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ABSTRACT

In this thesis, the study and development on data transmission by using radio
frequency in presented. The 27 MHz of radio frequency is introduced in our system for sirple
implementation on circuit design. The main objective is to transmit digital data from coraputer as
wireless transmission via radio channel to control matrix broad LED 16*84 dots by 280180 CPU
is used for control system is can be received data from computer and data process to change the

dispiay patterns. This project can be applied to many areas.
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- Y &4~ 4 1 et "y -~ 7
Joyn unsfugadoyadefnuuzvesdoynmuiimndnanudlumsddoyanuuessn

Y 3 ] -~ (3 1~ - -~ v d 1w

Tnyve  wsduilumsdunndd lantaes liddnTudunasiinmgn  udiinfisgdnhoves

4 4 4 K
Joynudonuils q uiennils q Urzneudefeyanauyn) szuaaadaqriTuAuLazgAY
gavesdaymyviniu mneasiuduiumsdadeyaeynyuuezdidIanio ey
Framing bits 33 I luusnzmfusnmed  uozduflumadedeynoynyuuunded i

- ' - ] - '
13104474 Framing characters 11l ufundenvesdoyausinsufon JuamnmunanAn

18daq 2.4 uazgy 2.5

Arynchronous format

———— —p Js
(¢

T

Marxing fine San O, 0, n Parity Stop  Marking line

3

o]
—?
L N \
N=567,0r8 [ .
l,l-l-othm

All tnns.:xuom ocr May be presant or
on & falling ecige not. even of ocdd
of TXC

Message flow

g1 2.4 mysadoyneynaunussdad Tanie

iaing QI End
Opening | ) garess | Contzol Data field crc 1l | crc2z | ©nwing
Bag - 8 bits 8 birs I-OF fihq
01111110 B s o oo
i
Messa w

2.5 mydseynsunuuged lanirne TusTaasauuy spLc

Asynchronous Serial Link-Level Protocal
o J * -~ v
turiadedsznanfalisInnenveamydadoyneynsunuudad Insvin lay
1 n( ‘. ' ' ’ ] o
auden deteunhilldndneduain q unhwdrh deyousnsmiinrnimediina Tl

. ' [ : - -~ Ar -
dnuannlitiiusy faiu winnrvesTilt Tnrenvilnittedosimyigan Tas Tud
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(Resynchronization) e inAiuInmOFAY Trondnmrveamyidad Inslud ife Ay
uandnesdyganfmIznhadudainzdmiueziildlinu 10 nlefirud Fanmnoany
ndennindiugs q deyalduda 10 dn Tromuualimeddsiianuiveadygu
wRmdanimugiy medmsuesiudoyaldifumn 1 in Aefuld 11 On uienuy
A fawsseznawesdygnanRnh q fu madudeszdadoyaldduauiinnnnt
gufuluufion 9 ﬂﬁwmﬂaqnﬁddﬂ‘ﬁqﬁmm‘fuﬁm‘:‘un"u unsinugarandr lunsady

P -~ d - - -~
Heveadoyn Tavdnatmdudueziifesindor luvusAonnyasisezil 2 in nde 3 nl

14

Inidudu

uTusTrneavsamsdadeyasynsuuuuesded s Anualdanius
¥R (Marking  State) 1Hudggmanin 1 dlendiesiimadadeyniozdedaiin
SuduTaounudrweaouzanla (Space State) nIndygnuasin o 1w 1 Sn'lalrou &4
:ﬁﬂrfnué'mi'u‘ﬁ'tﬁmfﬁmu:uaamudqHa'wmzxfumodqmﬁ'qﬁffagnﬁ'qm diniy
ﬂq;mﬁlﬁaifu unzinadedygadoyaifedygrualud (Spide) FahWaouzasinves
aogiitnnduinll hldmeduiyliauniefiindromzvesmeaanisamusyes
fndudu 1 fafu dulngneduiuesiidauveanesalud Amasu (Spike Detection) Tl
ﬂmﬁwﬁtiuﬁ'uﬁ'q;qnmﬁmuwaqmuﬂ'qé’wmwﬁna4msr{uﬁmﬁq'lus:m'wﬁnﬁaﬁn =8
oveziily 2, 4 ud0 16 a%e Tuszne 1 Infl1E

dufumersapl1dh whivosinFudundhusuenideynduduass
Tnunazidelfuiuiinugn %'w:nn'mia‘hJﬁn:m'hfmm'lé"hﬂaqnﬁ:uqnmq‘luu Tno

P 1w -~ o P
anuntavesimduduissianuntharitu 1 indoyn uraedieqli 2.6

Invoyn
o A > -~ A.
winiduumuredifinddygnaindudududs feshmadnrams
-~ -~ J » -~ -~ -~
vpeinTsmned IWndoudecuiindoynld Taodindoynezildruuindu 5, 6, 7 w3e 8

a 4 o : o 1
un 'uun'uihmum'fmnmafﬁ'lﬁmunmmum'mm)'thf

$ruavdindoyalu 1 miusnined $naumfusnined
5 in 32
6 in 64
7 1n 128
g 1 256
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J v + G‘ -~ ﬂb -

ueneINfIHee q Hlferwesunudie 5 in Fudhunaspuvessds

Baudot Tavtlrznoudaunguusemsusnisedens q $uam 32 miusnimed unsdutlurde
-~ [ 4 Al ~ é o

s 7 Tn exdszneudienguusamsusninesin q Sau 128 M1 Suthunatguves

s Ascr uasMiuundnaionn wensnildaiintaunn 8 fn wisnarguveania

4 ' ¢ ¢ ¢ ¢ o
eBcpIc Taumarpuiiszneudiunguusimiusnined 256 arfusnines {udu

dnwida

Snifosmnitii lunruenWdnsudeyannuhdeyafisudundante i
(Tﬂuﬁnﬁrﬂzﬁmﬁwmumman'lﬁé’wu':’unﬂuiwﬁ’nqaﬁﬂ'qmmin:'luﬁﬁ"u fwauiniiily
“1” agiffusruaud nissruoug wudoyn s4H = 01010111 arii$rnuiniidiu “1” egifu
S Whudu Faimil$lunsarasenil mdunh fnmi) ﬁnm?&;ﬁv:qnﬁwnnm
nfeunuiindeyn Fiinitozidly “17 wde “0” vudusudeyafideesnnidsuauiinidiv
“” Fudruruguion unzganfuguntaiiudsdeyadwignesniun (Tusunsyy 13
fudafinmIA ludnuasvaaming niedsndao

'lun:é“:ﬁqﬂmaffudwanuuu'h'lﬁlf]um?ﬁ(fj guUnseldateyansvhimans
wi3niiassn 1 senlihdaduauiinfiiiy 1 veadeynihudruand uazeziimsdaniain
Fuoodn o ledauiindidiu 1 veadeyailudiuaug Ao W mauiniidlu 1 veq
'ﬁ'aqmi‘mnuﬁumﬁfﬁnué”nﬂuﬁwmufjﬁumq) dnfulunsdivesmIanfsuiu Ao
miatnonih 17 unsdiduaudniidu 1 veeeyniuhiuang uaseziii o Tunsdii
Hudmand 'lu‘fli'fv:ﬂuui'hqﬂmufqnanmmu'lﬁ’thwfnm?éfj unmmeantrfiesdadoyn
ponlIWiudnfudoynidiusiuay 2 Tur Ao 54 1 unz ss 1 endadoyn s4 H sen'al
Fednauindidh 1 dudund sk 'lumﬁii“fqﬂnmfn'qﬂaqnﬁﬁzmmwdqm?ﬁrﬁn
{Hupedn 1 mussnudiy o ldsuudinfidiu 1 vesdoyn (54 H) sufumirinuda 1€
{usuaug daudeyn ss H Srunudnitiiu 1 fudhidnaugegués Fatfu qunTeidadeoya
Aordemiaindiy o Wrudwsudoyatniudmdudeymiu desuduudafieznsae
woudggroihdauiniidu 1 'uoﬁaqnnuﬁum?ﬁﬁmfmflumu'zuq'ﬂ?a'lu' dmann
xi‘luihuauﬁﬁuﬁmﬁé’oqn#’lﬁi’ux%u1ifﬁﬂmmﬁnwmmﬁm‘fu

FadhdgyBndanileide frqunseidadeyammdiludnuasming niedf
mud'm'?u'ﬂ'ounﬁe:#aqvhnnfuluﬁnumzm?&‘x‘ﬁ‘mﬁuqﬂnsuqu«ﬁ'aqné’w Wy Tunyélil
qﬂnmfﬂ'q'ﬁ'oqnmmqu{aqn'luﬁnum:m?%d gunsglfudeyafezheshimaiudoynly

- -J 0 -~
dnyaizyeaningAae udu fagd 2.6
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MAARKING 01 02

or PARITY

STARTY
BIY

MAAXING

EVEN
PARITY

85H

D7 PARITY

START
BT

EVEN
PARITY

o 26 muAumTaind I udeyausas o

Bnéuqai’aua (Stop bit)

ﬁnqmﬁ’wﬁxi‘mﬁ'ﬂﬂi‘f w1 lummroreugafugavesdoyn fmilezqn
dudh lnden3ain ﬁmﬂn-mfi'uﬁ'aqnmmﬂnu‘lu’nuﬁnﬁr Ruraeideyniiudnfuiie
Jefamondu diniuimAugedeyaiernssddudniu 1, 1s uie 2 Ini1d Faaq1d
'M'aqnﬁdqaanuﬂumin:'lnﬁﬁ"u'lﬁ'liﬁmiﬂnqn g fin unrdidl 1 Tunid 8 On) iy s

81991 1884 12 Iin nIsunahidiuld Al 2.7

MARXING 06 D1 D2 03 D4 DS 06 DO7PARITY STOP OIT

START
;124

TOTAL SERIAL BIT STREAM WITH S1AAT,
PARITY ANO STOP BIT AOQED

1 27 plonuseadeyalunsozluilumsfudefoynoynyunuuesFed Tnmf
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& +
2.4 AridoaIveyaNYEYNINAMANAIGIH RS-282-C Envariagly
1 LK 4 - 4 o
funsuarmann (camlogue)  veuneFivanToinToaNun 1mozHY
f 4 ¥
Jonny “RS-232-C compatible”  feanuinuwanyd  gunssidniumuisoseduy
apufunef 1R lnoldaowiinmefuuy 25 v quruidvesdygnu I funsqueuidnuna
-~ J ) ]
veamyBumefidadouiiulumumangiu rs-232-C Fagndimualas EIA  udnd g
auiaan 9 ouih lmumeigu Rs-232-C imida lierule1d ines 1 ldedn
o -~ - -~ Jav A 4 & Jo 1Y a & -
wulssindnm AudamefitaniomTesfuridneshmudodmuaiivsedomniy fe
L4 L d
o0lizedfindn q munasgu Rs-232-C MARsanugedfamniu Aulundessu
A -~ o~ ’ & J -~ A - o
Jofmunaiiduanlddamniednaziben  unsdafulusiingeifniduinlddalidinin:
o - [
fuanudsamsveusniely
aelUsznamiauiatgu Bs-232-C sdnde 9 Taudenmmizunduon
dn yeo
18N®1T7 1ATUNN Blectronic Industries Association (EIA)
A é ﬁl ' a v da 4
weannanudsamslumsdemsfoyariiumuniovwInsdmiduiniu
4 v o o a da 1 4 A '
Feu q dulu Sedsddimymnusnarguifonit rs-232-c Yu e lfiilumasguun
A -~ g 1 o -~
qunyaiNgnuARnINUTINAN q lunigewdni Bell System operating telephone companies
o~ o el -~ A -~ Ll : -~ ]
AuudinnsnuinusniifudnisuesAasersuudemsdeyn unniuduingunsaden q
A y -~ - - ] o [ f
Al lumsBurefinnguntsiftnoafuiniovioInsdmiswing quUnsaliinfie Bell modem
}
dagniimunTas Bell Laboratories unzgnldiffumasgulunugammnsrusudailogiuil
o | Ld + A -~ o :
@inan q fdnecnsndadinusdn q ves Ben TUldau e ldRudrwesuTimiu q
- o al 9 -~ ' - 4
muntnldfugUnseives Ben 18 ) vusfigUniclifeafunsufumedan q 1dgnimunin
A -~ e 1 LXK ) 74 o~ - 4 (Y
158y q TaouTimdn q mefivnunginiaidu q dngnesnuuuidmunsodunesideiy
1.4
L L4 A o ”~ o
Bell Modem 18 Ay anudeamidoyauisudemmualumibumedfinasuTuAudd
- -: A A 3 d - o A -
(RuYUITOU q ABABUTUBABANURBIMTIL EIA, Bell System UnsARAR TuRuTIwoU q %
1 d
A v S £
JuiloMuAIAT§IU RS-232-C YU
WIRT§IU RS-232-C Agnifiur Ty E1A 1uil .. 1969 A216NNT RS MU
“Recommended Standard” , 232 UMUMINUIALYBIUIAIGIU 1udnyT C unasldyinnes
. 42
yuldfumaudlvinda
d aa :
muRIPu RS-82-C AignAAudTas ma  18nondimidemsdoyn
JE¥IN Data Terminal Equipment (DTE) 10 Data Communication Equipmont (DCE) (U# 1U
loqiiusags DCE 9xunu daw circuit terminating equipment) f11ARANUYEY DCE uinz
pre dueatitude 1¥daunindunafny (glossary) Tumilafle “Techaical Aspect of

hed J
Data communication dililﬂﬂﬂu John Mconamara (Digital Press, 1977) AU
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o < ] o -~ '
DCE: gunseiniifaisumyhaudn q FhAamdeuds, hldmy
[ .4 2 -~ A [ 'w J [
Wourodadiredely unzgAmTivouss wononiids WiReudnymzvoadygraunzeadi
- 1 P 1 . .
sadyguen 9 Fouiludoe 1 lumrdemsdoyassning DI (data terminal equipment)
: ) <4 -~ /A 1d
8% data cireuit Tao DCE p1uidfudanladunilivemnsuiuneiniolinld
DTE:
u‘ ~ ] v o
1. ifugnsliisznenludaeddadeyn (dam source) nindafudoyn (dam
sink) nioiunisdadauazdiudeyaild
d ' o
2. {Hugunyalfitsznouday function unit #i0luil  control logic, buffer store
L) P- 3 s é -~ - v Aa A -~ T
unzquUnseBunmuIsiemiynsuaumilidanTeunnid1d niesumiesnoufiunediinly
&34 DTE £199532587U error control, synchronization HAZAMNUAMITOMILAMTTZYN
o - -
Koannfoadoaugunyeidala (smtion identification capability) W luda0n 18

v cl
dnywszues DCE uny DTE AFlumsdomsdoyaldumadlugizs my

- d -
ShumemIiaun 1Resue 19 du

DTE DCE DCE DTE
RS-232-C Public-swikcher - RS-232-C
intorfaco eelsphono nowwork intorfaco

. d
7 2.8 dnuazvel DCE ne DTE A lnesnmsdemsdeyn

2.5 aumnfAvesdygnalinh
(mezefinonuauiAvesdyg i Inflwes Rs-232-C Turiadeil Teoldp

29 ﬂ’:ﬂﬂ'ﬂ Interchange circult
w o\ /

TN

A g N L
| i': T
; R, ¢
o A boe
i N i
v Voo ZXG 3: ': ~C n
¢ SI i — € a
’ £ 1 t
i :
r

'S

/L'

l\ :,{
LCirmi! AB, Signal Ground A

11 2.9 RS-232-C interface circuit (EIA)
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o o d o / o
1. fygrafivmnuiaswuiiniaeived RS-232-C exilluanmz (stats) a
J ] 1 "9
mm:um'luunn:qvmqm'lﬂif
MARK/SPACE
ON/OFF
logic 0/ logic 1
[ v o . [ e - - -
anuduRusssarosveadygagan q fursiuussdulduralily
1 2.2 voldFunadauh Rs-232-C 19009001 (negative logic) UNUISAUUIIAUAN
- . L. A_ad a v v <4 o v 4 oa
(nDINAL (negative logic) ABTTMIMSoUREUTEAUNTsRuULNTly drszAunssfunidin
-} - 4 - 4 [ o . { 3 -~ M o
Huaumnn s nssduniusadunils szduusssuiidsdivaunniesifunedn “ga” A
:( ] - v e ]
1= .V, n31ud M8 OFF 67U 0 = + V 170 ON} TAgUTIAUYBITTAUAYNUAN q 92
o o -~ J U L d 4 1 [
unimifvuiuigednia Signal  Ground Froznamialumonde uensINTiNveTsAuIN

- 1 PJ 4 [l P - [ 4 .'I -4 1
Suzsnin 3 4 +3 Thad exfluevesmafvunasasdn dnfu Selulimyssymoue

mmi'q;qnm'lmhu‘f
TN 2.2
Signal 1Voltage

Status 25V <V, <3V V<V, <25V
Binary logic
stater 1 0
Signal condition MARK SPACE
Punction OFF ON

2. Tumaumuasdn 1 #eanius MARK fSudyonul (driver) ABITIOUTIAY

sy -5 @ -15 Tand daulumununedn o uio Space MvudDGIBIABITIBUTIAY
JEHI +5 04 +15 TanR

onte 1 unsde 2 umaeh Rs-232-C vouIil noiso margin 1A 1aiIfu 2

Thod dnfuanuduRufrsniessduussiunsenuzvesdyga unad Wlugli 2.10

onqlezifulgh  §1iine driver niedatulindyygukeinitnedn o line drver szha

OUTIRUTENTIE +5 9 +15 Tand tau line receiver nIomfudygalnenieziioun

futegmoluses +3 1 +15 Tandumunedn o sinmuFouiteurzfudygravesian

unzAadu oxftud Rs-232-C veuldilmy drop veadygalur 2 TandiRaduld dmdu

Tudwmzdensdn 1 fihunufoannu
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+15| Space Space +15
logic O ' logic O
on on
+5
Transition 3 Traaosition | +3
region region
-5 Mark Mark
logic 1 logic 1
15 | ofr off -15

1l 2.10 qmﬁuﬁmdﬂﬂwaqﬁuma{lﬂmmu RS-232-C
910# 1o Suomesiidemaduih lululdmauzasinuuy  TTL Fa3zdu
uosseduiliazndne 0 4 +5 Tand uasii lufedealfsduuseduszning <15 89 3 uns
+3 T4 +15 TanAday
gunan I i¥maununedouuy  TTL fmTzRaIusasInUY  TTL g0
sunuMNAYgIUTUMUAR q 144 uanmnﬂ'ﬁqﬁﬂmmlﬁmﬁmw:mqﬁmuwmhfm
domsdoyndndio dinfumungitdeslfusadulugg 15 8 3 unz +3 fla +15 fumrizlu
vasfifdohnIRmul RS-232-C Futy unasaoufumeds q Teoma q Tuiins 14
shunseduTusramdiiieg oils nrudmasdiivetuna 9 Timrldreduurdulurs
el uasfmuAedygIMIUNIUAN 9 ¢ wenonilfamumnhauitanuiiqe 9
1R fatla 20,000 finsioTunii (ops) gan-nfureuy MARK unzea1uz SPACE Gagnunuday
ms‘lnwaqm:uﬂuﬁﬂnuﬁmqﬁ'wﬁuun:mwum‘ohwwmﬁuﬁnmuz MARK 102
spacE fgafa 6 Tandiilustiados dofen 9 Fngrmnivwldmdsdoyadifiornnd
3. #ufulazy o, Aeevuusugunsaliudoyataimussdeailarliiiiu 2500
pF (A Tarhin) Tmﬁﬁ‘:‘lﬁnuﬁmawq'lﬂﬂwmmmmﬁmﬁ'ﬂﬂﬁw
wnoimg audetnuadeid  szosmaiimunseldhmsdemadeynlddes
Tiifiu 50 fm Fagnimualilunpsgu Rs-232-C
o useduvasdaeerniovusilul Tnon (v, ssfoelilifu 25 Tond daitde

- L - J "~ U4
uradula q Tugadirveanisduire fiMmuuy RS-232-C #oaluiiv 25 Tana
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-~ - t‘ o ] - A -~ j
5. neviudygan1diy rs232-C Assmunyonudemydnneriifiadiy
v
T8 avuvmsavufadaneslaglidaly)  Taulimidifasnudomodedaiuisanio
c‘ [] o 1 1 o ~
unsaifliiurtaedae wu mefila, Tudy, nedn vo uazqunysirn 4 fineidriuadad

Hlumdumefideuuy rRs-232-C

MIN 23 TwasBuavesviin q nfeudwdygnuhfuvesneuiinmed

n | weifa ANUNINYBAUFBINA
1 AA Protective Ground
2 BA Transmitted Data
3 | BB Received Data
4 CA Request to Send
5 CB Clear to Send
6 CcC Data Set Ready
7 AB Signal Ground
8 CR Received Line Signal Detector
9/10 - (Reserved for Data Set Testing
11 - Unassigned
12 SCF Secondary Received Line Signal Detector
13 SCB Secondary Clear to Send
14 SBA Secondary Transmitted Data
15 DB Transmit Signal Element Timing (DCE Source)

16 SBB Sedondary Received Data

17 DD Receive Signal Blement Timing
18 - Unassigned

19 SCA Secondary Request to Send

20 CD Data Terminal Ready

21 CcG Signal Quality Detector

22 CE Ring Indicator

23 CH/CI Data Signal Rate Select (OTE/DCE Source)
24 DA Trunsmit Signal Element Timing (DTE/DCE Sourco)

25 - Unassigned
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2.6 qmum‘fﬁnnnmmnﬁ’éumaﬁﬂu
P 1 o 4
TunzBoaunnee q vesrsuilinmofmumagu Rs-232-C 1Aumadld
v 1 3 4 -t : o A : -
tumsn 23 veWldunadaouasgu Rs-232-C Tiléndntlaldnda] g wisldnd
@ (Socket) voensuinmoTiagndeaiizindnuazegialy Wulegiuriinesdasutin
WBTIUY DB-25 (UNABUNIUY D-type 25 pin connector) lum3Bumefilamuinasgu
y ' P «
RS.232-C  meudiamedfiuuifouriuuy 150 2113 Fulhunespuiidizmaldlae
International Organization for Standardization (ISO) dmsuswaziBoafimAuvensuiiin
2

wefuuviinlden

ISO Draft International Standard 2110, ‘Data Communication : 25-Pin
DTE/DCE Interface Connector and Pin Assignments” (Revision of ISO 2110-1972). February
1979.

dnFurwasiduananavelin@ (DB-25-P) unsudndaully (DB-25-5)

nrmaBlugy 211 volddunadaohnswiamedierldfy DTE  diunsudnme i

lﬁu‘wﬁu DCE 0.42" l .
- Male 0.38"”
1’""'—’{ Femaie 0317
Side ,fl 1 — 0.!6"
Elevation 1 J O.Z"T L
r—{ }+—0.054"
1.85”
§ )
o | © \@Oeo,b 29298 90909099] @ ok
5 7¢ 2321 N 20 19 18 17 16 13 14 )
\ .
) l
209" -
‘Male 1,58

Female 1.51°

q 2.1 An¥aiznunnveneuiinmeduuy DB-25
fnvarnmmhauvsuseifngn 4
woinm e Tduead M lumne 23 Samusousnssnithnlizioneg
18 5 dszinn fe
1. NY17UA 170 Common Return (A)

2. 18inrdoyn (B)



3. weinARLAY (O)

4. 1¥o9NrUBIAYNIUFIUNAT (tming circuit) (D)

- d
5. (%89NRYBIULTUUUANTDY (S)

o 1 v e g o I 1
s 2.4 exiul@n dnurluaduniegiwesiimbzinnan q o2

HuAIs nuIALTNUEINGUAIBNNT (ﬂs:naué’auﬁaé’nummH?amuﬁd)tﬁdﬁﬁuﬁ‘m T

Tumssfuodygdar q FiduadeaunmslFau Rs-232-C NN 24 e diad q

¥83 RS-232-C Qnuumamﬂuﬂs.,mm Tau¥nduvosidnysdveingliddu wonenil

Tumrdaaaaiamaadsuiivoadeyn fygenIunuuasdagIInMEIn DCE nie

[] : v o [ o~ [ o~
391N DTE samnamsfmusndygun h duyesian diniuanuuemating

Ja oa v :\'
YOUYBTINAAN €] URAIU

A1 2.4 RS-232-C Interchange Circuits

Conncctur

Kod Dol Conttol Timing
Interchange pin Description From \o, from to Frum to
circuit assigrment OCE OCE OCE OCE DCE ULCE
AN 1 Protective Ground X
AD 7 Signal Ground/Common Relum X
BA 2 Transamitted Dota X
-1} 3 Received Dota X
] Request to Send X
5 Clear to Send X
6 Data Set Ready X
20 Data Terminal Ready X
22 Ring Indlcator X
8 Received ‘Line Signal Detector X
21 Signal Quality Detector X
23 Data Slqml_bta Selectoc (OTE) X
23 Data Signat Rate Selactor (OCE} X
l?l\ '.21 ~Transmitter Signal Element Timing X
({DTE) ’ '
o8 15 Transmittec Signal Element Timing X
{NCE)
[+1] 17 Receiver Signal Elcmcnt Timing X
(OCE)
SBA 14 recondacy Transditted Data X
S00 16 Secondacy Reu:lv;d Dota X
SCA 19 Sccondary Request to Send” X
sCo 1) Secondary Clear to Send X
SCF 1 secondory Received Line Signal X

12

Detoctor

038397



20

Circuit AA:Protective Ground
aaRhsusedinile: qnﬂnmnumuwamﬂmmma'l%’xﬂumuau e
oy Protective Ground M Signal Ground 931#iu 14 Sigaal Ground Hnnwchdgnh
170 f1917u Protective Ground ‘ﬁqﬁn'lu'qmiﬂmmszvhnim‘f'hixf]umsmﬁmfnfhﬂuﬂ'lumm
74 RS-232-C (flBa91n RS-232-C @imualinssiitiunssifienidiu (option)
Circuit AB:Singnal Ground %38 Common Return
woiRatignidiilugadrebavesdygnuild Tu wedfade 9 sndugeiin
AA (Protective Ground) 1odAniituseiindurfideagnae imueluduflumylszynald
uuuula
Circuit BB:Received Data
ﬁngqnmuama'fﬁm‘i'ﬂzqndqmn pre W DCEDTE sshldiyeiin BA
(Transmitted Data) Haniuzasdmilu 1 (MARK) anpanni luinydadoyn
Tussuunarzuud nasgw Rs-232-c DTE szhihimydadoyauenan
1 weiRane Tirowzasdnidlu o O
1. 19990" CA (Request to Send)
2. 198¥0A CB (Clear to Send)
3, |¥8¥NA CC (Data Set Ready)
4. 1%830R CD (Data Terminal Ready)
Tuyn3dity1819#831% mil modem Jrufuefinil drethasu Tussuy
AouRuRofTsULNLY hmysurefinaaeuRunefusuTudriiume s iiinnumi
RS-232-C unedivaidlu DTE (ﬂnﬁﬁnﬁ:tﬂwﬁuffﬁw) unzasuRumedhéuilu DCE
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.2 . 2 y
“Fufuezoaigerudunfes IRAT T unRAY?
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#0#079uf L memory nazyilnTaldu q Ml4naTuTadmsuAmlszion cmos VLst
780180 sz WRamsLumuAARUTsLUARBIIREIN MRS 1§ dadh
W q ¥ Z 80
AO-A19  Address Bus (Cutput active High 3 statc) AiBY1 Address YUIR 20 findaozmnun
dumisveamiwanuduieuaniioudeyn  vinamizeanuhigagam 1
MB  LQSYMIA UO Port MAU 64 K  Address bus sslimnnuily  High
Impedance 118 Si¥nunnfequnrainiousndoamyveld Bus  A18 exiind
imfngfudygue1myn ¥83 PRT Chanpel 1 (Programmable Timer) W38
TouT luannsiidnvienily Address Bus unz A19 9zliamis Z80180 {u
PLLCC
BUSACK  Bus Acknowledge (output active Low) Aeufufiaanundeufiosen Bus Aa 9 18
fugqunaidu 4 Bus (MElI%U Address Bus DATA Bus HYYIUATIURUUNRN
scdienmziilu High Impedance
BUSREQ  Bus Request (Input active Low) mi‘fqn'l%’lﬂuqﬂnmfmuuan (¥u DMA
Controller)ifioABaM1398 14/ Bus veaszUL mmé’aqmsi‘fﬁmmdm"qmqmﬁ
M nz CPU znpows0aeudyguiifl machine cycle gAToYsa cycle
Uequuierue ﬁ'q;tmmi‘l'n:mm CPU 91nm7 execute fdatnz1f Address Bus,
DATA Bus insdgganangudu q 1$190125 High Impedance
CKAO, CKA1 Asynchronous Clock 0 and 1 (Bidirectional, active High) wiersailosdanns
Sudygraunindmiu Synchronous Chamels CKAO WaAimandiiu DREQO
uaT CKAl UnfAimdngiu TENDO
CKS Serial Clock (Bidirectional, active High) 111 clock ##U CSIO Channel
CLOCK System Clock (Output, active High) 1iluteninn clock 1fdinudrada
(Reference clock) T MPU unzysuunuen anudviseniliiuiz ves
ATIRYBANT O input clock
CTSO-CTS1 Clear to Send 0 and 1 (loput, active Low) mmrhﬂ’ﬁaﬂq;qnmmuqulmﬁu
#1151 ASCI Channel CTS1 gniln@infindfiu RXS
DO - D7 DATA Bus (Bidiroctional, active High, 3-ststs) D0-D7 Usznaudautiu s fin v
2 Airmal¥dhnTuidumaAuveadeyneinl/o uas Memory DATA Bus oxidh
N1 High Impedance Tu¥nTidnuazsiaeuiumyveld Bus singinad

niovsn



DCDO

DATA Carirer Detect 0 (Input active Low) A programmable mode control

signal 11U ASCI Channel 0

T— o . Py
DREQO,DREQ1 DMA Request 0 and 1(Input, active Low) DREQ qn'l%'ﬁmm‘? 9IvaNIIN

EXTAL

HALT

INT1,INT2

IORQ

d ¢« age ! . s L A
DMA ﬂﬂquumJTN?ﬂJﬂ 2 489 DMA Chanuoel Monitor 1%‘”1”“1“1“0”4”0“

4 J ' «
iogunssimousnniouiiszeruniadoudsyn v1 nput e Tulaun

sulHiflu Leve 0 n¥8 1 nioflvaudyguld DREQD gniafimiindfu ckAo
Enable Clock (Output, active High) 11491 Clock fianudrdanaziu Machine
cycle seriumIsamaiieaty Bus

External Clock/Crystal (Input, active High) 1ugnAsa3aaen nie clock nw
ven musafleuithe 280180 fuitidemlildnanen nilinuaniy
Schmitt Trigger

Halt/Steep Status (Output, active High) 111192 active #F29I0 CPU ﬂﬁﬁﬁmﬁh
HALT #38 SLP $498AII9601N1T non-maskable 138 maskable intrrupt IO Y
drdaiimuounsdal$92ufy Mi unz ST (8 Decode AATIEMITAUYEA
CPU

Masksble Interrupt Request 0 (input, active Low) ﬁq;qnmf‘:mnﬁﬂmmn

- - > Py -~ vm
aunsginousn CPU szatremeumIBumeT TN ITIgATUAAYBIMTUIA

drdeilofloqiiu vausi NMI unsBUSREQ 14 active ife cPU  Fufudes
1 nTeuTBUYBIMIBWABT NNl s2¢lednilite Minns TORO 951y active
Maskable Interrupt Request land 2 (input, active Low) r’(q;qnmﬂ'mtﬁnnmn
quniainwuen CPU seATInHEUMIVESuRDT i grAurAveImT IR
frdafloyiuvozi NMI, BUSREQ iinz INTO 14 active e cpU Fufudass
rigaereuvsamIneusumyBumed fmideez limfeutumneuiuves
INTO 29l wfniiRe M1 uns TORQ 94 active

1/O Request (output, active Low 3-state) IORQ 1ﬂuﬂq;q;1mﬁquan'z'wmzd

13 4 n‘ L '
1Y Address Bus upashiniausagqungal 1o eiivzifouiuginsdling

T TORQ 95 activendoufy M1 TenamIneuiumssumedindd INTO &4
sxdpsfeudoyn interrupt vector (417 DATA bus

Machine Cycle 1 (Output active Low) 14371y MREQ ietisuenyaedanas
M3 Fetch Soynmnmiizoamudy, 1¥92uiy [ORQ iftoriiuenn1nzn1Iney
SumIBume TS lsznouiudyy I HALT 40z ST IA8 decodo NOINYBA

CrPuU



MREQ

RFSH

RTSO

RXAO,RXA1

ST
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Memory Request (Output, active Low 3 state) M ﬂquan'lﬁf'hﬁeqn'lu
Address Bus Tufludunsvsemissvesmiwanudiezsnnodouds
yanald

Non-maskable Interrupt (Input, Negative edge trigger) NMI ﬁmmmﬁ'qmqmﬁ
INT 1AS9LATIVEOL NMI 1N  state qatoveausnziids unslidilad
f1lu Interrupt Bnable flip-flop lﬁoﬁd’q;upmﬁ’ CPU nz‘lﬂxéuﬂﬁﬁﬁm#«ﬁ
Address 0066H

Read (Output, active Low, 3-stste) RD Hunilteueni cpPu ABamIsiu
Zoyavnuiisanudinioqungel yo mizeamudmiegingel yo aarld
nindusgyanadianudigiiadayaves cPu

Refresh (Output, active Low) 1932ufiu MREQ xﬁlaﬂquaniwm:i‘f CPU
A1a41% 8 Una13v08 Address Bus usamireamuduuy Dynamic e
117 Refresh

Request to Send 0 (Output, active Low) iuuidygnuniuguTupudniy
ASCI %84 0

Receive Data 0 and 1 (Input, active High) il dmiufudeyadillu
AsCl

Clock serial Receive Data (Input, active High) nilldtmiuiudeymdr iy
CSIORXS tafmansgiu CTS1 (83 ASCI %01 1)

Stams (Output, active High) ﬁogopmfflﬁmﬁu M1 uns FALT (A9 decode

A0IUTYBY CPU AIAIN 4.1

HALT M1 Operation

1 0 CPU Operation (1 st po-code fetch)

1 0 CPU Operation (2nd op-code and 3 rd op-code fetch)

1 1 CPU Operation (MC xcept for op-code fetch)

X 1 DMA Operation

0 0 HALT mode

0 1 SLEEP modo (including SYSTEM STOP mode)

A1INN 4.1



TENDO,TEND1 Transfer Ead 0 and 1 (Qutput, active Low) 1!15%: active 7 THIN cycle T[A
Froveansih DMa Sulddmiutiuengadugamssudoyagaiiu
TENDOnAIMANE U CKAT

TOUT Timer Out (Output, active High) A8 fygreindieeneIn PRT 484 1 il
toAmandiu A18

TXAO,TXAI  Transmit Data O and 1 (Output active High) mmd'ni‘ﬁa’s’d1ﬁudu’1'aqnaan

910 ASCI Channels

1 4
TXS Clocked Serial Transmit Data (Output, active High)yu1ii 1¥dniudsdoyasen
CSIO Channel
WAIT Wait (Input, active Low) WAIT 14uds cPU dmiasanudmTeginsal o

hindoulumifudadoyan 111fhmn50:&’34ﬁaudq;qnm1ﬁ'1'lﬂ'lmi’maq
loifailogpiu dyguWAIT ifa:qnmwﬁauﬁunumnwaq T2 (ABufez
(e Wait state) $18unmilu LOW 012 WATT state oxgnyaudh 13y
lanfnifu eunseeBunmilu High mf?ufun:qnﬂﬁﬁﬁda'lﬂ

WR Write (laput, active Low,3-state) WR 19u8nd1 CPU {ideynsguuey Dam
Bus e ozifuns ludmunisveamiuanudimIegqunrdd vo

XTAL Crystal (Toput, active high) {ugAsrtnaTaasn dunlddygennimne
usnudaexteral clock) N1uAvesonIaann

Multipiexed pin descriptions

AISFOUT  mewnedidmuiifeziiu a18 d1 Toct w¥e TOCO finvss Timer Control
Register (TCR)QdMil 1 wiidezilu TouT &1 Toct uaz ToCO g Clear
fu 0 wiitesidly A8

CKAODREQ 0 1zninTidmuiioziiu ckao &1 DM1 #is sM1 TUDMA Mode Rogister

£
(OMODE) gigmiiiu 1 valleziilu DREQO
e ' cr ~ '
CKA1/TENDO 3ewmadismuiisuihu ka1 d1iin cKA1d 11 ASCT Control Register 484 1

(@TLAY gnidnisiu 1 vilozii TENDO d1iin CRAID g Clear ifiu om
fonflucrar

RXS/CTS1 senindienuilozniiu Rxs $1in CTSIE Tu ASCT Status Registor 994 1
sTATL gidmiily 1 nilomiiu ETS1 &1 crsie g Clear (fu 0 wifoz

(thu rRXS



47

Intermal /O Registers

1/O register N0 11 Z80180 IRanuA 64 LBAUATE (:f'mmn # reserve 1380 wiuily
Internal /O Modules (%4 ASCI, CSL/O, PRT) Uaz Control function (DMAC,DRM refresh,
interrupts wait state generator JMMU, (1ag /O relocation)

efocnamaoe1ld 1O address molunasnwuenildumisivudeusiu yo
register awly zso1g0 muTonAsudnguuey internal IO nolu 256 byte mqqﬂuuqﬁ‘uﬁ
1/0 Fanum 64 Koyte

J/O Control register (ICR) : ICR ¥ mTuinAoudy intemal /O address wiouts

AIMNTOAIUANMT enable/disable [OSTOP TH uald

bit 7 6 5 4 3 2 1 0

I0A7 I0AG6 IOSTP - - - - -

R/W R/W R/W
1U 42 1O Control Register (ICR : [/O Address = 3FH)
IOA7,6 Address Relocation (Bits 7,6)
I0A7 iz T0AG 188hofum1iavey interoal /O AU 4.3 Jodainm 8 bit N0

address 9515u “0 ” 178 ®A1IT reset IOAT,JOAG oundofitu “o”

00FFH
IOA7J0AG = 11 00COH

00BFH

IOA7I0A6 = 10 0080H

007FH

IOA7IOAG6 = 01 0040H

003FH

I0A7JOAG6 = 00 0000H

Iﬂ 4.3 ljo Address Relocation
[OSTP : [OSTOP Mode (bit 5) Sudnimilifiu 1 10sTOP 92 onable Unfudidrozld

4% inteaal YO 92 10STOP 11U 07 101 Reset IOSTOP oziilu “o”
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intenal /O Register Map #11IM3V8Y internal [/O HEAAIAIAITI 4. 2 AMHUL /O
' cr ' - o P2
iR ugoy base address ithnualilu ICR
' - 4 '
1/O Address Notess : #1INUIYEY internal I/O register ﬁzaq'luwumzmw 0000H -
-~ o .’I o ‘1 o -~ ~
00FFH (16 111 1/O address) Aavulun1yeandiduieany Internal [/O 8 UMUUYE 16 1N /0
v o v o
Address ouilu “o0 "ddafioaiy yo Taeiald (OUT ) A /In A (M) / OUTI/INI/ ect.)
»
"R 8 Tmiluves 16 TN 1O address Tumsfnuadmisves yo & auiuduilunisnn
J .
9214474 Internal [/O registers.
A d a = - J '
HedosItiUszaninmlumsl$n mtermal VO register 3¢ AiHuad Iniidr )
A ~ - (1 ." ‘ 4
Ay 1d 8 Tnuuves 16 On O address 11y “0 ”d1ffanoei  INO, OUTO, OTIMR, OTIM,
OTDM, OTDMR uas TSTIO
A a . . d . o
iefudoynniun intemal /O write cycle N9zUTINGLUU internal bus A2w Unfuda
1 -~ + . A 4 LAl

[/O MUUBNAITRE decode address THluATaNUMUMIUIYEY internal /O iDHTNALIMITIY

d . 2z
findouuna Internal tias External /O

i Register .. Mnemonic '  Address
4 . .
g Ge b o o .Bioary ) Hexadecimai:
ASC! Conzol Regstec A Ch 0 CNTLAO XX000000 00H
ASCi Coacol Regster A Ch | CNTLAL XX000001 OtH
ASC{ Conaol Register B Ch 0 CNTLBO XX000010 02H
ASC! Coatrol Register B Ch | CNTLB! XX000011t O3H
ASCI ASCI Starus Registec Ch 0 STATO XX000100 O4H
ASCI Status Register Ch 1 STAT! XX000101 05H
ASCI Transmit Data Regiser Ch O TDRO XX000110 OSH
ASCI Traasmit Data Register Ch 1 TDRI XXooottt 07TH
ASCI Recaive Data Register Ch 0 RDRO XX001000 08H
ASCI Recerve Daa Register Ch | RDR1 XX001001 09H
CSro CS10 Contol Remster CNTR XX001010 0AH
CSVO TrnsmivReceive Daws Regster TRDR XX00101 1 0BH
Tuner Data Regeswer Ch OL T»DROL XX001100 0CH
Timer Dau Reg:ster Ch OH TNDROH XX001101 ODH
Reloaa Repser Ca OL RLDROL XX001110 OEH
Reload Regsier Ca OH RLDROH XK001111 OFH
Timer Coacol Repster TCR XX010000 10H
Reserved XX010001 ttH
Timer \1/ \1/
XXOo10011 13H
Timer Data Regeszer Ch LL TMDRIL KXot {4H
Timer Data Regsier Ch LH TMNDR!H Xxotoioi tsH
2elcad Rezmster 3 UL RIDR!IL xXototrin t6H
t - i . IO ]S 1714
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FRC XX01 1000 18H

XX011001 19H

Others \1/ \1/
XXorttit IFH

DM Source Address Register Ch 0L SAROL XXX 100000 20H

DMA Source Address Register Ch OH SAROH XX100001 21H

DMA Source Address Register Ca 0B SAROB XX100010 22H

DM Destinanon Address Register Ch OL DAROL XX100011 25H

DMA Cesanauca Address Register Ch 0H DAROH XX100100 24H

DMA Desiinagoa Address Register Ch OB DAROB XX100101 25H

DM Byte Count Remstec Ch OL BCROL XX100110 26H

DMA 3yte Count Register Ch OH BCROH XX100tt1 2TH

DMA Memory Adéress Registee Ca 1L MARIL XX101000 28H

DMA DMA Memory Address Regster Ch .lH MARLH XX101001 29H
DMA Memory Address Register Ch 18 MARIB XXi1otot0 2AH

DMA LO Address Regester Ch L [ARIL xxiotot1 2BH

DMA 1O Acdress Regesiee Ch IH ARLH XX101100 2CH

Reserved XX101101 2DH

DMA Byt Count Register Ca 1L 3CRIL XX101110 2EH

DMA Bwvte Count Remsier Ch 1H BCRIH XXiotttt 2FH

DMA Sacus Regster DSTAT XX110000 30H

DNIA Mode Repster DMODE XX110001 31H

DMA/WAIT Coagol Regicter DoNTL XX110010 32H

L Register (Interrupt Vector Low Register) 18 XX110011 35H

INT INT/TRAP Coatrol Register rc XX110100 MH
Resecved ' XX110101 3sH

Refresh Refress Conmol Reqstes RCR XX110t110 36H
Reserved xXiiotl1 3TH

MWOMU Common Base Register CBR XX111000 38H

MMU MMU Bank Base Register BBr XxX111001 39H
YMU Common/Bank Area Register CBAR xX111010 3JAH

Reserved xxXiiott 3BH

L 1o J N2
XXitiiot 3DH

Operzvon Mode Control Register OMCR XXI111110 JEH

1O Conuol Repster ICR xxuuttl 3FH

A7 4.2 1/O Address Map
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L2 vEnnrmuveraoTuEaNe Q7Y 44 Uznew)
remilizneuduaauuaiie  LED FaAsuuniuaing Metrix) Fa1lszneudis LED
$1u2u 16 X64 (Ul X aodul) mmn:umﬂzmmsmmﬁmummuns.uﬂﬂmmmnww'lﬂ
{etiar1u LED Mifidensuees
s ingduaagnarun TasasesuaasA MDY 16 2 Faoshmihiifudeynon
Vadeynninneda B ¥842393 8255 (Port B) Fudludrruqumsnindifoniadla14ledAlan
wodued  7aLsisa  ewasesvunszus W lnasm LED asgnimdlasldmaudmnodyiia
NPN (BC 548)llaz¥iin PNP (TIP 127) dnypamsmnquinsduiezldnpusadofuniung
fiotlye naué"wmua'[ﬂmﬁnﬂ%'lum'immrmanﬂaauuTau'h’;"lwmas 7415138 Iauiudeyan
sindadoyaninnedn C vse 8255 (Port O) wazluduveseyaiiosuannnes qnmmmm
Joynannedn A ¥83 8255 (Port A) iudrgreorunndteynTaolfleded 74Ls374 Faazfuy
o '(Tmmaan'lﬂwnamua'lﬁmﬂq;qpmumm(mock)mn Low 111U High (0 -1) W1 Tga239790
arsuamedunedui Taoldlediued ULN 2003
nméaun'awwmuma?n«'ua:nnifnﬁmﬁniéq
Jusuweaifegmhunidlumndeuds LED %1 1024 1 e lenToAIuAY
LED nnm'lﬁﬂ'muun-mmhnumnmamuqué’wman g0 #1 oaluiivh I LED Ansio
ahandoandedesfeindidununzaeduiianes i¥nrzue Idenuisn Tnanu
#indins LED A7U99s 1R
MATANIITAAINANG (Multiplex) ﬁqnﬂwﬂ%:ﬁﬁnum:m'sﬂmuﬁq{{ Fuon
uuu'avrhnuﬂlﬂ’ﬂ’mrﬁmumﬂummm'ﬂnumnuq Faazh 1 LED mmzluuenfurtioy
muﬁmu.,uaqﬂ'mvﬁwﬂaamﬂwum..uu mwéﬁuutm:qnﬂ'zuqﬂﬁﬂwmaqhmqnmnuq
duq nmmnmmﬁ’mumnqﬁmqmmTﬂswﬁwamzﬂmmvuuﬁ'agn'lﬂmunmﬁmﬁanuu
Tninanun maﬂﬂﬁ’ﬂmvﬁ‘mﬂanuumqmm;ﬂzmnm"ﬂﬂﬁ LED Tuunaensminaiiade
Govdesudanindfuuaifisasnanesgadilihau LED ssfan ety Eneunh
uf it nnmnus:lﬂwwiﬁﬂwaqun’::mmnsé’mummqqﬁqm’m%mul{lums
uAAsy 1 oy mmfuu’im%wmmuqm:qnﬁ"a‘lﬁﬂmuﬁnﬂ'xzuﬂunm?u#um:mum':
IminFeduyulnise 1
mnn:.munnmnmmnunnmnnn&’aqmfwm'xmuqummﬁ’mumun~ﬂamnm
Fudou muuuuumuqum1ﬂuﬁmmmmmnuM’é’wﬂﬂmﬂnwmmn., HASMITNAILAY
1uradldinnmod uAnsinTy (Frame  Ropetition Rawe) JAUIZu0L 50 MruAe e 1

ﬁ'nmmﬁummu'lﬁ'uﬁ'num:uuﬂmwannmuﬁqmnmu'lé’
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i medllanmugNIz LY

sthemes Tlsnnsuduenmssudeyadhinnanesaeynsu (ASCIO) yBeuDsA
780180 udavhmysvasasusiadeyaifmiun TaomsFouiouiurda (asca Code) #
fmuald 11‘?8111170qaﬁ'lé’thmuﬂmnnTﬂuﬁqﬁmﬁm%gnmntfauﬁawﬁwmmhﬁﬁ"ﬂ%’

4 Y ' -
FamusosaFoamibeanud sy 4.5

TFFF 3 9FFF 8FFF
Joyntiez
Talsunsu Tusunsu thuiueae
(ROM) KO
(RAM)
RAM)
0000 8000 8000

1 45 urpemssadmumisamsrFulumizsanudienseuunzusy

Asynchronous Serial Communication Interface (ASCD)
fedsudmiu Asar uamenoazdoadienn Troudssveadyguoniiudussse

fulumsouTusunsy

- myfeeifoynurudagnidng

- A7uE1YBIdBYyn 7 130 8 bit

- $147u STOP BIT 1 130 2

auda 1 d A Y
- wi3aiin 4.0 nJelulimin

- AU 38.4 Kbit #BIUIN (CPU f, = 6.144 MHz)
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Internal Address/ Data Bus

ASCl Transmit Data

ASCI Transmit Data

Rogister Rogister
ch 0 : TDRO ch 1l :TDR1
TXAs*| ASCI Transmit Shift ASCl Transmit Shift
Rogistor Rogister
ch 0 : TSRO ch 1 :TSR}
ASCI Reccivo Data ASCI ASCI Recoive Data
Rogister Control Rogister
ch 0 : RDRO ch 1 :RDR1
RXA;* ASCI Roccive Shift ASCI Receive Shift
Rogistor Rogistor
ch 0 : RSRO (8) cht:RSR 1(8)
RTS,#{ ASCI Control Rogister A ASCl Control Rogister A
ch 0 ; CNTALO (8) ch'l :CNTALL (38)
CTS,~#{ ASCI Coatrol Register B ASCI Control Rogister B
ch 0 : CNTBLO (8) ch 1 : CNTBLI (8)
DCDgs+ ASCI Statns Reogisier ASCl Statns Rogister
ch 0 : STATO (8) ch 1 : STAT1 (8)
Baud
Rata
CKA, ¢« - o
0
Baud
CRA, > Rata * Not progarm
Genoratoe Accossible

U 4.6 uRanlaBzuNTUYBY ASCI Block Diagram
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fo '

aingtl 42 vienlassunsuves ascar vsilszneulidawiimmoiuniadoyn
- - :{J - 4 '
Famefugmmnins  TVmasdaiuqy Filuidosofinufvanmzi#lu Tassauilin
v
"y

. . . Y. Id’ o

ASCI Recsive Shift Register 0,1(RSR0,1) $ommofi 1 lumsfudoyaidrinms

A * «© o L
1 RxA diedeyainuesqnloudiolifia ASCI Receive Data Register (RDR) TnudaTwid

»

Fe33mmed i limunso Tsunyu 14

ASCI Recsive Shift Register 0,1(RDRO,1 I/O Address = 08H, 09H)
A o 1 o ar >
demsfudoymdinly rsr muyseludadoynvzToudwudi i ROR TrudnTulddn

, - L “ o L

RDR 11 Toyasdalufidunezaunsadilds Rsr vmmfeafu ROR sehimusion
o ¥
Fudeya

ASCI Status Register 0,1 (STAT 0,1)

bit 7 6 5 4 3 2 1 0
RDRF OVRN PE FE - RIE DCD, | TDRE TIE
R R R R R/W R R R/W

]

ASCI Status Register 0 (STAT 0: /O Address = 04 H)

bit 7 6 5 4 3 2 1 o
RDRF OVRN PE FE RIE DCD, | TDRE TIE
R R R R R/W R R Riw

ASCI Status Register 0 (STAT 1 : /O Address = 0SH)

RDRF : Receive Data Resgister Full (bit 7) Wrimuaraedeyafifududiy
wiely Tmod bit 7 18 1 ueraeidoyman  unzdeynozgnInandililés ROR Taunn
#Mi5mned ROR danilu oon

ASCI Control Register A 0,1 (CNTLA 0,1) inhiimathaundndusu exdy
riandelifudadeyn pluvuvesdeyn
ASCI Control Register A 0 (CNTLA: I/O Adderss = 00H)

bit 7

o3
w
>
w
N
e
o

MPE RE TE RTS, MPBR/ | MOD 2 | MOD 1 MOD 0
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ASCI Control Register A 1 (CNTLA: I/O Adderss = 01H)

bit 7 6 5 4 3 2 1 0
MPE RE TE CKAID | MPBR/ | MOD MOD! | MOD O
EFR 2
R/W R/W R/w R/W R/W R/W R/W R/W

MPE : Multi - Processor Mode Enable (bit7) §1 MPE gnidmIdiiu 1 oxdehniuiy
Joynag1athe?

RE : Receiver Eablecbit 6) 1at RE gruim1didu 1 ez1dlun1sfudoya re qnfidm
fhuo erlimunsesudoyald

o o ~ ¥y ]

TE : Transmitter Enable(bis 5) Tao TE gridmIdiflu 1 ex1dlumsfudeya TE griam
o0 ezlimurefudeyald

MOD 22,1 : ASCI Data Fomat Mode 2,1,0 (bit 2-0)

a1 4.3 hiuuveadaya

MOD2 MODI MODO Data Fomat

0 0 0 Start + 7 bit data + 1 stop

o 0 1 Start + 7 bit data + 2 stop

0 1 0 Start + 7 bit data + parity +1 stop
0

1 1 Start + 7 bit data + parity +2 stop

%
XRRHHRAKANAKEXXARAAXLRKNALAALXXKARXAXEYXHAXE Y

XL NN AX: X! 22X 22K KA X X 330 X X XA KR KK XX

X Seafoc X X BREIEPH XN NAKXA XX XX X.

R X AN X R 3¢ 3 36 26 3 X 2 2 3 X 2 X X
XEXKRKRXAXNIRR: 163 %32 X X 3 I 30 26 X 3 X )8 2 X AEXES

1 0 1 Start + 8 bit data + 2 stop

1 1 0 Start + 8 bit data + parity +1 stop
1 1 1 Start + 8 bit data + parity +2 stop

3l Tnssauiifudeymidunesdouns iy aqﬂagmﬂuﬁqi‘: Start 8 bit Data , 1
Stop bit LiflnAon sofunmeneh Register i =cm
ASCI Control Register B 0,1 (CNTLBO,1)

bit 7 6 5 4 3 2 1 0

MFPBT MP | CTS/PS PEO DR | SS2 SS1 SS0

RRW RW RW RW RW RW RW  RW

ASCI Control Register BO (CNTLBO : I/O Address = 02H)
ASCIL Control Register B1 (CNTLB1 : I/O Address = 03H)
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o ;i 4 v
MPBT : Multiprocessor Bit Transmit (bit 7) gniiim Wit o iflessniflumsiudeyn
o (] 8t
IRntiAY?
o o [ ] 3
MP  : Multiprocessor Mode (bit 6) gndidm1ditlu o smupuuuvesveyouu
MODO, MOD 1, MOD 2
DR : Divide Ratio (bit 3) DR 1¥lumsinisusai¥aein data sampling clock §1 DR
andidnifiu 0 msdan 16 uath DR gnidmitiu 1 gnsdae 64 $52,1,0: Source

/ Speed Select 2,1,0 (bit 2-0)

SS2 SS1 SS0 Divide Ratio
0 0 0 +1

0 0 1 +2

0 1 0 -4

0 1 1 -8

1 0 0 +16

1 0 1 -+32

1 1 0 64

1 1 1 external clock

ASCI Clock
Internal Clock Baud Rate Selection Prescaler Sampling Rate

<

16/ 64

b 110 tos +10 30 %

External clock

fo<S ¢r-40
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UNN 5

[= d'l v 1 d"l =
NYHHNINITUVAINAUING

5.1 A1INBYERAMIBUNAYA

NUBGRANTY  AM ﬁuxs11§ﬁmﬂg1mﬂinmﬁﬂunﬁ'jﬂﬁﬁ’mwmxﬁuauaﬂ
meaLdyanzien dvugaenidmaueunigamiovayvesmnzlugd 5.1 19
TFyanmnne (n) werududaisudos (1) aalwiarrueudidisd (nonlinear) 1y 1laTlen
wiensndame? Tasldigarmamegluluuined bidudded ugdnsdwuuoudified
v Ififadyan AM dagy 5.1 (ﬂ)"ﬁ’uﬁwﬁamwjﬁmﬁymm'ﬁzc'f"}a'g]nuaﬂmﬂuﬁnz'ﬁuau‘wﬁ
;'gﬂ(‘umﬂ) aAvuslasmidygoudu dynoudveitueyludynm M azalingdiy
nsoundy (envelope) UMMAzaaauyugl 5.2(n) L{]u”mmnmﬁummmuwmm‘umﬂwuq
Taugd 5.2 () Aedanmam Afidanaudoatugy 5.2 (0) vequan Tumsasedhudidae
Aoslueundyadnasdazyl 5.2 () drysyns AM AdeTufazfinsey (mafnunlamioue

< -] W
unagn) iinaedao fagll 5.2 (2)

)
ANAAAA D
VVYVVVY
FnnImMe T s
r '\\
z‘-a.lm“mr (%) \ A A= r\/f\([\
nauidpd ] U AYAY ” ]
N o~ (1) 7Uﬂhn LM AM
N
Apnnnsfug
Airivuenine
u

31+5.1 maneguaanausunigalavldginseluendiiies

FWYIEY
A ‘h,uamml
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9. o o a 9 & &4
z‘]J 5.2 ms'l']fmy,ﬂ,ﬂmxﬁmemmmmm::umwaauaﬂmﬂ‘uuﬂauwmz

5.2 nlesiiuduasmyuegan

Tugtl 5.2 szmwinlSnumsueguaveadaygaudsaasuunive imiiy
Fun W ueundgaveammuznlfnunannn gyl 5.2 () ueznlfvuosieslugl 5.2
@) ﬂ?mmmsuaﬂaaﬁﬁﬁuniﬂaﬁmﬂa%ﬁuﬁ nafiSun unmeinisuegmil ‘nd ‘w0 4
D 31 53 wmeRddlifnsuequadondt fulefFudnsuequaamifugud ©
alefidud)lugy 5.3 (n) sundhmnzlueundyaninveatanfeaauiu 40 v

Tugu 5.3 () mnzgnuegaadaudyn auFvaduf 100 lodidhug usumndy
AvBINIMEIzANAINS Ul uazueundgavenInicvenauveswrs vz ¥ Idgage 80 v
pialsfmueeundyn lnundvvesmnzfmaiy 40V_ sy

Tugd 53 (1) Winznusgianiiva 5o wWedisud HEUNAFATDINAUNTHZT
qRE0V, LazATER 20 VwLmﬂwﬁgﬂmﬁwaawmmm1f'1"‘u 40 (111 60 + 20 = 40V )

2

14
A e e Waasda deinaunisde Ui

]
weddudnisuegan = E_ -E_ x 100%

E_ .. +E..

geiantiamsemyegy 5.3 ()
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-
. \& l
(¥) 1009 f
Evin
- | ov

Emax

sovV

b
U\ﬂ/\N{VW\ﬂ:
E MIN

MAX 20V
80 V

|
(n) 50% MVMAMUMA[
E !

Y s d
71 5.3 madale fimuanisuogion

I

wWedisudmaneqma = E_ -E_ x100%

E_ +tE..

= 60V -20V x 100%
60V + 20V

= 40V=x100=0.5%x100 %

0V
= 50 %
P s 10 A& 1w Ao

Undidesnms e fisudnsuegaadinigege ehidyaaudoehiyld
A 4w a. . - 4y 4 4
funseafueriifidanse fvene) g1l 5.4 sleanniniesiy AM wulavuniu AM R
@ ' v { Y &
doygeudus Taomsuonieusimwiedyguid lluegmansunmnzndyfunnnau AM
a4 A o o e o ll ad s d o <
(Aefueatiued) aludya sufuenin ldlunsdindwegqmennuss (dediruanisuegaad
U Qs 1 Qll A t e L7 +
fge) seldidvaiandr TuAsluifigyl s4 (v) wlidygmudvdndigd 5.4 @) wmae

d d o v
oS puANITHBGIRANINA
' d X ' a 1 a =] “
ot lsfimumsuegiaades luiguduly (iifu 100 Wedimud) msizazi
v o w 4 4 o a Y a e .

W Fyayiaud vt fuldnmTessufiannufion msueguamnniiulliiTuninisueqias
P ' (TR 4 I a o
1 (overmodulation) W3aFunds 4 11 Tenefusa szmulweunAgndygin AM aanald

laisindigud hidzuegine
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A USB = £ + £

-] m
A4 s Py
Tunil £ ABAINENING
d d
g femamdvesdymmiud liuegin

AUAIBYN £ = 1 MHz, £, = 10kHz vunamdves USB wimity
A2 USB = 1 MHz + 10 kHz
=1.01 MHz
Syl tnuddniiGendt JeRuuudiudals (ower sideband
#1398 LSB) iR NIz ad ummﬁwaﬁﬂgmmﬁuﬁﬁﬂmﬂmm Tunadites 1§
a1l LSB = £ - £,

=1 MHz - 10 KHz

1 MHz

(4
WpuewaNaned
finud 10 kHz

I3
wyudngRama § {W\mmwmnn
finud 1 MHz

(v)

€ - [ 4
WUUHANIRHRADT

’ finnud 10 kHz .
N o
(3 [4
UUAOWIRARIGD T W‘NL[UNNM
14 4 ‘ .
fnud 1 MHz| -

>__u'u‘M'J'Mﬁw"a‘f:'.aa's_a. FUWJ%WWJ\

faun1.01MHz

wpudnIRRawmas WUW.WJW\
Amnf 0.8 MHz|
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U 6

Namsmamuaza;ﬂwamsmam

o ) o 1 A :{
nnramsnaass lumssudedeyadygaainsarnuniuanud 27 MHz
o o 14 A &
TausrdpahmsudnsdggnuatasadiusufenTasldiees Fsk iiehimsuesagiadiuiuy
a Y 4 v :
B N1/AgANBARIIN (Amplitide Modulation) ANTAIANANMINARDINAAIZLTIYEN

dyanadoyaitnsannnsufiuned uasnFoufieududynulfnniees Fsk uaz FsK
Demod

Tek Run: 10kS/s Sample [ERUME
1. i iy o

H L v ]:

T T I3 T '! ] 1} 1]
. T R 1 chi freg
g 1 30.03H2

. Cht Pk—Pk
................... S S S 16.8 V
mt } { t . } }
...... ey« L R T

: 1

R s T ORT T 20wy
15 Mar 1987
23:21:28

17 v/ v e RS ORT T Y



Tek BKOIR 10kS/s 195 Acgs
H r o
}:'7 ! |l T ~ T -
........................... ch1 PK—Pk
16.8V
ChlF
101 rrlezq
15 Mar 1997
23:33:16
Ch1F
50.13 Hz
Low sighal
amplitude
ch1 Pk—Pk
18.4V
L A : p
! T s ety Ch2 Freq
. . 820.7 Hz
] Low signal
- - ampiitude
" : Ch2 Pk—Pk
RS AR 0 A A A 1.96V
: : : : T : E ]
[+ 1% SRR L] Vi ﬁm vV M 2.5ms Cht oV
18 Mar 1997
05:42:31
Tek BEEME 10kS/s
F ¥
AMASLEME SN I A T
R TR ERE R ch1 Freq
- 151.5 Hz
X Low signal
mt amplitude
L i 1 chipk-Pk
[. i S ‘ 18.1{(\.'
- } bt ] } i { ity Ch2 Freq
(i : ] i 827.3 HZ
‘. l | | Low res
i g
, 1 ¥ ! ! [~ Ch2 Pk—Pk
........... ... ....--................... 1'96V
B0 17 1 Q. I VB AV o 1)) TV M 5Ws CRT 7 LR

18 Mar 1997
05:54:30



Chil Pk—Pk
18V

Chz2 Freq
823.5 H2
Low signal
ampiitude

Ch2 Pk—PKk
1.96 V

71-6.2 foyannasufiunes 1av 5,7,9 mudidu ConnlSsuiisudy

doyny 1t O/P ¥99N9T FSK (Ch2)

Tel EXXHTR 10ks/s

o

L . 3
- : : -
: 1
: . . i
Lo : I
: : : :
d ; : ; : 1
he i 1| TV Th2 TV M
18 Acgs
I b ool 1 1
L P 4 1]

BB L R%

i L
Sms Chl

i
pa

M

oV

Ch1 Freq
101 Hz
Low signal
amplitude

Chil Pk—Pk
17.6V

Cchil Freq
149.2 HZ
Low signal
ampilitude

Ch1 Pk—Pk
17.6 v
chz2 Freq
151.5 Hz

Cha Pk~Pk
29.94V

1
10723
v 9

91l 63 Yoyannaouiumes v 7,9 mudiu(cay) nisusududoya

d
#1$91n24995 FSK Demod (Ch2)



72

HOMINABBINNNITLBUUAYANDAGIAFY (Amplitude Modulation) 27

o ¥ d o H
MHz TaoTadgyganmesimanail

Tek EIEIR 1GS/s

L al

R

; ; ; I ; ; ; ; :
VAT TEIE T Se0mveN M 3%ns CRT o 220V

Ch1 Freq

27.58MHZz
Low signal
amplitude

] chtpk—Pk
1 1.28v

1 chz Pk-PK

707.8mv

Low signal
ampiitude

18 Mar 1987
04:44:14

v P 4 Y P
El‘ 6.4  AUAUNTYOIMAYDAUATOIAY (Chl) HASTYRNUNTYOINIS

4 o
YBIUATOITU (Ch2)

18,

17 SR

SOIE T ORT oY

1.28 ¢

Clipping
negative

Ch1 freq

1.299kH2
Low signal
amplitude

Ch2 Freq
1.288kH2

Cch2 Pk—-Pk
] 2.38Vv

18 Mar 1997
04:32:23

@ P o A '
q1 6.5 dyg o 9n FsK AflouldfiuaTadacanfSouioui

a A o
g O/ MNUATBITU(Ch2)
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% Mod = PEmax- Emin = 136-03 *(100) = 6386 %

Emax + Bmin 1.36 + 0.3

a/ 4 A 4 A All
21] 6.6 HYYIUNTIWOINAVYBUATEIXUNDNY % NMTUBARAYU

[ 4 !
Tumineasamsiudifoyannneufiuses liluaswmaleeldnauanud 27
v o o 4 4 -
Mbz engasusdidoya lddnsaunis uaniannuAstuthudnfeaiissnndygu
4 v dn v - |
anud 27 Miz grumurh dgygai 1AifesnuAa uashimusath lhlaadhy

o an & v d a - g
dygudsaea lddesh IMeyanuasufinanudanmail

apluaziemunandly  vnmsiudafeyedyauitasannasufiunes
4 o 1 P )
woh lueamassafudideyauazuaama ldmufideams ldneaunls usee
- - 4' 9 A ar r-{ o
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AANUIN N



PROGRAM Transmitter;
USES CRT,DOS;
VAR IJ,CKx,y: INTEGER;
HM,S,F ‘Word;
CH1 :Char;
St,Sttime  :String;
Coll,LRowl :Word;
CH : ARRAY [1..300] OF CHAR;
A ! ARRAY [1.300] OF BYTE;
T : BYTE;
REGS : REGISTERS;
PROCEDURE INIT_PORT;

BEGIN
REGS.AH := $00;
REGS.AL := $43;
REGS.DX := 30;
INTR($14,REGS);
END;

PROCEDURE INIT_PORT2;
BEGIN
REGS.AH := $00;
REGS.AL := $E3;
REGS.DX := $1;
INTR($14,REGS);
END;
PROCEDURE STATUS_PORT(VAR T: BYTE);

BEGIN
REGS.AH := $03;
REGS.DX := $1;
INTR($14,REGS);

T := REGS.AL;



END;
Procedure time;
BEGIN
gettime(h,m,s,f);
str¢h, st);
if h<10 then st:='0"+sg
stTime:=st;
str(m,st);
if m<10 then st:="0"+st;
sttime:=stTime+":"+st;
str(s,st);
if s<10 then st:='0"+st;
sttime:=stTime-+" "+st;
str(f, st);
gotoxy(60,10);write(' ',sttime,’ );
END;
Procedure view;

BEGIN

textbackground(10);
textcolor(15);
for y:= 1 to 24 do
BEGIN
for x:= 1 to 80 do
begin
SOtOXY(X,y);write(#219);{back ground}
END;
END;
textcolor(0);
for y:= 11 to 21 do
BEGIN

for x:= 12 to 72 do



BEGIN
gotoxy(x,y); write(#219); {black box}
END;
END;
textcolor(3);
for y:= 10 to 20 do
BEGIN
for x:= 10 to 70 do
BEGIN
gotoxy(x,y); write(#219);{read key}

{ text }
textbackground(12);
textcolor(15);
gotoxy(67,25);write(" ESC to EXIT 7;
textbackground(1);
gotoxy(Lwrite¢ Tsunsueiedaynlfme
textbackground(3);
for x:= 11 to 69 do begin
gotoxy(x,11);write(#196);
END;
{repeat
tme;

until keypressed; }

BEGIN
init_port;

INIT_PORT2;
CLRSCR;
view;

{END.



WRITELN( Tusunsucadayalime ;)
I:=0;K:=0;
window(12,12,68,20);

{ read(st);}

repeat
{ L= (1+1);

CH[] := READKEY ;
IF CH[I] < #8
THEN
WRITE(CH[])
ELSE BEGIN
WRITE(CH{ID);
K = K+1;
1:=12;
END;

AfJ] := ORD(CH{);
UNTIL Af] = 135}
if keypressed then begin
i=it+l;
CH[i] := READKEY;
if ch{1]=#13 then ch[1]:=#11;
sound(6000);delay(10);nosound;
COL1 := COL1 + 1;
GOTOXY(COL1,ROW1);
WRITE(CHI[1]);
IF CHI{] = #8 THEN COLL1 := COL1 - 2;
IF COL1 > 68 THEN BEGIN COL1 :=11; ROW1 :=ROWI1 + 1;
. END;
IF (CH[i] = #13) THEN BEGIN ROW1 := ROW1 + 1; COL1 = 0;

WRITELN; END;



{ IF ROW1 > 25 THEN BEGIN coll:=11;rowl:=25; END;}
end;
if (ch{i]=#13) then begin
textcolor(12);
WRITELN(' Send ");

textcolor(15);
I:=0;
J:=0;
REPEAT
{ REPEAT
J =1+l

UNTIL T = 30000;}
delay(50);
I:=1I+1;
port{$0318] := ORD(CHII]);
WRITE(CH[I]);
A[l] := ORD(CHI});
UNTIL A[] = 13;

repeat until keypressed;
ch[i]:=""
i=0;
rowl:=1;
CLRSCR;
END;

until ch{i]=#27;



; PROGRAM RECIEVER

ORG 8000H
LD A,0CA ; SET INITIAL
OUTO (00H),A
LD B4DH
OUTO (02H),B
LD A,00H
OUTO (04H),A
LD HL,9000H
LD E,00H
A: INO A,(04H)
BIT 7,A . CHECK Yoyt
IR Z,A
B INOA8H) ; fufeymdh
LD (HL),A . ifudeyalu Regiter HL
INC B
INC HL
XOR ODH
JRNZ, A
DEC B
LD AE
LD (9100H),A
C: CALL CLEARM
LD A,(9100H)
LD B.A
LD B,08H
LD HL,9000H
CHECKD: LD A,(HL) ; A5I1968UBNYIS
XOR 20H
IP Z,A20



LD A,(HL)
XOR 21H
JP Z,A21

LD A,(HL)
XOR 22H
JP Z,A22

LD A,(HL)
XOR 23H

JP Z,A23

LD A,(HL)
XOR 24H
JP Z,A24

LD A,(HL)
XOR 25H
P Z,A25

LD A,(HL)
XOR 26H
JP Z,A26

LD A,(HL)
XOR 27TH
JP Z,A27

LD A,(HL)
XOR 28H

P Z,A28



LD A,(HL)
XOR 29H
JP Z,A29

LD A,(HL)
XOR 2AH

JP Z,A2A

LD A,(HL)
XOR 2BH
JP Z,A2B

LD A,(HL)
XOR 2CH
JP Z,A2C

LD A,(HL)
XOR 2DH
JP Z,A2D

LD A,(HL)
XOR 2EH

JP Z,A2E

LD A,(HL)
XOR 2FH

JP Z,AZF

LD A,(HL)
XOR 30H

JP Z,A30



LD A,(HL)
XOR 31H
JP Z,A31

LD A,(HL)
XOR 32H

JP Z,A32

LD A,(HL)
XOR 33H
P Z,A33

LD A,HL)
XOR 34H

JP Z,A34

LD A,HL)
XOR 35H

JP Z,A35

LD A,HL)
XOR 36H

JP Z,A36

LD A,(HL)
XOR 37TH
P Z,A37

LD A,HL)
XOR 38H

JP Z,A38



LD A,(HL)
XOR 39H

JP Z,A39

LD A,(HL)
XOR 3AH

JP Z,A3A

LD A,HL)
XOR 3BH

JP Z,A3B

LD A,(HL)
XOR 3CH

JP Z,A3C

LD A,(HL)
XOR 3DH

JP Z,A3D

LD A,(HL)
XOR 3EH

JP Z,A3E

LD A,HL)
XOR 3FH

JP Z,A3F

LD A,(HL)
XOR 40H

JP Z,A40



LD A,HL)
XOR 41H
IP Z,A41

LD A,(HL)
XOR 42H

JP Z,A42

LD A,(HL)
XOR 43H
IP Z,A43

LD A,(HL)
XOR 44H

JP Z,A44

LD A,(HL)
XOR 45H

JP Z,A45

LD A,(HL)
XOR 46H

JP Z,A46

LD A,HL)
XOR 47H

JP Z,A47

LD A,(HL)
XOR 48H

JP Z,A48



LD A,(HL)
XOR 49H
JP Z,A49

LD A,(HL)
XOR 4AH

JP Z,A4A

LD A,(HL)
XOR 4BH
JP Z,A4B

LD A,(HL)
XOR 4CH
JP Z,A4C

LD A,(HL)
XOR 4DH
JP Z,A4D

LD A,(HL)
XOR 4EH

JP Z,A4B

LD A,(HL)
XOR 4FH
JP Z,A4F

LD A,(HL)
XOR S0H

JP Z,A50



LD A,(HL)
XOR 51H
JP Z,A51

LD A,(HL)
XOR 52H

JP Z,AS52

LD A,(HL)
XOR 53H

JP Z,A53

LD A,HL)
XOR 54H

JP Z,A54

LD A,(HL)
XOR 55H

JP Z,A55

LD A,(HL)
XOR 56H
JP Z,A56

LD A,(HL)
XOR 57H

IP Z,A57

LD A,(HL)
XOR 58H

TP Z,A58



LD A,(HL)
XOR 5%H

JP Z,AS59

LD A,HL)
XOR 5AH

JP Z,A5A

LD A,(HL)
XOR 5BH
JP Z,ASB

LD A,HL)
XOR 5CH

JP Z,ASC

LD A,HL)
XOR SDH
JP Z,ASD

LD A,(HL)
XOR SEH

JP Z,ASE

LD A,HL)
XOR SFH
P Z,ASF

LD A,(HL)
XOR 60H
P Z,A60



LD A,HL)
XOR 61H
JP Z,A61

LD A,HL)
XOR 62H

JP Z,A62

LD A,(HL)
XOR 63H
P Z,A63

LD A,(HL)
XOR 64H
JP Z,A64

LD A,(HL)
XOR 65H
IP Z,A65

LD A,(HL)
XOR 66H

IP Z,A66

LD A,HL)
XOR 67H
IP Z,A67

LD A,(HL)
XOR 68H

IP Z,A68



LD A,(HL)
XOR 69H
JP Z,A69

LD A,(HL)
XOR 6AH

JP Z,AGA

LD A,(HL)
XOR 6BH

JP Z,A6B

LD A,(HL)
XOR 6CH

JP Z,A6C

LD A,(HL)
XOR 6DH

JP Z,A6D

LD A,(HL)
XOR 6EH

JP Z,AGEB

LD A,(HL)
XOR 6FH
JP Z,AGF

LD A,(HL)
XOR 70H

JP Z,AT0



LD A,(HL)
XOR 71H
P Z,A71

LD A,(HL)
XOR 72H

P ZAT2

LD A,(HL)
XOR 73H

JP Z,AT3

LD A,(HL)
XOR 74H

JP Z,A74

LD A,(HL)
XOR 75H

JP Z,AT5

LD A,(HL)
XOR 76H
P Z,A76

LD A,HL)
XOR 77H
IP Z,ATT

LD A,(HL)
XOR T8H

JP Z,AT8



LD A,(HL)
XOR 7T9H
IP Z,AT9

LD A,(HL)
XOR 7AH
JP ZATA

LD A,(HL)
XOR AlH

JP Z,AAl

LD A,(HL)
XOR A2H

JP Z,AA2

LD A,(HL)
XOR A3H

IP Z,AA3

LD A,(HL)
XOR A4H

JP Z,AA4

LD A,(HL)
XOR ASH

IP Z,AAS

LD A,(HL)
XOR A6H

JP Z,AAG



LD A,(HL)
XOR ATH
JP Z,AA7

LD A,(HL)
XOR A8H

JP Z,AAS

LD A,(HL)
XOR ASH

JP Z,AA9

LD A,(HL)
XOR AAH

JP Z,AAA

LD A,(HL)
XOR ABH
JP ZAAB

LD A,(HL)
XOR ACH
JP Z,AAC

LD A,(HL)
XOR ADH

JP ZAAD

LD A,(HL)
XOR AEH

JP Z,AAE



LD A,(HL)
XOR AFH
IP Z,AAF

LD A,(HL)
XOR BOH
IP Z,ABO

LD A,(HL)
XOR B1H

IP Z,AB1

LD A,(HL)
XOR B2H

JP Z,AB2

LD A,(HL)
XOR B3H
JP Z,AB3

LD A,(HL)
XOR B4H

P Z,AB4

LD A,(HL)
XOR BSH
IP Z,ABS

LD A,(HL)
XOR B6H

JP Z,AB6



LD A,(HL)
XOR B7H
JP Z,AB7

LD A,HL)
XOR B8H

JP Z,AB8

LD A,(HL)
XOR BY9H
P Z,AB9

LD A,HL)
XOR BAH

JP Z,ABA

LD A,(HL)
XOR BBH
P Z,ABB

LD A,(HL)
XOR BCH

JP Z,ABC

LD A,(HL)
XOR BDH
JP Z,ABD

LD A,(HL)
XOR BEH

JP Z,ABE



LD A,(HL)
XOR BFH
JP Z,ABF

LD A,(HL)
XOR COH

Jp Z,ACO

LD A,HL)
XOR C1H
JP Z,AC1

LD A,(HL)
XOR C2H

JP Z,AC2

LD A,HL)
XOR C3H

JP Z,AC3

LD A,(HL)
XOR CAH

P ZACA

LD A,(HL)
XOR CSH
P Z,ACS

LD A,HL)
XOR C6H
P Z,AC6



LD A,(HL)
XOR CTH

P Z,AC7

LD A,(HL)
XOR CSH

P ZAC8

LD A,(HL)
XOR C9H

P Z,AC9

LD A,(HL)
XOR CAH

JP ZACA

LD A,(HL)
XOR CBH

P Z,ACB

LD A,(HL)
XOR CCH

Jp Z,ACC

LD A,(HL)
XOR CDH
P ZACD

LD A,(HL)
XOR DOH

JP ZADO



LD A,HL)
XOR DiH
JP Z,AD1

LD A,(HL)
XOR D2H

JP Z,AD2

LD A,HL)
XOR D4H

P Z,AD4

LD A,(HL)
XOR DSH

JP Z,AD5

LD A,(HL)
XOR D6H
JP Z,AD6

LD A,HL)
XOR D7H

JP Z,AD7

LD A,(HL)
XOR D8H

P Z,AD8

LD A,(HL)
XOR DSH

JP Z,AD9



LD A,(HL)
XOR ElH

JP Z,AE1

LD A,HL)
XOR EOH

JP Z,AB0

LD A,(HL)
XOR E2H
JP Z,AE2

LD A,(HL)
XOR E3H
JP Z,AE3

LD A,(HL)
XOR B4H

JP Z,AF4H

LD A,(HL)
XOR EBESH

JP Z,AES

LD A,(HL)
XOR EGH

JP Z,ABE6

LD A,(HL)
XOR ETH

IP Z,AB7




LD A,(HL)
XOR E8H
JP Z,AE8

LD A,(HL)
XOR ESH

JP Z,AE9

LD A,(HL)
XOR BAH

JP Z,AEA

LD A,(HL)
XOR EBH
JP Z,AEB

LD A,(HL)
XOR ECH
JP Z,AEC
JP ABA

ADO: LD IX,ADO0H

JP DI

AD1: LD IX,AD10H

DEC B
Jp DI

AD2: LD IX,AD20H

JP DI

AD4: LD IX,AD40H

DEC B
JP DI

; AL veateya



ADS: LD IX,AD50H
DEC B
JP DI

AD6: LD IX,AD60H
DECB
JP DI

AD7: LD IX,AD70H
DEC B
JP DI

ADS: LD IX,AD80H
DECB
JP DI

AD9: LD IX,AD90H
DEC B
JP DI

AEO0: LD IX,AE00H
JP DI

AE1: LD IX,AR10H
JP DI

AFE2: LD IX,AE20H
JP DI

AE3: LD IX,AE30H
JP DI

AF4: LD IX,AB40H
IP DI

AES: LD IX,ABES0H
JP DI

AEG: LD IX,AE60H
JP DI

AET7: LD IX,AR70H
DECB
JP DI



AE8: LD IX,AR80H
DEC B
JP DI

AE9: LD IX,AE90H
DEC B
JP DI

AEA: LD IX,AFAOH
DEC B
JP DI

AEB: LD IX,AEBOH
DEC B
JP DI

AEC: LD IX,ABCOH
DEC B
P DI

AAL: LD IX,BA10H
JP DI

AA2: LD IX,BA20H
JP DI

AA3: LD IX,BA30H
P DI

AA4: LD IX,BA40H
JP DI

AAS: LD IX,BASOH
JP DI

AA6: LD IX,BAGOH
P DI

AAT: LD IX,BAT0H
7P DI ‘

AAS: LD IX,BASOH
JP DI

AA9: LD IX,BA9CH



JP DI

AAA: LD IX,BAAOH
JP DI

AAB: LD IX,BABOH
JP DI

AAC: LD IX,BACOH
JP DI

AAD: LD IX,BADOH
JP DI

AAE: LD IX,BAEOH
JP DI

AAF: LD IX,BAFOH
JP DI

ABO: LD IX,BBOOH
JP DI

ABl: LD IX,BB10H
JP DI

AB2: LD IX,BB20H
JP DI

AB3: LD IX,BB30H
JP DI

AB4: LD IX,BB40H
JP DI

ABS: LD IX,BBSOH
JP DI

ABG6: LD IX,BB60H
JP DI

ABT7: LD IX,BB70H
JP DI

ABS: LD IX,BB8OH
JP DI

ABS: LD IX,BB90H



JP DI

ABA: LD IX,BBAOH
JP DI

ABB: LD IX,BBBOH
JP DI

ABC: LD IX,BBCOH
P DI

ABD: LD IX,BBDOH
P DI

ABE: LD IX,BBEOH
JP DI

ABP: LD IX,BBFOH
JP DI

ACO: LD IX,BCOOH
JP DI

ACL: LD IX,BC10H
JP DI

AC2: LD IX,BC20H
JP DI

AC3: LD IX,BC30H
JP DI

AC4: LD IX,BCACH
JP DI

ACS: LD IX,BCSO0H
JP DI

ACS: LD IX,BC60H
JP DI

ACT: LD IX,BCT0H
JP DI

ACS: LD IX,BC80H
JP DI

ACY: LD IX,BC90H



IP DI
ACA: LD IX,BCAOH
IP DI
ACB: LD IX,BCBOH
JP DI
ACC: LD IX,BCCOH
JP DI
ACD: LD IX,BCDOH
JP DI
A20; LD IX,B200H
JP DI
A21: LD IX,B210H
JP DI
A22: LD IX,B220H
JP DI
A23: LD IX,B230H
JP DI
A24: LD IX,B240H
JP DI
A25: LD IX;B250H
JP DI
A26: LD IX,B260H
JP DI
A27: LD IX,B270H
JP DI
A28: LD IX,B280H
JP DI
A29: LD IX,B290H
JP DI
A2A: LD IX,B2A0H
JP DI
A2B: LD IX,B2BOH



JP DI

A2C: LD IX,B2COH
JP DI

A2D: LD IX,B2DOH
JP DI

A2E: LD IX,B2EOH
JP DI

A2F: LD IX,B2FOH
JP DI

A30: LD IX,B300H
Jp DI

A3l LD IX,B310H
JP DI

A32: LD IX,B320H
JP DI

A33: LD IX,B330H
JP DI

A34: LD IX,B340H
JP DI

A35: LD IX,B350H
JP DI

A36: LD IX,B360H
JP DI

A37: LD IX,B370H
JP DI

A38: LD IX,B380H
Jp DI

A39: LD IX,B390H
JP DI

A3A: LD IX,B3A0H
JP DI

A3B: LD IX,B3BOH



JP DI

A3C: LD IX,B3COH
JP DI

A3D: LD IX,B3DOH
JP DI

A3E: LD IX,B3EOH
JP DI

A3R. LD IX,B3FOH
JP DI

A40: LD IX,B400H
JP DI

A41: LD IX,B410H
JP DI

A42: LD IX,B420H
JP DI

A43: LD IX,B430H
P OI

Ad4: LD IX,B440H
DI

A45: LD IX,B4SOH
JP DI

A46: LD IX,B460H
JP DI

A4T: LD IX,BATOH
JP DI

A48: LD IX,B48OH
JP DI

A49: LD IX,BA90H
JP DI

A4A: LD IX,BAAOH
JP DI

A4B: LD IX,B4BOH



JP DI

A4C: LD IX,B4COH
JP DI

A4D: LD IX,B4ADOH
JP DI

A4E: LD IXB4EOH
Jp DI

A4FR: LD IX,B4FOH
JP DI

AS50: LD IX,B500H
Jp DI

AS1l: LD IX,B510H
Jp DI

A52: LD IX,B520H
JP DI

AS3: LD IX,B530H
JP DI

AS54: LD IX,B540H
JpP DI

ASS: LD IX,BS50H
JP DI

AS6: LD IX,B560H
Jp DI

AST: LD IX,B570H
Jp DI

AS58: LD IX,B580H
JP DI

A59: LD IX,B590H
JP DI

ASA: LD IX,BSAOH
JpP DI

A5B: LD IX,BSBOH



JP DI

ASC: LD IX,BSCOH
JP DI

ASD: LD IX,BSDOH
JP DI

ASE: LD IX,BSEOH
JP DI

ASF: LD IX,BSFOH
JP DI

AG60; LD IX,B600H
JP DI

A61: LD IX,B610H
JP DI

A62: LD IX,B620H
JP DI

A63: LD IX,B630H
JP DI

A64: LD IX,B640H
JP DI

A65: LD IX,B650H
JP DI

A66: LD IX,B660H
JP DI

A67: LD IX,B670H
JP DI

AG8: LD IX,B680H
JP DI

A69: LD IX,B690H
JP DI

AGA: LD IX,B6AOH
IP DI

AGB: LD IX,B6BOH



JP DI
A6C: LD IX,B6COH
JP DI
A6D: LD IX,B6DOH
JP DI
AGE: LD IX,B6EOH
JP DI
A6F: LD IX,B6FOH
JP DI
A70: LD IX,B700H
JP DI
A71: LD IX,B710H
JP DI
A72: LD IX,B720H
. JP DI
A73: LD IX,B730H
JP DI
A74: LD IX,B740H
JP DI
A75: LD IX,B750H
JP DI
A76: LD IX,B760H
JP DI
A77: LD IX,B770H
JP DI
A78: LD IX,B780H
JP DI
A79: LD IX,B790H
JP DI
A7A: LD IX,BTAOH
JP DI
ABA: LD IX,A000H



JP DI

CLEARM: LD A,80H ; CLEAR MONITOR

OUT (83H),A

LD A,00H

LD B,08H

LD C,08H

OUT (82H),A
LOOPL: LD A,B

OUT (82H),A

LD A,00H

OUT (80H),A

OUT (82H),A

INC B

DEC C

JR NZ,LOOP1

RET

CLEARD: LD AB
OUT (82H),A
LD A,00H
OUT (80H),A
OUT (82H),A
RET

DI: LD C,0FH

LOOP2§ CALIL CLEARD
LD A,C 2%
OUT (81H),A
LD AB PO
OUT (82H),A ke
LD A,JX+00)
INCIX




OUT (80H),A
LD A,00H
OUT (82H),A
LD A,B
LD (9900H),A
LD B,03FH
LOOP3: DEC B
JP NZ,LOGP3
LD A,(9900H)
LD B,A
DEC C
P NZ,LOOP2
. INC HL
INC B
DEC E
JP NZ,CHECKD
LD HL,9000H
LD E,00H
INO A,(04)
BIT 7,A
PZ A
JP B

ORG B410
.DB00H,00H,00H,00H,81H,81H,81H,FFH,81H,42H,24H,18H,00H,00H,00H,00H ;A
.DB 00H,00H,00H,00H,7FH,81H,81H,7FH,7FH,81H,81H,7FH,00H,00H,00H,00H ;B
.DB 00H,00H,00H,00H,7EH,81H,81H,01H,01H,81H,81H,7EH,00H,00H,00H,00H ;C
.DB 00H,00H,00H,00H,3FH,41H,81H,81H,81H,81H,41H,3FH,00H,00H,00H,00H ;D
.DB 00H,00H,00H,00H,FFH,01H,01H,FFH,FFH,01H,01H,FFH,00H,00H,00H,00H ;B
.DB 00H,00H,00H,00H,01H,01H,01H,01H,01H,3FH,01H,FFH,00H,00H,00H,00H ;F
.DB 00H,00H,00H,00H,3CH,42H,81H,E1H,01H,81H,C2H,BCH,00H,00H,00H,00H ;G
.DB 00H,00H,00H,00H,81H,81H,81H,FFH,81H,81H,81H,81H,00H,00H,00H,00H ;H



.DB OOH,OOH,OOH,OOH,3CH,18H,18H,18H,18H,18H,18H,3CH,00H,00H,00H,00H !
.DB OOH,OOH,OOH,OOH,3CH,42H,41H,4OH,4OH,4OH,4OH,EOH,00H,00H,OOH,OOH W
.DB OOH,OOH,OOH,OOH,S1H,41H,21H,IFH,1FH,21H,41H,81H,00H,00H,00H,00H 3
.DB OOH,OOH,OOH,OOH,FFH,O1H,01H,01H,01H,0IH,O1H,01H,00H,00H,00H,00H

;K
;L
DB OOH,OOH,OOH,OOH,81H,81H,81H,81H,99H,A5H,C3H,81H,00H,00H,00H,00H M
.DB 00H,00H,00H,00H,81H,C}H,A1H,91H,89H,85H,83H,81H,00H,00H,00H,00H N
DB 00H,00H,00H,00H,7EH,81H,81H,81H,81H,81H,81H,7EH,00H,OOH,OOH,OOH ;0
.DB 00H,00H,00H,00H,01H,01H,01H,7FH,81H,81H,81H,7FH,00H,00H,00H,00H ;P
.DB OOH,OOH,OOH,OOH,BEH,41H,61H,41H,41H,41H,41H,3EH,OOH,00H,OOH,00H iQ
.DB 00H,00H,00H,00H,81H,41H,21H,lFH,FFH,81H,81H,FFH,OOH,OOH,OOH,00H R
.DB OOH,OOH,OOH,OOH,FFH,80H,80H,FFH,FFH,O1H,01H,FFH,OOH,OOH,OOH,OOH S
.DB 00H,00H,00H,00H, 18H,18H,18H, 18H,18H, 18H,FFH,FFH,00H,00H,00H,00H ;T
.DB. 00H,00H,00H,00H,7EH,81H,81H,81H,81H,81H,81H,81H,00H,00H,00H,00H ;U
" DB 00H,00H,00H,00H, 18H,24H ,42H,81H,81H,81H,81H,81H,00H,00H,00H,00H ;V
.DB 00H,00H,00H,00H,81H,C3H,ASH,99H,81H,81H,81H,81H,00H,00H,00H,00H W
.DB 00H,00H,00H,00H,81H,42H,24H,18H, 18H,24H,42H,81H,00H,00H,00H,00H ;X
DB 00H,00H,00H,00H, 18H,18H,18H, 18H,18H,24H,42H,81H,00H,00H,00H,00H Y
.DB 00H,00H,00H,00H,FFH,02H,04H,08H, 10H,20H,40H,FFH,00H,00H,00H,00H ;Z

ORG BA10H

DB 00H,00H,00H,00H,82H,82H,82H,82H,82H,8 1H, 7EH,00H,00H,00H,00H,00H ;0
DB 00H,00H,00H,00H, FOH,90H,90H,90H,90H,98H,98H,00H,00H,00H,00H,00H ;¥
ORG BA40H '

.DB 00H,00H,00H,00H,86H,8AH,8AH,9AH,9AH,82H,7CH,00H,00H,00H,00H,00H
ORG BAG60H

‘DB 00H,00H,00H,00H,FCH,8CH,88H,88H,88H,8FH,8BH,00H,00H,00H,00H,00H ;3
DB 00H,00H,00H,00H,80H,COH,AOH,90H,80H, COH, COH,00H,00H,00H,00H,00H ;3
‘DB 00H,00H,00H,00H, COH,AOH,AOH,BOH,BOH,82H,7CH,00H,00H,00H,00H,00H ;9
DB 00H,00H,00H,00H, C8H,F8H,88H,8 CH,8CH,82H,7CH,00H,00H,00H,00H,00H ;R
'DB 00H,00H,00H,00H,60H,90H,90H,90H,90H, 98H, S8H,80H,80H,00H,00H,00H ;%
‘DB 00H.00H,00H,00H, 60H,90H,90H,90H,90H,9EH, S6H,80H,80H,00H,00H,00H ;%
DB 00H,00H,00H,00H,FBH,9BH,91H,91H,92H,91H,9EH,00H,00H,00H,00H,00H ;04



DB 00H,00H,74H,8CH,63H,93H,91H,91H,92H,91H,9EH,00H,00H,00H,00H,00H ;1
DB 9CH,E2H,FCH,COH,83H,83H,82H,82H,84H,82H,7CH,00H,00H,00H,00H,00H ;1)
DB 9CH,F2H,ECH,COH,83H,83H,82H,82H,84H,82H,7CH,00H,00H,00H,00H,00H ;1)
DB 7CH,D2H,ECH,40H,40H,A 0H,BOH,B0H,7EH, 7CH,80H,00H,00H,00H,00H,00H ;3
.DB 00H,00H,00H,00H,88H,88H,88H,88H,88H,9FH,6BH,00H,00H,00H,00H,00H ;9
DB 00H,00H,00H,00H,B9H,EAH,BCH,A 7H,A7H,A9H,B6H,00H,00H,00H,00H,00H ;@i
DB 00H,00H,00H,00H,D3H,F3H,51H,51H,53H,51H,SEH,00H,00H,00H,00H,00H ;0
DB 00H,00H,00H,00H,86H,8AH,9AH,9AH,82H,82H,7CH,00H,00H,00H,00H,00H ;A
‘DB 00H,00H,00H, 00H,86H,8AH,9AH,9AH,82H,92H,6CH,00H,00H,00H,00H,00H ;
DB 00H,00H,00H,00H,86H,86H,82H,82H,82H,81H,FEH,00H,00H,00H,00H,00H ; 8
DB 00H,00H,00H,00H,84H,84H,84H,84H,84H 8EH, 76H,00H,00H,00H,00H, 00H ;"
DB 00H,00H,00H,00H, 76H,82H,82H,82H,7FH,01H,FEH,00H,00H,00H,00H,00H ;5
DB 00H,00H,00H,00H, C2H,FEH,42H 42H 42H,43H,43H,00H,00H,00H,00H,00H ;1
"DB 00H,00H,00H,00H, 7CH,82H,82H,82H,82H,83H,83H,00H,00H,00H,00H,00H ;1
DB 00H,00H,00H,00H, 7CH,82H,82H,82H,82H,83H,83H,80H,80H,00H,00H,00H ;1
DB 00H,00H,00H,00H,6CH,92H,92H,92H,92H,96H,96H,00H,00H,00H,00H,00H ;A
‘DB 00H,00H,00H,00H,6CH,92H,92H,92H,92H,96H,96H,80H,80H,00H,00H,00H ;H
DB 00H,00H,00H,00H,6CH,92H,92H,92H,92H,93H,93H,00H,00H,00H,00H,00H ;¥
‘DB 00H,00H,00H,00H,6CH,92H,92H,92H,92H,93H,93H,80H,80H,00H,00H,00H ;¥
DB 00H,00H,00H,00H,83H,83H,82H,82H,82H,81H,FEH,00H,00H,00H,00H,00H ;N
DB 00H,00H,00H,00H,86H, FEH,84H,84H,84H,86H,86H,00H,00H,00H,00H,00H ;1
DB 00H,00H,00H,00H,7CH,82H,82H,8CH,82H,86H,86H,00H,00H,00H,00H,00H ;¢
DB 00H,00H,00H,00H,60H,60H,40H,40H,40H,3EH, 7CH,80H,00H,00H,00H,00H ;7
DB 00H,00H,00H,00H,86H,86H,82H,FCH,80H,82H,7CH,00H,00H,00H,00H,00H ;0
ORG BCT70H

DB 00H,00H,00H,00H, COH,COH,80H,80H,80H,82H,7CH,00H,00H, 00H,00H,00H ;1
DB 00H,00H,00H,00H,82H,86H,9AH,9AH,82H,82H,74H,80H,00H,00H,00H,00H ;1
‘DB 00H,00H,00H,00H, 7EH 42H,7AH,5AH,C2H,43H,43H,00H,00H,00H,00H,00H ;¥
DB 00H,00H,00H,00H,86H,86H,82H,FCH,82H,FCH,80H,00H,00H,00H,00H,00H ;&
DB 00H,00H,00H,00H,42H,46H,4AH,52H,62H,E3H,E3H,00H,00H,00H,00H,00H ;#
DB 00H,00H,00H,00H,6CH,92H,92H,92H,92H,D3H,D3H,80H,00H,00H,00H,00H ;W



.DB OOH,OOH,OOH,00H,7CH,82H,86H,86H,80H,82H,7CH,00H,00H,00H,(JOH,OOH 4]
.DB 00H,00H,00H,00H,7CH,82H,86H,86H,9EH,7CH,20H,00H,00H,00H,00H,00H ;8

ORG ADOOH

.DB 00H,00H,00H,00H,00H,3EH,46H,00H,3EH,46H,00H,00H,00H,00H,00H,00H ;&
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,3EH,46H,80H ;’u
.DB 00H,00H,00H,00H,80H,80H,80H,80H,82H,82H,3CH,00H,00H,00H,00H,00H ;1
ORG AD40H

.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,FFH,81H, 7EH,00H ;‘A
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,FFH,81H,FEH,80H ;q
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,FFH,81H,FEH ;4
.DB QOH,OOH,OOH,OOH,OOH,OOH,OOH,OOH,OOH,OOH,OOH,OOH,FFH,SlH,FEH,COH ;4
-DB 80H,80H,C0H,CO0H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H ;:,
.DB COH,CO0H,E0H,E0H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H ;.
ORG AEOOH

.DB 00H,00H,00H,00H,30H,30H, 10H,10H,10H, 10H, 10H,00H,00H,00H:00H,00H ]
.DB 00H,00H,00H,00H,78H,78H,28H,28H,28H,28H,28H,00H,00H,00H,00H,00H ;!{
.DB 00H,00H,00H,00H,0CH,0CH,04H,04H,04H,04H,06H,01H,7EH,08H,00H,00H ;T
.DB 00H,00H,00H,00H,30H,30H,10H,10H, 10H, 10H, 14H, 12H, 12H,0CH,00H,00H ;1
.DB 00H,00H,00H,00H,30H,30H, 10H, 10H, 10H, 10H, 10H,14H,1AH, 11H,00H,00H ;'1
ORG AE60H

.DB 04H,08H, 10H,20H,40H,40H,40H,40H,40H,6CH,5CH,00H,00H,00H,00H,00H ;9
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,50H,50H, 70H, 70H,E0H ;Ef
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,80H,80H,80H,00H ; !
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,38H,58H,98H,00H ;’
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H ; ?
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,20H,70H,20H,00H ;"+
.DB 00H,00H,00H,00H,00H,00H,00H,00H,00H,00H,00H, 18H,18H,30H,40H,80H ;.'
ORG B610H
.DB 00H,00H,00H,00H,78H,84H,84H,F8H,80H,7CH,00H,00H,00H,00H,00H,00H ;2
.DB 00H,00H,00H,00H,78H,84H,84H,7CH,04H,04H,04H,04H,00H,00H,00H,020H ;b



DB 00H,00H,00H,00H, 78H,84H,04H,04H,84H,78H,00H,00H,00H,00H,00H,00H ;¢
‘DB 00H,00H,00H,00H, 78H,84H,84H,F8H,80H,80H,80H,80H,00H,00H,00H,00H ;d
'DB 00H,00H,00H,00H, F8H,04H,04H,FCH,84H,78H,00H,00H,00H,00H,00H,00H ;e
‘DB’ 00H,00H,00H,00H, 10H, 10H, 10H,38H,90H,60H,00H,00H,00H,00H,00H,00H ;f
DB 00H,00H,7CH,80H,80H,80H, F8H,84H,84H,78H,00H,00H,00H,00H,00H,00H ;g
DB 00H,00H,00H,00H, 84H,84H,84H,7CH,04H,04H,04H,04H,00H,00H,00H,00H ;b

o

DB 00H,00H,00H,00H, 10H,10H, 10H, 10H,10H, 10H,00H, 10H,00H,00H,00H,00H ;
.DB OOH,OOH,?SH,84H,80H,80H,80H,80H,80H,80H,00H,80H,00H,00H,00H,00H i
.DB 00H,00H,00H,00H,84H,44H,24H,14H,24H,44H,04H,04H,00H,00H,00H,00H 44
DB 00H,00H,00H,00H, 10H,10H, 10H, 10H, 10H,10H, 10H, 10H,00H,00H,00H,00H ;1
.DB OOH,OOH,OOH,00H,92H,92H,92H,92H,92H,6DH,00H,00H,00H,OOH,OOH,OOH m
.DB 00H,00H,OOH,00H,84H,84H,84H,84H,84H,74H,OOH,OOH,OOH,OOH,OOH,OOH o
.DB OOH,OOH,OOH,OOH,?SH,84H,84H,84H,84H,78H,00H,OOH,OOH,OOH,OOH,OOH ;0
.DB OOH,OOH,04H,04H,04H,04H,7CH,84H,84H,7CH,OOH,OOH,OOH,OOH,OOH,OOH P
.DB OOH,00H,80H,80H,80H,80H,F8H,84H,84H,F8H,OOH,OOH,OOH,OOH,OOH,OOH a
.DB 00H,00H,00H,00H,04H,04H,04H,04H,8CH,74H,00H,00H,00H,00H,OOH,OOH iT
.DB OOH,OOH,OOH,OOH,78H,80H,78H,04H,04H,78H,00H,00H,00H,OOH,OOH,OOH 8
.DB OOH,OOH,OOH,00H,30H,48H,48H,08H,08H,1CH,OSH,OSH,OOH,OOH,OOH,OOH it
.DB OOH,OOH,OOH,OOH,BSH,44H,44H,44H,44H,44H,OOH,OOH,OOH,OOH,OOH,OOH n
.DB OOH,OOH,OOH,OOH,ZOH,10H,48H,84H,84H,84H,00H,00H,OOH,OOH,OOH,OOH v
.DB OOH,OOH,OOH,OOH,SSH,A4H,A4H,A4H,A4H,A4H,OOH,OOH,OOH,OOH,OOH,OOH W
.DB OOH,OOH,OOH,OOH,84H,48H,3OH.30H,48H,84H,OOH,OOH,OOH,OOH,OOH,OOH X
.DB OOH,OOH,78H,84H,80H,80H,F8H,84H,84H,84H,OOH,OOH,OOH,OOH,OOH,OOH 3y
.DB OOH,OOH,OOH,OOH,FCH,OSH,10H,20H,40H,FCH,OOH,OOH,OOH,OOH,OOH,OOH iz
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Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-stability
and accuracy. The output waveforms can be both amplitude
and frequency modulated bty an external voltage. Frequency
of operation can be selected externally over a range of 0.01
Hz 10 more than 1 MHz.

The circuit is ideally suited for communications, instru-
mentation, and functicn generator applications requiring
sinusoidal tone, AM, FM, or FSK generation. It has a typical
drift specification of 20 gpm/°C. The oscillator frequency
can be linearly swept over a 2000:1 frequency range, with
an external control voltage, having a very small affect on
distortion.

FEATURES
Low-Sine Wave Distortion 5%. Typical
E xcellent Temperature S:zbility 20 ppm/°C, Typical
Wide Sweep Range 2000:1, Typical
Low-Supply Sensitivity 0.01%V, Typical
Linear Amplitude Modulstion
TTL Compatible FSK Controls
Wide Supply Range 10V 10 26V
Adjustable Duty Cycle 1% 10 99%
APPLICATIONS
Waveform Generation
Sweep Generation
AM/FM Generation
V/F Conversion
FSK Generation
Phase-Locked Loops (VCO)
ABSOLUTE MAXIMUM RATINGS
Power Supply 26V
Power Dissipation 750 mw
Derate Above 25°C 5mwW/°C
Total Timing Current 6 mA
Storage Temperature -65°C 10 +150°C
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C10+70°C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramic 0°C10+70°C
XR-2206CP Plastic 0°C 10 +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; 3 unity gain buffer amplifier; and a set
of current switches,

The VCO actually produces an output frequency porpor-
tional 1o an input current, which is produced by a resistor
from the timing terminals 10 ground, The current switches
route one of the timing pins current to the VCO controlled
by an FSK input pin, 10 produce an output frequency. With
two timing pins, two discrete output frequencies can be
independently produced for FSK Generation Applications,

oo
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, v¥= 12V, Ty = 25°,C = 0.01 uF, Ry =100k, Rp =

10k, R3 = 25 kN

unless othenwise specified. $; open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. ] TYP, [ MAX, MIN. [ TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage =5 213 =5 =13 v
Supply Current 12 12 14 20 mA B »10kn
OSCILLATOR SECTION
Max. Operating Frequency 05 1 05 1 MHz C=1000pF, Rj= 1k
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, Ry=2MnQ
Frequency Accuracy =1 24 H % of 1, fo = 1/Ri1C
Temperature Stability =10 =50 220 ppm/°C 0°C< Tp < 75°C,
: Fi=Ry=20kQ
Supply Sensitivity 0.01 0.1 0.01 %/V Viow = 10V, V4 gH = 20V,
Ry =~ Ry=20kQ
Sweep Range 1000:1 2000:1 2000:1 LISCR TS IH@Ri=1kQ
I @R ~2M0
Sweep Linearity .

10:1 Sweep 2 2 % 1L =1 kHz, fjy = 1Q kHz
1000:1 Sweep 8 8 % fL = 100 Hz, fy4 = 100 kH2
FM Disiortion 0.1 0.1 % 210% Deviation

Recommended Timing -
Components
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistors: R & Ry 1 2000 1 2000 k2
Triangle Sine Wave Qutput See Note 1, Figure 2.
Triangle Amplitude 160 160 mvV/k Figure 1, Sy Open
Sine Wave Amplitude 40 60 80 60 mv/k Figure 1, S Closed
Max, Output Swing 6 [ Vp-p
Output Impedance 600 600 1]
Triangle Linearity 1 1 %
Amplitude Stability 05 0.5 dB For 1000:1 Sweep
Sine Wave Amplitude Stability 2800 4800 ppmy/*C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % Rm=30kn
With Adjustment 04 1.0 0.5 1.5 % Sea Figures 6and 7,
Amplitude Modulation
Input Impedance S0 100 50 100 k2
Modulation Range 100 100 %
Carrigr Suppression <5 55 dB
Linesrity 2 2 % For 95% modulstion
Square-Wave Output
Amplitude 12 12 Vp-p Measured ot Pin 11,
Rise Time 0 250 nsec Cp_ = 10pF
Fall Time 50 50 nsoc Cp = 10pF
Saturation Voltage 02 0.4 0.2 0.8 v h =2mA
Leakage Current 0.1 20 0.1 100 HAa Vi1 = 26V
FSK Keying Leve! (Pin 9) 0.8 14 24 0.8 1.4 24 v See soction on ¢ircuit controls
Reference Bypass Voltage 29 kB 33 25 3 35 v Moasured at Pin 10,
Note 1:  Output amplitude is directly proportional o the resistance. R3, on Pin 3, See Figure 2

Note 2:  For maximum smplitude stability,

R3 shoukd be & positive temperature coefficient resistor.
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Figure 9: Circuit Connection for Frequency Sweep.
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Figure 10: Circuit for Sine Wave Generation without
External Adjustment. (See Figure 2 for
Choice of R3.)

Figure 11: Circuit for Sine Wave Generation with
Minimum Harmonic Distortion. (R3
Determines Outpaut Swing — See Figure 2.)
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry and Ry, connected 1o the 1iming Pin 7 and 8,
respectively, as shown in Figure 12, Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin O is open-
circuited or connected 10 a bias voltage »2V, only Ry is
activated. Similarly, if the voltage level a1 Pin 9 is <1V,
only R2 is activated. Thus, the output frequency can be
keyed between 1wo levels, fy and fz,as:

f1 =1/RyCand fa= 1/RoC

For split-supply operation, the keying voltage at Pin 9 is
referenced 10 V-,

Output DC Level Control:

The dc level a1 the output (Pin 2} is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, 1o give an
output dc level of =V */2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*#/2, and the
typical distortion (THD) is <2.5%. M lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section,

The circuit of Figure 10 can be converted to splitsupply
operation, simply by replacing all ground connections with
V. For split-supply operation, R can be directly connected
10 ground,

'
v

With External Adjustment:

The harmonic content of sinusoidal output can be reduced

o =0.5% by additional adjustments as shown in Figure 11.
The potentiometer, Rp. adjusts the sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as {ollows:

1. Set Rg at midpoint, and adjust Ry for minimum
distortion,

2. With Rp set as above, adjust Rg to turther reduce
distortion,

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin 13
and 14 (i.e., S; open). Amplitude of the triangle is approxn-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, Ry
and H2- the output is phase-continuous during transitions.
The keying signal is applied to Pin 9, The circuit can be
converted 10 split-supply operation by simply replacing
ground with V-,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying ter-
minal {Pin 9} is shorted 10 the square-wave output {Pin 1),
and the circuit automatically frequency-shift keys itsel
between two separate {frequencies during the positive-going
and negative-going output waveforms, The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Ry. The values of Ry and H2 shouid be in the
rangeof 1 k2102 Mﬂ
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Figure 1:  Basic Test Circuit.
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PRINCIPLES OF DPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,. is determined by the
external timing capacitor, C, across Pin 5 and §, and by the
timing resistor, R, connected 10 either Pin 7 or 8. The fre-
quency is given as:

1
10=Rc H2

and can be adjusted by varying either R or C. The recom-
mended values of R, for a given freguency range, are shown
in Figure 4. Temperature stability is optimum for 4 k2 <
R < 200 k Q. Recommended values of C are from 1000 pF
10 100 pF.

Frequency Sweep and Modufation:
Frequency of oscillation is proporzional 1¢ 1he 1otal timing
current, Iy, drawn from Pin 7 or 8:

2201y (mA)
= Hz2

C (pF)
Timing terminals {Pin 7 or 8) are low-impecance points,
and are internally biased at +3V, with respect 10 Pin 12,
Frequency varies linearly with |y, over a wide range of
current values, from 1 pA 10 3 mA, The frequency can
be controlled by applying a conirol voltage, Ve, 10 the
activated timing pin as shown in Ficure 9 The {requency of
osciltation is related 10 VC as:

- Ve,
(1 3!

fo—70 I+

RC ""RC Hz

where V- is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K =31/0Ve = - 232 hapv

RcC
CAUTION: For safe 6p;r'a'tion of the circuit, 11 should be e
limited 10 K3 mA.

Qutput Amplitude:
Maximum output amplitude is inversely proportional 1o the
external resistor, Rg. connected to Pin 3 (see Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per kS of Ry; for twriangle, the peak amplitude is approxi-
mately 160 mV peak per k2 of R3. Thus, for example,
R3 =50 k 2 would produce approximately *3V sinusoidal
output amplitude,
Amplitude Modulation:
Output amplitude can be modulated by applying a dc bias
and a modulating signal o Pin 1..The internal mpedanceat"-' P e
Pin 1 is approximately. 100 5% Dmput -ymipliitde’ Varer] g e
linearly with the applied voftage at_Pin,1, for. values af de, § v ienes
bias at this'pin, within't4 volts of V#1235 shown'in Fighre™ ™ mrrrma—
5. As this bias level approaches V+/2 the Phase of 1he .
output signal is reversed,\and the amplnude _goes lhrou_qh
zero. This property is sUitablé for phaseishify Keying “and”
suppressed-carrier AM generatian. Total dynamic range of
amplitude modulation is approximately 55 d8. o

P

CAUTION: AM control must be used in conjunction with
a well-regulated supply, since the output amglitude now
becomes a function of V¥,

EQUIVALENT
SCHEMATIC

DIAGRAM

)
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FSK Demodulator/ Tone Deccder

GENERAL DESCRIPTION

The XR-2211 is a monolithic chase-locked lonp (PLL)
system especially designed for dasa ccmmunications, It is
particularly well suited for FSK modem zoplications, It
Operates over a wice supply voitage range of 4.5 10 20 V
and a wide frequency range of 0.01 Hz 1o 300 «Hz. It can
accommodate analog signals berween 2 mV and 3 V., and
can interface with conventicral DTL. TTL, and ECL logic
families. The circuit consists of a basic PLL for tracking an
input signal within the pass band, a quadraiure phase detec-
tor which provides carrier detection, and an ESK voltage
comparator which grovides FSK demedulation. Externatl

components are used 10 independeniiy set center frequency, -

bandwidth, and outcut delay. An internai voitage reference
propertional 1o the power supply provides ratio metric
operation for low sysiem performance variaiicns with
powvser supply changes,

The XR-2211 is availatle in 14 o DTL ceramic or plastic

packages specified for commerciz! or mulitary iemgerature
ranges,

FEATURES

Wide Frequency Range 0.01 Hz 10 300 kHz

Wide Supply Vohage Range 45Vio20V

DTL/TTL/ECL Logic Compatibility

FSK Demodulation, with Carrier Detection

Wide Dynamic Range 2mVio3Vrms

Adjustable Tracking Range (+1% 10 £89%)

Excellent Temp. Statility 20pem/C,1yp.

APPLICATIONS

FSK Demodutation

Data Synchronization

Tone Decoding

FM Detection

Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V

Input Signal Level 3Vrms

Power Dissipation

Ceramic Package 750 mw
Derate above T4 = +25°C 6mv/C

Plastic Package 625 mw
Derate above T = +25°C 5.0 mW/C .

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2211M Ceramic -55°C 10 +125°C
XR-2211CN Ceramic 0°C1o+ 75°C
XR-2211CP Plastic 0°Cio+ 75°C
XR-2211N Ceramic -40°C 10 + 85°C
XR-2211P Plastic -40°C1o0 + 85°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase detec-
tor, and a precision voltage controlled osciliator (VCO),
The preamplifier is used as a limiter such that input signals
above typically 2MV RMS are amplified 10 a constant high
level signal, The multipling-type phase detector acts as 8
digital exclusive or gate, Its output (unfiltered) produces
sum and difference frequencies of the input and the VCO
output, f input + { input (2 f input} and { input - f input
{0 Hz) when the phase detector output to remove the

“sum” {requency component while passing the difference -

(DC) component 10 drive the VCO. The VCO is actually
& current controlled oscillator with its nominal input
current {{5) set by a resistor (Ro) 10 ground and i1s driving
current with a resistor (R4} from the phase detector,

The other sections of the XR-2211 act to: determine if the
VCO is driven above or below the center {requency (FSK
comparator); produced both active high and active low out-
PUts 10 indicate when the main PLL is in lock {quadrature
phase detector and lock detector canparalor).

oo
A Em R Integrated Systems, Inc., 750 Palomar Avenue,
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ELECTRICAL CHARACTERISTICS
Test Conditions:  Tes: Cicuit of Figure 1, V* = V= = 6V, T4 = 425°C, C = 5000 pF, Ry = Ry=R3=Ry=20KSL R =47 K2,
Binary Inputs grounded, Sy and S closed unless otherwise specified.

XR-2211/2211M XR-2211C
PARAMETERS UNITS CONDITIONS
MIN. TYP. MAX. MIN, TYP, MAX,
GENERAL
Supcly Voliage &5 20 4.5 20 \Y
Supply Current 4 7 5 9 mA Rg » 10 KSL See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy = 3 E4] % Deviation trom fg = 1/RgCo
Frequency Stability Ry=%
Temperature 220 =0 *20 pom/°C See Fig. 8.
Power Supply 0.35 0.5 0.05 %IV V¥=1221 V.S Fig. 7.
0.2 0.2 %IV V* =5%0.,5 V. See Fig. 7.
Upper Frequency Limit 100 300 300 kHz Rg = 8.2 K§2, Cg = 400 pF
Lowest Practical
Oberating Frequency 0.01 0.01 Hz Rp* 2 M), Cg = SO uF
Timing Resistor, Rg See Fig. 5.
Oserating Range 5 2000 ) 2000 kQ
Recommended Range 15 100 15 100 K2 See Fig. 7 and 8.
LOOP PHASE
DETECTOR SECTION
Peak Qu:iout Curren: 2180 *200 =300 100 200 2300 PA Measured at Pin 11,
Oura.: O'fser Currens ) 12 HA
Ovtous Impedance 1 1 MO
Marimum Swing =4 % 24 5 v Referenced 10 Pin 10,
QUADRALTURE
PHASE DETECTOR Measured at Pin 3,
Peak Quiout Current WO 150 150 HA
Outpus Impedance 1 1 [Y19]
Maximum Swing 11 n Voo
INPUT PFEAMP SECTION Mugnerd at Pin 2,
input impedance 20 20 3%
Input Signat
Vo'tage Required 10
Cause Limiting 2 10 2 mV sing
VOLTAGE COMPARATOR
SECTIONS
Input Impedance 2 2 MQ Measured st Pins 3and 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 dB Ry = 8.1 k£
Outpbut Voltage Low 300 300 mv lc *3mA
Output Leakage Current 0.01 0.01 HA vpo=12v
INTERNAL REFERENCE
Voltage Leve! 49 5.3 5.7 4,75 5.3 5.85 A Maasured ot Pin 10,
Outout Impedance 100 100 Q
2
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4, Loop Damping, {:

)
=1/4 —_
t=1/

1

5. Loop Tracking Bandwidth, 2Af fy:
At/ig = Rp/R,

& 4 —te

6. FSK Data Filter Time Consiant, 7F.
7F = RECg

7. Loop Phase Detector Conversion Gain, K¢: (K¢ is the
differential dc voltage across Pins 10 and 11, per unit
of phase error at phase cetector ingut):

K¢ = -2Vg/n voits/racian

8. VCO Conversion Gain, Ko (Kg is tne amount of
change in VCO frequency. per uni: of ¢- ~Oltace change
at Pin11):

Ko= -1NRC0R-| Hz /volt

9. Total Loop Gain, Ky:

KT = 2nK¢K( = 4/CoR rad/sec/volt
10. Peak Phase Detector Current iy :

Ia = VR (vol1s)/25 mA
APPLICATIONS INFORMATION
FSK DECODING:

Figure 9 shows the basic circuit connection for FSK decod-
ing. With reference to Figures 2 and 9, 1he functions of
external components are defined as follows: Rg and Cg set
the PLL center frequency, Ry seis the system bandwidth,
and Cq sets the loop filter time constant and the loop
damping factor. Cg and R form a one-pole posi-detection
filter {or the FSK data output. The resisior Rg (= 510 KQ2}
from Pin 7 10 Pin 8 introduces positive feedback across the
FSK comparator 10 facilitate rapid transition between
output logic states, *

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

Design Instructions:

The circuit of Figure 9 can be 1ailored for any FSK decoding
application by the choice of five key circuit components:
Ro. Ry. Cp. Cy and Cg. For a given set of FSK mark and
space frequencies, f{ and f2, these parameters can be calcu-
lated as follows:

a) Calculate PLL center frequency. fo:

f _f-|+12
0" ™3

b} Choose value of timing resistor Rp. 1o be in the range
of 10 K 10 100 XQ. This choice is arbitrary. The
recommended value is Rg= 20 K§2. The final value of
Rp is normally fine-tuned with the series potenti-
ometer, Ry,

¢l Calculzte value of Cq from design equation (1) or from
Figure 6.

CO =1 fﬁofo

d) Calcuiste Ry to give a3 Af equal 10 the mark space
devigtion.

Ry = Rglig/tty~1a)]

e Calcuizie Cq toset loop damping. (See design equation
no.4.}):

Normatly, § = 1/2 is recommended.

Then: C; = Coldfor § = 1/2

f) Calculate Data Filter Capacitance, Cg:

For Rg = 100 K2, Rg = 510 K, the recommended
velue of Cg is:

Cg = 3/18aud Rate) uF

Note: All calculated component values except Rg can be
rounded to the nearest standard value, and R can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Figure 9.)
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Figure 8  Circuit Connection for FSK Decoding

Design Example:

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

Step 1: Calculate for fo = (1110 + 1170) {1/2) = 1140 Hz
Step 2: Choose R = 20 K2 (18 K fixed resistor in series
with 5 K potenticmeter)

Step 3: Calculate Cg frem Figure 6 Cp = 0.024 uF
Step 4: Calculate Ry:Ry = Ry (2240/60) = 380 KQ
Step 5: Calculate Cy:Cy = Co/é = 0.011 uF

Note: All values except Fg can be rounded 1o nearest
standard value.

Table 1. Recommended Coenponent Values for
Commonly Used FSK Bands.
(See Circuit of Figure 9.)

FSK BAND COMPONENT VALUES
300 Baud Co=0.0394F  Cp=0.005uF
f1 = 1070 Hz C] =0.03 uF R0= 18 K
f2=1270Hz | Ry=100kQ ’

300 Baud Co =0.022 uF Cg =0.005 uF
fy = 2025 Hz Cy =0.0047 uF Rp=18KQ2
f2=2225Hz | R, =200KQ

1200 Baud Co=0.027 uF Cg =0.0022 uF
fy=1200Hz | C;=001pF  Ry=18KQ
f2=2200Hz | Ry =30xQ

FSK DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a carrier
detect option, for FSK decocsing. The recommended circuit
connection for this application is shown in Figure 10. The
open collector lock detect ouaput, Pin 6, is shorted 10 data
output (Pin 7). Thus, data output will be disabled at “low"
s13te, until there Is a carrier within the detection band of
the PPL, and the Pin 6 output goes “high.” 10 enable the
data output,

The minimum value of the lock detect filter capacitance Cp
is inversely proportional 10 the capture range, Af.. This is
the range of incoming frequencies over which the loop can
acquire lock and is always less than the tracking range. It is
further limited by Cy. For mosi1 applications, Af. > Atf2,
For Rp = 470 KQ, the approximate minimum value of
Cp can be determined by:

Cp WF) > 16/capture 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, Excessively
large values of Cpy will siow the response time of the lock
detect output,

ot Ve

<
bs

=k

—5

yut

Ay 100 <1

.« 9K

AA ]
DATA OUTPUT N b
1 “

Figure 10: External Connectors for FSK Demodulation
with Carrier Detect Capability

Note: Data Output is “Low” When No Carrier is Present.

TONE DETECTION:

Figure 11 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q st Pins 5 and 6 ere
normally a1 “high and “'low™ logic siates, respectively.
When 3 10ne is present within the detection band of the
PLL, the logic state at these outputs become reversed for
the duration of the input tone. Each logic output can sink
5 mA of load current.

Both logic outputs at Pins § and 6 are open collecior 1ype
stages, and require external pull-up resistors RLI and RLZ'
as shown in Figure 11,

= = —
. Ay ? ’ ve -
% ¥
00 —
e g oy S L

Figure 13: Circuit Connection for Tone Detoction.
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With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as follows:
Rg and Cq set VCO center frequency: Ry sets the detection
bandwidth; Cy seis the low pass-ioop filter time constant
and the loop damgping factor. Ry ; and R gare the respec-
tive pull-up resistors for the Q and Q 1ogic outputs.

Design Instructions:

The circuit of Figure 11 can be optimized for any tone
detection application by the chcice of the S key circuit
components: Rg. Ry. Cg. Cy anc Cp. For a given input,
the tone frequency. fg. these rerameters are calculated
as follows:

3) Choose Rq 10 be in the range ot 15 KS? 10 100 K2,
This choice is arbitrary.

b) Calculate Cq 10 set center *-equency, g equal 10 fg
(see Figure 6) CO = 1lﬂofs

¢} Calculate Ry 10 s&t
tion no. 3):

tangdvsicth 2Af {see design equa-

Ry = Rqlfg’af)

Note: The toial detection btandwnzth cosers the fre-
quency range of fg = Af.

d) Calcutate value of Cy for a g-ven Icop damaing factor.
Cy=CoN832

Normalty ¢t = 1/2 is ogtimum for most tone detector appli-
cations, giving Cq = 0.25 Cq.

Increasing C; improves the out- -of-53nd signal rejection, but *

increases the PLL capture time,
e} Calculate value of fitter capacitor Cp. To avoid

chatter at the logic output, with Rp = 470 K2, Cp
must be:

CpWF) > (16/capture range in Hz)
Increasing Cp sicws down the logic output resgonse time,
Design Examples:
Tone detector with a detection tand of 1 kHz £ 20 Hz:
3) Choose Rg = 20 K2 (18 KS in series with 5 KQ
potentiomezter).

b) Choose Cq for 1= 1 kHz (from Figure 6} Cg = 0.05
uF.

XR-92
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Figure 12: Linear FM Detector Using XR-2211 and an
External Op Amp. (See section on Design
Equation for Component Values.)

¢) Calculate Bq:Ry = (Rg) (1000/20) = 1 MQ.

d) Calculate Cq:for § = 1/2, Cy = 0.25, Cg = 0.013 pF.
e) Calculate Cpy:Cp = 16/38 = 0.42 uF,

{} Fine-tune center frequency with 5 K§1 potentiometer,

Ry.

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for 3 wide
range of analog communications and telemetry applications.
The recommended circuit connection for this application is
shown in Figure 12, The demodulated output is taken from
the loop phase detector output (Pin 11), through a post-
detection filter made up of Rg and Cg, and an exter'nal
butfer amplifier. This butfer amplifier is necessary becapse
of the high impedance output at Pin 11, Normally, a non-
inverting unity gain op amp can be used as 2 butfer ampli-
fier, as shown in Figure 12,

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

Vout * Ry VR/100 R Volts/%deviation
where VR is the Internal reference voltage (VR = V+/2 -

650 mV). For the choice of external components Rq, Ro.
Cp. Cq and Cr. see section on design equations.
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PRINCIPLES OF GPERATION

Signal Input (Pin 2}: Signal is ac coupled to this terminal,
The internal impedance a1 Pin 2 is 20 KQ2. Recommended
input signal level is in the range of 10 mV rms to 3 V rms,

Quadrature Phase Detector Output (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected 10 the input of lock detect voltage com-
parator. In tone detection applications, Pin 3 is connected
10 ground through a parallel combination of Rp and Cp
{see Figure 2) to eliminate the chatter at lock detect outputs.
If the 10ne detect section is not used, Pin 3 can be left open
circuited,

Lock Detect Output, Q {Fin 5}: The ouiput a1t Pin 5 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 resistor, R|_, 10
V+ for proper operation. At “low’ state, it can sink up to
5 mA of load current.

Lock Detect Complement, Q {Pin 6): 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.

FSK Data Qutput (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, 10 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 input frequency, and at “low’’ or “‘on” state
for high input frequency. !f no input signal is present, the
logic state at Pin 7 is indeterminate.

FSK Comparitor input (Pin 8): This is the higch impedance
input 16 the FSK voltage comparator. Normally, an FSK
post-detection or data filter is connected beiween this
terminal and the PLL phase detector output {Pin 11), This
data filer is formed by, Fl,: and_CFof anure2 The 1hreshold

voltage ‘of the comparator is set by the internal re.erence
0...1. S

voltage, \rﬁ,avallableej Puni -\,.-é-.—n,-.;am Y )

- e et

EQUIVALENT SCHEMATIC DIAGRAM
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