fouaeEnandy o
aruAnlaassuululasTUsigaigas

wpfide  AFadad
a X
wegan  aailyuins

kv
T 645 G 5L

Tassrufiteniifudiundsremisinmmunangasingaansindin
mAigAdnddssynd
ABEINtARAT
o1 UNALUlRERTZRRNIN R NIAUNITRIANTSIN



Mr.Phichai Srisarist

Mr.Sujit  Uarpanyaporn

myny
manziioy
T aoud

R

A Special Project Submitted in Partial Fulfillment of the Requirement
For the Degree of Bachelor of Science
Department of Applied Physics
Faculty of Science
King Monkut's Institute of Technology Ladkrabang
1994



walasauiias annildreneadynrnimiuauiaessuninlaslusimaimad
Toe WAty Alandad

wegan Lgﬁﬂfumﬁ%l?
nAdTn Aandusegndd

A . o
2193w 219138 TR A3 laA

medeRdndussynd  anusinermanf  aocfumalulatinesaanindrdrgaimmis
aenenls WeyBliumeeulaseufimsaind  dudiumiaaanisdnmanamdngns

AngAaRLRA

é\'y N v a
« viuthnsdznfandussynd

( w0203 Rouanlsvaes )

ARENITNN1SIATIIUR LAY

@( ASTHNIT

....................................................

( wud.p2.e4% Adusee )

........ Jﬂl . D n3sNA"e

-

( omryAde ufuss )

..... Tl ... ooz A254ANS

{ 2fmnd dsenauma )

ArdvFresnieAmFandussyns
AMSANENAARS

anumalulaginsraauinddrgnmmsatanssle



wndalasesrufimy annfidrevendrygnamiunniausruyinlaslsimamef
dnAnm unefite Afa-dad

o X
wegan @edoygng

A3 Handuseynsd
A (oY) o
a1t Enm fnansagm A3 L1
Unsdnm 2637
e
UNARES

anrfdneneadgygyrnesuaniaessuyalaslysmamed Wudnfieenuuuuasa¥redu
wiReathnRussusnenisiaiedesisuuuidneassineaniilgnivaniiial  Aaniltteven
é’tymﬂmzﬁwﬁﬁ%‘wﬁwwmlumsmméqmnamﬁuﬂ waranrligniasinnisgrudayauuy
famen  lamasussneuludrelulasTussmefives 8031 waslddandu NVSRAM 1urm 8
Alalusl L?ﬁ'ia‘tmﬁmmzm‘émé'uma'mtmnﬁwq gﬂunmﬂ«,mﬂLﬁmzﬂ@znﬂu‘lﬂé’wéﬁ&
uasdeyafanan %m:ﬁwnw‘l‘uqmwﬁmmm?mﬂwﬁTaTmﬁuuﬁqm‘lﬂe]’qm%ﬁudeﬁtutmm
Ay Tneflasinnonfudess¥ieuudedeinnisdedayseaniuduununafa Fefluannse
gaeanfitdrenaadnygyrneanatfos TusTnpasiideenuuuas\dindududngnuesaifien

nsRasadearssswinsantfuifusaniign Seldsufuaaniidienendtygin stue
yannsRasedesisastuegiusuusesartenniafidentd  Tneflassenildeniderunans
amAuLunesdifies 2 aufafaontuifusattideveadyyin dousoriignaciissunans

- J * - - [} J o
amALLLeelalle Fenlanusafiadedeansidnezasnae 15 Alawns



Special Project Title . Microprocessor Based Repeater
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Abstract

A Microprocessor Based Repeater, MBR has been developed for increasing the operating
range of digital communication between an analog sender and a central station. The main function
of repeater was used to relay the telecommand sent by the central station and the digital data read
by the analog sender. The repeater consists of a microprocessor i8031 with 8KB NVSRAM, a
radio MODEM and a radio transceiver. The incoming packets, both the telecommand and digital
data which serially received via a transceiver through the radio modem, were saved and
retransmitted as the outgoing packets with a repeater addressing code. The designed protocol for
sending the packet was a simple character oriented protocol.

The operating range between the analog sender and central station has been preliminary
tested with the repeater, even technically the range depends mostly upon the antenna system. With
a homemade 2 stack collinear antenna at the central and repeater station and a telescopic antenna

at the analog sender station, the range upto 15 Km can be obtained.
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uinzm s At fuuazdnede BiEmsmibanandenisiuneSndsswinedanang
atiwlafmusngu drenbidusued dedminnihfisetradeusdeiuaradesin
wiAEetne iy FU uanens iy Al gy pordaresdhsfumnkifeeneiazin
warwatreWifudeds (wineudesTuagfuauidiluntsdy  Adduasdesiinglnluly
nsasuAnRdd lunsdaegumeiuuuTiensasuiean il 2 fnwoi Aa dvdeyn
UANA1TRAUDANAIININY (on-off data flow toggle) uaw'xﬁtﬁui"a:ﬂaﬁﬁmw‘?ﬂa%aﬁﬂw«la‘f

{Temporary data storage mechanism)

4 o 0 i . o o b4 I
Waeannieldnmn lussdugedeudullsunsudviunsasuaunisinsauresniste
I J o o
Teudayauuuaynen ansasldnannnndrasfudeyaidriundvuiuaniidedayann dnfuay
[! L3 d‘ J J N
peeiAEntzrauanbiliifiantsgavintssdeyaiiannilaen F8n1edenanifiaguaredd Ae

e fdrufuntsdeansfdemisnpanndnluneufiome Mawicuneanunsinmisy

L4 - - [ ] ] A'I - > :
ArndvAnduiufuindayalunnsinsadnnasn Tefdmduntsdeanstidasnnld

e 1] ] : d H * [ U4 [
dgviudhefuvinie  Weeendhefuduiuasdesanutdhadelivin  davndrefuldnimues
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wrnLRATLAN Friinnudaneansbisdufeddiinefinmsunsdematiseanamuss.
wrnLATA g

foyeidaseWineufomeMidudnefy  downassnananuiufimuiinilusesd
mnAssansswiemsdedeyneen  deyafirunannAedasiidnasidungy TFunnin
angiiivied  nisuusiaznguaniiileunssiaiinedifn n1sETuAsHgAReauneTi
inmafgnadseeniuwinludnunicresdadeusanden dasyafasgnatusaninldluiiiedds
Bnaks TannAifiieddeasilnunn 255 Fdnusitarlszanas 3 Lsriates 80 Anms

iiefeehefuiinanssnusianisf - defayannndiiviefds  tWideum
wihfduRnafuiriresee witrneresnisivaresdayaagluneaseiudan  dhefudeya
W W luiwieSuneusundrlisunsupauaunnsitaansanindaysesnianivivesfu
wellusnodefahdefuBludiviubw vefndndniadnlussuuaauauniminemes
Wlnzaeufiamefativatu 1BM PC SnalniWieFudeilitey tsunsnlussAugedaiiaausiin
wihiRsedaysanimineinig  asdiulddatemnmdndulums e fislanud
luntsdegaifiundn 600 uaa M luseiug i amdnigansofiasiudeyesinneda
aynsllfiuni  ruumonRuNIMinedsgnesnumientsdemsdeyn  Taannslddy
inefndidrtadiefifeyndnunivefeynemudlels  stuumsuRuaziumeSndnasiney
daRddayaldlueBuind  debileysifumnelrewdlesis nidaniufinesa
aYNIN

wthitseslusunsupauaunsfudeiAe nssnudesysaniine Bl didagnatuann
inefuliuds  dafigueenlufiasomellanimiies  aesiinnampssiiuindravilede
sruuATLANMIIINL (05) Fudayasnnefmeynsildriined SndreuileAetsunsupaunu
ety dviedayseananiimied ulsuisiiauauriiinitlasn Snaunilindhaanainsa
frdhed Aneendmrdnnnndnduiansasilantauwie lumensefudaudndrefianeends
ndndhefidndntenafiacdusnfionasd lumedaasduninimineffulenefingd (receive

buffer overflow) me‘luaﬁuﬁ'qndﬂqﬁﬂlﬁ-ﬁﬂqaﬁé’umu‘lﬂ
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Tusunsufideudasnnmusaumuignnsailfid uasenslidndudedlfines
dviunisfudaseflid witmndeudrenmudnduilussdesdiivinefatinaian 1024 Tusf
dnuFunasdaansfironuaifiu 600 e

Tuides (BM PC snamnsainmsininefdnviuntsieansifilesdunld sasic wle
BASICA 1u A > BASICA/C:4096

dunsinvuarninesmsdaansfonmun 4 ATl Srvmnelifnmussarines
do a2 ¥ DOS azdeAnlvivindu 256 sk Tamnasld 7 C: lisndnansafinmuatinine 14
a1n 0 fia 32,767 il erlsfimmunmmuwdnimingaammdnl® 64 Alalud meienvmesd
TiefleaneBinntesasiniandivdedi fatneiutens  dledrganww
anudrusnBunmwAnasuendnnumicnpmdnmitevinesie  lurnsitaalusun
awudndian mnareslsunsutasasdnilanAeilunihrendnfivein lhnihuacn
dnflalsudmvuiudaulsing tanadhiin  sanunsolidadelnemsediuntsasan

TUNATBIINEANLEAN TN TR NS RLNANRS PRINT PRE(0)

n1gauguiagls XON/XOFF

feudinsasfifhinafamunislaansudafinn 'lumm?qnﬂeriw'l‘au-ﬁa:ﬂaﬁoﬂ
mﬁm%qsmazé’owmmmuﬁu‘ﬁ'q:ﬁqmeﬁw‘l'auﬁmma'tmﬂndﬁﬁ'-nlMm‘ﬁﬂm& Tanad
faynazuelliaguin aswnAnnnigite aunAdueldannudalunnstdielaudeys 9600
findedund adeudndu 1 On daya 7 On uaew3iidu 1 4 W 1 dadnws avdesld 1180

wmzazﬁ'ucihué’mzé’mé'\uﬁamqnwafmqneunn 110/9600 Kuaviszanns 0.001
Aundi vite 1 D@3t frufeuduiadldissnn 5000 WadurRng (paaudaunfiniees 1BM
PC = 4.77 MHz vidatszunas 02 Wlashiniiseuiiewad 100002 = 5000 ludleriniries i
duane Aidlufacpeupunisfuse Taenasuenidthedeyadedansn (XOFR aundadae
é’m:ﬁanmmimgaaanq'mﬁ'ﬂMﬂ{%ammmiuﬁﬂu Fevenlthededanisdesiald (XON)
lusiia ASCII XON fAnwinfu 17 XOFF fiAnwinfy 19 iuwiihfimesindsultsunsufiasfiasdn
n1sde XOFF senhithedeldfutieufininefdoansanifuduriay



#m7%n 1 1n afed 1 1n

doya 7 in I_
Wi 1 i

al ¥ o
7U% 2.5 ugasgururesdaya 1 dodnus

 penfomefuumendaunnasiizsuy XONXOFF 1 dmdunnsd@ensieniedny
A (Speed Matching) wstilsunsudeansiifmnadausy 1BM PC ‘il XONXOFF s Tae
wntisunm Adedneneuasumnfess XoNXoFF % willsunniidednenewan
asfifineuels wnsuwinty  TusunsnfideulaenmusduanuAtinordonefiazanumsas

J U 1 L] )
#aug XOFF ndsunanthefu usidudunmwiudn acudeisarhiieanesanisamanay

XOFF Aicleg

mslilislasea

Sninatiaviislumsasuaunsiudefida n1edeTusTnnes (Protocol Transfer nATiATN
Muazdasdvilauiuieheiuuasdhuds Trunaslddnyseacuanlumnsetes ASCl dwfu
mruANnsddayreanniunguitinuansd

n7l4usTnmeaensaiddnasssieluil TuneAruAnntsaedayaungun

ETB End of Transmission biock

ETB fAuwinf 23 Tums Ascll dlunnsuenchefuinansiiu
gantecdienangaiivitiuda

ETX End of Text
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ETX fifwinfiu 03 Tusnsne ASCIH funnsuenfhefudiraistiau
gan1sdeuda
ENQ Enquiry
ENQ SiAnuiniu 05 lusnsne AsCl fhudnassiigananndaeiu
v Wikhadeddayann
NAK Negative Acknowledge
Tumsresvia ASCll Slpnwindu 021 Wuntsuenchedeindayaiils
AnuBanann
ACK Acknowledge
duntsuenihadeindeysitidsutugniasudailusia Ascil winfu

06

TsTmpeafldilu 1BM PC dowminavdlulisinpeafiiesn XMODEM @nmainne
FrenuuansBlugi 2.6

dhudeazdalidedoyaaundtacldf NAK anndhefy  dhedeazdedayneentulaed
21 uuududan SOH mnfaedhass 2 fa  dvduuennguaaciaysfideuazmadasdouda
Wi 1 (1's complement) sasngusieifiaves Ansndufiazdudienn 128 Tu aumskaanis
amasaudatiananlnuidnsaaaunauan (checksum) A19 checksum AMWITNNAINNITLAN
A" ASCII 1aedayaiseaenluiovun 128 Il ubawskon 255 wiBediAern checksum
faethefudiousnian SOH wazvanenaufien (Block Numben viaaseaniluffiasiandaya
¥4 128 riurmanifuianian checksum 187 cheoksum I Beudeufusnitléf wnnmse
fuffedndeyaflifugniesiededynins AcKk Wdedelitnnnsdkfudeysignias
ufadengurasdayasieiiinld §mnen checksum bigndes dhefufiazds NACK Widheds
Weidlunteuantifindeysfiésianann daudangueasdayaduin e dhedefiaz
detayanguiiran il nsdelmiasdniivll 9 afs mnderl8Fuusdtyqnn NAK dne

dasyATILLgANitdananisiaas i
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dady - o
OK f1aus
- b']
ule .
angsdusly
- usus
OK 47173/ Da\alchksu
\ek 2
chksum uﬁ":gn SOH/BIK#
#03 Bk & ®a ‘ . .
Tuule m
’ ANRY Btk A -
1udalvudy
> m
-~ ’Da(alchks“ .
'uax‘Jamms"l? ok 428K #3
chksum' lairi
b J
fuBlk 2N
™
-
uf m ezl
: | sikimn Sy
e Ii#sz Andn
oK gnAT13 son/Bik #2/Bik ¥ 3 wiows
§81 chksum
L ” L
uk? gndins
Bix # el
1\0 T e .
eyt yuntaniu
[ pTH
“
OK MUALS?
I Guls
.. N
18v197u AK
*
athedn
-
51 2.6 Tustmman XMODEM

An27 XMODEM inruanng (Block Number) 2 #a (ﬁ'wﬁwannduﬁdmwﬁ anda
yikudaudndin 1 vesnguaell)l Wemmuwinewinguiiafuarhigndeeenilaacnks
fndneszrruqunisdafiagrywnllseudcannsds ﬂwﬁﬁznnqmuqdqnﬁmm-ﬁﬁga‘?’l
denniunguitdhesudasnindell Swnnnguiinfaganiniinfuaciufianann 990 ACK
i NACK 1eedheds thedufazdudeysifunlaufvildlennetreinduiatneduntonay

x d . e Bt o
Augauduneds thedefazade EX dunrruandhefudrvuadenrunadeudans
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XMODEM wranzéwd 1BM PC wiletsTnmeariiadu 3 4o An

1. Wdnassraumaiinetudalu Ascl

2. munsnasifnmlussiugersupnld 1w newdn armthasna

3. faenetinefdansun 256 sk

8. srumnnnsdnoansfatmenfiawmef Ianv i/ 14TsTnpes XMODEM

fafressruunitauAunisiudenaynstaenisldssuunisilusTneen e

1. Wslamasunerinansadentunnesenguiayals

2. sunsadedayaitlild Ascl 1 Tavkifeendainsdadussiviufustapaunames
ASCII

3. NM3m39a0ulRALAT checksum HAngNIsaAMaaauANRaAnaIAIAANdY  140n
wittuesilrnialurnsidmm 3 nainnsaltlesivdnald 96  wefifudus  checksum
gnansn Wilssdvuae 995 wefidud wanunsdamaadoninwadd BivnliAnnnsd

] : 1 o~ . -3 1
wsiiRaauusidatianarnan checksum vinlifiandssedayann

2.1.2 mafamauniBslagia

k) ) Pt - o s ] ‘J
faumnsinessuivasasdediaysaynsuuuuiclaniauararielaniafida  acusieies
J L LY ‘J ' J 1ol o = o k4
sadayainds Tuuuuiclaniatayandwanuuuusadies billiinandmideiinadey vhoud
.I¢ o IJ - L ] £ g
nesvadivm3Alusineeanlflunisdeuuudelania Sewmndtslianlisinneauuuesieinnia

J -~ -~ 3 1] :
flusTaeeavaiauuunlflunrsdeuu e laniadeasnanasieluil

TusTnanaluferd (Bisyn Protocall

Bisyn #2N141N binary synchronous communication dunanfineestdsym  1BM Bisync
du  TsTarealussiudnessionneauindnassusiasifieuraiuiuauussnesy il
afrimdeafauiinwiloutuaciilants nsdeladanssvindufiqadudusasnissedeyn
waMALg amﬁdmqué’turmmﬁﬁﬂndﬁ leading pad character ‘Llfk@nniiFuriaufiardus

&~ . o~ . [ J 9 o
foynfatindnus (eading pad character) azisznaufen 0 uar 1 afufuneliaoiFuda
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doyqrnanfntldinsetu uananuieudeysecdeanuiesiaciidnesfidunin syn A
w&s PAD mnfiau usan g 4'1Lﬂmzﬁmnanmqumwm*h’agam‘luneiuﬁua:m?mmﬁu
‘w"uﬁuﬁ'quﬂnqnéuﬁ'wnwh’a:ﬂamﬁw .

#n9ss syn WitsTaren  Bisyn  vwthiiadnefudindusuluesielnstatoimming
'ﬂqn'amﬁﬁ'lﬁﬂum&'h’wa =nm:%amﬁﬁﬁﬂﬁ’qmﬁﬁmmmmnamﬁdq m‘s‘mé’uagi‘lu
AnuAINTAZNGn Hunt' ﬁquﬁwi‘muﬁﬁmazqnﬁ’umé’mez syn fieu deldFudnase syn
uﬁq‘é'}w:ﬁ'mﬁuﬁuﬁwﬁﬁmLﬁaqnéuﬁ’uﬁaqﬁ’tutuﬁm ietlesflaniafavfananafianann
8n18% syn avaean 2 Fariaufiazdudedenyn
Tislpen SBIC uAe HOLC

SDLC #i831910 Synchronous Data Link Control W&Y HDLC #8x141A High Level Data
Link Control TsTmpeavaesifiiomnsauiniudiaaipnaumezmaiBuiuime  uisanst]
hanmsgnilistareafililuugiiadmiuwlossiuaumen  atindlsfinulilazaeuds-
waffedndufiasisiasefiuammen  sduegiilulasaeufiomefacdedlitlsTnnear
829 Serendnialusianeaenndidar drufu faunnsinefivhunssuenienBluasiingas

Fayyndiselay SDLC/HDLC Bundn Information field unsHad#Na1afAe n1giusesd
Avaidlesfunuuueynm  rwatesiadensasiifoud 0 auferngegaiminzanadtasiy
¥ suvesdeysdendazegiuglvasindeys Bisyn dultstnpeauuudefadnee Tomne
Adnhilreuamsewinegnne  Sndeynidlusnrrsthefuuenesnionecdeudeya
uAuda

masiiiasresdeynlu SDLOHDLC  umnsingluann Bisyn mmqﬂ-h"wm:mmmm
f&m30vin 141U Bisyn wsl SDLC/HDLC ainanlinatariy m'mviaLﬁawmmﬂ'h'mﬂmzﬁ’maia
Li'im’lﬂwéuqﬂ Information  field t’hmnﬁmmqm%msmﬁﬂ%u riau"h'qzéum Information
field fadnilmanBanaafiaTy

T SDLC/HDLC aarfifudeutiaiu 2 dhe Ae thedguqfiuasdhenfingil sorflgund
avidumuaunisieusedesya

21/u1989 HDLC usiAslugul#l 2.7
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Begining flag | Address | Control | Packet heading | Infomation Frame check | Ending flag

gﬂ?’l 2.7 uuueeq HDLC

unEndudu (Beginning  flag) WusndrdefadinuniBuiudmiuiiaduanne
(Address field) unzNaAAALIAL (control field) uNEnEnArlexnevan 01011110 ¥iussiAgariu
wNEnFrteuaEnding fagdudauendt 16 Dnffuneumiriifuntsnmaneune lurae
Beafufiamnn wsufigesiaiieaty undnieaguau (Ending flag) s duunndy
Aunazunfndiny auou azviudinanfaurfresiisinaea SDLC/HDLC asdiaspeumsanaugy
WULTRY 01111110 agiang marzfadndluundn Wetlastusanaianatalunisiirandays
{luunn SDLCHDLC azfannsunsniin *0* adludeyaiid 1 sadinennnnds 5 in dhefues
AevAfeuLn 0" ‘h'umn'ldtiﬁ‘lﬂmu.mﬁwmquaﬁmmmmm gL RN

fvrenniafuaninss (Address fisid) Silay 8 In WunrsuenanniiyRenidafasnis
a9t s AadAauiasicontrol fieldilssnavllfan 8 fin Teazpanusnnisdedaasnudu 3 g
wuulug) 4 Ae

1. Wefunannslaudrudeys

2. NofuNm supervisory

3. Hefunm non sequence

quuudt 1 19T lumsdedeya lusmuu s fmifesfitnaunsufimdsdauas

S lsudtdsusgdne
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2.2 WNAS§IU RS 232C

Tannibilpsranfiomefarinefafilluunaynsiduniefiin RS 232¢ aludaim

agjufansndedhifinfustasadiaty BMPC  dadlussdesfimiafiduninesialani
zunime# (Asyn chronous Communication Adapter) Jinidsuld

nafm RS 232 ﬁﬁwﬁﬁﬁﬁuaqu‘i'ﬂ:ga'luuunaqnmﬁum'ﬂ Universal Asynchronous
Adapter wRRiRiTaidundn RS 232¢  fiflasanmnangungunsaBifnnaiindsasauidnmite
EIA ’lﬁﬁﬁwuﬂmmgmmmqﬂnetﬁm?ﬁﬂmeuuuwnmm‘l&'mu’lﬁadﬁ RS 232C ATNAN
mmgw‘nmnq?dqiagauuuaqmuﬁwmﬂmn?gﬁuudﬁﬁﬂuﬁumn%qméwé’u‘lﬂm
panfiameffide RS 232C

wirfidnAtyreanisdassuuuerisianiafie

fudyan

1. Lﬂe"wuﬁtutmtut‘i'\munuaqnm'tﬁtﬂuuummu
nmqmumm‘c‘mwmmmétutuqtu‘fﬁu

L o o QJQ
ArafeUlnuasnisatinean

Ll

. aeftyeyrndliifyFinfudygndliuda

dadtyry

1. wsudygnauunnueniiyreansesdeendusuueynsy

2. Wnafaudauacnidn

3. Lﬁuﬁtutuﬁmmuau'iumuﬁoiﬂ&ﬂu igty) _

wmsgnu RS 282C dnduiudle 1 an. 1969 Tneannpugdngunsalifinnseiind
wikanfgaudnt RS HeN1ATN  Recommened Standard  dou 232 WhwvmnniaTtivuanTes
mmgﬁuﬁ'fa'ﬁ C Lﬂunmzltﬂmﬂmﬁuqmﬁﬁmmmm‘puﬁ'aﬁ STAIERE T AT T RS Ve D)
ﬂﬁtﬁ‘ﬂumwﬂmﬁnrrnmeemﬂ%amiaqdnem‘?udq-h’a:saﬂmamq (Data Terminal Equipment
DTE) ﬁuqﬂnm'ﬁamﬁwa (Data Communication Equipment DCE) @ wiug\flninsrenfames
DTE fvmnufeinbilnsaanfiawes uay DCE ey Tuan qunsaRiug iy wiasfianis
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dyqrnmuuaynsuensanduléie DTE uas DCE Tuegfufuda  doumnsnezes DTE uas
(-3 AJ } LN 4 ] ] L] [
DCE azwhildanguit 4.1 snguifiswesdiuléin RS 232¢ - Sdaudrdtyetnalvgmaasdouiy

nsfleansfaynsrwindlnlnspanfiomed

DTE . DCE . DCE DTE
tulnyney : - -
i Tudn — JEVESY fauRunaf
Annad ‘
N RS 232C-
- - g
duae TN

31/ 2.8 n1sW4 Rs 232¢ Fewsngunend

prnalanLszntsutiones RS 232¢ AeArndauasssnenereantadeusa RS 232C
annsndansanisdraleudeyalfann 0 - 20,000 Sasedund Fafmmedmivinlrseeafio
mefiinuagnsLen 110 § 9600 LA mﬁumwmme’L‘%auﬁ'a’l'ﬁﬂd':urmmmummjwu
189 RS 232 41fnagud 50 WA FaRmemedndunsdeansiilnseenfamesiugUnsaley
van edlumdnlssiuinfayagndeaniuetiegndes sndlussdasidennaeiiludesnes
Foyounoag WM RS 232C ﬁmumiﬂ'wnmLmﬁu‘lﬂﬁﬁ'luﬁ'cutmmtﬁﬂaumqnﬂszmn‘iw

o
UL AUEAN LRI 2.1 ua:;;ﬂ‘?ln 29

AT 2.1

NIATIMIAINITAF TN i
wIdAuWY | getunawesin | doasawsasFeana | dedfuduniraiugy

uan 0 CARIL | 89U

sy 2 ¥118 _ 20w
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+5V
tuussdulndan

+3

: o -
glRunulasTzay

tuugadu Wy

=18
zﬂ?‘n 29 tinmasunAdiiiniEludynas RS 232

dmiuhilspanfiamefunaaias Husdyeyrnuneaneanuniudeyeinires RS 232¢
ety evielnsdaasuainedfees iBM PC lunsdlituiissurmerasanefiausianiaes
Widundn 50 adeiindnaierWiteennszduresnsadulfouniedll  Suilesannisgey
@t lupenadumiuresans §ieeld IBM PC a1essimnszsaufudomniiniudadn vinlusie
fyeynd RS 232C Hiund 10 fm  wlaldeubild wdedelsfiman RS 232 1849 IBM PC £l
Tenvaltidenld 20 fnfuanulf nesugrunduunuuse AR (20 mA loop aznatafialurinda
dalh  lunei@nduda imsgiutes RS 232¢ Avuadesieuuy DB-25  wsisvTresiesie
fwuaBaslupd 210 egwlafiaudrinlinspenfamesaisasiadlidasentaduiiven
wiieluann DB-25 undratinatu Fujitsu F-8, IBM AT , IBM Jr fludu srdlevesfesancses
agjﬁﬁ'ﬂmﬁu 1!%"’719'1'%%'1?@5’51?47‘1 asynchronous communication adapter vilaisahilas

o] [ # L A » A’
panfamefias etvvlifnuduRauaresanisbilfvmungndii



- . - o ' d . a y >,
NANM TORYYIN ' 'Tmatyq,nm NANINYSIN YN
: o |14 Protective ground 3ceE
TO OCE Secondary Tx —tne / - ¢ TobeE,
. O | 24———=Transmit Dala T
< TOOTE Tx clock 15| o oore £
olad Receive Data TODTE .--
TODTE Secondary Rx 16 O - . ’
. O | & +——Request to send TO-OCE '
TOOCE ——— Receive clock =—+t17) O f
| 0 | S4~——Clear to send TODTE ~
Unassign —8l 0 '
. [oJ8 W Data Set Ready T
TO DCE Secondary RTS — L 9] o & TOOTE ~
TO OCE Data Terrninai - —1s0 ‘ ° ° 177 Signal Ground .
Ready : o | 84——Carrier Detect TODTE ,
« TODTE Signal Quaiity ————121
. Detect Q| 94 Reserve for test
. TO DTE Ring indicator ——22}.0 .
Q |10+ Reserve fo
. TO DCE Data Signal Ratew— L 23f o . rest
Setect O [114——Unassign
TO DCE Tx clock ——t24l 0
' O | 12+4——— Secoandary Carrier TODTE .
Unassign -_—t251 0 detect .
) w 134 Secondary Clear TooTe/
. to send

OTE = Data terminal Equipment
‘OCE = Data Communication Equipment (Modem)

: oy .
PR N

21#1 2.10 nefvuatestasa RS 232

dyagmusing 7 guauvane Bivauhiikedl
Transmit Data (TD 11’1'7)! 2)
dudeyeyrnifigeannann DTE piedrlulasreafiamed W ludnidesed
Taumseiuulnzrasfamesiaiu sitawiaciand  Welildygndieanaatunintssasdn
fantinzdiFnaindy 1 sidadturinfusfedin
Receive Data (RD 1171 3)
dhunreraedynoadaluds oTe iehilrsraaRamefillehifldyqrnduda

X -
W 1ussisnunInneaeanid
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Request To Send (RTS 717 4)
Wdrmiudedy ey delududeriefintidunsduntesiacdedtyon
NN 2 &ymﬁmﬁ'l-ﬁdﬁu CTS %38 Clear to send gunsaffumnléFudyans RTS azags
geuFaasimbanasfudyqnallilads mmmdenfiasiufidedyqnusentliians crs
Clear To Send (CTS 11’1#! 5)
seadurelflu RTS u‘ﬂad’turmmﬂaf,ﬂuamuzaﬂﬂ (negative voltage ¥#anean
") mneand qunsnBudifeuandmlaniiasiudeynuds
Data Set Ready (DSR 117 6)
u‘ﬂﬂd’tutuﬂmmﬂﬁasﬂuamuzaau rifaaedn 0) unnsuenluireaufiomes
viadangedn Tufudednfuanetnsdmideutenudouseniandecdluds  Tududifinng
mwmmmé’m'iuﬁﬁqxdeé'tutmmmﬂﬁ’lﬂuanlﬁﬁauﬁqLﬁﬁ%ﬁﬂiﬂ?ﬂ?ﬁwﬂé’émﬁuﬁq
Signal Ground (SG 1971 7
s6 wnnifidussiuusiugreiedmiungn q seresfygan asfiusedy
e ot deidteufudygnosadu
Carrier Detect (CD 11’17’1 8
Tufuasaedynniiegluaanusaay mednorliueniulnsneniiamed e
WFudtyynnsnBuduresindiavi 5tu:uﬁm§q:ﬁﬁ'lﬂam LED uandnldFudeyeuiauain
Tusdndhauiiouds W LED qraguuwindareslubuies
Data Terminal Ready (DTR 917 20)
ﬁauﬁqmaﬁi‘lmﬁtutmtumﬂﬁlﬁaau @ean ‘07 dlendaaiarfnsaiuluiy
Budndasnnarlisteauaniunmeasdaes (€D, DSR uas CTS) Wnenfiawmedf  wn
panfmesflidadyanns DTR
Ring Indicator (Rl 1171 22)
f&ut’mmﬁlﬂufmﬁuﬁtﬂmmnmu‘lﬁé’ ALWIA (Auto - answer) ﬁ':ytm:uﬂq:

o a ) o~ a
aaudlafifeyeyrnunssienn uasaavisewineduedvraanssis
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ufaruaraasduaussnianIunIneadsednfuaniunInaadggin
Tainfisnechuirnegiuaaddniiin deusdufhuuan sedyanuesussdnitazdy r
dfuduanasing 1 fngrauntiasiifneasastuday shurdwuanginasfeeninasing
i ﬁmm:dﬂuaitﬁuﬁ'umeﬁnn’aﬁu-meTmm-nn']eﬁﬂeﬂwmé’mmﬁmq:ﬁ’amquw:hﬂwdq
uncdefu  dlenedndu 0 siterauitlifierisdenasesiifyanamieiifinasunsesayanen
a1 arldFinearhinasewinennanng  paseskinnsasasuatmaaanafilannislvial
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Driver output logic leveis w{th
3k to_ik load

Drgver output voltage when open

circuit ‘

Driver output impedance.uith Power off’

Output short circuit current -

Driver slew raee

Receiver input imﬁedan?e

Receiver input voltage

Receiver output with open

circuit input

Receiver output with +3V input

Receiver output with -3V input

+15

+5

+5

+3

+3

15v>0 >5V
) h

~8>0 315 1284

Vo <25 tad

R >300 Ohms
o

I < 0.5 A

o
dv/dt ¢ 30 V/s
7k >R, >3k

in . .
+15 compatible with-
driver N
.MARK
v

SPACE
MARK
LOGIC 0 = SPACER =
CONTROL ON

Noise Margin
Transition

Region

Noise Margin

.

LOGIC 1 = MARK

_CONTROL OFF



2.3 MODEMS

Modems ustneausiae modulator UAE demodulator U telephone terminalogy @¥anda
data set modem 4lun19sie digital baseband signals form AL analog form Tnederinudeana
analog Tmmeﬁamewu analog I bandwidth 3 kHz éﬂ bandwidth “12&Ey e84 analog il
Aruduiudasnisdedanyn "fndou'lmu'az'lﬁ 1200 bitfs W 3 kHz analog channel  Teazd]
ﬂmﬁ'au{iﬂqqnuﬂ:’luﬂqaﬁuﬁﬁmmmﬁq‘lﬁﬁq 9600 bit/s 14 3 kHz analog channel  Tae'ld

- o de
wATlAR1S modulation NHudeu

1uAan (Modulate)

L dd. 4 d o d ey .
A9 TuunsBEUiNTIIRTARuRARgeAMNRBEndn  dyeyitinane  (Carrier

. [ 4 A J é . - A lx 1 + o
Signal) 1 lusanfuaRuAIBRevNaTIN TR AR N TiTUANaneAn 1iu auni Wy

4 d_ dad a X

wnsfiannd i Fy unzpondldsadu ) dedunununistugiamedude pendfidiaTy
4 4 . alal ' .

anidlu Fy+Fy , Fi-Fp uay Fy 8nuiiedn s WifisuoumenfinBendn Upper Side Band

UaY Lower Side Band ‘%um

Theinllausunsiugiansesdiyenewnfenasiinaiaag 3 wuy Aa
1. uan1/890Taui (Ampltude Modulation) siBwuL AM.

2. ﬂ?muﬁuquu {Frequency Modulation) viauuy FM.

3. ATNAATY (Phase Modulation) sBuLIL PM.

ATugmem (Demodulate)
GJ 03 o < *
Wuruqunsiireussdaniutuiunasiugan Ae  fntsusnadygyinnavsesn
‘J [ ) 24 1 ¥ o ] L] o A [
wasin WAy qnnedeysattuisdafusatinaien  qadssasdddgnndudedinis

da Xed . a o X
Tugandeynyrnipnudideed Aieinansnsase i flusseslng  Taufianisfiaieuaes

ﬁmmﬂmﬁaﬂﬁqn
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nstugendyyrddnaateliies 2 svAu Ae 0 My 1 Taevlinafiaildileguany

2
iy Af

1. Whautinada (Frequency Shift Keying : FSK)
2. NaTWALB (Phase Shift Keying : PSK)
3. uanuAqadWAdEe (Amplitude Shift Keying)

Twdn  dugunsafiviawiiidansswineruountetugen uasATgiom (Modulate/
DEModulate )i FounifianeasBundnilu “fulaedeyeynod (Signal Converter) T4
Tﬁﬂqﬂnsm‘ﬁﬁﬁmeuﬂmﬁtymmﬁ‘émaaﬁ'dmanmmnm‘%'ﬂmﬂuﬁqLmaﬂﬁtﬂuﬁ'tucuﬂml.am
(Voice Signal) tegasinttluane Inadwiild Tnudesiruruounnstugienien  doun
nauﬁomaﬁ‘ﬁquﬁq:ﬁmmaqﬂnem"tmﬁuf-‘{'u‘l% e ufudnuduiudyannudeadnung
avimnsulasdygrondeeWindulududygnuidsnea (Ineldauaunisitugan finufiaz
detinulilfantacnanfinme fiely 'Lumedqmuﬁ'tytmm?mfiwm‘#mnauﬁomﬂﬁuqﬂmtﬂ'
saudraiu m‘?ﬂqﬁuﬁ'ﬁ'wsg‘lu?:az‘lnaaan‘lﬂ ﬁéﬁLﬂwaemiieﬁa:ﬁmdqd’rutmruw’h‘lﬂ
TuaeinsAnilugassdyeyrnieuden uazilagefedmsufiazutlsenduandludegnn

AamaniviauAn

sefinre s dun i

1.8m2n9dedayania (Low-speed HfnsN seediayalaiifiu 600 bps
2. 8mensdedayaLunana(Medium-speedi g mentsdedaynsewine1200 the 9600 bpe
3.dmsnnededaynge (High-speed) Hdmsanisdedasananndn 9600 bps
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I o ﬁ - I > 3

The Bell 103 Modem :  ifubudneliafifignsnmsdedasainfitnlifuatraunsnane
Dlurnnnaaetim Bel-Laboratory avigendng  venenifitisdnfusfysedviniafey
iy Ae Seeumansaniieufuludu Bell 103 wlafidundn Bell 103 compatible Bl
ailatiasnuinfinsiafeliulusdespenfianefuunnniafl wrarsasititnelusdes
hilnsenfanefunivadanilu Bell 103 compativel Modem . AnumanTRLeBENNET

seamelude Ieenuwnfudiody Bell 103 ynssnne  dwfumatuanunsares Bell 103
gnaarvagllddrdsenaudan

1. gransavnendldveiiuesidwie (Originating)  vi%® Lavmedi (Answering) %8
CY lead-Controlled fI# dwFy

Originating %38 luszuuTnadwiiFundn Wufden Thies

Answering w38 TussuntnedwiBunda ugmeviu

CY lead-Controlled wtfle ilunaminenuraeufnfiannsawfuuuladmneeanis
nenuiugdun wiadraufufly Taeldreviuafaruaunisinerusinu RS-232 11 11

2. qvtn@nnisdansie (Fasneedny WuRdndtyeyrnd incoming carrier weryl

3. mmm"n’qm%"\aﬁmmﬁmmvfun’lﬁﬁszﬁumuﬁﬁmms‘lﬁ WAz snUFu I
fndaurasdtygyrndeyaradnygrosunauiSignalto-noise ratioluazAmAnE IR Q0
WA mndeentsld

4. annsnadssiudee (one) Wadyyniadiignieaielfluntsdunsetnedny
Mﬁqanﬁuﬁina-ﬂé’ Fedtyeynausenanaiiaciesaenndefudoyqnoiiflusiadneinedmd
%8 PSTN (Package Switch Telephone Network) navineuludnmost Gundadunimineruny
Bun TneAnyidnTwud® (Auto diah

5. SAnuanuntafiasliraiiafanununiniouenaausistiuy  Wemeuusents
FundninosiimeAnflan

ugnanAuAnELANN Anatauds Bell103 Tufudsannsalfudniuntsiceu
ﬁtﬁui'aﬂnLé’uﬁmmmd’mtyﬁmquaumummgﬁu Rs-232C148ndae
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meﬁﬂwmwﬁmmA’ﬁuﬁﬁuﬂﬁuﬁmﬂué’ué’tutquﬁamﬂ Usznaudaedygin 2
801z Ae 1 uns 0 AehussAuTiaumanitun 0 BnsziuTommaviiofiasumudon 1 wufy %
Rnsimmapsnteesdygin  Welfunssiibamsremedduniugneniy e
Fealdisne A 4 prmd  ekilAanseunavesdyanm (unsdiffintsdadisuungy
mnd  Taemedudearfeslinnadivesdyoyini 2 Ar  deunuliamassiy 1 Fussiy
0 uneneAnSufidudnat  uAnowdRaviney  lunsdlzes Bel103 Wilnnzraun

i rasdeyo dildi s A

RAINE 1070 Hz favumnednuds unuasdn 0
AR 1270 Hz Aufumaednugs wnuasdn 1
ARNE 2025 Hz dvFummefudy unuagan 0
AN 2225 Hz Arvumedudy unuagdn 0

Treuaneiluunupandiddas 2.11
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UQUATIUQUARYIUUNY - § fmome

— &

" uouaTwaniTlussyylni At

—— .

B B /ﬂ

300 1970 1270 025 2225 3300

anusana A anusinia

[N
[

U7 211 usmsuLuavaaspamiditimna el Belk103
Tneldsudaniu PSTN I8

aangu xtﬁudﬁmﬁuﬁﬁezqmﬁu avfasfinonuduiufiusswdinelufinmefuds
(Originate modem) ﬁmmédaﬁtutuﬁméfqammﬁq vike danBafamad Ry (Answer modem)f
:?ué’futuﬂmﬁmuﬁ'm&uﬁqm LL#Qmaunﬁu‘lﬂﬁoad’tutmm*?'xmmf\'ﬁnmuﬁe Fanaila
lunnirdyeyripdsesuntugiendafiudygrueunden  wlsenusndieenll sBunda

wallA189 FSK %130 Frequency Shift Keying
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Frequeacy Shift Keying (FSK)

Time sute b : : T

Binery 4 1 - 9 g 1 ] 1

oy . -

.1zv _—

R$-2324 . ov

-2Y ———— - ———

v AN

v MM

zﬂ‘?‘u 2.12 uamﬁ'tu:uwﬁﬁmwnmmé'nm S faamaiiantsTugian (saufiedd FSK fae)

4 - L] aao ) :
annguansliiudamaiia FsK dnlflunsdedyadanenlfadingle  Tunedi
a0 [ o g o &
auuAdsFasnqsazaednes S senld lusaueaf (ASCID unusadnus S fauire 53H e
1 LA
53 Tugnuduun e lugrusesunudae 1010011 daee Auiiluussinusnuansfivaniuziont

(Time State) P8edeyeyrcURdmaaUNUAT 101011 2R 7 In AnsnAsgIUIBINiaURanuaY

daenlluuuaynsuy
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’Luueeﬁ'aoi'amu.amﬁed’tutuqmﬁ%maaﬁmwﬁ'ﬂgﬂu‘nm 1010011 Tneiinsiqn (Least
Significant Bit:LSB) agniedteile

Tuussvind 3 uam‘n‘qﬁ'mtmmmvfwwﬁ‘lﬁq'm TTL (Transistor Logic)  inaegunsnl
daman TTL WfussALd 5 Toasl fu 0 Toadl  Aedhideunuagdn 1 Sousyduin 5 Toasl uae
893N 0 Aauszau’in 0 Taadl

Tuussiiad 4 uamﬁqd'tutwmﬁaia unadn RS-232C asnunlaaldfiuinssdy +12 v

i 74
UAY -12 V ATiuReunuasan 0 daussduIn +12 V uazasan 1 Aauseduln 12 v

dwé‘u'luamuseﬁmqaﬁwLmmﬁqd’:uruqmﬁmumemqmwﬁqamﬁﬁn FSK Fegaring
swinelufn  asdonmniuinlunsdivaameiia FSK i ArevAunsdnvesdygndiandy
1 m'mﬁ-nmd'rucmmﬁmum?‘l‘uqmmzqq%uu.azﬁqszé’uaﬂﬁn-ﬂmﬁtymﬂmﬁfimﬂu 0 AanAE
flazaasa ’lugﬂﬁm'mﬂﬁwumﬁmam‘] widt  annfindramudedndyqnndidesu Ty
Originate Modem WAL Answer Modem &uﬁi:mdﬁu lunstil Originate Modem quedygn
2 finusn Aesdunednidy 1 aﬂn’h.lﬁqnm'mt"w"nfaaﬁ'tutmm*?'whums’l‘u@.amﬁqwhﬁ'u 1270
Hz davlulindt 3 s 4 wnuaedn 0 svdeeaniufenmand 1070 Hz  uarluiindl 5 uax 7 4
sgnavaenludonmnnd 1270 iz dawluiivil 6 Macgnaedasacnnd 1070 Hz maudaAy
FahAeamBdameiines FsK Ademafinlunistugamdnidneateniinind e

'ﬁ'u (FM) ﬁum

. d oy dy o o

wAluANIUSH Originating Modem vinwdifudyoinidiun asquivesdyyrnuny

aedn 4 Aa luiinil 125 waslin? 7 asgningiandeannindnsnon 2225 Hz dovluiind
& J ‘J J * o~ o

3.4 uasiind 6 asgningionasaanuifeamaind 2025 Hz WeadAtyfAe dasiunissunau

AugevaNdeyQUIeuann Originating WAY Answering THAHANTIUIES
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2.3.1 udunsruaiinead
wdnnsluntsefredeygnomineg nealuludn

Anaiog output
] e ’

=

RS.722 " 1270-Hz i

- inaut *oscillator

M D>

1070-Hz
osciltator *

217 213 TaseaFrelunsfnfiadayaunod FSK

a7n3 aztﬁudﬂ‘lu'tmﬁm:ﬂs:nﬂu‘lﬂé’waaﬂ-‘mmmm‘ﬁﬁﬁLﬁﬂﬁtymnmmuz (carrien)
Batipand 1270 Hz ueE 1070 Hz Tw’n’aaa‘iaLamm‘ﬁoum:ﬁmuuﬁaﬁmmqmﬁﬁhmﬁ
sefulonmaiiu 5 ad  dousesdininimafindieasinnuuasiuuasymineuiess iy
Toawmsasdyqafidnnifiundt +5 iedl  dlefueniyniiesnainwed Rs232¢ andl
Suynreseaatainined fassnansovnWeedtammadiegaesarinanlddeil

dedyqnfinmedn Rs232¢ WaniisrduTaamainty 12 Ted  sastamAed
uﬁmﬁturmmwwzmwﬁ 1270 Hz flasinen  wieeddaimumedadtyo nmiveaaad
1070 Hz wyavinerusmaruudainssdutaama 12 Taasfasunuaedn 1 uszilarinunistugian
u¥aAnnd 1270 Hz medniludmendismesfasunuagdn 1 thias ﬂ"eﬁ'umngﬂqzuamﬁq

nrsuLlaedtyeyIninnen RS-232C Munuagdn 1 ’1ﬂzﬂud'tutuﬁm¥msaﬂuwuaa“qn 1 iy
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dvinlunsdifidyindeyafiacdeilssiuhaamadu +12 had  eestammefeudn
AE 1070 Hz fasyinenmun ua:ﬁﬁnﬂenﬁmé'tutmm"hjuwuaaan 0 aenn  udeanthide
-ﬁﬁmmuﬁ:ucuﬂmmvwmqnaaﬁmamaﬁ’ﬁama’z’mﬁ'ﬂﬁoﬂﬁu TnaeinudlddeBiunnees
Faruan (Operational Amplifier) ﬁﬁm'ﬂ'lﬁ‘lé'ﬁtutmmﬁmﬁwmﬂuﬁ’mmﬁm’(uqmwﬁw?l 37Nl
azsfuindyanndeysfidediendnduy 1 vie 0 wwin wiwAnugluuuannssiuThanaliley)
ugtlresannBunidednilunedn 1 fasiiacudasedygnnutiy 1270 Hz uazdnflunedn 0

arfinoniifiu 1070 Hz

2.3.2 anMaidgiaad (Modem Receiver)

o = . o
dedgyyrnndeeanuiannlufunnfiudeituauauntsiugionuds  dennfeludiy
) J 1
meffudygnaunsniifiasituraunisitugen  uanendiygrunimrasnatndeygnn

Faynudasinudnygrndayalyldeusaly

. il 2 et o
e e — ;
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Madey - [O8r vt Slver ) .
, ; Kleme . "'"“’fl Quepa .
e (= "7 :t>_ “I“ :
[ = e = — = Detecn
1 S02%-nz 1l ) Pataly
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N Sl
‘ 0290z
I3 spoce | .
« | | Bawut=ryyocTion e
lL e | Gk Sy
= - - .. 7

217 2.14 Tang¥ranamine e ufadiniees
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a1ngtl azuameiivdinmslunsulmdyginenden MeviusaTnsdwidan néu
o dudyeyrniiazsesatnudrludonedn Rs232C sl Fouaaedeufenlnazunsrasaes
ulufunedusy qztﬁudﬁtutuﬁmﬂmdﬂuﬂ’m’fmﬁ’wﬁuﬁqdmﬁ’rﬁ‘émmaq‘iutﬁuﬁu Wy
Fynyradilssneudanmnaiiasepanudfisneiu é’q'ﬁuﬁqﬁ'ﬂqﬁqm?uﬂnm’mﬁ'-nmﬁ'rumqmﬁ
pananfuneu Tanttuaeasiowmed (Fited deeeas  TemthilrasesasiameHidaseasnses
pofliiiAe Fanrsusndyiniiseneudaeanutiving Weananiu ukadesieliiddou
mamqaeﬁﬁwxumuaumdaé’rutmrum'm‘:")ﬁ'wﬁmmL‘m"maia‘lﬂ

angUasarsauuutlsenaudoncsasiamedasdasasuaniy Theinenseaienpand
Andi senltl  enifudtyqiniaand 2225 He uazunummﬁuﬁu-] ndiBeaty 2225 Hz
¥ Gonthiresuunieatufiamed fAedidnwnsidusadumusedygnnaad 2225 He
%awwmqudﬁé’futmmﬁ?uvﬁ'ﬁmﬁuﬁﬁﬁmmﬂtﬂuﬁhé"m UANAIN 2225 Hz uda  Asziioy
Aamefdauiiubavaniqansnadll (anfmissuuuibhanfuliamefersiassqansnd waed
4efundn Notoh Fitter) dandeyeyrtumannl 2225 Hz  Serinuflmumefdniilily  Aastimudaly
fauuudnraRamadBandpass Filter) siall FomsineuresuuineRame fifAeszuen
Widtyeyrnififiannad 2225 He windhieinutu/ld dqud'tutmtumwﬁ%uﬁazquﬁ'uvm’l% Fahy
aasfamafdauuufifinsauitedesnisnsaaendygyinmenad 2225 He  ludueenfiany

NnrssuuusnIaRamefhues
. - . o d ool
doulunguasariamefdoudnatiy  Alnisvireuludnunsiadraadeiu  udsteiun

. T A L A
finsineumauauesAuedtyyIAal 2025 Hz  Aen minunsgainefivedasnsnses
JJ A X [} § A [} J
\@1mrndaunbild 2026 Hz Wudaddeslidygnaud 2025 Hz linusenfendiynees
wuudnraiamef
d dd v ) o P a o
e lfnseetprnndndesnisAeannl 2225 Hz (Teunusedn 1) uAzaaINd 2025 Hz
o t 3 o o~ J J
(uuaedn 0) Wudy  Aasdaeriymassiamefuuudniausiassadaiuasasdndauniit
3 A L4 J
Bund "Ainpaed (Detector) wifraewasfmaweffide  mnivdlugandyqnauieuen

wdgrunmzussdygnadeyasanainiu  ulddeinwendygndayahild  anluse
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Teasmntminiidaedtyeyind 13,5 uas 7 Seflmaraivecdeyeyrodlmdiflu 2225 He
Sarinueasiinamefesnan facfissfusedn 1 douluteediyanns 2,46 uas 8 dasd
wamefesninazilssiuasindu 0 Mgl asdanathinAnamefusasiaiinisineuie
afedygrddnes  Tnafiarasdunniiniude  2easfinamefdauussabedygnn
A94n 1 aam.nu‘fmétu:mm‘bnd-‘h‘ﬁumuwuamuz Merk vieasan 1 vitadlaod 2225 Hz usi
s inpimefianvarakedenuandn 1 aanmu‘jﬂﬁ'tutuﬁm‘l-mi-?u"ﬁu-q-numamuz Space

vilaaedn 0 yieAtNE 2025 Hz fudu
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faafulaeldaenusui] (Operational Amplifier) Fasiiaseanuainivie op-Amp i FAawi
nsnsty T RarsnaasLuaddaaiy u&aLﬂ‘é"ﬂué'tutmmlﬁaq'mgﬂ‘mé’tutmtu
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nssaieinIasails (Space) AmAmed Finawafingne daturemidesueuudnis
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(Non inverting) 784 op-Amp uazsal@WWnTawfa (Markl Amawref Bmawmefiouy oty
anBuANAe WieaLTes opAmp B9 op-Amp a%aﬁtutmmmvfmgum‘im
- uﬂmmvamﬂmmﬂaﬁmmms" ueAN, op-Amp ara¥19srAUuNATAT + ‘{uﬁmﬁm
- dlaienfynrsandeiinpines uapii, opAmp azefresrAuusFuAn - TuReinm
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mnﬁams‘l‘uqmwﬁ'lﬁ'lu‘tmﬁwnﬁmé’wnwdﬁaqamunmquazqqﬁu ariidasgnin
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TunnssenszarupfuassaniBngnesarndeeine  uwintnismlszgndldlugunsaludiiu
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a) Ay
b dryeyrudefiasindiuTugem
c) ﬁ'futuqm"i'umume'iuqmnuﬁq

v a o ood
qrdrAfyraanstuguanatinlieh “wenlAgaulfeundas wiruiiaein”

dnvFuudnmninuresiufiuitmaiianasTugianuuy AM fu ludauraaasama
Frugdsardaamnisudaedyyriddnealududygneundenden Taald D/A converter
(Digital convert to Analog) ufacinurusunnslugandsaanty dovlulufumednidudlesy
frygyrnudann  fazdruruaunsilugienueniendynnmanzesn wladedarinuess

AID converter (Analog to Digital Converter) Lﬂ'auﬂmﬁmmmﬂmﬁan‘lﬂLﬁuﬁrgmqmﬁ‘émauﬁq

gadne flivialdenusialyl

ﬂ?tmuﬁugmi’u (Frequency Modulation : FM)
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wanansraenslugianyiepanniil  qadnAtyey? "uendfqaresdiytyrniarasiug
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Start
of
Head

Caller Station Repeater
Address Address Address

Command Data

Byte
Check

Sum

End
of

Text

SOH PPH>EDG,R99:T,"ED"EOT

PPH : Caller Address

EDG : Station Address

R99 : Repeater. Address

ED : Byte Check Sum ( Two's complement )
SOH : 01H

EOT : 04H
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3 KK K K 2K K S I KK S 3K K SK I KK 3K K DK K 3K K K KK K 3K K K K K K K 0K KKK IR KK K K 3K 3K KK KK K K KKK K

16 CHANNELS ANALOCG SENDER

DESIGNED BY : WICHIT SIRICHOTE (HS1HQN)
P19 MAY 1994

Last Update IOSUJIT UARPANYAPORN (HS1EDG)
! PHICHAI SRISARIST (E21PPH)

i 27 FEB 1995
2K 3K 5K K 5K 3K 5K 3K 3K 3K 5K 5K 3K 3 5K 5K 3K 5K 3K 3K K 3K 3K 3K 3 3K 3K 3K 5K 5K 3K 3K 5K 3K 3K 3K 5K 5K 3K 3K 5K 3K 5 5K 3K 3K K 3K 3K 3K XK 3K K 5K K K K K

NE WE W wE Wd M3 W ue W

CrPU "8051.TBL"
HOF "INT8"

- ——— " — o— o —— - —— i WP W T St g T it e s i W S o’ o e s WP W Vo V. S s O T et WP W ot S S ) T ot S i

B8: EQU OF OH ;B REGISTER

ACC: EQU CEOH s ACCUMULATOR

PSW: EQuU CDOH s PROGRAM STATUS WORD
IPC: gQu CB8H s INTERRUPT PRIORITY

P3: EQU OBOH ;PORT 3 P3.4-P3.7 BOARD ADDRESS
IEC: EQU OABH s INTERRUPT ENABLE

p2: £QU OAOH sPORT 2

SBUF : EQu 99H ;SEND BUFFER

SCON: EQU I8H ; SERIAL CONTROL

P1: EQuU 20H ;PORT 1

THL: EQU 80H sTIMER 1 HIGH

THO: EQU 8CH s TIMER © HIGH

TLL1: zQu 88H sTIMER 1 LOW

TLO: EQu 8AH sTIMER O LOW

TMOD: EQuU 89H ; TIMER MODE

TCON:* EQU 88H s TIMER CONTROL

PCON: EQU 87H ; POWER CONTROL REGISTER
DPH: gQu 83H ;DATA POINTER HIGH

DPL: EQU 82H ;DATA POINTER LOW

SP: EQuU 81H ;STACK POINTER

PO: EgQu 80H sPORT O B1-B8, B9-B12.0R.POL 7109

CyY: gQu O07H ; CARRY FLAG

AC: EQU cDéeH s AUXILIARY-CARRY FLAG
Fo: EQu ODSH sUSER FLAG O

Rs1: EQU OD4H sREGISTER SELECT MSB
RSO+ EQU OD3H sREGISTER SELECT LSB
ov: EQU OD2H ; OVERFLOW FLAG

pP: EQU ODOH iPARITY FLAG

ps: EQu OBCH sPRIORITY SERIAL PORT
PT1: EQU OoBBH sPRIORITY TIMER 1
pPX1: EQU oBAH sPRIORITY EXTERNAL 1

PTO: £Qu oB9H sPRIORITY TIMER ©



PX0: EQuU OBS8H sPRIORITY EXTERNAL O

EA: E£Qu OAFH sENABLE ALL INTERRUPT

Es: EQU OACH ;ENABLE SERIAL INTERRURT
ET1: EQU OABH sENABLE TIMER 1 INTERRUPT
EX1: EQU oAAH sENABLE EXTERNAL 1 INTERR
ETO: EQU O0AIH sENABLE TIMER © INTERRUPT
EXO: EQU O0A8H sENABLE EXTERNAL O INTERR
SMO: EQU O9FH s SERIAL MODE ©

SM1: EQU 09EH ;s SERIAL MODE 1

SMz: EQU O9DH ;SERIAL. MODE 2

REN: EQU O9CH s SERIAL RECEPTION ENABLE
TB8: EQU 09BH s TRANSMITT BIT 8

REB8: © EQU 02AH ;RECEIVE BIT 8

TI: EQU O099H s TRANSMIT INTERRUPT FLAG
RI: EQu o98H sRECEIVE INTERRUPT FLAG
TF1: EQu O8FH s TIMER 1 OVERFLOW FLAG
TR1: EQU O8EH sTIMER 1 RUN CONTROL BIT
TFO: gQu Oo8DH s TIMER O OVERFLOW FLAG
TRO: EQU 08CH s TIMER O RUN CONTROL BIT
IEl: EQU 08BH sEXT INTERR. 1 EDGE FLAG
IT1: EQU 08AH sEXT INTERR. 1 TYPE FLAG
IEO: EQU O89H sEXT INTERR. O EDGE FLAG
ITO: EQU 088H sEXT INTERR. O TYPE FLAG
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P1.0: EQU O90H ;P1.0-P1.3 OUTRPUT TO SELECT
s MUX CHANNEL

PL.1: EQU 091H

Pi1.2: EQU 092H sPTT key H=Tx , L= Rx

R1.3: EQU 093H H

Pl1.4: EQuU O024H s RUN/HOLD 7109

P1.5: QU 095H ;CE/ZLOAD

Pl1.6: EQU 096H ;s HBEN

P1.7: EQuU 097H ; LBEN

P2.0: EQU OACOH 319200/9600 BIT/SEC SELECT
;H=19200,1.=9600

Pz2.1: EQU OAl1H s FREE RUNNING

Pz2.2: EQU OAZH

Pz2.3: EQU OA3H ;POLARITY SELECT

P2.4: EQuU OoA4H sMAXIMUM CHANNEL TO BE SCANED 1-146

P2.5: EQU OAS5H sP2.4 - P2.7

P2.6: EQU oAsH

P2.7: EQU OCA7ZH

T e e vt o o — V — —— — — — s — o — —— > o e — " e WP it St St B e Vot S i Ty T S T N T Tl S W T o s T Tt s T i et

KEY: EQU oBH

CHECK_SUM: FQu OBH iCHECK SUM BIT
LED: EQU o8H s INTERRUPT BLINK
XOFF _FLAG: EQuU OAH

ZEROING: EQU ODH



WARM : EQU S5H ;56H, S7H, S58H

STATION ADDRESS: EQU S59H ;SOFTWARE LOG STATION ADDRESS
CALLER ADDRESS: EQU S5AH
INPUT BUFFER: EQU 57H s INPUT CONSOLE ASCII 40-45

; (6 CHARACTERS)

-y e s g e T TP Bt A " d S T W e S S s T T S A st ke et Vot W N T D T W N A ks . S T e s ) o P MY N Aot AP W B et

SOH: EQu O1H ;START OF HEADER
EOT: EQuU O4H sEND OF TEXT
NAK : EQU 15h s NO ACKNOWLEDGE
ACK: EQU O6h s ACKNOWLEDGE
Bs: EQuU O8H

Fs: EQU OCH

CR: EQU ODH

LF: EQU OAH

EQsS: EQU 10H

BELL: EQU O7H

SPACE: EQU 20H

COMMA: EQU 2Ch

SIN_BUFFER: EQU O1FOOH

ORG COOOH
LIMP MaAIN_TIMER
ORG O00O3H
LIMP READ_7109 s SERVICE EXO
ORG Q0OBH
LIMP SERVICE_T0O s TIMER COUNTER O INTERRUPT

iSET TO HIGHEST PIORITY

3 KK KKK 3K 3K KKK 3K K 3K K 2K KK KK KK K K 2K KK K K 2K K K 3K 3K 3K KKK 3K KKK 33K KK 3K K 2K K 2K 3K KK XK KK

H MAIN PROGRAM
33K 5K KKK KK 3K 3K K 3K 5K K 3K 3K 5K 3K 3K 5 5K K 3K 3K 3K 3K KK K K 3K 5K 5K 3K 3K K 3K K 3K K K KK 3K 3K K KK K KK K K

PORT _a: EQuU 8000H

PORT_B: EQuU 8001H

PORT C: gQu 8002H

CONTROL _8255: EQU 8003H

COUNT L.t EQU OOH

COUNT _H: EQu OOH s INTERRUPT EVERY
;11.0592E+6/(12%65536) =
514.0625 Hz

; ———————————————————————————————————————————————————————————

MAIN TIMER: MOV RO, #10H

POWER_PELAY: DINZ RO,POWER DELAY



MOV S
CLR
CLR
MOV

-e

-

MOV
ANL.
SWAP
INC

M we wa ws

MoV
CINE
SIMP

wE wa ws

MOV
MOV
MOV
MOV
MOV

wa W W wu

wa

H MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

’ MOV
MOV
H MoV
MOV

s

WARM BOOT:
SETB
SETB
SETB
SETB
MOV

H MOV
LCALL
MOV
MOV
CLR
CLR

H CLR
3 CLR

P, #60H ;FIRST STACK MUST BE INITIALIZED
P1.4 ; HOLD 7109

PTT ; RX MODE

STATION ADDRESS, #30H

;INITIALISED STATION ADDRESS TO @830
;EG., WICHIT IS 30 YEARS OLD.

A,P2

A, #OFOH ;READ ONLY HIGH NIBBLE (P2.4-P2.7)
A

A 3GET CHANNEL MAX

HANNEL MAX.A

A, WARM

A, #53H,COLD BOOT

WARM _BOOT

TIME _SEC,#10H
TIME MIN, #00D
SAMPLE . #00D

SAMPLE+1 ,#00D
SAMPLE+2,#00D

WARM , #53H
SEC/50, #00H
SEC, #35H
MIN, #24H
HOUR , #08H
DAY, #31H
MONTH , #07H
YEAR ., #37H

WIND SPEED, #00H
WIND SPEED+1.#00H
WIND COUNTER, #00H
WIND COUNTER+1, #00H

SETB EA JENABLE ALL INTERRUPT

EXO s ENABLE EXTERNAL INTERRUPT O
ITO iFALLING EDGE EXTO

ETO ;ENABLE TIMERO INTERRUPT

PTO ;REAL-TIME CLOCK O HIGHEST PIORITY

TMOD , #00000001B;SET MODE 1 TO (16 BIT DIVIDER)
CHANNEL , #00H

INIT

TLO, #COUNT L

THO . #COUNT _H

READY

CHECK . SUM

P1.0 sSELECT CHO
P1.1



s v

-

MAINZ:

MAIN_B:

RX_0OKZ:

RX OK3:

CLR P1.2

CLR P1.3
MOV MUX, #00H
SETB TRO 3START REALTIME CLOCK

KKK 3K K KK KK KK KKK KKK KK KKKRKK K MAINZ 5K K KK K KK K XK K K XK 5K 3K XK KK K K XK XK XK K XK
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DPTR, #NAME RP

R1,#90h

RO, #00h

R2,#03h

COPYO_EX sCOPY NAME_RP TO RAM ADDR 9000H

RI,$

A, SBUF

RI

DPTR, #8000h

A,.#01h,MAINZ2 ; CHECK START OF HEAD
8DPTR, A

RI

DPTR

RO, #02d sSET TIMER 2 SEC.
RECEIVE TIME

RI ,RX 0Kz

MAINZ

B.A

RI

A, DPH

A, 8#84h,RX_0OK3

A .DPL

A, #HOFFh,RX _0OK3

MAINZ

A,B

A,#04h ,MAIN_B scheck end EOT
BDPTR, A

RO, 30d

8 _DELAY

RI

7Dh, DPH

7Eh,DPL

DPTR, #8000H ;CHECK SUM
CHK_SUM

A,8DPTR

A,05h,MAIN2

OPTR

A,B8DPTR

A,04h ,MAINZ

DPTR, #8009H
R3, #80H
RZ, #0BH
R1, #90H
RO, #00H



LCAaLL COM_B ;CHECK NAME REPEATER
CINE A, #O0H ,MAINZ

MoV DPH, 7DH

MOV DPL ., 7EH

MOV R3.DPH

MOV R2,DPL

MOV DPTR, #8000H

MOV R1, #885H

MOV RO, #00H

LcatLl coryz _EX

CINE A, #OOH,MAINZ

MOV DPTR, #850CH ;PUSH CONTROL WITH ":"
MoV A"

MOVX B8DOPTR, A

MOV DPTR, #8500H ;PUT CHECKSUM
LCALL CHK SUM

MOV AL,RS

MOVX @8DPTR . A

INC DPTR

MOV A,.R4

MOVX @DPTR.A

MoV RO, #20d

LCALL B DELAY
L.Call PTT ON
MOV DPTR,#8500h
LcaLLl SEND _BLOCK
LCaLL PTT_ OFF

LIMP MAINZ
MAIN3: ;LCALL  SEND_PROMPT
MAIN4: SETB Pl.4 sRUN 7109 DURING WAIT
INB RI,MAIN4
CLR RI
MOV A, SBUF
ORL. AL, #00100000B ; IGNOR UPPER-CASE
COM2: CINE A,#"g",COM3
LIMP TEST10 sRUN ZENDER
COoM3: CINE A, #"c",COM4
LIMP SET_DATE
COM4: CINE A,#"s" ,COME
LIMP SEC_DELAY
COMS: CJINE A,#"+" ,COM6
NOP
COM6&: CINE A,#"-",COM7
NOP

COM7: CINE A,#"1",COM8



NGP

coMa: CINE
NOP

COMo = CINE
LIMP

COM10: CINE
LIMP

COM11: CJINE
LIMP

CoM12: CINE
LIMP

COM13: CJINE
LJIMP

COM14: CINE
LJIMP

COM15: CJINE
LIMP

COM16: CJINE
LIMP

COM17: CJINE
LJIMP

COM18: CJINE
LCalLL
LIMP

coMi9: CINE
LIMP

cCOoM20: CJINE
LIMP

COM21: CINE

A,#"u" ,COMP
A H#"m",COM10
MIN _DELAY

A,H#"2",COM11
HELP _COMMAND

A #"r",CcOM12

READ TIME SET

A,#"b",COM13
SET_BAUD

A,#"d" ,COM14

DISPLAY_DATE_TIME

A,#"n",COM15
NEW _FILE

A,#"t",COM16
TRIGGER SEND

A.#"p".COM17
RUN

A,#"e" ,COM18
SET TIME

A,$#fcr ,COM19
SEND
MAIN3

A,#"a" ,COM20
LOG_ADDRESS

A,B".",COM21
MAIN_TIMER

A, #60H,COM22

LIMP GET _ADDRESS
coMz2: LLIMP MAINS3
MENU : MOV DPTR,#TITLE

LCAaLL SEND_STRING

MENU3: RET

iRESTART ZENDER

sed.

8 COMMAND 40H OR ZOH

JENTER_COM ENTER CURRENT TIME AND DAY

ENTER .COM:
MOV
LCalLL

DPTR, #ENTER_DATE

SEND _STRING



LCALL GET_WORD
LCAaLL GET_RANGE

MOV A,UP_START _L

MOV MONTH, A

MOV A,UP_START_H

MOV DAY, A

MOV A,UP_STOP_L

MOV YEAR,A

MOV DPTR, #ENTER_TIME

LCal.L SEND_STRING
LCALL GET_ WORD
LCALL GET _RANGE

MOV A,UP _START L
MOV HOUR, A

MOV A,UP_STOP L
MOV MIN,A

LIMP MAINZ

3 INIT _RS232C INITIALIZED 8051 SERIAL PORT
j====m====z=z BAUD RATE: 19200 bit/sec OR 9600 BIT/SEC
H DATA LENGTH: 8 BIT

H STOP BIT: 1 BIT

3 PARITY: NO

H X-TAaL: 11.0592 MHz

ENTRY ¢ P2.0, IF P1.4 H THEN BAUD RATE=1200

ME wE w

o
O

IF P1.4 THEN BAUD RATE= 600
INIT: MOV TMOD , #00100001E
MOV SCON,#010100108
SIMP HIGH _BaAUD
MOV PCON, #000000008
SIMP LLOW_BAUD
HIGH_BAUD: MOV PCON, #10000000b ;DOUBLE BOARD RATE
LOW_BAUD: MoV TH1,#0D0Oh s TIMERLI LOAD VALUE
SETB TR1 sSTART TIMERL
RET
;PTT ON-OFF
;==========
PTT_ON: SETB RPTT
MOV RO, #120D sDELAY 1 SEC.
LCALL B_DELAY
RET
PTT_OFF: CLR PTT
RET
s SEND SEND A TO SERIAL PORT
3 CHECK TRANSMITTER BUFFER BEFORE SEND
; if check_sum bit = 1 then calculate check sum byts

H ENTRY: A



5 wa

3
SEND:

EXIT: A

CLR TI

MOV SBUF , A ;OK BUFFER EMPTY SEND OUT...
JINB TI.$

JINB CHECK_SUM,NO_CHECK_SUM

PUSH ACC

ADD A,BCC

MOV BCC,A

POP ACC

NO_CHECK _SUM:

3
3

RET

sRECIVES RECIVE BYTE FROM SERIAL PORT WITH TIME-OUT FUNCTION

W g e vt o S e s

RECIVES:
AGAIN:
GET RI:

READYS:

s RECIVE

B o e v e s e e

M owE W ouMe wa

RECIVE:

NORMAL. :

ENTRY: NO
EXIT: A = ASCII NUMBER OR STRING COMMAND
A = FF TIME-OUT

MOV R7 , #05H

MOV R6 , #OOH 3 TIME-OUT DELAY

JIB RI,READYS

DJINZ R6,GET_RI

DINZ R7 ,AGAIN

MoV A, #OFFH 3 TIME-OUT NO DATA RECEPTED
RET

CLR RI

MoV A, SBUF

RET

RECIVE BYTE PUT TO A FROM SERIAL PORT

S e e e e Wt T e e W T T e e i T W T S e i W T Y e S e e e v S Wt e
=3B~ 2P 2—F 5 PSP

WAIT UNTIL RECIVER BUFFER READY

IF RECEIVE CHARACTER "!" RESET SYSTEM BY START
EXECUTE AT $0000

ENTRY: NO

EXIT: A

JINB RI,RECIVE

CLR RI

MOV A, SBUF

CINE ALH" 1" .NORMAL

LIMP MAIN TIMER

RET

sRECEIVE RECEIVE BYTE NO ECHO

RECEIVE:

—r e e e e Tt Yt S My T B Y o o e
EoDO DN IR SEISRNRE=ES=SEs

JINB RI.RECEIVE
CLR RI
MOV A . SBUF



RET

sCR_SEND SEND CR TO RS232

W o Yo T e i S T Y Yt TEE S S S T e e S

ENTRY :
EXIT:

SEND_CR: MOV
LCALL

SEND _LF: MOV
LCALL
RET

; SEND _COMMA

B o i e Y S v maw mae

SEND COMMAa: MOV

NO
NO

LCALL
RET

} SEEND _22H

SEND 22H: MOV
LCAL L
RET

;s SEND_SPACE

B s vy et oy g o e man

SEND_SPACE: MOV

LCcaLl

RET

XOFF: EQU 13H
XON: EQU 11H
BREAK: EQU GOH

i XOFF_SEND SEND XOFF TO RS232

B s v o o e e S S T Y T e S T e et e e e e o S e St

3 ENTRY: NO
; EXIT: NO

3

XOFF _SEND: MOV
LCcaLL
RET

i XON_SEND

XON_SEND: MOV
LCALL
RET

A.#CR
SEND
AL HLF
SEND

A.#N.H
SEND

A, #22H
SEND

A, #SPACE
SEND

A, #XOFF

SEND

A, #XON
SEND

3GET XOFF CHARACTER



sNIBBLE_SHIFT SHIFT FOUR DIGIT BCD NUMBER LEFT A NIBBLE
3 ENTRY RO POINTED TO LSD
H EXIT NO

NIBBLE SHIFT: INC RO
MOV A, 8RO

SWAP A

ANL A, #OFOH
MOV R3.,A
DEC RO

MOV A, 8RO
SWAP A

MOV  R2,A
ANL A, #OFH
ADD  A,R3

INC RO
MOV  @RO,A
MOV  A,R2
ANL  A,#OFOH
DEC RO

MOV  @RO,.A
RET

3SHIFT 16BIT SHIFT LEFT 1 BIT ADDRESS $4D,$4E

P e e e g et A S Tt e e T S T Tt T AP T U e e T T W VP e e T T Yo S o e ekl T T e e e M M S oy e
25232 2P PP 92T T T 2T 22 T T2 20

H $4D LO BYTE
3 $4E HI BYTE

; ENTRY: NO

H EXIT: Carry Flag

SHIFT 16BIT: CLR Cc H {($4E,$4D)) X 2
MOV A, 5DH
ADD A, S5DH
MOV SDH, A
MOV A, 5EH
ADDC A, SEH
MOV BEH.A
RET 3 CARRY GONE

sBIN_BCD CONVERT 16 BIT BINARY TO BCD

T oy A e = e et Mt e T T e S T T T T W T+ T Y T e S e e W T e T v o e e
=222 2332 5P 2322 -S04

SHIFT LEFT 1 BIT FROM MOST SIGNIFICANT BIT TO LEAST

SIGNIFICANT
BIT , IF CARRY = 1 THEN BCD= (27N + BCD)

w1 owE wa W oy

ENTRY: 16 BIT DATA

5D 4D $3D LO BYTE
SE 4E $3E HI BYTE
EXIT: é DIGIT BCD

3

WE WA WE WM We W WE ME owN W

46 $36L = o
$36H = 10
47 $37L = 100
$37H = 1000
48 $38L = 10000



H $38H4 = 100000

BIN_BCD: MOV  56H, #00 5 CLEAR BCD BEFORE
MoV S7H,#00
MOV 58H, #00
MOV R1, #00OH
MOV R7,#16D
BIN_1: LCALL SHIFT_16BIT
JINC NEXT_BIT
H OK CARRY = 1 ADD BCD TO 2N CONSTANT IN TABLEZ2
MOV DPTR,#TABLE2
CLR C
MOV RO, #56H
MOV R&, #03H
BIN 2: MOV A,R1
MOoVC A.BA+DPTR
ADDC A.QRO
DAA
MoV aro, A
INC DPTR
INC RO
DINZ R6,BIN_2
NEXT_BIT: INC R1
INC R1
INC R1
DINZ R7,8IN_1
RET
TaBLEZ: DFB 68H,27H,03H
DFB 84H,63H,01H
DFB 92H,81H, O0H
DFB 96H,40H, OOH
DFB 48H,20H, 00H
DFB 24H,10H,00H
DFB 12H,05H, O0H
DFB &6H,02H,00H
DFB 28H,01H,00H
DFB 64H, COH, OOH
DFB 32H,00H, O0H
DFB 16H,00H, O00H
DFB O8H,00H, OOH
DFB 04H,00H, OOH
DFB 02H,00H, OCH
DFB O1H,00H,00H

###########################################################
TIMER O INTERRUPT SERVICE ROUTINE
enter to this routine svery 0.01 SECOND
update current time and date

ME M ME Wl ws ws W

#
#
#
#
#
SHERBRARHRER B R R HE AR B RN R B LR R LR G BB R

SERVICE _TO:
PUSH PsSwW



pPUSH
PUSH
PUSH
PUSH
MOV

ACC

B

pPL

DPH

PSW.#00010000B ;SELECT REGISTER BANK 2

; TIMER O SERVICE BODY

MOV
MOV
INC
MOV
CINE
MOV

MOV
ADD
DAA
MOV

MoV
CINE
SJIMP

CHECK_SEC_TIMER:
MOV
ADD
DAA
MOV
CINE

MOV
SETB

CHECK _SEC:
MOV
CINE

MOV
MOV
ADD
DAaA
MoV

MOV
CINE
SIMP

CHECK MIN TIMER:
MOV
ADD
DAA

THO , #COUNT _H
TLO,#COUNT _L
SEC100

A.SEC100
A.$#14D,CHECK_SEC
SEC100 . #00H

A.SEC
A, #0010

SEC, A

A, TIME_SEC ;IF USER SET =00 THEN IGNOR
;SETB READY

A, #00D ,CHECK SEC TIMER
;ELS INCREMENT AND CHECK

CHECK _SEC

A,TRIG_SEC
A, #01D

TRIG_SEC.A

A, TIME_SEC,CHECK_SEC ; COMPARE CURRENT
;TIMER AND USER SET

TRIG_SEC, #00D

READY

A,SEC
A, #60H,CHECK _MIN

SEC,#00D
A,MIN
ALH#01D

MIN.A
A, TIME_MIN ; INCREMENT TRIGGER MIN TIMER

A, #00D ,CHECK MIN_TIMER
CHECK_MIN

A,TRIG MIN
A, #01D



;INDICATE READY TO SEND DATA

MOV TRIG_MIN,A
CINE A, TIME_MIN,CHECK_MIN
MoV TRIG_MIN, #00D
SETB READY
CHECK MIN:
MOV ALMIN
CJINE A, #60H , CHECK_HOUR
MoV MIN, #00D
MoV A HOUR
ADD A.#01D
DAA
MOV HOUR . A
CHECK _HOUR:
MOV A, HOUR
CINE A, #24H,CHECK DAY
MoV HOUR, #00D
MOV A,DaY
ADD A,#01D
DAaa
MOV DAY . A
CHECK _DAY:
MOV A,DAY
CINE A, #31H,CHECK_MONTH
MoV DAY, #01D
MOV A.MONTH
ADD A, #01D
DAA
MoV MONTH. A
CHECK MONTH:
MOV A, MONTH
CINE A, #12H,CHECK YEAR
MOV MONTH, #01D
MOV A, YEAR
ADD A, #01D
DAA
MOV YEAR, A
CHECK _YEAR:
POP DPH
POP DePL
pPoP B
pPoP ACC
POP PsW
RETI

-
3
"
3
H)
3
-
3

TIMER_DELAY

set bit ready when delay timer is equal set table

read from p3.4 - p3.7
4 bit at p3.4 -p3.7
ready flag

entry:
exit;



HUSHHHHHHB R RSN T HERSEBIHE R R R B H BB IR R RG RIS S

;
H INTERRUPT SERVICE ROUTINE EXO #
H READ DATA FROM ICL7109 12 BIT ADC #
H #
H #
SHERBHBHHEHHEHNBEREHEH BB HHHHE RIS R R R R R
READ 7109:

PUsSH PsSW

PUSH ACC

PUSH B

PUSH DPL

PUSH bPH

MOV PSW.#00010000B ;SELECT REGISTER BANK 2

CLR P1.4 sHOLD 7109

MoV RO, #ADC_DATA ;;COMPUTE ADDRESS OF ADC BUFFER

MOV A, MUX

MoV B, #02H

MUL aB

ADD A,RO

MOV RO,A

INC MUX

MoV A, MUX

CINE A, CHANNEL _MAX , NEXT_CHANNEL
;CHANGE 10 TO VARIABLE IN CHANNEL _MaX

MOV MUX , #O0H
SETS Fo 116 CHANNEL FINISHED

NEXT_CHANNEL :

MOV C,O0H

MOV PL.0,C

MOV C,01H

MoV P1.1,C

MOV C,02H

MOV Pi1.2,C

MOV C,03H

MOV P1.3,C

CLR P1.5 y CE --> 0O
CLR P1.7 3 LBEN -> 0O
MOV PO, #OFFH

NOP

MoV A,PO

MoV 8RO, A

SETSB PL.7 3 LBEN -> 1
NopP

CLR P1.6 ;3 HBEN -> ©
MoV PO, #OFFH

NOP

MOV A,.PO

INC RO



MoV 8RO, A
H SETB P1L.5
SETB Pl1.6
poP DPH
POP DPL
pPOP B
PoOP ACC
POP PSW
RETI

SEND 7109 _SERIAL

wE we we

DESTROY: RO,R3

SEND _7109_SERIAL:
L.caLl. PTT ON

3;SAVE TO @RO+1
;RESTORE CE
sHBEN -> 1

SEND PACKET DIGITAL DATA TO PC VIA SERIAL PORT

MOV BCC, #00H ;CLEAR BCC BYTE

SETB CHECK_SUM ;NEEDED FOR SEND ROUTINE TO
;CALCULATE CHECK SUM

MOV A, #SOH ;START WITH START OF HEAD

LCALL SEND

LCALL SEND_CR

MOV A,#"a" ;NEXT SEND CONNECTION ADDRESS

LCALL SEND

MOV A,STATION_ADDRESS

LCALL SEND_ASCII

MOV A, #">"

LCALL SEND

MOV A "D

LCALL  SEND

MoV A, H"Q"

LCalLLL SEND

MOV A,CALLER_ADDRESS

LCALL SEND_ASCII

LCAaLL SEND_COMMA

MOV A, SAMPLE+2 iNEXT WITH READING

LCALL SEND_ASCII

MOV A, SAMPLE+1L

LCALL SEND_ASCII

MOV A, SAMPLE

LCAlLLL. SEND_ASCII

LCALL SEND COMMA

MOV A, #22H

LCALL SEND

MOV A, DAY

LCALL SEND ASCII

MOV A,H"-"

LCALL SEND

MOV A, MONTH

LCALL SEND_ASCII



MOV
LCALL
MOV
LCALL
MOV
LCALL

LCabLl
MOV
LCALL
MOV
LCALL
MOV
LCalLL
MOV
LCAalLL
MOV
LCalLL
MOV
LCALL
MOV
LCALL
LCALL

A,#”"’"
SEND

A, YEAR
SEND_ASCII
A, #22H
SEND

SEND _COMMA
A, #22H
SEND

A, HOUR
SEND ASCII
A‘#H:ll
SEND

A,MIN

SEND ASCII
A’#II:ID
SEND

A, SEC

SEND _ASCII
A, #2z2H
SEND

SEND _COMMA

; NOW SEND DIGITAL DATA FROM CH1 TO CH1é

MOV
MOV

READ_BUFFER:
MoV
INC
MOV

B
LCALL

NO_POL: ANL

' MOV
DEC
MOV
MOV
PUSH
LCALL
pPOP

JB
MOV
LCalL

NO_SEND_POL.:
MOV
LCaL.L
MOV
LCAaLL

MOV

R3, CHANNEL _MAX
RO, #ADC _DATA

A, 8RO
RO
A, 8RO

P2.3,NO_POL
FIND_ POLARITY

A, #OFH
S5EH,A
RO

A, 8RO
5DH, A
OOH
BIN_BCD
OOH

P2.3,NO_SEND_POL

A, POL
SEND

A,57H
SEND_ASCII
A, 56H
SEND_ASCII

A.R3

;CHANGE 16D TO CHANEL _MAX



CINE A,#01H,0LD _LINE
SIMP NEW_LINE

OLD LINE:
MOV A,#","
LCAaLL SEND

NEW_LINE:
INC RO
INC RO
DINZ R3,READ_BUFFER

;NOW BCC IS READY TO SEND MAKE IT TWO COMPLEMENT

CLR CHECK_SUM
LCALL SEND_COMMA
MOV A, #22H
LCALL SEND

MOV A,BCC

CPL A

INC A

LLCALL SEND_ASCII
MOV A, #22H
LCALL SEND

MOV A, HEOT
LCALL SEND ; ENDING FLAG WITH END OF TEXT
LCALL PTT OFF
RET

sFIND _POLARITY
H ENTRY: A
3 EXIT: ASCII + OR - IN POL BYTE

FIND_POLARITY:
PUSH ACC

ANL A, #00100000B
CINE A, #O0OH ,POSITIVE
MoV POL ., #"-"

SIMP FOUND POL

POSITIVE:
MoV POL,&#"+"
FOUND _POL.:
POP ACC
RET
SETB SEC_FLAG 3 SET FLAG 1 SECOND
MOV A,SEC
ADD A, #O01H
DaA
MoV SEC,A
UrP_SEC: MOV A, SEC

CINE A,#60H,UP_MIN

MoV SEC, #00H



UpP_MIN:

UupP HOUR:

UP _DAY:

UP_MONTH:

UP _YEAR:

MOV
ADD
DAaA
MOV

MOV
CIN
MOV
MOV
ADD
DaAA
MOV

MOV
CJIN
MoV
MOV
ADD
DAA
MoV

MOV
PUS

E

E

H

LcaLL

POoP
CIN
MOV
MoV
ADD
DAA
MOV

MOV
CIN
MoV
MOV
ADD
DAA
MOV

RET

E

E

A,MIN
A, #01H

MIN, A

A,MIN

A, #60H,UP_HOUR
MIN, #OOH

A, HOUR

A, #01H

HOUR. A

A HOUR

A, #24H,UP _DAY
HOUR , #00H
A,DAY

A, #01H

DAY, A

A, DAY
AcCC
GET_DAY_MONTH ;GET NUMBER OF DAY
5EACH MONTH
ACC
A,DAY_MONTH,UP_MONTH
DAY, #01H
A,MONTH
A,H#O1H

MONTH, A

A, MONTH
A,#13H,UP YEAR
MONTH, #01H
A,YEAR

A,#O1H

YEAR, A

;LATCH_COUNTER MOVE COUNT FROM WIND_COUNTER TO WIND_SPEED

LATCH_COUNTER:

5GET DAY MONTH

CLR
MOV
MOV
MOV
MOV
MOV
MOV
SET
RET

TRO
A,TLO
WIND _SPEED.A
A.THO
WIND_SPEED+1.A
TLO, #OOH ; CLEAR COUNTER
THO , #00OH
B TRO



3 ENTRY : MONTH
; EXIT : DAY_MO

GET_DAY_MONTH: MOV
MOV
LCa
DEC
MOV
MoV
RET

DAY_TABLE: DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DF8
DFB

;BCD_SUM ADD TWO’S
POINTED

ENTRY :

EXIT:

wE WA 3 Ws we ws e

BCD _SuUM: CLR
MOV

SUM: MOV
ADDC
DaA
MOV
INC
INC
DINZ
RET

BCD ASCII CONVERT
ENTRY: A
EXIT: A

ME WA was

BCD_ASCII: ANL
ADD
RET

BUFFER JASCII CONVE
ENTRY: BC
EXIT: ASC

Ma wE Wk

NTH
DPTR, #DAY__TABLE
A, MONTH

Ll BCD_BIN
A

C A,8A+DPTR
DAY _MONTH, A
31H 3 JAN
28H ; FEB
31H i MAR
30H 5 APR
31H 5 MAY
30H ;3 JUN
31H 3 Jul
31H i AUG
30H 3 SEP
31H i OCT
30H 3 NOV
31H 5 DEC

SIX DIGIT 8CD CONTAIN IN THREE BYTE
BY RO AND R1
FIRST = {(FIRST + SECOND}
RO POINT TO LSD FIRST BCD NUMBER
R1 POINT TO LsSD SECOND BCD NUMBER
RESULTS PLACE TO FIRST BCD NUMBER
C = 1 {OVERFLOW,8g.GREATER THAN 999999}

c
R7 . #03H
A, 8RO
A, 8R1

8RO, A
RO
R1
R7 ,SUM

BCD NUMBER TO ASCII CODE

{LOW NIBBLE ONLY}
A, #OFH 5GET ONLY LOW NIBBLE
A, #30H sCONVERT TO ASCII CODE

RT BCD IN BUFFER START $30 - $35
D NUMBER IN TRANSMIT BUFFER
II CODE IN TRANSMIT BUFFER



BUFFER_ASCII: MOV R7, #06H

MOV RO, #30H
NEXT_ASCII: MOV A, B8RO

LCaLL BCD_ASCII

MOV 8RO, A

INC RO

DINZ R7 .NEXT _ASCII

RET

; SEND BUFFER SEND ASCII CODE IN TRANSMIT BUFFER TO
; SERIAL PORT

THEN DATA SEPERATOR /32/32

ENTRY: ASCII CODE IN TRANSMIT BUFFER

ws wE wus

EXIT: NO

SEND_BUFFER: MOV R7, #06H

MOV RO, #35H
NEXT_BYTE: MOV A, B8RO

LCALL SEND ;SEND OQUT 70 SERIAL PORT

DEC RO

DINZ R7 ,NEXT_BYTE

MOV A, #20H

LCALL SEND

MoV A, H20H

LCALL SEND

RET

5 TRANSFERS MOV 4 BYTE IN DATA BUFFER POINTED BY RO TO
;DISPLAY BUFFER

5 ENTRY: BCD NUMBER 4 BYTES IN CURRENT PROG & TIME
H XIT: BCD NUMBER 6 DIGIT IN TRANSMIT BUFFER

TRANSFERS: MOV R7 ,#03
MOV R1,#30H
TRANSZ: MOV A,B8RO
MOV R6,A
ANL A, #OFH
MOV 8R1,A
INC R1
MoV A,R6
SKAP A
ANL A, #OFH
MOV 8R1,A
INC RO
INC R1
DINZ R7 , TRANSZ2
RET

;COMPARE TWO 16 BIT BINARY NUMBER

3 ENTRY: RO FIRST OPERAND

H R1 SECOND OPERAND

3 EXIT: C=1 FIRST OPERAND < SECOND OPERAND
3 C=0 FIRST OPERAND >= SECOND OPERAND



COMPARE ©

CLR
MOV
sSUBB
INC
INC
MoV
suBB
RET

s READ_VANE READ WIND

s GRAY CODE

READ_VANE:

MOV
MOVX
ANL
MOV
RET

s SEND_VANE SEND WIND

3

SEND VANE:

s VANE _TABLE

VANE _TABLE:

ENTRY

MOV
MOV
MUL
MoV
MOVC
LCALL
INC
MOV
MOVC
LCalLl
INC
MOV
MOVC
LCALL
RET

DFB
DFB
DFB
DFB
DFB
DFB
DFB
OFB
DFB
DFB8
DFB
DFB
DFB
DFB
DFB
DFB

c
A.@RO
A,B8R1
RO

R1
A.@8RO
A.OR1

DIRECTION FROM PBO-PB3 16 DIRECTIONS

DPTR.#PORT B
A 8DPTR

A, #OFH
VANE, A

DIRECTION FROM GRAY CODE O-F
A = GRAY CODE REPESENT VANE

DPTR.#VANE TABLE
B, #03H

AB

B,A

A, @A+DPTR
SEND

B

A,B
A,8A+DPTR
SEND

B

A,B
A,@A+DPTR
SEND

IIN n
“INNW Y
I'NN 1"
"WNW"
Ilw "
" NSN [1]
" s” [1]
"SSW"
"S "
1} SSE "
" SE "
"ESE"
lIE "
"ENE"
" NE n
NNE"



; SEND_MONTH SEND MONTH TO TERMINAL

H ENTRY

SEND _MONTH:

MONTH _TABLE:

: MONTH

MoV
LCALL
DEC
MOV
MOV
MUL
MOV
MOVC
L.caLLl
INC
MOV
MovC
Lcatl
INC
MOV
MoVC
L.CALL
RET

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

A ,MONTH
BCD_BIN

A

DPTR, #MONTH_TABLE
B, #O3H

AB

B,A

A,8A+DPTR

SEND

B

ALB

A.8A+DPTR

SEND

B

A.B

A,B8A+DPTR

SEND

LL] JAN "
"FEB"
"MAR"
" APR "
" MAY "
" JUN"
" JUL "
"AUG"
"SEP"
"oCT"
" NOV [1]
"DEC"

; SEND _DATE SEND DAY—-MONTH-YEAR TO TERMINAL

SEND _DATE:

; SEND _RECORD

SEND_RECORD:

MOV
LCalL
MOV
LcalL.L
LCALL
MOV
LCaLL
MOV
LCALL
LcaLL
RET

LCALL
MoV
LCALL
LCAL.L
MoV
LCaLL
MOV

A,DaY
SEND. ASCII
A=
SEND

SEND _MONTH
A'#ll_ll
SEND
A,YEAR
SEND_ASCII
SEND _SPACE

SEND_CR

A ,CHANNEL
SEND_ASCII
SEND _SPACE
A,POL

SENO

A ,ADC_BUFFER



LCcaLL SEND _ASCII

MOV 4 ,ADC_BUFFER+1
LcaLL SEND_ASCII
RET
send_time: LCcALL PTT._ON
MOV A, #SOH

LcAaLL SEND
LCal.L SEND_CR

send_timel: MOV A,DAY
LCALL SEND_ASCII
MOV A, #"-"
LCALL SEND
MOV A, MONTH
LCcAaLL SEND_ASCII
MoV A,#"“"
LCalL SEND
MOV A, #25H
LCALL SEND_ASCII
MoV A,.YEAR

LCAL.L SEND_ASCII
LCALL SEND _SPACE

MOV A, HOUR
LCALL  SEND ASCII
MoV ALt
LCALL  SEND

MoV A, MIN
LCALL  SEND ASCII
MOV At
LCALL  SEND

MOV A, SEC
LCALL  SEND_ASCII
MOV A, #EOT

LcaLL SEND
LCALL PTT_OFF
RET

e wE wE

;SET_TIME ENTER CURRENT TIME

SET _TIME: MOV DPTR,#TIME SET
sLCALL SEND_STRING
LLCAaL.L GET _BYTE

MOV HOUR, A ; SAVE HOUR
LCAL L GET BYTE

MoV MIN, A 3 SAVE MIN
LCAaL.L GET _BYTE

MOV SEC.,.A 3SAVE SEC

LCALL PTT_ON
LCaLL SEND_TIME
LCAL.L PTT _OFF
LIMP MAIN3

;SET _DATE ENTER CURRENT DATE

SET _DATE: s MOV DPTR,#DATE _SET
sLCAlL SEND_STRING
LCAaLL GET BYTE
MOV DAY A



LCAaLL GET_BYTE

MoV MONTH, A
LCaLL GET_BYTE
MoV YEAR, A

LCALL PTT_ON
LCALL SEND _TIME
LCALL PTT. OFF
LIMP MAINS3

; CHANGE DATE TIME

CHANGE DATE _TIME:

LCALL SET_TIME
LCaLL SET_DATE
LIMP MAIN3

-

-

;DISPLAY _DATE_TIME

DISPLAY _DATE _TIME:
LcaLL PTT _ON
LCALL SEND_TIME
LCall PTT _OFF
LIMP MAINS3

;UPDATE _SAMPLE INCREMENT SAMPLE BY 1 (000000 - 999999)

UPDATE _SAaMPLE:

CLR c
MOV A, SAMPLE
ADD A, #01D

DAA

MOV SAMPLE , A
MOV A, SAMPLE+1
ADDC A, #00D

DAA

MOV SAMPLE+1, A
MOV A, SAMPLE+2
ADDC A, #0OD

DAA

MOV SAMPLE+2, A
RET

i SCAN ANALOG INPUT (TEMPERATURE,VANE ,WIND SPEED)

SCAN: MOV SEC ., #00H iCLEAR SECOND
CLR SEC_FLAG
SETB TRO ;START TIMER

S R R R R R R e R R A e e e B e R R B R B B R B B R B H B % % %%
TEST10: LcalLlL PTT_ON

MOV DPTR, #LOG_DECARE
L.CALL SEND _STRING

RUNO: sLcAaLL RECIVE sWAIT FOR SPACE BAR



RUN:

SOFT_TRIG:

s CINE

MOV
LCAaLL

LCALL
LCALL
MoV

LCalL
LCaALL
LCALL
MoV

LCaLL

LCALL

MOV
MOV

SETB
JB

JINB
CLR

LCALL.
SIMP

JINB
CLR
CLR

MOV
MOV

ANL
SWaAP
LCALL
MOV
MOV
CJINE

A,#" " ,RUNO

DPTR, #REPORT _TITLE
SEND _STRING

SEND_TIME1
SEND 22H
DPTR,#INTERVAL
SEND_STRING
READ_TIME1
SEND _22H
DPTR,#CONTENTS
SEND_STRING

PYT_OFF

TRIG_SEC,#00H ;CLEAR TIMER SEC AND MIN
TRIG_MIN, #OO0H

P1.4

P2.1,SOFT_TRIG ;IF P2.1 LOW THEN SEND
;DATA TO PC CONTINOUSLY

READY , RUN

READY ;READY FOR SENDING DATA
;TO REMOTE TERMINAL

UPDATE _SAMPLE ; INCREMENT SAMPLE BY ONE

FREE_RUN

RI,RUN ;ELS WAIT ADDRESS FROM PC
RI ;ADDRESS IS IN SBUF

P1.4 ;HOLD 7109

P3, #OFFH

A,P3

A, #OFOH ;GET DATA ONLY P3.4-P3.7
A

BIN_ASCII

8.,A

A, SBUF

A,B,RUN ; ADDRESS BOARD #O

; IF ADDRESS MATCH SEND DATA VIA SERIAL PORT 19200 BIT/SEC

FREE_RUN:

PAUSE:

LCALL
JNB
CLR
MOV
CJINE
LIMP

LIMP

SEND_7109_SERIAL

RI ,PAUSE
RI
A, SBUF
A,#"p" ,PAUSE  ;CHECK CONTROL BREAK

; CHARACTER
MAIN3 ;RECEIVES CONTROL BREAK
RUN



; TRIGGER SEND

TRIGGER_SEND: -
;LCALL
sLCALL
s PUSH
s LCALL
sl.eaLl
sLCALL
sLCcAaLL
MOV
;POP
3 CINE
LCalL
LCcAalLL
LIMP

NO_RESPONSE: MOV
LCcAaLL
LIMP

RECIVE ;DUMMY READ @
GET_BYTE 5GET ADDRESS
ACC

RECIVE ;DUMMY READ >>@
RECIVE

RECIVE

GET BYTE JGET WHO Cal.L
CALLER_ADDRESS, #10H

ACC

A,STATION_ADDRESS,NO_RESPONSE
SEND_7109_SERIAL

UPDATE _SAMPLE

MAIN3

A, #NAK
SEND
MAINS3

;SEC_DELAY GET A BYTE BCD NUMBER PUT TO TRIG_SEC BYTE

SEC_DELAY: 3 MOV
sLCcAaLL
LCAaLL
PUsSH
LCALL
POP
MoV
MOV
LIMP

DPTR,#GET_SEC

SEND_STRING

GET_BYTE

ACC

SEND_CR

ACC

TIME_SEC,A

TIME MIN,#00D ;ONLY SECOND USED
MAIN3

;MIN_DELAY GET A BYTE BCD NUMBER PUT TO TRIG_MIN BYTE

MIN_DPELAY: 3 MOV
;LCALL
LCAaLL
pusH
L.caLL
POP
MoV
MoV
LIMP

;HELP _COMMAND SEND

HELP_ COMMAND :
MOV
.calt
LCALL
LCcAaLL
LIMP

sREAD TIME SET

READ TIME SET:
MOV

DPTR,#GET_MIN

SEND STRING

GET _BYTE

ACC

SEND_CR

ACC

TIME_MIN,A

TIME_SEC, #00D ;ONLY MINUTE USED
MAINS3

LISTING HELP COMMAND

DPTR, #HELP
PTT ON

SEND _STRING
PTT_OFF
MAIN3

DPTR, #READ_TIMER



LCAaLL PTT_ON
LCall SEND_STRING
LCAalL.L READ_TIMEL
LCALL PTT_OFF

LIMP MAIN3
READ_TIMEL:

MOV A, TIME_SEC

LCcatL SEND_ASCII

MOV A, H#","

LCALL SEND

MOV A,TIME_MIN

LCaLbl SEND_ASCII

s MOV A, HEOT

sL.ecall SEND

RET

; SET_BAUD PROGRAMMABLE BAUD RATE

SET_BaAUD: MOV DPTR, #BAUD
LcaLl SEND_STRING
LCALL RECIVE

CJINE A,%"L" ,BAUDZ
MOV TH1 ,#0AO0H
SIMP BAUD1O
BAUDZ: CINE A,#"2" ,BAUD3
Moy TH1, #0DOH
SIMP BAUD10O
BAUD3: CINE A,#"3",BAUD4
MOV TH1 , #OES8H
SIMP BAUD1O
BAUDA4: CINE A, #"4" ,BAUDS
MOV TH1 , #OF 4H
SIMP BAUD1O
BAUDS: CINE A,#"5",BaUDS
MOV TH1 ,#O0FAH
SIMP BAUD1O
BAUDG: CINE A,#"6",BAUDLO
MOV TH1 , #OFDH
BAUD10O: LIMP MAIN3
sNEW_FILE
NEW_FILE: MoV SAMPLE , #01D
MOV SAMPLE+1 ,#00D

LIMP TEST10



; SEND _PROMPT

SEND_PROMPT : LCALL SEND_CR

MoV A B"$"
LCALL SEND
MOV AEY "
LCALL SEND
RET

; LOG_ADDRESS GET STATION ADDRESS VIA COMMAND \25

LOG_ADDRESS: LCALL GET_BYTE

MoV STATION_ADDRESS, A

LcaLL SEND_ASCII

LIMP MAIN3
;CONNECT WAIT CALL SIGN END THEN ECHO CONNECT MESSAGE
CONNECT: LCALL RECIVE

CINE A, #CR,CONNECT

LCALL PTT_ON

MoV DPTR, #CALL_SIGN

LCALL SEND_STRING
LCAL.L PTT_OFF
LIMP MAINS3

; GET_ADDRESS SEND CURRENT ADDRESS TO CENTRAL STATION

GET_ADDRESS: LCALL PTT_ON

MOV A,STATION_ADDRESS
LCALL SEND_ASCII

CLR PTT

LIMP MAIN3

;SEND _STRING SEND STRING CONSTANT TO TERMINAL
ENTRY: DPTR
EXIT: FOUND EOS

H
H
H
SEND STRING: CLR A

MOVC A . BA+DPTR
CINE AL#EOS,SEND_STRING1
RET
SEND_STRING1:
PUSH oPL.
PUSH DPH
LCAl.L SEND
PoOP DPH
popP DePL
INC DPTR
SIMP SEND_STRING
s SEND _SP
SEND_SP: MOV A, #SPACE

L.CALL SEND
MOV A, #SPACE



LCALL SEND

RET
iBIN_ASCIT CONVERT BIN TO ASCII CODE
H ENTRY: A
H EXIT A
BIN ASCII:
ANL A, #OFH
MOV R2,A
CLR c
sSUBSs A, #0AH
JINC ASCII_AF2
MOV A,R2
ADD A, #30H
RET
ASCII_AF2: MOV A,R2
ADD A, #37H
RET
;BCD_BIN CONVERT 0-12 BCD NUMBER TO BINARY NUMBER
H ENTRY: A
H EXIT: A
BCD_BIN: CJINE A, #10H,BINZ2
MoV A, #0AH
RET
BINZ: CINE A,#11H,BINS3
MOV A, #OBH
RET
BIN3: CINE A,#12H,BIN4
MOV A, #OCH
RET
BIN4: RET

sBYTE_ASCII CONVERT A TO ASCII IN R4, RS

BYTE_ASCII: MOV B.,A
LCAaLL BIN ASCII
MOV R4 . A
MOV A,B
SWAP A
LCAaLL BIN_ASCII
MOV RS, A
RET

5ASCII_BIN CONVERTS SINGLE ASCII CHARACTER TO SINGLE NIBBLE
;s BINARY

H ENTRY: A ( 30-39 for 0-9, 41-46 for A-F, 61-66 for a-f)
; EXIT: A

; IGNOR LOWER CASE CLR BIT 5 BEFORE

ASCII BIN: CLR C
MOV Ré.A
suBss A, H41H
JINC ASCII_AF
MOV A,.Ré

CLR Cc



SUBB
RET

ASCII AF: CLR
MoV
SuBB
RET

A, #30H

o

A,Ré6

A, #37H

i SEND_ASCII SEND ASCII IN RS5(HI) R4(LO) BYTE TO MONITOR

H INPUT

i OUTPUT

SEND _ASCII: LcalL
MoV
LCALL
MoV
L.CALL
RET

;COMBINE DATA 2 BYTE
H ENTRY: R4=

A

NONE
BYTE_ASCII
A,RS
SEND
A,R4
SEND

TO SINGLE BYTE

LOW NIBBLE

H RS= HIGH NIBBLE

; EXIT * A

COMBINE: MOV
SWaP
ADD
RET

3

3

H EXIT: A

H

3

GET BYTE: L.call
LCAaLL
MoV
LCAaLL
L.CalL.L
MoV
LCaALL
RET

A,RS
A
A,R4

3GET_BYTE GET DATA FROM SERIAL PORT TWO BYTE SAVE TO
RS AS A HIGH NIBBLE AND R4 AS A LOW NIBBLE
ENTRY: NO, SERIAL PORT MUST BE INITIALZED BEFORE CALLING

RECIVE ; FIRST READING MUST GO TO RS !!
ASCII_BIN

R5,A

RECIVE

ASCII BIN

R4,A

COMBINE

3GET_WORD GET ASCII WORD FROM TERMINAL END BY ENTERING CR
H RECEIVE BACK SPACE FOR DELETE BACKWARD
H START INPUT BUFFER = 30H

GET WORD: MoV
WORDO: LCaLL
CINE
SIMP
WORD1: CINE
SIMP
WORDZ2: CINE
INC

SIMP

RO, #INPUT BUFFER

RECIVE

A,#CR,WORD1 ;END OF STRING
END_OF _STRING

A, #8S,WORD2

WORDA4

A, #FS,WORD3

RO

WORDO



MoV
CLR
suBB
Jc
MOV
ANL
SIMP
MOV

WORD3:

WORD5:

MOV
INC
SJIMP
END_OF _STRING:

WORD6G :

MOV
MOV
RET
DEC
sSIMP

WORD4 :

B,A
C

A, H#41H

WORDS

A,B
A#110111118B
WORD6

A,B

8RO, A
RO
WORDO

A, H#EOS
8RO, A

RO
WORDO

;CONVERT LOWER TO UPPER

iIF A= 0-9 THEN STORE
;3 TO BUFFER

;SAVE EOS

; SEND_WORD SEND ASCII WORD IN DATA MEMORY TO TERMINAL
H ENTRY: RO BUFFER POINTER

MOV
CINE
RET

SEND_WORD:

SEND WORDZ:
INC
SIMP

LCALL

A,8RO

A, #EOS,SEND _WORDZ

SEND
RO
SEND _WORD

;GET . RANGE READ ASCII IN INPUT BUFFER CONVERT TO START,

;STOP ADDRESS
H MOVE TO

MOV
MOV
MOV
MOV
MOV

3
H
H
GET _RANGE =

MOV
CINE
MOV

RANGEO:

LcaLL

RET

CINE
SIMP

RANGE1 :

RANGE?Z :
MOV
MOV

LcaLl

MOV

LCALL

UP_START_L $00
UP_START_H $00
UP_STOP_L $07
UP_STOP_H $FF

UP_ START _L.#O0OH
UP START _H,#00OH
UP_STOP_L ,#0OO0OH
up _sToP _H,#00H
R1.#INPUT BUFFER

A,8R1

A, #EO0S , RANGE1
DPTR, #DO_NOTING
SEND_STRING

A, #20H,RANGEZ
RANGE3
ASCII_BIN

B,A

RO, #UP_START _L
NIBBLE_SHIFT
A,UP_START_L

;OK GET FIRST ASCII



ADD A,B

MOV UP_START_L,A
INC R1
SIMP  RANGEO
RANGE3: INC R1
RANGE4 : MOV A,8R1
CINE A, #E0S,RANGES
RET
RANGES : CINE A, #20H,RANGES
INC R1
SIMP  RANGE4
RANGES: LCALL ASCII_RIN
MOV B.A
MOV RO, #UP_STOP_L
LCALL NIBBLE_SHIFT
MOV A,UP_STOP_L
ADD A,B
MOV UP_STOP_L ,A
INC R1

SIMP RANGE4

s SEND _BRK

SEND_BRK: MOV A, H"x"
LCALL SEND

BRK: SIMP BRK

; SEND_WORDS send word in WORD_L AND WORD _H to terminal
H entry: DATA IN WORD_L AND WORD_H

SEND _WORDS: MOV A, WORD _H
LCALL SEND_ASCII
MoV A,WORD L
LCALL SEND_ASCII
RET

RECEIVE TIME: 3RO = Time Sec.
M2 33 3 23 235 2 1 ;Reg H A,Rl
LooP1L: MOV R1,8EC
Loop2: MOV A,SEC
JINB RI ,CHECK
MOV A, SBUF
SIMP oK
CHECK: CINE A,01h,LO0P3
sSIMP LogPZ2
L.OOP3: .DINZ RO, LOOP1
OoK: RET

B_TIMER: iR2 = Time Sec.
 EREERDSSEm=IT sReg ¢ RS3



T LOOP1L: MoV R3,SEC
T_LOOPRZ: MOV A,SEC
CINE A,03h,T LOOP3
SIMP T_LOoOoPZ

T_L.O0P3: DINZ R2,T _LOOP1
RET
B_DELAY: sdelay = (#RO x 0.01) Sec>
3 33335 s Input = RO
;iReg. @ RO,R1,R2
MOV R1,#12h
DELAY_2: MOV R2,#0FFh
DELAY_1: DINZ R2,DELAY_1
DINZ R1,DELAY_2Z
DINZ RO .B DELAY
RET
COPYO_EX: ;COPY ROM TO EX_RAM BY COUNTER
HEE S b ;OPTR = Start addr.
;R1,RO = Destination addr.
s B = Byte Counter
; Reg. : RO,R1,B
MOV A, #00h
MOV C A,8A+DPTR
MOV P2,R1
MOVUX QRO , A
INC DPTR
INC RO
CINE RO, #00h,COPYO _IX _INC
INC R1
COPYQO_IX_INC: DINZ B,CORPYO_EX
RET
COPY1_EX: ;COPY EX_RAM TO EX_RAM BY COUNTER
} SRREZIRZ sDPTR = Start addr.
;R1,RO = Destination addr.
3y B = Byte Counter
; Reg. @ RO,R1,B
MOVX A,8DPTR
MOV PZ2,R1
MOVX ARO, A
INC DPTR
INC RO
CINE RO, #00h,COPY1__IX_INC
INC R1
COPY1_IX_INC: DINZ B,COPY1_EX
RET
COPYZ_EX: ;COPY EX_ RAM TO EX_RAM
}=E==ZERRE ;DOPTR = Start addr.
;R3,R2 = Final Block addr.
;R1,R0 = Destination addr.
;OutPut ACC = OFfH If copy error

;i Reg. ! ACC,DPTR,RO,R1,R2,R3



COPY2_LOOP:

COPY2 _IX_INC:

W o e ot e e

COMB_LOOP:

COMB_IX_INC:

COMB_NOT:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
INC
CINE
INC
MOVX
MOV
MOVX
INC
INC
CINE
INC
MOV
CINE
MOV
CINE
POP
porP
POP
PoOP
popP
POP
LCALL
RET

INC
CINE
INC
MOVX
MOV
MOV
MOVX
CLR
SUBB
CINE
INC
INC
CINE
INC
MOV
CINE
MOV
CINE
MOV
SIMP
MOV

DPH
bPL
00h
O1ih
ozh
03h
RrR2

R2,#00h,COPY2_L.O0OP

R3
A,8DPTR
PZ2,R1
RO, A
DPTR

RO

RO, #00h,COPY2 _IX_INC

R1
A,DPL

A,02h,COPYZ2_LOOP

A, DPH

A,03h,COPY2_LOOP

03h
ozh
Olh
00h
DPL
DPH
coM_B

; COMPARE
sDPTR
;R3,R2
;R1,RO
sOutPut
;Reg.

o

R2

BL.OCK
Start Block addr.
Final Block addr.
Destination addr.
ACC = OFFh If non equal
ACC,DPTR,RO,R1,R2,R3,R4

R2,#00h,COMB_L OOP

R3
A,8DPTR
R4,A
Pz,R1
A, 8RO

c

A,R4

;If equal ACC = 0O0Oh

A, #00h,COMB NOT

DPTR
RO

RO, #00h,COMB_IX_INC

R1
A,DPL

A,02h,COMB.

A,DPH

L.ooR

A,03h,COMB_L.OOP

A, #00h
COMB_QUT
A, #OFFH



COMB_OUT: RET

CHK_SUM: ;CHECK SUM BL.OCK
 SERE=ER ;s INPUT DPTR = Start Block addr.
;OutPut @ BCC = Total.
H : DPTR = Addr CHECK SUM
H ! RS = HI BYTE
H : R4 = LLO BYTE
;iReg. : ACC,DPTR,RO,R2,R3,R4,R5
MoV BCC, #00h
PUSH DPH
PUSH DPL
CHK_L.OOP: MOVUX A,8DPTR
CINE A,#EOT ,CHK_ADD
LIMP CHK _NEXT
CHK_ADD: INC DPTR
LIMP CHK_L.O0OP
CHK_NEXT: MOV RO, #04h ;DATA end addr = DPTR - B
CHK_DEC: MOV A,DPL
CINE A,#00,CHK_OUT
DEC DPH
CHK_OUT: DEC DPL
DJINZ RO ,CHK_DEC
MOV R3,DPH
MOV R2,0DPL
poP DPL
POP OPH
CHK_LOOPZ: MOVX A,8DPTR
INC DPTR
ADD A,BCC
MOV BCC,A
MOV A, DPL
CJINE A,02h,CHK LOOP2
MOV A, DPH
CINE A,03h,CHK_LOOPZ2
MOV DPH,R3
MOV DPL ,R2
INC DPTR
MOV A,BCC
CPL A
INC A
LCALL BYTE_ASCII
RET

;SEND_Block TO TERMINAL
H ENTRY: DPTR
H EXIT : FOUND EOT

SEND _BLOCK: CLR A

MOVC A,B8A+DPTR
CINE A,H#EOT ,SEND_BL.OCK1

LCAaLL SEND



SEND BLOCK1:

RET

PUSH DPL

PUSH DPH

L.CAaLL SEND

poP DPH

pPoP DPL.

INC DPTR

SIMP SEND_BLOCK

3 SKK KK KKK 3K K 3K 3K 3K K 3K 3K 3K 3K 2K 3K 3K 2K 3K 3K 5K 3K 3K 3K 3K 3K 5K 3K 3K 2K 3K K 2K 5K 3K K 3K 5K 5K 3K 0K 2K 2K 3K 3K 5K 3K K KK KK KKK XK

STRING CONSTANT AREA

3 2K 3K 3K K 5K 3K 3K K 3K 3K K K 3K 3K 2K K 3K 3K 3K 5K 3K K K 5K 2K 3K 3K 3K 3K K K 5K 3K 3K 3K 3K 3K 5K 5K 3K 5K 2K 3K K 5K 5K 5K K 5K 3K K K KK K KKK K

TITLE: DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
PROMPT: DFB

HELP: DFB
DFB
DF8
DFB
DFB
DFB
DFB8
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
OFB
DFB
DFB

GET _SEC: DFB
GET_MIN: OFB

READ_TIMER:DFB
DFB
BAUD: DFB
DFB
DFB
OFB
DFB
DFB

SOH,CR,LF
"ANALOG ZenDer ZX3.0",CR,LF
CR,LF

"Telemetry Research Group, TRG",CR,LF
"Applied Physics Laboratory, aPL".CR,LF
"Department of Applied Physics",CR,LF
"KING MONGKUT’S INSTITUTE OF TECHNOLOGY "
"LATKRABANG" ,CR,LF ,EOT,EOS

ng o s FOS

SOH,CR,LF

"e e070510 < 07:05:10 current time" ,CR,LF
"¢ cl1l40737 < 14-07-37 current date" ,CR,LF
“d dispaly current date & time" .CR,LF

"r read time setting in delay timer" ,CR,LF
"g do to sending routine".cr.lf

"g 310 < delay between sample 10 seconds",
CR,LF

“m m30 < delay between sample 30 minutes",
CR,LF

"b baud rate select'",cr,1f

"n new file & begin reading",cr,lf

"t t@30<<@00 call station #30 from "
"station #00",cr.lf

"b stop sending",cr,lf

=) pause toggle".,cr,lf

"a a30 log station address to 30".cr.lf

g command help".cr . lf.EOCT.EOS

SOH,CR,LF, "Delay 1In second [00-99] 7 " ,EOS
SOH,CR,LF,"Delay in minute [00-99] 2 " ,EO0S

SOH,CR,LF,"Delay between sample"
" [second,minute] > " ,EOS
SOH,CR,LF,"1) 300",CR,LF

“2) 600" ,CR,LF

"3) 1200",CR,LF

"4) 2400" ,CR,LF

"5) 4800" ,CR,LF

Y6) 9600" ,CR,LF,LF



DFB "Select> ",EOT,EOS

DATE _SET: OFB CR,LF

TIME _SET: DFB CR,LF

LLOG_DECARE: DFB SOH,CR,LF,"Pls open log file then press"”
DFB " space bar to start reading”,EOS

REPORT_TITLE: DFB CR,LF,22h,"ANALOG ZENDER ZX3.0",22h,CR,LF
DFB 22H,"Telemetry Research Group",22h,CR,LF
DFB 22H,"APPLIED PHYSICS DEPARTMENT, KMITL",
DFB 22H,cr,1f,1f
DFB 22H,"STARTING DATE & TIME > " ,EOS

INTERVAL: DFB CR,LF,22H, "SAMPLING INTERVAL [SEC,MIN] >"
DFB " ",EOS

CONTENTS: DFB CR,LF,22H,"DATA FILE > .
DFB ¢ ",22H,CR,LF,LF

DFB 22H, "READING",22H,COMMA,22H, "DATE" ,22H
DFB COMMA,22H,"TIME",22H,COMMA

DFB 22H,"CH1i",22H,COMMA

DFB 22H,"CH2",22H,COMMA

DFB 22H.,"CH3",22H,COMMA

DFB 22H,"CH4" ,22H,COMMA

DFB 22H, "CHB",22H,COMMA

DFB 22H,"CHé",22H,COMMA

DFB 22H,"CHZ7",22H,COMMA

DFB 22H,"CH8" ,22H,COMMA

DFB 22M,"CH9",22H,COMMA

DFB 22H,"CH10",22H,COMMA

DFB 22H,"CH1i1",22H,COMMA

DFB 22H,"CH12",22H,COMMA

DFB 22H,"CH13",22H,COMMA

DF8 22H,"CH14",22H,COMMA

DFB 22H,"CH15",22H,COMMA

DFB 22H,"CH16",22H,COMMA

DFB 22H,"CHECK SUM",22H,CR,LF,EOT,EOS

CALL _SIGN: DFB SOH,CR,LF,"HS1HQN",CR,LF,EQOT,EOS
ENTER_TIME: DFB CR,LF
ENTER_DATE: DFB CR,LF
DO_NOTING: DFB CR,LF
CHANNELS : DFB  "CHANNEL"
ORG 1000h

NAME _RP: DFB "R99"
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Program zenderl10O;
uses Crt,Dos,Graph;

Congt Coml = O3
Comz = 1;
Com3 = 2;
Comd4 = 3;
Var Regs :Registers;

lead,ch,J,C,S8,k,data
out,Initbyte,Com

Portbase
h,i,show,l,B,p,ri,r2
Rowl :
RxData :
FILENAME :
F’

Home ,KEYS,Check ,Num2

Msd,Msg01 ,Msg02,Msd03,

ForG,BacG,BCC

Mode, T

Color,size
Mono,VgaMono, TmisMode
D

: Char;
Byte;
Word;
: Integer;
array(1..76] of Char;
Array[1..255] of Char;
String;
Text;
Char;
Msgo4
Integer;
Byte;
Word;
: Boolean;
LongInt;

String;

Procedure InitSerial(Com.Initbyte:Byte);

Begin
Regs.ah 1= $00;
Regs.dx = Com;
Regs.al = Initbyte;
Intr($14,Reds);
End;
Function SendSerial (Data:Char):Byte:
Begin
Regs.ah = $01;
Regs .dx = Com;
Regs.al = Ord(Data);
Intr($14 ,Regs);
If (Regs.al And $80) = $80-Then SendSerial :=
Else SendSerial :i= 0;
End;
Procedure SetRts(Com:Byte):
Var 0Oldval :Byte;
Begin
Case Com of
Coml Begin
OldVal := Port{$3FC];
Oldval Oldval Or $02; {set pin RTS}
Port[$3FC] := OldVal ;
End;
Com2 : Bedin
Olaval Port[$2FC];
Oldval Oldval Or $02; {set pin RTS}

Port(s$2F

c]

:= Oldval ;

{Have name and check sum check SOH Name}

$FF



End;

Com3 : Begin
Oldval := Port[$3EC];
0ldval := Oldval Or $02;
Port[$3EC] := Oldval ;
End;
Com4 : Begin
0ldval = Port[$2EC];
0oldval := 0ldval Or $02;
Port{$2EC] = Oldval ;
End;
End;
End;
Procedure ClrRts(com:Byte):
Var Oldval Byte;
Bedin
Case Com Of
Coml : Begin
O0ldval := Port[$3FCl;
0ldval := OldVal And $0OFD;
Port[$3FC] := Oldval ;
End;
Com2 Begin
O0ldval := Port[$2FC];
Oldval := OldVal And $OFD;
Port[$2FC] = Oldval ;
End;
Com3 Begin
O0ldval := Port[$3EC];
Dldval := 0Oldval And $0OFD;
Port[$3EC] := Oldval ;
End;
Com2 Begdin
0ldval := Port[$2EC];
Ooldval := Oldval And $0FD;
Port[$2EC] := Oldval ;
End;
End;
End;
Procedure Dec_Ascii(VAR numl:integer);
Begin
CASE numl OF
0 : num2 = '07%;
1 numz = *1°;
2 num2 = ’27%;
3 numz = ’3°%;
4 @ num2 = ’4°;
5 : pum2 := ’57;
6 num2 = ’6°;
7 numz = *77%;
8 num2 = ’8°;
9 @ num2 = ’9’;
10 : num2 := ’A’;
i1 numz := 'B’;

{clear

{clear

{clear

{clsar

{set pin RTS)}

{set pin RTS}

pin RTS)}

pin RTS}

pin RTS}

pin RTS}



b .
L

12 ¢ num2

13 : num2 = *D’;
14 : numz2 = *E?;
15 @ numz = *F’;
End;
End;
Procedure Recelive_Time;
Var
data : Byte;
ready @' Byte;
check : Byte:
8_sec : Integer;
Begin
Repeat
Begin
Regs.ah = $03;

Reds .dx = Com;
Intr($14,Regs);

Ready := Regs.ahs;

Delay(01);

B_sec i= B_sec + 1;
End;

Until ( (Ready AND %$01) = $01) OR (B_sec = 1000)
OR KeyPressed;

If KeyPressed Then Exit;

If B_sec = 1000 Then Exit;

If (Ready AND $01) = $01 Then

Begin
Regs.ah = $02;
Regs .dx i= Com;
Intr($14,Regs);
Check := Regds.ah;
Data := Regds.als

If (check ANd $80) = $80 Then Writeln(’ERROR’);
If (Char(data)) <> #01 Then Exit;
If (Chr(data)) = #01 Then

Bedin
RxData[1] := (Chr(data));
i =20
Repeat
Begin
Repeat
Regs.ah := $03;
Regs.dx = Com;
Intr($14 ,Regds);
Ready := Regs.ah:
Delay(0O1);
B_sec = B_sec + 1

Until ((Ready AND $01) = $01)
OR (B sec = 500) OR KeyPressed;
If KeyPressed Then Exit;
If B_sec = B00 then Exit;
If (Ready AND $01) = $01 Then
Begin
Regs.ah = $02;
Regs.dx = Com;



{clear buffer RX}

Intr($14,Regs);
check 1=
Data 1=

If (check ANd $80)

Regs.ah;
Regs.al;

= $80

Then Writeln(’ERROR’);
RxDatafi] := (Chr(data));
i == i+1 ;
End;
End;
until ((Chr(data)) = #04) OR (B_sec = 500)
OR KeyPressed;
If ((Chr(data)) = #04) Then
Bedin
Delay (300);
Regs.ah = $03;
Regs.dx := Com;
Intr($14 .Regds);
Ready := Reds.abh;
If (Ready AND $01) = $01 Then
Begin
Redgs.ah = 302;
Reds .dx = Com;
Intr($14,Regs);
End;
h = 1 3

{check name}

{check RP}

{check sum}

If (RxData[6]} <> (Rowl[2])

Then Exit;

If (RxDatal[7]) <> (Rowl[3])

Then Exit;

If (RxData[8])) <> (Rowi[4])

Then Exit;

If ((RxData[10])
((RxDatal[11])
((RxDatal[12])
({(RxDataf[131)
Then Exit;

i == 1 - 5 ;

Bece = O3

i
: 13
t

ep

DT

o un

a
Bece
I 1= i+1;
Until p = i3

<> #32) AND
<> #32) AND
<> #32) AND
<> #58)

:= Bee+Ord(RxDatal[il);

While Becec > 256 Do

Bcec—-256;
256-Bc¢cce;

Bece =
Bee =
ri

Dec_Ascii(rl);

T
a=

If RxData[i+1] <>
Bece Mod 163

r2 =
Dec_ascii(r2z);

If RxData(i+2] <>

i :=p + 5 3

Repeat

Beec Div 163

NumZ Then Exit;

Num2 Then Exit;

Write(RxDatalhl);



Delay(2);
h :=h + 1 ;

Until h = 1 ;

WritelLn;

End;
End;
End;
end;

Procedure Tranrece;
Begin
Clrser:
TextBackground(15);
Clrsecr:
Window(3,2,78,2);
TextBackground(0};
Clrser;
GotoXY(30,1)sWrite(’Data To Transmit’);
Window(3,4,78,7);
TextBackground(0):
ClrScr;
Window(3.9.78.9);
TextBackground(0);
Clrsecr;
GotoXY(30,1)sWrite(’Data To Receive’);
Window(3,11,78,22);
TextBackground(0);
Clrser;
Check 1= *77%;
Repsat
Window(3,11,78,22);
gotoXY(1,12);
Writeln;
Repeat
Receive_time;
Until KeyPressed;
{ GoToXY(1,9);ClrEol; }
L.ead := Readkey;
If Lead <> #27 Then
Begin
Becec 1= O3
Window(3,4,78,7);
GotoXY(1,4);
Begin
Write(lLead):;
Rowl[14] := Lead;
i = 15;
1l 1= 13
D := 13
Repeat
Lead := Readkey;
Write(l.ead);
Rowl[i] :=Lead;
If Lead = #27 Then Begin
Window(1,1,80.25);
Exit
Ends



If Lead = #13 Then
Bedin
p = i 3
I := 1 3
Repeat
Bee = Beect+Ord(Rowl[il]);
i = i+1;
Until p = 1i;
While Bec > 256 Do
Bece i= Bee—-256;
Bee = 256-Beces
ri = Bee Div 16;
Dec_pAscii(ri);
Rowi[i] HE
Rowi[i+1] = NumZ:
rz2 = Becc Mod 16;
Dec_ascii(rz);

Rowl{i+2] = Num2;
Rowili+3]1 == *"’;
Rowl([i+4] := #04;
i 2= 763
End;
If Lead = #08 Then
Bedin
i = i-13
If i <= 0 Then i ::= 1;
ClrEol:;
Rowtf1] := * *3;
If Rowl[1] = ° * Then
Begin
ClrEol;
D = 1;
i = 03
Repsat
D = D+1;
If KeyPressed
Then D:=9000;
Until (d = 8000)
Or (D = 9000);
End;
1 = 1l+1;
End;
i = i+1;

Until (i >76) Or (D = 8000);
While D <> 8000 Do
Bedin
Writeln:;
SetRts(Com); Delay(1200);
For i:=1 To 76 Do
Begin
Oout = SendSerial(Rowi[i]):;
If out = -1 Then Begin
Lead := #27;
Write(’Error’);
End;
If Rowl[i] = #13 Then 1 == 76;
End;



ClrRts(Com);

D := 8000;
End;
End;
End;
window(1,1,80,25);
Until Lead = $#27;
End;
Procedure MenuOl;
Bedin
ClrSer;
Writel.n;
WritebLn;
Writebn(’ 1) 300,N,8,1%);
Writetn(’ 2) 1200,N,8,1%);
Writeln(’ 3) 2400,N,8,17°);
Writetn(’ 4) 4800,N,8,1°);
WriteLn(® 5) 9600,N,8,1%);
Writeln;
Write(’ Select Baud Rate(1-5):’);
Repeat

J := Readkey;
If j = #27 then exit;
Until J In [*1°..°5%];

WritelLn(J);
Case J OFf
’1! -

!3!

,4’

!s,:

Begin

Initbyte:= $43;

Msg ’Baud Rate = 300,N,8,1°;
Window(3,24,40,24);TextBackground(0);
ClrSer; GotoXY(10,1)iWrite(Msg);

End;

Begin
Initbyte:= $83;
Msg := ’Baud Rate = 1200,N,8,1°;

Window(3,24,40,24);TextBackground(0);

ClrScr; GotoXY(10,1):;Write(Msg);
End;
Bedin

Initbyte:= $A3;

Msg := ’Baud Rate = 2400,N,8,1°;

Window(3,24,40,24);TextBackground(0);
ClrScr; GotoXY(10,1l);Write(Msg);
End;

Begin
Initbyte:= $C3;
Msg := ’*Baud Rate = 4800 ,N,8,1°;

Window(3,24,40,24);TextBackground(0);

ClrScr; GotoXY(10,1);Write(Msg);
End;
Bedin

Initbyte:= $ES3;

Msg := ’Baud Rate = 9600.N.8.1’;

Window(3,24,40,24);TextBackground(0);
ClrSer; GotoXY(10,1):;Write(Msg);
End;



End;
InitSerial (Com,Initbyte);

End;
Procedure Menu02;
Begin
ClrSer;
WritelLn;
WriteLn(’ 1) Coml’);
Writet.n;
Writetn(’ 2) Com2’);
Writsln;
WriteLn(’ 3) Com3*);
Writeln;
WriteLn(’ 4) Comad’);
WritelLn;
Write(’ Select port(i-4) :°);
Repeat
C := Readkey:
If C = #27 Then Exit;
until € In [?1°..74°];
WritelLn(C);
Case C OfFf
*1? Begin
Com:= Comil;
Msgo0l:=’Serial Port = Comi’;
Window(40,24,78,24);:;TextBackground(0);
ClrScri;GotoXY(S,1);Write(MsgOl);
End;
2’ : Bedin
Com:= Com2;
MsgOl:=’Serial Port = Com2’;
Window(40,24,78,24);TextBackground(0);
ClrScr;GotoXY(5,1)iWrite(Msgll);
End;
’3? Begdgin
Com:= Com3;
MsgOli:=’Serial Port = Com3’;
Window(40,24,78,24);TextBackdround(0);
ClrScr;i;GotoXY(5,1)iWrite(Msgol);
End;
‘4’ Begin
Com:= Com4;
MsgOl:=’Serial Port = Com4’;
Window(40,24,78.24);TextBackdround(0);
Clrscr;GotoXY(5,1)iWrite(Msgol);
End;
End;
InitSerial(com,Initbyte);
£nd;

Procedure Menud3;
Begin
ClrsScr;
Writel.n;
Writebn:
Writel.n(’

1) Transmit And Receive’):



Writeln;
Writel.n;
Writeln;
WritelLn;
Writelns;
Write(’ Press " 1 " For Run Program ');
Repeat
s:=Readkey;
If 8§ = #27 Then Exit;
Until € In [’1°7;
WritelLn(s);
Case S Of
*1%: TranRece;
End;
End;

Procedure Menuol4;
Begdin
Clrsecr:;
Writeln;
Writel.n;
WritelLn(’ 1) Set Control Station Name
Writeln(?® 2) Set Target Station Name
Writebn(’ 3) Set Repeater Station Name
Writebln;
Writel.n;
Writel.n;
Writebln;
Write(® Press " 1-3 " For Set Station Name ’);
Repesat
s:=Readkey;
If S = #27 Then Exit;
Until € In [%17..737);
Case S Of
’1’ : Begin
Window(23,19,60,19); TextBackground(0);

- w o«
N et N
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ClrscriUWrite(’ *)s
Write(Msgo2);
S:=Readkey;
Write(s):
Rowll2] = S3;
S:=Readkey;
Write(s):;
Rowl[3] := S;
S:=Readkey;
Write(s):
Rowil4] := S;
End;

’2’ : Bedin
Window(23,20,60,20);TextBackground(0);
ClrscriWrite(’ S
Write(Msg0o3):;
Si=Readkey;

Write(S):
Rowl[&6] := S;

S:=Readkey;
Write(s);



Rowl[7] := $;

S:=Readkey;

Write(s);

Rowl[8] := S3;
End;

*’3” : Begin
Window(23,21,60,21);TextBackground(0);
ClrsceriWrite(’ *)s
Write(Msgo4);
S:=Readkey;

Write(s);
Rowl[10] := S;
S:=Readkey;
Write(s):;
Rowi[11] := $;
S:=Readkey;

Write(sS);
Rowl[12] := $;
End;
End;
End;
Procedure Menudo;
Begin
Clrscr;
TextBackground(15);
Clrscr;
Window(3,2,78,2);
TextBackground(0);
ClrScr;

GotoXY (33,1)iWrite("MAIN MENU’);
Window(23,18,60,22);
TextBackground(0);

Clrscr;

Writeln:

Write(’ *YsWrite(Msg02);
Write(Rowl[2])i;Write(Rowi[3]);sWriteLn(Rowi[4]);
Write(’ 'YiWrite(Msg03);
Write(Rowi[6])iWrite(Rowl[7]);WriteLn(Rowl[8]);
Write(’ ’YsWrite(Msgo4);

Write(Rowl[10]):Write(Rowl[11]});iWriteLn(Rowl[12]);
Window(3.24.39.24);

TextBackground(0);

ClrScr;

GotoXY (10,1 )iWrite(Msg);
Window(40,24,78,24);

TextBackground(0C);

Clrsecr;

GotoXY(5,1);Write(Msgol);
Window(23,5,60,18);

TextBackground(0);

Clrscr;

WritebLn;

Writeln;

WriteLn(’ 1) Select Baud Rate’);
Writeln(’ 2) Select Port’);
WriteLn(’ 3) Select Mode’);



WriteLn(’ 4) Select Station Name’};
WriteLn(’ 5) Exit’);
Writeln:
WritelLn(’ Select Number (1-5) ='3};
Writeln;
Repeat
k:=Readkey;
If k = #27 Then k := ’57;
Until k In [*17..°5%7;
WritelLn(k);

Case Kk Of
1’ : Begin MenuOl;window(1,1,80,25);Clrscriend;
*2’ ¢ MenuoO2;
’3’ : MenuoO3;
4%  Menul4;
*5% 1 Exits;
£nd;
End;
{main}
Begin
Clrscr;
Msg := ’Baud Rate = 1,200,N,8,1%;
Initbyte := $83;
Msg0l := ’Serial Port = Comil’;
Msgoz = ’Control Station Name 3
Msg03 = ’Target Station Name : *;
Msg04 := ’Repeater Station Name : ’;
Rowl[1] := #01;
Rowl(2] = #6693
Rowl[3] I= #68;
Rowl[4] = #71;
Rowi([5] 1= #62;
Rowl(é6] 1= #80;
Rowl[7] := #80;
Rowl[81l := #72;
Rowl[9] == #44;
Rowl[ 107 = #82;
Rowi[i11] = #57;
Rowl{12] := #57;
Rowlf13] :i= #$#00;
Com := Coml;
InitSerial(Com,Initbyte);
Repeat
MenuCO;

Until k = ’57;
Window(1,1,80,25);
ClrSecr;
WriteLn(*Thanks For Used Program (Zender10)’);
Write(’From KMIT’’L Appiled Physics Solidy #107);
WritelLn{(’® (1994-1995)7);
Writeln(??);
End.



PRELIMINARY

DATA SHEET

=

AUGUST 1988

80C51-L/ 80C31-L

CMOS SINGLE-CHIP 8 BIT 3V-MICROCONTROLLER

* 80C51-L— CMOS SINGLE-SHIP 8-BIT MICROCONTROLLER with factory mask-programmabie ROM
¢ 80C31-L- CMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED CPU with RAM and 1/0
* 80C51-L/C31-L: 0 TO 6 MHz,VCC=2.7VTO 6V

128 bytes of RAM; 32 I/O lines; two
16 bit timers; a S-source 2-level
interrupt structure; a full duplex serial
port; and on-chip oscillator and

FEATURES
* POWER CONTROL MODES « BOOLEAN PROCESSOR
¢ 128 x 8 BIT RAM * 5 INTERRUPT SOURCES
* 32 PROGRAMMABLE /0 LINES * PROGRAMMABLE SERIAL PORT
¢ TWO 16-BIT TIMER/COUNTERS * 64K DATA MEMORY SPACE
* 64K PROGRAM MEMORY SPACE * TEMPERATURE RANGE: 0 TO 70°C
* FULLY STATIC DESIGN
* HIGH PERFORMANCE SAJI VI CMOS
PROCESS
DESCRIPTION
MHS's 80C51 and 80C31 are high
performance CMOS versions of
s 5 11171 MenGROTE LR R RS the 8051/8031 NMOS singie chip
we ! 8 bity C and is manufactured usinga
- seff-aligned silicon gate CMOS
= 5 process (SAJIVI).
L The fully static design of the MHS
o o 80C51/80C31 allows to reduce
lL system power consumption by
! bringing the clock frequency down
; 1 | I to any vaiue, even DC, without loss
! e o of data.
; 3 Y AEGSTER The 80C51 retains ali the features
s of the 8051: 4K bytes of ROM;

Figure 1. Block Diagram

DS77/01/8774

A-1

clock circuits.

In addition, the 80CS51 has two
software-selectable modes of
reduced activity for further reduction
in power consumption. In the Idle
Mode the CPU is frozen while the
RAM, the timers, the serial port, and
the interrupt system continue to
function. In the Power Down Mode
the RAM is saved and all other
functions are inoperative.

The 80C31 is identical to the 80C51
except that it has no on-chip ROM.

na MHS
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Figure 2. Configurations
P1.0 dT“‘u‘m_ vce
P1.1 d 2 39 1 POO
P12 d 3 38 1 PO.1
P13 d 4 37 p P02
P1.4 d 5 36 1 PO3
P1.5 o <] 35 1 P04
P16 47 34 1 PO.S
P17 48 33 K P06
RST 9 g 32 [ PO.7
P3.0/RXD ~ 10 2 31 g EA
PRIMD 11§ 30PALE
P3.2/INTQ o 12 Q 29 1 PSEN
P3.3/INT1 13 I 28 jy P27
P3.4/70 4 14 27 1 P26
P3.5/T1 o 15 26 o P25
P3.6/WR d 16 25 P24
P3.7/RD O 17 24 1 P23
XTAL2 O 18 23 1 P22
XTAL1 o 19 22 1 P21
VSS - 20 21 1 P20
Pin
Diagrams are for pin reference only.
Package sizes are not to scale.
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IDLE AND POWER DOWN

OPERATION

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

These special modes are activatea by software via the

Special Function Register, Its hardware address is 87H.

PCON is not bit addressable.

osc

Figure 3. Idle and Power Down Hardware

PCON: Power Control Register

(MSB)

(LSB)

@Moo[ - [ -] - laFi]ero] e [ oL ]

Symbol Poslition

Name and Function

SMQD

GF1
GFO
PD

0L

PCCON.7

PCON.6
PCON.5
PCON.4
PCON.3
PCON.2
PCON.1

PCON.Q

Double Baud rate bit. When set
to a 1,the baud rate is doubled
when the serial port is being
used in either modes 1,2 or 3.

(Reserved)
(Reserved)
(Reserved)
General-purpose flag bit.
General-purpose flag bit.

Power Down bit. Sefting this
bit activates power down
operation.

Ide mode bit.Setting this bit
activates idle mode operation.

if t's are written to PD and IDL at the same time.
PD takes precedence. The reset value of PCON is
(OXXX0000),

n-2
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Table 1. Status of the external pins during Idle and Power Down modes

Mode Program Memory ALE | PSEN PORTO PORT1 PORT2 | PORT3
Idle internal 1 1 Port Data Port Data Port Data Port Data
Idle External 1 1 Floating Port Data Address Port Data

?J%“v:/?wr Internal 0 0 PortData | PortData | PortData | PortData

%%\::/? External 0 0 Floating Port Data Port Data Port Data

IDLE MODE STOP CLOCK MODE

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

There are two ways to terminate the Idle mode.
Activation of any enabled interrupt will cause PCON.O
to be cleared by hardware, terminating Idle mode.
The interrupt is serviced, and foilowing RET!, the next
instruction to be executed will be the one following
theinstruction that wrote a 1to PCON.O.

The flag bits GFO and GF1 may be used to determine
whether the interrupt was received during normal
execution or during the Idle mode. For example, the
instruction that writes to PCON.0 can also set or Clear
one or.both flag bits. When Idle mode is terminated by
an enabled interrupt, the service routine can examine
the status of the flag bits.

The second way of terminating the Idle mode is with a
hardware reset. Since the oscillator is still running, the
hardware reset needs to be active for only 2 machine
cycles (24 oscillator periods) to complete the reset
operation.

POWER DOWN MODE

The instruction that sets PCON.1 is the Iast executed
prior to entering powerdown.Once in powerdown,the
oscillator is stopped. The contents of the onchip RAM
and the Special Function Register is saved during
power down mode.A hardware reset is the only way of
exiting the power down mode. The hardware reset
initiates the Special Function Register (see Tabie 1).

In the Power Down mode. VCC may be lowered to
minimize circuit power consumption. Care must be
taken to ensure the voltage is not reduced until the
power down mode is entered, and that the voitage is
restored before the hardware reset is applied which
frees the oscillator. Reset shouid not be released until
the oscillator has restarted and stabilized.

Table 1describes the status of the external pins while in
the power down mode. it should be noted that if the
power down mode is activated while in external
program memory, the port data that is heid in the
Special Function Register P2 is restored to Port 2.Ifthe
data is a 1,the port pin is held high during the power
down mode by the strong pullup, T1,shown in Figure 4.

n-3

Due to static design.the MHS 80C31/C51clock speed
can be reduced until 0 MHz without any data loss in
memory or registers. This mode allows step by steo
utilizaticn, and permits to reduce system pows’
consumption by bringing the clock frequency down (o
any value. At 0 MHz, the power consumption 1s the
same as in the Power Down Mode.

80C511/0 PORTS

The /O port drive of the 80C51is similar to the 8031
The /O buffers for Ports 1,2,and 3 are implementad as
shown in figure 4.

When the port latch contains a 0, all pFETS in figure 4
are off while the nFET s turned on.When the port latch
makes a 0-to-1transition, the nFETturns off. The strong
pullup PFET, T1, turns on for two oscillator perods.
pulling the output high very rapidly. As the outputline is
drawn high, pFET T3 turns on through the inverter to
-supply the lOH source current. This inverter and T2
form a latch which holds the 1 and is supported by T2.
When Port 2 is used as an address port,foraccess to
external program of data memory, any address bit
that contains a 1 will have his strong pullup turned cn
for the entire duration of the external memory access.

When an I/0 pin on Ports 1, 2, or 3 is used as an input,
the user should be aware that the external circuit must
sink current during the logical 1-to-O transiticn
The maximum sink current is specified as ITL under
the D.C.Specifications. When the input goes below
approximately 2V, T3 turns offto save ICC current.Note,
when returning to a logical 1, T2 is the only internai
puliup that is on. This will result in & slow rise time
the user's circuit does not force the mput iine high.

. 208C SERODS 1

o =

egar
LATCH

woyr
o <]

READ
soaren LD

Fig. 4. 170 Buffers in the 80C51 (Ports 1, 2, 3)
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80C51 PIN DESCRIPTIONS
Vss
Circuit ground potential

vVcc
Supply voltage during normal, Icle, and Power Down
operation.

Port O

Port O is an 8-bit open drain bi-directional /O port.

Port 0 pins that have 1's written to them float.and inthat
state can be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory.In this application it uses strong internal
pullups when emitting 1's. Port O alsc outputs the

code bytes during program verification in the 8QC31.

External pullups are required during program
verification. Port Q can sink eight LS TTL inputs.

Port 1

Port 1 is an 8-bit bi-directional /0O port with internal
pullups. Port 1 pins that have 1's written to them are
pulled high bythe internal pullups.and in that state can
be used as inputs. As nputs, Port 1 pins that are
externally being pulied low will source current (IIL,
on the data sheet) because of the internal pullups.

Port 1also receives the low-order address bytes during
program verification. In the 80CS1, Port 1 can sink/
source three LS TTL inputs. It can drive CMOS inputs
without external puilups.

Port 2

Port 2 is an 8-bit bi-directiona! I/Q port with internal
pullups. Port 2 pins that have 1's written to them are
pulled high bythe internal puilupns.and inthat state can
be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (liL., on
the data sheet) because of the internal pullups.Port 2
emits the high-order address byte during fetches from
external Program Memory and during accesses to
external Data Memory that use 16-bit addresses
(MOVX @ DPTR). In this application, it uses strong
internal pullups when emitting 1's. During accesses to
external Data Memory that uses 8-bit addresses
(MOVX @ Ri), Port 2 emuts the contents of the P2
Special Function Register.

ltaiso receives the high-order address bits and control

signals dunng progam verfication n the 80CS51.

Port 2 can sink/source three LS TTLinputs. it can drive
CMQOS inputs without external pullups.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal
pullups. Port 3 pins that have 1's wrntten to them are
pulled high by the internat pullups.andin that state can
be used as inputs. As inputs. Port 3 pins that are
externally being pulled low will source current (IIL, on
the data sheet) because of the pullups. it also serves
the functions of various special features of the MCS-51
Family, as listed below.

80C51-L/80C31-L

n4

Port Pin Alternate Function
P30  RXD (serial input port)
P3.1  TXD (serial output port)
P3.2  INTO (external interrupt 0)
P3.3 INTI (external interrupt 1)
P3.4 TO (Timer O external input)
P3.5 T1(Timer1 external input)
P3.6 WR (external Data Memory write strobe)
P3.7 RD (external Data Memory read strobe)

Port 3 can sink/source three LS TTLinputs. it can drive
CMOS inputs without external pullups.

RST

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

ALE

Address Latch Enabie output for latching the low byte
of the address during accesses to external memory.
ALE is activated as though for this purpose at a
constant rate of 1/6 the oscillator frequency xcept
dunng an external data memory access at which time
one ALE pulse is skipped. ALE can sink/scurce 8 LS
TTL inputs. It can drive CMOS inputs without an
external pullup.

PSEN

Program Store Enable output is the read strobe to
external Program Memory. PSEN is activated twice
each machine cycle during fetches from external
Program Memory. (However, when executing out of
external Program Memory, two activations of PSEN are
skipped during each access to external Data
Memory). PSEN is not activated during fetches from
internal Program Memory, PSEN can sink/source 8 LS
TTL inputs. it can drive CMQS inputs without an
external puliup.

EA

When EAis heid high,the CPU executes out of internal
Program Memory (uniess the Program Counter
exceeds QFFFH). When EA is held low, the CPU
executes only out of external Program Memory.
EA must not e floated.

XTALY

Input 1o the inverting amplifier that forms the cscillator.
Receives the external oscillator signal when an
external oscillator is used.

XTAL2
Qutput of the inverting ampilifier that forms the
oscillator, and input to the internal clock generator.
This pin should be floated when an external osciilator
is used.

wa MHIS



OSCILLATOR CHARACTERISTICS

XTAL1and XTAL2 are the input and output respectively,
of an inverting amplifier which is configured for use as
an on-chip oscillator, as shown in figure 5. Either a
quartz crystal or ceramic resonator may be used.

To drive the device from an external clock source,
XTAL1 should be driven while XTAL2 is left

80C51-L/80C31-L

unconnected as shown in figure 6. There are nc
requirements on the duty cycle of the external clock
signal,since the inputto the internal clocking circuitryis
through a divide-by-two flip-flop, but munimum and
maximum high and low times specified on the Data
Sheet must be observed.

T Vvss

Figure 5. Crystal Oscillator

NC —— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL,
B

Figure 6. External Drive Configuration !




ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias:
Commercial .................. 0°Cto70°C
Industrial ................. -40°Cto 85°C
Storage Temperature ............ -65°C to+150°C
Voltage onVCCtOVSS .o veeenet . -0.5Vto+7V
Voltage on Any PintoVSS..... -0.5V tovVoe +0.5v
Power Dissipation ............c.coeiieiiiiin 1w

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

80C51-L/80C31-L

*NOTICE:

Stresses at orabove those listed under Absolute Maxi-
mum Ratings” may cause permanent damage to the
device. This is a stress rating onlyand functional opera-
tion of the device atthese orany other conditions above
those ingicated in the operational sections of this spe-
cification is not implied. Exposure to absolute maxi-
mum rating conditions may affect device reliability:

DC CHARACTERISTICS
TA=-40°Ct085°C;VCc=2.7Vto 6V:VSS=V; F=0to 6 MHz
Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage -05 0.2(\)/00 \
-0.1
VIH Input High Voitage 0.2vee vee \
(Except XTALs and RST) +0.9 +0.5
VIH1 Input High Voitage to RST for Reset 0.7vee vee v
+05
VIH2 Input High Voitage To XTAL 1 Q.7vVee vee \'
+0.5
VPD Power Down Voitage To Ve in PO Moce 20 6.0 \
VOLuL Output Low Voltage (Ports 1, 2, 3) 0.45 % IOL=1.6mA (note 1)
VOL1 Qutput Low Voitage Port 0. ALE, PSEN 0.45 v IOL=3.2mA (note 1
VOH Qutput High Voitage Ports 1,2, 3 o.9vee v IOH=-10ua
2.4 Vv IOH=~60uA
VCe=5V = 10%
VOH1 Qutput High Voltage (Port O in External | 0.9VcC v IOH=-40pA
in External Bus Mode), ALE, PSEN
2.4 v IOH==400pA
Ve =5V 10%
e Logical O Input Current Ports 1.2.3 -50 wA Vin=0.45
ILI input Leakage Current +10 wA 045 <Vin<Vce
iTL Logtcal 1to O Transition Current -500 pA Vin=2.0V
(Ports 1,2, 3)
ICCPD Power Supply Current 50 10 pA Vec=2.0Vto 5.5V
(Power Down Mode) {note 2)
b RRST RST Pulldown Resistor 50 150 kQ
CIO Capacitance of I/Q Buffer i 10 pF fc=1MHz, TA=25°C
Note 1:

Capacitive loading on Ports O and 2 may cause
spurious noise pulses to be superimposed on the
VOLS of ALE and Ports 1 and 3. The noise is due to
external bus capacitance discharging into the Port O
and Port 2 pins when these pins make 1-to-0

’

transitions during bus operations. in the worst cases
(capacitive loading 100 pF),the noise pulse on the ALE
line may exceed 0.45V with maxi VoL peak 0.6V.
A Schmitt Trigger use is not necessary.
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL1)

Variable Clock
freq=0to 6 MHz
Symbol Parameter Min Max Unit
TCLCL Oscillator Period 166 ns
TCHCX High Time 20 ns
TCLCX LowTime 20 ns
TCLCH Rise Time 20 ns
TCHCL FaliTime 20 ns
VCC-05VL. mu oo ¥ t— T‘& TeLeH TCHGL
0.7vCC
045V \0.2 yCC-0.1
TCLCX o
TCLCL :
AC CHARACTERISTICS

(TA=-40°Cto 85°C,VcC=2.7Vio 6V,Vg5=0V)
(Load Capacitance for Port 0, ALE, and PSEN = 100pf; Load Capacitance for All Other Outputs = 80pf).

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter Min Max Units
TLHLL ALE Pulse Width 2TCLCL-40 ns
TAVLL Address Valid to ALE TCLCL-55 ns
TLLAX Address Hold After ALE TCLCL-35 ns
TLLIV ALE to Valid instr In 4TCLCL - 170 ns
TLLPL ALE to PSEN TCLCL-25 ns
TPLPH PSEN Pulse Width JTCLCL-35 ns
TPLIV PSEN to.Valid tnstrin 3TCLCL - 220 ns
TPXIX Input Instr Hold After PSEN 0 ns
TPXIZ Input Instr Float After PSEN TCLCL-~-20 ns
TPXAV PSEN to Address Valid TCLCL~-8 . ns
TAVIV Address to Vaiid Instr In 5TCLCL-220 ns
TPLAZ PSEN Low to Address Float 0 ns

See next page for External Data Memory Characteristics.

BS
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EXTERNAL DATA MEMORY CHARACTERISTICS

80C51-L/80C31-L

Symbol Parameter Min Max Units
TRLRH RD Puise Width 6TCLCL-100 ns
TWLWH WR Pulse Width 8TCLCL-100 ns
TLLAX Data Address Hold After ALE TCLCL-35 ns
TRLDV RD to Valid Data in 5TCLCL-165 ns
TRHDX Data Hold After RD 0 ns
TRHDZ Data Floal After RD' 2ICLCL-70 ns
TLLDV ALE to Valid Data In 8TCILCL-150 ns
TAVDV Address to Valid Data In grCLCL - 185 ns
TLLIWL ALEto WR ¢crRD 3TCLCL-30 3TCLCL--50 ns
TAVWL Address to WR or RD 4TCLCL - 130 ns
TQvwWX Data Valid to WR Transition TCLCL-6C ns
TQVWH Data Setup to WR High 7TCLCL~150 ns
TWHQOX Data Hold After WR TCLCL-50 ns
TRLAZ RD Low to Address Float o] ns
TWHLH RD or WR High to ALE High TCLCL-40 ¢ TCLCL-40 [ ns
MAXIMUM IcC (mA)
Operating (Note 3) Idle (Note 4)
Freq.Vcc 2.7V 5v 6v 27V v (5%
1 MHz 0.8 mA 1.5 mA 1.8 mA 400 pA 800 uA tmA
8 MHz 4 mA 8 mA 10 mA 1.2 mA 3.5mA 3.8 mA
Note 2: Note 4:

Power Down IcC 1s measured will ait output pins
disconnected; EA=Port 0 =Vc(C: XTAL2N.C,; RST=
Vss

Note 3:

ICcC is measured with all output pins disconnected;
XTAL1 driven with TCLCH.TCHCL =5 ns, ViL=Vg§ +
0.5V, ViHVee ~0.8V. XTAL2 N.C.. EA=RST=Port 0=
Vee. lce would be slightly higher if a crystal oscillator
used.

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has S characters. Tre first
character is always a ‘T’ (stands for time). The othar
characters, depending on ther positions, stand for the
name of a signal or the logical status of that signal.
The following is a list all the characters and what they
stand for.

ldle IcCc s measured with ali output pins
disconnected: XTAL1driven TCLCH, TCHCL=3 ns.V;_
=Vgg +0.5V:ViH=VcC -0.5V; XTAL2N.C.; Pori O =
VCC; EA=RST=Vss.

EXAMPLE:

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

A: Address.

C: Clock.

D: Input data.

H: Logic level HIGH.

I: Instruction (program memory contents).
L: Logic level LOW, or ALE.

p: PSEN

Q: Qutput data.

R: READ signal.

T. Time.

V:Valid,

W: WRITE signal

X: No longer a valid logic level.
Z: Float.

n-8
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ACTIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE
b 12 TCLCL

TLHLL ww
e WL ‘f— \
et TPLPH

PSEN __/—_———W ._]L + TPXAV

TLLAX -t |

TAVLL my et | :TT,;& 1exix_ Xz
porra NSTRIN AQ-A7 INSTR IN : AO-A7

Taviv
ADDRESS > d \
2 OR SFR-P2 N ADDRESS A8-AtS ><\ ADORESS A8-A15 ,

EXTERNAL DATA MEMORY READ CYCLE

TWHLH ey
" / N TULDV F—

FSEN—/ TUwWL

o] —— TRLRH -
TAVWL-am\ TRHDZ

avov et TLLAX —td et TRLOV. TRHDX _J

OATO . A0-A7 . DATA IN <

- TRLAZ
pORT2  ADRESS - - ~
2 ORSFR-P2 >< ADDRESS A8-A15 OR SFR-P2 >
EXTERNAL :

DATA MEMORY WRITE CYCLE —_

PSEN ————/ TUWL

- ! TWLWH J—
TAVWL }‘ %4
Lt TLLAX e ] —e— TOVWX TQVWH TWHOX 9=l
POATO AO-a7 DATA OUT

ADDRESS >
OR SFR-P2
PORT 2

AC TESTING INPUT/OUTPUT, FLOAT WAVEFORMS

ADDRESS A8-A15 OR SFR-P2 /

/N

Fl
INPUT/QUTPUT LOAT
t FLOAT
vCec-0.5v
02vcc-08 | VOH-0.1V VLOAD + 0.1V
TEST POINTS L
0.45v| 02vCC-01 | VOL+01V VLOAD-01V

AC inputs during testing are driven at VCC - 0.5 for a logic 1" and 0.45V for a logic *0". Timing measurements are
made at VIH min for a logic “1" and VIL max for a logic “0". For timing purposes a port pin is no longer floating when
a 100 mV change from load voltage occurs and begins to float when a 100 mV change from the loaded VOH/VOL

m
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SERIAL PORT TIMING - SHIFT REGISTER MODE
A.C. CHARACTERISTICS:
(TA=0°C1t070°C;Vss=0V:VCC=2.7Vto 6V, Load Capacitance =80 pF)

Symbol Parameter Min Max Units

TXLXL Serial Port Clock Cycle Time 12TCLCL us

TQVXH Qutput Data Setup to Clock 10TCLCL~133 ns
Rising Edge

TXHQX Qutput Data Hold Atter Clock 2TCLCL-117 ns
Rising Edge

TXHDX Input Data Hold After Clock Rising Edge 0 ns

TXHOV Clock Rising Edge to input Data Valid 10TLCL-133 ns

SHIFT REGISTER TIMING WAVEFORMS

]—‘-—-YXLXL-—-,
oo L L 171

- oveen) {rxsx

CUTPUTDATA N X Xer X3 X oo X X s X /
| * st
wmsr‘ossvﬁ XY {memr] —] e 00X .
wouToATS (o)X Ko X XX XwoX  XwoX  XmoX  XwwX X
‘T‘ s&'l"ﬂl
aeaRR
5
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INTERNAL STATE 4 STATE 5 STATE 8 l STATE 1 l STATE 2 STATE 3 I STATE 4 l STATE § I
CLOCK
mlm P\'P: m'pz m’pz mle mlpz mlpz mln
XTAL 2
ALE
N—— IR
VATED DURINS
EXTERNAL RAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN |
0 eedommb 1 socoor Lo Lo eciour oam L| PeLour [
SAMPLED l SAMPLED | SAMPLED I
FLOAT o=
FLOAT | FLOAT |
P2 (EXT) —.[ INCICATES ADDRESS TRANSITIONS L I
READ CYCLE
RD
1 |
00K IS EMITTED PCL QUT (1F PROGRAM
DURING THIS PERICD MEMORY IS EXTERNAL)
£0 DPLOR R l DATA [
our } } fLOAT SAMPLED }
P2 INDICATES DPH OR P2 SFR TO PCH TRANSITIONS ) S
WRITE CYCLE
WR
1 [ PcL out (even ¥ PROGRaM
MEMORY IS INTERNAL}
o — [ omorm | S——1
our { DATA OUT } BCL OUT (IF PFROGRAM
P INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | MEMORY IS EXTERNAL)
PORT OPERATION
MOV PORT SRC OLD DATA | NEW DATA -
MOV OEST PO |:|
MOV DEST, PORT (P1 P2P3) A poPins sAwPLED
(INCLUOES INTO.INT 1 TO TH [_____]
A L
p1 P2 P3
SERIAL PORT SHIFT CLOCK P1.P2.P3 PINS SAMPLED PINS
TXO ] .._...[
{MODE 0} * [ +
|RXD SAMPLED

This diagram indicates when signals are clocked internaily. The time it takes the signals to propagate to the pins,
however,ranges from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin
loading. Propagation aiso varies from output to output and component. Typically though (Ta =25°C fully loadeqd)
RD and WR propagation delays are approximately 50 ns. The other signals are typically 85 ns. Propagation delays

are incorporated in the AC specifications.

vx VHD
11 -y ]
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Table 1. MCS®-51 Instruction Set Description

ARITHMETIC OPERATIONS
Mnemonic
ADD ARn
ADD A direct
ADD A@Ri
ADD A #data
ADDC ARn
ADDC A direct
ADDC A@Ri
ADDC Ad#data
suBB ARn
suBB A.direct
suBB A @Ri
suBs A #data
INC A
INC Rn
INC direct
INC @Ri
INC DPTR
DEC A
DEC Rn
DEC direct
DEC @Ri
MUL AB
Div AB
DA A
LOGICAL OPERATIONS
Mnemonic
ANL ARn
ANL A direct
ANL A @Ri
ANL A #data
ANL direct,A
ANL direct.#data
.ORL ARn
ORL A direct
ORL A @Ri
ORL A #data
ORL direct,A
ORL direct, #data
XRL ARn
XRL A direct
XRL A@Ri
XRL A #data
XRL direct,A
XRL direct,#data
CLR A
CPL
RL A
RLC A
RR A
RRC A
SWAP A

Description

Add register to Accumuiator

Add direct byte to Accumuiator

Add indirect RAM to Accumulator

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

Add indirect RAM to A with Carry flag
Add immediate data to A with Carry flag
Subtract register from A with Borrow
Subtract direct byte from A with Borrow
Subtract indirect RAM from A with Borrow
Subtract immed. data from A with Borrow
Increment Accumulator

Increment register

Increment direct byte

Incriment indirect RAM

Incriment Data Pointer

Decrement Accumulator

Decrement register

Decrement direct byte

Decrement indirect RAM

Muitiply A& B

Divide Aby B

Decimal Adjust Accumulator

Destination

AND register to Accumutator

AND direct byte to Accumulator

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

AND immediate data to direct byte

OR register to Accumulator

OR direct byte to Accumulator

OR indirect RAM to Accumuiator

OR immediate data to Accumuiator
OR Accumulator to direct byte

OR immediate data to direct byte
Exclusive-OR register to Accumulator
Exclusive-OR direct byte to Accumuiator
Exciusive-OR indirect RAM to A
Exclusive-OR immediate data to A
Exclusive-OR Accumulator to direct byte
Exclusive-OR immediate data to direct
Clear Accumuiator

Complement Accumulator

Rotate Accumulator Left

Rotate A Left through the Carry flag
Rotate Accumutator Right

Rotate A Right through Carry flag
Swap nibbles within the Accumulator

—u-—.—A—AM—A.—L—L-—LN—L—AN—AN_‘M—LN—AN—‘N—LS

—..—A—‘—A—A—‘—AQNM—LM—AQMM—QM—.QMN—AN—‘S

o

—A&A—A—L—A—AM-‘—L—A-—A—A—L—A—A-—A-—A-—A—A.—A—g—‘—‘g

—A—.cd_‘_A—A—AN“—A—A—A—AN_A—A—‘—AAJM_A-Q—‘_A_AQ
Q
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Table 1. (Cont.)

DATATRANSFER
Mnemonic Description Byte Cyc
MOV ARn Move register to Accumulator 1 1
MOV A direct Move direct byte to Accumulator 2 1
MOV A@Ri Move indirect RAM to Accumulator 1 1
MOV A#data Move immediate data to Accumulator 2 1
MOV Rn.A Move Accumulator to register 1 1
MOV Rn,direct Move direct byte to register 2 2
MOV Rn,#data Move immediate data to register 2 1
MOV direct, A Move Accumulator to direct byte 2 1
MoV direct,Rn Move register to direct byte 2 2
MoV directdirect  Move direct byte to direct 3 2
MOV direct @Ri Move indirect RAM to direct byte 2 2
MOV direct.#data  Move immediate data to direct byte 3 2
MOV @Ri.A Move Accumulator to indirect RAM 1 1
MOV @Ri direct Move direct byte to indirect RAM 2 2
MOV @Ri,#data Move immediate data to indirect RAM 2 1
MOV DPTR#data 16 Load Data Pointer with a 16-bit constant 3 2
MOVC ABA+DPTR  Move Code byte relative to DPTR to A 1 2
MOVC A@A+PC Move Code byte relative to PCto A 1 2
MOVX A@Ri Move External RAM (8-bit addr) to A 1 2
MOVX A@DPTR Move External RAM (16-bit addr) to A 1 2
MOVX @Ri,A Move A to External RAM (8-bit addr) 1 2
MOVX @DPTRA Move A to External RAM (16-bit addr) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte form stack 2 2
XCH ARn Exchange register with Accumulator 1 1
XCH A direct Exchange direct byte with Accumulator 2 1
XCH A@Ri Exchange indirect RAM with A \ 1
XCHD A@Ri Exchange low-order nibtle ind RAM with A 1 1
BOOLEAN VARIABLE MANIPULATION
Mnemonic Description Byte Cyc
CLR Cc Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETB C Set Carry flag 1 1
SETB bit Set direct Bit 2 1
CPL C Complement Carry flag 1 1
CPL bit Complement direct bit 2 1
ANL C.bit AND direct bit to Carry flag 2 2
ANL C.1 bit AND complement of direct bit to Carry 2 2
ORL C/hbit OR direct bit to Carry flag 2 2
ORL C.1 bit OR compiement of direct bit to Carry 2 2
MOV Clbit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
Mnemonic Description Byte Cyc
ACALL addr 11 Absolute Subroutine Call 2 2
LCALL addr 16 Long Subroutine Call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP addr 11 Absoiute Jump 2 2
LJMP addr 16 Long Jump 3 2
SJMP rej Short Jump (relative addr) 2 2
JMP @A+DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if Accumulator is Zero 2 2
JINZ rel Jump if Accumulator is Not Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC rel Jump if No Carry flag 2 2
=G
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Table 1. (Cont.)
PROGRAM AND MACHINE CONTROL (cont.)
Mnemonic Description Byte Cyc
JB bit rel Jump if direct Bit set 3 2
JNB bit.rel Jump if direct Bit Not set 3 2
JBC bit,rel Jump if direct Bit is set & Clear bit 3 2
CJUNE A direct,rel Compare direct to A&Jump if Not Equal 3 2
CJNE A.#datarel Comp. immed. to A&Jump if Not Equal 3 2
CJINE Rn.#data.rel Comp.immed. to reg &Jump if Not Equal 3 2
CJUNE @Ri#data.rel Comp.mmed.to ind.&Jump if Not Equal 3 2
DUNZ Rn,rel Decrement register &Jump if Not Zero 2 2
DINZ direct. rel Decrement direct & Jump if Not Zero 3 2
NOP No operation 1 1
Notes on data addressing modes:
Rn - Working register RO-R7
direct ~ 128 internal RAM locations, any I/0 port, control or status register
@Ri - Indirect internal RAM location addressed by register RO or R1
#data - 8-bit constant included in instruction
#data 16 - 16-bit constant included as bytes 2 & 3 of instruction
bit - 128 software flags, any I/Q pin, control or status bit
Notes on program addressing modes:
addr 16 ~ Destination address for LCALL & LUMP may te anywhere within the 64-k program memory
address space
Addr 11 - Destination address for ACALL & AJMP will be within the same 2-k page of program
memory as the first byte of the following instruction
rel - SIMP and ail conditional jumps include an 8-bit offset byte. Range is +127 -128 bytes
relative to first byte of the following instruction.
All mnemonics copynghted * Intel Corporation 1979
-y
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Table 2. Instruction Opcodes In Hexadecimal Order

Hex Number

Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
00 1 NOP 33 1 RLC A
01 2 AMP code addr 34 2 ADDC A#data
02 3  LJmP code addr 35 2 ADDC A.data addr
03 1 RR A 36 1 ADDC A@RO
04 1 INC A 37 1 ADDC A@R1
05 2 INC data addr 38 1 ADDC ARO
06 1 INC @RO 39 1 ADDC AR1
o7 1 INC @R1 3A 1 ADDC AR2
08 1 INC RO 38 1 ADDC AR3
09 1 INC R1 3C 1 ADDC AR4
0A 1 INC R2 3D 1 ADDC ARS
08 1 INC R3 3E 1 ADDC ARG
0oC 1 INC R4 3F 1 ADDC AR7
oD 1 INC RS 40 2 JC code addr
Qe 1 INC R6 41 2  AJMP code addr
OF 1 INC R7 42 2 ORL data addr.A
10 3 JBC bit addr,code addr 43 3 ORL data addr.#data
1 2  ACALL code addr 44 2 ORL A.#data
12 3  LCALL code addr 45 2 ORL A.data addr
13 1 RRC A 46 1 ORL A@RO
14 1 DEC A 47 1 ORL A@R1
15 2 DEC data addr 48 1 ORL ARO
16 1 DeC @RO 49 1 ORL AR1
17 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 48 1 ORL AR3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL ARS
18 i DEC R3 4E 1 ORL .AR6
1C 1 DEC R4 4F 1 ORL AR7
10 1 DEC RS 50 2 JINC code adar
1E 1 DEC R6 51 2  ACALL code addr
iF 1 DEC R7 52 2 ANL data addrA
20 3 4B bit addr,code addr 53 3 ANL data addr.#data
21 2  AIMP code addr 54 2 ANL A #data
22 1 RET 55 2 ANL A.data addr
23 1 RL A 56 1 ANL A@RO
24 2 ADD A.data 57 1 ANL A@R1
25 2 ADD A,data addr 58 1 ANL ARO
26 1 ADD A@RO 59 1 ANL AR1
27 1 ADD A @Rt 5A 1 ANL AR2
28 1 ADD ARO 58 1 ANL AR3
29 1 ADD ARt 5C 1 ANL AR4
2A 1 ADD AR2 50 1 ANL AR5
28 i ADD AR3 5€ 1 ANL AR6
2C 1 ADD AR4 5F 1 ANL AR7
2D 1 ADD AR5 60 2 Mz code addr
2E 1 ADD AR6 61 2 AJMP code adar
2F 1 ADD AR7 62 2 XRL data addr A
30 3 JUNB bit addr.code addr 63 3 XRL data addr.#data
31 2 ACALL code addr 64 2 XRL A #data
32 1 RETI 65 2 XRL A, data addr
==
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Table 2. (Cont.)
Hex Number Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands

66 1 XRL A@RO 99 1 sues AR1

67 1 XRL A@R1 SA i suss AR2

68 1 XARL A.RO 9B 1 SUBB AR3

69 1 XRL AR1 oC 1 suBs AR4

6A 1 XRL AR2 9D 1 suss AR5

68 1 XRL AR3 9E 1 suss AR6

6C 1 XRL AR4 9F 1 suBss AR7

6D 1 XRL AR5 AO 2 ORL C.bit addr

GE 1 XRL AR6 Al 2 AJMP code addr

6F 1 XRL AR7 A2 2 MoV C.bit addr

70 2 UNZ code addr A3 1 INC DPTR

71 2  ACALL code addr Ad 1 MUL AB

72 2 ORL C, bit addr A5 reserved

73 1 JMP @A+DPTR A6 2 MOV @RO0,data addr

74 2 MOV A #data A7 2 Mov @R1,data addr

75 3 Mov data addr#data A8 2 MOV RO,data addr

76 2z MOV @RO0.#data AS 2 MQV R1.data addr

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

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

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

7A 2 MOV R2 #data AD 2 MoV R5.data addr

78 2 MOV R3.#data AE 2 MoV R6.data addr

7C 2 MOV R4 #data AF 2 MOV R7data addr

70 2 MoV RS.#data BO 2 ANL C.bit addr

7€ 2 MOV R6.#data 81 2  ACALL code addr

7F 2 MOV R7#data B2 2 CPL bit addr

80 2 SJMP code addr B3 1 CPL C

81 2  AIMP code addr B84 3 CINE A #data,code addr
82 2 ANL C.bit addr B5 3 CJNE A data addr.code addr
83 1 MQOVC A@A+PC B6 3 CINE @RO0,#data,code addr
84 1 Div AB 87 3 CJINE @R1,#data.code adar
85 3 MOV data addr,data addr B88 3 CJUNE RO.#data.code addr
86 2 MOV data addr,@RO B9 3 CINE R1.#data.code addr
87 2 MOV data addr.@R1 BA 3 CINE R2 #data,code addr
88 2 MOV data addr,RO 88 3 CJNE R3,#data.code addr
89 2 MQV data addr.R1 BC 3 CJINE R4 #data,code addr
8A 2 MOV data addr.R2 BD 3 CINE RS, #data,code adar
88 2 MOV data addr.R3 BE 3 CJNE R6,#data,code addr
8C 2 MOV data addr.R4 BF 3 CINE R7#data,code addr
8D 2 MoV data addr.R5 Cco 2 PUSH data addr

8E 2 MOV data addr.R6 1 2 AJMP code addr

8F 2 MOV data addr.R7 Cc2 2 CLR bit addr

90 3 MOV DPTR #data Cc3 1 CLR C

o1 2  ACALL code addr C4 1 SWAP A

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

93 1 MOVC A@A+DPTR Ccé 1 XCH A@RO

94 2 suUBs A #data Cc7 1 XCH A@R1

95 2 sSuBs A data addr Cc8 1 XCH ARO

96 1 sueB A@RO c9 1 XCH ART1

97 1 suBB A @Rt CA 1 XCH AR2

98 1 sues ARO Cc8 1 XCH AR3

n-16
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Table 2. (Cont.)

Hex Number . Hex Number
Code of Bytes Mnemonic Operands Code of Bytes Mnemonic Operands
CcC 1 XCH AR4 E6 1 MOV A@RO
CcD 1 XCH ARS £7 1 MOV A @Rt
CE 1 XCH ARB ES 1 MoV ARO
CF 1 XCH AR7 E9 1 MOV ARt
DO 2 POP data addr EA 1 MOV AR2
D1 2  ACALL code addr EB 1 MOV AR3
D2 2 SETB bit addr EC 1 MOV AR4
D3 1 SETB Cc ED 1 MOV ARS
D4 1 DA A EE 1 MOV AR6
Ds 3  DINZ data addr,code addr EF 1 MoV AR7
D6 1 XCHD A@GRO FO 1 MOVX @DPTRA
D7 1 XCHD AGR1 Fi 2  ACALL code addr
D8 2 DINZ RO,code addr F2 1 MOVX @ROA
D9 2  DINZ R1,code addr F3 1 MOVX @R1,A
DA 2 DINZ R2,code addr F4 1 CPL A
DB 2 DINZ R3,code addr F5 2 MOV data addrA
DC 2 DJINZ R4,code addr F6 1 MOV @ROA
DD 2 DINZ R5,code addr F7 1 MOV @R1,A
DE 2  DINZ R6.code addr F8 1 MOV RO.A
DF 2 DINZ R7code addr F9 1 MOV R1.A
€0 i MOVX A@DPTR FA 1 MOV R2A
E1 2  AMP code addr FB 1 MOV R3.A
g2 1 MOVX A@RO FC 1 MOV R4.A
E3 1 MOVX A@R1 FD 1 MOV R5,A
E4 1 CLR A FE 1 MOV R6.A
ES 2 MOV A.data addr FF 1 MOV R7A
R
P
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Temperature Range
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I: Industrial

Part Number
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Package Type
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TCM3105JE, TCM3105JL

FSK MODEM
D2662, NOVEMBER 1986 —REVISED APRIL 1986
©® Single-Chip Frequency-Shift-Keying (FSK) ' J DUAL-IN-LINE PACKAGE
Modem {TOP VIEW)
® Meets Both Bell 202 and CCITT V23 vpp [ VispJosc2
Specifications CLK H 2 15 [:]] osc1
oty coT[]s J1TxD
® Transmit Modulation at 75, 150, 600, and RXA (s :; JTXRT .
1200 Baud Ts s 120 TXR2
® Receive Demodulation at 5, 75, 160, 600, nc(s 11[JTxa
and 1200 Baud axe[}7 o[JcoOL
RX 8 ] BAY
® - Half-Duplex Operation Up to 1200 Baud ° 58

Transmit and Receive

@ Full-Duplex Operation Up to 1200 Baud
Transmit and 160 Baud Receive

NC—No internal connection

® On-Chip Group Delay Equalization and
Transmit/Receive Filtering

@ Carrler-Detect-Level Adjustment and Carrier-
Fail Output

Single 5-V Power Supply

Low Power Consumption
Reliable CMOS Silicon Gate Technology

‘z \ Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates.

description
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The TCM3105 is a single-chip asynchronous Frequency Shift Keying (FSK) voiceband modem that uses
silicon gate CMOS technology to implement a switched capacitor architecture. It is pin selectable (TXR1,
TXR2, and TRS inputs) for a wide range of transmit/receive baud rates and is compatible with the applicable
BELL 202 or CCITT V23 standards. Operation is fully reversible, thereby allowing both forward and
backward channels to be used simultaneously.

The transmitter is a programmable frequency synthesizer that provides two output frequencies {on TXA),
representing the ‘marks’ and ‘spaces’ of the digital signal present on the TXD input.

The receive section is responsible for the demodulation of the analog signal appearing at the RXA input
and is based on the principle of frequency-to-voltage conversion. This section contains a group delay
equalizer (to correct phase distortion), automatic gain control, carrier detect level adjustment, and bias
distortion adjustment, thereby optimizing performance and giving the lowest possible bit error rate.

Carrier-detect information is given to the system by means of the carrier-detect circuits, which set a flag
on the CDT output if the level of received in-band energy falls below a value set on the CDL input for
a specified minimum duration.

The TCM3105JE is characterized for operation from —40°C to 85°C. The TCM3105JL is characterized
for operation from 0°C to 70°C.

PRODUCTION DATA documents contaln information Copyright © 1985, Texas Instruments Incorporated
currant as of publicstion dets. Products conferm to /)

spacificaions' par the tarms of Texss Instruments TeExas 2-129
standard warranty. Production processing dees nof -
Recessarlly laciuds testing of ol parsmeters INSTRUMENTS

POST OFFICE BOX 866012 » DALLAS, TEXAS 75268



TCM3105JE, TCM3105JL
FSK MODEM

PIN FUNCTIONAL DESCRIPTION

PIN 3
NG NANIE DESCRIPTION i
1 VDD Positive supply voltage
2 CLK Qutput for a continuous clock signal at 16 times the highest selected {transmit or receive} bit rate
3 coT Carrier-Detect Output. A low-level output indicates carrier failure
4 RXA Receive Analog Input to which the received line signal must be ac coupled
3 [ TRS Transmit/Receive Standard Select input, which, with TXR1 and TXR2, sets the standard bit rates and
oo mark/space frequencies
2= 8 NC No internal connection ]
. 7 RXB Receive Bias Adjust for external adjustment of the decision threshold of the final comparator to minimize bias
i distortion
C_D_ 8 RXD Receiver Digital Qutput for the demodulated received data in positive logic. The high logic level is a mark and
D the low logic level is a space.
8 9 Vss Most negative supply voitage (normally ground); connected to substrate
: 3 10 CDL Carrier Detect Level Adjust for external adjustment of carrier detect threshold
. 11 TXA Transmit Analog Output for the modulated signal, which must be ac coupled
ié 12 TXR2 Bit Rate Select 2 input, which, along with TXR1 and TRS, sets the bit rates and mark/space frequencies
;’ ] 13 TXR1 Bit Rate Select 1 input, which, along with TXR2 and TRS, sets the bit rates and mark/space frequencles
-_é‘o" 14 TXD Transmit Digital Input for iriput data to the transmitter in positive logic. The high logic level is a mark and the
'-"m fow logic level is a space. The data can be accepted at any speed from zero to the selected spedd and may be
1:.'. totally asynchronous. )
'g 15 0OSC1 Oscillator connections. The crystal (typically 4.4336 MHz) is connected to these pins. If an exter'pal clock is
73 16 0SC2 used, OSC2 Is left open and the clock is connected to 0SC1. ,
q
- €3
=
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TCM3105JE, TCM3105JL

jonal block diagram
TRANSMIT
TANSMIT L -
pimaL TxpU4 | FSK 10 ANALOG S towpass | (1) ryn anaLOG
INPUT MoDuL CONVERTER OUTPUT
RECEIVE
BIAS {7
ADJusT RXB . ® RECEIVE
RECEIVE COMPARATOR |- RXD DIGITAL
{a1] Low-pass RECEIVE FSK ouTPUT
ANALOG RXA-{ "o opo” | RECEIVC comparaToRled DULATORL-
INPUT AND
GROUP
AUTOMATIC DELAY OFFSET
GAIN [JecuaLizen COMPEN-
CONTROL SATION 0
< ]
i a—
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CARRIER-
CARRIER (3) e
\RRIER-DETECT :QZZ'TE:R DETECT CDT DETECT 5
LEVEL coL (10} DELAY OUTPUT
ADJUST P
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: TIMING -
{13) (2)
AT RATE JTXR1 AND . CLK CLOCK g
SELECT \yxpp-12 CONTROL £
'RANSMIT/  TRS —2X &
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TCM3105JE, TCM3105JL
FSK MODEM

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

Supply voltage, Vpp {see Note 1) . ... .. ... .. it -0.3Vto10V
Input voltage, V| lany input).. ... e PR e e e -0.3 to Vpp
Operating free-air temperature range: TCM3105JE ... ....... ... ... ...... ~-55°C to 85°C
TCM3106JL . ... . ~10°C to 70°C

. Storage 1emperature range . . .. ..o v v v vt n e e ian ta et ~55°C to 150°C

NOTE 1: All voltage values are with respect to Vgs.

recommended operating conditions

TCM3105JE - TCM3105JL

MIN NOM MAX MIN NOM MAX UNIT
Supply voltage, Vpp 4 5 5.5 4 5 5.5 \
High-level input voltage, V|4 2 Vpbo 2 VbD v
Low-level input voltage, V|, 0 0.8 0 0.8 v
Analog input level, peak-to-peak {ac coupled} 0.30 0.78 - 0.30 0.78 v
Clock frequency, fojock 4.4334 4.4336 4.4338 [4.4334 4.4336 4.4338 MHz
Anaglog load impedance at TXA 50 ! 50 ) kil
Operating free-air temperature range, T A -40 85 0 70 °C

S}1N340) suonedunwwodsje] ENE

. Qi’
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electrical characteristics over recommended ranges 0T SUPPIY VOIaye aim uprsiasesy ssww —- -y

PARAMETER TEST CONDITIONS TCM3105J8 TCM3108.L UNIT
MIN _ TYPT  MAX MIN  TYPt  MAX
VOH High-level output voltage RXD. CDT, CLK o = - 100 A 2.4 VoD 2.4 VpD v
VoL Low-level output voltage RXD, CDT, CLK loL = 1.6 mA Vss 0.4 Vss 0.4 v
Analog output voltage level, Yop =4V R = 50 k@, L 1.5
peak-to-peak TXA Vpp =5V cL = 100 pF 14 1.9 2.3 1.4 1.9 2.3 v
Vpp = 5.8V 2.1 2.1
Adjust voltage RXB VoD = 5V 23 2.7 3.1 2.3 2.7 3.1 v
CDL 2.8 3.3 3.9 2.8 3.3 3.9
Analog output dc offset TXA Vpp/2 Vpp/2 v
Digital input current TXD, TRS, TXR1, TXRZ | V| = 0 to Vpp +1 £1 _A
Analog input current RXA £15 +15 pnA
Bias input current RX8, CDOL V=3V +150 +150 uA
Vpp = 4V 3 6 3 5
ipp Supply current Vpp =5V 5 10 5 8 mA
Vpp = 5.5V 8 16 8 12
C; Input capacitance, all inputs f =1MHz 10 10 pF
Co Output capacitance, all inputs f =1 MHz 10 10 pF
Phase jitter 200 200 us
Bias distortion? £15% £15%
Carrier detect threshold, off-on$ -45.5 —43 |-4%5 -43 dBm
Carrier detect threshold, on-off$ -48 -45.5 -48 ~45.5 | dBm
Carrier detect hysteresis 2.5 2.8 2.5 2.8 dBm

YAl typical values are at Voe = 5V, TA = 25°C.
iBias distortion is the departure from a 50% duty cycle when a series of alternating mark and space tones is received.
8This is the threshold with the CDL input properly adjusted.

switching characteristics over recommended ranges of supply voltage and operating free-air temperature (uniess otherwise noted)

(see Table 1)

TCM3105JE TCM3105JL .
PARAMETER TEST ITIONS UNIT
ST CONDITION MIN _ TYPT  MAX MIN  TYPt  MAX
. N RX = 600 or 1200 b/s 12 25 12 25
td(off-on) Carrier detect off-to-on delay time X = 5. 75 or 150 bin a5 80 28 80 ms
t Carrier detect on-to-off delay time RX_= 600 or 1200 bis 12 20 12 20 ms
d{on-off) -10- y ti -
RX = 5, 75, or 150 b/s 48 75 48 75
Transmit frequency deviation from assignment
auency gnm felock = 4.4336 MHz £ 1 Hz

TAll typical values are at Vo = 5V, Tp = 25°C.

Telecommunications Circuits Jh*A
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TCM3105JE, TCM3105JL

FSK MODEM

The TCM3 105 FSK modem is made up of four functional circuits. The circuits are the transmitter, the receiver,

PRINCIPLES OF OPERATION

a carrier detector, and control and timing (See Figure 1).

n
BIAS ADJUST  RXB =] RECEIVER ®) pxp
4 e R DIGITAL OUTPUT
ANALOG INPUT  RXA 4 '
CARRIER (a)
110} CDT  DETECT QUTPUT
LEVEL ADJUST  CDL DETECTOR
13112Ks ;
TXR1, TXR2, TRS usizis g TIMING 2)
AND = CLK  CLOCK OUTPUT
MASTER CLOCK {INTERNAL) CONTROL
{14 {11}
DIGITAL INPUT  TXD | TRANSMITTER }——————— TXA  ANALOG OUTPUT

FIGURE 1. TCM3105 SYSTEM PARTITIONING

transmitter

The transmitter comprises a phase coherent FSK madulator, a transmit filter, and a transmit amplifier.
The modulator is a programmable frequency synthesizer that drives the output frequencies by variable
division of the oscillator frequency (4.4336 MHz). The division ratio is set by the states of the
Transmit/Receive Standard input (TRS), the Bit Rate Select inputs (TXR1 and TXR2), and the Digital Data
input (TXD).

A switched-capacitor low-pass filter limits the harmonics and noise outside the transmit band and the
characteristics of this filter are set by the frequency select inputs as previously described. The harmonics
introduced by the transmit filter clock are removed by a continuous low-pass filter.
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The transmitter output level varies with power supply voltage and so must be compensated in the 2-wire
to 4-wire converter to give a constant output fevel to the line.

receiver

A continuous low-pass anti-aliasing filter is foliowed by the receive amplifier, which automatically controls
the gain to give a constant output level from the receive filter. The receive filter limits the bandwidth of
the signal presented to the demodulator, reducing out-of-band interference, and has very high rejection
of the transmit channel frequencies. These are typically present at much higher fevels than the received
signal.

The group delay equalizer is a switched-capacitor network that compensates the delay introduced by the
receive filter and the network. The output from the equalizer is then limited to give an FSK modulated
squarewave that is presented to the demodulator.

The demodulator is an edge-triggered multivibrator that triggers off positive and negative going edges.
The output of the demodulator is, therefore, a stream of constant-length pulses at a frequency that is
double the frequency of the limited input signal. The dc component of this signal is proportionatl to the
received frequency and is extracted by a switched-capacitor, low-pass, post-demodulator filter.

The variation of dc level with received frequency is presented to a comparator that slices at a level externally
fixed by the RXB bias adjustment pin. This voltage depends on received bit rate and internal offsets. The
comparator output is then the received data at the RXD output.
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arrier detect

The carrier detect circuits comprise an energy detector and digital delay. The energy detector compares
the total signal level at the output of the receive filter to an externally set threshold level on the CDL input.
The comparator has a 2.5-dB hysteresis and a delay to allow for momentary signal loss and to prevent
oscillation. The output of the detector is available on the CDT pin where a high level indicates that a carrier
is present. The data output is clamped to a MARK condition when the carrier detect output switches off
at the end of transmission.

ontrol and timing

An on-chip oscillator runs from an external 4.4336-MHz crystal connected between the OSC1 and OSC2 '

pins or an external signal driving OSC1. A clock signal equal to 16 times the highest selected bit rate (transmit
or receive) is available on the CLK output.

The single-supply rail means that all analog functions are referenced to an internally generated reference.
All analog inputs and output must be ac coupled.

‘ansmit and receive modes

The various modes of operation of the TCM3105 are given in Table 1. The data convention is that a logic
high is a mark and a logic low is a space.

Telecommunications Circuits
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TABLE .1 . MODES OF dPERATION ’

TRANSMIT RECEIVE LK
oo | s o g | T | s | ooy | PRSI | oy

(Hz) (Hz)
L L L 1200 1200 ': ;::gg ': ;?gg 19.11

M 1300 M~ 390
2 H L L 1200 75 ; f;gg ; ;:g 19.11
" L L H 600 75 s 1700 s 50 9.56
Flem [W[v ] w | o | " v
§ L H L 75 1200 ': izg ': ;::gg 19.11
3 I s wo | M o[ Moo os0
g L H| H 75 75 “S" 223 ': izg 1.19
g TIK| L L 1200 1200 ': ;;gg hsﬂ ;igg 19.11

= — ™M 1200 M 387
g Cik/s| L H 1200 150 s 2200 s 87 19.11
g CK8| L H 1200 5 ': ;igg hsﬂ 38; 19.11
z; BELL202 | ck{ H L 160 1200 "s" Z:; hsﬂ ;igg 19.11
50' ck| H | H 150 150 '\s” 22_7, “s” :g; 2.39
LTI o | e T
e | e | | mew [ W wen

H = high level, L = low level
tin these modes, the modulation is controlled by the TRS and TXR2 pins. TXD is tied high.
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APPLICATION INFORMATION
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FIGURE 2. TYPICAL SYSTEM CONFIGURATION
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APPLICATION INFORMATION
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FIGURE 3. TELEPHONE LINE INTERFACE CIRCUIT
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APPLICATION INFORMATION
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FIGURE 4. SIMPLIFIED TELEPHONE LINE INTERFACE CIRCUIT -
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