢ia”]ﬂaﬁar§s’“l%aﬁaﬂszﬁnﬁ 3
SETB P12 W LED 719 30
SETB P13
SETB Pl4
CLR PL5
CLR PL6
MOV RO#32H
MOV RI#33H
LCALL COMPARE
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LEVEL4: CINE R4#04H,LEVELS ;i)zm%umuf:daﬂﬂ!ﬁ@é’i%’nﬁaﬂszﬂuw
SETB P1.2 A% LED ad1e 4én
SETB P13
SETB Pl.4
SETB P15
CLR PL6
MOV RO#33H
MOV RI1#34H
LCALL COMPARE
LEVELS:  CINE R4#05HLAST ;ﬂzv‘iﬁfuﬂaui‘fﬁa"lﬂgfiaﬁ‘l%zﬁam:ﬁnﬁ5
SETB Pl1.2 1% LED #3149 5 @2
SETB P13
SETB Pl.4
SETB PL5
SETB PL.6
MOV RO#34H
MOV RI#35H
LCALL COMPARE
LAST: RET
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COMPARE: LCALLLDR 4117155UA1 LDR (el uiannudyues
0))
MOV AKEEP SuAmsTULDRAlauA0 A/D
MOV R3,A
CLR C
SUBB A,@R0 U131 14910 LDR fuveudiavessedy

e



Bl1:

STOP:

LIGHT:

PO:

Xl1:

B2:

LCALL OPEN

JNB
SETB
SETB
JB

P1.7,PO
P2.2

P2.3
P3.7,STOP

LCALL DETECT

SETB
SETB
SETB
SETB
CALL
CINE
LIMP
CLR

LIMP

P3.3

P3.4

P3.5

P3.6

DELAY
A#O0H,LIGHT
Bl14

P3.2

B15

LCALLLDR

MOV
CLR

SUBB

JC
LIMP
MOV
CLR
SUBB
JC

AKEEP
<.
A@RO

Bl
BI5
AR3
C
A@RI1
Bl4

LCALL CLOSE

JNB
SIMP

P2.4,PEE

B15

luredldsunastiosniiszay
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PEE: LCALLLDR

MOV A KEEP
CLR C
SUBB A,@RI
INC B2
B14: SETB P3.2 Ala i
B15: SETB P22 AIBIABS gAY
SETB P23
RET

sk ok sfe sk sk st sk sk sk sk sk sk sk sk skok ok sk sk sk sk stk st stk sk ki sketesk sk skokokokok ok ok ok sk stk stttk skekokeskeokokokeskskok skekokoskokoskokok skokokoskok skokok skskok

v 9 ¥
dauvesn1snIuguueiaes vida

s st e e sk sk sk sk sk sk sk sk stk sk sk stk sk sttt sie stk s kol sk sk ke sk ok sk stk sk kst skok stk ok sk sk skesk sk stesteok sk ok skok sk kel koskeok sk skokokok sk kok ok bk

OPEN: JNB  PI1.7,0PEN1

SIMP GO
OPENI: SETB P3.2

SETB P22

CLR P23 ;ﬂ%”mhu%u
GO: RET

skeooke sk o st st st st st sfe sk sk e s sk sk sk sk skl stk sk skl skeskete sk ok skeokokosk koo skt stk skl sk k stk ok seskoskokoskok skokkok ok siokesiokekokolok skl kokskokk
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sk sk sk kot o ot sk otk ok sk sk sk sk sk skt ok stk siokak skl skl skoksk seokokosk ki skoskoskskok sk sk skskeskokok sk koskok skoekekokokokokoksksk skokokolokokok ok skekok

CLOSE: SETB P3.3
SETB P34
SETB P3.5
SETB P3.6
SETB P3.2

JNB  P2.4,CLOSEI

SIMP  WENT
CLOSEL: SETB P3.2

SETB P2.3



CLR P22 ASunIuag
WENT: RET

sk sk sk ok skook sk ok ok sk sk sk ke sk ok ok stk stk sk skok sk kol sk skt sk sk stk skt kol sk sk skoskeskokok skl koot sk skokok skokok skokokskokokok sk kel skeokok kol sk ok

dUYBINITATINTUMTIAAUT
AR A AR AR A A A Aok bk A AR A Ao Ak bk ko
CLR A
DETECT: MOV A #O00H
MOV  38H#12
MOV  39H#12
CLR C
RIGHT: JB  P25SS
INC A
CLR P32
CALL DELAY
SS: CLR P33
SETB P3.4
SETB P3.5
SETB P3.6
CALL DELAY
SETB P3.3
SETB P34
SETB P3.5
CLR P36
CALL DELAY
JB  P25,50
CLR P32
INC A
SO: SETB P3.3
SETB P3.4

CLR P35



LEFT:

ST:

SI:

SETB
CALL
SETB
CLR
SETB
SETB
CALL
DINZ
B
CLR
INC
CALL
CLR
SETB
SETB
SETB
CALL
SETB
CLR
SETB
SETB

CALL

CLR
INC
SETB
SETB
CLR
SETB
CALL

P3.6
DELAY
P33
P34
P3.5
P3.6
DELAY
38H,RIGHT
P2.5;5F
P3.2

A
DELAY
B33
P34
P35
P3.6
DELAY
P33
P34
P3.5
P3.6
DELAY
P2.5,S1
P3.2

P3.3
P3.4
P3.5
P3.6

DELAY



SETB P3.3
SETB P3.4
SETB P3.5

CLR P3.6
CALL DELAY
DINZ 39H,LEFT
RET

sk sk ok ok st ok sk sk ok sk sk sk sk sk sk sk sk sk s e sk sk sk ok skeok sk stk sk sk sk sk ok ok sk sk ks ok sk sk sk skl skeskeoskok skeskok skokok skeokokokeokokokoke sk skokok skekok skokokskok
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LDR:

CLR P2.0
CLR g B2l
LCALLATOD
MOV R5,P0
LCALL DELAY
LCALL DELAY
LCALL DELAY
SETB P2.1
CBRN, P20
LCALLATOD
MOV R2,P0O
MOV AR2
CLR C

MOV Bj#2
ADD AR5
LCALLDELAY
JC CARRIES
DIV AB
MOV KEEP,A
SIMP - SEND

-1 1A ADRESS DECODER Iilo1den (00)
Sunsutlasainin LDR aafisgaruniiain
dauauaumsulasdyy i

(Ausaednd lden eya Blu RS

:fMMUA ADDREES DECODER (01)
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CARRIES: DIV AB

ADD  A#10000000B

MOV KEEPA ;ﬂ'wméﬂswdnLDRVTyazﬁaﬂzgmﬁu'lﬁu

SEND: RET

ATOD: MOV  PO#0FFH
SETB P3.1
CALL DELAY
CLR P3.1

EOC: JNB  P3.0,EOC
RET

DELAY: MOV  R7#0FFH

wi: MOV R6,#0FFH

w2 DINZ R6,W2
DINZ R7,Wl
RET

END



TIMEBUF:

TIMEDIS:
ONBUF:
ONDIS:
OFFBUF:
OFFDIS:
CLOUD:

CLOUDIS:

RTCDAT
RTCCLK
RTCRST

MAIN:

Z1:

zZX:

ORG
DS
DS
DS
DS
DS
DS
DS
DS
DS
EQU
EQU
EQU
ORG
MOV
SETB
CLR
CLR
SETB
MOV
MOV
CALL
CALL
CALL

CALL

SIMP

CALL

CALL

SETB

00H

8

2 AilesiAuawianSailumy Bed

4 Ailesifuawannsuihuiay 7-segment

2 e fifusnafae13iteidla lifuiay Bep

4 Ao difusnariiasSineda lvifuay 7-segment
2 ileifusinaifide 3o Ta lvifhuay BCD

4 didesifusamiias 3o ta lvifuay 7-segment
1 ;ﬁmwaﬁﬁuﬁmmﬁgﬂﬁ'ﬁﬁﬂ delay 111129 BCD

2 Aiedifusnaias3ite delay 151110 7-segment
P2.0 ;SERTIAL DATA DS1202 RTC

P21  ;SERIAL CLK DS1202 RTC

P22 ;SERIAL RST DS1202 RTC

0010H

SP,#50H

PO.1 AlF e fimsaueaanaiiay
P0.3

P0.7 segTumsieunyudaTuia

P2.7

CLOUD #00H SiFamnmdmsuntelunmsite’ly
34H,#00H

RDRTC ;81UANIA1IN RTC

DISPLAY ;uamnaw%‘a‘lmmmfu
DISCLOUD AR IS
P0.1,7Z1

DISON Al vusihdumaaunile
7z

DISOFF ;ﬂﬁ;iwmsﬁyﬁﬁmﬁmnmﬂﬂ‘lﬂ
P0.7,ZX

P0.6, COUNT

DELAY

P0.6,ZY

PO.7

P0.6,ZV



CALL DELAY
ZW: INB  P0.6ZW
CLR P07
SIMP  COUNT
YA'S LIMP 72
COUNT: MOV  A34H
CINE A#OOH,AGAIN
B P0.4,7U a5 uIMstla lWnse i
MOV  34H#01H
SIMP  MINUTE
ZU: LIMP STA]
ArrEEEREERR AR AR R R KRR 2208 5 CHECK CLOUD MINUTE####%# 5 443 5 ks xssns sxssxsnnsrn
MINUTE: MOV  A,TIMEBUF
MOV 3SH.CLOUD
ADD  A35H
MOV  35H,A
ANL  A#00001111B

DA A
MOV  36HA
MOV  AJ35H

ANL  A#11110000B

ADD  AJ36H
DA NN
MOV  36HA

MOV  37H,TIMEBUF+1
ANL  A#11110000B
CINE  A#60H,MIN
MOV  AJ36H

ANL  A#00001111B
MOV  36HA

MOV A TIMEBUF+1
INC A

DA A

MOV  37HA



MINT1:

MIN2:

« 3 3 3 3k 3 ok 3 ok ok ok oK 3 ok koK 3k ok sk ok ok sk sk ok 3k ok sl ok ok Sk sk kR sk sk ok K sk ok ok 3k ok Sk 3ok k3 ok R sk ok 3k sk ok 3k ok ok ok ok ke kool sk sk ok ok ok ke ok sk ok sk ok kol skoskockok ook
>

AGAIN:

Z2:

CINE
MOV

MOV
MOV
INC
DA

MOV

CINE
MOV

MOV
MOV
INC
DA
MOV
LIMP

MOV
CINE
MOV
CINE
MOV
CINE

CLR
MOV

MOV
MOV

STA1
A#70H,MIN1
A36H
A#00001111B
A#10H

36H,A

A, TIMEBUF+1
A

A

37H,A

STA1

A #80H,MIN2
A36H
AH#086@4111B
A#20H

36H,A

A, TIMEBUF+1
A

A

37H,A

STA1

A34H
AHOIH,Z7
A,TIMEBUF
AJ36H,STAl
A,TIMEBUF+1
A37H,STAl
P0.4,STAI
P2.7
34H,#02H
MAIN
A,TIMEBUF
00H, 70

:A323eudesmaita IWnse 1l
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Z3;

STA:

Z5;

Z6:

Z7:

STAO:

STA1L:

ON:

STA2:

OFF:

CINE
MOV
MOV
CINE
CLR

MOV
MOV
MOV
CINE
MOV
MOV
CINE
SETB
MOV

MOV

CINE

SETB
MOV
SIMP

SETB
MOV

CALL

CLR
SETB

CALL

A,00H,STA
A, TIMEBUF+1
01H,71H
A,0IH,STA
P2.7
34H,#02H

A, TIMEBUF
06H,0OFFBUF
A,06H,STAO
A, TIMEBUF+1
07H,OFFBUF+1
A,07H,STAO
P2.7
34H,#00H
STA1

A34H
A#02H,STA1
P0.4,STAL
P2.7,STA1
P2z
34H,#00H
STAl
P0.7,STAL
P0.4,STAl
P2.7,STAl
P2.7
34H,#00H
P0.0,STA2
DELAY
P0.0,ON

P0.3

PO.1
P0.2,SWITCH
DELAY

JalWidedanainge1d

- Ualviiedanaidels

s A 4 -
AT VT INTIHO NI TR W

;s IMsaaaaanilaly
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JNB
CLR
SETB

P0.2,0FF
P0.1

P0.3

Ed
s ¥ Iddwaaaiate

R e N T LTI T aIlT EEREERERREEERRRER KRR IR RE KRR RR R
: REAL TIME CLOCK

SWITCH:
SLS:

SWMSEC:
SMS:

SWLHOUR:
SLH:

SWMHOUR:
SMH:

JB
CALL
JNB
CALL

JB
CALL

CALL

JB
CALL

CALL
LIMP
JB
CALL
JNB
CALL
LIMP

P2.3,SWMSEC
DELAY
P2.3,SLS

DOIT

DO1
P2.4,SWLHOUR
DELAY
P2.4,SMS

DOIT

DO2
P2.5,SWMHOUR
DELAY
P2.5,SLH

DOIT

DO3

P2.6,TURN
DELAY
P2.6,SMH

DOIT

DO4

a oA 5 a g a '
:AsRTVTINFHAASUuR(Manwig)
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5 SETTING TIME

TURN:
LS:

OFF1:
SETMS:
MS:

JB
CALL

CALL

P3.3,SETMS
DELAY
P3.3,1LS
P0.1,0FF1
SET1

SETS
P3.4,SETLHR
DELAY
P3.4.MS

:asnaeudInFneawantlatla Iifuuimdanmiie)
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OFF2:
SETLHR:

LHR:

OFF3:

SETMHR:

OFF4:

CLOUDY:

STCD:

BACK:
DO1:

LSDOI\‘&:
DO2:

MOV

INC
DA

ORL
MOV
MOV
MOV
CALL
CALL

MOV

P0.1,0FF2
SET2

SET6
P3.5,SETMHR
DELAY
P3.5,LHR
P0.1,0FF3
SET3

SET7
P3.6,CLOUDY
DELAY
P3.6,MHR
P0.1,0FF4
SET4

SET8
P0.5,BACK
DELAY
P0.5,STCD
CLOUDIN
MAIN

A, TIMEBUF
A,#00001111B
A

A
A#00001111B

TIMEBUF,#11110000B

A, TIMEBUF
TIMEBUF,A
R2,#82H
R3,TIMEBUF
RTCWR
DONEIT
MAIN
A,TIMEBUF

A 4 O a < w '
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DO _C:

MSDONE:

DO3:

DO _C2:

LHDONE:

DO4:

SWAP
ANL
INC
DA

CINE
MOV
SWAP
ANL
ORL
MOV
CALL
MOV
MOV
CALL
CALL

MOV

INC
DA

ORL
CINE
MOV
MOV
CALL
MOV
MOV
CALL
CALL

MOV

A
A,#00001111B
A

A
A#00001111B
AHO6H.DO_C
A #00H

A
TIMEBUF,#00001111B
A, TIMEBUF
TIMEBUF,A
DOIT

R2,#82H
R3,TIMEBUF
RTCWR
DONEIT

MAIN

A TIMEBUF+1 Fnasaiiuda Tuamanniig)
A,#00001111B
A

A
A#00001111B
TIMEBUF+1,#11110000B
A,TIMEBUF+1
A#24H,D0_C2
A #00H
TIMEBUF+1,A
DOIT

R2 #84H
R3,TIMEBUF+1
RTCWR
DONEIT

MAIN

Ed
A, TIMEBUF+1 fanansuilunimanmiog)



SET2:

SET C:

SET3:

ORL
MOV
CALL
MOV
MOv
CALL
CALL

MOV
SWAP

INC
DA

CINE
MOV
SWAP
ANL
ORL
MOV
CALL
MOV
MOV
CALL
CALL

MOV
ANL
INC
DA

ANL
ORL
CINE

A,70H
70H,A

DOIT
R2,#0COH
R3,70H
RTCWR
DONEIT
MAIN

A,70H

A
A#00001111B
A

A
A#00001111B
AH#O6H,SET C
A #00H

A

70, #00001111B
A,70H

70H,A

DOIT
R2,#0COH
R3,70H
RTCWR
DONEIT
MAIN

A,71H
A,#00001111B
A

A
A,#00001111B
71H,#11110000B
A,71H

A #24H,SET C2

Aananta Midluunmanmiae)
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SET C2:

SET4:

SET_BK:

SET BKI:

SET BK2:

SET_BK3:

SET BK4:

SET_BKS:

SET_BKS6:

MOV
MOV
CALL
MOV
MOV
CALL
CALL

MOV
SWAP
ANL
INC
CINE
MOV
SWAP
ANL
ORL
CINE
MOV
CINE
MOV
CINE
MOV
CINE
MOV
CINE
MOV
CINE
MOV
MOV
CALL
MOV
MOV
CALL

AHOOH
71H,A

DOIT

R2,#0C2H
R3,71H

RTCWR
DONEIT

MAIN

A71H

A

A#00001111B

A
A#03H,SET_BK
A#00H

A
71H,#00001111B
A,71H
A#24H,SET BK1
A H#04H
A#25H,SET BK2
A H#0SH
A#26H,SET BK3
A H0GH

A #27H,SET BK4
AH0TH
A#28H,SET BK5
A,H08H
A#29HSET BK6
AH09H

7T1H,A

DOIT

R2,#0C2H
R3,71H

RTCWR

e lhifus Tusmanau)



CALL DONEIT

LIMP MAIN
j##HIRESSRLRS ARSI ISEOR SETTING TURN OFF LIGHT TIME* 44+ 5+ #5455 55 5550 mssnn
SETS: MOV A OFFBUF ;éwzmm'?JﬂL]ﬂLﬂuuﬁ(ﬂ an1UIY)

ANL  A#00001111B

INC A

DA A

ANL A,#00001111B

ANL  OFFBUF,#11110000B

ORL A,OFFBUF

MOV  OFFBUF,A

CALL DOIT

MOV  R2#0C4H

MOV  R3,0FFBUF-

CALL RTCWR

CALL DONEIT

LIMP MAIN
SETS: MOV A, OFFBUF sAanala ifluuimsnd)
SWAP A

ANL A #00001111B
INC A
DA\ \, A
ANL  A#00001111B
CINE  A#06H,SET] C
MOV A #00H

SET1 _C: SWAP A
ANL  OFFBUF#00001111B
ORL  A,OFFBUF
MOV  OFFBUF,A
CALL DOIT
MOV  R2#0C4H
MOV  R3,0FFBUF
CALL RTCWR
CALL DONEIT



LIMP MAIN
SET7: MOV A,OFFBUF+] ;gmmﬂﬂ'lmi‘!uﬁ?ﬂm(wﬁnwﬁau)
ANL A,#00001111B
INC A
DA A
ANL A,#00001111B
ANL OFFBUF+1,#11110000B
ORL A,OFFBUF+1
CINE  A#24H,SET1 C2

MOV A #00H
SET1_C2: MOV OFFBUF+1,A
CALL DOIT

MOV  R2#0C6H
MOV  R3,0OFFBUF+1
CALL RTCWR
CALL DONEIT
LIMP MAIN
SETS: MOV A OFFBUF+1 ;&nmﬂw”lﬂni‘lu%’ﬂm(ﬂﬁnﬁu)
SWAP A
ANL A,#00001111B
INC A
CINE  A#03H,SETI_BK
MOV  A#00H
SET1_BK: SWAP A
ANL  OFFBUF+1#00001111B
ORL A,OFFBUF+1
CINE A,#24H,SET1_BK1

MOV A #04H
SET1_BK1: CINE  A#25H,SET]_BK2

MOV  A#05H
SET1_BK2: CINE  A#26H,SET] BK3

MOV A#06H
SET1_BK3: CINE  A#27H,SET1 BK4

MOV  A#07TH



SET1_BK4:

SET1_BKS:

SET1_BK6:

CLOUDIN:

DIN:

DOIT:

DONEIT:

RDRTC:

CINE
MOV
CINE
MOV
MOV
CALL
MOV
MOV
CALL
CALL

MOV
INC
DA
CINE
MOV
MOV

MOV
MOV
CALL

MOV
MOV
CALL

MOV
CALL
MOV
MOV
CALL
MOV
MOV
CALL

A#28H,SET1_BKS5
A #OSH

A#29H,SET1 _BK6

A #09H

OFFBUF+1,A

DOIT

R2,#0C6H

R3,0FFBUF+1

RTCWR

DONEIT

MAIN

A,CLOUD ;é?anmﬁmi"umimam
A

A

A#31HDIN

A #00H

CLOUD,A

MAIN

R2 #8EH ;WRITE PROTECT = 0
R3.#0

RTCWR

R2#8EH ;WRITE PROTECT = 1
R3,#80H
RTCWR

R2,#83H ;0wmmnanuufion RTC
RTCRD

TIMEBUF,R3 .

R2,#85H ;B mmnauiuda Tiean rre
RTCRD

TIMEBUF+1,R3

R2,#0C1H s8mmautla Iiluuriien e
RTCRD



BCDTO7:

NBCDTO7:

MOV
MOV
CALL
MOV
MOV
CALL
MOV
MOV
CALL
MOV
MOV

CALL
MOV
MOV
SWAP

CALL
MOV
MOV

CALL
MOV
MOV
SWAP

CALL
MOV
MOV

CALL
MOV
MOV
SWAP

70H,R3
R2,#0C3H
RTCRD
71H,R3
R2,#0C5H
RTCRD
OFFBUF,R3
R2,#0C7H
RTCRD
OFFBUF+1,R3
A, TIMEBUF
A,#00001111B
DIGIT
TIMEDIS,A
A,TIMEBUF
A
A,#00001111B
DIGIT
TIMEDIS+1,A
A, TIMEBUF+1
A,#00001111B
DIGIT
TIMEDIS+2,A
A, TIMEBUF+1
A
A,#00001111B
DIGIT
TIMEDIS+3,A
A,70H
A,#00001111B
DIGIT
ONDIS,A
A,70H

A

; owawaulla lvhiui Tuenn rRTC

;owamataliduuifion re

; oA liduda Tueain Rt

<] a
;nfa9iay BCD 1iuiay 7-segment(na1nsa)

; wlaway BCD 1fuiay 7-segment(aila’w)



FBCDTO7:

CBCDTO7:

ANL

CALL
MOV
MOV

CALL
MOV
MOV
SWAP

CALL
MOV
MOV

CALL
MOV
MOV
SWAP

CALL
MOV
MOV

CALL
MOV
MOV
SWAP

CALL
MOV
MOV

CALL
MOV

A,#00001111B
DIGIT
ONDIS+1,A
A, 71H
A#00001111B
DIGIT
ONDIS+2,A

A 71H

A
A,#00001111B
DIGIT
ONDIS+3,A
A,OFFBUF
A,#00001111B
DIGIT
OFFDIS, A
A,OFFBUF

A
A,#00001111B
DIGIT
OFFDIS+1,A
A,OFFBUF+]
A,#00001111B
DIGIT
OFFDIS+2, A
A,OFFBUF+1
A
A,#00001111B
DIGIT
OFFDIS+3,A
A,CLOUD
A,#00001111B
DIGIT
CLOUDIS A

silawiay Bep i$huiny 7-segment(1na17ln 1)

sutlawiav BeD 1fuay 7-segment(¥1391707)



MOV  ACLOUD
SWAP A

ANL  A#00001111B
CALL DIGIT

MGV CLOUDIS+1,A
RET

SRRk kR R Rk R ko ok ok K T
> DISPLAY TIME Fokkkkok kR kk ok ok ko

DISPLAY: MOV  P1,TIMEDIS ;uamwmi‘lumnamanmw-segment

CLR P3.0

CLR B371

CLR P32

SETB P3.7

CALL DELAY
CALL DELAY

MOV  P1#00H

MOV  P1,TIMEDIS+1
SETB  P3.0

CLR P34l

CLR P32

SETB P3.7

CALL DELAY

CALL DELAY

MOV  P1,#00H

MOV  P1,TIMEDIS+2

CLR P30

SETB  P3.1

CLR P32

SETB  P3.7

CALL DELAY

CALL DELAY

MOV  P1,#00H

MOV  P1,TIMEDIS+3
SETB  P3.0

SETB P3.1



DISON:

CLR

SETB
CALL
CALL
MOV

MOV
CLR
CLR
SETB
SETB
CALL
CALL
MOV
MOV
SETB
CLR
SETB
SETB
CALL
CALL
MOV
MOV
CLR
SETB
SETB
SETB
CALL
CALL
MOV
MOV
SETB
SETB
SETB

B3.2
P3.7
DELAY
DELAY
P1,#00H

P1,0ONDIS suaaawaiunania |y
P3.0

P34

P32

P3.7
DELAY
DELAY
P1,#00H
P1,ONDIS+1
P3.0

P3.1

P32

P3.7
DELAY
DELAY
P1,#00H
P1,0NDIS+2
P3.0

P3.1

P3.2

P3.7
DELAY
DELAY
P1,#00H
P1,0ONDIS+3
P3.0

P3.1

P3.2



DISOFF:

SETB
CALL
CALL
MOV

MOV
CLR
CLR
SETB
SETB
CALL
CALL
MOV
MOV
SETB
CLR
SETB
SETB
CALL
CALL
MOV
MOV
CLR
SETB
SETB
SETB
CALL
CALL
MOV
MOV
SETB
SETB
SETB
SETB

P3.7

DELAY
DELAY
P1,#00H

P1,0FFDIS
P3.0

P3.1

P3.2

P3.7

DELAY
DELAY
P1,400H
P1,0FFDIS+
P3.0

P3.1

P3.2

P3.7

DELAY
DELAY
P1,#00H
P1,0FFDIS+2
P3.0

P3.1

P3.2

P3.7

DELAY
DELAY
P1,#00H
P1,0FFDIS+3
P3.0

P3.1

P3.2

P3.7

saaanaifunaia v



CALL DELAY
CALL DELAY
MOV  P1,#00H

RET
DISCLOUD: MOV  P1,CLOUDIS aasnaiiuna1iniag

CLR  P3.0

CLR  P3.1

CLR P32

CLR P37

CALL DELAY

CALL DELAY

MOV  P1,#00H
MOV  P1,CLOUDIS+1

SETB  P3.0
CLR P3.1
CLR R32
CLR P3.7
CALL DELAY
CALL DELAY

MOV  P1#00H

DELAY: MOV R4 #0FFH
MOV RS #0FFH
DINZ RS5,$
DINZ R4$

DIGIT: MOV  DPTR#DIG
MOVC A,@A+DPTR
RET
DIG: DB 3FH,06H,5BH,4FH,66H,6DH,7DH,07H, 7FH,6FH
SHHHHIHHHHHH#E RTC SUBROUTINE Mt s
s SUBRTCRD (INR2,0UTR3)  =>READ SINGLE BYTE FROM DS1202
; SUB RTCWR (IN R2,R3) =>WRITE SINGLE BYTE TO DS1202
; SUB TIMERD (OUT TIMBUF) ~ =>READ RTC -> TIMBUF



; SUB TIMEWR (IN TIMBUF) => WRITE TIMBUF ->RTC
;REG A : ACCUMULATOR
; R2 : COMMAND
H R3:DATA
: R4 : LOOP COUNTER
; RS : DELAY
s FRRE R FHEF IR HAE KRR HRIKFHF KKK A KRR TOR]D SUB FFH*Fkkkkrkrhkkr kb kb h ks sk kkkkdk ko k*
RTCRD: CLR RTCCLK ;CLK=0
CALL RTCDL

SETB  RTCRST ;RST=1
CAILL RTCDL
MOV  AR2 ;COMMAND

CALL RTCWRC

MOV  R4#8 :READ DATA
CLR A

RTCRDI: CLR  RTCCLK
CALL RTCDL

MOV  CRTCDAT
RRC A

SETB RTCCLK
CALL RTCDL
DINZ R4,RTCRDI1

MOV R3A

CLR RTCRST ;RST=0
CALL RTCDL

RET

kR Rk KRRk KRRk Rk kR kR ok R ko RERERRRRERK KRR RN R RN RRR AR R R R kR Rk kR
; RTCWR SUB

RTCWR: CLR RTCCLK ;CLK=0
CALL RTCDL
SETB  RTCRST ;RST=1
CALL RTCDL
MOV  AR2 ;COMMAND

CALL RTCWRC

MOV ~ AR3 ;DATA



RTCWRC:
RTCWRCI:

RTCDL;:

CALL
CLR
CALL

MOV
RRC
MOV
SETB
CALL
CLR
CALL
DINZ

MOV
DINZ

RTCWRC
RTCRST ;RST=0
RTCDL

R4,#8 s WRITE COMMAND/DATA
A

RTCDAT,C

RTCCLK ;RISING EDGE CLOCK
RTCDL

RTCCLK

RTCDL

R4,RTCWRC1

R5.#4 ;DELAY
R5$
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Ju woull
10/7/43 | 10/8/43 | 10/9/43 | 20/7/43 | 20/8/43 | 20/9/43 | 30/7/43 | 30/8/43 |30/9/43
na
05.00 13.04 | -1545 | -1683 | -13.93 | -16.07 | -17.01 | -14.80 | -16.54 | -i7.i2
06.00 0.01 -1.71 0.33 -1.98 249 | 247 | -122 | 225 | -2.56
07.00 13.58 12.35 12.17 13.03 1223 | 1217 | 1270 | 1219 | 11.96
08.00 27.33 26.59 | 2669 | 2693 2637 | 2661 | 2669 | 26.13 | 26.41
09.00 41.19 4094 | 4122 | 4095 | 41.08 | 41.02 | 40.88 | 4119 | 40.56
10.00 55.02 55.37 | 5566 | 5496 | 5562 | 5513 | 55.08 | 5575 | 54.21
11.00 68.52 69.82 69.55 68.79 70.24 68.26 69.23 70.19 66.34
12.00 79.90 64.14 | 8038 | 81.04 | 8466 | 7694 | 82.51 | 83.38 | 73.24
13.00 17.82 8090 | 7573 | 79.02 8044 | 72.43 | 8021 | 78.72 | 68.40
14.00 65.51 66.46 | 6256 | 66.14 | 6586 | 6021 | 66.55 | 64.62 | 57.56
15.00 s1.86 | 5204 | 4832 | 5223 51.19 | 4634 | 5237 | 54.13 | 44.15
16.00 38.00 37.63 33.80 38.19 36.77 32.00 38.13 .| 35.55 30.05
17.00 24.10 23.18 1922 | 2019 | 2226 | 17.49 | 2395 | 2099 | 15.68
18.00 10.40 9.03 4.62 10.10 791 2.42 9.90 6.50 1.16

Y a
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Recommended*

Range illuminance Examples of area or activity
(Ix) '
Minimum service illumi-
General 20 nance in exterior circu-
lighting for lation areas
rooms and 30 Outdoor stores, stockyards
areas used 50 Exterior walkways and
either in- platforms; indoor car parks
frequently 75 Docks and quays
and/or for 100 Theatres and concert halls;
casual or hotel bedrooms, bath rooms
simple Circulation areas in
visual tasks 150 industry, stores and
stock rooms
200 Minimum service illumi-
nance on the task -
Rough bench and machine
work; general processes in
300 chemical and food indus-
tries; casual reading-and
filing activities
Medium'bench and machine
- work; motor vehicle assem-
500 bly; printing machine
General rooms; general offices,
lighting shops and stores
for Proof reading; general
working 750 drawing offices; offices with
interiors - business machines
Fine bench apd machine
work; office machine as-
1000 sembly; colour work;
critical drawing tasks
Very fine bench and ma-
chine work; instrument and
small precision mecha-
1500* * nism assembly, electro-
nic components, gauging
and inspection cf small*
intricate parts.
Additional Minutely detailed and
localizea - " precise work, e.g. very
lighting for > 2000 small parts of instruments,
visually - watch making and engrav-
exacting ing; operating area in
tasks operating theatres

* If minimum values are recommended, one step lower in llluml-
nance can be taken.
** Can be done by local lighting. Optical aids should be considered.

Fig. 1-7. Scale of recommended service illuminances.

should be recommended for for use when formulatmg llghtlng specx—
fications for particular purposes. They are:

e 20 - 200 lux for general Ilghtmg in mfreqq_eﬁtly used rooms.

e é 200 - 2000 lux for general !ighfing in working interiors, and

e 2000 - 20 000 lux for additional, iocalized, lighting. -
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BOTTOM VIEW

1 drain
2 source
3 ground

RE2008 %A\

SENSITIVE AREA 2 ELEMENTS
SPECTRAL RESPONSE 5- 14 um

OUTPUT VOLTAGE mv pp 20
NOISE mv pp 0.4 TOP VIEW

CFFSET VOLTAGE volts 0.1 "‘\

SUPPLY VOLTAGE volts 2.2 - 15
OPERATING TEMP c 30-70

/

Test Conditions for output voltage:
Supply voltage = 5 voits

100K load resistor from pin 2to 3

IR source = Hand moving 6" from sensor

FIGURE 3




< &National Semiconductor

i ADC0808/ADC0809 8-Bit uP Compatible A/D Converters
| | with 8-Channel Multiplexer

608000V/808000V

General Description Features

The ADC0808, ADC0809 data acquisition componentis a ~ ® Easy interface to all microprocessors

monolithic CMOS device with an 8-bit analog-to-digital con- Operates ratiometrically or with 5 Vpc or analog span
verter, 8-channel multiplexer and microprocessor compati- adjusted voltage reference

ble control logic. The 8-bit A/D converter uses successive  m No zero or full-scale adjust required

approximatign as the conversion technique. The converter @ g-channel multiplexer with address logic
i features a high !n}pedar}ce chopper s.tablhzed comparator,a g QV to 5V input range with single 5V power supply

256R voltage divider with analog switch tree andasucces: o Gutouts meet TTL voltage level specificati

sive approximation register. The 8-channel multiplexer can Yo . g . lzatiaes

directly access any of 8-single-ended analog signals. X Stan‘dard Dertietic. or mfalded 28-pin DIP package

The device eliminates the need for external zero and full- N =0 molded. chip-carrier peRESgs

scale adjustments. Easy interfacing to microprocessors 3= = ADC0808 equvaIent to MM74C949
‘! | provided by the latched and decoded multiplexer address m ADCO0809 equivalent to MM74C949-1
' inputs and latched TTL TRI-STATE® outputs. > b b
? The design of the ADC0808, ADC0809 has been optimized Key Specmcatlons
by incorporating the most desirable aspects of several A/D @ Resolution 8 Bits
i conversion techniques. The ADC0808, ADC080S offers high @ Total Unadjusted Error +%, LSB and +1 LSB
; speed, high accuracy, minimal temperature dependence, & Single Supply 5 Vpc
! excellent long-term accuracy and repeatability, and con- ®m Low Power 15 mwW
: sumes minimal power. These features make this device & Conversion Time 100 ps

ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold port)
see ADCO0816 data sheet. (See AN-247 for more informa-
tion.) £

: Block Diagram

START cLocK

) [_'EATD____..I___L__.] .
o— | o ENDOF CONVERSION
> | CONTROL & THAING | (INTERRUPT)
| |
G | |
e 1 ’ ' N
8 ANALOE INPUTS — ANALGG !
R o—]  SWITCHES SAR. ! [
G [ ! —0
| COMPARATOR i —o
" - —o
| STATE® Lo - -
ouTPUT 81T OUTPUTS
L°— | urek [0
( { BUFFER [—O
: % .
- B 0 [ t
o . { : SWITCH TREE :
] i | {
_ amaconesi{ O— ST i
R L© LATCH 1 i i i
SN ADDRESS ANO . < 4 Sy i
LATCH ENABLE DECODER | O ———— { . .- SeeOrdering
I 1 T | _ " l '~ Information
g W J ) L
Voo ON0 RER(Y REF(-) OUTPUT
ENASLE
TU/H/56T2-1

2-51




ADC0808/ADC0809

Absolute Maximum Ratings (Notes 1& 2)
It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage‘(voc) (Note 3)

Voltage at Any Pin —0.3V to (Veg+0.3V)
Except Control Inputs

Voltage at Control Inputs —0.3Vto +15V

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range .—65°Cto +150°C

‘Package Dissipation at T4 =25°C 875 mW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 400V

Electrical Characteristics

6.5V "

Operating Conditions (votes 14 2)

Temperature Range (Note 1)
ADCO0808CJ
ADC0808CCJ, ADC0O808CCN,
ADCO0809CCN
ADC0808CCV, ADC0809CCV
Range of V¢ (Note 1)

Converter Specifications: Vcg=5 Voc=VRer+., VREF(_)=GND, TMINSTA<Tpmax and fCLK=_ 640 kHz unless otherwise

TMINSTASTMAX
—55°C<Ta< +125¢

—4O°CSTAS+85°C -

—40°C < Tp < +859¢ ,

45Vpcto6.0Vy, | |

stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C Y LS8
(Note 5) Tran to Tyax +3, LSB
ADC0809
Total Unadjusted Error 0°Cto 70°C *1 LSB
(Note 5) TmiN to Tax 1Y, LSB
Input Resistance From Ref(+) to Ref(—) 1.0 25 kQ
Arnalog Input Voltage Range | (Noie 4) V(+)orV(—) GND-0.10 Vgc+0.10 Voe
VREF(+) Voltage, Top of Ladder Measured at Ref(+) ’ Vee Ve +0.1 Vo
V + VRer(—
ﬁ"]ﬂz—““i—l Voltage, Center of Ladder Vee/2:01 | Vg2 | Voor2+04 | v [
VREF(-) Voltage, Bottom of Ladder Measured at Ref(—) 0.1 = 0 \'
N Comparator Input Current fc =640 kHz, (Note 6) -2 +0.5 2 pA

Electrical Characteristics

Digital Levels and DC Specifications: ADC0808CJ 4.5V<Ve<5.5V, —55°
ADC0808CCJ, ADCO808CCN, ADC0808CCV, ADCO809CCN and ADC0809CCYV, 4

less otherwise noted

C<TA<+125°C unless otherwise noted
75<Vce<5.25V, —40°C<TA< +85°C un-

Symbol I Parameter . Conditions Min Typ I Max .l Units
ANALOG MULTIPLEXER §
loFr(+) OFF Channel Leakage Curent - | Vec=5V, V=5V,
Ta=25°C 10 200 nA
i o 2 Tumin 10 Timax .. 1.0 pA.

lorr(-) | OFF Channel Leakage Curent |- - Vog=5V, Vin=0, e :

. . Ta=25°C. —200 —10 nA ¥

. Tminto TMAX -1.0 pA H

+2-52




60800QV/80809ay

@ctrical Characteristics (continued) : -
pigital Levels and DC Specifications: ADC0808CJ 4.5V<Vpe<5.5V, —55C< TA<+125°C unless otherwise noted
Thaay ADC0808CCJ, ADCO808CCN, ADCO0808CCV, ADC0O80ICCN and ADCO0809CCV, 4.75< Vee<5.25V, —40°C<Ta< +85°C un.
25 t less otherwise noted
f -gymbol l o Parameter Conditions I Min I Typ , Max ’ Units
85° i
85,2 }' CONTROLINPUTS
Voo b ViING Logical “1" Input Voltage . Vec—1.5 - v
! VIN(©) Logical “0” Input Voltage 1.5 \Y
_3 Ny Logical “1" Input Current ViN=15V 1.0 LA
; s (The Control Inputs)
! IIN@) Logical “0" Input Current Vin=0 -1.0 RA
? T : (The Control Inputs)
lc Supply Current foLk =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT)
Vout() Logical “1"” Output Voltage lo=—360 pA Vec—0.4
VouT(0) Logical “0" Output Voltage lo=1.6 mA 0.45
Vout() Logical “0" Output Voltage EOC lo=1.2mA 0.45
. lout TRI-STATE Output Current Vo=5V 3 sA
Wise
: Vo=0 —3 HA
uns| Electrical Characteristics
—— 1 Timing Specifications VCC=VHE;:(+)= 5V, VREF(_)=GND, t=1t=20 ns and Ta=25°C unless otherwise noted.
LSB | Symbol Parameter Conditions Min Typ Max Units
-LS‘B tws Minimum Start Pulse Width (Figure 8) 100 200 ns
BS twALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
B
tsgi & Minimum Address Set-Up Time (Figure 5) 25 50 ns
Minimum Address Hold Time (Figure 5) 25 50 ns
ka |_H
Voo to Analog MUX Delay Time Rs=0Q (Figure 5) 1 2.5 nS
T From ALE
— ty1, o OE Control to G Logic State CL=50 pF, R = 10k (Figure 8) 125 250 ns
Vol i toy OE Control to Hi-Z CL=10pF, R, = 10k (Figure 8) 125 250 ns
Vit Conversion Time fc =640 kHz, (Figure 5) (Note 7) 90 100 116 1S
kit Clock Frequency 10 | 640 1280 kHz
A :
teoc EOCDelay Time - (Figure 5) 0 8+2us Clock
Periods
Cin Input Capacitance At Control Inputs 10 15 pF
oted | Coyr TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
un- Capacitance

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating

its the device beyond its specified operating conditions.
—{ Note 2: All voltages are measured with respect to GND, unless othewise specified.
Note 3: A zener diode exists, intemally, from Vg to GND and has a typical breakdown voltage of 7 Voc.

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop

A qteaterﬁunhe_vcdm.pp(y.'rheapecdlm 100meonvardbiasofeiﬁ\erdiode.Tmsmeansﬂmaslongasﬂ\eanalogvm doesnotexceedlhesupplyvoltage

A Vo\‘uqeseaﬂbeadiustedtoad\ievetfis.SeeFigurei.‘i

A Note &: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock

— Iﬁohﬂp«lﬁndopeodonco(ﬂgtmsj.s“puamh 4.0.
Noh1:Thomdﬁnﬂumwmupdﬂodomdockwbdmﬁnddmmoofeoc.
Note 8: Human body model, 1009dedwaod(hmughn.smuddor.

—

by more than 100'mV.theoutputcode will be correct. To achieve anabsoimeovoctosvocinputvouagerangewmu\erefore require a minimum supply voltage of

frequency and has

2.53




ADC0808/ADC0809

Connection Diagrams

Dual-In-Line Package Molded Chip Carrier Package
) - ' < a o »
IN3—] 1 28}—~IN2 §§§§Lﬂ;’&
INé—{2 27 —IN1 I
INs—13 26)~mo 25 24 23 22 21 20 19
. ) - . -4
CINe 4 25/—A0D A <N0—f26 182
" iNt=]s “24}~a00 B INi—27 17}-274s8
© START—6 23f-apDc . {78 16 -ng(')
€oc—{7 22}—ate M3 15p-2 .
2758 21]~2"Tysp 2 ' e
OUTPUT ENABLE—J 9 2022 = e 13}~ GND
cLock—410 19f—2-3 ‘“6‘{ 4 12f=Veer (+)
Ver—d11 18)—24 N5 67 8 s 10 11
i e FTT T 1T
Veer (#)—12 1 2 2 E § -:; g § >8
27714 154—2"6 =
TL/H/S672-11 §
Order Number ADC0808CCN, ADCO0809CCN, TUH/S872-15
ADCO0808CCJ or ADC0808CJ Order Number ADCO0808CCV or ADCO0809CCY
See NS Package J28A or N28A See NS Package v28A

Timing Diagram
UL A B

START 50% %

cLock

ALE

—|staste aoress

ADDRESS m* Jlsm‘ i o b°
s

1 " |

+ :
i
"“‘:';?rg i sTasLe . {
——ies }(__, :
< :
s8] :
COMPARATOR = B
eyt :
UNTERKAL NOOE) e
'———-lo——‘]
outPyr / \ i I
ERASLE ‘
€oc y
;. ]
% )
coe—f__ e :
. L‘\w i
et D &
outPuTs -___.__._._.._-__—_________-__________ _____ .

TS24
FIGURE § :
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Features

e Compatible with MCS-51™ Products

¢ 4K Bytes ot In-System Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

* 128 x 8-Bit Internal RAM

+ 32 Programmable VO Lines

+ Two 16-Bit Timer/Counters

¢ Six Interrupt Sources

* Prcgrammable Serial Channel

¢ Low Power ldle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ in<tru<tion set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which

provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued)

Pin Configurations POIP

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes.of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is.designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode caves the ' RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.

GND

Ground.

Port 0

Port O is an 8-bit open drain bidirectional /0 port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs:

Port 0 may:also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-

gram and data memory. In this mode PO has intemal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
lion. Extemnal pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externaily being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by

the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RIl), Port 2 emits the

- contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
contro! signals during Flash programming and verification.
Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,

Port 3 pins that are externally being pulled fow will source
current (ly ) because cf the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

rPort Pin Alternate Functions i
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INTT (external interrupt 1)
P3.4 TO (timer O external input)
B35 T1 (timer 1 external input)
P3.6 WR (external data m'emory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-

- gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse mput (PROG) during Flast

- programming.

In normal operation ALE is emitted at a constant rate of 1/¢
the oscillator frequency, and may be used for extemal tim
ing or clocking purposes. Note, however, that one ALt
pulse is skipped during each access to external Data Mem
ory.

If desired, ALE operation can be disabled by setting bit 0 ¢
SFR location 8EH. With the bit set, ALE is active only dur
ing a MOVX or MOVC instruction. Ctherwise, the pin i:
weakly pulled high. Setting the ALE-disable bit has n¢
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external prc
gram memory.

ATMEL




When the AT89C51 is executing code from extemal pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to extemal data memory.

EANpp .

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to Vo for intemal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) dunng Flash programming, for parts that require
12-volt Vpp.

XTALA

Input to the inverting oscillator amplifier and input to the
intemal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

‘Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
- an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTAL2 should be left
unconnected while XTAL?® is driven as shown in Figure 2.

it should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorthm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is teminated by
reset, the instruction following the one that invokes ldle
should not be cne that writes to a port pin or to external
memory. :

Figure 1. Oscillator Connections

Cc2
——H————Ol— XTAL2
L]
c1 T
c‘r———a ———e— X7AlL1
l
|
T GND

Note: C1,C2 =30 pF + 10 pF for Crystals

=40 pF £ 10 pF for Ceramic Resonators

Figure 2. Extemal Clock Drive Configuration

There are no requirements on the duty cycle of the extemal (o YTALD
clock signal, since the input to the internal clocking circuitry o '
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.
EXTERNAL
OSCILLATOR XTAL1
Idle Mode SIGNAL
In idle mode, the CPU puts itself to c!ceg-while all the on-
chip peripherals remain active. The mode is invoked by GND
scftware. The content of the on-chip RAM ard all the spe- I
cial functions registers remain unchanged during this R
mode. The idle mode can be terminated by any enabled = S
interrupt or by a hardware reset.
Status of External Pins During Idle and Power Down Modes
Mode Program Memory i ALE PSEN _ PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data’
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Daia Data
Power Down External 0 Float Data Data Data
4-32 AT89C51




National Semiconductor

LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,

"internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possiole and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional + 15V
power supplies.

Unique Characteristics

®m In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

® The unity gain cross frequency is temperature
compensated

m The input bias current is also temperature
compensated

Advantages
® Eliminates need for dual supplies

® Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Voyt also goes
to GND

m Compatible with all forms of logic
m Power drain suitable for battery operatior:

Features
= Intemally frequency compensated for unity gain

m Large DC voltage gain 100 dB
® Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
m Wide power supply range:
Single supply 3V to 32V

or dual supplies +1.5Vto £16V
m Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

m Low input biasing current 45 nA
(temperature compensated)

® Low input offset voltage 2mV
and offset current 5 nA

® Input common-mode voltage range includes ground
u Differential input voltage range equal to the power sup-\
ply voltage

Large output voltage swing

OVto V¥ — 1.5V

Connection Diagram

Dual-In-Line Package

OUTPUT & IKPUT 4™ INPUT LS GNO IKPUTI® INPUTI™ OLUTPUT]

" 1 12 " 10 S [}

LN
L/

1 |1 ) 4 s ] )

.

OUTPUT 1 INPUT 1™ INPUTI ¥ INPUT 2™ INPUT 2™ OUTPUT 2

TL/H/9299-1
Top View

Order Number LM124J, LM124AJ, LM124J/883°°,
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A available per JM38510/11006
**LM124 available per JM38510/11005

ouT 1
N1

ouTe
-

N1+

e

Ve

w2e

N3+

wW2-
out2

N3~

owrs
TL/H/9299-32

Order Number LM124AE/883 or LM124E/883

See NS Package Number E20A

outPuT 1 '1 . "‘: outeut e
INPUT 1= :, :'u::J IKPUT 4-
INPUT 1+ T [ NPUT 44
v—q wmi2aw  F—co
INPUT 24 [__i u:: IKPUT 3+
INPUT 2 (:‘ 1 INPUT 3=
ouTPUT 2 (j —l‘_"’l oUTPUTS
TL/H/928G-33

Order Number.LM124AW/883 or LM124W/883
See NS Package Number W14B

sl S8

1-213

206ZW1/PZENT/PZTNT/PCENT



MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Plastic Medium Power Silicon

NPN Transistor

- . . designed for use as audio amplifiers and drivers utilizing complementary or quasi

complementary circuits.

¢ DC Current Gain — hfg = 40 (Min) @ I = 0.15 Adc

+ BD 135, 137, 139 are complementary with BD 136, 138, 140

BD135
BD137
BD139

1.5 AMPERE
POWER TRANSISTORS
NPN SILICON
45, 60, 80 VOLTS
10 WATTS

()

CASE 77-08
TO-225AA TYPE
MAXIMUM RATINGS
Rating Symbol Type Value Unit
Collector-Emitter Voltage VCEO BD 135 45 Vde
BD 137 60
BD 139 80
Collector-Base Voltage vVceo BD 135 45 Vdc
BD 137 60
BD 139 100
Emitter—Base Voltage VEBO 5 Vde
Collector Current Ic 1.5 Adc
Base Current B 0.5 Adc
Total Device Dissipation @ T = 25°C Pp 1.25 Watts
Derate above 25°C 10 mW/°C
Total Device Dissipation @ Tg = 25°C Pp 12.5 Watt
Derate above 25°C 100 mW/°C
Operating and Storage Junction T4, Tstg -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characterlistic Symbol Max Unit
Thermal Resistance, Junction to Case 8Jc 10 °Cw
Thermal Resistance, Junction to Ambient 6JA 100 °Cw
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