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Digital Key Telephone
Wauttichai Seamthaisong
Suriyan Panjavittayakorm
Somnueh Khong-arsa

1996

Abstract

This thesis is the study key telephone system and application
electronics by using microprocessor control system. The key telephone system
1s designcd for standalane operating by itself or with a private automatic
branch exchange. It can increase in size from the two outside lines and four

extension.
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SPawmosmhiiniay  Tunumedrnmalumsmugumsinvveslulnsnou-

1 4 ]
Tnsamesuazildms@suTsunsuasamidazarnuniy Ssamesmhinaui

o A

wihiidiagfeaugqumsimludiudn 9 melululrseeuInsameduazsmihi

<

o 2 a {a o o & A
paasere Uz iR S lusTanesmhiiruuedfirnsadide 1§ luszduda oit

addressable) A28 AauaasgUmstamitsanuswasAumiavess Samesmh iy
a1 q lugn 44

sundy  (MSB) finupnanTn {LS8) ‘-';im:oi
womas® _WDT 732 SERR 1ZC P3HZ P2HZ P1HZ ALF  wihnviee
ored| FF | FE|] FD | Fc | FB ] FA [ Fo | Fs ]iocon

oFoH[ F7 | re | 5] Fa | ra [ r2| 1 | Fo |B
oeoH| e7 [ es | es | es | ea | 2 | & | eo Jacc

CY AC FO__RSI"” RSO__OV__Fi_ P
opoH| D7 | De | D5 | D4 | D3 | D2 | Dt | Do |Psw

0CDH Lisuwninhtel#szduia . TH2
OCCH Limanrodhidlérzduda \ TL2
0CBH Limsnanidhisifazauda ) Y RCAP2H
OCAH Limanindhidifszduin 1 RCAP2L

TF2_ EXF2 RCLK TCLK EXEN2 TR2 C/i2 GRALE
oceH| cF| ce| co| cc ] cB ] ca ] ca [¥cs |Tecon

PCT PT2 PS _PT1__PX1_PT0  PX0
ossH|{ BF [ — | eo [ Bc ] e ] Ba] Bs [ B8 ]
osoH|{ B7 | B6 | BS | B4 | B3| B2 | B1 {¥BO |P3

EA ET2 _ES ETi__EXt  ET0 _Exo
oasH{ AF | — I ap | ac| a8 | aa | As | as e

onoH| A7 | As | as | as ] A3 | Az | A1[A'01P2

99H | Dimunsndniel#rzduiie t]%ssur

SMO SM1I SM2 REN TB8 RBS T _ Ri
98H| oF | 9 | oD | 9c | 9B | 9a | e9 | o8 |scon

90H| o7 | 96| 95 | 84 | e | e2 [ 91 [ e |P

‘

8DH Limunsadhdelzdude © - TH1
8CH ] Lisunsndhildsdudn - THO
88H - Limsnrodhiol&szduda T
8AH © bimanandiidlfazsuiin TLo
89H “himusnmndhdldule T™OD

TFL TR1 TFO TRO IE1  IT1  IE0  ITO
esH| eF-| e | 80 | ec | 88 [ A | 89 | 88 |TCON

B7TH himn it Erzduin PCON

ay Fpar X N N o= .
83H| . . Lisunindhielizduin & OPH .
82H Limwnimidelkszdutn ¥ bPL
81H Limsniodhielfszduin sP

goH! 87 | e6 | 85 | 84 | 83| s2 | 81 [ 80 |PO

L4

d‘ ar [ o o | on d q'q J
gﬂ*n 4.4 nm'mm‘mﬂﬁmslmwmuazmamuwmsﬂmmmummﬂumac]
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o 1Y) =

= 1 = o o o 1 °
STmmesmhiifiey  (SFR) fhuSimmesdmiumsnruguwihiiuamniam
> " ) ] -
yoginisinSeneinve 89C51 Mavua TaslidumisegluuSaueanmsa 80H - FFH
1 o 'Q \ y © ﬂ’l’ A
@t 45  nsldousTmmeimhmRiaumatiaunsai ldnimsssyterees
aa S A o ' :i Aa o duy
$TawouSeaumiveamsanituvess Samesiiuf 14
' ay d o [y Ay A 1 o o v aa d 9y P
s nee IHnaaurudnyusmsiaiuimiionudr S msuSvamesuig
a v : A9y @ ' oga In' ' o [] c: o =2 []
furmari lasiidodunais samefnegludumieamsaidusnuniguusem 8
szt luszduiinlddie alufsueansa SOH, 88H, 90H, 98H, AQH, ASH,

BOH, B8H, DOH, EOH (a2 FOH)

Fo3dmned f191AR NN ANuTNIIeMInIDwLda
ACC Accumulator ¢
B B register 18
PSW Program Status Word ¢
SP Stack Pointer i
DPTR Data pointer (DPH & DPL) 14
PO Port 0 18
PI Port 1 18
P2 Port 2 18
P3 Port 3 8
IP Interrupt Priority ¢
IE Interrupt Enable 18
T™OD Timer / counter mode 114
TCON Timer / counter control 18
THO Timer / counter O (high) Ta'ld
TLO Timer / counter 0 (Jow) 1318
THI Timer / counter 1 (high) ulﬁ‘l'ﬁ'
TL1 Timer / counter 1 (low) = Tai'ld
SCON Serial control Taild
SBUF Serial data buffer Taile
PCON Power contr;ﬂ 1aild

gﬂ‘ﬁ 45 F3mnetl¥nuiiny (Special Function Register EL) SFR)
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451 uenflyaines (Accumulator) 138 ACC

v
-1 v

a ) o { 3 ¥ Vo '
duiimaesone 8 Ja  dmhiilumsiudeyaiazdelntumioe
9 a st d v Sl ¥ o o 0 aa s o
inumeludiguaziiuradnif ldninnishennin mahousesSSaweiinsnyas
wuRnfumuenfymwmeiveallswaweinaly  nslfumelulsunsusziont
F3maed A

452 S3mmes B

s Tmeesiiddmiumaiiidinisgoumasnsdiny Wasdfilile
b4

Tumsdrnamsdmndiamans fowisoh ) lF ity sane sy
¢ d
4.5.3 Tsunsumniined (Program Counter)
ij S et d’o [ 1 ° &
Aus vamesnIFlumsddumiseasauoamitonnui lsunsy aq
wdesluhouludwusaly nisldoumelulusunsuezsons $5maes PC
454 aufinwessi 1A9F (Stack Pointer)
& aa ¢ - D\ e ab ) v & A P P
Husameesvna 8 Oa  Mwhadus umisvewsvienssines
. = < o o o a a v o
(Pointer) ¥BIUTIMAURAN (Stack) TmTUIRUdoRUBnAIYRIADS $Tamesa1e q saumte
a A o P y i A
JoyannTusunsy  Tesdndudadoimsudussuulninondnnmssus e il
A a a = All\ o ¢ ? oy & o . !
nIBUMSTIFR (Reset) (NaTummeluaufnneninosvziian 078 Fuiludumiiea.

a & 4 ¥ (4 ? o ¥ . y
wsamolunSosdeon 128 Tudusnvosmismuidoyaneln  msldmumely

v aa d
TdsunsuaziSondn Sdaimes SP

b

455 MY¥Uoya nio mmwenslines (Data Pointer)

A - 4 o
HusTamosvuin 16 Ta FuSonin S8mmes DPTR uazamisold

o a Aa @ a 4 o t
MusnesnifuiTmmssvuin 8 dadeeds Ao 33maes DPH uay DPL ieifusueq
weawsaveIrsanuinzdsdlFumeluTdsunsy  wieevvzduueamsavueg

o L o b2 1 o 3o ] ] o Q,l’
gunssimouenaatmualidaseiulaslddumisveamisnnusniunelu T sunsy

v

v ad
45.8 sunsumadoisa (PSW)
t ' ' v
Fmeeiiimhiivenfawdnanizasinudn q sustadmiu

o a { o o {
MSHMUARDNLLAT (Bank) V095 Se1005 1 199 11d0e awanuiuumunmiugii 46

457 FRawmesfiiadoaiunesn (Port Register)

.4 '

ga a = Y w > S A 4
99 fﬂﬂﬂil'ﬂaTuﬂzUﬂ'nUlﬂU'J‘UENﬂllﬂ']57”4TUﬂﬂQWﬂiﬂﬂuﬂﬂﬂﬂ'}ﬂﬂﬂ

A 1 o - I'd ~ u’: Y]
Taoase Fudazdnzihusimeesvuna 8 fin ausoldouldmlusnyazvons
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a a < ¥ y oA dd ¥ o ¢ & dd
ounn wismsedyadeyald  nisduilumsla q AiRvdesdumefatidtozinan
] y ] t 4
WdeyafidumisvesnedamarfinGounlasiisufu uennniinesa Po uaz p2 &
aunsadunlFlunsdadetumieanuiiltsunsumdembuauidoyaniousnld
¥

Taweia P2 szifiuriwewsamnse s Sauuvesminnus1 dauneda Po lugag
Fuusneziluveweamsa 8 fadveaninmmir Sranaeniezimeda po
L

Tlihuladmiunsfunsedidoyatumieginsefnouen  dwdumesa p3 1
& g o o 1 L. o Qs
uenimilenneziflugmsvomesabunaroinamiulndudy St lugusie

a4 o o a S ) Yt Y
ﬂ']UﬂlllﬂEJ'Jﬂ'Uﬁ'i’gi},ﬂﬂlﬂulﬂﬂiiﬂﬁﬂﬂﬂﬂﬂiﬂ

¥olin : PSW @WHU : DOh miaEudy : 0000 0111
CY AC FO RS1 RSO ov \ P

Foin AN ANUYINEY

CY PSW.7 Carry Flag

AC PSW.6 Aucxiliary Carry Flag

FO PSW.5 Flag 0

RS1 PSW.4 adwmiudenssamosuued o |

RSO PSW.3 Uadmsudonsdamasuued da 0

ov PSW.2 Overflow Flag

- PSW.1

P PSW.0 Parity Flag

U 4.6 DaA J| mﬂ‘lu?ﬁﬁma%’ PSW (Program Status Word)
3

458 33mmes SBUF
) E 4
HuiriMesvun 8 fia dmivmsifemsdoyauuuoynsuienissy

r 9 & ﬁ = Y o (aayd v 9 o o [ o
Hasmvoya  FImuANUL 'Lﬁlﬁ'\‘lllﬁ'TIJﬂl‘/‘lﬂiﬂﬂﬂgﬂ?ﬂﬂ'ﬂﬁﬂﬂ‘ljﬂLlﬁ:llﬂﬂﬂ?ﬂﬂuﬂﬂ"lﬁ‘ﬁﬂ

o o’ \

W dmsumisduazmsiy TaedngesdhimstanisdentiWies iz lag

LV

oa lula
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459 F3mmes PCON

FhusTamefildunsmuguhiinshoulumednee: S8
nMsmuRUNsTIeveslusiwaiwres (G IDL uaz PD) psfimuasasInITnIguues
sasuflunsfomsdoyaeynsu @n smop) uasunannedmiunisidau
9 GRO uaz GR1)

1in PD (Power down)

Humsdmuaifaas @ Inihis e lifuduvos T siwmseiniolua
Iﬂamﬂmmm’lwﬂmﬂinnumunmumwmwauama’lumumwmmmm RST 3%
msuunmmh’ﬁunmnnmsmawaums”lnumm“lvh’h (Power failure)  1A87493
ATINTOUMBUBNIZADTIMTDUIABS UM mammimwauanmmﬂs‘"mawaag
AeuuazidefinszuaiWihaeidulnfuda iJQﬂavuwauauumﬂsumawam"l1J

iin IDL (Idle Mode)

Wumstmualdllsmmeoingamstinudives Sleep) nazozndy
mag’“lufrmwﬂnﬁ%’nﬂs"y«ﬁ"aﬁmﬁicmmamé'mn{ nielmsdumesTdedlastn
wilufady msm\nu‘luaﬂymvummsnmmu"lﬂmummmm'maummqamsm\nu
Frvae uuti‘lummmmm"ln“l'nnﬁmmmmwnmw‘lwﬁauvaﬂﬂsmm«vasmmu du

Y99093MIBUIAe S Ane Ty AT uas e TN danalldyanauninieglngd

$on : PCON GUNUS : 97h ilaiTudy : Oxxx 0000
SMOD - ! = GF1 GFO PD IDL
Folin I AN
SMOD PCON.7 UafmuamsnIguusisanusalng
PCON.6
PCON.S
PCON .4 .
GF1 PCON 3 udndmuTididFouialy Fag 1
GFO PCON.2 udnd syl oty Fag o
PD PCON.1 dadmsumssmua Power down
IDL. PCON.O Tadmsumsiivue Ide mode

31]‘?1 4.7 fineha | melu3daimed PCON (Power Control Register)
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4510 33mwmes IP, IE, TMOD, TMOD, SCON

v

/e o Y o

1i‘luﬂ'q'u‘uaa?ﬁ'dmﬂiwmnu“mﬁmuﬂmsmuf}u HaznsHUYeINg

1 Fd
BumessUlana 9 voe 89051 Feezldnanduiiudey gl

o Jdos ( &
MIdHINeISa

IE : INTERRUPT ENABLE REGISTER, tu15asnawuuiiald

§o : IE AN : ASh frfiaudy : 0X000 0000
EA - ET2 ES ET1 EX1 ETO EXO0
Solin | éhlm;i; X -7 A
EA IE.7 dundinMamidanmsiiadumessla lassiu
IE.6

ET2 IE.S sunlia/AaeiianisAaduness1d Timer 2

ES IE4 ouufia/AmediansasumnesSldnefaeyny
ETI IE3 sunlla/AmeliansifadunessUq Timer 1
EX1 IE2 sunlia/Aaeidanisiiaduno sl INT 1

ETO IE.1 duntinAaeidanisiiaduneed Timer 0
EX0 IE.0 suniia/AmobanisifadunesSd INT 0

U 4.8 Dasa 9 meluidaees IE




IP . INTERRUPT PRIORITY REGISTER, aunsosistamuiald

yoiln : IP & - Bsh MifinGudy : 0000 0000
- P12 PS PT1 PX PTO PX0
Foiln dwmie AN
1P.7
IP.6
PT2 IP.5 5EMIANNTIAYVDL Timer 2
PS P4 szAuanudifyveIneineynsy
PTI1 IP.3 IEAUAINTAYYDS Timer |
PX1 IP.2 3TAUANNTINYYDI INT |
PTO IP.1 ITAVANNTINYVOL Timer O
PX0 P.0 ITAVANUTIAYUDL INT 0
i 4.9 fiadhs q melu3imaes 1P
ssaunnNdfyvesFanaduine s dlszianda
szAuAiud  dwana . ARG
1 IEO SumesTdnieuen o
2 TFO 2eTiuAunaT 0
3 IEL BumessUdnven 1
4 TF1 WITUVAUIAT |
5 RI ¥38 TI wesSu/didoyaoynsy
6 TE2 50 OXF2 | 2a9fu/dunm 2

Wi 410 sdumusFgvesFygnadunediildssanea q
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° ] < a dasr f & J
mtmmnmm‘slmmma‘umamma‘s‘sﬂﬂﬂszmnma 9

undsfiniiadyguduinesSilmes AUMUDAIAT Y (Hex)
IE0 Bumossdnieusn 0003
TFO 13UU/AUIa1 0 000B °
= dar 1t o
[E1 dumessUameousn 1 0013
TF 1 31850u4Aunm | 001B
RI 30 T1 Nessv/dadoyaoynsy 0023

4 o d ar
7 42 AumisnninesusainsTvesBuine s szanma q

TMOD : TIMER/COUNTER MODE CONTROL REGISTER, luaunsodedauuiials

foiin : TMOD AN : 8%h erfia g : 0000 0000
GATEl | C/T1 M1 MO GATEO | C/TO M1 MO
ol AWMU Hiumune
GATEI TMOD.7 | fiamiuau GATE 351 Timer I
C/T1 TMOD.6 | Tt muamshauuuudniuns ssuna19e9 Timer |

Taeduilue 0 szsmhilidusasunas

M1 TMOD.5 | Unuudnsumssimua IMuaviaIuuog Timer |1

MO TMOD.4 | indwdmiumstmualnuanauved Timer 1
GATEO TMOD3 | UAMIUAY GATE 115U Timer 0

C/TO TMOD2 | TafimuamisfhamnuudniunsesunaIves Timer 0

v

Taedudus 0 sz ugsunan

Ml TMOD.1 avudmiunissimua Imuai19uved Timer 0

MO TMOD.0 | dnandmiumssimua Inuan1a1uves Timer 0

70 412 Dadis q eluidaimes TMOD
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TCON : TIMER/COUNTER CONTROL REGISTER, musaddunuiiald

$oiin : TCON Auina : 88h fdiaiEudy : 0000 0000
TF1 TRI TFO TRO E | m IEO ITO

Foiln ~ I dwmds A

TF1 TCON.7 | unBnuaasnisTornes TWavee Timer 1

TR1 TCON.6 ﬁﬂf‘imuﬂmsﬁmumqaﬁmuvm Timer 1
TFO TCONS | uranuaaemsTenss TWaues Timer o

TRO TCON4 UAfmuan s LMyAR 191484 Timer 0
IE1 TCON.3 unfinuanantsduine e INT 1

IT] TCON2 | iiamonyssinndyanudune3Us INT 1
IEO TCON.1 udnuanInsBuae U Ye INTO

ITO TCONO | danenlszinmduaadune g NTo

i 418 Badhs 9 melussammed TCON

9

T2CON : TIMER/COUNTER 2 CONTROL REGISTER, aunsadnauuudald

#oiin : T2coM AUNY : C8h Adins udu : 0000 0000

TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2

Soin | msmm TN AU

TF2 T2CON7 | undnTeres TWasves Timer 2

EXF2 T2CON.6 Ttmer 2 External flag

RCLK T2CON.5 Receive clock flag

TCLK T2CON 4 Transmit clock flag '
EXEN2 T2CON.3 Timer 2 external enable flag

TR2 T2CON.2 uﬂé‘nﬁmuﬂmsﬁmumqﬂmsﬁmwm Timer 2

C/T2 T2CON.1 | uWdnidon Tnuamsiandugmiuniesunm
CP/RL2 T2CON.O | udnuaasTmuanisueag Capture/Reload

Wi 414 T 4 meluSfmned T2CON
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SCON : SERIAL PORT CONTROL REGISTER, aunsod1a8uwuiald

%ofin : SCON A : 98h FIAITNRY : 0000 0000
SMO SM1 SM2 REN TBS RBS I RI
‘Foiin ﬁj&g}gﬂsx AN

SMO SCON.7 | wdnfwmuamsiomunian swawed
SM1 SCON.6 | fimden Inuamisiay

sM2 | scoNs Jadenlnmuamsthan

REN SCON4 | uWdnsenTiinissudoya

TB8 SCON3 | fhweailnfl 9 dmsunsdadoyasen

RBS SCON2 | fhwesiinii 9 voedoyaisui
TI SCON.1 uﬂﬁmmmmiﬁumaé’%"ﬂﬁnwuﬁqmﬁfhﬂ’fa:ga
RI SCON.O | witdnnamsnsduinesfildidedidoyasiidh

3 415 Daea 9 meluSsanes SCON

4.6 gariasvediuimneulnsaaes 89Cs1

gaidavesluTnsneuTnsames 89cst Tnefidase i

4.6.1 dyanuainlsly 89Cs1

dydnual

Rn
direct
@RI

#data
#data 16
addrl1
addr16
rel

bit
@DPTR

ANUHUY

Jawosniely RO - R7

o) e

Jaimes SFR wazmionnusidoyaniely
Aueamsaiganus el drueamsa Teodouru
~tay I'd P

33A1A035 RO %50 R1

ANINYUIA 8 1A (A191N O - FF)
AnIvUIA 16 Oa (81970 0 - FFFE) ’
Adwmiseamsadau 11 9n dmsumds ACALL uie ATMP
AINUMUABAIATASIUIY 16 Tn SMTURS LCALL ¥15® LIMP
1 o & 1 @ o o 1 =£ <
ABONIETA (offset) MIDALBAANUTUIT (F1910 -17 B2 18 Tud)
2 ) A ' o 1 dy. 2wy a4
Aumuavesmisanuimeluidwds WRivuts wie srr
LBAASAYDINUIBANUTINBUBA MToNnetineT Taudouriy

§3ames DPTR
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4.8.2 Mmaslszmanamendinmians (Arithematic Operations)

gthmuﬁﬁ;’a ANNHNY slud Snouonhiluina
ADD ARn WINA1 Rn iU A 1 1
ADD Adirect N1 lunuIeA11887 direct 1 A 2 |
ADD A@Ri  winflumbemmiiifveglurifua 1 1
ADDC Agdata  uInfhaadi 8 tady A 2 1
ADDC ARn  120f1 Rn f1 A wieuundn Carry L 1
ADDC Adirect A1 IunU20A1087 direct 1) A 2 1

wionunan Carry

ADDC A@Ri 11:1nﬂ'flumhﬂﬂ'nuﬁr?inﬁnagﬂu RifUA 1 1
WiouuHan Carry

ADDC A#data  vInfinefi 8 Tafu A wlonunsa Carry 2 1

SUBB ARn  aufllRa AU A W3ouundn Bomow 1 1

SUBB Adirect AUl lunuIeA11L81 direct fU A 2 1

o
nouunan Borrow

SUBB A@Ri  avslumizsanuiwifiuegly ri fu a 1 1
Wiouunan Borrow
SUBB A#data  asnafl 8 Safu A wlouumEn Borrow 2 1
INC A Wyl A 1 L
INC Rn sy Rn 1 1
INC direct wine luntiasn s direct 2 1
INC @Ri tﬁuﬁﬂunﬁwmmﬁwﬁxﬁnag"i‘u Ri I 1
DEC A anfilu A 1 1
DEC Rn aaf11u Rn 1 1
DEC direct anf lunIeA 81 direct 2 '1
DEC @Ri anf Tumizsmwsiifuegly ri 1 1
INC DPTR sl DPTR 1 2
MUL: AB 98 A fiu B ududuslu A 1 4
DIV AB s A 40 B udafusilu A L 4

DA A 1 decimal adjust A lu A 1 1
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4.6.3 MAINNATIN (Logital Operations)

unumds

ANL
ANL
ANL
ANL

ORL
ORL
ORL
ORL
ORL
ORL

XRL

CLR
CPL

A,Rn

A direct
A@Ri

A #idata
direct,A
direct,#data
ARn

A direct
A@Ri

A #data
direct,A
direct,#data
A,Rn

A direct
A@Ri
Addata
direct,A
direct,#data

A

A
A
A

SWAP A

ANUNINY sundlud Snnuesduluide
AND f1lu Rn fiu A 1 1
AND f1lunuaen1m$1 direct 1 A 2 1
AND s lumiseanusfidiuly Rn fu A 1 1
AND 103 8 finfu A 2 1
AND 1 A NUMNWANST direct 2 1
AND #sfi 8 Safuviinennus direct 3 2
OR fi1lu Rn fiy A 1 I
OR Mlunirenue1 direct U A 2 1
OR ﬂ'ﬂumhaﬂ’nm‘hﬁnﬁnagﬁu Rn iU A 1 1
OR fnsdi 8 Tafy A 2 1
OR f1 A AUMHIWANUI direct 2 1
OR fhnsfl 8 fafumizenasy direct 3 2
EX-OR fi1lu Rn iV A 1 1
EX-OR 1 luniaenus direct A A 2 1
EX-OR fhlumionnusiifiuesiu Ri fu a1 1
EX-OR finefi 8 fiafy A 2 1
EX-OR fi1 A NUNUIOAINS direct 2 1
EX-OR 1At 8 fiafumiiaennusy direct. 3 2
et A Wiihigud 1 1
asumialu A Fuassdhuyaia 1 I
wyuiialu A Tnwdne 1 dauazdin o Sdr1o0 1
wyuiialu A Tunwdne 1| Sauasie 0 Sudr 1 !
fnfiogluudn carry .
myuiialu A T 1 8a wazda o fudh 1
NLa 7
wyuiialu A Tymwa 1 Sa uazdwniino 1 1

lhduhuniEn camy uazSaiiedlutan

a o a
Carry 1Auvedonufiuluda 7

aduamdtauududdagenely A
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4.6.4 mdundeudiedeya (Data Transfer)

gﬂuuuﬁﬁl’a AIUTINE snavlud dnnuenduluifa

MOV ARn fodoyasin Rn T A 1 1

MOV Adirect  edoyaninviionimdi direct Tl A 2 1

MOV A@Ri  fefeyanmmisanuiiidvegluri T A 1 1

MOV Agdaa  fhorinefi 8 Salihfiudi A 2 1

MOV RnA fredoyanin A Tu Rn L 1

MOV Randirect fnodeyaninmilzennnusi direct 11/ Rn 2 2

MOV direct,A  Sedoyasin A lilfamizennus direct 2 1

MOV directRn 8109938910 Rn Tfamiaennus direct 2 2

MOV directdirect f10dayaszninmiennusinely 3 2

MOV direct@Ri  hodoyamnmizennusifiiveglu ri 2 2
Tlfanviaena1us direct

MOV direct#data  §10e1asdi 8 finlufamizenausy direct 3 2

MOV @RiA  Sedeyalualfimiwnruifidveglu ri 1 1

MOV @Ridirect fedoyasinniionus direct Jud 2 2
wirsn s fiduegly ri

MOV @Ri#data f’fwﬂ'maﬁsﬁﬂ"11Jmeﬁwmmﬁ1ﬁnﬁua§ﬂuRi 2 1

MOV DPTR#datalé  fwfrasii 16 Ta'lufs DPTR 3 2

MOVC A@A+DPTR wdoyaninmizonamsdoyadi 1 2

duininu DPTR i A
MOVC A@A+PC  fodeyanamizsrnuidoyaiiduing 1 2
fiu pC T1da A
MOVX A@Ri t’fwi’fmga%mnﬁ'wmms‘hﬁxﬁnﬂgj“luRi"lﬂtTaA 1 2
MOVX A@DPTR fedoyaninmieanuiiifvediy L 2
' DPTR . 11és A

MOVX @RiA  fedoyaiifiueglu A TUdumizsanué 1 2
fifuegiu ri

MOVX @DPTRA  fwdoyafifivegiu A Tfwmiwaawdr | 2

A o v
Mhveglu DPTR
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PUSH direct  fhodoyanuaonnudi direct Tuifiuds stack 2 2

POP direct  f1odoyanin stack Tfamionaudy dicect 2 2

XCH ARn wann/deudeyasening A fU Ra 1 1

XCH Adirect uannfdsudeyassuiomizeanud 2 1
direct il A

XCH A,@Ri uamﬂﬁﬂm’fenuaizm'wmhamm'ﬁ“n 1 1

fifueglu Ri fiu A
XCHD A@Ri  uandsudoyadindrsarnuusanud 1 1

fiuoglu Ri fu A

4.85 mdsiansdeyauuuia (Boolean Variable Manipulation)

gﬂxmuﬁﬁ?"a AN snoulud dnoussdvlviie
CIR C wewndn Cary Wil o 1 ]
CLR bit e bit Wil o 2 1
SETB C WeuWan Carry Wiy 1 ) !
SETB bit wae bie Wil 1 2 L
CPL C AuAMWEN Carry WiTunsadn 1 ]
CPL bt adua1 bit Widuasad 2 L
ANL  Cpit AND 1 bit AUUWEN Carry 2 2
ANL  C,pbit AND finsadudea bit fuuWdn Carry 2 2
ORL  C,bit ORL 1 bit SuUWaN Carry 2 2
ORL  C it ORL f1@sa911484 bit fuuWan Carry 2 2
MOV  C,bit &1wA1 bit MEWNEN Carry 2 ]
MOV  bit,C drofundn Carry 1184 bit 2 2
IC rel nszlan SR NSn Cary Ty 1 2 2
INC  rel nszlan dnwman Carry W 0 2 2
JB  bitrel nizlaa 4181 bit 10 1 3 2
INB  bitrel  nszlaa duei bit il 0 3 2
JBC  bit,el nszlan §ae bit S 1 wasn/ous bit 3 2

o
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4.6.6 ﬁﬁ’amugumsﬁNmﬁ]ﬂm‘su (Program and Machine Control)

;dunnm&"q AINNNY snoulud dnnunndhluie
CLR C WAuNAn Carry Wi 0 1 1
ACALL addr 11 liiTdsunsudssnndusamse 11 fin 2 2
LCALL addr 16 U lusunsutesinaiueamsa 16 fin 3 2
RET f'iﬁ'qéuqﬂmsﬁmummﬂsudaa 1 2
RETI fdaugameiam sunsudooBumedsd 1 2
AIMP addr 11 nszlaaliUsdumisnndweamsa 11 da 2 2
LIMP addr 16  nszlaalufedumisnindueamsa 16 Oa 3 2
SIMP rel ﬂsziﬂﬂ'lﬂﬁqﬁmmiaﬁﬁuﬁnﬁ""m‘iumu'qﬂwﬁu 2 2
IMP @A+DPTR 3% lanlud e umisiduinisy DPTR 1 2
IZ el nselan IS adumisiiduimssudummia 2 2

Popiiu dvnsr A dlus o

INZ  rel nszlaa lufadumuan duins fuduimua 2 2
Pogiiu dmaner A fluen 1

CINE Adirectrel (USeuiien A funuIen10sT direct uay 3 D
nse laa Tfadumisnduinstudume
Dogiiu dren v

CINE Agdatarel 1Souiiey A fusmaanimznszlaaly 3 2
dadwmianduimituduonisilagiu drerldmidu

CINE Rngdatarel (USouifioy Rn fusasivaznse laa 'l 3 2
o vd'wwe‘wo [ LY " S N B T B3
dumisnduinsdudwmisilegiu de luviadu

A ) =t { ' o 4 d .
CINE @Rigdatarel wSoufsuemlumitsanusiifulu R 3 2
v

s \ d‘ @ o ' ﬂi o
ﬂ‘lJﬂ']ﬂQ"mLﬁSﬂizT,ﬂﬂ"lﬂmW]Lmuﬂ’ﬂﬂuﬂ‘ﬂﬁ

Audwmiailegiiu dren lamiadu

DINZ Rnrel aaf11u Rn uaznszlaaludadumiefidunng 2 2
Audwmdeilegtiu der it o
DINZ directrel  aaf1lUNUANU direct ttaznselnallds 3 2

o v Ao o s o ' CY Y v o)
Aumdantuinitudwmidsilegiiu drerlud o

NOP Tifinsviaula q Hadu 1 1
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sEEEREXRKRERRXE KEY. CONSTANT * ¥k %kkkkk %

;01-0A = KEY1,KEY2-KEYO
; OBH=KEY *

; OCH=KEY #

VUP_KEY EQU 21H

VDW_KEY EQU 22H

DVT_KEY EQU 23H

INT_KEY EQU 24H

CO1_KEY EQU 11H

CO2_KEY EQU 12H

CO3_KEY EQU 13H

CO4_KEY EQU 14H

CO5_KEY EQU 15H

CO6_KEY EQU 16H

ATT_KEY EQU 1DH

ND_KEY EQU 1EH

MEM_KEY EQU 1FH

MON_KEY EQU 20H

EEEEEEEEEEE RS SOUND GENERATE *kkkx sk kkkkkkkkkktkk
LOOP_AD EQU 01101000B ; LOOP SOUND
BUSY_AD EQU 01101000B ; BUSY SOUND
RING_AD EQU 01110010B ;RING SOUND ON
MIC DS EQU 00000000B ;

MIC_EN EQU 00000111B ;

DTMF_EN EQU 00000011B ;
skkxkk k¥ k%% TIMER CONSTANT %kkkxkkkkk

TIMEO EQU -745 ;1/400 SEC

SEC_10 EQU 40 ;1/10  SEC

RING_T EQU 15

BUSY_T EQU 05 '
sRxkkkkkkkkkkk® REGISTOR **kkkkkkkdkkkkk ks

XRO EQU 00H

XR1 EQU 01H

XR2 EQU 02H

XR3 EQU 03H

XR4 EQU 04H

XRS5 EQU 05H

XR6 EQU 06H

XR7 EQU 07H
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;RKEXkKRER LRk %% PORT CONTORL *¥*kkkkxkktss

DATA
CTRL
SEL_A.
SEL_B
SEL_C
G2A
VOL_SO0
VOL_S1
VOL_S2
VOL_LE
SP_SEL
DTMF_CK
AUD_A
AUD_B
AUD_C
SND1
SND2
HOOK

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

P1

PO

PO.0O
PO.1
P0.4
PO.3
PO.5
PO.6
PO.7
P2.1
P2.0
P2.1
B2\\(B
P2.4
P2 .3
P2.7
P2.6
P3.3

; DTMF DATA AND KEY COL.
H

;KEY ROW SELECT

3

H

; LOW = ENABLE

; VOLUME

H

3

H

; O=SPEAKER 1=HAND SET
; CLOCK LATCH

;AUDIO SELECT

H

H

3

’

3

;REKKRERREX*¥%% BIT CONTORL HE¥kkkkXkkk kR ¥k %k &

3

STATUS
HOOK_ SW
SP_HAND
SP_PHONE
SCAN_EN
RING_EN
BUSY_EN
CYCLE
END_SND

BUFF_LED
MEM_LED
MON_LED

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

STATUS BIT *%kkkkkkkkkkkkrkksk

20H
O00H
01H
02H
03H
04H
05H
06H
07H

LED BIT #%kkkkkkkkkkkkkkkkxksk

21H
09H
OAH



76

CO5_LED " EQU 0BH
CO4_LED EQU 0CH
CO3_LED EQU ODH
CO2_LED EQU OEH
CO1_LED EQU OFH

(REREEERR KR *k %% BUFFER #X¥¥ ¥k kkRkx kb kb kKR E R K%

ORG 30H
BUFF_NO: DS 1
NO1: DS 1
NO2: DS 1
BUFF_KEY: DS 1
ROW: DS 1
DECT1: DS 1
BUFF_SEC: DS 1
STACK: DS 1

;ERERRRKE KRR k%% CPU RESET *¥kkkkkrk skt k sk ks

ORG RESET
JMP START
ORG TIMERO
JMP TIMER_O-
ORG TIMER1
RETI

ORG SINT
JMP RECV

jREkRkKkkX®X Setup timer *¥x¥kkkkx%

START: MOV PO,#11001000B
MOV P1,#00000000B
MOV P2,#10000101B
MOV P3,#00001011B
MOV R2,#02

START1: MOV RO, #0

START2: MOV R1,#0

DJNZ R1,$
DJNZ RO, START2
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- DJNZ R2,START1
MOV SP, #STACK
MOV A, #0
CALL LATCH
CALL MIC_OFF

MOV ROW, #05H

MOV BUFF_LED, #00H
CALL SET_TIMER

CLR HOOK_SW

CLR SP_HAND

CLR SP__PHONE

SETB SCAN_EN

MOV BUFF_KEY, #00H
MOV BUFF_NO, #02H

HEEEEEER TSRS RS T

MAIN: CALL KEY_OFF ;check off key
MAIN1: JB HOOK_SW,HOOK_UP ;hook up sw active
JNB SP_HAND,MAIN2 ;

CALL OFF_HOOK ;clear hook
MAIN2: . MOV A ,BUFF_KEY ;check key

CJINE A, #00H,CHK_KEY! ;key on

JMP MAIN1 ;

JRRREKERKKKRER* HOOK SW ACTIVE *kkkskxk k¥ %k %%

HOOK_UP: JB SP_HAND,MAIN2 ;ynormal hook up
HOOK_U1: SETB SP_HAND ;first hook
» SETB MEM_LED shook up led
CLR MON_LED H ’
SETB SP_SEL ;hand set sp.
CALL WAIT ;
CALL MIC_ON symic on
JB CO1_LED,MAIN sused col
JB CO2_LED,MAIN sused co2
MOV A,BUFF_NO ;
CJNE A, #02H,MAIN ;
MOV A, #LOOP_AD ;tone signal

CALL LATCH H



- JMP

;R¥RR*EREkxk k%% KEY ACTIVE *%% ¥k kkkkk Rk Kk k¥ &

;¥%xkxkx%xk CO1 KEY

CHK_KEY1: CJNE
CPL
CALL
JB

CHK_K1: CALL
JMP

;Exkkkkxk%% CO2 KEY

CHK_KEY2: CJNE
CPL
CALL
JNB

CHK_K2: JB
SETB

SETB
SETB
CLR
CALL
JMP
CHK_K3: SETB
SETB
CALL
JMP
s¥¥xkx*kk¥%k* SP-PHONE

CHK_KEY3: CJINE

CPL
JNB
CALL
IMP
CHK_K4: JB
CALL
JIMP
MAINS: CJINE

TWUD
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MAIN

A,#CO1_KEY,CHK_KEY2

CO1_LED
CO2_OFF
CO1_LED,CHK_K2
OFF_HOOK

MAIN

A,#CO2_KEY,CHK_KEY3

CO2_LED .
CO1_OFF
CO2_LED,CHK_K1
HOOK_SW,CHK_K3
SP_PHONE

MEM_LED
MON_LED
SP_SEL
MIC_OFF
MAIN
MEM_LED
SP_SEL
MIC_ON
MAIN

A, #MON_KEY,MAINS

SP__PHONE
SP_PHONE, CHK_K4
SP_ON

MAIN
HOOK_SW,HOOK_U1
OFF_HOOK

MAIN

A, #0CH,MAINS_1

MATNA

;col key

;of f co2
s;col on

;col off

;co2 key

;col off
;co2 off
s;use hand set

;use speaker pl

)

H

;select speake:
5

H

;hand set

)

H

.
2

;key speaker pth

H

’

;jon speaker
H

;hand set

H

H

;dtmf key



MAINS_1:

MAING6:

sk Rk Rk Rk Kk kKK ok

DTMF_OUT1:

PEREEERE KRR R kK%

DTMF_OUT2:

DTMF_O0O0:

DTMF_OX:
DTMF_O1:

DTMF_A:

DTMF_B:

DTMF_02:

JC

JMP
JB
JB
JB
JB
JMP

OUT DTMF

MOV
CALL
JMP
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MAING6

MAIN
CO1_LED,DTMF_OUTI1
CO2_LED,DTMF_OUT1
SP_HAND,DTMF_OUT2
SP_PHONE,DTMF_OUT2
MAIN

B,A
DTMF_OUT
MAIN

OUT DTMF AND CALL

MOV
CALL
JB
JB
MOV
CJINE
MOV
DEC
JMP
CJNE
MOV
MOV
MOV
SWAP
ORL
CJINE
SETB
MOV
CLR
JMP
SETB
MOV
CLR
JMP
MOV
JMP

B,A
DTMF_OUT
BUSY_EN,DTMF_OX
RING_EN,DTMF_0X
A,BUFF_NO
A,#02H,DTMF_O1
NO1,B

BUFF_NO

MAIN

A, #01H,DTMF_02
NO2,B
BUFF_NO, #02
A,NO1

A

A,NO2
A,#11H,DTMF_B
RING_EN
BUFF_SEC, #2
CYCLE

MAIN

BUSY_EN
BUFF_SEC, #2
CYCLE

MAIN
BUFF_NO, #02
DTMF_00

skey 0-9,#,%
;
; .

e

;No used
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;REKRERRRXRR%%¥ OUT DTMF SIGNAL *$*kk¥kksk Xk k%%
;s INPUT = ACC (DTMF NUMBER)

.
’

DTMF_OUT: CALL DTMF_ON
MOV A,B
MOV DPTR, #DTMF_TAB

MovcC A,@A+DPTR
CALL LATCH
CALL WAIT

JNB SP_PHONE,DTMF_X1
MOV A, #0FFH
CALL LATCH
CALL MIC_OFF
RET
DTMF_X1: CALL MIC_ON
RET

jREXKRERERERXR% DTMF LATCH ¥k ¥k ¥k xfk% k%%

LATCH: CLR ETO
PUSH DATA
SETB G2A
MOV DATA, A
NOP
SETB DTMF_CK
NOP
CLR DTMF_CK
NOP
POP DATA
SETB ETO
RET

sREREERR kR kRkk k% WAIT TIME kkkk Xk kkkxk ¥ k%

DELAY: PUSH XRO
PUSH XR1
MOV RO, #0

DE1: MOV R1,#0

DE2: DJINZ R1,DE2

DJINZ RO,DE1
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POP XR1

' POP XRO
RET
WAIT: PUSH  XRO
PUSH  XR1
MOV RO, #50H
DE3: . MoV R1,#0
DE4: DJNZ  R1,DE4
DIJNZ  RO,DE3
POP XR1
POP XRO
RET
;********** Set start timer kkkkkkkkk%
SET_TIMER: CALL  SET_TO

SETB ETO
SETB TRO

CALL SET_SEL
MoV TMOD, #21H
SETB EA
RET

j¥%xkkxkkxx START TIMER 0

SET_TO: MOV TLO,#LOW TIMEO
MOV THO, #HIGH TIMEO
MOV DECT1,#SEC_10
RET

;************** DTMF KEY OUTPUT *kxkkkkkkkkkkkdk¥

DTMF_TAB: DB 00000000B ; OFF
DB 11110110B 31
DB 11110101B ;2
DB 11110011B ;3
DB 11101110B ; 4 '
DB 11101101B ;5
DB 11101011B ; 6
DB 11011110B ;7
DB 11011101B ;8
DB 11011011B ;9
DB 10111101B ;
DB 101111108 ;¥

DB 10111011B ;
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Tsunvaii 2

sEEEERERRRRRRKE SCAN KEY *¥xkkkkkkeer¥kx

SCAN_KEY: MOV ROW, #0
' CALL  READ_KEY ;KEY 1-8
CJINE A, #OFFH,KEY_ON
INC ROW
CALL READ_KEY ;KEY 9,0,%,#
ORL A, #0FH
CJINE A, #0FFH,KEY_ON
INC ROW
CALL READ_KEY ; VUP,VDW,DVT, INT
ORL A, #OFH
CINE A,#0FFH,KEY_ON
INC ROW
CALL READ_KEY ; ATT,ND,MEM, MON
ORL A, #0FOH
CINE A,#0FFH,KEY_ON
INC ROW
CALL READ_KEY ;CO1-C0O6
ORL A,#03H
CJNE A, #0FFH,KEY_ON
INC ROW
MOV BUFF_KEY, #00H
MOV DATA, #00H
RET
READ_KEY: MOV DPTR, #ROW_TAB '
MOV A,ROW
MOVC A,@A+DPTR
MOV CTRL,A
MOV A,#10
DJINZ ACC, $
MoV DATA, #OFFH
NOP
NOP
MOV A,DATA

RET



KEY_ON:

KEY_ON1:

KEY_ON2:

KEY_ON3:

KEY_ON¢4:

KEY_OFF:

L EEEEEEEE RS S ]

ROW_TAB:

MOV
MOV
CJINE
JMP
MOV
ADD
MOV
DJINZ
MOV
MOV
RLC
INC
INC
DJINZ
MOV
RET
MOV
CJINE
RET

DB
DB
DB
DB
DB
DB
DB
DB
END
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BUFF_KEY, #01H
A, ROW

A, #00H,KEY_ON1
KEY_ON2
A,BUFF_KEY
A,#08
BUFF_KEY, A
ROW,KEY_ON1
ROW, #08
A,DATA

A

KEY_ON4
BUFF_KEY
ROW,KEY_ON3
DATA, #00H

A,BUFF_KEY
A, #00H,KEY_OFF

10000000B
10000001B
10000010B
10000011B
10010000B
10010001B
10010010B
100100118B

; ROW1 (KEY)
; ROW2 (KEY)
; ROW3 (KEY)
; ROW4 (KEY)
; ROW5 (KEY)
; ROW6 (LED)
; ROW7 (LED)
; ROWS (LED)



;¥EKXKXkX*k¥¥%% SPEAKER PHONE ON-OFF *¥¥kkkkkxxk¥k*

SP_ON:

SpP_O1:

OFF_HOOK:

OFF_H1:

CO1_OFF:

CO2_OFF:
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Tsunyaii 8

CALL
SETB
SETB
CLR
JB
JB
MOV .
CJNE
CALL
MOV
CALL
CALL
RET
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CALL
CALL
MOV
CALL
CALL
CALL
RET
CLR
JMP
CLR
JMP

MIC_OFF
MEM_LED
MON_LED
SP_SEL
COI_EED,SP_OI
CO2_LED,SP_0O1
A,BUFF_NO
A,#02H,SP_O1
WAIT

A, #LOOP_AD
LATCH
KEY_OFF

CO1_LED
CO2_LED
MEM_LED
MON_LED
SP_HAND
SP_PHONE
SP_SEL
RING_EN
BUSY_EN
A

LATCH
MIC_OFF
BUFF_NO, #02
WAIT
WAIT
WAIT

CO1_LED
OFF_H1
CO2_LED
OFF_H1
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skEkEKEXKRK*%%%% SELECT SOUND OUTPUT ***®x%x%%%x

MIC_ON: MOV A, #0FFH
CALL LATCH
MOV A, #MIC_EN
JIMP AUD_SEL
MIC_OFF: CLR A
. JMP AUD_SEL
DTMF_ON: MOV A, #DTMF_EN
JMP AUD_SEL
AUD_SEL: RRC A
MOV AUD_A,C
RRC A
MOV AUD_B,C
RRC A
MOV AUD_C,C
RET

jRRkkRRERRERRR* SCAN KEY AND DISPLAY #*kx*kk¥sxkkk¥kx

SCAN: MOV A,ROW
CJNE A, #05H, SCAN2
MOV- DATA, #0
MOV DPTR, #ROW_TAB
MOVC A,@A+DPTR
MOV CTRL,A
MOV A,BUFF_LED
ANL A,#11111000B
MOV DATA, A
INC ROW ’
RET

SCAN2: CJNE A, #06H, SCAN3
MOV DATA, #0
MOV DPTR, #ROW_TAB
MOVC A,@A+DPTR
MOV CTRL, A
MOV A,BUFF_LED
ANL A, #00000111B

MOV DATA, A



SCAN3:

SCAN3_1:

SCANX:

;kkk kXK k%% SET

SET_SEL:

INC
RET
CJNE
MOV
MOV
MOVC
MOV
MOV
ORL
ANL
MOV
INC
MOV
DJINZ
JNB
CLR
RET
SETB
RET
CALL
MOV
RET
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ROW

A,;#07H, SCANX
DATA, #0
DPTR, #ROW_TAB
A,@A+DPTR
CTRL, A
A,BUFF_LED
A,#01H
A,#11111011B
DATA, A

ROW

A, #20H

ACC,$

HOOK, SCAN3_1
HOOK__Sw

HOOK_SwW

SCAN_KEY
ROW, #05H

SERIAL PORT **%*%

MOV
MOV
SETB
SETB
CLR
CLR
RET

SCON, #52H ;
TH1, #0FDH ;
TR1 H
ES ;
TI ;
RI ;

pEEXRXXKEX Interupt timer **xkkkkkkkxk

TIMER_O:

PUSH
PUSH
PUSH

PUSH

PSwW
ACC
DPH
DPL



TIMERO1:

TIMERO2:

TIMERO3:

TIMERO4:

TIMEROS:

TIMER_X:
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MOV TLO,#LOW TIMEO
MOV THO, #HIGH TIMEO
JNB SCAN_EN, TIMERO2

CALL SCAN
DJINZ DECT1,TIMER_X

MOV DECT1, #SEC_10
JNB RING_EN, TIMERO3
DJINZ BUFF_SEC, TIMER_X
MOV BUFF_SEC, #RING_T
CPL CYCLE

JNB CYCLE, TIMERO4
MOV A, #RING_AD

JMP TIMEROS

JNB BUSY_EN, TIMER_X
DJINZ BUFF_SEC, TIMER_X
MOV BUFF_SEC, #BUSY_T
CPL CYCLE

JNB CYCLE, TIMERO4
MOV A, #BUSY_AD

IMP TIMEROS

MOV A, #0FFH

CALL LATCH

POP DPL
POP  DPH
POP ACC
POP PSW
RETI

;¥*%%%x INTERDWT RESIVER *%**%x%x%

RECV:

PUSH PSW H
PUSH ACC H
PUSH XRO H
PUSH XR6 H
PUSH XR7 H
JNB RI,SEND H



RECVX:

SEND:

CLR
CLR
POP
POP
POP
POP
POP
RETI

CLR
JMP
END
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RI

TI

XR7
XR6
XRO
ACC
PSW

TI
RECVX
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Tsunmadi 4
;************* TIMER CONSTANT *****.*****
TIMEO EQU -745 31/400 SEC
SEC_10 EQU 40 71/10  SEC
FPRXXXXEXXEEXXX% CODE FROM EXTENSION
EXT_OFF EQU 00H
EXT_HOOK EQU 01H
EXT_EXT EQU 02H
EXT_Co EQU 03H
RD_STA EQU 00H
RNG_CALL EQU 10H
BUSY EQU 20H
;************** REGISTOR ****************
XRO EQU 00H
XR1 EQU 01H
XR2 EQU 02H
XR3 EQU 03H
XR4 EQU 04H
XRS EQU 05H
XR6 EQU 06H
XR7 EQU 07H
;************** PORT CONTORL *************
RING_IN1 EQU P3.6
RING_IN2 EQU P3.7
jmm e CROSS POINT
STRO EQU P2.4
STR1 EQU P2.5
DATA EQU P2.6
XPT_A EQU P2.0
XPT B EQU P2.1
XPT_C EQU P2.2
XPT_D EQU P2.3
R T CONTORL RELAY
CO1_H EQU P1.0
CO2_H EQU P1.1
CO1_p EQU P1.2
Co2_ D EQU P1.3

ARAM A AT o] ©Ary M 1
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CO_RG  EQU P1.5
STA7 EQU P1.6
e SERIAL CONTORL
TX_RX EQU P3.2

sRKEKKEXKRRk¥%% BIT CONTORL *kkkkkkxkkkkkkkkxksk

; STATUS BIT #%**¥%kkkkkkkkkk*k%

STATUS EQU 20H
END_RCV EQU 00H
END_SND EQU O01H
ON_OFF EQU 02H
EXT1 EQU 04H
EXT2 EQU O0SH
EXT3 EQU 06H
EXT4 EQU 07H
sR¥kkkkkkkkkkdkk BUFFER *%Xkkkkkkpkkkkkkdkkkkkkk
ORG 30H
ADDRESS : DS 1
CO1_USE: DS 1
CO2_USE: DS 1
IT1_USE1: DS 1
IT1_USEZ2: DS 1
jom—m - SERIAL BUFFER
HEADER: DS 1
CODE: DS 1
EXTEN: DS 1
DECT1: DS 1
STACK: DS 1
skkEkxFkRkRkkkkkk% CPU RESET *%kkkkkkkkkkkkkkkkkk
ORG RESET
JMP START
ORG TIMERO
JMP TIMER_O
ORG TIMER1
RETI
ORG SINT

JMP RECV
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j¥RkEkXkkk* setup timer *kkkkkkkx

START:

START1:
START2:

CLR_SW:

CLR_SW1:

RD_EXT:

MOV
MOV
MOV
MOV
MOV
MOV
DJNZ
DJNZ
DJINZ
MOV
SETB
CALL
SETB
MOV
CLR
CLR
CLR
DJNZ
SETB
SETB
CLR
DJINZ
DEC
DJNZ
MOV
MOV
MOV
MOV
€ALL
JMP 8
MOV
CALL
INC
CALL
INC
CALL
INC
CALL

P1,#00000000B
P2,#0FFH
P3,#11000011B
R2,#02

RO, #0

R1,4#0

R1,$

RO, START2
R2,START1
SP,#STACK
PWR_F
SET_TIMER
DATA

RO, #16

STRO

STR1

A

ACC, $

STRO

STR1

A

ACC, $

P2
RO,CLR_SW1
P2, #0FFH
STATUS, #0
IT1_USE1,#01
IT1_USE2,#02
CONNECT

ADDRESS, #01H
CHK_EXT
ADDRESS
CHK_EXT
ADDRESS
CHK_EXT
ADDRESS
CHK_EXT
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CHK_EXT:

RD_E1X:

RD_E11:

RD_E12:

RD_E13:

RD_E14:

RD_EI1B:
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JMP RD_EXT

CHECK EXTEN STATUS

MOV HEADER, #0

MOV CODE, #0

MOV EXTEN, ADDRESS
CALL SEND_CODE

JNC RD_E1X

MOV A, CODE

CJINE A, #EXT_OFF,RD_E11
CALL CLR_LINE

RET

CJNE A, #EXT_HOOK,RD_E12
MOV HEADER, #0

MOV CODE, #EXT_HOOK
MOV EXTEN,IT1_USE1l
CALL SEND_CODE

RET

CJNE A, #EXT_EXT,RD_E13
MOV A,IT1_USE!l

CJINE A,#00H,RD_E1B
MOV IT1_USEl,ADDRESS
MOV IT1_USE2,EXTEN
CALL CONNECT

CALL EXT_RING

RET

CJNE A, #EXT_CO,RD_E1X
MOV A,CO1_USE

CJINE A,#00H,RD_E14
CALL CO1_CONC

RET

MOV A,CO2_USE

CJINE A,#00H,RD_E1B
CALL CO2_CONC

RET

MOV HEADER, #0

MOV CODE, #BUSY

MOV EXTEN, ADDRESS
CALL SEND_CODE

RET

; OFF HOOK



sEEEXERRREE R KKK
CHK_STA:

CHK_S1:

EEESEERE SR SR S 2

CLR_LINE:

CLR_L1:

CLR_L2:

CLR_L3:

CLR_LX:
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CHECK LAST STATUS

ANL A, STATUS

CJINE A, #00H,CHK_S1
CLR Cc

RET

SETB C

RET

DISCONNECT

SETB ON_OFF

MOV A,CO1_USE

CJNE A, ADDRESS,CLR_L1
CALL CO1_LT

MOV CO1_USE, #0

RET

MOV A,CO2_USE

CJNE A, ADDRESS,CLR_L2
CALL CO2_LT

MOV CO2_USE, #0

RET

MOV A,IT1_USE1

CINE A,ADDRESS,CLR_L3
CALL EXT- LT

MOV A,IT1_USE2

CALL EXT_LT

MOV IT1_USE1,#0

MOV IT1_USE2,#0

RET

MOV A,IT1_USE2

CJNE A,ADDRESS,CLR_LX
CALL EXT_LT

MOV A,IT1_USE1

CALL EXT_LT

MOV IT1_USE1,#0

MOV IT1I_USE2,#0

RET

RET
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;RkkRkkxBRXRkX*%x EXTEN RING

EXT_RING: MOV HEADER, #0
MOV CODE, #RNG_CALL
MOV EXTEN, IT1_USE1
CALL SEND_CODE
MOV HEADER, #0
MOV CODE, #RNG_CALL
MOV EXTEN,IT1_USE2
CALL SEND_CODE
RET
;¥ kkkkkkkxxk%x¥%¥ CO ON LINE
CO1_CONC: MOV A,#01
CLR ON_OFF
CALL CO1_LT
SETB COo1_D
RET
CO2_CONC: MOV A,#02
CLR ON_OFF
CALL CO2_LT
SETB COo2_D
RET
s¥¥Ekkkkkkkkkxk% CONNECT EXT LINE
CONNECT: CLR ON_OFF
MOV A,IT1_USE1
CALL EXT_LT
MOV A,IT1_USE2
CALL EXT_LT
RET

sR¥xxkkkkkkxxk*x LATCH CROSS POINT
; INPUT = DATA, ADDRESS

EXT_LT: MOV DPTR, #EXT_TAB
g DEC A
MovcC A,@A+DPTR
CPL A
MOV P2,A
MOV C,ON_OFF
MOV DATA,C
CLR STRO

NOP
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SETB STRO

MOV P2, #0FFH
CLR A
DJINZ ACC, $
RET
CO1_LT: MOV DPTR, #CO1_TAB
DEC A
MOVC A,@A+DPTR
CPL A
MOV P2,A
MOV C,ON_OFF
MOV DATA,C
CLR STRO
NOP
SETB STRO
CLR A
DJIJNZ ACC, $
RET
CO2_LT: MOV DPTR, #CO2_TAB
DEC A
MOVC A,@A+DPTR
CPL A
MOV P2,A
MOV C,ON_OFF
MOV DATA,C
CLR STRO
NOP
SETB STRO
CLR A
DJNZ ACC,$
RET
;REERKREKRKKRK% SEND SUB ¥*kk¥kkkRkkkkk k%
SEND_CODE: SETB TX_RX
MOV R7,#10
DJNZ R7,$%
CLR END_SND
CLR END_RCV
CLR RI

CLR TI
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MOV SBUF, HEADER
JNB END_SND, $
CLR TX_RX
MOV R6,#3

SNDR1: MOV R7,#0

SNDR2: JB END_RCV, SNDR3

DJNZ R7,SNDR2
DJINZ R6,SNDR1

CLR C

RET
SNDR3: SETB Cc

RET
;¥¥*% INTERUPT RECIVER #**%#%*%%xx
RECV: PUSH PSw

PUSH ACC
PUSH XRO
PUSH XR6
PUSH XR7

JNB RI, SEND

MOV R6,#3

MOV RO, #HEADER
RECV1: CLR RI

MOV @RO, SBUF

DJNZ R6,RECV2
SETB END_RCV

RECVX: CLR RI
CLR TI
POP XR7
POP XR6
POP XRO
POP ACC
POP PSW
RETI
RECV2: INC RO
MOV R7;#0
RECV3: JB RI,RECV1
DJINZ R7,RECV3
JMP RECVX

SEND: CLR TI



SEND1:

;REEEKRERK® Set

SET_TIMER:

ykkxkkxkkxk START TIMER

SET_TO:

;EkERkkK%X%% SET

SET_SEL:

101

;REkkkxk*kkx Interupt timer kkkkkkkkkk

TIMER_O:

TIMERO1:

TIMERO2:

*

MOV R6,#02H
MOV RO, #CODE
MOV SBUF, @RO
JNB TI,$
CLR TI
INC RO
DINZ R6,SEND1
SETB END_SND
JMP RECVX
start timer *%xxkkkkk#*
CALL SET_TO
SETB ETO
SETB TRO
CALL SET_SEL
MOV TMOD, #21H
SETB EA
RET
0
MOV TLO,#LOW TIMEO
MOV THO,#HIGH TIMEO
MOV DECT1,#SEC_10
RET
SERITAL PORT #*#*%%
MOV SCON, #52H
MOV TH1, #0FDH
SETB TR1
SETB ES
CLR TI
CLR RI
RET
PUSH PSW
PUSH ACC
PUSH DPH
PUSH DPL
MOV TLO,#LOW TIMEO
MOV THO, #HIGH TIMEO
DJNZ DECT1,TIMER_X
MOV DECT1,#SEC_10
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TIMER_X: POP DPL

POP DPH

POP ACC

POP PSW

RETI
CO1_TAB: DB 00H,01H,02H, 03H
CO2_TAB: DB 04H,05H,06H,07H
EXT_TAB: DB 08H,09H, 0AH, OBH

END
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Tdsunsun s

Program Main Board

jEEREREXXRRXX%X TIMER CONSTANT *%k%kkkk%%%

TIMEO
SEC_10

Rk kkkkkkkkk k%
EXT_OFF
EXT_HOOK
EXT_EXT

EXT_CO
;**************
RD_STA

RNG_CALL

BUSY
s¥FFE Rk kR kkkkk ¥
XRO

XR1

XR2

XR3

JREERRKE KRR RK KR

RING_IN1
RING_IN2

EQU ~-745 ;1/400 SEC
EQU 40 31/10 SEC
CODE FROM EXTENSION

EQU 00H

EQU O1H

EQU 02H

EQU 03H

CODE FROM MAIN

EQU 00H

EQU 10H

EQU 20H

REGISTOR **%kk¥kkkkkk %%k
EQU 00H

EQU ‘01H

EQU 02H

EQU 03H

EQU 04H

EQU 0SH

EQU 06H

EQU 07H

PORT CONTORL #%kkkkkkkk% %%
EQU P3.6

EQU P3.7

CROSS POINT

EQU P2.4

EQU P2.5

EQU P2.6

EQU P2.0

EQU P2.1

EQU P2.2

EQU P2.3

CONTORL RELAY

EQU P1.0

EQU P1.1

EQU P1.2
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CO2_D EQU P1.3
PWR_F EQU P1.4
CO_RG EQU P1.5
STA7 EQU P1.6
jmmmmm oo SERIAL CONTORL
TX_RX EQU P3.2

skkkkkkxkkkkkkk BIT CONTORL kkkkkkkkkkrkkskk¥kx
; STATUS BIT *kkkkkkkkkkkkk ks

STATUS EQU 20H
END_RCV EQU 00H
END_SND EQU 01H
ON_OFF EQU 02H
EXT1 EQU 04H
EXT2 EQU 05H
EXT3 EQU 06H
EXT4 EQU 07H
;RREERE KKK Rk kk* BUFFER ¥ % ¥k kKX kX kK RK kKRR kKL Rk ¥
ORG 30H
ADDRESS: DS 1
CO1_USE: DS 1
CO2_USE: DS 1
IT1_USELl: DS 1
IT1_USE2: DS 1
j————— = SERTIAL. BUFFER
HEADER: DS 1
CODE: DS 1
EXTEN: DS 1
DECT1: DS 1
STACK: DS 1
;¥ R kKkkkkkkkk%k CPU RESET H*kkkkkkkkkkkkkkrkkks
ORG RESET
JMP START
ORG TIMERO
JMP TIMER_O
ORG TIMERI1
RETI
ORG SINT

JMP RECV
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;R¥kxkkk¥x¥ setup timer *k*kkkkk¥x%

START:

START1:
START2:

CLR_SW:

CLR_SW1:

RD_EXT:

MOV
MOV
MOV
MOV
MOV
MOV
DJINZ
DINZ
DJNZ
MOV
SETB
CALL
SETB
MOV
CLR
CLR
CLR
DJNZ
SETB
SETB
CLR
DJINZ
DEC
DJINZ
MOV
MOV
MOV
MOV
CALL
JMP §
MOV
CALL
INC
CALL
INC
CALL
INC
CALL

P1,#00000000B
P2,#0FFH
P3,#11000011B
R2,#02

RO, #0

R1,#0

R1,$

RO, START2
R2,START1
SP, #STACK
PWR_F
SET_TIMER
DATA

RO, #16

STRO

STR1

A

ACC, $

STRO

STR1

A

ACC, $

P2
RO,CLR_SW1
P2,#0FFH
STATUS, #0
IT1I_USE1,4#01
IT1_USE2,#02
CONNECT

ADDRESS, #01H
CHK_EXT
ADDRESS
CHK_EXT
ADDRESS
CHK_EXT
ADDRESS
CHK_EXT
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CHK_EXT:

RD_E1X:

RD_E11:

RD_E12:

RD_E13:

RD_E14:

RD_EI1B:
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JMP RD_EXT
CHECK EXTEN STATUS
MOV HEADER, #0

MOV CODE, 0

MOV EXTEN, ADDRESS
CALL SEND_CODE

JNC RD_E1X

MOV A,CODE

CJNE A, #EXT_OFF,RD_E11
CALL CLR_LINE

RET

CJINE A, #EXT_HOOK,RD_E12
MOV HEADER, #0

MOV CODE, #EXT_HOOK
MOV EXTEN,IT1_USE!1
CALL SEND_CODE

RET

CJNE A, #EXT_EXT,RD_E13
MOV A,IT1_USE1l

CJNE A,#00H,RD_E1B

MOV IT1_USE1l,ADDRESS
MOV IT1_USE2,EXTEN

CALL CONNECT
CALL EXT_RING

RET
CJNE A, #EXT_CO,RD_E1X
MOV A,CO1_USE

CJINE A,#00H,RD_E14
CALL CO1_CONC

RET

MOV A,CO2_USE
CJINE A,#00H,RD_E1B
CALL CO2_CONC

RET

MOV HEADER, #0

MOV CODE, #BUSY
MOV EXTEN, ADDRESS
CALL SEND_CODE

RET

; OFF HOOK
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jkkxxxxkkxxkkk* CHECK LAST STATUS

CHK_STA:

CHK_S1:

EESZEZEEEEE S E S T

CLR_LINE:

CLR_L1:

CLR_L2:

CLR_L3:

CLR_LX:

ANL A,STATUS
CJNE A, #00H,CHK_S1
CLR C

RET

SETB C

RET

DISCONNECT

SETB ON_OFF

MOV A,CO1_USE

CJINE A,ADDRESS,CLR_L1
CALL CO1_LT

MOV CO1_USE, #0

RET

MOV A,CO2_USE

CJINE A,ADDRESS,CLR_L2
CALL CO2_LT

MOV CO2_USE, #0

RET

MoV A,IT1_USE!

CJNE A, ADDRESS,CLR_L3
CALL EXT_LT

MOV A,IT1_USE2

CALL EXT LT

MOV IT1_USE1, #0

MoV IT1_USE2,#0

RET

MOV A,IT1_USE2

CJNE A, ADDRESS,CLR_LX
CALL EXT_LT

MOV A,IT1_USE1

CALL EXT LT

MOV IT1_USE1,#0

MoV IT1_USE2,#0

RET

RET
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sk*EXkkkKRKEXE%% EXTEN RING
EXT_RING: MOV HEADER, #0
MoV CODE, #RNG_CALL
MOV EXTEN, IT1_USE1
CALL SEND_CODE
MOV HEADER, #0
MOV CODE, #RNG_CALL
MOV EXTEN, IT1_USE2
CALL SEND_CODE
RET
;************** CO ON LINE
CO1_CONC: MOV A,#01
CLR ON_OFF
CALL CO1_LT
SETB CO1_D
RET
CO2_CONC: MOV A, #02
CLR ON_OFF
CALL CO2_LT
SETB Co2_D
RET
skkkkkkkkkkk%k¥%x CONNECT EXT LINE
CONNECT: CLR ON_OFF
MOV A;IT1_USE1
CALL EXT_LT
MOV A,IT1_USE2
CALL EXT_LT
RET

skdxkkxkkkkxkx%x LATCH CROSS POINT

3 INPUT
EXT_LT:

DATA,ADDRBSS
MOV
DEC
MovcC
CPL
MOV
MOV
MOV
CLR
NOP

DPTR, #EXT_TAB
A

A, @A+DPTR

A

P2,A

C,ON_OFF
DATA,C

STRO
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SETB STRO

MoV P2, #0FFH
CLR A
DJINZ ACC, $
RET
CO1_LT: MOV DPTR, #CO1_TAB
DEC A
MOVC A,@A+DPTR
CPL A
MoV P2,A
MoV C,ON_OFF
MOV DATA,C
CLR STRO
NOP
SETB STRO
CLR A
DJINZ ACC, $
RET
CO2_LT: MOV DPTR, #CO2_TAB
DEC A
MOVC A,@A+DPTR
CPL A
MOV P2,A
MOV C,ON_OFF
MOV DATA,C
CLR STRO
NOP
SETB STRO
CLR A
DJNZ ACC, $
RET
s¥ERERERKRRRRX* SEND SUB *kkdkkdkkkskkkrkx
SEND_CODE: SETB TX_RX
MOV R7,#10
DJNZ R7,$
CLR END_SND
CLR END_RCV
CLR RI

CLR TI
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MOV SBUF , HEADER
JNB END_SND, $
CLR TX_RX
MOV R6,#3
SNDR1: MOV R7,#0
SNDR2: JB END_RCV, SNDR3
DJNZ R7,SNDR2
DJNZ R6,SNDR1
CLR C
RET
SNDR3: SETB €
RET
;¥%%% INTERUPT RECIVER **¥*¥%x%
RECV: PUSH PSW

PUSH ACC
PUSH XRO
PUSH XR6
PUSH XR7

JNB RI, SEND

MOV R6,#3

MOV RO, #HEADER
RECV1: CLR RI

MOV @RO, SBUF

DINZ R6,RECV2
SETB END_RCV

RECVX: CLR RI
CLR TI
POP XR7
POP XR6
POP XRO
POP ACC
POP PSW
RETI

RECV2: INC RO
MOV R7,#0

RECV3: JB RI,RECV1

DJNZ R7,RECV3
JMP RECVX



SEND:

SEND1:

;EXEkEkRER%X Set

SET_TIMER:

;Rkkxxxkxxk START TIMER

SET_TO:

;¥kkkxkkx%% SET

SET_SEL:
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CLR TI
MoV R6,#02H
MoV RO, #CODE
MOV SBUF, @RO
JNB TI,$
CLR TI
INC RO
DJINZ R6,SEND1
SETB END_SND
JMP RECVX
start timer *%xx%k¥kkx*%%
CALL SET_TO
SETB ETO
SETB TRO
CALL SET_SEL
MoV TMOD, #21H
SETB EA
RET
0
MOV TLO, #LOW TIMEO
MOV THO,#HIGH TIMEQ
MOV DECT1,#SEC_10
RET
SERIAL PORT ##*%%
MOV SCON, #52H
MOV TH1, #0FDH
SETB TR1
SETB ES
CLR TI
CLR RI
RET

sk¥xkx¥kx*k*x Interupt timer *kkkkkxkksk

TIMER_O:

PUSH
PUSH
PUSH
PUSH

PSW
ACC
DPH
DPL



TIMERO1:

TIMERO2:

TIMER_X:

CO1_TAB:
CO2_TAB:
EXT_TAB:

MOV
MOV
DJINZ
MOV
POP
POP
POP
POP
RETI
DB
DB
DB
END
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TLO,#LOW TIMEO
THO, #HIGH TIMEO
DECT1,TIMER_X
DECT1, #SEC_10
DPL

DPH

ACC

PSwW

00H,01H,02H,03H
04H,05H,06H,07H
O8H,09H,0AH, OBH
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Tsunsuh 6

Program Telephone

skkkxkkrrcexkx KEY CONSTANT *k ks kkkkkkks

;01-0A = KEY1,KEY2-KEYO
; OBH=KEY #

; OCH=KEY #

VUP_KEY EQU 21H

VDW_KEY EQU 22H

DVT_KEY EQU 23H

INT_KEY EQU 24H

CO1_KEY EQU 11H

CO2_KEY EQU 12H

CO3_KEY EQU 13H

CO4_KEY EQU 14H

CO5_KEY EQU 15H

CO6_KEY EQU 16H

ATT_KEY EQU 1DH

ND_KEY EQU 1EH

MEM_KEY EQU 1FH

MON_KEY EQU 20H

;************** SOUND GENERATE *%®%%kkkkkkkkkkkkkkk
LOOP_AD EQU 011010008 ; LOOP SOUND
BUSY_AD EQU 011010008 ; BUSY SOUND
RING_AD EQU 01110010B ;RING SOUND ON
MIC_DS EQU 00000000B ;

MIC_EN EQU 00000111B ;

DTMF_EN EQU 00000011B :
;************* TIMER CONSTANT #®%kkkkkkx¥

TIMEO EQU -745 317400 SEC

SEC_10 EQU 40 ;1/10  SEC '
RING_T EQU 15

BUSY_T EQU 05

skkkkkkkkkkkd%¥% REGISTOR *¥ ¥k kkkkkxxkkkkk

XRO EQU 00H

XR1 EQU O1H

XR2 EQU 02H

XR3 EQU 03H

XR4 EQU 04H

XRS5 EQU 05H
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XR6 EQU 06H

XR7 EQU 07H

s¥kkkkkkkkkkkk*k PORT CONTORL kkkkkkkkkkkkk

DATA EQU P1 ;DTMF DATA AND KEY COL.
CTRL EQU PO ;

SEL_A EQU PO.O ;KEY ROW SELECT
SEL_B EQU PO.1 H

SEL_C EQU PO.4 H

G2A EQU PO0.3 ; LOW = ENABLE
VOL_SO0 EQU PO.35 ;s VOLUME

VOL_S1 EQU P0.6 H

VOL_S2 EQU PO.7 H

VOL_LE EQU P2.1 H

SP_SEL EQU P2.0 ; 0=SPEAKER 1=HAND SET
DTMF_CK EQU P2.1 ; CLOCK LATCH
AUD_A EQU 2/ 3 ;AUDIO SELECT
AUD_B EQU P2.4 3

AUD_C EQU P2.5 H

SND1 EQU P2.7 ;

SND2 EQU P2.6 H

HOOK EQU P3.3 H

;REXFEXERRKKR%% BIT CONTORL **kkkkkkkkkkkkkhk

; STATUS BIT **kxkkkkkxkkx¥x¥kkx%

STATUS EQU 20H
HOOK_SW EQU 00H
SP_HAND EQU 01H
SP_PHONE EQU 02H
SCAN_EN EQU 03H
RING_EN EQU 04H
BUSY_EN EQU OSH. '
CYCLE EQU 06H
END_SND EQU 07H

5 LED BIT *kkkkkkkkdkdkkkkdkdkk¥xk
BUFF_LED EQU 21H
MEM_LED EQU 09H
MON_LED EQU 0AH
COS_LED - EQU 0BH
CO4_LED EQU OCH

CO3_LED EQU ODH



CO2_LED
CO1_LED

R ER LRSS R R R RS

BUFF_NO:
NO1:

NO2:
BUFF_KEY:
ROW:
DECT1:
BUFF_SEC:
STACK:

IREEEEREEEERE RS
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EQU OEH
EQU OFH
BUFFER *®%kxkkkkkkkkkkkkkkkkkkx
ORG 30H

DS 1

DS 1

DS 1

DS 1

DS 1

DS 1

DS 1

DS 1

CPU RESET *%%k%kkkkkkkkkkkkdkkk
ORG RESET
JMP START
ORG TIMERQ
JMP TIMER_O
ORG TIMER]1
RETI

ORG SINT
JMP RECV

;RERERRARR Setup timer Hksxkkkx%

START:

START1:
START2:

MOV
MOV
MOV
MOV
MOV
MOV
MOV
DJNZ
DINZ
DJINZ
MOV
MOV
CALL
CALL
MOV
MOV
CALL

PO,#11001000B
P1,#00000000B
P2,#10000101B
P3,#00001011B

"R2,#02

RO, #0
R1,#0
R1,$

RO, START2
R2,STARTI1
SP, #STACK
A, #0
LATCH
MIC_OFF
ROW, #05H
BUFF_LED, #00H
SET_TIMER
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CLR HOOK__SW

CLR SP_HAND

CLR SP_PHONE

SETB SCAN_EN

MOV BUFF_KEY, #00H

MOV BUFF_NO, #02H
JREREERRRRKRRR KK
MAIN: CALL KEY_OFF ;check off key
MAINI1: JB HOOK_SW,HOOK_UP ;hook up sw active

JNB SP_HAND,MAIN2 3

CALL OFF_HOOK ;clear hook
MAIN2: MOV A,BUFF_KEY scheck key

CJNE A,#00H,CHK_KEY1 ;key on

JMP MAIN1 H
s¥kkkxkxkxkxkxk HOOK SW ACTIVE *kkkkkkkkxkkkxk
HOOK_UP: JB SP_HAND,MAIN2 ;normal hook up
HOOK_U1: SETB SP_HAND ;first hook

SETB MEM_LED ;hook up led

CLR MON_LED H

SETB SP_SEL ;hand set sp.

CALL WAIT 4

CALL MIC_ON ;mic on

JB CO1_LED,MAIN ;used col

JB CO2_LED,MAIN ;used co2

MOV A,BUFF_NO H

CJNE A,#02H,MAIN H

MOV A,#LOOP_AD ;tone signal

CALL LATCH H

JMP MAIN 3

SERKKFKKKRR KK %% KEY ACTIVE ¥¥K¥ KK ¥ XX KKKKKKKKRERE

;kkkxkkkk¥ CO1l KEY

CHK_KEY1: CJNE A,#CO1_KEY,CHK_KEY2 ;jcol key
CPL CO1_LED 3
CALL CO2_OFF ;off co2
JB CO1_LED,CHK_K2 ;ycol on
CHK_K1: CALL OFF_HOOK ;col off

JMP MAIN H



;kkkkkxx%*x CO2 KEY
CHK_KEY2: CJINE
CPL
CALL
JNB
CHK_K2: JB
SETB
SETB
SETB
CLR
CALL
JMP
CHK_K3: SETB
SETB
CALL
JMP
;¥kkkxkkx%%x SP-PHONE
CHK_KEY3: CJNE
CPL
JNB
CALL
JMP
CHK_K4: JB
CALL
JMP
MAINS : CJNE
JMP
MAINS_1: JC
JMP
MAING6: JB
JB
JB
JB
JMP
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A, #CO2_KEY,CHK_KEY3

CO2_LED
CO1_OFF
CO2_LED,CHK_K1
HOOK_SW, CHK_K3
SP_PHONE
MEM_LED
MON_LED

SP_SEL
MIC_OFF

MAIN

MEM_LED

SP_SEL

MIC_ON

MAIN

A, #MON_KEY ,MAINS
SP_PHONE
SP_PHONE, CHK_K4
SP_ON

MAIN
HOOK_ SW, HOOK_U1
OFF_HOOK

MAIN
A,#0CH,MAIN5_1
MAING

MAING

MAIN
CO1_LED,DTMF_OUT1
CO2_LED,DTMF_OUT1
SP_HAND, DTMF_OUT2
SP_PHONE ,DTMF_OUT2
MAIN

;co2 key

jcol off

;co2 off

;use hand set
;juse speaker phon:
3

3

;jselect speaker
3

H

;hand set

3

3

.
k]

;key speaker phon:
3

3

;on speaker
3

;Hand set

)

H

;dtmf key

;

skey 0-9,4#,%

.
’
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;RkEERkkkRkRR k%% OUT DTMF

DTMF_OUT1: MOV B,A H
CALL DTMF_OUT H
JMP MAIN H
sk*kkkkkkkk¥kx%k% OUT DTMF AND CALL
DTMF_OUT2: MOV B,A H
CALL DTMF_OUT H
JB BUSY_EN,DTMF_0OX H
JB RING_EN,DTMF_OX H
MOV A,BUFF_NO H
CJINE A, #02H,DTMF_O1 H
DTMF_OO0: MOV NO1,B ;
DEC BUFF_NO H
DTMF_OX: JMP MAIN H
DTMF_O1: CJNE A,#01H,DTMF_02 H
MOV NO2,B 5
MOV BUFF_NO, #02 H
DTMF_A: MOV A,NO1 H
SWAP A H
ORL A,NO2 H

CJINE A,#11H,DTMF_B H
SETB RING_EN H

MOV BUFF_SEC, #2 H
CLR CYCLE H
JMP MAIN H
DTMF_B: SETB BUSY_EN H
MOV BUFF_SEC, #2 H
CLR CYCLE H
JMP MAIN H
DTMF_02: MOV BUFF_NO, #02 3
JMP DTMF_0OO0 H
s¥kxkkkkkkxkxk%k SPEAKER PHONE ON—-OFF #®%%kkkkkkkkkxk*
SP_ON: CALL MIC_OFF

SETB MEM_LED
SETB MON_LED

CLR SP_SEL
JB CO1_LED,SP_O1
JB CO2_LED,SP_01

MOV A,BUFF_NO
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CJINE A, #02H,SP_o01
CALL WAIT

MOV A, #LOOP_AD
CALL LATCH

SP_O1: CALL KEY_OFF
RET

OFF_HOOK: CLR CO1_LED
CLR CO2_LED

OFF_H1: CLR MEM_LED
CLR MON_LED
CLR SP_HAND
CLR SP_PHONE
CLR SP_SEL
CLR RING_EN
CLR BUSY_EN
CLR A

CALL LATCH

CALL MIC_OFF
MOV BUFF_NO, #02
CALL WAIT

CALL WAIT

CALL WAIT

RET
CO1_OFF: CLR CO1_LED
JMP OFF_H1
CO2_OFF: CLR CO2_LED
JMP OFF_H1
sk kkxkkkkkkx% SELECT SOUND OUTPUT *%x%kkkkkxkx
MIC_ON: MOV A, #0FFH
CALL LATCH
MOV A, #MIC_EN
JMP AUD_SEL
MIC_OFF: CLR A
JMP AUD_SEL
DTMF_ON: MoV A, #DTMF_EN
JMP AUD_SEL
AUD_SEL: RRC A
MOV AUD_A,C

RRC A
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MOV AUD_B,C
RRC A
Mov AUD_C,C
RET
skkkkk*kkkkkkkt SCAN KEY AND DISPLAY ®%kskkkkkkkkkk¥k
SCAN: MOV A,ROW
CJNE A,#05H, SCAN2
MOV DATA, #0
MOV DPTR, #ROW_TAB
MOVC A, @A+DPTR
MOV CTRL, A
MOV A,BUFF_LED
ANL A,#11111000B
MOV DATA, A
INC ROW
RET
SCAN2: CJINE A,#06H, SCAN3
MOV DATA, #0
MoV DPTR, #ROW_TAB
MOvC A, @A+DPTR
MOV CTRL,A
MOV A,BUFF_LED
ANL A,#00000111B
MOV DATA, A
INC ROW
RET
SCAN3: CJNE A, #07H, SCANX
MOV DATA, #0
MOV DPTR, #ROW_TAB
MOVC A,@A+DPTR ’
MOV CTRL,A
MoV A,BUFF_LED
ORL A,#01H
ANL A,#11111011B
MoV DATA, A
INC ROW
MOV A, #20H
DJINZ ACC, $

JNB HOOK, SCAN3_1
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CLR HOOK_ SW
RET
SCAN3_1: SETB HOOK__SwW
RET
SCANX: CALL SCAN_KEY
MOV ROW, #0S5H
RET
sREXKKKRR XKk Kk%k* SCAN KEY #kkkkkkkkkxkks
SCAN_KEY: MOV ROW, #0
CALL READ_KEY ;KEY 1-8
CJNE A, #0FFH,KEY_ON
INC ROW
CALL READ_KEY sKEY 9,0,%,#
ORL A, #0FH
CJNE A, #0FFH,KEY_ON
INC ROW
CALL READ_KEY ; VUP,VDW,DVT, INT
ORL A, #0FH
CJINE A, #0FFH,KEY_ON
INC ROW
CALL READ_KEY sATT ,ND,MEM, MON
ORL A, #0F0H
CJNE A, #0FFH,KEY_ON
INC ROW
CALL READ_KEY ;CO1-CO6
ORL A,#03H
CJNE A, #0FFH,KEY_ON
INC ROW
MOV BUFF_KEY, #00H
MOV DATA, #00H '
RET
READ_KEY: MOV DPTR, #ROW_TAB
MOV A,ROW
MOVC A,@A+DPTR
MOV CTRL, A
MOV A,#10
DJNZ ACC, $
MOV DATA, #0FFH

NOP
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NOP
MOV A,DATA
RET
KEY_ON: MOV BUFF_KEY, #01H
MOV A,ROW
CJINE A, #00H,KEY_ON1
JMP KEY_ON2
KEY_ON1: MOV A,BUFF_KEY
ADD A,#08
MOV BUFF_KEY, A
DJNZ ROW,KEY_ON1
KEY_ON2: MOV ROW, #08
MOV A,DATA
KEY_ON3: RLC A
JNC KEY_ON4
INC BUFF_KEY
DJINZ ROW,KEY_ON3
KEY_ON4: MOV DATA, #00H
RET
KEY_OFF: MOV A,BUFF_KEY
CJINE A, #00H,KEY_OFF
RET

;RRkkRk Kk Xk RkE%% OUT DTMF SIGNAL ¥k kkkkkkkkkkk
; INPUT = ACC (DTMF NUMBER)

.
b

DTMF_OUT: CALL DTMF_ON
MOV A,B
MOV DPTR, #DTMF_TAB
MOVC A,@A+DPTR

CALL LATCH
CALL WAIT

JNB SP_PHONE,DTMF_X1
MOV A, #0FFH
CALL LATCH
CALL MIC_OFF
RET
DTMF_X1: CALL MIC_ON

RET



skkkkkkkkkkkkkk

LATCH:

SHRERKERKKKKER KR

DELAY:

DE1:

DE2:

WAIT:

DE3:
DE4:

sEEEERRRERE Set

SET_TIMER:

DTMF
CLR
PUSH
SETB
MOV
NOP
SETB
NOP
CLR
NOP
POP
SETB
RET
WAIT
PUSH
PUSH
MOV
MOV
DJNZ
DJNZ
POP
POP
RET
PUSH
PUSH
MOV
MOV
DJINZ
DJNZ
POP
POP
RET
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LATCH *%kkkkkkxkkhksk

ETO
DATA
G2A
DATA, A

DTMF_CK

DTMF_CK

DATA
ETO

TIME *%kkkkkkkkkkkkxk

XRO
XR1
RO, #0
R1,#0
R1,DE2
RO,DE1
XR1
XRO

XRO

XR1

RO, #50H
R1,#0
R1,DE4
RO,DE3
XR1

XRO

start timer *#®k*kkkkkkx

CALL
SETB
SETB
CALL
MOV

SETB

SET_TO
ETO

TRO
SET_SEL
TMOD, #21H
EA



RET
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;¥kxkkkkk*k*% START TIMER O

SET_TO:

j¥k**¥**%%%% SET
SET_SEL:

MOV
MOV
MOV
RET

TLO,#LOW TIMEO
THO,#HIGH TIMEO
DECT1,#SEC_10

SERIAL PORT #***x

MOV
MOV
SETB
SETB
CLR
CLR
RET

SCON, #52H
TH1, #0FDH
TR1
ES
TI
RI

sk¥kkkkxkkkxk Tnterupt timer ¥kkkkkkxxx

TIMER_O:

TIMERO1:

TIMERO2:

TIMERO3:

PUSH
PUSH
PUSH
PUSH
MOV
MOV
JNB
CALL
DJIJNZ
MOV
JNB
DJNZ
MOV
CPL
JNB
MOV
JMP
JNB
DJINZ
MOV
CPL
JNB
MOV
JMP

PSW

ACC

DPH

DPL

TLO, #LOW TIMEO
THO,#HIGH TIMEO
SCAN_EN,TIMERO2
SCAN
DECT1,TIMER_X
DECT1,#SEC_10
RING_EN,TIMERO3
BUFF_SEC,TIMER_X
BUFF_SEC, #RING_T
CYCLE

CYCLE, TIMERO4

A, #RING_AD
TIMEROS

BUSY_EN, TIMER_X
BUFF_SEC, TIMER_X
BUFF_SEC, #BUSY_T
CYCLE

CYCLE, TIMERO4

A, #BUSY_AD
TIMEROS

~-e



TIMERO4:
TIMEROS:
TIMER_X:
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;¥%¥x*% INTERDWT RESIVER #%**%%x

RECV:

RECVX:

SEND:

sRR Rk Rk Rkkkkk k%

ROW_TAB:

skkkkkkkk kb kkx

DTMF_TAB:

MOV A, #0FFH
CALL LATCH

POP DPL

POP DPH

POP ACC

POP PSW

RETI

PUSH PSW ;

PUSH ACC ;

PUSH XRO ;

PUSH XR6 ;

PUSH XR7 ;

JNB RI, SEND ;

CLR RI ;

CLR TI ;

POP XR7 ;

POP XR6 ;

POP XRO :

POP ACC ;

POP PSW ;

RETI ;

CLR TI

JMP RECVX

DB 100000008 ; ROW1 (KEY)
DB 10000001B ; ROW2 (KEY)
DB 10000010B ; ROW3 (KEY)
DB 10000011B ; ROW4 (KEY)
DB 10010000B ; ROWS5 (KEY)
DB 10010001B ; ROW6 (LED)
DB 10010010B ; ROW7 (LED)
DB 100100118 ; ROW8 (LED)
DTMF KEY oOUTPUT Kkkkkkkkkkkkkxkkx
DB ‘000000008 ; OFF

DB 11110110B i1

DB 11110101B ;2

DB 11110011B ;3

DB 11101110B ;4



DB
DB
DB
DB
DB
DB
DB
DB
END
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11101101B
11101011B
11011110B
11011101B
11011011B
10111101B
10111110B
10111011B
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Features

e Compatible with MCS-51™ Products
e 4 Kbytes of In-System Reprogrammable Flash Memory

Endurance: 1,000 Write/Erase Cycles

Data.Retention: 10 Years

{28 x 8-Bit internal RAM
32 Programmable VO Lines
Two 16-Bit Timer/Counters
Five Interrupt Sources

¢ & © & 0 0 00

Description

Fully Static Operation: 0 Hz to 24 MHz
Three-Level Program Memory Lock

Programmable Serial Channel
Low Power Idle and Power Down Modes
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MANUIN

The AT89CS1 is a low-power, high-performance CMOS 8-bit microcomputer with 4 Kbytes
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac-
wred using Atmel’s high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory program-
mer. 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 applications.
The ATB9CS1 provides the following siandard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 VO lines. two 16-bit timer/counters, a five source two-level interrupt architecture, a
full duplex serial port, op-chip oscitlator and clock circuitry. In addition, the AT89CSI is

Pin Configurations
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POIP/Ceardip
ei0 vee
P11 £0.0 (ADO)
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P13 £0.2 (AD2)
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Description {Continued)

designed with static logic for operation down to zero frequency
and supports two software selectable power saving modes. The
Idle Mode stops the CPU while allowing the RAM, timer/count-
ers, serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling all other chip functions until the next hardware
reset,

Pin Description

Vee
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an output
port each pin can sink eight TTL inputs. When s are written to
port O pins, the pins can be used as high-impedance inputs.
Port 0 may also be configured to be ' multiplexed low-order
address/data bus during accesses to ~al program and data
memory. In this mode PO has intemna 15,

Port O also receives the code bytes dt lash programming,
and outputs the code bytes during program verification. Exter-
nal pullups are required during program verification.

Port 1

Port | is an 8-bit bidirectional /O port w
Port 1 output buffers can sink/source fc «L inputs. When Is
are written to Port 1 pins they are pull  high by the internal
pullups and can be used as inputs. As inputs, Port 1 pins that are
externally being pulled low will source current (liL) because of
the internal pullups.

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

cnal pullups. The

Port2

Port 2 is an 8-bit bidirectional O port with internal pullups. The
Port 2 output buffers can sink/source four TTL inputs. Whea [s
are writien 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 (IjL) because of
the internal pullups.

Port 2 emits the high-order address byte during fetches from ex-
ternal program memory and during accesses to external data
memory that use 16-bit addresses (MOVX @ DPTR). In this
application it uses strong internal pullups when emitting Is.
During accesses to external data memory that use 8-bit ad-
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some control
signals during Flash programming and verification.
Port3

Port 3 is an 8-bit bidirectional VO port with internal pullups. The
Port 3 output buffers can sink/source four TTL inputs. When Is
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are wrilten to Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that are
externally being pulled low will source current (IiL) because of
the pullups.

Port 3 also serves the functions of various special features of the
AT89CS]1 as listed below:

Port Pin | Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (seriat output port)

P3.2 INTO (extepat interrupt 0)

P3.3 INTT (extenal interrupt 1)

P3.4 TO (timer O extenal input)

P3.5 T1 (timer 1 external input)

P3.6 WR (extenal data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash programming
and programming verification.

RST

Resetinput. 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 input (PROG) during Flash programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external timing or
clocking purposes. Note, however, that one ALE pulse is
skipped during each access to external Data Memory:

If desired, ALE operation can be disabled by setting bit0 of SFR
location 8EH. With the bit set, ALE is-active only during a
MOVX or MOVC instruction, Otherwise, the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the
microcrontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external program
memory.

When the AT89CS1 is executing code from external program
memory, PSEN is activated twice cach machine cycle, except
that two PSEN activations are skipped during each access to ex-
ternal data memory.

EANVPe

External Access Enable. EA must be strapped to GND in order
to enable the device to fetch code from external program mem-
ary locations starting at 0000H _up to FFFFH. Note, however,
thatif lock bit | is programmed, EA will be internally latched on
resct.

EA should be strapped to Ve for internal program executions.
This pin also receives the 12-volt programming enable voltage
(Vpp) during Flash programming, for parts that require 12-volt
V?P. v

continued
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Pin Description (Continued) Power Down Mode

XTAL1 In the power down mode the oscillator is stopped, and the in-

struction that invokes power down is the last instruction exe-

cuted. The on-chip RAM and Special Function Registers retain

their values until the power down mode is terminated. The only

XTAL2 exit from power down is a hardware reset. Reset redefines the

Output from the inverting oscillator amplifier. SFRs but does not change the on-chip RAM. The reset should
not be activated before Vcc is restored to its normal operating
level and must be held active long enough to allow the oscillator
to restart and stabilize.

Input to the inverting oscillator amplifier and input to the inter-
nal clock operating circuit.

Oscillator Characteristics

XTALI 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 c2

external clock source, XTALZ2 should be left unconnected while —_"”'—'I_ XTAL2
XTALL is driven as shown in Figure 2. There are no require-

ments on the duty cycle of the external clock signal, since the D

input to the internal clocking circuitry is through a divide-by- o1

two flip-flop, but minimum and maximum voltage high and low —) XTAL1
time specifications must be observed.

ldle Mode

In idle mode, the CPU puts itself to sleep while all the on-chip GND
peripherals remain active. The mod= is invoked by software.
The content of the on-chip RAM a « special functions
registers remain unchanged during de. The idle mode
can be terminated by any enabled 1pt or by a hardware
reset.

It should be noted that when idle is terminated by a hardware |
reset, the device normally resumes program execution, from Figure 2. External Clock Drive Configuration
where it left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibits access
to internal RAM in this event, but access to the port pins is not NC ———— XTAL2
inhibited. To eliminate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to

Figure 1. Oscillator Connections

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

a port pin or to external memory. EXTERNAL
OSCHLATOR —{ XTAL1
SIGNAL

Status of External Pins During Idle and Power Down
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Intemnal 1 1 Data Data Data Data
idle External 1 1 Floxt Data Address  Data
Power Down | Intemal 0 0 Data Data Data Data
Power Down | Extemal 0 0 Float Data Data Data




Program Memory Lock Bits

On the chip are three lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional features
listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin is
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes
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without a reset, the latch initializes to a random value, and holds
that value until reset is activated. Itis necessary that the latched
value of EA be in agreement with the current logic level at that
pin in order for the device to function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type
1 U U U No program lock features.

2 P U U

MOVC instructions executed from extemnal program memory are disabled from
fetching code bytes from intemal memory,
further programming of the Flash is disabled.

is sampled and latched on reset, and

Same as mode 2, also verify is disabled.

Same as mode 3, also external execution is disabled.

Programming the Flas!

The AT89C51 is normally shipped with the on-chip Flash mem-
ory array in the erased state (that is, contents = FFH) and ready
to be programmed. The programming interface accepts either a
high-voltage (12-volt) or a low-voltage  -~) program enable
signal. The low voltage programming ~rovides a conve-
nient way to program the AT89C51 i he user’s system,
while the high-voltage programming m: : is compatible with
conventional third party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or low-
voltage programming mode enabled. The respective top-side
marking and device signature codes are listed in the fellowing
table.

Vpp=12V Vpp=5V
AT89C51 AT89C51
Top-Side Mark XXXX XXXX-5
Yyww Yyww
(030H)=1EH (030H)=1EH
Signature (031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89CS1 code memory array is programmed byte-by-byte
in either programming mode. To program any non-blank byte in
the on-chip Flash Memory, the entire memory must be erased
using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89CSI, the address, data and control signals should be set up
according to the Flash programming mode table and Figures 3
and 4. To program the AT89CS51, take the following steps.

1. Input the desired memory location on the address lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp 10 12 V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the Jock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps |
through 5, changing the address and data for the entire array
or until the end of the object file is reached.

Data Polling: The AT89C5] features Data Polling to indicate
the end of a write cycle. During a write cycle, an attempted read
of the last byte written will result in the complement of the writ-
ten datum on PO.7. Once the write cycle has been completed,
true data are valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
initiated.

Ready/Busy: The progress of byte programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY
P3.4 is pulled high again when programming is done to indicate
READY.

Program Verify: If lock bits LB! and LB?2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verification of the lock bits is achieved by
observing that their features are enabled.

Chip Erase: The entire Flash array is erased clectrically by
using the proper combination of control signals and by holding
ALE/PROG low for 10 ms. The code array is written with all
"1"s. The chip erase operation must be executed before the code
memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verificationrof locations 030H,



031H, and 032H, except that P3.6 and P3.7 mus(be pulled to a
logic low. The values returned are as follows.
(030H) = 1EH indicates mapufactured by Atmel
(031H) = 51H indicates 89C5!
(032H) = FFH indicates 12 V programming
. (032H) = O5H indicates § V programming

Flash Programming Modes
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Programming Interface

Every code byte in the Flash array can be written and the entire
array can be erased by using the appropriate combination of
control signals. The write operation cycle is self-timed and once
initiated, will automatically time itself to completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local pro-
gramming vendor for the appropriate software revision.

ALE/ EA
Mode RST PSEN PROG Vep P2.6 P27 P3.6 P3.7
Write Code Data H L s oHv? L H H H
Read Code Data ‘H L H H L L H H
Write Lock Bit - 1 H L s H2v H H H H
Bit- 2 H L AT H/12v H H L L
Bit-3 k. L =0 HA2V H L H L
2,
Chip Erase H L P v H L L L
Read Signature Byte H L, H H L L L L
Notes: 1. The signature byte at location 032 designates whether 2. Chip Erase requires a 10 ms PROG pulse.
Vpp =12V or Vpp=5 V should  =sed to enable pro-
gramming.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
ATBOCS1 AT89C51 T
apoR. A0A7 oJ py Vee J appR. AO-A7,)p, Vec,
OOOOH/OFFFH I PGM OOOOHNOFFFH PGM DATA
PR Y M R o i TR AsATP| P20-P23 PO b (USE 10K
— P26 —»{ P26 PULLUPS)
SEE FLASH ——— P27 ALE j¢—— PROG SEEFLASH ——pf P27 ALE |e
PROGRAMMING PROGRAMMING
MODES TABLE ——¥| P3.6 MODES TABLE ——¥ P3.6 by
—»{ P37 —» P37 "
® XTAL 2 EA Je— Vy/Vpr * XTAL 2 EA
4-24 MHz| 1 4-24 MHz| I
& XTAL 1 RST H—— Vy = XTAL 1 RST e Vi
E GND PSEN _j_ -£—v GND PSEN j



Flash Programming and Verification Characteristics

Ta=21"Cto27°C,Vcc =50+ 10%
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Symbol Parameter Min Max Units
vepl! Programming Enable Voltage 11.5 12.5 \
et Programming Enable Current 1.0 mA
1AcLcL Oscillator Frequency 4 24 MHz
tAvVGL Address Setup to PROG Low 48tcteL

GHAX Address Hold After PROG 48tcLoL

tovaL Data Setup to PROG Low "48tcLoL

tGHDX Data Hold After PROG 48tcicL

tEHSH P2.7 (ENABLE) High to Vep 48tCLCL

tSHGL Vpp Setup to PROG Low 10 s
tenstt) | Vep Hold Atter PROG 10 Bs
teLGH PROG Width 1 110 ps
tavav Address to Data Vatd 48tCLCL

teLav ENABLE Lowto !  “‘alid 48tcLcL

teHQV Data Fioat After En. LE 0 48tcLoL

tGHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt program  ~ mode.
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Flash Programming and Verification Waveforms - High Voltage Mode

P10-P17 PROGRAMMING VERIFICATION
y : —_—— ADDRESS j—‘j( ADDRESS

P2.0-P2.3

: t: tavav
PORTO —————————4& DATA IN ] (_DATAOUT P>————

* toval  torox

ALE/PROG

EANpp

P2.7
(ENABLE)

teHeL —

P34 —
(RDY/BSY)

Flash Programming and Verification Waveforms - Low Voltage Mode

P1.0-P1.7 PROGRAMMING VERIFICATION
. u - ~
P2.0-P2.3 ADDRESS ,Lif( ADDRESS
r‘— tavav
PORT 0 _—Aﬁ—. DATA IN | VOATAGUT b
toval  tarox “—4
tavaL ¢ taHAx
ALE/PROG
tshoL Y/ oty
=7 LOGIC 1
EANVep sy . _teecd
re—1t,
P2.7 bl terov Ml — tenaz
(ENABLE)
taHaL —
P34 __
(RDY/BSY) BUSY READY
twe



Absolute Maximum Ratings*

Operating Temperature.................... -55"C to +125'C
Storage Temperature.............ccovenene -65°Cto +150°C
Voitage on Any Pin

with Respect to Ground ........cccceeeeee -1.0Vio+7.0V
Maximum Operating Voltage .......c.ccccecevveennnn. 66V
DC Output Current..........cccoccerrenaenns 15.0 mA

D.C. Characteristics

Ta=-40"Ct0 85°C, Vcc = 5.0 V £ 20% (unless otherwise noted)
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*NOTICE: Stresses beyond those listed under "Absolute Maxi-

mum Ratings" may cause permanent damage to the device,
This is a stress rating only and functional operation of the de-
vice at these or any other conditions beyond those indicated in
the operational sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for extended
periods may affect device reliability.

be externally limited as follows:

Maximum Iot. per port pin: 10 mA
Maximum Ior per 8-bit pont:

Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total IOL for all output pins: 71 mA

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage (Except EA) -0.5 0.2 Vce-0.1 Y
Vi Input Low Voltage (EA) -0.5 0.2 Vce-0.3 \
ViH Input High Voltage {Except XTAL1, RST) 0.2 Vce+0.9 Vce+0.5 \')
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vee Vce+0.5 Vv
Output Low Voltage'" =
Vo (Ports 1,2,3) lo, = 1.6 mA 0.45 v
Output Low Voltagem P
Vou1 (Port 0, ALE, BSEN) loL=3.2mA 0.45 \
Output High Voltage loH =-60 uA, Vec =5V +£ 10% 2.4 v
VOH [ (Ports 1,2,3, ALE, PgEN) {oH = -25 pA 0.75 Vo Vv
foH = -10 pA 0.9 Vec Vv
Output High Voltage loH = -800 pA, Vec =5V £ 10% 2.4 v
VOH1 (Port 0 in External Bus loH = -300 pA 0.75 Vce V;
Mode
) foH = -80 pA 0.9 Vce \Y
Logical 0 Input Current =
L (Ports 1,2,3) ViN=0.45V -50 HA
Logical 1 to 0 Transition )N |
o Current (Ports 1,2,3) I 22 M 73 HA i
Input Leakage Current
I (Port 0, EA) 0.45 <Vin< Vee +10 LA
RRST Reset Pulldown Resistor- 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, TA=25'C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
lec Idie Mode, 12 MHz 5 mA
Power Down Mode® Vec=6V 100 uh
Vee=3V 40 RA
Notes: 1. Under steady state (non-transient) conditions, lor, must If IOL exceeds the test condition, VOL may excced the

related specification. Pins are not guaranteed to sink
current greater than the listed test condi(ion's.
Minimum VCC for Power Down is 2V,
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A.C. Characteristics
(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
other outputs = 80 pF)

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator

Symbol Parameter ’ Min _ Max Min Max Units
14cLer | Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 2127 2tcieL-40 ns
tavLL Address Valid to ALE Low . 28 tCLCL-13 ns
tHLLAX Address Hold After-ALE Low 48 tCLCL-20 ns
tLLv ALE Léw to Valid Instruction In 233 4tCLCL-65 ns
te. | ALE Low to PSEN Low 43 ' terc-13 ns
tPLPH PSEN Pulse Width 205 3toLcL-20 ns
teuv | PSEN Low to Valid In  uction In 145 teLcL-45 ns
texIx Input Instruction Hold  ter PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 teLcL-10 ns
texav | PSEN to Address Valid 75 teLeL-8 ns
taviv Address to Valid Instruction In 312 5teLcL-55 ns
tpLAzZ PSEN Low to Address Float 10 10 ns
RLRH RD Pulse Width 400 6tcLcL-100 ns
twiwH | WR.Puise Width 400 6tcLcoL-100 ns
tacov | RD Low to Valid Data In 252 5tcLct-90 ns
taHox | Data Hold After RD 0 0 ns
taroz | Data Float After RD 97 2tcLce-28 ns
tiLov ALE Low to Valid Data In 517 BtCLCL-150 ns
tavpv |- Address to Valid Data In 585 9tCLCL-165 ns
towL ALE Low to RD or WR Low 200 300 3teLel-50 3tcLcL+50 ns
tavwt. | Addressto RD or WR Low . 203 AteLoL-75 ns
tovwx | Data Valid to WR Transition 23 tcLcL-20 ns
tovwr | Data Valid to WR High 433 7tcLcL-120 ns
twHax | Data Hold After WR 33 tcLeL-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twiiH | RD or WH High to ALE High 43 123 tcLeL-20 tcLcL+25 ns




External Program Memory Read Cycle
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Y —
ALE I\ —
teen
tavue N * v
— e fe—
PSEN N teuv
—J [ toraz
tuax
PORT 0 K " A0-A7 X INSTRIN a0-a7_ >
4 taviv :
PORT 2 X AB-Al5 X AB-Al5
External Data Memory Read Cycle
L —
ALE N
—> twun
PSEN
e—— tuov
[e— tRLRH —»;
e— tw —»
ﬁﬁ le—— tLLAx ——?\__—_.//
1 VU__J tatov tRHOZ
T— oAz - < 1
RHDX

PORTO _ >—KA0-A7 FROM Ri OR DPL K3 KDATA INJDXCAO - A7 FROM PCL—INSTR IN

tavw

tavov N

PORT 2 K P2.0 - P2.7 OR A8 - A15 FROM DPH X A8-A15FROM PCH




External Data Memory Cycle

tw—
ALE ,F : kN
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PSEN _ N
le— oW ——sfe—twiwr —
WR 4
e—1ax N
tavie—» tavwx [— — [ twhox
— tavwr —

PORT 0

A0 - A7 FROM Rt OR DPL

DATAOUT X )XA0- A7 FROM PCLCNSTR IN

taw, ———

PORT 2

P2.0 - P2.7 OR A8 - A15 FROM DPH

X AB-A15 FROM PCH

External Clock Drive Waveforms

+— tonex
07 Veg

0.2Vge-0.1V

Veg - 0.5 V.

0.45 V-

External Clock Drive

teren —?

— tolex —*

terc

terex

4 tonct

Symbo! Parameter Min Max Units
1AcLcL Oscillator Frequency 0 24 MHz
tcLcL Clock Period 41.6 ns
tCHCX High Time 15 ns
toLex Low Time 15 ns
tcieH Rise Time 20 ns
tcHCL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £ 20%,; Load Capacitance = 80 pf)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
XLXL Serial Port Clock Cycle Time 1.0 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
txHax Output Data Hold After Clock Rising Edge.| 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTION | -0 1 1 | —2

we Al nintnimintin i ittt e ninend e
t

= tan

s o g 5 s e N O IO

lo
N
P oA

WRITE TO SBUF ~_0 X T2 XT3 XTa X s X &8 X 7
; — !
OUTPUT DATA by el 7] [ o SETT!
| CLEARAI
v
INPUT DATA

AC Testing Input/Output Waveforms "’

05V
Vee 05 02V, +09V
TEST POINTS
0.2Vge-01V
045V =<

Note: 1. AC Inputs during testing are driven at Vec - 0.5 V for a
logic 1 and 0.45 V for a logic 0. Timing measure-
ments are madé at Vig min. for a logic 1 and Vy max.
for a logic 0.

Note:

Timing Reference
Points

+01V
Voo

1. For timing purposes, a port pin is no longer floating when
a 100 mV change from load voltage occurs. A port
pin begins to float when a 100 mV change from the
ioaded Vowu/VoL level occurs.
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Speed Power )
(MHz) Supply * Ordering Code Package Operation Range
12 5V+20% AT89C51-12AC 44A Commercial
AT89CS51-124C 44J (0°C to 70°C)
AT89G51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 444 (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql1 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 44J (-40°C to 125°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q
5V+10% AT89C51-12DM 4006 Military
AT89C51-12LM 441 (-55°C to 125°C)
AT89C51-12DM/883 4006 Military/883C
AT89C51-12L.M/883 44L Class B, Fully Compliant
(-55°C to 125°C)
16 5V 120% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89CS51-16J! 44 (-40°C to 85°C)
AT89C51-16P! 40P6
AT89CS51-16Q1 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44 (-40°C to 125°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% ATB9CS51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J1 449 (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 449 (0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
AT89C51-24A! 44A Industrial
AT89CS51-24J! 44J (-40°C to 85°C)
AT89C51-24P] 44P6
AT89C51-24Q 44Q '
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ADVANCE

INFORMATION SN751768

DIFFERENTIAL BUS TRANSCEIVER

D2619, HAY 1985

® Bidirections! Transceiver 0. JG, OR P
DUAL-IN-LINE PACKAGE
® Moets EIA Standards RS-422A and CCITT (TOP VIEW)
R i . .
scommendations V.11 and X.27 A U8 vee
® Dasigned for Multipoint Transmission on RE(]2 e

Long Bus Lines In Noisy Environments ot ([ds [

o 5

® 3:State Driver and Receiver Qutputs

® Individual Driver and Recelver Enables
FUNCTION TABLE IDRIVER)

® Wide Positive snd Negative input/Output

INPUT ENABLE OUTPUTE
Bus Voltage Ranges o o€ Y B
® Driver Output Capability. . . +601nA Max . " H " 8
H L H L "
Thermal Shutdown Protection x v 2 z

® Driver Positive and Negative Current

Limiting FUNCTION TABLE (RECEIVER)
® Receiver Input Impedance . . . 12 kil Min DIFFERENTIAL INPUTS ENABLE outrut
® Receiver Input Sonsiﬂvi!y?. .. 2200 mV v,: ; :7 " ii :
® Receiver Input Hystaresis®™ . . 50 mV Typ N2Vevp<o2v L 2
® Operates from Single 5-Volt Supply >y : ot :"‘ :
® Low Power Requitements 7 M highlavel L low tevel, ?  indeteraunate 1
X - arvelevant. I - twgh impadance totl)
description logic symbol!
Ihe SN751768 dilferential bus transceiver is a
monolithic integrated circwit designed for oe 2 EN
bidirectional data communication on multipoint RE 2 p] EN2
bus transmission fines. It is designed for C
balanced transmission lines and meets EIA >3 16)
Standard RS-422A and CCITT Recommen: M| o d “m '
dations V 11 and X.27. 10> 'y
The SN75176B combines ‘s three-state h& 9 |
differenual line driver and a differendal input line A —02 H[
receiver both of which operate from a single
S-volt power supply. The driver and receiver
have active-high and active-low enables, Lo o ot Nkt acrte ARISLLEFSETOY 194 o
respectively, that can be externally connected -yt B
together to function as direction control, The A » . )
driver dillerential outputs and the receiver logic diagram {positive logic)
difteranuial inputs are connected internally to 13)
torm difterential input/output {110) bus ports that ot
are designed to ofler minimum loading to the bus
whenever the driver is disabled or Vg = 0 o
volts. These ports feature wide positive and
negative common-mode voltage ranges making FraiLll
the device suitabls for party-line applications. it s
L o o B}aus
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SN751768

DIFFERENTIAL BUS TRANSCEIVER

The driver is designed to handle loads up to 60 milliamperes ot sink or source current. The driver teatures
positive- and negative-current limiting and thermal shutdown for protection from line fsult conditions,
Thermat shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver
lsatures a minimum input impedance of 12 kf2, an input sensitivity of £ 200 millivolts, and a typical input
hysteresis of 50 millivolts. ’

The SN751768 can be used in transmission line applications employing the SN75172 and SN75174

quadruple diftergntial line drivers and SN75173 and SN75175 quadruple dilterenual line receivers.

schematics of Inputs and outputs

TOUIVALENT OF EACH 1MUY TYPICAL OF A ANO 8 VO PORTS TYPICAL OF RACEIVER OUTPUT
- kel - vee
ce 1 B
NOM
- 1Y 131 - tm
NOM | 960 42 Yy
NOM
960 11 vuteut
nom Y
'y -
Ve - ’Jv == GND
Oemwes bnput: Roq = I8N NOM INPUTIOUTPUT
Erovie lnputs: g = 8151 NOM PORT

!
sbsolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, V¢ (see Notel) P 7V
Voltage at any bus terminal. 10OVt ls5V
Enable input voltage .. .... . 4% 55V
Continuous total dissipation at (or below) 259C fiue an tempervture (sue Nute 2).
D Package ..... < 725 W
JG Package = 825 mW
PPackage . ......... . 1000 mw

Operating free-air temperaturg range

0+“C 1 70“C

NOTES: 1. AN voltage values, except Gilferential mput/output bus voitege, a0 wWith tespuct tu nutwurk giound el
2. For operation above 25°C (ree-ai tumperdiure, derate thy D packaye tu 464 W ut 107C ot the tute o 5 810w/ C dutate
the JG package 10 528 mW at 70°C at the rate of 6 6 mW/“C. and dutate thu P packaye tu 640 W ot 70C ot the taty

of 8.0 mW/°C. In the JG package, SN751/58 ghvd; ste ylavy LG,

rscommended operating conditions
\

MIN NOM  MAX | UNIT
Supply voltage, VcC 478 S 52] V
Voitage 8t any bus, termins! {separataty or conunun model. V) ur Vye " 12 v
High-level input voltage, Viy D. DE. and RE 2 v
Low-levsl input voltage, V)t 0. OE. and AE 0B| Vv
Oiferential input voltage, Vip (see Note 3} t12 v
High-leval output current, lgy Duver -l 50 J.ma
Recuever -400 | nA
Lowove! output current, Igy g 5o inA
. Recuiver . [
Operating free-air tempaerature, To N [] | "¢
tihe algedvaic convention. where the le35-positive IMore neyative) innut i designated nnunufic 1s usud st les duts alogut bt wamenisun

mode wput voltage and thieshold voltage lavels vnly
NOTE 3: Drtferanual 1nput/ouipul bus vollage 15 Massured @t the nUNUIvErting 18Il A with ivupott Ty thy ovetineg feanat s

v
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SN751768
DIFFERENTIAL BUS TRANSCEIVER

DRIVER SECTION

driver electrical characteristics over recommended ranges of supply voitage and operating free-ar
temperature {unless otherwise noted)

PARAMETER TEST CONDITIONS! MIN_ TYPS  MAX |umr
viK . inpst clamp voltage y = -18mA " ) -1.81 Vv
Vo Output voitags g =~ 0 L 0 e v
[Voo1l Oiflerential output voltage o0 [KX] 6f v
AL~ 100 12, See Figure 1 » Voo1
Ivoo2i Difterential output voltage 2 ‘pv
A - 54 (. See Figure 1 1.5 2.6 $| v
voo3 Driterentist output voitage See Note 4 1.5 §| Vv
alvoo! Change in magnitude of 02] v
ditierentiat output voluqo'
Ay - 54 tlor 10012, +3 .
Voc Conmwnon-mode output voitage See Figwe 1 . - v )
alvocl Chenge in magnitude of ’ w2l v |
common-mode output voltage N
Output disabled, Vg = 12V 1 H
'o Output cuntenyf Ses Note § Tl vg TITv sl ™|
e High levet input currlt Vi - 2.4V 0] )
[ Low level input current Vi r 04V -400 | »A |
vT vg* =7V 1 - 280 ,
08 Short circuit output cuneht :g : SCC -;: mA
1 Vg - 12V 250
. N No load [ Ouputs enabled 67 70 ~
cc Suopy Sutrspt liojs) gpckeng) [ Qutputs disabled 26 35

1Duration of the shost-circuit should not exceed one second.

¥ The powaer-olt nEIAS b

leve! (0 2 low level.

25°C.

NOTES- 4. Ses EIA Standard RS-485 Figure 3.5, Test Terminstion Measurement 2,

5. This applies lor both power on and off; re!

for a bined driver snd d

driver switching characteristics, Vc‘c -5V, Ta = 256°C

RS 422 A applies 10 disabled outputs only and i3 not applied 1o combined inpuls sand outpuis
LAl typecal values are at Ve » SV end Tp -

Saivop! 8nd 3{Voc] are the changes in magnitude of Vop 3nd VO( respectively. that occur when the mput is changed from o hgh

Ter 10 EIA Standard RS-485 lor exact conditions. The RS-422A limit does not spgly

PARAMETER TEST CONDITIONS MIN  TYP MAX |unT
10 Dulferential output delay time : 15 22| m
u-g Oillerential-oulput transiticn tisne D™ Seegfioiny? 20 30 ne
tpzit  Ouiput enable time 10 high levsl Ry = 110 0, See Figure 4 85 120 m'
thzL  Oulput ensble time to low level R{ - 110 0. See Figure § 40 60| ™
ipHz  Owtput disable time liom high level | R = 110 I, See Figure 4 T60 35 ]
tprz  Qutput disable time lrom low level R + 110D, See Figure § 20 | m™
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-SN751768
DIFFERENTIAL BUS TRANSCEIVER
SYMBOL EQUIVALENTS
DATA SHEET PARAMETER RS-422A RS 485
Vo Yoa. Vob Voo Voo
Vooi! Vo Vo
Vooal Vi IR, = 100 0 ViR T B4 W
Vi (Test ternunation
IVoosl Measurernent 2)
a|Voopl 11Vyl = 1V} § 1 1Vel =1Vt |
vog Vsl Vsl
alvocl 1 Vos = Vos | ) Vos = Vg |
'os I4sal. Hsol
‘o [T ha o

RECEIVER SECTION

nceiver electrical characteristics over recommended ranges of common-mode input vollage, supply
voltage, and operating free-air temperature (uniess otherwise noted)

PARAMETER 3} TEST CONDITIONS MIN TYPT MAX fuNIT
VIn Differentiak-input high-threshald voltage Vo = 2.7V, Igp - 04mA 02| v
2 Ditterential-inpul low-threshold voitage vg = 0.5V, Ig + 8 mA 02!} v
Vinyy Hystorasis 3 50 mV
X Enable-input clamp voltage 7 Ty = -T8mA : T8V
4 B Vip = =200 mV, fon = =300 .A,
\{ High-level L
OM ligl vel output voltage i See Figure 2 2 v
Vip = =200 mV, oL ¢ 9 mA,
\{ -4 3
oL Low-level cutput voltage See Figure 2 04y | v
0z High-impedance-state output cuirent Vo = 04Vio24V’ $20 | LA
L Other input = OV, Vi 12wy U
Line input t A
' iy See Note 6 Viv =TV ow | "
iy High-leve! enable-input current ViH =27V 20 | #A
L8 Low-level enable-input cusrent Vi = 0.4V 100 | .A
5 Input resistance 12 (Y1}
"Tos Short-circuit output current 15 85 | mA
: Qutputs enabled, 57 10
fotal pack 4N | A
e §roigursasio pbu [ W o Joad I Outputs disabled 26 36 m

1A typical values are at VG = 5V, Tp = 26'6
e algebralc convention, where the less-p

moge Input voltage and threshold voltage levels only
I»m.mu is the ditfersnce b

o ) Kt 1s deciy d

L 13 UBed W HHuy Juta sinut ot cunmwn

the positive-going input threshold voltage, VT , . and 1he negativy yumy it hicabiold voliaye,
¥y -. See Figure ¢, <
NOTE 0: This appliss for both power on and powser off. Reler to EIA Standard RS-485 for exact condstuns
ncelver switching characterlstics, VoG = 5V, Ta = 26°C
. . PARAMETER TEST CONDITIONS MIN  TYP MAX [UNIT
PH Propagation delay time, low-to-high-level output Vip= ~18ViwoisV. 0 35 | ns
Vit ° Propagation delay time, high-to-low-level cutput CL = 15 pF, See Figuie 6 . 23 IS | ns
(7 Output enable tme to high level. 10 20 | ns
v Output ensble time 1o low level L Cu= 18 pF Sew Figuie 7 'z 20 | ne
P2 Output dissble time from high level 20 35 | ns
W Output disable time from low level CL = 18 5%, Ses Frgure 7 V7 25 [ ns
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SN75176B
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

VWA
N"?
<
Q

Voo?2 »————T— Vou
:é RT‘ Voc ’ ? *lge, ‘ ~lon
L VoL .

o

FIGURE 1 DRIVER Vop AND VoC
FIGURE 2. RECEIVER VpoH AND V0

() - N\ :v
l INPUT 15V 15V
« 50 pF
C,*50p ' ; ov

$a e | tseNowe H ]
L { -—h—ﬂ 1
GENERATOR sa 1 outPuT oo Wt—-100

50 12 i !
{See Note A} l ' rre T = 28y
7 b QUTPUT  60% 14 so% .
. H R
= 10% ) B ey

) : o LTS
V}n cincut g VOLTAGE WAVEFORMS
FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES

7 OUTPUT peee———————— 3v
St INPUT 15v 15V
OVor3V ) oV

|
05V
Ry - H— wzn |

v 50 pF
lcsL N50 vs’ 1o n H - Vo
' —
) S0 4 A LA V7 23v : | : |
(See Note A} = = -
1z —jool Ve »0V
TEST CtACUIT VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES

" ¢ sv. e—————— - —— v
! oy

ouTPyT 1
IVe oV trzL —H—
CL~50pF
* (See Note B)

btz
P
ouTPUT 3V osy
Sy,
3T

GENERATOR
(Ses Now A)

ﬁ

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 5. DRIVER ENABLE AND DISABLE TIMES

NOTES A The mput pulse 13 supphed by a gencralos having the following ehunlonuién: PAR g 1 MHz, 50% duty cycle. t; $ 8 ng,
t s 608 25, * SOU
B8 Cy mcludes probe and pg capaciance
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SN75176B
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

—— - — 3V
! INPUT 15v 15V
GINERATOR s1n outrut __/——\_
| ] ov

o0 Noto A} 14V |
L : fs::?::::),]-\ ‘""—J‘—’: “":t‘:':“'_'_ Vou
ov = ouwuﬂ
Vou

YESY CIRCUIY VOLTAGE WAVEFORMS
FIGURE 6. RECEIVER PROPAGATION DELAY TIMES

15V 81

CL=15pF|

<
<

’. | > <
See Note B

IN916 OR EQUIVALENT

GENERATOR 3
< 60N

(See Note A}
s3
-

= ¥ TEST CIACUIT =
————— v
INPUT ——=—16YV
S1te =15V
| OV $2closed
i $3 open

P21 —40—01
. |

-|- —-— a4V
OUTPU\’———/__\:_V
vou

———3V
Stwisv Sl -185V
$2 closed INPUT 1sv $2 closed
S closed | $3 cloted

| ov
1

von 1 ——— a3V
ouTPUT 05V
———— =13V Vou

. VOLTAGE WAVEFORMS
FIGURE 7. RECEIVER OUTPUY ENABLE AND DISABLE TIMES
WIES: A. The mput pulse is supplied by 8 generator having the lollowing charactensins. PRR s 1 MMz 50% duty cyule. 1 S 6 ns

ty s 8ns, Zoy = SO0
8. Cy inchudes psobe and f Capscitance.
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VOM = Hegn Levet Oviput Vertage -V

VoL ~Lew Levet Outovt Valtap =V

ORIVERINGH {IVEL QUIPHT VOLTAGE

-
HICH LIVEL OUTPUL CUARENT

T
s vec sV
Tas28°c
.
=]
ITY
b
7 S
, B
1%
1
ot
"
& 2% 48 -84 -8 .10 -1

100 Hwgr Levet Ovignt Corromi-ma

FIGURE 8

s
RERR TR YR AR LT LTI 1)

-
FOW LEVEL ENIPIIE C RN e

os
Ve Sy
Ta+2%°C )/
os
o
03 4

Lxd //

0 5 " " » s »
101 - Low Level Ovtput Curcent-mA

FIGURE 11

TYPICAL CHARACTERISTICS

VOL ~ Low Level Ovtout Veitage =V

VOL ~hew-Levei Ouiput Vertom =V

VQ-Ouiput Veitsges ¥

DAWEA 1w 1T VEL DUTPUT VUL TAGT

-
LOW 1 EvEL QUTPUT CURRENT

T
M JSNPS QIR S
as e me
4
33 [I
. [
s
?
(X =
1 e
P
L]
°
9 . ] @ L) "0 10 120
0L « Low Lovel Output Cuwrsgnt-mA
FIGURE 9
RECTIVER LOW LEVE L 00100t vOLTAT
"
THES AT TLMPERATURE
08, ————v
veg TSV
Vip*-02V
oallon s 0ma
LR}
ez
ot
9

0 10 0 X 0 0 & 0 B
T Free Aw Temperatusn -'C

FIGURE 12

RECEIVEIR QUTPUT VOL TAGE
v

ENABLS VOLTAGE

\l T T |
Veg S BY Vige-02v
) Load e 10SL 10 Ve
T 1 Ta-m'v k
Ve asy N 1
“ vee SV

° o3 1 18 2 13 3
Vi -Enede Voltoge -V

FIGURE 14

VOO ~ Owterentisl Ovat Veltage =V

VO ~Ovipet Votlage -V

DRIVER D 1 ERENTIAL OUTPUT vOLTAGT

[
U fPuT CURRINT
. T I.
Vegr by
SN e
3
~
»
2
N
. N
L
) \
o8
A
.

9 10 70 30 48 10 40 70 06 %'
10  Owwut Current-mA

FIGURE 10

RECEIVE A OUTPUT YOLTAGE
"
{NABLT VOLTAGE

I

o oS 1 18 1
Vi -Cnsble Velug-v

FIGURE 13
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SN751768
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL APPLICATION

SNISITEB SN751768
— €
> i >
<
J—— 2 .
LA '
4
UP TO 32
TRANSCEIVERS
e v ®
FIGURE 15. TYPICAL APPLICATION CIRCUIT
016 2. Tha e should be tesminated at both ends 1n i Charactenstic mipedane Stubs dungibis 61 I san fure Shooht e kept 35 Shis
a3 possible. \
¥
-
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TP5089 DTMF (TOUCH-TONE) Generator

‘ General Description

is depressed, is also provided.

' The TP5089 is a low threshold voltage, field-implanted, met-
al gate CMOS integrated circuit. It interfaces directly to a
standard telephone keypad and generates all dual tone mul-
ti-frequency pairs required in tone-dialing systems. The tone
synthesizers are locked to an on-chip reference oscillator
using an inexpensive 3.579545-MHz crystal for high tone
accuracy. The crystal and an output ioad resistor are the
only external components required for tone generation. A
MUTE OUT logic signal, which changes state when any key

Features

3.5V-10V operation wnen-generating tones

2V operation of keyscan and MUTE logic

Static sensing of key closures or logic inputs ’
On-chip 3.579545 MHz crystal-controlled oscillator
Output amplitudes proportional to supply voitage
High group pre-emphasis

# Low harmonic distortion

m Open emitter-follower low-imoedance output

u SINGLE TONE INHIBIT pin

Block Diagram

e — . ———— — St

TONE
BiSAsL Yo

o
o ]

| PROGRAMMABLE
> OIVIDER

A4

JOMNSON COUNTER

FRE

LOW GROUP 0/A L

|
>{——4—rn~e ouTRuT

|
|
!
|
!
|
|
|
{
!
!
|

HIGH GROUP 0/A

T14 TPy

JOHNSON COUNTER

&

- OtVIDER

L PROGRAMMABLE MUTE | | WOTE oureur
r |

. 0SC IN
|
|
3.579545 MHz | @
|
{
! 0sC 0UT |
i
3]
2
S ey
G4 scan
l AND
12 1 A T f1 OECOOE
¢ 5 68 A2
7 89°¢C 83
« 0 £ 0 R4
| F'y
|
. |
|
|
|
|
B
SIRGLE
TORE_
WHIBIT

TL/MIS0§7 -3
FIGURE 1
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Absolute Maximum Ratings

H Military/Aerospace specified devices are required,
contact the Nationasl Semiconductor Sales Office/
Distributors for avaitability and specifications.

Suoply Voltage (Vpp — Vss) 15V
Maximum Vottage at Ay Pin ~ Vpp + 0.3V to Vgg — 0.3V

Electrical Characteristics unless otherwisa noted, limits printed in BOLD characters are guaranteed for Vpp =

Operating Temperature
Storage Temperature
Maximum Power Dissipation

-30°Cto +60°C 4
—-55°Cto + 150°C
500 mw

—_—
RE

a

4

3

S MR8 in

8
35V to 10V, To = 0°C to +60°C by comelation with 100% electrical testing at T = 25°C. All other limits are assured by 3
cormelation with other production tests and/or product design and characterization. 'i
Parameter Conditions Min ~ Typ™ Mai ~ Units |
Miimum Suppty Voltage for Keysense 2 v
and MUTE Logic Functions -
Mrumum Operating Voltage i
3.5 Vv
for generating tones
rating Current Mute open
Ooljle ? Ry =peao g 2 KA
Generating Tones Vpp = 3.5V % 11 mA |
rout Resistors
COLUMN 2nd ROW (Pull-Up) 25 50 ka
ZINGLE TONE INHIBIT (Pull-Oown) 120 kQ
TONE DISABLE (PulkUp) i
Inout Low Level 0.2 Vpp 's
Irout High Level 0.8 ¥pp
MUTE OUT Sink Current Vpp = 3.5V o4 mA
(COLUMN and ROW Active) Vo = 0.5V > |
MUTE Out Leakage Cument Ve = Voo 1 A
Output Ampitude Ry = 2400
Low Group Vop = 3.5V 190 250 340 mVrms
R = 2400
Vpo = 10V 510 700 880 mVrms
Output Amplitude Ry = 2400
High Group Vop = 3.5V 270 340 470 mvrms
RL = 2400
Voo = 10V 735 955 1265 mvrms \
Mean Output OC Offset Vpp = 3.5V 1.3 v
Vpp = 10V 4.6 v
High Group Pre-Emphasis 2.2 F 4 3.2 d8
Dual Tone/Total Harmonic Distortion Ratio Vpp = 4V, Ry = 2400 Y22 —23 a8
1 MHz Bandwidth ’
Start-Up Time {to 90% Amplitude) 3 5 mS

Nots 1: A is the extemal loed resistor connected from TONE OUT 1o Vss.

Note 2: Crystal specificabor: Parallel resonant 3.£78545 MHz, Rg < 150 2, L = 100 mH, Co = 5 pF, C; = 0.02 pF,
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4 x 4 Crosspoint Switch
with Control Memory

The MC142100.and MS14516% cz=s'st of 16 cresspoint swiltches (analog
vransmission gates) crganized in 4 rews and 4 cclumns. Both devices have 16
lalches, each of which corzrols the siz:2 of a particutar swiltch, Any of the 16
‘swilches can be selects z2cress, 1o the devi nd a pulse to
the strobe input. The sele: A8 tum on if during strobe, Din was a
1 and will turn of! if during s2:2 20, In ad<tionthe MC145100 will reset
21 non-selected swilches . E + as the selected switch. Other switches
are unaffected. Inthe MC322309, 25 iriz-nai power-cn reset tumns off all switches
as power is applied.

Internal Latches Contre’ State ¢f Switznes
Power-On Reset (W Ci42100 Crbkn

Low On Resistance — TyTicailv on 1720 € 10 Ve
Large Analog Range (Vao-Vag)

MC142100 .
MC145100

DW SUFFIX
. soG
CASE 751G *
1
T‘P' 'ﬁ\ﬂ P SUFFIX
® PLASTIC
CASE 648

ORDERING INFORMATION

i All Pins are Diode Protested MCI4XXXX__  SUFFIX DENOTES'
« Matched Switch Characzesistics DW 506 Package
» High CMOS Noise Immusety UC142100 ONLY
« MC142100 Pin-for-Pin Reolacement {or CD22100 P Plastic DIP
y . C  Limited Operaling
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