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ABSTRACT

There are many method of data communication system which
transmitted from one place to another. The efficiency in each method must have high
accuracy or low distortion inaccept condition.
. The data communication in this project will use ET-BASIC STAMP
;md wRa‘dio frequency wave to propagate on air to destination by information
conversion which FSK signal modulated with carrier frequency 163.410 Mhz
propagate on air.

In the receiver will receive signal for demodulate FSK signal. In this

project use Simplex data communication .
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BRANCH
BRANCH offset,(address0.address1,...addressN)
> Offset is a variable/constant which specifies which address to
branch to (0 - N)
> Address are labels which specify where to branch
BUTTON
BUTTON pin.downstate.delay,bytevariable, targetstate,address
DEBUG
! DEBUG is used to send text and variable back to the PC
EEPROM
EEPROM {location},(data.data,...)
END
END takes no parameter



FOR..NEXT
FOR variable = start TO end {STEP {-}increment}

NEXT{variable}
GOSUB
GOSUB address
GOTO
GOTO address
HIGH
HIGH pin
IF..THEN
IF variable?? value { AND/OR variable...} THEN address
INPUT
INPUT pin
> Pin is a variable/constant(0-7)which specifies the I/O pin to use
LET
{LET} variable = { -}val'ue??value...
LOOKDOWN
LOOKDOWN target,(value0.valuel....valueN),variable

LOOKUP
LOOKUP ofset,(valueO,valuel,...valueN),variable

LOW pin
NAP

NAP period
OUTPUT

OUTPUT pin
PAUSE

PAUSE milliseconds

POT

POT pin.scale,variable



PULSIN
PULSIN pin,state,variable
PULSOUT
PULSOUT pin,time
PWM
PWM pin,duty,cycles
RANDOM
RANDOM wordvariable
READ
READ location,variable
RETURN
RETURN from subroutine
REVERSE
REVERSE pin
SERIN
SERIN pin,baudmode,(qualifier,qualifier,...)
SERIN pin,baudmode, {#)variable,{#}variable,...
SERIN pin,baudmode,(qualifier,qualifier,...),{#}variable, {#}variable..
> baundmode is a variable/constant (0-7)which specifies the serial

pot mode. Baudmode can be either the # or symbol shown

# symbol baud rate true/inverted input

0 T2400 2400 true

1 T1200 1200 true

2 T600 600 true

3 T300 300 true

4 N2400 2400 inverted

5 N1200 1200 inverted

6 T600 600 inverted

7 N300 300 inverted
SEROUT

SEROUT pin . baudmode.({#}data.{#}data....)
> baudmode is a variable/constant (0-15) which specifies the

serial port mode.



# " Symbol Baud Rate True/inverted open/driven
0 T2400 2400 true alwaydriven
1 T1200 1200 true alwaydriven
2 T600 600 true alwaydriven
3 T300 300 true alwaydriven
4 N2400 2400 inverted alwaydriven
5 N1200 1200 inverted alwaydriven
6 N600 600 inverted alwaydriven
7 N300 300 inverted alwaydriven
8 0T2400 2400 true open drain
9 0T1200 1200 true open drain
10 OT600 600 true open drain
11 OT300 300 true open drain
12 ON2400 2400 inverted open source
13 ON1200 1200 inverted open source
14 ON600 600 inverted open source
15 ON300 300 inverted open source
SLEEP
SLEEP seconds

> seconds is a variable/éonstan.t (1-65535) which specifies the duration of sleep in
second. The length of sleep can range from 1 second to slightly over 18 houre_
SOUND -
SOUND pin,(note,duration.note,duration....)
TOGGLE
TOGGLE pin
place pin in output state and toggle state
WRITE
WRITE location.data
Storc data in EEPROM location
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Borigt Files ... ARES Send Fles ....... "~ DA FCTION ]
e Beyy ... ANE Nocstve Files .... P | File Directery .. alLef
Aedimplay ...... AR-F lag ¥ile On/Off AN-F1 | Change Directory Alt-rr
Clowr Screvs ... AR-C lag File Pume . A1L-F2 | View s File ..... Ay
o Bey ... A8 Bvewm Sagmtet . AIL-G | Miter ...... e Al
n.-a‘;: ees AR-T Dristar Oneff .. Al-L | D05 Catewmy .... Alt-$4
Prograe 1ufo .... Alt-|

Ot e ........ RO Mecerd e ... Alt-a | clipbeard ....... m-:
oot Rk ... R4 Boplex Taggde ... AT-E | Wontter ke ... Crrl-r
Sta Aot ..... AR-Y O-CUIF Tepgle AlL-F) | Toggle s .. Crrle)
Iaft. Mades ... AR~3 Sersit Server Ond AN-E | Toggle Lines ... Qi
Sanet Terstml .. AM-E Screws Pacw .... AN | Pulldows wou Bey ... *

Prams AR-Z for Oa-Line Belp

il 2.2
anansoileundeldifeuimuaiidumeniseglulunsuyirdalditumaiud
Heusnds ALT-Z Taunadd ALT Wlusnsiinefdausiaen - sadiuluyudadiidennidu

AuFuAd Pgup W3a PgDn fiuAel CTRLA CTRL- usy CTRL- -

i

VHEIVR) naondTinAeTeimidaisutinianaRuanTesid ALT AuAdRu
uasAe CTRL fuAtau suduludnsusideniy ALTZ

mmmuammqﬁ'\ﬁ"e'lm”tﬁaﬁmmtﬁumﬁﬁeT'q"/";'-'e:'lﬁaehe'hﬁﬁmmmﬂﬂuﬁﬁ&
Tt e ALT 30 CTRL WelsAlilulmnmaiida TasliAnflsdrmedinysrdalnngey
Tuaanmviselsl

UHNEIUR LugﬁﬁefaLﬂudfawﬁwﬂdﬂﬂmméﬁufmmwa:mn’lumﬂﬁm'mdw
WiAaY99 Procornm plus NAINARE ALT - Z axuamedeynintarudeiiindainey ifu sy
rlusnusiitndanade ALTZ agjui procomm plus azuamedasa ity
Tuuamestialananusndeniesian sife Aunussindercunislulsunmudiuns
amazaan unslimonadoavieli
nsauiyfdteanainaanim inlslauntanaRd ESC
nsldussialuiyuuundeyanan
ﬁﬂu‘/"{@:'l'ﬁ'uﬂva'luLuuuuuﬁmmL'Tv'a'lﬁﬁn&u.ri procomm plus AFHaIRUIIVIA

™ '
Tunpiuinenu ToinlslalfRduefmdeldundils

o g

mslussvialusgineuanAdueda Wine luRddeulug) AdntiirTeamane tide

(~) agduu
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This Vs explaing the command ——=——)
ol shema L3 ANL)-dry equivalent.

mﬂmmmnummumm

DIALTW si-»

no-ul-nyl-n lrxlmmlmmlnxnmlu—m

2 23
TumasinWussinlusipinausassndlinmyulailés
snanraianAdeninyanusninlusylianids e

-l 7o

1. InuneRel ALT ufansAtidnessusnuoisytianvianaefnds fraziren
. - - 3 . - e (3 - -l ¢
wytios fimunrnidenfdlalnenapdiusnuasiifeuaznafel enter
4 ) d L4 v [ 4 ] :
2. ImevinunuadnaiiAade uaznafel Enter SRanytiesliliRdgnaruuay
° 1 d' o v ¥ - o
ad189 MunusdiAdudanarel Enter
(4 i) J [ v
3. memeiunuadnARs usanmadneraend
uanAndllnussinlusyiage fululdsunsugug ussinluyzes procomm
pus azmnelUluiui@enAde dwvfumslilfumsieluspivulsglifeafenfdald
neAd ESC 1319enuids Iussie luyiudiduaness com Aludnld
fdesneliAdauneniviieandd ReFunussialusylatuisaivunaivlé
Tneldlusunsusunsruazaan  SETUP  iuimeniutdhiseanisldussinluingiasn

anunsninbiussinluglivinnulslaaldllsunsugruismnazmaan setup

o <

MmMININUANDZA Com
risunscdat ey ondine) Ausiasuen procomm plus Tusnldweds .
Com lanieu usidn Peinstal azlAtdanwefm Com Wity Procomm plus TUusalusswdinedia
:’ - - 1] 1 i J ] :
Faudmamefa com ufulmsfssefesmfeafousgiane  nmzarduneldy

[ d" d' > e - .
pautstiiRaliLssia IULYULLAIRIN IR
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imazsintuiniiaena ALTP uilufisinaclfussinluydeSeuiEnmia
GusudaunsWusminluanginlasnismarsd

lumsfiniuanedn Com  Anflufaaillen chenge Lnytieriaunn@endaiiiy
neAt ALT-C vite axldiandlneldAdinefimefinuovuansfifndals

H

naALgNATLIN 4 ARY INDIREULOLAINTLNAYRY change

Thens agprar o0l e Dine ——
oftar yuu 5 0w, “Lange-, I

DIAL DIk NAES POUATIONT FILF OWOKF (T3 &I P
e Az
LISk TS ANy

LY ] ste.w
TSI e, et
IRSCRA s
. epye g
LR L P azefe
TR G-kl Ak
POATP T Aueied

TRE 1 e 14 U

Alb—lﬂmlﬁl l'-l “.lllﬂﬂ-lﬂlﬂ’u‘"ﬂ-u‘

;;ﬂ'?; 24

v [} 4+
TupsrimuyiNRenAAY line setting TasmeneAd L uazna@ed Enter Waifan

ANRY Line Setting Procomm plus AXUASIABNNTAIARS Line Setting

These say be different £f you've emed ——
the PCIRSTAL pragram.

| S

i T
CURFENT SETTINDE=  S400,X.8,1,00M)

BAUD RATE  PARTTY DA NS STOP BITS  PORT

1 300 K WORE AR-T3 3 AR 3 F com
) 3200 0 PEX AN-82 0 AlR-2) 2 F2) com2
3 2400 © OO F2) comy
&) 4B00 M WARK FO) oM
5 5600 § AT F5) coms
6 19200 F6) comE
T 33400 F7) cont
8) 57600  Al-Kr Wps3 F8) coms

” 115200 Alt-B» K773

Exc) Exft  AN-5 Save sl Bt YR QDICE:
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fmefn com Anaadegilumuaswafafilngegiduresenmuds 1
naRgardu F1 fia F8 Alnngegreninnef com Aludurindsldeney wedn com 7
Aenl3arlnngfidunressenn

natuiinnisasulaeiinly  uarllaseninees line setting 1WRAE ALT-S
procomm plus AvaLAanaaniyl

n1799n41n Procomm Plus

N19788NA1N Procomm plus uaenauluely Dos Winadel ALT-X procomm Plus R£19
prdutudndesnsanian uaendulds DOS nedd v efiufuindiasnsandn

CRLERRIATY

an (4

- A A Wewasulasiiiingdldegidulasd A

-l Word iteiBelmisrinseiiingaldeagifly Word

- R ditelecomm et path fifndsldaruag iy DATELECOMM

Andeiltiudsfmunslunnfouludslasnnseifussq Indagasnslvidayaly
(upida)

Chart Mode

erndsunnegfuSnaumiouuy Ondine  AefiRnsiaslumaniamefaziisng
TunesianefEnirdoamielufiFeafudsinamadfnilsnnfiasuentomuuansiag
sowinmaniameiTaenidld 119 chart Mode YiamuEd Procomm plusAzUENABNN
sanilussediu

fsnraneenfamefistesfieyinaaznnjeglusouun  unsAsmimfuadly
sxnngeglugiudng

chart mode Huszlamiuniseianizdald CB Simulator 194 CompuServe

' et Chart mode i WinaRd ALT-0 wse @anfds MODES ufaiBanAndl

chart AMNUITIVALNY

fninlideyafituinifludsiiney (naAd ALTF1) wioRuiieys (neRd ALT-L
rieufiaz1WTuuANNIAUNLY (chart mode) ﬁﬂmui'aqamm&m:v'mwwiﬁ'lﬂ'lufuunm?
sumnil Wubmamsaununll sunsnuaasuadeyaifeusenliiuansenmsiitunes
pesmumefluszaring (Remode) viasanmgusasnenfameftens (oca 1#an (lae

naRE ALT - F6)
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nansoaud uscdeRenmaieanly  WinfleusuTuumimeMiadedeusinzauan
Lmﬂﬂﬁmauﬂomm'm‘:'mﬁagj‘lna‘luﬁuﬁﬁﬂuﬁm’lﬂﬁaﬁuw‘lu‘l‘uumuwma:iﬁlﬁaan‘hJ
sunrazRuilsusuysialaanaAd Enter etieidunda Block mode .

1WnARY Backspace ianmauAluLsnimiu naAd Enter ededanauluusnin
flluferesfameflussering

winewe  usnisaunuianngdesadneesine - eenldldiduiasaiuiutuue
wefiia WHTLsunsugnsANazaIN setup RBWIABUANIEY chart mode AN blockly)
\luicharacter

nreananimuanisaunun  WinaAd ESC  Procomm  plus  asnavulialuus
wefiia

Clear Screen

pndatiasinnisausenin uas duns fressannludlnonsadd ALT-C wiaien
ﬁ’)ﬁl'd Other LLé’QLﬁﬂn Clear Screen qqnussﬁmmu

umums;'l-n”ﬁﬂefe'ffu‘j'aﬁmViaﬁusxuu#nﬂ&’auﬁmwamwmmmLwi‘lu'ﬁmuﬂﬁ-uﬂq
asnmimidledinfnse

Clipboard

Procomm plus avillvé®a Cliboard tesstideuuazineirfanneenfinmefrzey
Ina andenanfinmefseing andnenfinmefinuypnatedn i lansnlui® Jolndas
gnéimaInsanmadlilu clipboard selUavannrndiendiFen  nauvesielidiens
menelifeneniamefiseyinaiflatlsnnauali

Unfuda Clipboard  Miiteidaninebing Tustn1sIWg 109  bulletin board (e
ussyfieyaadl senife BBS vemswlvdisesnisarlussqdoyauda Procomm plus
sanmieuusase ndFodlnudasuls

'lummr?{w'qmsﬁmgj&u Procomm plus azAumniglndluaenmiuasune] 3o
g1aiANENT 18T 8 FdneemusasqauasnRAnNa NS 1AEn 3 Fadnus

nsidan Clipboard NARE ALT A = viawden FILE u®diien clipboard A NNy
Procomm plus q:uqﬂmwmqm*afﬁﬁ’é‘lwm:&u‘lf? ufuamaytiotashdaliy

nMsuindelng naAd C

nndendelng naRdgnasTuaaiie AeuWeuitens udanaRt Enter Waiden

Falnslurusiu
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nrsumasadulid inaAd ESC

ErdeansuaneuainaaninTesdeing aneeufamefluszering Weanan
\nytieeaq clipboard nfulghmamefiaidunsdansndanAd ESC ufauamaann
Tiizesdiayaussndulii clipboard Faufndauuunad ALT-= uananniifeanuntadume
n7indena Wl Redosplay buffer ud25a U lu Clipboar ansaugnINandg TN
nanmaufidelng TunmnfnideutleTendlaonsdls

nammauieindues Clipboard WineRt £ awnsnldAdiunimaseauinimsgu
294 Procomm plus (e ufly vide audagly Wommaufsenisues dipboard 1634
udafannmngddenaludmesRamefluszezing 18

nnlsAeNgiReaann Clipboard WinaRel S ifludnda single paste ﬁm‘lwa'uuqm‘lﬂ
ﬁanﬂm‘wmaﬂuwﬂ:‘lnaua:au%'lﬂﬁ&uaanmn Clipboard ‘lﬂué’mﬁiauﬁﬂ'lﬂa'ﬁmami:
s

VHELVA munnieniis lenflanmmizatinatieianisussgmanisindyes
clipboard wiansauinslnmnanatinagu Xmodem adldlorenfiowmed lussaylnasenty
wineWduanenld single paste yinnsUSelndann clipboard Huaravdeindiusenty
Tnadnluin

el namvinasevanel3an Clioboard WineRe T 1flu Fnda Tag Paste g
Falndwunmildhfrenfameflusesing urscInage i uszuananvdsielufan
PAUITIAEFIBINITUENAINTY  (separater) UnAazitiuiiulsraniiinaou visanslaumg
luRandn Procom plus arldFausnsaniudimilantisunay Setup Indvinumaniaz
mamdedanmiiaueg uasintenntiweiacLy 16 IR pfafulu diling
directory %a'lwa'?iva"\Ln‘?}ammﬂ'ﬁﬁq:auaﬂn'lﬂua"amnﬁﬂzuﬁq

mnlsAadRaunann  dlipboard  WWinedel P (hufnds paste all tiesindly
Clipboard Fomslireuamefluszeslng wfaaiy Tag paste fusiazMdazuanann
ks lgaeduaree wilaseu iemslaunsidlugndugavinaasmumdafonnsis
umd %ﬂ"lﬂa'q:'hjqnaumn'hJuﬁemn*?iﬂ:uﬁq

n1788N37N Clipboard IWNAAL ESC

CR-CR/LF TOGGLE
Lﬁ'a'l*.’a’nauﬁomﬂﬁmL‘a"\mm‘muﬁmuaiammﬁdwﬁﬂﬂmuﬂqLmﬂ'fszﬂ:'lna'lm”

SENQNFIa warLIiadaANAIRITREAINNAINEYIINIAuAS  (CR-Carriage return)

036947
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uAzNTIuLsiRlus (LF-Line Feed) natimupdazidewimefizefludduys s
nstuussislmissieefimefludisnindely  ponfawefsedinadanlngy  arau
urmisdenuidunteenfamefrennfaumniauasuarnisiuusie il (CRILF)
Epoufamefauuniadenrusenisinuasetrudsaminfumefise ezl
denadlfivsnissieldeussimbiiuuds viedledh Cipboard nARE Enter udafnifie
manwnfnfui':'lﬁd’uﬁﬂﬁ'\&ﬁ‘lﬂﬁq Cr/LF u&q procomm plus asiunstuussvnluad
funsiauadiidfmni
‘ ﬁﬂa’xﬂm'm?iﬂﬂngﬁﬁmﬁmﬂuﬂmwhuﬂmdmauﬁmms’vfmmm‘%qLﬁ'umﬁu
yrmialumidnly WAd iR T um st sinlmdide
neaRURUsLWING CR U CRILF TWinsussvim WWineAd ALT - F3 viaidanAnda
Change ufaRensdmd CR-CRILF mnussﬁmLmdmmmLﬁi\‘ﬂuﬁﬁ;ﬁwum‘lﬁ‘l‘mﬂﬁﬂ']ﬂ
dFusnng TneldTisunsudussmaNsLaan setup
Fouasmnearvosmaniame i unazfiully dialing directory
nainl¥¥ dialing directory ¥4t WinmAd ALT-D vidatitenAnds Dial Dir anusmvim
9AUNY
Dos Gateway
Procomm plus f1anzaFuAdrasnen iefulisunsudur 18lslifessanan

Procomm plus

n19i3En dos WnsAtl ALT-F4 wiBLRaNARY other uAAEN dos gateway [N
urimiNy

. e ve o . 4 v o . D R I

@ uFunliA8Y Dos Gateway Yindutiu azdesanate atralignieafianiou
HousnWe Command.com azdeseglulasnuseiuntasandnraiitedndvineiinaring
: - [ y : -« [l ;
fiazfevegluAdlasd A TsunsuvZaAdezes Dos Wisleamsiu azsipsaglulaisnynsedh
mdclfauey viseglulaisnnseifinmunlflu Dos path etinlmetivviadegainy

- 4 | 3 -l » . -y - ot o v v

ponfamefasfasiimicupusnvdensfulusunnviafdrerenls

nenAUTUE Procomm Pius 10inwan Exit Mietaesvanandaufusidizesnaa udo

nﬂﬁﬁ Enter
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funsaffuisafiria RS-232
noufuacmslieu
U U : - x J -
riauimaznaiiigmiinatulunisddioyassningunmiBidnnsetind  n1eds
X :’; L - | e . N N
foyaruliuscsesfiunaatulindtycyrou (Source) unavFudtynns (Distination) uazn1s
{ b 1 1 - - J 1 I - [ 4 . . . ) - ]
\Feusiasenintwletaesiafeguuuniuaaasiun ( Printed circuit card ) ukuiAtaiugu lu
J k4 ] (4 4‘ J - %’ ] ] [
nreudiayaatnnisaasaditaiusuaunsiiistusening CPU uasMUIEANATLN
o~ [l -~ [ 4 & d‘ - 4 ' [ - 4'
Fauuusussiud  dayandelussifumdlumnaiasasieguuusiunanain - Talu
) a.l' -l ] - )’ o - ]
sidruaunsiiasiidyunnsataintusiacesuuseld
Taevia lWdieyascgnunudicnisugiuaessfuussiu +6 V stuviusauaedn 1
o [ - - - o U : U
LAZITALUNAU 0 V Szumusedn 0 nisuvusesnsressiuuniumsiiiFundinisuny
oAUty IueIgUNInd TIL ( Transistor - Transistor Logic ) AN1sunussiustyn oiuuy
: [ J 1 4 ¢ g 4 1 §
i, gnldiwinlilumesediayassuing gnsauniilyUd@nFuniiinie e
posaeef wiludumshimmnsaafiazinmunssiuuseiilunisunuasdn 0 vee 1 #
L 4 []
amziazasadiiifludusmsifieAinen sulusssuussuluntildunusedn 0 vwie
4 -~ - ¥ J » - o~ J
1 Jagnimmuaiduide ( Range ) Adulinaneliluguin 1 sangasiiulddriduvacusasiui
E H L 1 -~ [ J [ o« & -~
daﬂnnqﬂnsm’ﬁtﬂumdﬁ:unnmamnwﬁmmLmmqunﬂmfﬂﬂqﬂnmfﬁtﬂumm (Wle
Aunuasdn 0 uaz 1 ) WuiReMede {Sender %90 Transmitter usiluLNAAFaNMA8Fg
doyaynudn (Generator) UTBSATLATYRYINY (Driver) } SxfiavsngunsunilissaumAgaviniy
24 v lunsdeandn 1 witunafudtyryan fmFu (Receiver Y78 Transmitter ) axfiadn
seiuusesuiflssiudynmuegszudng 2420 v useRnuilison dwiuavaitedn
sesuftyyanilugae 2426 v ifluaedn 1 Millasaniinnegnuify (Lossiuedtynyin
1 o v _ o 1 -~ o : - x g J 1
seuinssadauasFiafu AraARTsLAReUTeTTALURNAURIRsBullTandn “noise margin® 44
+ ) -~ [ - L - - Y - :
FFuviniu 0.4 v Bidranflunsiizesssdn 0 vTe 1 4 mFuaedn 0 ANMNARIAAREUINATY
N} ] L4
sndtynynisunauinoise) Muidian  Tumafifiaoueaairdeuignasuiulldeu
v IdessiinlfludermusnasnuaiiAnadnvihsasnBunefinauuuninsgu
-l' < y e« [ A [ 4 L o -l ' : v [ -
g 1 aziudilssduunduegiimin Fundiastesfygnuiiniennuiuasiige
] v L 5 - [ v - dl k4 - alt ) } 4 »
UALINIMNFUAIRNIUTAUURNAUNIA WU [FunuRedn 0 wie 1 ariiTaandendn
} 4 )
NN

Tunsdedayamelutosrariiamed  inariadrssdudyynidauasiu@ld

» - ] ' :
nsunuszudoyganisuy TIL ) dunuugeuai Wessnvauasielui



1. fdeilduaznsnszsrarnafeuiirism
2. dyryrunlfifufynuseinuuy TTL Rawmnsaneuidnledlae
' . ~ J
nze Tnelaidiaeld Line Driver upzaeasiudiaysifisnatun

3. medimefinarswingunial TIL apheufimnige Sedndusieddlu

nsdedeyanitlureniaumes

Output Input
+bv +bv
Logic 1 Logic 1
; +2.4 v i-_’ 3 +2.0v
04v Undefined

Undefined noise margin

+0.4v . Logic O +0.8v

+0.4v +0.0v

ooy - & J o
AnuanREnIInisasmeBumefinahifnsunussdudooanuuu Tl
. ’ '- x { J [ A Y i 1 ]
relaznarateigounfifisiulunisfessdeyassuingunenlusasunliléey
Tweder)  Bwoiu (Wildeguuutiuasasfiniidendu)  unifinseseuinuetes
o p ok aNN S A, . o
panRumafasaAtes ludine AU matiai 14 lunsBaasdayanteluimtes
v i L [ - ’ ’ i [] ."
ponfnneflulifsmeianilivssgnaldiunsiissiessuinusdewizeguneniudaciu
Py - P ' 2 ‘ (% a - [ ) - v
% weaiumaliaunetadi lUEnie limsiissefearsoyassuiraateaulyls
v L 3 o =l o [ o aif o [ o - ¢ o
atiegniins Tutlaquufliinefiuefunilfssdudyg ey L Ausesuiumafudn
Fafusnimsfearfeyafinsdudrynynitilurzezinndy 2:3vm eraaciitlywvisede
- X <
eennifiaTuLdeifiesn

’ 1. sedutyryans TTL Ingninfisatiraandtyryanisunauainnisuenididng
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2. nagryde foss) IlumneminWerduussiuresdynrndidenantuan
aeFafinansnuTdArRars A ULINAY 06 v 189 TTLwsddygngryidasesusssiuly
e 23 V awnsovinliaednsne AAFuRawanaly

nafaansfayalaeldezfudtyan T f':ﬂn'mum:ﬁﬂmﬁﬂqau.uu'nmu R
ﬂgﬁﬁ1ﬁ’aﬁnﬁﬁs:ﬂzmqv‘;lﬁumﬁum'ﬁ"aqamqLﬂuau'] ynsammuasielipnadetels
sz

padedelsing fryryrnuazdiaslignuninalsidngg (Delay) Feasvinlriiraiien
waaly muv?qﬁrumtﬁ'ﬂﬁ'n Skewing

nmsassnziadsuaraauuaned conector fildlunsdeiayauuumumiull
SIATUIIULLIBYN TN

usiniTl1967 John Van Geen A#NTu8Y Stanfocd Research Institute IHszanmany
Ardalunissivluuiisunmnindaudneldine  (Protble)  fumuusnuasldneen
drmintlantin Anderson-Jacobson Corporation TuiAeuURIMINAN 1967 ANAUFATRIgY
nfuiife sunsindmdeldarean uasAdsng lunsdeuseiins T4 furalan
iernsfessdiaysiidwuenaniinaudasdygaalind - 0.1 Thudtyoyrod
snanmasdlimanseseliuanansoin18lneld  asoustic modem usitlyimuanAne
azFesiineimuniinsg st uinefinarzuinegunanldinaai 1 luntsdedns
gﬂqaﬁuimﬁmaﬂﬁﬂu 1wl 1967 (Electronics Industry Association (EIA)
iavusunsgniusnnasgwidadirs 232.c wilutRqiusnasgtitagnidlu

. . > - “
sruvinlrsmesiawmedill soaisszuyidiounslugjndnda)

RS-232-C interface

Computer

e U 2.6 Anwur veesruuild

pusmimeesdyquinil

iazefupaesiynnitninges Rs-232-C Twirdieil TaeldUf 5 szney
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1. fryynuiirmnuireummmedras RS-232-C anfluaniazlannmeuii

Tuwinzgresgseiuhl
MARK/SPACE
ON/OFF
logic 0 / logic 1

pudNRufTzndnsanureesdtyrynigsingg Muusssiulsuandlilumsed

1 walifunmdinedn Rs-232-C 19neAnau unussiiusaiusingeg sednay Aedsninuiey

-d o 4. } 4 o o 4’ -l 4 v i [ [ 4‘ [ o d'
WituussuLuLnile §19efuusasuTelAndusuNINNIBNIsALUNAUNTN TLALILINAUN

fAnfusunnnndtaziuaedn “ge” Ml 1= v, n9196 S0 Off €U 0 = +V W38 ON

o o ] o e [ [ . o o
TﬂﬂlLNMN'IJﬂQ?ZﬂUﬁ'fUﬂJ’WmWN" [TYNIAMELNULTDINA Signal Ground Telunnandy

3 : [ A - 1 Y -~ L
uphaINTE29T89TEAULTIRUTINdNS -3 T +3 Taasasilludasreeanisifeuutanedn #a

:’/ -t 7] o ] d"
uuﬁﬂuumﬁ:qﬂm QWL AR ITE XL ARY VL L

Signal voltage
Status
- 25V<V1<-8V 8V<V1<25V
Binary logic
State 1 0
signal Condition Mark Space
Function Off On

2. Tumsunuasinuilavideaniue MARK FaduSTYry s (driver) FBSEILT

Aurzning -5 19 -15 Taasl ludaunisunusedn 0 wia Space TRt UIURBIA UM

ToNIN +5 TN +15 Toas

198 1 uasie 2 uamedn Rs-232-C Aasll Noise Margin 1@ liiiu 2 Taasl & ufu

v * o~ 4 & ) A
AudRussEnInunsLasanusreddyg i lduaadilunin 5 sanguasuiuléidn

line driver W3RAINUNARTYYIURBINTTAINDAN O line driver ALADIRNWUNAUIENIN +6

n



+15 Taasl  unu aedn 0 ;nmMaFauifisussiudtyyinressmdeuasifussiiudn RS-

] © a : e [ 1 3 -~ [-1
232-C wanilinag Drop seedtyyrnuludae 2 Laamiistuldduiuludunisdenedn 1 A

Lﬂa;udutﬁmﬁu
Connector Gnd Data Control Timing
Interchange pin Description From to From to From to
Circuit Assigment DCE DCE |DCE DCE |DCE DCE
AA 1 Protective Ground x
AB 7 Signal Ground/Common Hcturn x
BA 2 Transmitted Data x
BB 3 Received Data X
4 Request to Send x
5 Clear to Send X
6 Data Set Ready x
20 Data Terminal Ready x
22 Ring Indicator x
8 Received Line Signal Detector x
21 Signal Quality Detector x
’ 23 Data signal Rate Selector [DTE] x
. 23 Data signal Rate Selector [DCE] x
DA 24 Transmitier Signal Element Timing x
DTE]}
DB 15 Transmitter Signal Element Timing x
{DCE)
DD 17 Receiver Signal Element Timing X
[DCE]
SBA 14 Secondary Tranmitted Data x
SBB 16 Secondary Received Data x
SCA 19 ) Stcimd'ary Received Data X
SCB 13 Secondary Clear To Send x
SCF 12 Secondary Received Line Signal x
Delector
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+16V] SPACE SPACE +16V
Logic O logic O
On ' On
+5V
Transition 2v Triansition +3V
region noise margin region -3v
5V -
Mark ' Mark
Logic 1 Logic 1
-16V Off Off -16V

7U7 2.7 pumaniFinndinfimesduiredinauny RS-232-C

snfitdesinanenaiifessduininbilildanusuy TTL Sesssuuseduiin
229 0 19 +5 Tanef uasvinlusiedlduseduszdng 115 0 3 ua +3 e +15 Toadanmnd
Lil¥nsunuaeinuuy TTL QnaunauAIndyInTLInINEng 1ne uanmnﬁﬁqﬁﬂrum
Renfuszazneiianunsninnnsfesnsdaysdndan dvfusnvaisesidusedulutag 15
0
pexRamedsine Toeialufingdsrauusedulutaatieg aflmsndaimaitinniuia 1
aunzovie i lugoamsnil ua:ﬁmuﬁaﬁmtyﬁmmmumeqﬁﬁﬁm'la’f usnaniita
snunmienlumfige 19 geile 20,000 TnAund Sendnugniue Mark unzsnmuz
Space  glagnunusannisiuavesnszuslufamefinsedaiuarranauuansineresusedud
SN Mark uay Space HFngeile 6 Masifluetinaien dedsine Ainarauniidonliiness
Joyniliafinsning
3. sufiursry C i"';m’wmuﬁuqﬂmm'?uia:gaﬂmﬂmm:v’mﬁmmtﬁu
25000 pf Tﬂﬂmﬁ‘lﬁmuﬁhm'\mflﬂﬁwﬂmﬂﬂtmﬁﬂn'h'ldv'\'oﬂ
wanog asdervuaded] szﬂzmﬁmmmﬁv’nmrﬁ'amﬁa:ga'lm*ﬁm'b.itﬁu 50
vrdagninmualilusnnsgu RS-232-C

4. unvsuruzitananiFernsnlidiuan (v,) azfecliiiu 256 Taad
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L4 J L4 k) & ] - X
6. 2arfuftyoyrunldiy RS-232-C fisetmnranusanisdnuasinaIule

el iAnauidamasiaiiuenfaqunmnfifadesdes Wy meftida Tudx,

wain 10 uarqunanisineg AredriumbanldlunisBumedinauuy Rs-232-C

aTfl 3 MsesBuaiv 9 wibudedggraiidussmsuiuniasd

"N WD‘S‘?M mmnmmmwas‘ﬁn

I AA Protective Ground

2 BA Transmited Data

3 BB Received Data

4 CA Request to Send

5 CB Clear to Send

6 CC Data sct Ready

7 AB Signal Ground

8 CF Recived Line Signal Detector

9/10 - (Reserved for Data set Testing)

11 o Unassigned

12 SCF Secondary Recived Line Signal Dector

13 SCB Secondary Clear to Send

14 SBA Secondary Transmitted Data

15 DB Transmit Signal Element Timing (DEC Source)
16 SBB Secondary Receive Data

17 DD Receive Signal Element Timing

18 - Unassigned

19 SCA Secondary- Request to Sendd

20 CD Data Terminal Ready

2] CG Signal Quality Dectector

i 22 CE Ring Indicator
: 23 CH/CI Data Signal Rate Select (DTE/DCE Source)

24 DA Transmit Signal Elecment Timing (DTE Source)
25 - Unassigned
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- Sumadid

MUATAUATNANT JadmRUIUARETANNNTRTEIU RS-232-C IHunaalSly

A9 3.2 seslidainafaedrmannnsg Rs-232-C lilfnanatleLlénsag (Plug) vida
Udnsdltsocket)  nspouuAmefiatindisisdnenisatiadls Tulaqiuldmauiun
wafuuy DB-25

(LR FENUUL D-type 25 pin connector) 'lumﬁ“ml.mﬁ-nlammgqu RS-232-C mRULLALADT
LTI 150 1123 i‘qtﬂummgﬂwf;ﬂ?xmﬁ'l'ﬁ' Imel Internation Organization for
Standardization [ISO] A wiLmuaziEsafiuAnesreumamefuiniiuldann ISO/draft
International Standard 2110. “Data Communication: 25-Pin DTE/DCE Interface Connector nad

Pin Assignments™ [Revision of ISO 2110-1972],February 1979,.

[ & . L v
vradfinsine Husadlilummei 2 Teamnsnusneendhulrsunmeinelé 5
Uszinvpe
1. N9196 ¥?9 Common Return [A]
2. wafnadeya (8]
3. |efNAAILAN [C]
4. 179 NRYaIRTYrYIUFIUIAT [Timing Circuit] D]
5. 112 fMATEIUTUUUATIARY [S]
d‘ < Vi o o -4 d. ¥ ¥ 3 ] o~
anmedl 3 aziulddwhdnerlunaduiedfinefMnussinmsnasaflug
o o 4 v e b 3 v o i o o & o ;‘4
SNEIFAUTNIDINGNAENYT (UsznausassneraaToainsa ) Taldinia Tlung
afunedtyn s 1 iferdasiunisldig RS-232-C anAmeR 3 e ffinsne v
R$-232-C Qnuiisasniiullszinn neldnqueessidnmessatunelidreduuananiily
meRuansiiAnnnafeuivedeys AynanmiuanuasdyyInnatIngsaIn DCE
' . \
Ve DTE suiamsimusndyrniiliiuaefMasiie dufudneuenininnuse
= s -l o :
17efANT NAY
Circuit AA: Protecive Ground
o o [ =3 : ' Y v e e L 4 d‘ L4 - ﬂ.
aaureutefiatargnaedaiusiaderesqunenine lfiduaeduilianfay
\iti Protecive iU Dignal Ground axuWi1&idn Signal Ground HmunAtyndrannsariu
Protecive Ground AasinTignsie nisnszvinguillifiumsinfinderinuunluanasgu Rs-

232-C 119931091 Rs-232-C Mnwmuslinsiifiifunsdlifanidaru (Option]
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Circuit AB: Signal 178 Common Retum

wafﬁmﬁqnﬁtﬁuaﬂé’ﬂeﬁwaeﬁ’mmwmﬁlﬂumﬂi‘nmm’w] aniiuiredia A
[Protective Ground] vnas"ﬁnﬂxﬂuwafﬁmLﬁﬂf:ﬁﬁﬂoqnﬁai’a’mua'lﬁd'\Lﬁumsﬂ?:qnw"l‘imu
uuuls

Circuit BB: Received Data

ﬁty:mmmmvnm'ﬁmﬁqzqnmq'm DTE Wiy DCE.DTE azvinltigefin BA
[Transmitted Data] Han1uzagdnidu 1 Mark} Aresiaafifinisdedoyauenaininesin
sielufiTinnuzasdnith 0 (NOJ

1. 98Nm CA [Reguest to Send]

2. 19847 CB [Clear to Send]

3. 1wedfia CC [Data Set Ready]

4. \1990# CD [Data Terminal Ready]

dmfumsinauiaiusesteMamenii exesine$ludadedaly Tuunensd
ienaazAasld null malem Saufuied el MeduluszuuneuRama s vt
iinnsauimefingneniamef  BumefinavenrudnfiumefMidanunne RS232-C &1
wefidaid DTE WnAsnanuduiléan) ueseesfiameHiadailu DCE ponRnimaiay
retfudTigsanmeRiTat U198 L Transmitted Data (mededoyaifiely e
usindnedelily DCE ) wiithmasiamefinsalu DTE ua:deiathummaﬁmﬁn
foywdudn qa.lmrﬁv?eﬂmﬁ’oqqu'ﬁ’aqamuummﬁmﬁmﬁuv’m'lﬁtﬁmm#ﬁ’mﬁqﬁm'l-i
Null Modem ioﬂuﬁ'ﬂtymf:
flgidnAryEndaviisie lumefndaAesegluanioz ON reufiasfinieds

$ayausindulaiagluaniae ON mmvrﬁmqLﬁﬂmnnwﬁ'muﬁﬁﬂwmmmﬁfnmﬂfﬁﬁa
wafn /0 sesmenfinmef viainanimaemidaffassuinameiarunaufiomestng
ﬂrymmzi'ﬁ';zﬁn%u'luﬂru:#mdﬁaqa?m’li RS-232-C 1lrymrreaisnananiasandoyyin
odryeyraaviiednadiuiu o viemeifiarsarninssedoyauuanaiduafud

ronfoiaeflddediaysdmiunimmsaseudeianmamariiavetune luneuing
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Circiut BB Received Data
ﬁmmﬁmﬂaqmaﬁmﬁqzdamn DCE et DTE maﬁmﬁwzagj'luamu: MARK
(3830 0) Received Data (1M BB) axflan1azilu OFF (930 1) uenannil Received
Data avelAdagjluaniay OFF En'ﬁowzﬂmm&w} szuznMTanAsn? reguest to
Serid (WlAnuan1azan oN il OFF Lﬂamsm%ﬂqmﬁn’ﬁwﬁemnﬂ Reguest to Send
wasuanazaan o liflu oFF Lﬁﬂmﬁﬂﬁmﬂmﬁﬂ%uﬁﬂuffﬂﬂLlﬁ'l
Circuit CA: Request to Send
drycynd Request to Send [RTS] uazAtyqU 4 Clear to Send [ CTS Wiaitafin CB |
Fafatulunsdedoyassuing DTE uaz DCE uamWlugd 6 uas 7
'lum?m'ﬁa:gmmu simplex WAL full-duplex u'ja request to Send HA0UTIBIReAN
0 ON Azl DCE egfluluuanisdediona ransmit Mode] Tufifinnefi DCE agjluluun
nssediayanunemannga DCE aglulnuanisdadiaya (Communication link] Aaatinaitu f
pcE seurnfulinduifle DCE azeylulnuansdeiays B DCE azlidedayadildFuan
DTE eenlifsinarlunisfessdeys)
Tuna6il half-duplex Wi Request to send 8glusniu ON,DCE avagluluum
nnsdediayausitn Request to send agjluanaz OFF DCE avegjluluumnisiudayaie

DCE azfudayaarniAatiunisfeansuasmedeayaimaniilues DTE )

ON

off
RTS .____//ON \P

off \
crs —— N
XD _Ma:k_( serial data IMark

State State

A B C

21/l 2.8 N19¥i1 handshake 199fTYTYATY RTS usz CTE udae A DTE

: : WP & o
usmalii DCE n31U97 DTE siasmsdediayativasiintunsumaniifie DCE axdns

dosvamsiieans CTs (flu ON ) Fauasdl DCE nawd DTE sinendudusedeyals
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uda wsi TDX avflagluaniaz MARK egjluin B deyascgndatiuniaitedin thansmitted
data \iiediayagneseenauvumuda DTE az OFF Aty RTS Wiauant DTE Tidaenns
dedayaBinuda

sieltiiag ¢ 1ila DCE M’ﬂ:ﬂav?mumﬂn'lﬂé’q communication link ta3audn 1wadMin
TOX aznfuidngantar MARK lutaa D DCE udals¥ DTE nawdn DCE wianudafiasiuds
Hayngalmiiedsnanllntns OFF doyeymm CTs

gt 28 velimaniaznanunuutasain on i OFF uazaan oFF tiflu
ON 28e8tyy U Reguest to Send n'11L1J§"auuﬂamnwzﬂmd’ryrmu Reguest to Send 41N
OFF (iJu ON A Trigger DCE Wiagjluluuanisdediaya uazvhmm‘?umausm'] Fvinl
nsfiesnsdayn Petuld dunrssesdmildenesfameindn (Host ComputerBADCE
FfusnansosietsAwiiFlnesatula lussunbilasaaniamedlaging st Reguest
to Send argnAaUATY Coear to Send (IR

fohudlelsfimud oTe floudityrym  Request to Send DTE AlgFuATycyusiatl
nfuxn Tameamnege Clear to Send (MERziSomAinANTasTasiaznalunmaneq)
wenmindunausine fnlsidansdenrreyaliifntuGuuSeuuda DCE ax¥inld Clear
to Send (19afim CB) TFnadnidu 0 (ON] Faunsuenlst oTE nrudngNndedioys
yiafin Transmit Data Sruqmidessie linferface Point | 1Hudn

nalAeuaniuzan oN il OFF vesse RTS ifunnadelsf OCE sadiayadl
favieagfiqaiionsia linterface Point] 18%85M Transmitted Data panluietemaanig
8
nsfutieyatunsizes haftduplex)DCE Q:muauﬂqﬁad’mmmﬁ?mﬂﬁ'ﬂﬁﬂ’mmﬁru Clesr
to send Hlagdniilu 1 [OFF]

mnpﬁf 28 {ielafanun Request to send LLREUEAUZAAN ON 1§y OFF Request
tosend sz On lmaildEnefauilefirenla DCE &Vl clear to send 1W/AEnADIMEAN ON
D OFF uds maiiduilitiunstiesiubiliifie overun eror 3ndefAe DTE viamass
Joyn  gelwinndn lusouzii DCE dedefeyagalminndn uwnusd DcE fagedayam

i laiiFou¥en
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ON '
RTS __ﬁk

off

ON

CTS \

A pff B __

7 2.9 uane (A) DTE imnansn ON drynyns RTS Tmaianafaniialé DTE

Favreunaziia DCE dedieyafiveaanluauvasing DCE sz OFF dryqans CTS e
usmelsf DTE naudrsiundaniiaziudeyayalmiudalutas (8) DTE sursn ON dryrynnd
rTs Iwidielafiilesann cTs fannmiu o

N1 handshake 1@&ld Request to send U Clear to send V;ﬂEUﬁﬂ1ﬂ&u'lﬂﬁ'\'ﬂ‘:¢‘lu
nssedeyaiiasmiusninefiiafiax block (4 sTnmaafifissiugendn  Physical - level
Protocol lunsrimumdnmmusyasenfusninefvte block | FretugususRlivilenndfusn
wefsznausostineineg 10 in DTE astloudtyryrruadluane  Request to send  ud
oEFUATYRYIUSIN DCE A8 Clear to send  AWFLI handshake luntsdedayaiiay
ueniu  DTE ﬁ:dqm:’usnmafﬁmwﬁuanqméuqmmn'a’an end of transmission
characteer]  iisidludat ua:nﬁaﬁnm&qmmuﬁam?aga DTE Aar OFF dtyqymu
Request to send 'lummauaumﬁiﬂmcv;lmmﬁum& Dee A Off #&ryryanu clear to send
Lﬁﬂmﬂwmmfﬁmuﬁuanvﬁqmmﬁaqa%gnm'-nn DeE eanlufuindetne msde
fR17 [communication network] Gﬂﬂ"fﬂﬂuﬁ’)
anfiefuneBlugefin BADTE azdedoya lafdele  Request to send Clear
tosend,Data set readry WAL Data Terminal readry WAL D ata Set readry ON FeuSanudn
Atycynu Request to send 9% ON AINNAURY DCE fqzmuaumﬁﬁﬁ’mm'\m'ﬁ Tneinnsdy
dyryrnu Clear to send W ON  nduan DTE, DTE  azdedaynsanviatesin
Transmitted Data &
(151@150 ON Rty 0d Request to send (518 15muR Clear to send 151 Off Inelsifes
aulasnmzteateiniu )
fefinauladndanilefe dqynios Requet to send Wudtynynd Wezwing

DTE,DCE winiu 1Heewngr madanlmlnogtansiny ulnson viesnfoussuen
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. . . b & v
DCE M WAUGAY [lecall unsgffu aananiu [remoed] Aausynrnuiiaclignaalud
quninfla  Regmsdniimariasiedon  remoediuavdtyqns  UiliFuenannuz

[status] TRAATRIMWANFUAETUTY
o ; o« . - - -t
n1eldeu 1ednia request to send  Saitlusiana WiAsTyua luntsBumafinalu

[Universal Synchronous /Asynchronous] (Huwafm /O uuy synss avswetlywidaiias

- 3 -
eyt luneuvineresunil

Circuit CB: Clear to send
dyoyrandudygnuipauradgndesan DCE luee DTE ieuanl DTE newdn
DCE wiauiiardedioyaiceannain DTE uusnt  Transmittered Data  uaiiiedtyrunn
Clear to send 8gjluaN12E ON 293viadTyry 04 Request to send Data Set readry 479
Data Terminal readry lstnziilu On e n17 On vesdtyryrcumaniiazuelyl DTE neu
(4 d' ] o [ ¢ k4 1 + o . b d:
dndiayafidalds DCE axgn DCE §uliusvaesialuely comnunication Chanel 1fiaftyryacy
Clear to send agluanme Off azuenly DTE wwdn DTE binfouRasfudeyansaliy -
DTE avfiiliamnsndeisyananin (Fastlaudtyoyanu RTS i)
Clear to send Svafluan1ay ON fisieilleftyoyans Request to send (11affin
CA ) UaZ data set readry (t38fim CC) azegluaniny ON Metlilden Request to send
. X L 9
azifuatinlsRagusgiusausyesfynyin Data set readry 5ilu ON v3e Off
TunsBumefiamunimsgiees RS-232-C FvinmsBumefinasyudng DTE
uar DCE lunsdlffiimsevteadnteinsdwy Wifaawuson seeltivefMnsa Uty
i lUdae
1. 1194nm CC: Data Set Readry
2. 1994N# CD: Data Terminal Readry
3. 1ednm CE: Ring Indicator
4. 11991A CF: Received Line Signal Delector
d‘ . oo ] -‘l’-‘ o - ] 4 [ : 1 4 .
Wasinmaiuredefiase lUiNuatuATatatnedmt  faTudiisvia
- - > [N -l » - L. d‘ ' d‘ - )
msanfelusrardu Lidwietetrainedw Inelfeumhaulanniigaeessefamen

L4 '
il Aansliadandugunseimanisasiasdwiidann Irudntusi® (auto answer)



uﬁﬁﬁéﬂﬁm Data set readry UaS Data Terminal readry Ao iusuamel
Ls'mﬂud'\qﬂmtﬁmt?ﬁw?ﬂnﬁq:ﬁﬂnwaamﬁﬂqa (Equipment Readines) w3lN dwiu
muaviunvedeiaresuneluiade “nsfusediayauuy ful duplex” 81 Data set readry
agfluaninz ON azuenli DTE w3wdn DCE wieufiasdedoyafizuann DTE esnldl
igtnansResnsuds (du wiadrainsdw lilmsoludnezifuai Data Terminal
ready 8¢luAN1IZ ON  u&sN91 DTE wieudt azdndeyaluly pce Tnugedeyaeanme
\58fRR Transmitted Data #aRl1# e8unel3lu “Circiut BA: Transmitted Data” ¥4 Dats set
ready WAL Data Terminal Ready avsiasagjluanioz ON roufiazihededieyniindu usitles
mné’ryty'\mmhﬁ'lﬂﬂ'ﬂﬂqn'l‘f'lumrﬁﬁv'nnw‘éutmﬁﬂaﬁmauﬁomﬂfﬁufui’ﬂqm:qn
mLil"a'lmﬁq‘%uﬂqﬁuamommﬁ’mmm Request set readry WAL Clear to send
Circuit CC: Data Set Ready

ﬁmmwmﬁﬂuﬁ’mmmmuquﬁdemn DCE )fa DTE lunscllfi data set ready
agfluanmz ON ussedn DCE lgnriei Commnunication Channel FeuForuda Tunaci
7 DCE vaameanInsianaineg "3TnesmlusTRnagh data set readry 18l ON
antAYAn DCE 98417 (locall FsietnafwiiGun) DCE  wpustesmexfiawmed i
HaannsRasadas remode) limeLFusensBuninliiian1sdensarues Communication
Channel Jusswine DCE vedesdnu  sildiamnaminnsdsansdieyasswineduléide
communication channel  gniansiauda sruvidrglumanssedeya (lilstwamnasds
dryryrnudien Assyyaanslails)

Circuit CD: Data Terminal readry

ﬁmmﬁmququﬁoﬁqzqndqmn DTE Wiy DCE ftyryrnu Data Terminal Readry
pevaglugn1iz ON riewfi DCE 4% ON Aryrynns Data set readry { F9uanliizin DCE gn
Fonsadimnensiesns communication channel Wi uazAanIngedayald | suzlafinn
7 DCE ﬁaﬁmiamwmwﬁammﬁo Data Terminal Readry wasuaniazann ON i Off
DCE axmnasidensiasywing DEC il communication Channel ol

Circuit CE: Ring Indicator
ﬁmmqmﬁtﬂud’rymrumuquﬁa‘qmn pce léia DTE Lﬁﬂﬁ’mmwmﬁﬁamq:

Iy ON uasedn DCE frdalERudynueenie (@Fouuasiadugoe ) uatlunsdii
pce lsFudtyqnaudoeie dynyins Ring Indicator szilanazidiu oftf 1 ld&yqno

o 3 J i - ) o Lo
v lunsdR i luARasoneufusenisGunlalandniui (auto answer)
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Circuit CF: Received Line Signal Delector
drynynidise aan oce ek DTE Ffudtyryns Camier @espafhlumuda
fvusvesBvduan DCE Aan) Aidanain DCE Andumil (remoed Side) dryryru
Repeived Line Delector aziian1azilu ON uAmadn DCE Sudtyryrnulu Communication
channel Feazqminlyl demodulate 'Fuda Wubufnuuusine araduiiasgneiedy LeD
L'W'%uam'lﬁidwmzﬁﬂﬁrumﬁm Carrier 1u ety
AN é’mmnmﬁﬁ%ﬁnﬁ'f'wﬁodﬁ Data Carrier Delector (DCD)
umsldnumeMilaifiswmingluviemann dausnnisdedlfany s
amazdiu high seeanANieud axfsededenyn Methereanefiaisdesinduiis
Un Texas Inrument Silent 700 series ‘i'dﬁ acoutic - couple modem ﬁm?q'lf'imﬂ'luuaﬁwafm
Rs-232-C Wil lunesiafiuluiAnnieuan Received Line Signal Delector Axilantoziiu on
Lﬁa‘imﬁumﬂ'lunnﬁu carrier ReananTNFNENFILMIR remoed) 18 (Tuufaiises
gnunsomeufuneFentaedalud® | WlnnsduildnmdeantiBumefing  Selent 700
dihivlilasneaiunef Taomss (s Tidn) indedeninliane Received Line signal
Delector Hgn12ziihs ON igxe Tﬂtl‘/‘l."J"] ‘lﬂﬁm:simnﬁ’turmtuﬁn’nﬁumﬁtytu']mﬁ’qmiu‘n"
Naguumoriiamed 19Ut Data Terminal readry mediatiaand “iuping” &ML TO AT
WReAe
Circuit CG: Signl Quality Delector
Circuit CH: Data Signal Rate Selector (DTE Source)
Circuit Cl: Data Signal Rate Selector {DTE Source)
Circuit DA: Transmit Signal Timing (DTE Source)
Circuit DB: Transmit Signal Timing (DTE Source)
Circuit DD: Received Signal Timing (DTE Source)
Circuit SBA: Secondary Transmit Data
Circuit SBB: Secondary Received Data
Circuit SCA: Secondary Request to Send
Circuit SCB: Secondary Clear to send

Circuit SCF: Secondary Received Signal Delector
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nadamnand  fswarfudeyauuudelaniasynchronous)  v3al¥iuane  Dedicated
Lne (snefldlunssedoyaifinsthadion Weekunnoudedtild)  Fadunmsldsauy
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’ - Wlunedediaynatinume (Transmit only)

- lunsdediayastirumenusiliftyin RTS fas

- lunsfudiayaatinaiden (Received only)

; - Wduarfudeyaafgmand (Haft Duplex)

- Mdeuarfudayayagnand (Full Duplex)

- Mdeuaziudeyauuuyanmdnd uslddtyoyrns RTS e

d - WUWIAY (Special) )
mdumefiiauin  Ansronilfusadilumeed 4 Feldarymnn
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M5 4 RS-232-C Standard Configgulations

Terminal Full
Transmit  only with Received Haft Full Duplex

RS-232-C InterChange Circuit  only RTS Only duplex duplex with RTS
Spacial
1 Protective Ground - - - - - -
0
7 Signal Ground X X X x X X
X

,2 Transmitted Data X X x X X
0

.3 Received Data x X X x
4 Request to send X x X
0
5 Clear to Send X X b 4 X X
0

" 6 Data set Readry x X x x x X
0
20 Data Terminal Readry 5 3 s s s s
0
22 Ring Indicator s s s s s 5
0
8 Received Line Signal Delector X x X X
0
51

x= Mendlunnnad

o o e a «
s= Wlumdzuvesarifgvuiuadetielnidwd
0= @enlIMuNANFNZYBITZUULT
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* OLD MAN GROUP

> PROGRAM: RF-TAG.BAS
serout 7,T300,(0)
serout 7,7300,( "A")
sevrout 7,T300,(0)
serout 7,T300,("D")

SENT: serout 7,T300,(32) *Sent Rlank Space
seyout 7,T300,(32) ’Sent Blank Space
serout 7,T300,( "P") Sent P to pin 7
serout 7,T300,("o") Sent © to pin 7
serout 7,T7300,("“1") *Sent 1 to pin 7
seyout 7,T300,("i") 'Sent i to pin 7
aerout 7,T300 ("c") Sent ¢ to pin 7
serout 7,T300,( "e") Sent e to pin 7
serout 7,T300,(32) *Sent Blank Space
sevrout 7,T300,{ "N") ’Sent. N to pin 7
gevoui 7.T300,("a") Sent a to pin 7
serout 7,T300,( "m") Sent m to pin 7
seyout ~,T7200 ("e") ‘Sent e to pin 7
serout 7,T300,(61) ’Sent. = to pin 7
serout 7,7300,("M") Sent. M to pin 7
serout 7,T300,("r") 'Sent v to pin 7
serout 7,T300,(46) *Sent . to pin 7
sevout 7,T300,({ "N") ’Sent. N to pin 7
serout 7 ,T300,("~") Sent A to pin 7
serout 7,T300,('R") 'Sent R to pin 7
serout 7,T300,("“1T") ’Sent T to pin 7
serout 7,T300,("T") Sent T to pin 7
serout 7,T300,(32) *Sent Blank space to pin 7
serout 7.7300,("C*) Sent C to pin 7
sevrout 7,T300,("a") ’Sent a to pin 7
serout 7,7300,("r") 'Sent v to pin 7
serout 7,T300,(32 ’Sent Blank Space
serout 7,T300,("N") ’Sent. N to pin 7
serout 7,T300,( "u") ’Sent U to pin 7
serout 7,T300,( "m") Sent M to pin 7
sevout 7,7300,( "b") Sent B to pin 7
serout 7,7300,("e") Sent E to pin 7
sevout 7,7300,( "r") *Sent R to pin 7
serout 7.T300,(61) *Sent. = to pin 7
serout 7,TR00,(65) ’Sent A to pin 7
serout 7,7300,(49) Sent 1 to pin 7
serout 7.T7300,(50) 'Sent 2 to pin’ 7
serout 7,7T300,(51) *Qent 3 to pin ¥
serout 7,T300,(52) Sent 4 to pin 7
sevout 7,T300,(32) ‘Sent. Blank space to pin 7
seroutl 7,T7300,("C") *Sent. € to pin 7
serout 7,7300,("0") 'Sent. o Lo pin 7
serout 7,T200,("d") Sent. d to pin 7
serout 7,7300,( "e") Sent e to pin 7
serout 7.TR00,(61) *Sent = to pin 7
serout T ,T300,(50) *Hent ? to pin 7
sevout 7.T7300,(50) Gent. 2 to pin 7
sevout 7.T300,(50) Sent 2 Lo pin 7
serout ~.T300,(50) “Senl 2 to pin 7

pause 2000
goto sent



we EXAR XR-2211

e

£SK Deniodulator/Tone Decoder
GENER,AL DESCRIPTION ) FUNCTIONAL BLOCK DIAGRAM

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for daia communicgtiops. It
is particularly well suited {o; FSK modem applicaiions.
i operates over a wide supply voltage range of 4.§ to
20V and a wide frequency range of 0.01 Hz to 300 kHz
it Gan accommogate analog signalsbetween 2 mV and
3V, and can interface witt conventional DTL, TTL, and
£CL logic families. The circuit consists of a basic PLL
~ or tracking an input signal within the pass band, a =
suadrature phase detector which provides carrier de- r o
rection, and an FSK voltzge comparator which provides o cE
FSK demodulation. External components are used toin- Rl gr—
dependeni.y set center {requency, bandwidth, and out- i L.‘;;
out delay. An internal voltage reference proportional 1o —y E <
the power supply provides ratio metric operation for low = outhn = CCJ'
system performance variations with power supply

changes.

2 L1 mss
]
[10] 365rece
3 ~nC

(8] & s

INTERNAL
REFERENCE

/ . f . ORDERING INFORMATION
The XR-2211 is =vailable in 14 pin DTL ceramic or plas-

tic packages spr-cified for commercial or military tem- Part Number Package Operating Tempersiure

RERAINES Eae XR-2211M Ceramic —55°C 1o +125°C
XR-2211CN Ceramic 0°C to +70°C

EEATURES XR-2211CP Plastic 0°Cto «+75°C

: XR-2211N Ceramic ~20°C 1o +565°C
\Wide Frequency Range 0.01 Hz to 300 kHz XR-2211P Plastic —-40°C to +85°C
Wide Supply ‘/oltage Range 45Vt 20V
. DTUTTL/ECL Logic Compatibility 2 [T SYSTEM DESCRIPTION |

FSK Demodulation, with Carrier Detection - = . .

Wide Dynamic Range 2mVia3Vmms Thg main PLL wu}hm the XR-2211 is consirusied from

Adjustable Tracking Range (= 1% ta £80%) an input preamplifier, analog multiplier usea as a chase

Excelient Temo. Stabilily 20 ppmv°C, typ. . detector, and a precision voltage controlied ascillator
(VCO). The preamplifier is used as a limiter suzh that in-
put signals above typicailly 2MV RMS are amplifiea to @

APPLICATIONS constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. its output

FSK Demoduiation . {unfiltered) produces sum and cifferance irequencies of

Data Synchronization the input and the VCG output, f input + { input (2f input)

Tone Decoding and { input -'f input (0 Hz) when the phase Jetector out-

FM Detection . put to remove the “sum” frequency component while

Carrier Detection passing the difference (DC) component to drive the

VCO. The VCO is actually a current controlled oscillator

with its nominal input current (fg) set by a resistor (Rp)

ABSOLUTE MAXIMUM FATINGS to ground and its driving current with a resistor (R9)
{from the phase detector.

Power Supply 20V

Input Signal Level ’ 3V ms The other sections of the XR-2211 act to: ~ietermine if

Power Dissipation the VCO is driven abave or below the center liequency

Ceramic Package . 750 mW {FSK comparator); produced both active high and active
Dérate Above Tp = +25°C 6 mv/*C fow outputs to indicate when the main PLL is in lock

Plastic Package {quadrature phase detector and lcck detecior compara-
Derate Above Tp = +25°C « 50mwi*C J ‘o).

1-23
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ELECTRICAL CHARACTERISTICS

Test Coadiisns: Test Circuit of Figure 1,V+ = V= = 6V, Tp = +25°C,C = 5000 pF. Ry = R2 = Ry = Rg = 20 kQ,
R = 4.7 kQ. Binary Inputs grounded, Sy and S closed, uniess otherwise specified.
XR-2211/2211M XR-2211C
PARAMETER MIN |[TYP |[MAX | MIN hl'YP MAX | UNITS CONDITIONS

GENERAL
Supply Voltage ~ —— 4.5 20 | 45 20 \
Supply Current 4 7 5 9 mA Rp = 10 kM. See Fig. 4
OSCILLAYOR SECTION
Frequency Accuracy +1 +3 +1 % Deviation from fg = 1/RgCq
Frequency Stability Ry = 12

Temperature +20 | 50 =20 ppm/°C | See Fig. 8.

Power Supply 0.05 | 0.5 0.05 %N | V¥ = 12x 1V. See Fig. 7.

. 0.2 0.2 %N | V¥5 = 0.5V. See Fig. 7.

Upper Freguency Limit 100 {300 300 . kHz Ro = 8.2k, Cg = 400 pF
Lowest Practical

Operating Frequency 0.01 0.01 Hz Rp = 2 MQ.Cq = S0 pF
Timing Resistor, Rg See Fig. 5.

Operating Range 5 2000 5= 2000 kQ

Recommended Range | 15 100 15 100 kQ See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current +150{ £200| £300| £100]=200} =300 pA | Measured at Pin 11.
Output Offset Current +1 =2 I uA .-
Output Impedance. e 1 1 MQ

71, Maximum Swing +4 | 25 +4 | 25 v Referenced to Pin 10.

QUADRATURE PHASE DETECTOR Measured at Pin 3.
Peak Output Current 100 | 150 150 A
Output impedance 1 1 MQ
Maximum Swing 1 11 V pp
INPUT PREAMP SECTION Measured at Pin 2.
Input !mpedance 20 20 kQ
Input Signal .

Voltage Required t0

Cause Limiting . 2 10 2 mv

ms

VOLTAGE COMPARATOR SECTIONS
input Impedance 2 2 MQ Measured at Pins 3 and 8.
Input Bias Current 100 100 nA
Voitage Gain 55 70 55 70 dB RL = 5.1k
Output Voktage Low 300 300 mV Ic=3mA
Output Leakage Current 0.01 0.01 pA Vo = 12V
INTERNAL REFERENCE -
Voltage Level 49 |53 |57 {475 153 |585 v Measured at Pin 10.
Output Iimpedance 100 100 Q
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Ry

Reference Voltage, Vg (Pin 10): This pinis internally bjased
at the reference voltage level, VR: VR = V+/2 - 650
mV. The dc voltage level at this pin forms an internal
reference for the voltage levels at Pins 5, 8, 11 and 12.
Pin 10 must be bypassed to ground with a 0.1 4F ca-
pacitor for proper operation of the circuil.

Loor DATA
FILTER

FULTER e .
o ouTPUT
AerHE &
Fsx
COMP,

vco

RPUT

L]

PREAMY

- } E LOCK DETECT
Lkl e ouTrYTS

LOCK DETECT  LOCK DEZVECY
FILTER COompP

Figure 1. Functiona! Block Diagram of a Tons and FSK
Decoding System Using XR-2211

Loop Phase Detactor Output (Pin 11): This tefminal provides
a high impedance output for the loop phase detector.
The PLL loop filter is formed by Ry and Cq connected
to Pin 11 (see Figure 2). With no input signal, or with no
phase error within the PLL, the dc level at Pin 11 is very
nearly equal to VR. The peak voltage swing available at
the phase detector output is equal 1o = VR.
sounn Mg M ¢

=

Coud

eTTRNAL
ACFERENCT

? 2
o
[ g’ 14 -
piiod ¢ u "O'jls
ot Lue

-}'WJ

au]

Figurs 2. Generalized Circuit Connection for FSK and Tons
Detactisn ~
VCO Centrol kapat (Pin 12): VCO free-funning frequency is

determined by external timing resistor, Rg, connected
from this termina! to ground. The VCO free-running fre-

quency, fg, i

ouad TS
«DET. bl
wex e
DETECT
coup
o 2 co

10 - -—L-Hl
RoCo

where Cq is the timing capacitor across Pins 13 and 14.
For optimum temperature stability, Rg must be in the
range of 10 K2 to 100 KQ see Figure 8).

XR-2211

This terminal is a fow impedance point, and is internally
biased at a dc level equal to VR. The maximum timing
current drawn from Pin 12 must be limited to <3 mA for
proper operation of the circuit.

VCO Timing Capachor (Pins 13 and 14): VCO frequency is
inversely proportional to the external timing capacitor,
Co. connected across these terminals (see Figure 5).
Cp must be nonpolar, and in the range of 200 pF to 10
uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, R, in series with Rg at Pin
12 {see Figure 9).

VCO Free-Running Frequency, fp: XR-2211 does not have a
separate VCO output lerminal. Instead, the VCO out-
puts are internally ccnnected to the phase detector
sections of the circuit. However, for set-up or adjust-
ment purposes, VCO {ree-running frequency can be
measured at Pin 3 (with Cp disconnected), with no in- '
put and with Pin 2 shorted to Pin 10. v

“ DESIGN EQUATIONS

125

(See Figure 2 for definition of components.)
1. VCO Center Frequency, in:
g = 1/RgCq Hz

2. Internal Reference Voltage, VR (measured at Pin
10). -

VR = V+/2 - 650 mV

) 3. Loop Low-Pass Filter Time Constant, 7.

r = RyCq
4. Loop Damping, {:

Co
= 1/4 —
f / 2

5. Loop Tracking Bandwidth, < Affp:
Afifg = Rp/Ry

ax
6. FSK Data Filter Time Constant, 7F:
7F = RFCp

7. Loop Phase Detector Conversion Gain, Ke: (K¢ is
the differential dc voltage across Pins 10 and T
per unit of phase error at phase detector input):

K¢ = 02VR/x volts/radian

8. VCO Conversion gain, Kg: {Kp is the amount of
change in VCO frequency, per unit of dc voltage
change at Pin 11):

Ko = -~ 1/VrCoRy Hz/volt
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9. Total Loop Gain, KT
KT = 2zKeKg = 4/CoRy rad/secivalt
10. Peak Phase Detector Current Ia:
Ia = VR {voits)25 mA

APPLICATIONS INFORMATION
FSK DECODING—

Figure 9 shows the basic circuit connection for FSK de-
coding. With reference to Frures 2 and 8, the func-
tions of externzi ccmponents are defined as follows: Rg
and Cq set the PLL center frequency, Ry sets he sys-
tem bancwicth, and C1 sets the loop filter lime ccn-
stant anc the loop damping factor. Cg and Rf form a
one-pole post-detection filter fior the FSK data output.
The resistor Rg (= 510 K0) rom Pin 7 to Pin 8 intro-
duces positive ‘feegback acress the FSK comparator 10
facilitate rap:d :ransiticn between output logic states.

Recommendced component valves for some of the most
commonly used FSK bands are given in Table 1.

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK de-
coding application by the choice of five key circuit com-
ponents: Rq, Ry. Cg. C1 and Cg For a given set of FSK
mark and space ‘reguencies, fy and fg, these parame-
ters can be calculated as ioflows:

a) Calculate PLL center {requency, g:

=f1+12

f
° 2

b) Choose value of timing resistor Rp, io be in the
range of 10 KQ 0 3100 K This choice is arbitrary.

o

<
b2 §$————" TO PHASE

e _,:T‘]
T

MU ---v-[ - ]:uu
PEAK) Ry » 20K

Fi_gun 3. Desensitizing Input Stags
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The recommended value is Rp = 20 KQ. The final
value of Ry is normally fine-tuned with the seriespo-

tentiometer, Ry.

¢) Calculfate value of Cg from design equation (1) or
from Figure 6:

.. Co = 1/Rglp

d) Calculate Rq to give @ Af equal to the mark space
deviation:

Ry = Rolto/(!y = 2)]

e) Calcutate Cq to set loop camping. (See design equa-
tion No. 4.).

Normally;, T = 1/2 is reccmmended.
Then: Cy = Cp/é for { = 112
f) Calcu.atc Data Filter Cacacitance, Ce:

For Rg = 100 KR, Rg = 510 K1, the recommended
value of Cfg is:

Cg = 3/(Baud Rate) uF

Note: All calculated comper.ent values except-Rg can
be rounded to the nearest standard value, and Rg can
be varied to fine-tune cerier frequency, through a se-
ries potentiometer, Ry. (See Figure 9.)

. Ao = 8 K11 /
s By
§ / // Rgeoron
T L
ézs/‘/ Ro > 100 K
.l [ ] ]l w12 1 s 1 B 1 e

SUPPLY VOLTAGE, Ve (VOLTH})

Figurs 4. Typical Supply Current vs V+ (Logic Outputs
Open Circuited)
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Dasign Exampla:

75 Baud FSK demodulator with mark space
frequencies of 1110/1170 Hz

Step 1: Calculate fg: fg (1110 + 1170) (172) =
1140 Hz

Stép 2: Choose Rg - 20 K2 (18 KQ fixed resistor in
series with 5 KG pctentiometer)

Calcuizte Cq from Figure 6: Cp = 0.044 uF
Calculate Ry: Ry = Rp (2240/60) = 280 KQ

Calculate C1: Cy = Cgid = 0.011 pF

Step 3:
Step 4:
Step 5:
Note: All values except R czn be rcunced ‘u nearest

standard value.

Table 1. Recommended Component Values for
Commonly Used FSK Bands.
{Ses Circuit of Figurs 9.)

FSK BAND COMPONENT VALUES
300:Baud Co = 0.0639 uF Cg = 0.005 uF
fy = 1070Hz |Cy = 0.01 yf Rg = B K0
Fg = 1270 Hz { Ry = 100 XQ
300 Baud Co = 0.022 uF Cg = 0.C05 uF
fq = 2025 Hz | Cy = 0.0047 4F Rg = 18 K
to. = 2225 Hz | Ry = 200 KQ =
1200 Baud Co = 0.027 uF Cg = 0.0022 uF
f4 = 1200Hz [Cy =001 4F Rp = 18KQ
fo = 2200 Hz | Ry = 30 KQ

FSK DECODING WITH CARRIER DETECT.

A
The lock detect section of XR-2211 can be used as a
carrier detect option, for FSK decoding. The recom-
mended circuit connection for this application is shown
in Figure 10. The open collector lock detect output, Pin
6. is shorted to data output (Pin 7). Thus, data output

0.7 oF Ve

i

AN 4

Co
meid B
j—

vco
FE.TUNE

IR-2790
co < TR
S
C gt
g B
LR S b4 of oA -
157 3 Ry 100 At}
I . oKt
Oata outPuT —VW 2!
i Cs
Figure 10. External Connectors fer FSK Demodulation with
Carrisr Detoct Capability

Note: Data Output is ‘Low’ Whea No Catrier is Present.

o’
.
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will be disabled at “lcw™ state, until there is a carrier
within the detection band of the PPL, and the Pin 6 out-
put goes “high,” fo enable the data output.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, %

Af. This is the range of inccming frequencies over,
which the loop can acquire lock and is always less than.
the tracking range. itis further limited by C4. For most_
applications, Afg > Af/2. For Rp = 470 KQ, the 20prox-
imate minimum value of Cp can be determinec by:

Cp (sF) = 16/capiure range in Hz.

With values of Cp that are too small, chatter can be ob-
served on the lock detect output as an incoming signal
frequency approaches the capture bandwidth. Exces-
sively large values of Cp will slow the respense time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized circuit_connection or
tone detecticn. The logic ocutputs, Q anc Q at Pins 5 and
6 zre normatly a! “high” and "low" logic stales, respec-
tively. When & tone is present within the detection band
of the PLL. the logic state at these outputs become re-
versed for the duration of the input tone. Each logic out-
put can sink 5 mA of load current.

Both logic outputs at Pins § anag 6 are open collector

type stages. and require external pull-up resistors Ry 1
and R2, as shown in Figure 11. )

» ve
[ A= 4

Y k) gy
W o225 Saia

8.2t
SOR
<o
i)
rey C
Ve
LocK
“r

veo
Fiml -TUNE

1 4 ] D—T—O Ve -
b
S
-0
ouTeut Locic
i“ 3o OVIPUT Ju

Figure 11. CircuRt Conmection for Tone Detection

With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as fol-
lows: R and Cq set VCO center frequency; Ry sets the
detection bandwidth; Cy sets the low pass-loop filt€.
time constant and the loop damping factor. R 1 and
Ry 2 are the respective pull-up resistors for the Q and

Q togic outputs.
Design Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the choice of the 5 key circuit
components: Rg, Ry, Cq, Cy and Cp. For a given input,



ne tope frequency, {g, these parameters are calcu-
zted as follows: :

;) Choose Rp 10 be in the range of 15 K to 100 KQ.
This choice is arbitrary.

n) Calcutate Cg to set center frequency, fo equal to g
(see Figure 6): Co = 1/Rols

¢) Calculate Ry 0 set bandwidth =Af (see design
equation No. S)

Ry = Rglfp/af)
Note: The total detection bandwidth covers the fre-
quency range of fg = Af.

d) Cafculate value ot Cq for a'given loop damping
factor; .

cq = Cpht t2
Normally ¢ = 1/2 is optimum for most tone detector ap-
olications, giving C1 = 0.25 Cp.

increasing Cq.improves the out-of-band signal rejec-
uon, but increases the PLL capture time.

e) Calcuiate value of filter capacitor Cp. To avoid chat-
ter at the logic output, with Rp = 470 K. Cp must
be:

Cp(uF) = (16/capture range in Hz)

Increasing Cp_slows down the logic output response
time. 7 =

Desiga Examples:
Tone detector with a detection band of 1 kHz + 20 Hz:

a) Choose Rg = 20 KQ (18 K2 in series with 5 KQ po-
lentiometer).

“b) Cheose Cp for fg = 1 kHz (from Figure 6): Cp =
0.05 uF.

c) Calculate Rq: Rq = (Rg) (1000/20) = 1 MQ.

d) Calculate Cyfor § = 172, Cy = 0.25,Cg =
0.013 pF.

e) Caiculate Cp: Cp = 16/38 = 0.42 uF.

] Fine-tune center frequency with 5 K@ potentiometer, .

Ryx.
LINEAR FM DETECTION: -

XR-2211 can be used as a linear FM detector for a wide
rangé of analog communications and lelemelry appli-
cations. The recommended circuit connection for this
application is shown in Figure 12. The demodulated
output is taken from the loop phase detector outpul (Pin
11), through a post-detection filter made up of Rg and
Cr. and an external butfer amplifier. This butfer amplifi-
er is necessary because of the high impedance output
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at Pin 11. Normally, a non-inverting unity gain op amp
can be used as a buffer amplifier, as shown in Figure

12.
oy o} =
“roz-‘ s —o_ll'-r
£ 1
" R =

-

Figure 12. Linear FM Detector Using XR-2211 and an External
i Op Amp. (See Section on Design Equation for Com-
ponent Values.)

The FM detector gain, i.e., the output voitage change
per unit of FM deviation can be given as:

Vout = Ry VR/100 Rg Voits/% deviation

where Vg is the internal reference voltage (VR = V+/2
- 650 mV). For the choice of external components Ry,
Ro. Cp. C1 and Cg see section on design equaticns.

PRINCIPLES OF CPERATION

Signal Input (Pin 2): Signal is ac coupled te this tetrinal.
The internal impedance at Pin 2 is 20 X0. Recom-
mended input signal level is in the range of 30 mV rms
to 3V rms.

Quadrature Phasa Detector Output (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect vcltage
comparator. in tone detection applications, Pin 3 is con-
nected to ground through a parallel combination of Rp
and Cp (see Figure 2) to eliminate the chatter at lock
detect outputs. If the tone detect section is not used,
Pin 3 can be ieft open circuited.

Lock Detect Output,.Q (Pin 5): The output at Pin £ is at
“high" state when the PLL is out of lock and goes 10
“low” or conducting state when the PLL is locked. It is
an open collector type output and requires a pull-up re-
sistor, Py, 10 V+ for proper operation. At “low™ state, it
can sink up to 5 mA of load current.

Lock Detect Complement, T (Pin 5): The output at Pin 6 is
the logic complement of the lock detect output at Pin 5.
This output is also an open collector type stage which
can sink 5 mA of load current at low or “on” state.
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FSK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, to V+
for proper operation. It can sink 5 mA of load current.
When' decoding FSK signals, FSK data output is at
“high™ or “off" state for low mput frequency, end at
“jow"" or *'on"' state for high input frequency. If no input
signal is present, the logic state at Pin 7 is indetermi-

nate.

FSK Compariter Input (Pin 8): This is the high impedance
input 1o the FSK voltage comparator. Normally, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase detector output (Pin 11).
This data filter is formed by Ry and Cf of Figure 2. The

* threshold voltage of the comparator is set by the inter-

nal reference voltage, VR, avai!‘able at Pin 10.

EQUIVALENT SCHEMATIC DIAGRAM
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.GENERAL DESCRIPTION

‘e XR-2206 is a monolithic function generator inte-
‘grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
dability and accuracy. The output waveforms can be
soth ampiitude and frequency modulated by an exter-
aal voltage. Frequency of operation can be selected
aternally over a range of 0.01 Hz to more than 1 MHz.

.

i

‘The circuit is ideally suited for communications, instru-
*nentation, and function generator applications_tequir-
< ng sinusoidal tone, AM, FM, or FSK generation. It has a
*ypicat drift specification of 20 ppm/*C. The oscillator
‘equency can be linearly swept over a 2000:1 frequen-
3y range, with an bxternal control voltage, having a
rery smail atfect on distortion.

“r o

{

[FEATURES

?.’.aw-Sine Wave Distortion 0.5%, Typical
ZExcefient Temperature Stability 20 ppm/°C, Typical
Vide Sweep Range 2000:1, Typical

‘Low-Supply Sensitivily 0.01%V, Typicat
“inear Amplitude Modulation

AL Compatible FSK Controls

Wide Supply Range 10V to 26V

Adjustable Duty Cycle 1% 10 99%

PPLICATIONS

‘Naveform Generation

iweep Generation

M/FM Generation

#F Conversicn

3K Generaticn

“ase-Locked Lcops (VCO)

!

ABSOLLTE MAXIMUM RETINGS “

Yower Supply 26V

. r Dissipation 750 mw

. Derate Above 25°C . S mwriC
6 mA

Stal Timing Current
dorage Temperature

-85°Cto +150°C

RESISTCAS
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GRDERING INFORMATION

Part Number Package Operatizg Temperaturs
XR-2206M Ceramic -55*C to +125°C
XR-22C6N Ceramic 0*Cto -70°C
XR-22C6P Plasuc 0°Cz:o ~70°C
XR-22C6CN Ceramic 0*C o «70°C
XR-22C6CP Plastic 0*C1o ~70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional dlocks: a
voliage-controlled oscillator (VCC). an analcg mul.otier
and sine-shaper; a unity gain buf‘er amplifier; and a set
of current switches.

The YCO actually produces an -autput frequency pro-
porticral to an input current, which is proguced Sy a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current 10 the
VCC centrolled by an FSK input pin, to produce an cut-
put frequency. With two timing pins, two discrate sutout
freguancies can be incecendently producea ‘or FSK
Geraranon Applications.
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ELECTRICAL CHARACTERIETICS

Test Conditions: Test Circuit of Figure 1, V¥ = 12V, T = 25°,C

unless otherwise specified. Sy open for triangle, closed for sine.wave.

= 0.01 4F, Ry = 100 k2, Ry = 10 k0, Rg = 250

XR-2206M XR-2206C
PARAMETERS MIN | TYP l MAX | MIN [ TP ] MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Sing'e Supply Voitage 10 26 10 26 v
Split-Supply Voltage = +13] 25 +13 v
Surply Current 12 [ 17 14 20°| mA [Ry =10k
DSCILLATOR SECTION
Max. Operzting Fraguency 0.2 1 0.5 1 MHz |C = 5000pF, Ry = 1kQ
Lowest Praciicat Freguency 0.01 0.01 Hz C=5CuF Ry =2M3
Frequency Accuracy 1| 24 =2 % of fg | fo = 1/R1C
Temperature Stability +10 | =50 =20 epm/°C [ C*°C s 7a s 70°C.
Ry = Ry = 20k 0}
Sugsly Sensitivity 0.01{ 0.1 col %V Viow = 10V. VHIGH =
OV,
Ry = Ry = 20kQ
Sweep Range +000:% | 2000:1 2000:3| tH=lL |'TH @Ry = 1kQ
: fLeRi=2M0
Sweep Linearity
10:1 Sweep 2 2 % fi = 1 kHz fiq = 10 kHz
1000:1 Sweep 8 8 % f = 100 kHz, fiq = 100
kHz
FM Distortion 0.4 0.1 % + 10% Deviation
Recommended Tening
Components | i
Timing Capacitor: C _ | 0.001 100 {0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000| k@
Ry & R2
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amphitude 160 160 mVik 0 | Figure 1, Sy Open
Sine Wave Ampfitude 40 60 80 60 mVik Q | Figure 1, Sy Closed
Max. Output Swing 6 6 Vpp
Qutput impedance 600 600 "]
Triangle Lineanty 1 1 %
Amplitude Stabiity 0.5 0.5 a8 For 1000:1 Sweep
Sine Wave Amplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
without Adjusiment 2.5 25 % Ry = 30k0 .
With Adjustmernt 0.4 1.0 0.5 1.5 % See Figures 6 and 7.
Amplitude Modutaion
Input impedance S0 100 50 100 k0
Modulation Range 100 100 %
Carrier Suppression 55 55 d8
Linearity 2 2 % For 95% modulation
Square-Wave Outpet
Amplitude 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 nsec [Cy = 10 pF
Fall Time 50 50 nsec {Cp = 10pF
Saturation Voltage 02 | 04 0.2 | 086 v iL=2mA
Leakage Current 0.1 20, 0.1 | 100 | pA |[Viq = 26V
FSK Keying Level fFin 9) 0.8 14 | 24 | 08 1.4 24 vV |See section on circuit
controls
Reterence Bypass Voltage 29 3.1 33| 25 3 35 \" Measured at Pin 10.

Nots 1: Output ampllude is directly pro:
Nots 2: For maximum amplituce staDility,

1-194

sortional 10 the resistance, R3, on Pin 3. Seé€ Figure 2.
A3 should be 2 positive temperature coefficient resistor.
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Figure 9. Circuit Connection for Frequency Sweep.
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Figure 10. Circail ¢ Sine Wava Generatlon without External
Adjonumant. (See Figure 2 for Cholce of R3).
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Figers 11, Clrcult for Slne Wave Generation with Minimum
Harmenic Distertion. (R3 Determines Output
Swing—Ses Figurs 2.)
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7_goncy-Shilt Keying: FSK Generation
XR-2206 can be operated with two separate timing Figure 12 shows the circuit connection for sinusoidal
-stors, Ry and R, connected to the timing Pin 7 and FSK signal operation. Mark and space frequencies can
respectively, as shown in Figure 12. Depending on be independently adjusted, by the choice of timing re-
} polarity of the logic signal at Pin 9, either one or the sistors, Ry and Ro; the output is phase-continuous dur-
{M of these timing resistors is activated. It Pin 9 is ing transitions. The keying signal is applied to Pin 9. The
iréuited or connected to a bias voltage =2V, only circuit can be converted to split-supply operation by
is activated. Similarly, if the voltage level at Pin 9 is simply replacing ground with V=.
s, only R2 is activated. Thus, the output frequency
1. be keyed between two levels, fy and f, as: Pulse and Ramp Generation .
g 1y = 1/R3Candfp = 1/RC Figure 13 shows the circuit for pulse and ramp wave-
.= form generation. In this mode of operation, the FSK key-
7 split-supply operation, the keying voltage at Pin9is "~  ing terminal (Pin 8) is shorted to the square-wave output
wrenced oV, {Pin 11), and the circuit automatically frequency-shift
¥ keys itsel! between two separate frequencies during
ut DC Level Control: the positive:going and negative-going output wave-
H g X forms. The pulse width and duty cycle can be adjusted
) de level at the output (Pin 2=)' is approximately the from 1% 10 99%. by the choice of Ry and Ra. The val-
yne as tQQ dc bias at Pin 3. In Figures 10, 11 and 12, ues of Ry and Ry should be in the range of 1kQ1to2
F 3 is biased midway between V¥ and ground, 1o MQ.
Le an output dc level of wV+/2.
) CATIONS INFORMATION PRINCIPLES OF OPERATION
U Wave Generation Description bf Centrols

External Adjustment: Frequsncy of Opsration:

re 10 shows the circuit connection for generating a The frequency of oscillation, tq. is determined by the ex-
soidal output from the XR-2206. The potentiometer, ternal timing capacitor, C, across Pin 5§ and 6, and by
at Pin 7. provides the gesired frequency tuning. The the timing resistor, R, connected to either Pin 7 or 8.
imum outputl swing is greater than V*/2, ang the The frequency is given as:

cal distortign (THD) is <2.5%. If lower sine wave 1
ortion is desired. acditional adjustments can be pro- Iy = iC H2
i:ad as described in the following section. == B R . .

and can be adjusted by varying either R or C. The rec-

4 circuit of Figure 10 can be cenverted 10 split-sucply ;
}xahon simply by reglacing att ground canneci:ons ommenced values of R. for a given frequency range. as
V= For solit-supsly ca P irect! shown in Figure 4. Temperature stability is optimum for
2 V. For spilt-quRgrygperation. T3 Can S¢ Seah 4 k0. < R < 200 k0. Recommended values of C are
ected to ground. 3 )
! from 1000 pF to 100 uF.
Extrnal Adjustment: = Frequency Sweep and Modulation:
harmonic content of sinuso:cal outdut <an de re- Fr . . - )
. uency of oscillation is proportional to the total tim-
%ed to =0.5% by aca:tonal adjustmenis as snown inge';u"en’t P w4 ?’inp7 or &

-iFigure 11. The potenticmeter, AA, acjusts the sine-
.aping resistor, and Ag provides the fine adjusiment

a{mf \;;rave'orm symmetry. The adjusimeni sTcoedure " 320 It (MA) M
;18 (ollows: . T ————
i ) : C wF)
: S midooint, an j or M ) . .
z;s!m?,%:t midooint, and adjust Ry for mnimum Tinung termirats (Pin 7 or 8) are low-impedance points,
i ) and are internally biased at + 3V, with raspect to Pin 12
11Vith Ra set as above, adjust Rg to further reduce fraquency vares linearly with Iy, aver a wide range of
;cistonign. % 8 current values, from 1 zA to 3 mA. The frequency can
$ Sc contrallad by applying a control voltage, V¢, to the
?znglg Wave Generation activatad timing pim as shown in Figure 9. The frequen-
i cy of osciltation is related to Vg as:
4% Circuits of Figuies 10 and 11 can be convertad 0.
ngle wave generation, By simply cpen-circuiticg Pin PR IR UL I Ve nz
RC Rc 3

ind 14 (i.e.. Sy open). Amptitude of the triangle 's ap-
imately tmce the s:ne wave output.,

Qs
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where Vg Is in volts. The voltage-to-frequency conver-
sion gain, K, is given as:
K = 212VC = - 932

RcC

CAUTION: For safety opération of the circuil, by
should be limited to =3 MA.

Output Amplituds:

Maximum output amplitude is inversely proportional to
the external resistor, Rz, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximatelv 60
mV peak per k2 of Rg; for triangle, the peak amptiide
is approximately 160 mV peak per ki of R3. Thus. for
example, R3 = 50 k0 would produce approximately
+ 3V sinusoidal output amplitude.

Ampituds Nedulation:

Output amplitude can be modulated by applying a de bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 is approximately 100 kf1. Output ampli-
tude varies-linearly with the applied voltage at Pin 1, for
values of de bias at this pin, within £ 4 volts of V+/2 as
shown n Figure 5. As this bias level spproaches V+72,
the phase of the cufpotsignal is reversed, and the am-
plitude goes through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM genera-
tion. Total dynamic range of ampiitude modulation is ap-
proximately 55 dB.

CAUTION: AM control must be used in conjunction
with a well-regutated supply. since the output amplitude
now becomes a function of V+.
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