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ABSTRACT
Microcontroller has controlled the electrical equipments and checked various kinds of electric

equipments ( This system can be designed for checking and control equipment about 1024 equipments ).

The principle of this system use microcontroller serie 51 to be main controller and flash
microcontroller is distributer. Where system is multiprocesssor mode. It could connect to 256 distributes. And
where set a distributer to control 4 equipments so this system could connect to 1024 equipments. The
connection main controller to distributer. Main controller’s data transmitting and receiving via balanced wire

depended on electrical charecteristics RS-422 standard which use conductor a signal wire line for connect to

distributer to check status and control equipments.
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fomsdoyauuueyns (serial port interrupt) Yufedln TI uaz RI s7uegBnday

(MSB) (LSB)
LSMOISMIISMZ RENITBB RBS] Tl j RI |

oTB8 is the 9th data bit that will be transmitted In modes 2

where SM0,SM1 specclfy the serfal port mode,as follows :
SMQ SM1 mode Description Baud Rate and 3, Set or clear by software as desired.
0 0 0 shift register fose 112 ®RB8 in modes 2 and 3, isthe 9th data bit that was
0 1 1 8 bit UART variable received.in mode 1, if SM2 = 0, RB8 s the stop bit
1 0 2 9btUART {osc -/64 (or 32) that was recelved. In mode 0, RB8 Is not used.
1 1 3 9 bit UART variable oT! Is transmlt Interrupt flag.Set by hardware at the end
— of the 8th bit time in mode 0, or at the beginning of
o Swe fi::l?::sm ::de:l:“a'::i 3.In mode 2 of 3, if SM2 the stop bit In the other mode, In any serlal
Is set 101 then RIwill not be activated if the transmission. Must be cleared by software.
recelved Oth data bit (RBS) Is 0. In mode 1, If ®Rl is recelve Interrupt flag. Sat by hardware at the end
SM2 = 1 then Rl will not be recelved. In mode of the Bth bit time in mode 0, or halfway through the
0, SM2 should ba 0. stop bit time in the other modes, in any serial
® REN  enables serlal receptlon. Sat by software to reception (except sae SM2). Must be cleared by
enables reception. Clear by software to disable SGftwares
reception.

U7 2.18 nansemaeFnuane SCoON

U o o 1T v
99151!1'3‘[Hﬂ1‘551]!m$ﬁ~1‘“91‘\|ﬂ
3] v g o A vy 1w =3 [y
baud rate MU10ANNNBATUTIUNMsTunToasdoya Tavlu MCS-51 Ardas S lumssunay
1 g a1 ] dd? (XY o 1 S A £ o t:
ﬁwagm:nmmﬂﬂnwagﬂumsmﬂu‘lmmaﬂnnmmwamﬁamwagauuuoum‘umu

baud rate THNR O . = ANudveLeATAIIND I 1Y

12

winldnTanoannud 12 wnzidsad M baud rate vowesadomstoyauuveynsululnun o
a1 =2 ) o
UMD 1 wnzIFsad
' -; te 1 a a1 I aq 3
- TuTvua 2 A1 baud rate Yuagiua1vesia SMOD #ieglusvmans ¥aumniz PcoN Tag
1J# SMOD = 0 i1 baud rate 9%iilu 1/64 voanNDooaFamnesile
1jn SMOD = 1 i1 baud rate 92134 1/32 Yosnnudooadaiames fle
ndanmsSisa MSC-51 fluila SMOD ezl 0 1awe wazis1amTeugasdmiudan

¥
f11 baud rate 3G9 N5l

baud rate Tvua 2 = 27 x (amudesadaamnes il

64
Y a - a o o g

winldnsanseaninud 12 wnziFsad baud rate gagalumsinu Tnuailfle 375K
- baud rate TuTnuA 1 uaz 3 sxgnidmunlassasimaifia overflow vod'lndwes 1 (timer 1

] o 2 a e o [ I~ A o
overflow rate) uaf iy 8052 Fail3vammesdimsulfdulnde e nimefiiuldan 1 &2 sea1se
1A yd o o ° a o o o3 %
1 milwed 2 Mimnililudadivun baud rate 18 MR maordmsuldiv nlve fniommine i

°© o o v o U é
FWITOUTWININMUA baud rate TINIIUIU 2 A2 ("I.'nn'me%' 1 uaz‘l’nﬂmei' 2) TﬂUB'ﬁﬂ‘l’f‘ﬂ')nlﬂ@l'Jﬂusltiuﬂ'ﬁ



TR mm Ve o RET G e TS S n BRSO e oot o

L LRI .

e T o

TR e Wi w3 e e ewemel WS ke memmers wn

IO mm m e e

— A e

19

fMun baud rate ASumsiudoyn o RNGROERYFuA baud rate dmumsdadeya ldimafuuaz
v 9 At o o 9 . . s o ) U4 14 o o J
Mstadoyalinl baud rate AUTY s10TBMoans 19 Indmes 1 wielmiwes 2 Wuddmuad

1 4
baud rate Wil
4 g @ e 4 4 o v o o [Y
deld miwes 1 Wudafmun baud rate ieIndines 1 gnldifudaminua baud rate dmsy

mataveamesaforsdoyauvueynsululuun 1 uaz 3 swves #ildwgndmuadassasimsiia

4 T A a o P 3 { °
overflow voulmiwes 1 uaziiuegiuin sMop 1uSimaes PcoN dudvuilusumsildsmnam

b4
o~

baud rate "lﬁ'ﬁ'q
baudrate TMuA 1,3 = 2% x (dnT1M310A overflow vas Inilses 1)]

32
ioannilofa  overflow lulmiwesdala s ldifadyanedumes15diNoueniiaiy
v o A o ¢ & @™ o ) a a S | P '
31 aahuiieis it Indwes 1 wludidinua baud rate S92sEIUMIIRAsUWeT SR L luTEN I
o Ay A o o o o ° 9 o & o ¢ A
mifunTedafeya uasfiesnindalmimes 1 wedsannsagadmualdieudulndfivesuse
's ¢ 1 U .& & et ° ] = (% Yy 1 ¥y d' U4 o
wnlinosenlaog1anile il luuanmsiinudesaslisn 4 Tnuasslanauiudlluses nfwedias
¢ ¢ v o ) ¢ A ¥ o ) A ¢ ¢
wnlmes  daiulumsldnunesademisdeyauvueynsudasuiniud lolused Indvesuas
4 Iq 9 A
NNIADS IHaz1Dea
¥ " ] 1 4
mylFnunesadeasdoyauuveynsuiinutesiigaiiu Iniwes 1 szgasmualidienaiiy

8

L4 y
Tmies1uTnue 2 (Auto-Reload) 1unsdiil baud rate vxgnfmuna lnsaunisaail

(SMOD)

baudrate Mua 1,3 = 2% ardosdsaanesnly

32x 12 x [256-(TH1)]

(4

o & WY ] Do A / o y
fatumnaed Inanll 13555 maes TH1 tHo 191471 baud rate s anson 1 18aail

HI = 256- 2% anutesadaamesnly
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5150319 baud rate Md1 q drelnifiwes 1 18 Tesldes W nlves 1 Suneiis
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ATAABAAING 11.059 (NSIBIAT WL AMNTOAIMN baud rate TuTnun 1 uag 3 Wusunasguildiui
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SMOD TIMER 1
Baud Rate Fosc ch MODE Reload Value
(MODE 0) Max : 1 MHz 12 MHz X X X X
(MODE 2) Max : 375 KHz 12 MHz 1 X X X
(MODE 0) Min : 187.5 KHz | 12 MHz 0 X X X
MODE 1,3 162.5K 12 MHz 1 0 2 FFH
19.2k 11.059 MHz 1 0 2 FDH
9.6 k 11.059 MHz 0 0 2 FDH
4.8k 11.059 MHz 0 0 2 FAH
24k 11.059 MHz 0 0 2 F4H
1.2k 11.059 MHz 0 0 2 E8H
137.5 11.059 MHz 0 0 2 1DH
110 6 MHz 2 72H
110 12 MHz 0 1 FEEBH

msndi 2.1 mideauh W13 133 mmesvealnues 1 dield BAUD RATE masgiudn

Tua1319% 2.1 UBNIINVZUTAIAT baud rate A1 q SouiFouIiuLdY a1s19
uarnemiides Inanl 13w Sames 1danuamy THI s baud rate asgIusin o 1dns1wdndae

o » H L I . A {
AouTysunsuannsmhnii 14 Mae uanindosms1dai baud rate Dy 9 Auenmilelonarsail

[

LA

by e

whssinaifides InaalisSmaes 19amuame THI vinaumsiuaasliudaies fafedialugyldi

2.19
;Frequency =11.0MHz
;Desired Baud Rate =19.2 Kbaud
; THI = 256 - (2)*(11.0*1076)
(32)*(12)*(19200)
; =253D = FDH

MOV SCON, #0FOH

ORL PCON,#80H

MOV TMOD,#20H

MOV THI1,#0FDH

SETB TRI1

; Serial port Mode 3,SM2 =1
s REN=1

; SMOD =1
; Timer 1 Mode 2

; Reload value for desired baud rate

; Turn on Timer 1
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Mz Indives 2 Tumsmmun baud rate dmiu Mcs-s1 e Instues 2 wul¥g198n
1 @ 19 wed 8052 lFamnsovirInfiued 2 AR uidudasimua band rate Taomsisain TCLK
uazm3eila RCLK 1u3mnos1damuams T2CoN (71l 4.7 Tudos Inifue$) singueziiuiaiia ToLK,
RCLK vziluaindidonszniums1¥8asimsiia overflow vod'Inifmes 2 nie'lniines 1 Slusduila
baud rate §afuluns@if19a1 8052 A1 baud rate dwmsumsdauesmsuannsafiszansuldlunauie
i (Wiu RLCK feauilu 1 dau TCLK st 0 nSenduiu) nmismuaila RCLK wazmie TCLK 19
W 1 smumstimualfindwed 2 gnldilludasmun baud rate MWudnesndemsoynsusaansiy
51 2.19

ms1¥Iniwes 2 Wuddmun baud rate (baud rate generator mode) axiiMsTieTHMIIOU
Tnum Auto-Reload a5afimsifia overflow TuS3aimes TH2 Ml Smmesiidsznonusiyintues 2
Gomaes 1 oumwie TL2 uaz TH2) gaTnandasaiwuna 16 Sa 11n33mans 19a1unmes RCAP2L waz

1 s
RCAP2H #ed0d 15 umsaeam Baramihdrosendins Foudenuds

&, 4 ° y v a ]
iipTmiiwed 2 e luTvunil 1 baud rate vosmsFunSomsaedoyaluTnun 1 uaz 3 azqn

1 d
fvua laedns1Aina overflow U893 daR0S Infwes 2 awaunisaeil

baudrate TMUA 1,3 =  [6A1MTIAA overflow U0 Insiined 1]

16

NOTE: DSC. FREQ. IS DIVIDED BY 2, NOT 12,

é:- NOTE AVAILABILITY OF ADDITIONNAL EXTERNAL INTERRUPT

Uit 2.19 Twes 2 lumsviranuiiudasmua Baud Rate
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A 4 4 o ¥ o ¢ A4 ¢ ¢ 1 '
Woanniwes 2 aunsegadmuamslfimuiivindivesuTonnlinesoinlaodie
] o { o s 4 d o o o 0 °
nita lumsldaui i Indwes 2 nlddiuddiun baud rate Sinazdmualifinandiuing
/st a o ' o ¢ o s % 4 d 9 '
weFal TwazdeaminuandRInms 19 Inlwes 2 WulmlwesluTnuadudnmiss nd1n
ad U4 4 o A a a v &

fio dnddie ¥ Imiwes 2 Wulnlwes TuTnussusiussgniummauuadulsnia uddie 1dmaihy
Iniwes luTnuai g miuimuan baud rate dmsunesademsdoyuunnoynsy Infed 2
seguiuAn 9 aanluudasuuyulsda w1 uusFulsiaus 6 man) mivuanud 172 veq

] ¢ :; N " 7 v 1
AnudosaFalames NaNM TN UNIAT baud rate Yoawesadoaseynsile 14 Indfues 2 fe

baud rate 1HUA 1,3 = [anydesadaanesnid]

[32 x (65536 = (RCAP2H,RCAP2L)]

RCAP2HRCAP2L luaumsfoaiides Inan1ilusSmaes1daunms RCAPL uag

o o v o & o g Aw 1a g a
RCAPH mud1au siflgnimualdidiuswandui hifanseamnguina 16 fia
ffidesInan U133 Saes RCAP2L Las RCAP2H o W 1A baud rate audidoans

Ed
annsasn ldnngasae il

65536 - ANUD Do ATAADIN 1%

1l

(RCAP2H,RCAP2L)

32 x baud rate

' [3 L4
dmsumidoa Inaaly A 1uSSmnes  RCAP2L, RCAP2H 1ilodpan1s@an1 baud rate

WMATFIUTAEA U199 2.2

Baud rate Anudeen mifes 2
FainoT RCAP2H RCAPZL
375K 12 MHz FF FF
9.6K 12 MHz FF D9
4.8K 12 MHz FF B2
24K 12 MHz FF 64
12K 12 MHz FE cs8
300 12 MHz FB 1E
110 12 MHz F2 AF
300 6 MHz FD 8F
110 6 MHz F9 57

a15197 2.2 uameafideslvanly131u53a0nes RCAPZL uas RCAP2H o4 Inined 2
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; Frequency = 12 MHz

; Desired Baud Rate = 9600 Baud

; (RCAP2H,RCAP2L) = 65536- (12x10°)
> (32)x(9600)

; = 65497 = FFD9H

MOV SCON, #0F0H ; Serial port Mode 3, SM2 -1,
. ;REN= 1

MOV RCAP2H, # OFFH ; Reload values for desired
MOV RCAP2L, # OD9H ; baud rate

MOV T2CON, # 34H ; Timer 2 as baud rate

; generator, turn on Timer 2

Tnifiwes 2 lumsirenafiudrfmun baud rate S51vaziBoadaueaalugild 2.19010g1
fozitu1 i Iniled 2 gnififludatvun baud rate Adeiliodia RCIK, TCLK #lasaniiiia
fu 1 (RCLK + TCLK = 1) Tu§saansldaninmz T200N (iataosnziiiidenseniums e
nfwed 1 wielnilived 2 Wudaimun baud rate) nazffonSoufousuguanmsinuyes
Tnifined 2 sxfung 181msifa overflow 13 Seimes TH2 o¢laivi W da TF2 gnizm dafumsida
overflow w8 Inified 2 eldifludarmua baud rate or v I¥Rad e F 54 G MY Inlued
wionnimed J14%a hisuiudestumanasuaessdvesindives 2 luszuiefilFanudiugm
AMUA baud rate UBzINAMAYBAY 2.19 szwiuiiiiia EXEN2 griwaidlu 1 msidoumoz
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FamesvesIndwes 2 e ﬁaﬁtﬁa‘lﬁ'luszwjnms"l‘i’f'"lwﬁmes' 2 Wudafvmua baud rate &4
aunsmih T2EX il udyanadunesiannneuenveslmines 2 1ddhdems uazaingl
i 2.19 vziftudniin sMoD hifiwalumstiiue baud rate e 19 Infsed 2 s MuA baud rate

danilafinasseanRiauelumsldanIndwed 2 dusimua baud rate Wude e’ ngd
e 2 Mduduinfves (fn RCLK + TCLK = 1 wagiin TR2 = 1) ifefmun baud rate §14 A5
woewemsedoudeyala q acllddimaesvesIniived 2 Giames1dauams TL2, TH)
FatinmemeldanmmsiamasuiiEsmaefvondues 2 wgniondivamn q aanluuday
mwdulufa iltdeyedldnnmssmiedon liifsmsudinenssdoumnsiesndoyann
F3aand RCAP Gimans RCAP2L, RCAP2E) I SunisBoudoyaldsiSamesia 2 1 v
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baud rate %) Sariulunsdiiflddoamsuldounlaimla q hiFimaesvedindived 2 uazismnes
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i, i
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oB0F s
PHASE 2 CLOCK saup %
{172 toac) XKXZ 1 )
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.
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Le s TXCLOCK 7 SEND
SERAL
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INTERRLFT
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__IWHITE TO SBUF
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z ORG 0000
AJMP POWER

DS 9
, LCALL BLINT
| RETI

Tsunsumavhaivwesianivguaus

phEkkkkkkkkkkkkkkkkx*x**READ KEY & DISPLAY TOLCD**kkkdkkhkkkkhkkhhkkhkhdhhkrh

jRRKkkkxkkhhkkxkxkx*k* k¥ ** INTERRUPT RUTINE****khkkhkhhhkkkkhhkkhkhkhrkhhkkdhdsn

-

;****************************INITIAL************************************

LCALL LCD

MOV R2,#1

MOV SOUNDFREQ, #50
MOV SOUNDLONG, #0
LCALL SOUND

DJINZ R2,POWER1

POWER:

POWERL1:

BACKLIGHT EQU P3.5
SETB AUTOLIGHT

SETB BACKLIGHT

MOV TMOD, #1

SETB EA

SETB ETO

MOV TLO, #0

MOV THO, #0

SETB TRO

MOV BLTIME1l, #BLDLY1
MOV BLTIMEZ2, #BLDLY2

BACKLI:

e opcorm

MOV TMOD, #20H ;SET
MOV TH1, #0FDH
SETB TR1

MOV T2CON, #00H
MOV PCON, #0H

MOV SCON, #0FOH

ESINT:

CLOCK EQU 68H

LCALL SCANK

MOV A, KEYCODE

CJINE A, #O0FFH,MAIN1
AJMP MAIN

MAIN:

CJNE A, #0FH,MAIN
CLR CLOCK

LCALL FUNCT
AJMP MAIN

MATIN1:

I
H
®
¥
f ;*******************************MAIN************************************

;initial lcd and display

ipower sound test

;backlight auto on

;set interrupt all

;8et ETO enable

;time of backlight auto on

TIME1 MOD2

; SET BAUDRATE 9600

:CLR SMOD

;scan key

;key not press

;call function menu

sO**khkkkkhkkhhdkhkhhhhhkhkkkx k¥ FUNCTION PARTH* **kkkkdkhkhhkhnkhrhhhkhh ks khhkn

MOV DPTR, #TABFUN1

!

|

i

¢

[ FUNCT:
l LCALL MENU
¢

i

i
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FUN:

FUNN1:

FUNN2:

FUNN3:

FUNN10:

ACALL SCANK
CJINE A, #OFFH, FUNN1
AJMP FUN

CJINE A, #01H, FUNN2
LJMP FUN1

CJNE A, #02H, FUNN3
LJMP FUN2

CJINE A, #03H, FUNN10
LJMP FUN3

CJINE A, #10H, FUN
LJMP FUN10

NUMBERONE EQU 48H

FUN1:

FUN11:

FUN12:

FUN121:

FUN13:

FUN14:

FUN15:

FUN16:

FUN17:

CONSL:

MOV DPTR, #TABCON1
LCALL: MENU

MOV DISPSTART, #48H
MOV DISPFINAL, #4BH
MOV A, #0C8H

ACALL WRINS

LCALL SCANK

CJINE A, #0AH, FUN12
JNC FUN13

JB NUMBERONE, FUN121
SETB NUMBERONE

MOV A, #0COH

LCALL WRINS

MOV DPTR, #TABCON3
MOV R7,#0FH

LCALL WRLINE

MOV DISPSTART, #48H
MOV DISPFINAL, #4BH
MOV A, #0C8H

LCALL WRINS

LCALL WRDISP
AJMP FUN11

CJINE A, #0EH, FUN14
LCALL CANCLE
AJMP FUN11

CJNE A, #10H, FUN15
AJMP FUNCT

CJINE A, #0BH, FUN16
MOV COMMAND, #10H
AJMP CONSL

CJINE A, #0CH, FUN17
MOV COMMAND, #20H
AJMP CONSL

CJINE A, #0DH, FUN11
MOV COMMAND, #30H
CLR NUMBERONE
MOV A, #090H
LCALL WRINS

MOV DPTR, #TABCON2

;limit of number is enter

;
jcurser go to start enter number

;Check number or function key
; It not numberrical go to FUN13

;limit of number is enter

.
’

;curser go to start enter number

;Display number to lcd
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BLTIME1
BLTIME2

MOV R7,#0FH
LCALL WRLINE

LCALL CLEAR

LCALL DIS_ASC

MOV R7,#4

LCALL ASCVALUE

MOV LOADADD, VALUERAM
MOV LOADADD+1, VALUERAM+1

MOV DECBUFF, VALUERAM+1
MOV DECBUFF+1, VALUERAM
LCALL DTH

MOV VALUERAM, HEXBUFF+1
MOV VALUERAM+1, HEXBUFF

LCALL DIV4
LCALL CONNECT
AJMP FUN11

EQU 66H
EQU 67H

AUTOLIGHT EQU 45H

BITSAVE

BLDLY1
BLDLY2

FUN2 :

FUN2001

FUN201:

FUN202:
FUN203:

FUN21:

FUN22:

EQU 46H ;47H

EQU 70H
EQU 9

MOV C,BITSAVE+1
MOV BITSAVE,C

MOV C,AUTOLIGHT
MOV BITSAVE+2,C

:MOV DPTR, #TABBL

LCALL MENU
PUSH ACC

JNB AUTOLIGHT, FUN201
MOV A, #0DOH

AJMP FUN203

JB BITSAVE+1, FUN202
MOV A, #90H

AJMP FUN203

MOV A, #0COH

LCALL WRINS

MOV A, #2AH

LCALL WRBYTE

MOV A, #0EOH

LCALL WRINS

POP ACC

LCALL SCANK
CJINE A, #1,FUN22
CLR AUTOLIGHT
SETB BACKLIGHT
SETB BITSAVE+1l
CLR TRO

AJMP FUN2001

CJINE A,#2,FUN23

; LSB
;MSB

; auto > mark line 3

.
'

; light on > mark line 1

; light off > mark line 2

;ON LIGHT
;BIT ON TO DISPLAY =BIT47
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FUN23:

FUN24:

FUN25:

FUN3:

FUN301:
FUN302:

FUN31:

FUN32:

FUN33:

FUN34:

CLR AUTOLIGHT
CLR BACKLIGHT
CLR BITSAVE+1
CLR TRO

AJMP FUN2001

CJINE A, #3,FUN24
SETB AUTOLIGHT

SETB BACKLIGHT

SETB BITSAVE+1l

MOV TMOD, #1

SETB EA

SETB ETO

MOV TLO, #0

MOV THO, #0

SETB TRO

MOV BLTIMEL, #BLDLY1
MOV BLTIME2,#BLDLY2
AJMP FUN2001

CJINE A, #10H, FUN25
MOV C,BITSAVE+2
MOV AUTOLIGHT, C
MOV C,BITSAVE
MOV BITSAVE+1,C
MOV BACKLIGHT,C
AJMP FUNCT

CJINE A,#11H, FUN21
AJMP FUNCT

MOV DPTR, #TABSOUND
LCALL MENU

PUSH ACC

MOV C, BSOUND

JNB BSOUND, FUN301
MOV A, #90H

AJMP FUN302

MOV A, #0DOH

LCALL WRINS

MOV A, #22H

LCALL WRBYTE

MOV A, #0EOH

LCALL WRINS

POP ACC

LCALL SCANK

CJINE A,#1,FUN32
SETB BSOUND

AJMP FUN3

CJNE A,#2,FUN33
CLR BSOUND

AJMP FUN3

CJINE A,#10H, FUN34
MOV BSOUND, C
AJMP FUNCT

CJINE A,#11H, FUN31
AJMP FUNCT

;OFF LIGHT

;AUTO ON
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FUN10: MOV DPTR, #TABMAIN
LCALL MENU
RET

pREF KK I I K Rk khkhhkk k2 k¥ X *BACKLIGHT INTERRUDT* * %k kkkk koo otk ko & % % % o % ok o o

BLINT: PUSH 07H
PUSH 06H
PUSH ACC
CLR TFO
CLR TRO
JNB AUTOLIGHT, INTQUT2
MOV TLO, #0
MOV THO, #0
MOV R7,BLTIME2
MOV R6,BLTIME1l
DJINZ R6, INTOUT1
DJNZ R7, INTOUT1
CLR P3.5
AJMP INTOUT2
INTOUT1:SETB TRO
MOV BLTIME1l,R6
MOV BLTIME2,R7
INTOUT2:POP ACC
POP 06H
POP 07H
RET

. Ahkkkhhkhhkhkhhhhkhkhkhkhkhhhhkrkdhhkhkkd khhkhkkhkhkdhkhhhdhhhhokdkkddhkdkdkndkihk
;01 3

DISPSTART EQU 33H
DISPFINAL EQU 34H

CANCLE: LCALL BUSY
MOV DPTR, #RDBUSY
MOVX A,@DPTR
CJINE A,DISPSTART, CANCLE1l
RET
CANCLE1l: CJNE A,#60H, CANCLE2
MOV A,DISPFINAIL
ADD A, #1
ORL A, #80H
LCALL WRINS
CANCLE2: LCALL SHIFTL
MOV A, #20H
LCALL WRBYTE ;jwrite space character
LCALL SHIFTL
RET

;delete final chacacter

;02**************************WRITE DISPLAY SURB**kkdkkkhhhhkhhkhkhkhkhkhhkhhdkhkki

WRDISP: MOV DPTR, #RDBUSY
MOVX A, @DPTR
CJINE A, #60H,WRDISPO
RET

WRDISPO:MOV A,KEYCODE



LCALL
LCALL
LCALL
MOV D

CODER
WRBYTE
BUSY

PTR, #RDBUSY

MOVX A,@DPTR
ANL A, #0FH

MOV R4,A
MOV A,DISPFINAL

ANL A, #0FH

CJNE

A, 04,WRDISP1

WRDISP1:JNC WRDISP2
MOV A, #0EOH
LCALL WRINS

WRDISP2:RET

,'03*********************LCD DISPLAY TO ASSCI IN RAM* *kdkkdkhkkdehdhhkddk ok dhdhdkhk

DISRAM EQU 35H

DIS_ASC:MOV R7,DISPFINAL

MOV

DISASC1:MOV
ORL

RO, #DISRAM+3
A,R7
A, #80H

LCALL WRINS
LCALL BUSY

MOV

DPTR, #RDDATA

MOVX A,@DPTR

MOV
DEC
DEC
MOV
INC

@RO,A
R7

RO
A,R7
A

CJINE A,DISPSTART,DISASC1

RET

FO4***Fddhkkkkkkkkkkx*****ASSCT RAM CONVERT TO VALUES * %%t sk & o % % o o ok sk o e e o ok

ASCVALUE:

DISVALUEL:

DISVALUE2:

VALUERAM EQU 39H
HALF EQU 0AH

MOV RO, #DISRAM+3
MOV R1, #VALUERAM+1
CLR HALF

MOV A, @RO

CJNE A,#20H,DISVALUE2
DEC RO

DJNZ R7,DISVALUE1l
JB HALF, SAVE

RET

ANL A, #0FH

JB HALF,DISVALUE3
SETB HALF

MOV R6,A

DEC RO

DJINZ R7,DISVALUE1l
JB HALF, SAVE

RET

;display ram end
;value ram end

;read display ram
icheck space
ikeep 4 bit (lsb)

;decode value
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DISVALUE3: CLR HALF
SWAP A
ORL A,R6
MOV @R1,A
DEC R1
DEC RO
DJINZ R7,DISVALUEl
JB HALF, SAVE
RET

SAVE: CJINE A,#41H,SAVEL
RET

SAVE1l: MOV A,R6
MOV @R1,A
RET

FOS**kFkkkhkhkhh Xk A XAk **dk ¥ **VATUE TO LCD DISPLAY* ¥k kdk ks dok ks kdhkk

7R5=LONG OF CHARACTER DISPLAY
ZEROFIRST EQU OBH

VALUEDISP: MOV RO, #VALUERAM

MOV R6,DISPSTART

CLR ZEROFIRST

MOV A,R6

ANL A, #80H

LCALL WRINS
VALUEDISPl: MOV A,@RO

CJONE A, #0,VALUEDISP2

JB ZEROFIRST, VALUEDISP2

INC RO

DJINZ R5,VALUEDISP1

MOV A, #30H

LCALL WRBYTE

AJMP VALUEDISPN
VALUEDISP2: PUSH ACC

ANL A, #0FOH

SWAP A

CJINE A, #0,VTD1

JB ZEROFIRST,VTD1

AJMP VTD2
VTD1: LCALL CODER

LCALL WRBYTE

SETB ZEROFIRST
VTD2: POP ACC

ANL A, #0FH

LCALL CODER

LCALL WRBYTE

SETB ZEROFIRST

INC RO

DJINZ R5,VALUEDISP1
VALUEDISPN: MOV A,#0EOH

LCALL WRINS

RET

,‘**********************CLEAR RAM DISP & CONVERT VATLTUE * % J % % % % % % % % % % % % % % % % %

CLEAR: CLR A



MOV R7,#7

MOV RO, #35H
CLEAR1: MOV @RO,A

INC RO

DJNZ R7,CLEAR1

RET

;*******************************CODER SUB**kkkkkkkhhkhkhhkhhkhkdhhkhhhhhdkhkkkr

CODER:

KEYDISP EQU 26H

MOV R7,A

CLR C

SUBB A, #0AH

JNC ENGLISH

MOV A,R7

ORL A,#00110000B
AJMP NUMBER

;DISPLAY A-F

;apply hex to code display 0-9
;DISPLAY 0-9

ENGLISH:MOV A,R7
ADD A,#00110111B

NUMBER: MOV KEYDISP,A
RET

;apply hex to code display A-H

MOV DPTR, #WRCOM
MOV A, #00010100B
MOVX @DPTR, A
RET

;CURSOR SHIFT R

SHIFTL: ACALL BUSY
MOV DPTR,#WRCOM
MOV A,#00010000B
MOVX @DPTR,A
RET

iCURSOR SHIFT L

pRIFI I Ak Kk kkkkkkkkxkx %% *[,CD DISPLAY & INITIAL LCD****kkdkhkhkhkddhhdhhdknshsn

;al=R/W=0 a0=RS=0

WRCOM EQU 4000H

WRDATA EQU 4001H ;R/W=0 RS =1

RDBUSY EQU 4002H JR/W =1 RS =0

RDDATA EQU 4003H ;R/W =1 RS =1

LCD: MOV DPTR, #INITAB ;initial table
MOV R7,#15 ;delay 15 mS
ACALL DELAY

ACALL WRINSD ;send command

MOV R7,#5
ACALL DELAY
ACALL WRINSD

|
[
!
|
|
|
f
|
3
|
|
!
i
F
|
|
|
| SHIFTR: ACALL BUSY
|
|
'
:
i
|
|
|
?
|
I
i
|
i
!
J
!
!
f
|
j
{

MOV R7,#1
ACALL DELAY
ACALL WRINSD
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jRIEKE* X XXX PUNCTION SETH* %k kkdkkk sk

MOV R7,#4
MODSET: ACALL BUSY

INC DPTR

CLR A

MOVC A,@A+DPTR
ACALL WRINS
DJNZ R7,MODSET

;set initial 1lcd

;***WRITE MESSAGE TO LCD MODULE****
j¥**%*WRITE LINE 16 CHARACTER*****%

.
4

.
1

MENU:

WRIM:

WRLINE:

INPUT @DPTR=DATA
INPUT A =LINE

MOV DPTR, #TABMAIN

MOV A,#80H
ACALL WRINS
ACALL WRLM

MOV A, #0COH
ACALL WRINS
ACALL WRLM

MOV A, #090H
ACALL WRINS
ACALL WRLM

MOV A, #0DOH
ACALL WRINS
MOV R7,#10H
CLR A

*
*

igo to line 1
jwrite to line 1

;go to line 2

;go to line 3

;go to line 4

;write 16 char / line

MOVC A,@A+DPTR ;code for display

LCALL WRBYTE ;send to LCD
INC DPTR

DJNZ R7,WRLINE

RET ;ret of lcd sub

;***WRITE DATA SUB****

7

WRBYTE

sk k% x%*x COMMAND SEND****%*

WRINS:

INPUT REG A=DATA

: ACALL BUSY
PUSH DPH
PUSH DPL
MOV DPTR, #WRDATA
MOVX @DPTR,A
POP DPL
POP DPH
RET

ACALL BUSY

WRINSD: PUSH DPH

PUSH DPL
MOV DPTR, #WRCOM
MOVX @DPTR, A



POP DPL
POP DPH
‘RET

;***xx*x*BUSY CHECK***kkkkdsk
BUSY: PUSH DPH

PUSH DPL

PUSH ACC

MOV DPTR, #RDBUSY
BUSY1: MOVX A,@DPTR

JB ACC.7,BUSY1

POP ACC

POP DPL

POP DPH

RET

;R *XDELAY L1hkkkkkkkdkdkdkoks
DELAY: MOV R6,#85H ;delay 1 mS
DEl: MOV RS5,#03

DJNZ R5,$

DJNZ R6,DE1l

DJINZ R7,DELAY

RET
;***DELAY 2%k kkkkkkdkkdk

DELAYS: MOV R5,#5

DJNZ RS5,$
DJNZ R7,DELAYS
RET
INITAB: DB 00110000B ;set DL to high
DB 00111000B ;8 bit ,2 line
DB 00001111B ;display on
DB 00000001B ;clear dsp,return
DB 00000110B ;ientry mode cursor shift
TABMAIN: DB " ready "
DB n n
DB " "

DB " Enter FUNC "

TABSOUND : DB " SOUND SETUP "
DB " Please select "
DB " 1. SOUND ON "
DB " 2. SOUND OFF "

TABFUN1: DB " SELECT FUNCT "
DB " 1. CONTROL "
DB " 2. BACKLIGHT "
DB " 3. SOUND "

TABCON1: DB " CONTROL MENU "
TABCON3: DB "control u
DB " "

DB " ON OFF CHK "
TABCON2 : DB "Load



TABINPUT: DB "INPUT="

TABBL: DB " BACKLIGHT "
DB " 1.BACKLIGHT ON "
DB " 3.AUTO ON "

;***************************SCAN KEYBORD PART**kkkdkkkhhkkhhkhhhkdhhkhkhkdhhkddk

I DB " 2.BACKLIGHT OFF"
|
I
J

RELASEB EQU 00H

DEF_REP1 EQU OFFH

DEF_REP2 EQU (0COH

KEYSCAN EQU 32H

»  KEYCODE EQU 31H

REPDLY EQU 30H

SCANK: MOV R7,#06H ;loop counter
MOV R6,#06H ;release key counter
MOV RS5,#00H ;scan code out

SCANK1: MOV A,P1 ;read for modify
ANL A,#11111000B
ORL A,#00111000B

I ORL A,R5

MOV R4,A
i MOV P1,A ;scan out
NOP
MOV A, Pl ;read key
PUSH ACC
PUSH 07
PUSH 06
PUSH 05
MOV R7,#8
LCALL DELAY
POP 05
POP 06
POP 07
MOV A,R4
MOV P1,A
NOP
MOV A,P1
[ MOV R4,A

POP ACC

CJINE A, 04,SCANK2
ANL A,#00111000B

e ey

i CJINE A,#00111000B, SCANK3 ;key press
DJIJNZ R6,SCANK2 ;jrelease key _1
CLR RELASER icheck relase key
MOV REPDLY, #DEF_REP1 ;set delay repl
SCANK2: INC R5 ;increment scan out
DJNZ R7,SCANK1 ;dec loop scank

MOV KEYCODE, #0FFH
RET H
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SCANK3 :

RELASETES

RELASE2:

RELASE3:

RELASE4 :

RELASE:

SCANKS :

SCANKS50:

SCANK501:

SCANK51:

SCANK52:

SCANK53:

KCODE:

KCODE1l:

KCODE2 :

ANL 05,#00000111B
ORL A,RS

MOV KEYSCAN,A
LCALL KCODE

MOV A, KEYCODE

JNB RELASEB, SCANKS5

T: CJINE
SJMP
CJNE
SJMP
CJNE
SJMP
CJNE

A, #0AH, RELASE2
RELASE
A, #0BH, RELASE3
RELASE
A,#0CH,RELASE4
RELASE
A, #0DH, SCANK2

MOV RO, #30H
DEC 30

CJINE @RO,#0, SCANK2
MOV 30,#DEF_REP2
RET

SETB RELASEB

JNB BSOUND, SCANKS0
LCALL SCANKS1

JB AUTOLIGHT, SCANK501
RET

SETB BACKLIGHT

MOV BLTIMEL, #BLDLY1
MOV BLTIME2, #BLDLY2
SETB TRO

RET

CJINE A, #0AH, SCANK52
JC SCANK53

MOV SOUNDFREQ, #50
MOV SOUNDLONG, #0
LCALL SOUND

RET

MOV SOUNDFREQ, #55
MOV SOUNDLONG, #0
LCALL SOUND

RET

PUSH 07

PUSH 06

MOV R7,#12H

MOV R6,#00

MOV DPTR, #KEYTAB

CLR A

MOVC A,@A+DPTR

CJINE A, KEYSCAN, KCODE2
MOV KEYCODE, R6

SJMP KCODE3

INC R6
INC DPTR
DJNZ R7,KCODE1

;8can code out, 05=R5
;A = scan code (out+in)

ijtranfer scan code to keycode

;check key release

;out = OFFH
;set delay rep2
; (OUT = KEYCODE)

;end of scan

;Delay of backlight auto on

;high frequency > function key

;low frequency > number key
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MOV KEYCODE, #0FFH

KCODE3: POP
POP

RET

06
07

;**k*xk*x%x*SCANKEY VALUE TABLE****%%x%% k%

KEYTAB: DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

00110100B
00101000B
00101001B
001010108
00101011B
00101100B
00110000B
00110001B
00110010B
00110011B
00011000B
00011001B
00011010B
00011011B
00011100B
00011101B
00101101B
00110101B

Ne  we ma e we we we

.~

HEOQmEPOWOJIAUd WN RO

~

;10H
;11H

;******************************SOUND SUB**kkkhkkhhkhkhkhkkhkhhhhhkhkhhhhhhdkk

SOUND
SOUND1:

BSOUND EQU 15H
SOUNDLONG EQU 70H
SOUNDFREQ EQU 71H

MOV R4, SOUNDLONG
MOV A,P1

ORL A,#00000111B
MOV P1,A

MOV R7, SOUNDFREQ
DJNZ R7,$

ANL A,#11111110B
MOV P1,A

MOV R7, SOUNDFREQ
DJNZ R7,$

DJNZ R4, SOUND1
MOV A,KEYCODE
RET

;time sound
;read for modify
;set Port Y7
;send to port
;Erequecy set

;clear port C.3 of 8255
;send to port

;*************************HEX TO DEC CONVERT* % % % ¢ % & % o % J o % %k & % & % o % % % %k & de k&

HTD:

HTD1:

HEXBUFF EQU 63H
DECBUFF EQU 65H

CLR A

MOV R7,#2

MOV RO, #DECBUFF+2
DEC RO

MOV @RO,A

DJNZ R7,HTD1

;hex buffer in 8032
;decimal buffer in 8032

;dec buff final +1

;end clear dec buff
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HTD2:

HTD3:

,’***************************DEC TO HEX CONVERT***************************

DTH:

DTHO1:

DTH1:

DTH2:

DTH3:

DTH4 :

MOV R7, 16
MOV RO, #HEXBUFF

MOV A,@R0O
RLC A
MOV @RO,A
INC RO
MOV A, @RO
RLC A
MOV @RO,A
INC RO
MOV R6, #2
MOV A,@RO
MOV R5,A
ADDC A,RS5
DA A

MOV @RO,A
INC RO

DJNZ R6,HTD3
DJNZ R7,HTD2
RET

CLR C

CLR A

MOV R7,#2

MOV RO, #HEXBUFF+2
DEC RO

MOV @RO,A

DJNZ R7,DTHO1

MOV R7,#16

MOV R6,#2

CLR A

MOV RO, #DECBUFF+1
MOV A, @RO

RRC A

MOV 4,C

PUSH ACC

CLR C

JNB ACC.7,DTH3
SUBB A, #30H

JNB ACC.3,DTH4
CLR C

SUBB A, #3

MOV @RO,A

DEC RO

POP ACC

MOV C, 4

DJNZ R6,DTH2

MOV A,@RO
RRC A
MOV @RO,A
DEC RO
MOV A, @RO
RRC A

;low byte of hex

;hex buff final +1

;end clear hex buff
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MOV @RO,A
DJNZ R7,DTH1
RET

;**************************DISPLAY TO HEX CONVERT***k%kkkdekkhkhhkkhkdkhkdkdkhdhkkk

; IN R2=LONG OF DATA TO READ
; R3=END ADD
;USE REG RO,R2,R3,R4,A,bit 05

DISHEXBUF EQU 40H

DISHEX: MOV RO, #DISHEXBUF+4
CILR C
CLR 05
DISHEX1:MOV A,R3
ORL A,#10000000B
LCALL WRINS
LCALL BUSY
MOV DPTR, #RDDATA
MOVX A, @DPTR
CJINE A,#10H,DECODER
DISHEX2:DJNZ R2,DISHEX1
JNB 05,DISHEX3
CLR 05
MOV @RO,ACC
N DISHEX3:RET

DECODER: CJNE A,#00110000B,DECODER1

JC DISHEX2

;ADDRESS FOR DECODE
;ADD BIT SET ADDRESS

;SPACE CHARACTER

; COMPARE 0 CHARACTER
;A<#00110000B (A<0)

DECODER1:CJNE A,#00111001B,DECODER2

JNC DISHEX2
DECODER2:ANL A, #00001111B

JB 05,DECODER3

MOV R4,A

SETB 05

LJMP DISHEX2
DECODER3:SWAP A

ANL A, #0FOH

ANL A,R4

CLR 05

MOV @RO,ACC

DEC RO

LJMP DISHEX2

;******************************DIV SUB * % % % & % & % % % Kk % & d & % J J ok J de &k & k& d ok kk deok ok ok

DIV4: MOV A, VALUERAM
MOV B, #4

DIV AB

MOV VALUERAM, A
MOV A,B

SWAP A

MOV R7,A

\MOV A, VALUERAM+1
ANL A, #O0FOH
SWAP A

ORL A,R7

MOV B, #4

;A>#00111001B(A>9)

;BYTE HIGH

;BYTE HIGH

;SUM BYTE HIGH & LOW
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SENDRE

CMRUN :

P:MOV A, #RELOAD
LCALL ADDPARITY
LCALL SEND
LCALL DELAYSP
JNB RI, CONERR
DJINZ R6,CMCHK1
LJMP CONERR

MOV R6, #LOOPREPEAT
MOV A,R7
ANL A, #70H

FUNCM1: CJINE A, #40H, FUNCM2

LJMP FUNREP

FUNCM2: CJNE A,#70H, FUNCM3

LJMP CONERR

FUNCM3: MOV A, CMRAM

FUNCM4 :

FUNCMS5 :

FUNCMS6 :

FUNREP:

CONERR :

EXIT1:

FUNON:

ANL A, #70H
CJINE A, #10H, FUNCM4
LJMP FUNON
CJINE A, #20H, FUNCM5
LJMP FUNOFF
CJINE A, #30H, FUNCM6
LJMP FUNCHK
LJMP CONERR

MOV A, CMRAM
LCALL SEND
LJMP CMCHK

MOV A, #70H
LCALL SEND

MOV VALUERAM, LOADADD

;APP DATA RECEIVE

;Send repeat

;Error

;Check on status

;Check off status

MOV VALUERAM+1, LOADADD+1

MOV A, #95H
LCALL WRINS
MOV R5, #2

LCALL VALUEDISP

MOV A, #9AH
LCALL WRINS

MOV DPTR, #TABERR
MOV R7,#5

LCALL WRLINE

MOV DISPSTART, #48H
MOV DISPFINAL, #4BH
MOV A, #0C8H

LCALL WRINS

RET

MOV A, CMRAM

MOV 2FH,R7

JB ACC. 0, FUNONO

JB ACC.1, FUNON1

JB ACC.2,FUNON2

JB ACC. 3, FUNON3
MOV R6, #LOOPREPEAT
LJMP SENDREP

;limit of number is enter

.
1

;jcurser go to start enter number
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FUNONO: JB 78H,ONOK
LJMP ONNCK
FUNON1: JB 79H,ONOK
LJMP ONNOK
FUNON2: JB 7AH, ONOK
LJMP ONNOK
FUNON3: JB 7BH,ONOK
LJMP ONNOK

ONNOK: LJMP CONERR
ONOK : MOV A, #7FH
LCALL ADDPARITY
LCALL SEND
MOV VALUERAM, LOADADD
MOV VALUERAM+1, LOADADD+1
MOV A, #95H
LCALL WRINS
MOV RS, #2
LCALL VALUEDISP

MOV A, #9CH
LCALL WRINS
MOV DPTR, #TABON
MOV R7,#3

LCALL WRLINE
LJMP EXIT1

FUNOFF: MOV A,CMRAM
CPL A
MOV 2FH,R7
JNB ACC. 0, FUNOFFO
JNB ACC.1, FUNOFF1
JNB ACC.2, FUNOFF2
JNB ACC. 3, FUNOFF3
MOV R6 , #LOOPREPEAT
LJMP SENDREP
FUNOFFOQ:JNB 78H, OFFOK
LJMP OFFNOK
FUNOFF1:JNB 79H, OFFOK
LJMP OFFNOK
FUNOFF2:JNB 7AH, OFFOK
LJMP OFFNOK
FUNOFF3:JNB 7BH, OFFOK
LJMP OFFNOK

OFFNOK: LJMP CONERR
OFFOK: MOV A, #7FH
LCALL ADDPARITY
LCALL SEND
MOV VALUERAM, LOADADD
MOV VALUERAM+1, LOADADD+1
MOV A, #95H
LCALL WRINS
MOV R5,#2
LCALL VALUEDISP

MOV A, #9CH
LCALL WRINS
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MOV DPTR, #TABOFF
MOV R7,#3

LCALL WRLINE
LJMP EXIT1

FUNCHK: MOV A, CON1
JB ACC.0, CHKO
JB ACC.1,CHK1
JB ACC.2,CHK2
JB ACC.3,CHK3
CHKO: MOV A,R7
JB ACC.0, CHKOK
LJMP CHK_NOK
CHKl: MOV A,R7
JB ACC.1,CHKOK
LJMP CHK_NOK
CHK2: MOV A,R7
JB ACC.2,CHKOK
LJMP CHK_NOK
CHK3: MOV A,R7
JB ACC.3, CHKOK
LJMP CHK_NOK

CHK_NOK:MOV DPTR, #TABOFF
AJMP CHKFIN
CHKOK: MOV DPTR, #TABON
CHKFIN: MOV A, #70H
LCALL ADDPARITY
LCALL SEND
MOV VALUERAM, LOADADD
MOV VALUERAM+1, LOADADD+1
MOV A, #95H
LCALL WRINS
MOV R5,#2
LCALL VALUEDISP

MOV A, #9CH
LCALL WRINS
MOV R7,#3
LCALL WRLINE
LJMP EXIT1

DELAYSP:MOV R5,#DLTIME1l
DLSP1: MOV R4,#DLTIME2
DLSP2: DEC R4

JB RI,DLSP3

CJNE R4, #0,DLSP2

DJNZ R5,DLSP1
DLSP3: RET

TABON: DB "ON "
TABOFF: DB "OFF"
TABERR: DB "ERROR"

SEND: SETB RTS
MOV SBUF,A
JNB TI,$
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CLR RTS
CLR TI
RET

ADDPARITY: ANL A, #7FH

MOV C,P
MOV ACC.7,C
RET

CHKPARITY:MOV C,ACC.7

CHKP1:
CHKP2:

CHKP3:

TEST1:

TST:

TEST2:

ANL A,#7FH
MOV R7,A
JC CHKP1
JB P,CHKP3
AJMP CHKP2
JNB P, CHKP3
CLR FAULT
RET

SETB FAULT
RET

PUSH ACC

PUSH 05

MOV VALUERAM+1,A
MOV A, #0D2H
LCALL WRINS
MOV R5, #2

LCALL VALUEDISP
MOV A, #0EOH
LCALL WRINS

POP 05

POP ACC

RET

MOV A, #9AH
LCALL WRINS
MOV A, #2CH
LCALL WRBYTE
RET

PUSH ACC

PUSH 05

MOV VALUERAM+1,A
MOV A,#0D9H
LCALL WRINS

MOV R5,#2

LCALL VALUEDISP

MOV A, #0EOH
LCALL WRINS
POP 05

POP ACC

RET

END

;ACC DATA TO DISPLAY
;ADDRESS OF DISPLAY
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ORG 0000
COMMAND EQU 35H ;A BYTE
CMRAM EQU 36H ;A BYTE
FAULT EQU 17H ;A BIT
LOOPREPEAT EQU 3 ; CONST
RELOAD EQU 40H
DLTIME1 EQU OFFH
RTS EQU P3.7
CONP1 EQU 77H ;A BIT
REP EQU 76H ;A BIT

DLTIME2 EQU OFFH
DELAYSW EQU 80H

LJMP POWER
DS 20H

,.*****************************INTERRUPT SUB**xkkkdekhkhkkhkhhhhhhhhhhkhkdkhdhdkhdhii

INTRI: PUSH ACC
PUSH 01
PUSH 02
MOV A, SBUF
CLR RI
MOV R7,A
MOV A, P3
ANL A,#00111100B
RR A
RR A
ORL A, #10H
CJINE A, 07,EXITINTRI
CLR SM2
CLR ES
MOV R6, #LOOPREPEAT
CLR CONP1

CMCHK: LCALL DELAYSP
JNB RI, CONERR
CLR RI
MOV A, SBUF
MOV R7,A

CMCHK1: LCALL CHKPARITY
JNB FAULT, CMRUN

SENDREP:MOV A, #RELOAD
LCALL ADDPARITY
LCALL SEND
LCALL DELAYSP
JNB RI, CONERR
DJNZ R6,CMCHK1
LJMP CONERR

EXITINTRI:SETB SM2
SETB ES
POP 02
POP 01
POP ACC

;read address from dip switch

jcompare address

;delay wait receive command

icheck parity

;command error to send repeat



CMRUN :

FUNCM1:

FUNCM2 :

FUNCM3:

FUNCM4 :

FUNCM5 :

FUNCMS® :

FUNREP:

CONERR:

FUNON :

ONO :

ON1:

ON2:

ON3:

ONOK:

RETI

MOV R6, #LOOPREPEAT

MOV A,R7
ANL A,#7FH

CJINE A, #7FH, FUNCM1

LIJMP PROCOK
ANL A, #70H

CJINE A, #10H, FUNCM2

LJMP FUNON

CJINE A, #20H, FUNCM3

LJMP FUNOFF

CJINE A, #40H, FUNCM4

LJMP FUNREP

CJINE A, #70H, FUNCM5
LJMP FUNCANCLE
CJINE A, #30H, FUNCM6

LJMP FUNCHK

LJMP EXITINTRI

MOV A, CMRAM
LCALL SEND
LJMP CMCHK

SETB SM2
SETB ES

LJMP EXITINTRI

SETB CONP1
MOV A,R7

JB ACC.0,0NO
JB ACC.1,0N1
JB ACC.2,0N2
JB ACC.3,0N3

MOV R6, #LOOPREPEAT

LJMP SENDREP
MOV A, P1
SETB ACC.O0
LJMP ONOK
MOV A,P1
SETB ACC.1
LJIMP ONOK
MOV A, P1
SETB ACC.2
LJMP ONOK
MOV A, Pl
SETB ACC.3
LJMP ONOK

ANL A,#O0FH
MOV R1,A
MOV A,R7
ANL A,#0FOH
ORL A,R1

CALL ADDPARITY

MOV CMRAM, A
LCALL SEND
LJMP CMCHK

;limit of send repeat when error

;On apply
;Off apply
;Send repeat

;Check off status

; SENDREP

;jcommand error process



FUNOFF: SETB CONP1

MOV A,R7

JB ACC.0,OFF0

JB ACC.1,0FF1

JB ACC.2,0FF2

JB ACC.3,0FF3

MOV R6, #LOOPREPEAT
LJMP SENDREP

OFFO0: MOV A,P1

CLR ACC.0
LJMP OFFOK
OFF1: MOV A, Pl
CLR ACC.1
LJMP OFFOK
OFF2: MOV A,P1
CLR ACC.2
LJMP OFFOK
OFF3: MOV A,P1
CLR ACC.3
LJMP OFFOK

OFFOK: ANL A, #0FH
MOV R1,A
MOV A,R7
ANL, A, #0FO0H
ORL A,R1
CALL ADDPARITY
MOV CMRAM, A
LCALL SEND
LJMP CMCHK

FUNCHK: MOV A,P1
ANL A, #0FH
LCALL ADDPARITY
MOV CMRAM, A
LCALL SEND
LJMP CMCHK

FUNCANCLE: SETB SM2
LJMP EXITINTRI

PROCOK: JB CONP1, PROCOK1
LJMP EXITINTRI

PROCOK1:MOV A, CMRAM
ORL A, #0F0H
MOV P1,A
CLR CONP1
LJMP EXITINTRI

DELAYSP:MOV R5,#DLTIME1
DLSP1: MOV R4, #DLTIME2
DLSP2: DEC R4

JB RI,DLSP3

CJNE R4, #0,DLSP2

DJNZ RS5,DLSP1

DLSP3: RET

;command off

;jcommand check

iprocess OK



SEND: SETB RTS
MOV SBUF, A
JNB TI,$
CLR RTS
CLR TI
RET

ADDPARITY: ANL A, #7FH
MOV C,P
MOV ACC.7,C
RET

CHKPARITY:MOV C,ACC.7
ANL A, #7FH
JC CHKP1
JB P,CHKP3
AJMP CHKP2

CHKPl: JNB P,CHKP3

CHKP2: CLR FAULT
RET

CHKP3: SETB FAULT
RET

;send response

;add parity of response

;check parity of command

;*******************************MAIN*************************************

POWER: MOV TMOD, #20H
MOV TH1,#0FDH
SETB TR1
MOV PCON, #0H
MOV SCON, #0F0H
SETB EA
SETB ES
CLR RTS
CIR A

MAIN: ORL A, #0FOH
MOV P1,A
NOP
MOV A,P1
MOV R1,A

MOV R2, #DELAYSW

DJNZ R2,$
MOV A,P1
CJNE A, 01,MAIN

JNB ACC.4,CONO
JNB ACC.S,CON1
JNB ACC.6,CON2
JNB ACC.7,CON3
SETB REP

LJMP MAIN

CONO : JNB REP,MAIN
CLR REP
CPL ACC.O
LJMP MAIN
CON1: JNB REP,MAIN

;SET TIME1 MOD2
;SET BAUDRATE 9600

;SETB SMOD

;read switch

;control load
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CON2:

CON3:

CLR REP

CPL ACC.1
LJMP MAIN
JNB REP,MAIN
CLR REP

CPL ACC.2
LJMP MAIN
JNB REP,MAIN
CLR REP

CPL ACC.3
LJMP MAIN

END
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V.1

V.2

V3

Va4

V.5

V.6

V.7

V.10 (X.26)

V.11(X.27)

V.15

V.16

V.19

V.20

V.21

V.22

V.23
V.23 (bis)

V.24

V.25

nasgrumnalums dswaesiva

Equivalence between binary notation symbols and the significant conditions
of a condition code.
Power levels for data transmission over telephone lines.
International Alphabet No.5
General structure of signals of International Alphabet No.5 code for data -
tramsmission over public telephone networks.
Standardization of data signalling rates for synchronous data transmission in
the general switched telephone network.
Standardization of data signalling rates for synchronous data transmission
on leased telephone-type circuits.
Definitions of terms concerning data communications Over the telephone
network.
Electrical characteristics for unbalanced double-current interchange circuits
for general use with integrated circuit equipment in data communications.
Electrical characteristics for balanced double-current interchange circuits for
general use with integrated circuit equipment in data communications.
Use of acoustic for data transmission.
Medical analog data transmission modems.
Modems for parallel data transmission using telephone signalling frequencies
Parallel data transmission modems for use in the general switched telephone
network.
300 bits per second duplex modem for use on general switched telephone
network.
1200 bits per second duplex modem for use on general switched telephone
network. and on leased circuits.
600/1200-baud modem for use in the general switched telephone network
2400 bits per second duplex modem standaradized for use on general switched
telephone network and on leased circuits.
List of definitions for interchange circuits between data terminal equipment
(DTE) and data circuit-terminating equipment ( DCE )
Automatic calling and/or answering equipment on the general switched telephone

network, including disabling of echo suppressors on manuallyestablished calls.
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V.26
V26 ( bis)

V.27

V.27 (bis )

V.27 (ter)

V.28
V.29

V.31

V.35

V.36

V.37

V.40

V.4l

V.50

V.51

V.52

V.53

V.54

V.55

V.56
V.57

2400 bits per second modem for use on four-wire leased circuits.
2400/1200 bits per second modem foruse in the general switched telephone
network.
4800 bits per second modem with manual equalizer telephone-type circuits for
use on leased circuits.
4800/2400 bits per second modem with autometic equalizer for use on leased
telephone-type circuits.
4800/2400 bits per second modem for use in the general switched telephone
network.
Electrical characteristics for unbalance double-current interchange circuits.
9600 bits per second modem for use on point-to-point four-wire leased -
telephone-type circuits.
Electrical characteristics for single-current interchange circuits controlled by
contact closure.
Data transmission at 48 kilobits per second using 60-180 kHz group band -
circuits.
Modem for synchronous data transmission using 60-180 kHz group band -
circuits.
Synchronous data transmission at a data signalling rate higher than 72 kbits
using 60-180 kHz group band circuits.
Error indication with electromechanical equipment.
Code-independenterror-control system.
Standard limits for transmission quality of data transmission.
Organization of maintenance of international telephone-type circuits used for
data transmission.
Characteristics of distortion and error-rate measuring apparatus for data-
transmission.
Limits for the maintenance of telephone-type circuits used for data transmission.
Loop-test devices for modems.
Specification for impulse noise measuring instrument for telephone-type circuits.
Comparativetests of modems for use over telephone-type circuits.

Comprehensive data test set for high data signalling rates.

International user classes of service in public data networks.
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X.2
X.3
X.4

X. 15
X.20

X. 20 (bis)

X.21

X.21(bis)

X.22
X.24

X.25

X.26(V.10)

X.27(V.11)

X.28

X.29

X. 40

X.50

X. 50 (bis)

International user service and facilities in public data networks.

Packet assembly/ disassembly facility ( PAD ) in a public datd network.

General stucture of signals of International Alphabet No.5 (IA5) code for data -

transmission over public data networks.

Definitions of terms concerning public data networks.

Interface between data terminal equipment (DTE) and data circuit-terminating -

equipment(DCE) for start/stop transmission services on public data networks.

Use on public data networks of data terminal equipment (DTE) which is designed -
for interfacing to asynchronous duplex V.series modems.

Interface between data terminal equipment (DTE) and data circuit-terminating -

equipment (DCE) for synchronous operation on public data networks.

Use on public data networks of data terminal equipment which is designed for

interfacing to synchronous V.series modems ( similar to RS-232-C ).

Multiplex DTE/DCE interface for user classes 3-6 ( see X.1 in Appendix E )

List of definitions for interchange circuits between data terminal equipment (DTE) -

and data circuit- terminating equipment (DCE) on public data networks.

Interface between data terminal equipment (DTE) and data circuit-terminating -

equipment (DCE) for terminals Operating in packet mode on public data networks.

Electrical characteristics for unbalanceed double-current interchange circuits for
general use with integrated circuit equipment of data communications.

Electrical characteristics for balanced double-current interchange circuits for-
general use with integrated circuit equipment in data communications.

DTE/DCE interface for a start/stop mode data terminal equipment accessing the -
packet assembly/disassembly facility (PAD) in a public data network situated in -
the same country.

Procedures for the exchange of control information and user data between a
packet assembly/disassembly facility (PAD) and a packet mode DTE or another
PAD.

Standardization of frequency-shift and modulated transmission systems for the
provision of telegraph and data channels by frequency division of a group.
Parameters of a multiplexing scheme for the international interface between -
synchronous data networks.

Parameters of a 48 kbit/s user data signalling rate transmission scheme for the inter

-national interface between synchronous data networks.
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X.51

X.51(bis)

X.53

X. 54

X. 60

X. 61

X.70

X7

X.75

X. 80
X. 87

X.92
X. 96

X.110

X.121
X. 130

X. 132

X. 150
X. 180

RS-232-C

RS-269-B

Parameters of a multiplexing scheme for the international interface between synchro
-nous data networks.
Parameters of a 48 kbit/s user data signalling rate transmissionscheme for the inter-
-national interface between synchronous data networks using 10-bit envelope -
structure.
Numbering of channels on international multiplex links at 64 kbit/s
Allocation of channels on international multiplex links at 64 kbit/s
Commond channel signalling for circuit-switched data applications
Signalling system No. 7
Terminal and transit control signalling system for start/stop services on -
international circuits.
Decentralized terminal and transit control signalling system on international circuits
between synchronous data networks.
Terminal and transit call control procedures and data-transfer system on inter-
-national circuits between packet-switched data networks.
Interworking of interexchange signalling system for circuit-switched data services
Principles and procedures for realizational user facilities and network utilities in
public data networks.
Hypothetical reference connections for public synchronous data networks.
Call-progress signals in public data networks.
Routing principles for international public data service through switched public
data network of the same type.
International numbering plan for public data networks.
Provisional objectives for call setup and clear-down times in public synchronous
data networks ( circuit switching )
Provisional objectives for grade of service in international data communications
over circuit-switched public data networks.
DTE and DCE test loops in public data networks.

Administrative arrangements for international closed user groups (CUGs).

Interface between data terminal equipment and data communications equipment
employing serial binary data interchange.

Synchronous signalling rates for data transmission.
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RS-334-A

RS-363

RS-366-A

RS-404

RS-410
RS-422-A
RS-423-A
RS-449

Signal quality at interface between data terminal equipment and synchronous data
communication equipment for serial data transmission.

Standard for specifying signal quality for transmiting and reciving data processing
terminal equipment using serial data transmission at the interface with nonsyncro-
-nous data communication equipment.

Interface between data terminal equipment and autometic calling equipment for
data communication.

Standard for start/stop signal quality betwen data terminal equipment and syn-
chronous data communication equipment.

Standard for the electrical characteristics of Class A closure interchange circuits.

Electrical characteristics of balanced voltage digital interface circuits.

Electrical characteristics of unbalanced voltage digital interface circuits.
General-purpose 37-position and 9-position interface for data terminal equipment

and data circuit-terminating equipment emploving serial binary data interchange.
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® Bidirectional Transceiver

® Meets or Exceeds the Requirements of
ANSI Standards EIA/TIA-422-B and ITU
Recommendation V.11

® Designed for Multipoint Transmission on
Long Bus Lines in Noisy Environments

® 3-State Driver and Receiver Outputs

© Individual Driver and Receiver Enables

¢ Wide Positive and Negative Input/Output
Bus Voltage Ranges

® Driver Output Capability . . . +60 mA Max

® Thermal-Shutdown Protection

® Driver Positive- and Negative-Current
Limiting

® Receiver Input Impedance. .. 12 kQ Min

® Receiver Input Sensitivity . . . £200 mV

® Receiver Input Hysteresis . . . 50 mV Typ

® Operates From Single 5-V Supply

® [ow Power Requirements

escription

D OR P PACKAGE

(TOP VIEW)
__R[1 % 81} Voo
RE[] 2 7[]B
DE[] 3 sl]A
D] 4 5{] GND
logic symbolt
DE- EN1
RE ———DEN2
1 C
>
D 4 1v —?—4—%1\
1v B
J
R—e]v2 g[

1 This symbol is in accordance with ANSI/IEEE Std 91-1984
and IEC Publication 617-12.

logic diagram (positive logic)

The SN75176A differential bus transceiver is a
monolithic integrated circuit designed for
bidirectional data communication on multipoint
bus-transmission lines. Itis designed for balanced
transmission lines and meets ANS! Standard
EIA/TIA-422-B and ITU Recommendation V.11.

ml =]
m O m

=

The SN75176A combines a 3-state differential line driver and a differential input line receiver, both of which
operate from a single 5-V power supply. The driver and receiver have active-high and active-low enables,
respectively, that can be extemally connected together to function as a direction control. The driver differential
outputs and the receiver differential inputs are connected internally to form differential input/output (I/0) bus
ports that are designed to offer minimum loading to the bus whenever the driver is disabled or Vco =0. These
ports feature wide positive and negative common-mode voltage ranges making the device suitable for party-line

applications.

Function Tables

DRIVER RECEIVER
INPUT | ENABLE OUTPUTS DIFFERENTIAL INPUTS | ENABLE | OUTPUT

D DE A B A-B RE R

H H H L Vip202V L H

L H L H -02V<V|p<02V L ?

X L 4 Y4 Vip<s-02V L L

X H z

Open L ?

H=highlevel, L=lowlevel, ?=indeterminate, X =irrelevant, Z= high impedance (off)

PRODUCTION DATA information Is current as of publication date.

testing of all paralm'olers.

Products conform to specifications per the terms of Texas Instruments "
s p e g does not ly include M TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1995, Texas Instruments Incorporated
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DIFFERENTIAL BUS TRANSCEIVER

SLLS100A - JUNE 1984 — REVISED MAY 1995

déscription (continued)

The driver is designed to handle loads up to 60 mA of sink or source current. The driver features positive- and
negative-current limiting and thermal shutdown for protection from line fault conditions. Thermal shutdown is
designed to occur at a junction temperature of approximately 150°C. The receiver features a minimum input
impedance of 12 kQ, an input sensitivity of £200 mV, and a typical input hysteresis of 50 mV.

i The SN75176A can be used in transmission-line applications employing the SN75172 and SN75174 quadruple
differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN75176A is characterized for operation from 0°C to 70°C.

schematics of inputs and outputs

! EQUIVALENT OF EACH INPUT TYPICAL OF A AND B I/O PORTS TYPICAL OF RECEIVER OUTPUT

Vee ——= - * * #-— Vce - +— Vee
85Q

5 R(eq) NOM

i & h

g Input

| o _ =1

f Output

! ’ ~ ano

Driver Input: R(eq) = 3 kQ NOM Input/Output

Enable Inputs: R(gq) = 8 k2 NOM Port

R(eq) = equivalent resistor

‘tﬂ’ TEXAS
| INSTRUMENTS

I 2-2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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—

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

i Supply voltage, Voo (See Note 1) Lo o s e 7V
I Voltage range atany bus terminal ........ ... . i i i e -10Vto 15V
Enable input VoA, V| ... e e e 55V

| Continuous total power dissipation ..............oeiiuiiiniiiininaann.. See Dissipation Rating Table
i Operating free-air temperature range, TA -« oot vvt it ittt it iee e 0 Cto 70°C
! Storage temperature range, Tatg -t eveetiiii e —-65°C to 150°C
260°C

Lead temperature 1,6 mm (1/16 inch) from case for10seconds ..............cciviiiiiinnn..

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functlonal operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

,Jmplled Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTE 1. All voltage values, except differential input/output bus voltage, are with respect to network ground terminal.

DISSIPATION RATING TABLE

Tt — T -

PACKAGE Ta s25°C DERATING FACTOR Tp=70°C Ta=105°C
POWER RATING ABOVETA =25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mwW 261 mwW
! P 1100 mW 8.8 mW/°C 704 mW 396 mwW

liecommended operating conditions

. MIN TYP MAX| UNIT
Supply voltage, Vo 475 5 525 \
Voltage at any bus terminal (separately or common mode), V| or V|G -7 12 \'
High-level input voltage, Vi4 D, DE, and RE 2 \
Low-level input voltage, V| D, DE, and RE 0.8 \
'Differential input voltage, V|p (see Note 2) 12 \
- Driver -60] mA
High-level output current, loH -

I Receiver -400 LA
 Low-level output current, | DA 01 ma
ow-level output current, m

P A Receiver 8
Operating free-air temperature, Tp 0 70 °C
NOTE 2: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.
4
f
I
3
!
5
|
]
{
o
‘
‘U TEXAS
INSTRUMENTS
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SN75176A

DIFFERENTIAL BUS TRANSCEIVER

i
SLLS100A— JUNE 1984 ~ REVISED MAY 1995

14
i

DRIVER SECTION

]
electrical characteristics over recommended ranges of supply voltage and operating free-air

t?mperature (unless otherwise noted)
¥

i PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
\7|K Input clamp voltage I|=-18mA -1.5 \'
b ViH=2V, ViL=0.8V,
\E/OH High-level output voltage loH = —33 mA 37 \'
J ViH=2V ViL=08V,
g IH , IL=0.8Y
\!/OL Low-level output voltage lon = 33 mA 1.1 v
IVopy!  Differential output voltage lo=0 2Vpp2 \Y
N | Differential +volt RL=100%Q, See Figure 1 2 2.7 y
ifferential output voltage
0oD2 tp 9 RL=54Q, See Figure 1 15 24
SNVODI Change in magnitude of differential output +0.2 Vv
i voltage?
Voc Common-mode output voltage§ RL=54Qor100Q, See Figure 1 3 \
I i i -
AVoC! Change in magnitude of common-mode +0.2 v
) output voltage¥
Output disabled, Vo=12V 1
?O Output current See Note 3 Voo-7V Yy mA
liH High-level input current V=24V 20 BA
j"_ Low-level input current V=04V -400 UA
g Vo=-7V -250
los Short-circuit output current Vo= Vco 250 | mA
i Vo=12V 500
A Supply current (total package) No load OUTppte 2hlieg 3 01 ma
u urrent (to oa m
cc PRy - ) Outputs disabled 26 40

1 Al typical values are at Vo = 5 V and Tp, = 25°C.
$ AlVopl and AIVol are the changes in magnitude of

level.

OTE 3: This applies for both power on and off; refer to ANSI Standard EIA/TIA-422-B for exact conditions.

Vop and Vo respectively, that occur when the input is changed from a high level to a low

Zln ANSI Standard EIA/TIA-422-B, Vo, which is the average of the two output voltages with respect to GND, is called output offset voltage, Vos.

]
switching characteristics, Vgc =5V, T =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

t Differential-output delay time 40 60 ns
d(OD) - - P y — RL=60%, See Figure 3

t(op)  Differential-output transition time 65 95 ns
tpzH Output enable time to high level R =110Q, See Figure 4 55 90 ns
tpzL Output enable time to low level RL=110Q, See Figure 5 30 50 ns
tPHZ Output disable time from high level RL=110Q, See Figure 4 85 130 ns
1=Ti4 Output disable time from low level RL=110Q, See Figure 5 20 40 ns

{'}‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



|

SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A - JUNE 1984 — REVISED MAY 1995
R

RECEIVER SECTION

eLectrical characteristics over recommended ranges of common-mode input voltage, supply
voltage, and operating free-air temperature (unless otherwise noted)

. PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
YIT+ Positive-going input threshold voltage Vo=27V, lo=-04mA 0.2 v
\?IT— Negative-going input threshold voltage Vo=05V, lop=8mA -0.2% A
Vhys Input hysteresis voltage (ViT4+ - ViT-) 50 mv
V IK Enable clamp voltage l|==18 mA -15 \'
: -~ ViD =200 mV, IoH =—400 pA,
\[/OH High-level output voltage See Figure 2 2.7 \
T
! VIp =-200 mV, loL=8mA,

YOL Low-level output voltage See Figure 2 0.45 \
oz High-impedance-state output current Vo=04Vtc24V +20 MA

o Other input =0V, Vi=i2v 1
'L Line input current See Note 3 Vi=—7V o8 mA
IIH High-level enable input current ViH=27V 20 pA
i||_ Low-level enable input current ViL=04V -100 HA
h Input resistance 12 kQ
jos Short-circuit output current -15 -85 ] mA

Outputs enabled 35 50

1 Supply current (total package No load mA
tCC PPl ( R ge) Outputs disabled 26 40

* All typical values are at Vo =5 V, Tp = 25°C.
1 The algebraic convention, in which the less-positive (more-negative) limit is designated minimum, is used in this data sheet for common-mode

input voltage and threshold voltage levels only.
NOTE 3: This applies for both power on and power off. Refer to ANSI Standard EIA/TIA-422-B for exact conditions.
i

e:;witching characteristics, Voc =5V, C| = 15 pF, Ty =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
! Propagation delay time, low-to-high-level output 21 35 ns
oLH paget A ' g a Vip=-15V101.5V,  See Figure 6 J
IPHL  Propagation delay time, high-to-low-level output 23 35 ns
I‘rtPZH Output enable time to high level < 7 10 30 ns
i igure
tpzl.  Output enable time to low level g 12 30 ns
ftpHz  Output disable time from high level LA NS 20 35| ns
igure
tprz  Output disable time from low level 9 17 25 ns
i
k
14
k
i
{i}
TEXAS
INSTRUMENTS
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SiSWOA— JUNE 1984 — REVISED MAY 1995
PARAMETER MEASUREMENT INFORMATION

—
Vib
— VOH
-|
oV % o'i OH

R ey .

oc
+

! Figure 1. Driver Vgop and Voc Figure 2. Receiver Vg and VgL
_ _ ———— 3V
| 1 Input 1.5V 15V
Cy. =50 pF [ I oV
RL =60 _QI (see Note B)
Generator 50 Q = Output td(op) » e e td(oD)
(see Note A) | ——— =25V
Output 50%
L 3v —I- cL 10% 25
({n ttop) k— -» le top)
TEST CIRCUIT 1 VOLTAGE WAVEFORMS

Figure 3. Driver Test Circuit and Voltage Waveforms

' Output -

i P 3v
Input 1.5V 15V

Oor3Vv I | ov

tpzH __1‘_’]' | 0.5V

CL =50 pF RL=110Q N 2RV
Generator (see Note B) I o —& OH
(see Note A) = Yiput 23v | |
tpHz ¥ [ Voff=0V
L —
’ TEST CIRCUIT VOLTAGE WAVEFORMS
Figure 4. Driver Test Circuit and Voltage Waveforms
"yurnandy® ~o7f—————— 3V
Input
R =110Q P 1.5V I 1.5V v
' S1 Output | | 0
E 3Voro0 tpzL -}1—)| tpLz
' CL =50 pF | |
Generator (see Note B) | I 5V
(see Note A) 50Q = Output 23v v 3'5 v
—3— VoL
= TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 5. Driver Test Circuit and Voltage Waveforms

I\IOTES A. Theinput pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t; <6 ns, tf <6 ns,

Zp=50Q
B. Cg includes probe and jig capacitance.

b TeEXAS
INSTRUMENTS

26 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A - JUNE 1984 — REVISED MAY 1995

r— ————— w— —

T a—

[ -

VORI e e W e n e, I—————IORT, | (YUY ST T Y

PARAMETER MEASUREMENT INFORMATION

————— 3V
Generator Input 1.5V 1.5V
(see Note A) 51Q 15y | : oV
tPLH —jed e tpHL
- | +——— Von
ov Output
utp 13V 13V
VoL
TEST CIRCUIT : VOLTAGE WAVEFORMS
Figure 6. Receiver Test Circuit and Voltage Waveforms
15V s1
-5y —o0 iy
CL=15pF 1N916 or Equivalent

Generator
(see Note A) 50Q

(see Note B)

= TEST CIRCUIT =
W iy TAWEA —— —— 3V
~—~~— 15V ———15V
S1to15V S1to-15V
0V S20Open 0V S2Closed
S3 Closed I S3 Open
tpzL —ﬂ e P
VoH i
—— =45V
Output 15V & |
_____ ov utput 15V
VoL
——— 3V
Sitois5V S1to-15V
S2 Closed Input . S2 Closed
S3 Closed S3 Closed
I ov
|
tpLz —le—d]
v | - —— =
_0.5 ‘_’_ B OH output 1.3V
Output # o5V
————— =13V VoL
VOLTAGE WAVEFORMS

Figure 7. Receiver Test Circuit and Voltage Waveforms

OTES: A. The input pulse is supplied by a generator having the following characteristics: PRR = 1 MHz, 50% duty cycle, t; <6 ns, tf < 6 ns,

Zo0=50Q
B. Cg includes probe and jig capacitance.

i
]
I
i
3
3
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TYPICAL CHARACTERISTICS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

) DRIVER DRIVER
z HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
]
} vs vs
& HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
E 5 T 5 T
i Vee=5V Vee=5V
J a5 TA=25°C 45 [~ Tp=25°C
$ 4 >| 4
\ g,
g * \‘\ § °° II
-4
8 \\ 3 3
$ ~ /
2.5 S 25
: N /
i 2 3 2 ’
: )
o 2
z 15 5 15
9 z —~
. 05 0.5
oy 0
C -40 -60 -80 -100 -120 0 20 40 60 80 100 120
b IoH — High-Level Output Current — mA loL = Low-Level Output Current — mA
i Figure 8 Figure 9
DRIVER RECEIVER
DIFFERENTIAL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs vs
OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
4 T T 0.6 T
5 Vee=5V vee =5V /
4 35 Ta = 25°C Tp = 25°C /
i = 05 v
§ 3 ~ g’)
o] N S
> NG L o4
s 25 ~ 5
g \ 2 /
3 ™~ 3
3 2 N S 03 P
. :
13 « |
£ £ 02 /
(=] S /
L !
\ 8 o
>T 0.5 = "
g \
0
l 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30
lo — Output Current - mA loL - Low Level Output Current — mA
i
' Figure 10 Figure 11
i
I
'
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

SLLS100A- JUNE 1984 — REVISED MAY 1995

TYPICAL CHARACTERISTICS
RECEIVER RECEIVER
LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE
vs Vs
FREE-AIR TEMPERATURE ENABLE VOLTAGE
0.5 N y 5 T T
Vee=5V Vip=0.2V
| Vip=-02V Load = 8 kQ to GND
3 lgL=8mA Ta = 25°C
6 04 4 Vec =525V —
g >
% — é’
32 03 8 3 Vee=5V +—— voo =475V —
3 $
2 %
8 g8
g 0.2 3 2
I
3 L2
g 01 1
(¢}
]
0 0
0 10 20 30 40 50 60 70 80 0 0.5 1 15 2 25 3
; Tp, — Free-Air Temperature — °C V| - Enable Voltage - V
Figure 12 Figure 13
RECEIVER
OUTPUT VOLTAGE
Vs
ENABLE VOLTAGE
| | I I
VCC =525V V[D =02V
Load=1kQto Ve
E — TA =25°C
- Vee=475V )
g I Vcc =5V
§ Q
o)
| g
S
5
&
3
(o]
1
2
0 0.5 1 1.5 2 2.5 3
V| - Enable Voltage - V
Figure 14
i
‘U TEXAS
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APPLICATION INFORMATION

SN65176A SN65176A

T K-
o ] LD

Figure 15. Typical Application Circuit

®

=+

NOTE A: The line should be terminated at both ends in its characteristic impedance (R = Z(). Stub lengths off the main line should be kept
as short as possible.

- s e ——n ™

i

o v Ko i ey o
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information

to verify, before placing orders, that the information being refied on is current.

Ti warrants performance of its semiconductor products and related software to the specifications applicable at
the time of sale in accordance with TI's standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each
device is not necessarily performed, except those mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death, personal injury, or
severe property or environmental damage (“Critical Applications™.

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER

CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of T!
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

In order to minimize risks associated with the customer's applications, adequate design and operating
safeguards should be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property
right of T1 covering or relating to any combination, machine, or process in which such semiconductor products

or services might be or are used.

Copyright © 1995, Texas Instruments Incorporated
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Features

Compatible with MCS-51™ Products

2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

27Vto6V Operating Range

Fullﬁ Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 X 8-Bit Internal RAM

15 Pj'ogrammable /O Lines

Two, 16-Bit Timer/Counters

Six I?nterrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

P
o0

LA

Description

The A'l!8902051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbytes of Flash programmable and erasable read only memory (PEROM). The
devicejis manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
By cofnbining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89(£2051 is a powerful microcomputer which provides a highly flexible and cost
effectiye solution to many embedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architécture, a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor and clock circuitry. In addition, the AT89C2051 is designed with static logic for
operafion down to zero frequency and supports two software selectable power sav-
ing modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The Power Down Mode
savesLthe RAM contents but freezes the oscillator disabling all other chip functions
until t' e next hardware reset.

i Ve NS SR ISR N

|
Pin 'Configuration

I PDIP/SOIC
——
i RST O 1 20 [1 vce
(RXDj P3.0 ] 2 19 0 P1.7
(TXD) P3.1 O] 3 18 [0 P1.6
XTAL2 ] 4 170 pP1s
XTAL1 O] 5 16 [0 P1.4
(INT0) P3.2 ] 6 15 [O P1.3
(NT1) P33 7 14 O P1.2
(TO)P3.4 ] 8 13 3 P1.1 (AINT)
(T1) P35 9 12 [J P1.0 (AIND)
E' GND O 10 11 0 P37

|
i
|
|
|

3
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Pin Déscription
Vce [
Supply vbltage.
GND |
Ground.;i
Port 1 i

Port 1 ig an 8-bit bidirectional /O port. Port pins P1.2 to
P1.7 proVide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) a@nd the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers ¢an sink 20 mA and can drive LED displays di-
rectly. When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2to P1.7 are used as inputs
and are extemally pulled low, they will source current (1)
becausé of the internal pullups.

Port 1 glso receives code data during Flash programming
and program verification.

Port 3 !

Port 3 éins P3.0 to P3.5, P3.7 are seven bidirectional I/O
pins with internal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a general purpose I/O pin. The Port 3 output buffers
can sink 20 mA. When 1s are written to Port 3 pins they
are pulled high by the internal pullups and can be used as
inputsi As inputs, Port 3 pins that are extemally being
pulled Jow will source current (liL) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:

PortPin | Alternate Functions
P3.q RXD (serial input port)
P3.1 TXD (serial output port)
Ps.j INTO (external interrupt 0)
P3.3 INTT (extemal interrupt 1)
Ps.? TO (timer O external input)
P3.5 T1 (timer 1 external input)
Port § also receives some control signals for Flash pro-

gramﬁming and programming verification.

'RST |

Rese:t input. All I/O pins are reset to 1s as soon as RST
goesi high. Holding the RST pin high for two machine cy-
cles while the oscillator is running resets the device.

EacI] machine cycle takes 12 oscillator or clock cycles.
XTAL1

Inpu to the inverting oscillator amplifier and input to the
interhal clock operating circuit.

XTA
Out?ut from the inverting oscillator amplifier.

l

ATMEL
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Oscillator Characteristics

XTAL1 and XTAL2 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 XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the extemal clock signal, since the input to the intemal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Figure 1. Oscillator Connections

c2
—HL——I—v XTAL2
L]
CL“I——
H XTAL1
f GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC ——— - XTAL2

EXTERNAL
OSCILLATOR XTALA1
SIGNAL
GND

-
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Special Function Registers
A map 5of the on-chip memory area called the Special random data, and write accesses will have an indetermi-
Function Register (SFR) space is shown in the table be- nate effect.
low. i User software should not write 1s to these unlisted loca-
Note that not all of the addresses are occupied, and unoc- tions, since they may be used in future products to invoke

cupied addresses may not be implemented on the chip. new features. In that case, the reset or inactive values of
Read atcesses to these addresses will in general retum the new bits will always be 0.
|

Table 1. AT89C2051 SFR Map and Reset Values

0F8H' ) OFFH
B
OFOH | 10000000 OF7H
OE8H OEFH
ACC
' 0EOH | 10000500 OE7H
0DSH ODFH
PSW
ODOH | 50000000 OD7H
0C8H OCFH
0COH 0C7H
OBSHE . OBFH
H| XXX00000
8
| p3
0BOH: | 4447314 0B7H
| IE
l OABj 0XX00000 OAFH
i 0AO0 0A7H
4
SCON SBUF
98": 00000000 | XXXXXXXX 9FH
P1 ,
9°"§ 11111111 97H
gar) | TCON TMOD TLO TL1 THO TH1 oFH
'? 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
sod SP DPL DPH PCON | o,
: 00000111 | 00000000 | 00000000 0XXX0000

D S S——
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
memben of Atmel’'s growing family of microcontrollers. It
contains 2 Kbytes of flash program memory. 1t is fully com-
patible Wwith the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utjlizing certain instructions to program this device.

All the mstructlons related to jumping or branching should
be restncted such that the destination address falls within
the physical program memory space of the device, which
is 2K fof the AT89C2051. This should be the responsibil-
ity of the software programmer. For example, LIMP 7EQH
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LJMP 900H would not.

1. Brariching instructions:
LCALL; LUMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These Iuncondltlonal branching instructions will execute
correctly as long as the programmer keeps in mind that
the destlnatlon branching address must fall within the
physmal boundaries of the program memory size (loca-
tions ODH to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.

CJINE [...], DJNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ
With tPgese conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries mally cause erratic execution.

"

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT83C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVX[...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. lt is the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

ATNEL .
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Progrfam Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional f:eatures listed in the table below:

Lock Bit Protection Modes("

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
5 | P U Further programming of the
| Flash is disabled.
3 ! p = Same as mode 2, also verify
{ is disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
i operation
Idle IYIode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial fuiictions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrugt or by a hardware reset.

P1.0 and P1.1 should be set to 0’ if no extemal pullups are
used, gr set to '1’ if external pullups are used.

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 internal reset algorithm takes control. On-chip hard-
ware inhibits access to internal RAM in this event, but ac-
cess t? the port pins is not inhibited. To eliminate the pos-
sibility .of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or
to external memory.

|
Power Down Mode

In the Epower down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated! The only exit from power down is a hardware reset.
Resef redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Vce
is restored to its normal operating level and must be held
active{zlong enough to allow the oscillator to restart and
stabilize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, or set to "1’ if external pullups are used.

3-22 E
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Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array is programmed, fo re-program any non-blank byts,
the entire memory array needs to be erase