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Abstract
This thesis present design and construction of data communication between
computers . The intelligence signal from zll computer is sent to another with baud rate of
9600 bit per second . Data is transmitted through computer serial portand then coded by
frequency shift keying method. After that procedure, data is brought into RF transmitter
which has 46/49 MH, carrier frequency and sent to communication channel by full duplex
communication. Next, RF receiver get signal from antenna before sent to frequency shift
i keying decoder in order to recover information. Finally, the same data with respect to data

from transmitted computer is brought to received computer through its serial port.
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2. M3 naﬂg\,mﬂmqmmﬁ (Frequency Modulation ; FM)

3. MINBARAANIUNG (Phase Modulation ; PM)
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Fume AEAIUAHSGUUGITAVOITTUY

d d
3.4 lauuua FM
Y y o L o I'4 do-

PINMITUBYPAMUY FM dusmeqasdsdygnumioinsuia lesuuuasiuou
7] LY 4 Y 4' 9 o H A : -
duetiug  dissninmsidsuuuanudvesminzy difaanutiuiudnunme  anuese

3 o s t a - ) = o (Y o A &
ud lvdnuuanegrnninanudnaiann q dnliuoundgadnnnau hidesiiiiads luszuy
™ a a a A * Y o o n '

FM dgygnan FM sxinuueundga Bnsiaue  Fanoanuivmidivesndummzdeunszie

' s g & W & 4 o 3 te o A
Tegluloduuua  anuduiusveannziuleauuualussuy FM Yuegiudeiinsuogian

240929



T W B e e e e

Bl T R e a—

-

.

— pe

\
I e T i e T

N 1 @ a v o ° (4 (d'e Y a o
vﬁaqﬂmmmminaa‘mmﬁummnuﬂﬂm'mvm'lcmxmuﬂﬂmﬂnumazuauwagmmwm:mJ

o 1
laduuuanie q

Y e
llll)n‘(ﬁavl‘llil NN :‘\'U wnniag

;U132 neiaaaendnveswmzuas lasuuudluszuy FM

TugUh 3.2 uemansuoundgavesndunmziu lsduuudfdyiinisueqaanm
' S 1 M o oa ¢ A A oa e ' &
A9 9 wmudulledsiinsueqaniiugudiziiudnunmessiador (iifu | viae) adu
¢ ¢ /A v oa a 4 ¢ ¢ a & = ¢
Tydnuuaiuguidiedsiimsveguaiviuinoulydiudiduin - uounwdzaveslss
y . [
=4 ' = ca o g R .- Y
wpuaneslngdu  (nuoundgavesamznduidnasnunssvdatimsuegianiiiy 2.4
Py ! L4 ﬂya o “ = -., ' ¢ (a‘: ay 4 o oa
aauwmzzidugud  asuilddevesnan FM e legluladuundvisdu  disdyiinisueg
a 3 = a =4 a1 oa : o ﬂ ' [ [ s '
AUt AdunImznzlauNuiudn (Duatauuaasiutaasesfudiuiuaeuusn iy
dedyimsueguaaiu 3.1 usundgavemmmzazvindy 0.3 mite)  Funmiigafindunme
(3 a
dusudriutiognatoye
: 3 ' ' y [ 4
nsmlugd® 32 dowlditumsedwandlug s 3.3 wazweldgiedu Tufii
ar 4 Saia a ¥ § dd o a 1 ]
i31An laruuudniiveundgadosnd 1 aledifudvsanmzidy (Aouveqian ) oonluTagli
Andsfauyu deayiinsuogoaniiiy 0.5 usundgavesmnzaviniy 0.94 e lauuud
J as [ ' S ia . - - 't e '
Ausnlueuniganiiy 024 mize laduuudgiaseda llioundyamiiiu 0.03 mize lod
‘a Aya a ¥ v & Y 4 o a é’
wuuasuuenvnifiueundyadssaummsodanisl1d Wedyiimsuegaagediumnszae

adu lasuuudeniiudagifi 3 3



\

-

- Vo e iy e e s

e grmomen ey e T TN R oM

mr—————————— W

P - v —

I ——— | —————. e W

19
gelnr sk
rmz
yeARAN 1] 2 4| s|s| 78| s |01 j2f13]1|15]1
0 1 - - - - - - - - - - _ - - - -
025 |0.98)0.12) _ - - - - - - - - - - - - -
0.5 |094]024 003 S I U A U A D D R D T I
v forrjoasfonfooz| _ | _f b o oo -0 -1-
15 [os1{ossjo23foosfoot| _ | _ | _ -\t tb o}
2 |o22fossjo3s|onajoos| _ | | - | |- |-|-|-|-|-1]-1-
25 |-005] 05 |0.45{022;007 002 _ - - - - - - - - - -
3 -0.26] 0.34 | 0.49 | 0.31{0.13{0.04 | 0.01} _ = - = - - - - - -
4 -0.4 |-0.070.36|0.43|028)0.13|0.05}002] _ - - = . - - - -
5 |-0.18[-033|005|036|039|026]013o0sja02] _ | _ | _ | - | - |-| -] -
6 |o015]028|-024|0.11|036{036|025f03]00sf002| _ | _} _ | _ | - _ | -
7 1o03] o |-03|-017}015|035)034f023]013|006f002| _ | _ | _ | - | _ | -
8 |0.17]023|-011]-028]-0.1|0.19]|03¢]0.32{0.22]0.13]008 003 _ | _ | _ | _{ _
s |-009]024)014|-0.18/{-027{-026| 0.2 [0.33] 03 |021|0.42|008|003}001| _ | _ | _
10 -0.25( 0.04 | 0.25 | 0.06 |-0.22{-0.23(-0.01| 0.2210.31{0.29 | 0.2 { 0,12 0.06 { 0.03 { 0.01| _ -
12 |-0.05|-0.22]-0.08 0.18 0.7 |-0.24[-0.17 | 0.05 { 023 | 0.3 [0.27 | 0.2 |0.12| 007 | 0.03 | 0.01
15 |-0.01].021]004 [0.18|-0.12| 0.13 | 0.21| 0.03 |-0.17[-0.22|-0.09| 0.1 |0.24 | 0.28 | 0.25 | 0.18 | 0.12

P 4 ¢ { o 1
7733 mnuaaamsnszneniunmsuas laduuuafidsiinsuegaania 4

Amplitude
100%
o y 1t 11 s 2
oy L, 2| |2 3t1 L3
e 2l slille el st s
0 05 1 1.5 2 3

modulation index

ar

sU3.4 sundu IM luFnuanimdsiinauegoamidy 0,05, 1,1.5,2,3




s e B LT Sy A A S ———

M e e we e eem e wm o rem r—

e

PO o By Ve W e mr—

\
bl Il I

20

2SN s
3.5 UUAIANYBIT YY1 FM
T e 'S g a J (J ter 1 @

Tuszuy FM v leduuuduaziennigaves laduuuaiuegiumdsiinisuog
P L4 ‘v v e < o a 3y * P-} 14
ma  Tasanudves lyduuuatimduiusdunnutvesdygnuiidveqaa  nafelaa
] i 1 o L4 ¢ i 1w n’:
wuusgusaiinndmiiy £, £, leduuusghasdiaaudiviy £+ 27, ... 14 atiy

da  J A b Y ° d /e o w as o oA [ (3 1
Huualanuonau FM ﬂﬂ\iﬂiE)‘Uﬂqu‘ﬂ‘l'N'Ju'lcﬁﬂllﬂuﬂﬂﬂ'lﬂiuu‘qﬂﬂ? HUABLUUATIANUUDY

[

v v o =; ] 3 lw o 1w
AUAFUATUBQIAALASANNNVITYYIUNINNIR  uARTUNITNBPAANIAY £,/ £,

o

4 ]
faiudusmsvanuddisiuniazaudvesdygnuneganiaunsofiaiy

da LY ar 1 [] P W =t a g (Y ad
H”Ilmuﬂ’lﬂYﬂﬂ ﬂ’JﬂU‘I‘ll‘lfUﬂTliJmmd’cTﬂJQ,l'lmlﬁUQﬂI’U‘mﬂﬂmﬂm’lﬂv 3kHz ANUAUVYIUU

¥
Y 18 kH, sifmaunidsinisuogian 1Al

]
ar =t

a_ d d o a P g 4
Wi m =6 lum lasuuuaddginnsanldnnmsalugiii sz swmuiude

o

[d )

o o @ 0 (4 ' ' &£ o da ar dv
ATUNITUDYAANINY 6 mmu"lcmuuum:nﬂg 9 f mmmu’mmnmuﬂ’mvﬂﬁmu

BW = £, x swlasiuud 2
=3kH, x9x2
= S4kH,

areswd lumalfiatdenldgasdanunlssnanam £, uae

1 4
v a

1 LY s 4
Fomee 108 lidoudonanivimauloauuud dail

BW =2(m+1)f,

mmax

mmax)

"50  BW =2(f,pu +

PNAIBERAINATITIILIN 1A

BW =2x(6+1)x3



e v Wy e ve e Mm% w— RS —

e

P T L Lo T .

\
— = —  — i o e— e m— — —— - nm————— T B TG

e L R . I U

21

= 42kH,
N30 BW =2x(18+3)
=42kH,

F-1 ar 1 a e d ¢ a 1 d'l I} [ °
muauﬂmmmmsmﬂwmau'lcmuuumwuq 79 mamuun‘umsmmmiu

Y
ADUAU

3.6 Phase - Lock Loops (PLL)
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2. MIUPARIAAAIABANIUNG (Phase Shift Keying ;PSK)
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4.2.3 MINBARIAARIADANIAING (Frequency Shift Keying ; FSK)
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- ORIGINATE  ANSWER  — auonl
Amplitude A
y 1 0 1 ¢ — QoI
980 1180 1650 1850 — @mid
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Amplitude
4 1 0

1200 22_100
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300 3000 Frequency (Hz)
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Wose RS-232

5.1 YN

4 A a 1 ' 4 a o ' P

msdomsniemisandessnunses lulasnouiaumel  daumnwziiumsfe

v - v a A a ¢ a ¢ & a 4

asvoyauuuezdilasde  lasdndinTedluTasneniuneerlivesanitiueynsuSunde
@ 1 ' LY ) a 1 t 4 o d a a1

fiud1 Rs-232C agludniues  dlumsaadessniunies lulnsnoununesvzandeniiy

NHNDIA RS-232C

5.2 Wo3A RS-232C

woin RS-232C HimihiifunazdedoyauuoynsuiGund Universal Asynchronous
Adapter  1iipavn EIATdmunnasguvesginsaliuveynsue3meiddeds rs-232¢
AN IMsINveINIsdedeyauuveynsuiivanATgIu t(ﬁ'?;ﬁuuﬁl‘x’s'ﬁumnﬁqﬂﬁmivu
TuTnsnouiuneiffie RS-232C #1791 “RS” 69191A * Recommened Standard ” §2M * 232 7

' 1 : o Y eay
Wumneavdsveninasgi wag «C iflumunonyvssniuvhogavounasgiudail

DTE

DTE DCE DCE
Modem Computer

v

Microcomputer * Modem

RS 232C RS 232C

Interface Interface
jUfs.1 msld Rs-232¢ 1Fouseginsal

' & e:y g 4 LY A 3 fo
lszasdveanas Uil iiMeussnegudnyuzveINIsIFouregnsalTuds
s A
a’fﬂgaﬂawma ( Data Terminal Equipment :DTE ) nuqﬂnsmﬁems&’f&ga ( Data Communication
. ° [ a 4 2 o o 4
Equipment :DCE) @ m3ug1¥luTnsneuiiunes DTE nuodedalulnsnouiumesias DCE
P - P 1 & o v o - il:
MuGe Modem n3ogUnsaidy 9 w inTesminiudygnauuveynsueuiiuléne DTE
z 1 o 4 1 4 1

uaz DCE Yuagiugnda  anudwassuznavesmsifeune RS-232C unsodouasnis

' a 1t oa P o o - $
dwloudoyalden 0- 20,000 Sadedurfl  Fuisawedmivlulasnouiunesitivie
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$A51U8A 110 -9600 VDA  ANUUIVBIMUIFOUAS lAvTYY IUAIUNINTFINYEY RS-232C

o o [ 4 o o o 4 = LY U4
f1angun 50 W FuRvamedmiumsdeats lulnnoununeifugunsaiseunen

5.3 dnpazaudians Ivhvesdaygna Rs-232¢
- Y o 1y i [ Yy U4 '
Wedlunanlsziuidoyagndsesnledisgndeainzgunsaignniuguedisgn

o 1Y s a 4 o e s
doq SufluszdesdideanasiuluSowesdygnaild Fdovazauianeibhyseduao

1 4
RS-232C aunsauvuiuiadedane lui

5.3.1 AUz
dmivinasgmveams lfussiu Ifhnzdmua B anasgiuusaiu v

Tugi 5.2 useduqeganieeslu DTE uas DCE hinsifiu 25 V 1ag Open Circuit Voltage

doa'hitfiu 2 v (Saifiuuny Signal Ground )

UIATFIUUDINT 1FUsnunsan vl
usennu et asin Ty Handulumeniugy
/ UIN 0 Space ON
au : 1 Mark OFF
+15V
gusan dhuan
+3V
dnunBounfasszay
3V
s1uusau dhay
-15V

Ufi5.2 uansguvews i I aldudyane rRs-232¢
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5.3.2 1estud
mnifaanmmsdanssvesmuyouneglaq  svasslinszuadaiees iy

0.5 A LIaZisI9 U DCE a4 luifu 25 V 1ii8aea Connector

5.3.3 AIUAMUMY
{1019491nA1UA Interface Point T1/fia DCE szdvadisn 3kQ-74kQ

53.4 anulvesmanleulasszduve iy
Fynununuezdsen usauldouutasszdu (3 v 8143 v) meluna liidu

1 msec thudaanudoyaszdoviugiafsundasssdumelunarlifu 1 msec n3e 4

fd o v o s
wesiFunussnnuninuesgdyaaniu

5.4 AnvaEaNIABINaveIYena ( Connector )

wasguves RS-232¢ il muaiifesld Comnector j1ls19ednals  usfiiin
19fuvialufle DB25 Comnector  Faudnzvivesdodermunalivagifi 53 Fyaadieg gn
oumneliimtfidese Ui

- Protective Ground (PG mﬁ 1)

vuoiaatveuniomiemeny

- Transmit Data ( TD YN 2 )
[ ‘. w d | [Y) a
Huduguidsesnin DTE lilfsTunumioaeth lasasatululnsaeufiunes

Fauntoniesind e liiidygnudioonaniunmussasineeiuiiiy <17 anz
« OFF " n¥oifiouminiu Stop bit uaz lihezdiuszuuesls DTE Asdhidsdoyasenlsuni
feya 1™ Request To Sent (RTS), Clear To Send (CTS) , Data Set Ready (DSR) liazData Terminal
Ready (DTR) Yfmuﬂffmj‘luﬁmax “ON” 8y

- Receive Data (.RD i 3 )

Sumeveadayanaiidh 1y DTE dehifidyanasudhun wilaefiaamam
nwasdmiiu 17 viean1iz “ OFF

- Request To Send (RTS ‘ll‘l'Ti 4)

910 DTE. U8 DCE
4 w ow v ' ) !
anng “ON~ fetiuld DCE oflu Transmitting Mode sin']1
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anne OE:'F " fotsnuld DCE agﬁu Reciving Mode an 'l

m3nfdoustn “oFf* Ju “oN" Junsuenl DCE Santsiuszuudoms
WeligesmereiFounas ¥ dayana Clear To Send (CTS) ndumusnhansadsld

mswdounin = on i « ofF " fluntsuenls DCE dadoyarudeadoasiy
vuandndy lloglu Reciving Mode n3voginu q wiouful¥ Clear To Send (CTS) i« 0"

- Clear To Send (CTS ¥ 5)
910 DCE 11 DTE an1g “ON " vuieaniun 'uouamn DTE 412 veqnaae i

°1u‘ﬁamams( Tmﬂm’rwanaaanmﬂmmﬂ Wun  CTS 9¢ “ ON ” ¥a3910 DSR Uag RTS

@ <
ogludn1iz « ON * uazmsdeifersasfomisigumy Insfmiiai g

firma pErfldaks Jadgane  AamuvasTaann
ﬁ 1 Aroteclive graund 10 0Cs
Toocs Secandary 7x —~—+ . O
. O | 1=———Transmit Qata . T 0TS
TQote Tx clocx —15| O
Q | }+——Receive Data TO Ove
TOOTE Secandasy Ax  ——— 15| O
- Q | £ ————Hequest (0 send _ 7o 0Ccz
ToQce Receve clack ——17{ O
Q | S= Clear 0 seng TQOTE
Unassign —ri8| O
Q|5 0ata Set Ready TQ0TE
TQ 0CE Sacondary ATS ——+19| @ : . z
- n Bt & Q| 1= Signal Grounad
TQ 6C= gata Terrninal L0} 0 -
eacy o8- Cacner Oetect TooTs
TO 0TS ——— Signai Quality ———+21] O
Qetect Q | 9+——AResecrve lar test
70 0T Ring Incicator —+22| O .
Q |10r————~Aeserve (o¢ 25T
7O 0CZ Oata Signa) Aate L23) o -
Setect 2 . $
G |t1————Unassign
TO 0CE Tx clack —24} O .
0 | 11+——Seconaary Carner Tgots
Unassign ¢ m——25{ O Cetect
NJ $3+——— 3ecanaary Clear TO0TE
: {0 sang
OTE =0ata terminal Equipment
0CE = 0ata Communication Suxxment (Modem)

U953 msfmuadedsves RS-232C

-Data Set Ready (DSR 4111 6 )
970 DCE I DTE fearundouvesluduiuessutu “oN” fAaodle DCE

( Tuidn yTanTvangazagluanig off-hook ( inilousny Insdn) , DCE Tieglu test mode
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° Y [V -
uaz DCE Ymsdadgyaaludgumoainds
' ] g [ Y v I
DsR agluanniz “oN» dunsuen DTEN  Tududedhiuaio InsdmiiSoy
foouduazniounazaslduds
' < s a ar o & y .
DSR sy luan1iz * OFF » nunudald DTE d@nauledygnudidu q smdu Ring
Indicator
-Signal Ground ( SG VN 7)
9 by = o o Y a a [y @ = o
saimhiifuseduussiudedsdmivynaovesdyanaseiinsaduiu « o
diamsuiudgaiudidu
-Carrier Detect ( CD 111 8)

910 DCE 1l DTE
AN12% “ON” Ay DCE wduanumive lurseanadomisiiszing

[ 1

Demodulate 14 .
an1e “ OFF * nwwawd DCE hildsudyanaes lsmonieldsudyanaua

)

Tigs091n3 Demodulate 10 d0yaB0NN 1A

-Data Terminal Ready ( DTR %191 20 )

970 DTE 11 DCE

' o S " d'l L v W A‘.'l L9 []

An1NY “ ON ” MuwaNN DCE simsinssumoifouneiuaidy tasinuigos
ndnde 13ae 1 (n151¥ou Channel i lanaronishenyuiSendlulionTodalula) §1DCE

o e = Yy de v o I A aw ~ . .
MUTOABUITUAYYIMUTUN( Call )14 AlAnoUTU(Answering) WoNAYNIUTYA Ring Indicator

itaz DTR 8¢luan1z “ON”
4 A Yy ¥ 1 o :
AN “ OFF » fivynyuasile “ OFF * uddesld “ON” Bnaundl DSR 92

6‘OFF’9 ‘
-Ring Indicator ( RI YN 22 )
910 DCE ' DTE miloudyanaiSonvea Insswinaiduasaen 14luszuuasy

y 1
186aTuiTA (Auto-answer)  dyaniier “ON” iislidyanunszAudnuagee “ OFF”

TENTUTUIAUDINTLAY
v A A a4 & ' a Yva v e a )
FIUIDU q Ambouy  daunnininadienu 8 vusannauduasua

4 q  da 4 ° @ o 3
FulffuaufimniuldThivenandadunll  nimlddmiviuddoyavesdensuuy
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5.5 DB-25 1az DB-9
d' Y 1 3 a o t .’1 Af a 4 1
ninmshidensuuy 25 vusldnussuiios 9 vunniy wSowmeuiuaeijulmiq
] é * y 1 t Hd
lAaadoasan iy 9 viunuy FusiuSundensuuuiin DB-9 mslddeasuuy DB-9 11
H . o o ) U ) -3 J
fodvawednfe  wvwadansiala simvesdedegnnit mssemumidanzantuiazms

9 1 o 3 o ] g 9y o o v o
‘hf»ﬂuﬂamm*vu AUYIUAN ] YOIU8aDLIUY DB—9mamuvzmmun1‘x’ﬁu DB-25 eniiaead

Tumnafseumsudaguins 4

DB-25 Pin DB-9Pin Assignment / Function

8 1 Carrier Detect (CD)

3 2 Receive Data (RD)

2 3 Transmit Data (TD)

20 4 Data Terminal Ready (DTR)
7 5 Signal Ground (SG)

6 6 Data Set Ready (DSR)

4 7 Request To Send (RTS)
5 8 Clear To Send (CTS)

22 9 Ring Indicator (RI)

sUfis4 naasnildauves DB-9 uaz DB-25 lumsiudedeyauuvoynsy

ot

5.6 MaiFeuneneuRune fRUABINIADITAEASS (Null Modem)

minainosmeuiaunesiidaiulanld Rs-232¢ udanwToudoyanminies
wiklUsnintemils FenerouuuiiBondt Null Modem AfonsAeTasildTuduues
S3msae Rs-232C hsznhanissneuianes Tasaselognaeisamuaviunisiesld
& hidesmsiinisasvasudyauiuide RD i€ TD vesdnindeanils muns1addedeiu
wansdagUit 5.5 Aannseldaudwloudeyalduds

Un@ OS flfuSnmsfvatunesa RS-232C vzaadeyaal Request To Sent (RTS)
BNV 4 fiou  iiie Clear To Send (CS) fin 5 Wuaedn « 17 SeveSuihmsdadoyad

Tenlesimesvenitdeesnlifivt 2 lunsdifidiunsasuuudie q lugiii 5.5 Sedoduilums



42

Yo o

o 3 LY 4 o g ¢
vasaneuiume  Taue1w 4 RTS) asdhfiu 5 (CTS) minlineuiameidadoyaldviud

TaslidsamsanuiSsuiovvesrhosu

n -
20 Q2
3o X 03
40 0 4
So 0§
Computer 6o 0§ Computer
70 0 7
8o 0 8

7UN5.5 Msde RS-232C seninnoufiaineiodade q

o

@MTUV1 6 Data Set Ready (DSR) ABI911/Uv1H 20 Data Terminal Ready (DTR)
husudvaiu  Tasdndnenfiunesszagunsaiiindenaafy Rs-232¢ Tndeuiiezds

wiods  Tesdedygnuaiwdin 20 uazsemaouiin 6 seldsudmeunduiin 6 viud
' dyl o Y Y] [ 9 ¥ r:;l (] Y 1 [' A g 9 =;

. lumsdeuuuiideivezdesseivegrounds  neufithodsszidiudds limwiudeyafioenun

vl mszdhedahildasvasunuiSouiosvesrhusuneu

. o o d &
ienazdemeldlinsassasudyyinldnoy (Hand Shake) 1ddagii 5.5 F4
y 1 3 a4 1 [V 1 - v o a et o

nsfifieslims daeuniaan  dierhofuda luwdeuiiozSufeeds lifidyana RTS eonun

L 1 é 1 o %] [
fhudesatomt RTS vosrhosuidu oTs fezdalids

,2\TD TDO/;
30 RD >< RD 03
4o RTS RTS 04
5 0TS CTS) o5
Computer Go-DSR DSR| 06 Computer
' ,“'LGND GND 07
e 8o 08
2(]0—-DTR DTR—OZO
L~ N

TG W T M ow e i 5 . m—

U7 5.6 MsAvABNRUABT AL RS-232C Ul Hand Shake
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U 6.1
’ FSK MOD = FM MOD&OSC I> RF AMP
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DEMOD DETECT
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3U76.1 juuvvesmsSudadeyadundu VHE
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6.4 M31ABNANNDN Oscillate
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Tuns 1497 FSK Modulator 9214 IC 119§ XR 2206 a4 ESK Demodulator 9214

b
IC w83 XR 2211 msnniaznisesnuuuaiseesuie lasae il

6.6.1 FSK Modulator
a Pl 4 L. . o Y o
15114 lo%1ue3s XR 2206 Futlu Monolithic Function Generator 1Mt lunisuen

ar aa A o b= H {
poadgyaudtaen  Fwnsoldldtudunniidhi TTL v¥e cMos AR aunsafies i

v v

] -] L's 4 9/ 1 a ‘.y o o a J ' '
AgUadumniiomiyniddszing 3 7,_, uasmniwRafiouvesdyanaifiiaiuszegssnin
0.5% 4 2.5%

2993010 11YB3 XR 2206 93Us2nouAI0 4 2995a11500F 10U Block Diagram
18A317 6.8 wzilszneyTdan 2993 vCO essgueuiaen 2eesuSudaanuaio | Buffer
a a ia @ [ a & Py
wozadngnszug Veo szkdaenivmanudfiiudadudunssuatunm Feeunsadmua
9 o a1 9/ a a o 9/ s ¢ & = - ad 9/ o @ u’:‘
18 Tadadumuidedfiniineadesiunaiainsng eawnd 2 wiineadestuna duiy
Samnsoadedyinld 2 anuddmiunisduliadyana FSK - Taoldu FSK Input control

] ] a 7 & Y a & - e
f1FSK Input control 3¢ TUmuguasssmoludiuaingnssua  eldifamaidenuiivedy

" AuUmudImsunees veo

]
¥ an

2eshldouuansdsgies  Tasmhdyguainea TTL vinasesutasszdy

Teyeyiou RS-232C undnfivn 9 989 XR 2206 seaufinat Inpsawed FSK O/ v 2 Yssunm

] a L4 4 o H A i i e

fudnar Iaseilusadifin 3 vea xR 2206 Fangdii 6.8 sewudr w13 gnludadae

4 P 1 a n‘: Y o P « (Y )
asamilsvesm vee  aaiuse landnar Iwasefiemynezindu vee /2 imenunsad$y
[l 1 L4

afna Idnsanioniyn 18 lald vr3 ludauwes vri el suamuAnfouvesdoyana
[ 4 ]

WiimsAafouiesiga uas VR2 sz BlSumwaninasvosdyauaond
Tudauvesniwd £, divasdadlu“0” (Space) way £, iieasimitiu «1~

Mark) inemsefiesimualdinldnnnd 7 uwae £, Juiladld  Teom18nn

1 4
AuNTARe 11
1 1

= az
T " RG, TR,

nieswsdon £, 1 f, waz £, 1 f, 18 nneslugdiies lums

fuwIumAwes G, VR, VR, R, uaz R, sxvenanisludiesumsesniuyiins



—

e

[P

——— Y T it v Sy

Ll T R —

L

(8] ]

T M ppr—

[

S

\
e — T e o b T m

-
“

e ree—

o

52
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6.6.2 FSK Demodulator
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XR 2211

] v
- fUmIMIAMD £, (mark) lédensliil

9—6'6'6 =1042 uS

b4 b 4 o ’ o @ .
URIMITAWOATIAIUDIUIUTQYNYIN Sine

1042 uS

= 26.
= 6.05 S

fu = 384 kH,

= 2605 1S

[ 1 4
- AUMIAIAIND £, (space) Tanann 1yl

9600 " 1042 uS

v y (Y ' ° a 3
HAINITRNWOATITIUITUIUNYNYIU Sine

1042
IVTA p 521 uS
v
1
Fi®ia i 192 kH,

- Wendwesdidumuimuanm R, Weglugan 10kd 100k amnse
donmldamlevoy  dmividudeues R, 20k Tawerld VR 10k dmiudiud

-4
sioun

R
R, =R, +—=X.

10 kQ
=10 kQ +

=15 kQ
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- e C, Inauns

1
foRq

G

(27.15 kle) (15 k)

= 2200 pF

-fMwwmm R, wedmua anudsauuvesnudiniauazmsy

fo
R =2R, (Z}:)

=2(15 kQ)(

2715 kHZJ L i

192 kH,

-ﬁ‘lu’mlﬂ"l‘C, Wofmua loop damping CYLE loop damping fiad1a0e iy

v
Vo dadusgld

1250 C, (1250 (2200 pF)

© =057 " osr @ kQ)) 5475 1%

- AUV R, (AISNAINATY R, Yszann S i)
R =5R =5(43 kQ) =220 kQ

-fumm R, @sNawinndt R, dszana 5 i)
R, =5R, =5(220 kQ) =1 MQ

- MUAUMIAN Ry,

e _ (Re+R)R, | (220kQ+43kQ) (1 MQ)
SM T (R.+R +Ry)  (220kQ+43kQ+1MQ)

=2082 kQ
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° v d
- fwuaunlszynsesdoya Cp

C. - 025 F
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025

~ (9600 x 208.2 kQ)
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XR 2206

-fmuald C, vosXR 2211 fisuiiu C, ¥oa XR 2206

1 i
= (2 k) 200 pF)

24 kQ

1
" 1uCo (384 kH,)(2200 o F)

R, =12 kQ

- BWpeg

BW ek =|fH _fLI + 2b,
384 kH, — 192 kH,| + 2(9600)
=384 kH,
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Tumsih I ldnuesdsunlasszduusiduvesdania rs-232¢ Wiiuseduuss
AU TTL nsu c?wmgﬂﬁ 7.1 sufundyanavos RS-232C fin * 17 axldannizusdudi
Ju <0 uazion «0” wlfaanzuseiuithi <1 adudermnsesulaeszduussdues
midlinmsndudavesdyoa dyana TIL ﬁ'lﬁ’fﬁnzlﬂuﬁmungmﬁuwmmuﬁs FSK

Modulator

7.2.2 FSK Modulator

Al 72 ), @), ®uez @ Hudyanufign DATA TP (119 vee XR2206)
fudtyn i FSKO/P (¥12983aXR2206)  TaeszilumsuSouiioudon s DATA IP fu
Sy FSKOP  vaefidehihdgyana FSK /P 1u¥ins Modulate tuy FM oy
DATAIP fiodaanafioonunen Rs-232C fues  Faezuniesndudsnysannnouas
amdengy  Tavesdl Parity bit lundazdadnys  didnusmundinguuaasdaglii 7.2 (Muas

(V) uay ABnysMET Ingiaaiagil 7.2 () uaz (1)

Tek ST S00kS/s 162 Acqs
4 | i < |
- ) LS L v ¥
SN ¢ N : : y lA: 4.38 v
i S
b~ . VT... . .
+
L . 1.
: cht Ampl
¥ 4.96V

Ch2 Ampl
.88V

1S Feb 1999
03:23:31

v & é L4
(1) #IBnYs A TelsWel ASCII (1000001),

’

3U#17.2 DATA I/P utaz FSK O/P vagiids liruvuiumsyeganiuy FM



5
4
' Tok ST 500kS/s 92 Acgs
1 Lyt o
: : 14.88V
1 . - : 9.615kHz
. et L. 1o’V
: b
: : ch1 Amp!
= VU A 5.0V
¥ :
I : + t 4 t
2 Ch2 Ampl
1.84V
t ' | o BN £ LS.
ys ) 15 Feb 1999
03:40:51

-

¥
v oW é L4
(4) #20nYs A U Even Parity ¥aliswa ASCII (1000001),
3
i Tok ST 200kS/s L, 1SAcas
i : !I A "I!. " Tl' ; 4 ! ES.OQV
: ML RN ST T T .Es?fe’cféb"
; ,
Ch1 Ampl
...... 4.98 YV
Lot Y ;
7 W 55
. : 2* | i
SRS 3 ]
: FEEE R SRR
! : i
; ; itl 2’5’6 * Uil j 2-2! 0
m = Che T Hs 1S Feb 1999
04:04:09
@ .& [ ar
(7) AIDNYT N FUINT ASCI (10100001),
¥
71/#i7.2 (A8) DATA IP uaz FSK O/P szt i uvuaumsueganiuy FM
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3
Tek SITINY 200kS/s . rdAcqs L
T T T ‘E:s.ow
: : : . : . : 9,5249kH2
1 e N P L L. e ey @2 -200mY
1 ; it
. bt ﬁ sttt
4 g ; | § fi
2. A BRI L “1“’ R B cnzamp
TR il il ! i 0 sy
i ‘ : : .
vl :
A0 S
i : N .
[ N
W v v . v 15 Feb 1999
04:09:17
o adl é ~ o
(1) MDY N U Odd Parity BINITNA ASCII (10100001),
3U#7.2 () DATA I/P usae FSK O/ vmuzNida lirmausumisueqaniuy FM
7.2.3 FSK Demodulator
1173 ) uaz (v) Wudganuiiiasinga DATA IP (119 483 XR2206)
" fudoyea DATA O (W1 7v89XR2211)  daapaf Ididumsdessniie XR 2206 fu
XR 2211 Taoase Taeide bividaana FSK o/ Tivins Modulate iuy FM
Tok ST S00kS/s kel 26 Acq: s
. ] 1~ PP 5] 14.96V
q : 9.615kH2
T s T = T bredesaraus | 1B 4,84V
S IO BT A R U I\
-~ poeat——te
aai foriit it R
SR TR O I oo b
2+f . N : .
L L NIRRT . S i
T o : .
ot & ORI SO SO SURE
[ ) [ . . .
! T : :
N N
e e
L ‘ e 3 ME00Rs 1S Feb 1999
04:25:45
(M) AIBNUTA
314 7.3 DATA I/P g DATA O/P vauziidh lisuvuaumsueganuuy FM
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Tek 200kS/s

T H !

e o

Ch2 Ampt
1.6V

TVUTRT : VAV M 550_ S : chi i2.6 v
i 5 15 Feb 1999
04:39:26

(V) AI0AYT N

3171 7.3 (AB) DATA IP iag DATA O/P yausids luirkuvuaumsuequanuyy FM

7.2.4 RF Amplifier

a s ' ] - y3 A o 1 A [
II1TIITONILINGINYT RF Amplifier Amiisanmsvniomls  Tavhezda

) Tugd

n6s5  lavtavausnluldde Inandutavauzidelvan 50 Q WSoudsuiy  wanisnaase

11011 E voamsudaines Q, (¥, ) lugifi 6.4 duufuieniynyes RF Amplifier (7,

ul

4
waae laaane il

- VHF DATA COMUNICATION #1

V, =124V,
Vo =16127,_,
Voo = 1437,

o p=p

. y
Mirlasasimsveieaae Ui

Vo
Av = V"‘ =13 ,Av:% =1153
in

in
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- VHF DATA COMUNICATION #2.

Ve =16 V.,

out

Vouisony =138 V,_,

y
MR ldsasimsveeaaas il

= =___]°"'<5°Q>
Av = 7 16 , Av 7

in

=138

7.3 HAMTIATYYIUNIMATY

i 4
aunsouvsesnitiuiide ldasae 1

« 7.3.1 FM Receiver
d’ o b 1 é
U 7.4 dudgena IF 107 MH, Tawlaeinuiii 20 ¥e1 IC wed MC 13135 &4
vty FM Receiver  iinAnasesmugilii 6.2 Tasruvuaumsueganuuy FM 14

Yoyt RF 98011

Tok HITM 1GS/s . 8 Acgs
1 o
B L3 X L)
4
...... s il 1 charreq
10.74MH2
Ch2 Pk-Pk
z26mv
o} .
" " s =r0MY 15 Feb 1009
04:25:05

gﬂ‘?ﬁ.‘t doyana IF 10.7 MH,
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7.3.2 FSK Demodulator

s

;U7 7.5 dumstadyanauSsudiousening DATA VP (11 2 ves XR2206) fu

[
< .

DATA O/P (V1 7 484 XR2211) il uvuiumsueqanuuy FM iWufioudes

Tek BXITIR S00kS/s 23 Acgs
(] 1 J
L9 1 7 il
; : : i A 14.96V
I : : : 9.615kH2
e ol i L e -tsomy
1 é
! .
+ : : N . Cht Amp!
B A . ] Tassv
t
Ch2 Ampl
1.8V

15 Feb 1999
06:10:49

1UN7.5 uerasmsfSvuifisudoynam DATA IP iag DATA O/ (f28nws A)

o ; q 1 @ 4 4
1IngU# 7.5 v ndyauues FSK O imsidous  deeansodiuly'ld
myzdyanaiminnuogan ldiuvuaunsmennutian q sumsuegan msamadayaa

Uag Low Pass Fillter

7.4 WamInaasIRuaNlAveIRIMASUaTMnTs FM

amafu EMAI L Tnsssesdssneyludro 1c3 @ Falszneuldae 1c wed
MC 13135, MC 145166 lag MC 3356  ludunnds FM szisenouludae 1c 1 42 1wed
MC 145166 uaz@msmdmaes lavfimishauvewdazdesneBdaluunii 6 uaven
e 6.1 wwtuineesfildlulassonesfiogdaefuaeeyn  avumsmanestaniesniy

Y a - A & o
ﬁaqqﬂﬂ']ﬂﬂu TﬂUﬂllﬁaz‘lzﬂﬂzu-']“ﬂﬁﬂlﬂuauﬂu

7.4.1 HAMINATOUMIMOUNA VCO ¥84 IC 1wes MC13135 (masl)
nasylasyiimisdaa IC MC 145166 pn L@ tlounssau 0-5 7, unuiiv 13

n3e8uUNMYes Loop Filter (Meslugiine2)  wdifammn f,e (113 1Cwed MC13135)
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u § [ - ﬂ' A 1 d’ d‘ 1 é
iNenaaeug AR VCO musaiudanudeyludniudndesmsidonldniel  dwa

nsviaaesss lawamumisilugii 7.6

VHF DATA COMUNICATION #1 VHF DATA COMUNICATION # 2
Ve V) fose (MH,) Ve V) fose (MH,)
0 37.352 0 34.162
0.5 37.592 0.5 34,789
1 | 38.368 1 35.439
1.5 38.876 1.5 35.983
2 39.278 2 36.279
2.5 39.594 2.5 36.570
3 39.874 3 36.819
3.5 ! 40.045 3.5 ’ 37.023
4 40.218 4 37.307
4.5 40.393 4.5 37.571
5 : 40.577 5 37.781

1UN7.6 MINUTAIMININUYBINIA VCO ¥89 IC 1Uas MC13135

7.4.2 HAMINATBUNITNNUAIA VCO YoIMAaL FM

nawoulavimstaa IC MC 145166 9on  udatlounsaiu 0-5 7, unufin 11

M o

MT08UNNYDI Loop Filter  uda¥aMIf1 £, A1 E vomsudames Q2 (eesluzilii 6.4)

9

J (3 o 1 ] d’ 4 1 A
enaTougma vCo aunsaduiiannudeylusiniutidesnisldnuldnioll dwa

nmsnaaedes lamanumsieluglii 7.7
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VHF DATA COMUNICATION #1 VHF DATA COMUNICATION #2
Vie V) Josc (MH,) Ve V) Josc (MH)
0 46.359 0 49.171
0.5 _ 47.132 0.5 49.471
1 47.435 1 49.837
1.5 47.688 L5 50.135
2 47.889 2 50.383
2.5 48.117 2.5 50.603
3 ' 48.262 3 50.783
3.5 48.411 3.5 50.975
4 48.561 4 51.115
4.5 48.705 4.5 51.266
5 48.832 5 . 51.393

U077 msauaamsiiausenia VCO veannds FM

7.4.3 PIINATOUMITINUVINTFUANIEHAIINE (MAsuaza1na)

naaouTaunms SET DIP SWITCH aum1s1s  uda¥anaudd ldennia veo f
fioflun 3 ves IC wwed MC13135 93lugUfi 62) wasfinnE veansudmand @2 (eesly
liica)  Tavfimsmanssaunsainldlay U3y DIP SWITCH ammstednadne udald
Scope 30U/l 3 woe IC wed MC13135 wazfian E vemsmFmany Q@  dunamsn/den
vosrMAiieliu DIP SWITCH shwamsnaaesdt i lliFouioudusmniwesnda 1c

wes MC145166 Tamaammsreluglii 7.8 uaggfi 7.9
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VHF DATA COMUNICATION# 1 (MODE=1)

CHANNELS TRANSMIT RECEIVE

11934 HavINN15 A 71934 HRINAS IR
D3| D2| D1} DO| CH# | f.(MH})| f..(MH;) | f,..(MH;) | f,.(MH,)
o of of 1 1 46.610 46.666 38.975 39.022
ol ol 1l o] 2 46.630 46.686 39.150 39.197
ol of 1] 1 3 46.670 46.726 39.165 39.212
ol 1{ oo 4 46.710 46.766 39.075 39.122
o 1y 0] 1 5 46.730 46.786 39.180 39.227
ol 1] 1] o0 6 46.770 46.826 39.135 39.182
o 1| 1|1 7 46.830 46.886 39.195 39.242
1| 0|l ofo 8 46.870 46.926 39.235 39.282
1{ of of 1 9 46.930 46.986 -39.295 39.342
1| o] 1o} 10 46.970 47.026 39.275 39.322

JUN7.8 uanIMsuYeIRsdunsIzinIWd (VHF DATA COMUNICATION # 1)

VHF DATA COMUNICATION #2 (MODE =0)

CHANNELS TRANSMIT RECEIVE

1939 HanINNISIn 1939 HATINMSIA
D3| D2| D1 DO| * CH# | f, (MH;) | f..(MH,) | f..(MH,) | f..(MH,)
oo} ol 1 1 49.670 49.730 35.915 35.958
ofo] 1]o0 2 49.845 49.905 35.935 35.978
olo| 1|1 3 49.860 49.920 35.975 36.018
o|l1] oo 4 49.770 49.830 36.015 36.058
of1tol 1| s 49.875 49.935 36.035 36.078
of1f1]o 6 49.830 49.890 36.075 36.118
o1 1|1 7 49.890 49.950 36.135 36.178

31179 uaasmsinuvesesdunsierinud (VHF DATA COMUNICATION # 2)
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VHF DATA COMUNICATION #2 (MODE =0)
CHANNELS TRANSMIT RECEIVE
' Av3e | waninmsda 1934 HanINMIS IR
D3| D2| D1| DO} CH# |f, (MH;) | foo(MH;) | fo(MH) | f,.(MH;)
1{ o]l ofo 8 49.930 49.990 36.175 36.218
1| o]l o] 1 9 49.990 50.050 36.235 36.278
1] of tfo 10 49.970 50.030 36.275 36.318

1U717.9(A0) uanIMshauvesesduns izl (VHF DATA COMUNICATION #2)

7.4.4 MINAABY Bandwidth ¥BINATY FM
lun1snaaouions Bandwidth ¥een1n3U EM Tﬂu‘l%'aws“lu;ﬂﬁ 62,63
war 64  minaaeui1ldlavld VHF DATA COMUNICATION # 1uag VHF DATA
COMUNICATION #2 wdafudhuhanuiiugada i mamameuiidlasiimstan 1c
¢ 10§ XR2206 (U7 6.4) udnimstloudayana Sine wave A2A 1-80 kH, 1v,, W
Thnu  udaiadayanauoniynoindi 13 vea IC wed MC 3356 (317 6.3) Hamsnaaes

uerAaRemsnlugyf 7.10 uazgui 7.11

Frequency (kH.) Output (V,_,)

1 2

5 2

10 ' 1.4

15 1

20 0.76

25 0.6

30 0.5

35 0.45

g_ﬂ-‘/‘h.lo VHF DATA COM. # 1 (YA31) a2 VHF DATA COM. #2 (yAad)
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Frequency (kH.) Output (V,_, )

40 0.36
45 0.3

50 0.25
55 0.22
60 0.2

65 0.18
70 0.15

31/#17.10(A®) VHF DATA COM. # 1 (¥n1) 1ia¥ VHF DATA COM. #2 (ads)

Frequency (kH.) Output (¥,_,)
1 3
5 2.6
10 1.7
15 1.2
20 0.9
25 0.7
30 0.6
35 0.4
40 0.36
45 0.36
50 0.32
55 0.3
60 0.25
65 0.22
70 0.2

U711 VHF DATA COM. # 2(¥A31) uaz VHF DATA COM. #1 (ynck)
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nnasielugdf 7.00 uaz 7.11 ausadiund@ouilugdiaasuausiniutyes

18ds319 7.12 uaz 7.13

AMPLITUDE (Vpp)

A

» FREQUENCY
CaL)

JUN7.12 HanBUaUBIRINAYBUATEITY VHF DATA COMUNICATION # 1

AMPLIIUDE (Vp-p)

A

4

b

1111y
I REE R

3 FREQUENCY
1smxswzszoas4s’4sss:sswsswm)

3UN7.13 wapeuTUBIANUTYBUATEITY VHF DATA COMUNICATION # 2
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7.5 Han57a Harmonics 941038384

Tek Run: 1GS/s Average [N
1. .
L9

N9

}A: 19.2d8
®: 9.89 dB

W ishs ChE o TeomY

10 d8 SOMH2 26 l:\;aar 1999

12:33:03

(n) VHF DATA COMUNICATION # 1|

Tek SN 1GS/s 28 Acqs
[

‘T‘

1 28.6dB
@: 3.09 d8B

74}4-1—'-&@«- .

-+ w‘-v{i—a—rv
i

' SUNPN Sa §

_ WU TUUE ST SR
M 2%ns ChZ J 16omv
[yt 10ds SOMH2 ?g-'\z";'s:)”g

(v) VHF DATA COMUNICATION # 2

51#17.14 wams3a Harmonics YouRTBIds FM
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7.6 Tsunsumaaeumsiuaateya
Tusunsuildlumsnaaeumsiudadoyasz1d ns TusunsudaoaaIo (Delphi)

2 5 = v 1 w4
Fagtuuvves Tusunsunazmsianuesueldddeluil

7.6.1 ningananvealdsunsumsnaaey
diowlaldTUsunsunmsnagovszuananiaadagdi 7.14 Usznoulidodu

b d
A9 ) Al

%

5
e,

b T ﬁ?”’:"i

3U17.15 miheamdnvesTulsunsumsnaaey

- Connect
Hlumsdedefuneinoynsuiteliindosnenfiunoindoufiersudsdoya
- Disconnect

1 lumsonidnmsaerenunesaoynsy

= Quit l

ponan llsunsunmsmageunsiudideya

= Baﬁd rate

fmuadasinnuiilunsiudedoya

- Data bits

Amuaduinveseya
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- Parity
Mmuagduuuvesinasivaey
- Search

a 1w a T 4 3 a
19 lunsAndeduneuiunesinsesdume i deamsezdndedae

7.62 mahauveallsunsummazeumsiudadeya
¥
msinvesldsunsumnaseumsiudadeya  duusndeariinisidn Baud
- (Y ' y a L4 P ° [ 1
rate ,Data bits Iiaz Parity IMufuvieuiunau Lﬁa“lﬁﬂaummmw%’aum:mmsmmi’fﬂuﬁ
Z £ P : d' 9 a 1w a L4 g 3 fat
AARNATNIY Connect MIMlIiBABIMIIEARGDAUADNNIRDI YoM andnuhdfity Search
wihdeves Tlsunsumsnagovezilianiazdsgil 715 () doygranzgndaluiinoufiunes
} P a o [ @ 4 @ 1 a
Yawms  Tavhinouninosaunssssedgyanaumsasundumetuduineuiuneilatoni
Yy o o a 1y y v Ay 4 gdy a 1w a ¢
wisuhwzmsAadouds  deunduluneuSuduiliediidesmsezAndeiuneuiunodilat
2’ ‘o e 1 a s [ .
nananEdNiu Seach  wihdavesneuNuaesUmemaszlaniizdez Ui 7.15 1) dma
a TANEY 3 a1 X ' a
AldneufiunesUnenatidesmseziadefnanshdnu Yes  #iia1s Form 1 manewiin
7Y Y ) a ¢ 'y a 1.8 & 9 gd.
wosdumaszmell  nazddldnouiaumesdatemshideamsezdarenaanshdiiy No
Y a a3y 1 a L3 ¥ 0
WA Form 1 nanauwamesaumeszmioll  udselivnsuansanuzuenlvingiui

aauRumesUaenieludeniszinde

1UN7.16(n) maThauvesTdsunsunsnageumssudadoya
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JU7.16 (1) mshauvesldsunsumsnageumssudedoya

4 a 4 v &t ) d n LR o
iWeneneuumes taenemeuiuiinesmsszdnaenizannsoaaneiuldlay
a - 3 4 a ¢ o o - '
Aundonaulufingeu Transmit WeRuridenumadwdinng Ener  Jonimnzgndseenly
= i a 7 ) a s ¥
iz 11310 Nnseu Receive voanaunmosaioni uazdnouiaimoidaromadosns

5.9

¥ -3 Y ] ° a [
geateya lvnaunumeiaumannszsi lugluuuidoanu
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7.7 wamsnaasallsunsumsnageunsiudteya

1y

minaassziassgtuuumahaulfaduiuiudiuuasddadoyn  wams
s 14
nAaBILAAINIAe 111
- VHF DATA COMUNICATION # 1 yimhiidluddedoya uaz VHF DATA

COMUNICATION # 2 wmdhiifludfudeoya

© VHF DATA COMMUNICATION 81 =10] x]
A 1~ Baud rate- ;‘Dlﬂ*—‘,‘Pﬁ"—gu'
o b 5. } i 1 aractors:
| 300z f‘«m;!(;7 lrm[_——
it RO B
1200 0o L { Numbers
Qut SCU400°7 19200 | :f‘m 5['—_‘
Tansmd'. - CcLEAR | . Search 6' Send

AAAAABBBBBCCCCCDDDDDEEEEEFFFITGGGGGHHHHHIMIUIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGAGHHHHHIMUIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEELEEFFFFFGGGGGHHHHHIMIUIIITKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFOCGCACHHHHHIMIIIIIIKKKKK
¥ - N

Rocsve __cLEAR |

Connected looe3s ),
© VHF DATA COMMUNICATION #1 MEE]
> ~ Bd rate—— — Databs— - Paitp—— ;
Lot liIFM'r‘m~ B .'l(r""“ Charactors
: SCs00h 96007 it :
Dizconnect: l _m i+ odd |
20 o e M Numbers
Qui: l;(‘ 2400: 19200 | it  even:

rn;ui' cr.m[ T Seatdn:ﬁt Send

MMM YITVIPRAAAAIINTINIFNRVNNITITITUUUU U GIIENNUN e ad £DOS

-

MYy REREELE L STITTNUUUNUBIIIONN s ad 4 DO

NINMAYYTVIAAAAA I IITTUNLUNEsEETINUsead 4 DOds

NMMANNYITIIAAAAAIIINIVIIINDANTITINUUUUU IO slead £DOdE

.49

31#17.17 VHF DATA COMUNICATION # 1 vhmihiiduddsdoya

9
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AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIUIIITKKKKK =
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGAGHHHHHIMUIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIIUIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFAGGGGGHHHHHINMIIIJIIKKKKK

',Comeebd it B e L ) g (7:0058- o

@ VHF DATA COMMUNICATION 2 - 10] x|

NMANMYITYVAAAAAIIINIIIITIDDDADNTTTTITUUUUUEIINNN NN ad £ DOCE — j

NMMNMN VYTV VARARAIIINIIIIINRARNTTITTUUUUULIIITNNN NN eead & DO
mmmsﬂ‘lmmqawaawwmssﬁmuuuu ggggsliNNeleadabods
MMM YYIIIAARAAIIN 930‘MSS”N‘JWRHGU!SW.EOddedG

350 (S

tl!‘ i - -

j1/#17.18 VHF DATA COMUNICATION # 2 hnthiudugFudoya

G



TT

- VHF DATA COMUNICATION # 2 imihiifuddsdoya uaz VHF DATA
COMUNICATION # 1 hmihiidlugSudeya

@ VHF DATA COMMUNICATION #2 - [O] ]
e r‘BMI&&———lr‘Ddabk- Puiv i
Qom-:':_ If‘m 4800 i{.7 | lG\U&dOlS
e [ 7T
12000 14400° | c }n Nokios::
| C200 1500 | 7 € even
r«m ‘ Senn:hﬁ' Send

AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIIIIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHINIIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIIUIIITKKKKK

oy’ of
Receive. _ CLEAR |
2]

L _1_1
Connected R,
@ VHF DATA COMMUNICATION 42 - (O] x]

~Baud rate: ~Data bir\* Parity——

o ” i
'“—"'f'{;x R
v CIBE, e i - Numbers -

Qui> I 24000 ¢ 19200° § Ceven !

s R - i i

Transmit: - am~ | s Search & Send l

NANMMYYYYRARAR I NITIIIVNAVNITIITTUUNU UGN NN Nslwad e Do ds >
NNNNNYYYY FRAARAIIINITTITINDDDNT TTTTUUUUUBEIENNNNNIeLad £ DILE
NNANYY VY IFARARIIINIFIFINRANNITTITIUUUUUGIIIN N Uslead & dods
ANNANYY VY IFAAARIIINITIIINNNRNITTIINUUU U UGS NN elead EDOdE
|»

o] ———

Recevec _cuzare ||

RY0 14 LS

3UN17.19 VHF DATA COMUNICATION # 2 simihiidluddadoya
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AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGAGGGHHHHHINIIIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGOGGAHHHHHINIIIIIIKKKKK
AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGAGGGHHHHHINIUIIIIKKKKK

m

AAAAABBBBBCCCCCDDDDDEEEEEFFFFFGGGGGHHHHHIIIIINIKKKKK -
_'JJ
Comedod ; €LY : * 01428,

@ VHF DATA COMMUNICATION %1 |- 10] x|

-Baud rate | Data bits"; Paity—*'~i ¥ Gy
0 @ 3 i o ! aractors:
i m m e 7 H (O none- {

-

MNONYYYIIRAAARAIIINIIIINANANITITIUUUUUIIIINNNNUsdaL £ DIAE
MMONN YYYIVRARAAIIIIIIIIIINRMATTITUUUUU I e ad £ DOAE
NMMNMNYYYIVIPAAAAIINITITINRRRITITUUUUU YNNI ez £ DIAE

MMM YYYYIRAAARINNIIIIINDDRRNITITTIUUUUU I Uelwad £ DODE <

7U#7.20 VHF DATA COMUNICATION # 1 yihmdhidlugsudeya
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UNN 8

unergy

o s q"ﬂ 4 v ' Ca ¢ y
Taquszasrveslassnuilidunmsfeaisdoyaseninouiuae Tavldnsuen
AIAATOYAUUY FSK (Frequency Shift Keying) udnhdgan FSK 14 lueqaauuy FM
A [ ] n’: 1) a [ 4 P a ¥
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FM Communications Receivers

}
l The MC13135/MC13136.are the sacond generation of single chip, dual
conversion FM communications recaivers daveloped by Motorola. Majorim-

—

| provements insignal handling, RSS! and first osciilator operation have been : DUAL CONVERSION L
{ mada. In addition, recovered audio distortion and audio drive haveimgroved. | - -- NARROWBAND
Using Motorola’s MCSAIC™ 1.5 process, these receivers offar low noisae,
nigh gain and stability over a wide operating voltage.ranga.’ FM RECEIVERS
i Soth the MC13135 and MC13136 include a Colpitts oscillator, VCO tuning ’ i
¢

diode, low noise first and second mixer and LO, high gain limiting IF, and
ASSI The MC13135 is designed for use with an LC'quadrature detector and
has 2n uncommitted op amp that can be used either for an RSS! buiter oras
a data comparator. The MC13136 can be used with either 2 caramic diserim-
inator or an LC quad coil 2nd the'op amp is intemally connected for a voltage
Suiierad RS31 output. PLASTIC PACKAGE
These devices can be used as stand—alone VHE receivers or as the lower CASZE 724

IE of a triple conversion system. Applications include cordless leleghanes. - -

shon rangs data links, walkie—talkies, low cost land mobile. amateur radio
racsivers, baby menitors and scarners.

ER—

P SUFFIX

e oo

[

DW SUFFIX
g / PLASTIC PACKAGE

* Comolete Dual Conversion FM Recaiver — Antenna to Audio Oumput - Casgisie

) ! {SO-24L).
* Input Frequency Range — 200 MHz
i * Vcliage Suttered RSSI with 70 dB of Usable Range ORDERING INFCRMATICN
1 . - N . H H
{ * Low/ohags Cpsiaiiun ~ 2.0 10 6.0 Vdc {2 Call NiCad Suggaly) Y | Operating .
' * Low Current Orzin - 3.5 mA Tvp - ’ i  Device | Temoerature Range§ Package . ...
'« Low!mgadance Audio Output < 25 0 1 MC331357 | | Ptasuc DIP
' * \V=F Colpitts First LO for Crysiat or YCO Qperation L1250 | . c i . 80-2¢t
iy ien -~ . 8 : i Ta = 40%10 -35°C ;
E * isolated Tuning Diode i MC13136P Plasiic DiP
- e ] i . .y H. NI o
| ® Suifared First LO Output to Drive CMOS PLL Synthesizar i 240131260 SO~2:i
PIN CCNNECTIONS
MC13135
: — —~—"
. ! st Vancze ;
; ,;-_:-._-&E % f‘/..j = E Vancza C 15iL0 3asa : Vanc2g © .
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— X . et afi :
' s U — X [22; 153 Mixer In § il Cut (3] istafacia t :
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JAXIMUM RATINGS

Rating R Pin i Symboi ‘ Value { Unit
2ower Supgly Voitage 4,19 ! Yoo (max) l 6.5 Vdc
2FInput Voltage 2 | AR, | 1.0 Vrms
Juncton Temoerature - | T3 +150 °C
Storage Temperatura Range - i Tsig <6510 +150 °C

RECOMMENDED OPERATING EONQITIONS . '

Rating Pin Symbol Value Unit
2ower Supply Voltage é, 19 Ve 200380 *Wde
sdaximum 1stIF ! - fieq 21 MHZ,
staximum 2nd IF | = | e 3.0 MHz
Ambient Tamgerature Range | - I Y | -40t0-85 | =C

ELECTRICAL CHARACTERISTICS (T4=25°C. " g=4.0Vez. lg=49.7MHzZ, fyop =1.0kHz Deviation=+3.0kHZ. 115 0= 38 MHz.f3ng

L0 =10.2¢S MHZ, IF1 = 10.7 MHz, IF2 = ¢35 xHz. unless otherwisa noiad. All measuremenss perfommedin ine estcircuit of Figure 1.)

Characteristic Conditian Symbeol Min Typ | Max | Unit
Totat Orzin Current No input Signat lcc - 4.0 6.0 ° l mAge
Sensitvity (input for 12 48 SINAD) Matched Input Vsin - | e - | uvems
Recoverea Audio Vag=1.0mv AFQ ! | ’ mfams }
}MC13133 176 2¢ 30 i H
MC13136 ! ns | 263 | s | :
; Limiter Qumput Lavel ; Viim i ! Tj-'r-s :
{Pin 14, MC13138) i 1 l 10§ - !
15t Mixer Conversion Gain {vap=-t0a8m| MXgaoy | - | 12 | - T =3 |
2nd Mixer Conversion Gain Vag = - 20 a8m | MXgain2 NI @ i - 1 o=
Fiest LO Buifered Output - Vio - | 100 i - ! mviems
oial Harmonic Oistorion Vag = -30dSm THD - I 1.2 | 390 } Wi
Damadulaicr Sancwidh - v - | 50 | - Posrz -
#3Si Cynamic Qange i - RSt | - | 70 P~ b =3
* First Mixar 3rd Order Intarcagt TCl fixy ; z3m :
{Ingut) Maicned = =17 - ; i
Unmarcned - -7 T —ee i
Szcond Mixer 3ra Occer Maiched ! TOlfix2 ; 22m ;
intercaot (RF nout) input - -27 - : H
First LO Buifer Outout Resistance ! - R - - -y e
First Mixae Parallel Input Resistance b, - A - | 722 - o
First Mixer Parallel Input Capacitanca l - cC - | 3.3 - 3F i
First Mixer Qutput Imgedance | - ol - | 33 - i o
Second Mixer Input Impedanca ; - l = - ; 40 - [ o1 5
Sacond Mixer Output impedance i - | b - 0w - «Q i
Serzcior Ourmut Imzadance ! - | = | - i s I - a !
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TEST CIRCUIT INFORMATION - w Ty e

Although the MC13138 can be operated with a caramic
discriminator, the recavered audio measurements for both
:he MC 13135 and MC13136 are made with an LC quadrztuce
! detscior. The typical recovered audio wil* depend on the ex-
temal circuit; either the Q of the quad coil, or the RC matching
network for the ceramic discriminatar. On the MC131386, an
extamal capacitor between Pins 13 and 14 can be ysad with
a quad coil for slightly higher recovered audio. See Figures
10 through 13 for additional information.

:.‘ﬁ!::asé»;.em

LN L} ‘- a-

Since addmg a matchmg circuit to the RF mput mc.easu
the signal level lo the mixer, the third order intercept (Tog:
point is better with an unmatched input {50 Q from Pin 21 -
Pin 22). - Typical values for both have been included i in m
Elecrical Characterization Table. TOI measurements. wers,
taken at the-pins with a high impedance prote/spectrum ana._
lyzer system. The first mixer input impedance was measur-gf
at the pin with a network analyzer.

* .Figure 1a.MC13135 Test Circuit o "
Yee A e "
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Figure 1b. MC13136 Quad Detector Test Circuit
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e WIC13135/13136 are ‘complate dual coaversion re-

~ers. They include two local oscillators, two mixers, a limit-
g IF amplifier 2nd detacior, and an op amp. Both provide a
soxage buitered RSSI with 70 dB of usable range. isolated
yucg diode and buttarad LO output for PLL operation, and a
separate VCC pin for the first mixer and LO. Improvements
phave b2en maca in the temperature performance of both tha
recovered audio and the RSSI. ’

%

Ycc ’

CIRCUIT DESCRIPTION

-

Two separata Voi lines enable the first LO and mixer to -

atinue running while the rest of the cirduitis powered down.
They also isolata the RF from the rest of the internal circuit.

Local Oscillators i

The local oscillatars ara grounded collector Colgilts, which
-an be easily crystal-controlled or VCO controlled with the
an-board varactar and external PLL The first LO transisior is
rtenally biased. but the emitter is pinned—out and Iy can te
ocreasad for high frequency or YCO operation. The collectar
4 ot pinned out. so for crystal aperation, the LO is generally
ruted lo 3rc overtons crystal frequencies; typically around
53 MHz. For higher frequancy operation, the LO can be pea-
.«4ad externally as shown in Figure 16, "

Sufter

An amglifier on the 1st LO output converts the single—n-
;ed LO output 1o a difiscentiat signal to drive the mixer. Ca-
sachive coupling netrreen the L0 and the amplifier minimizes
n2 eftects of w2 change in oscillator current on e mixer.
Zuiferzd LO cuipulis winingd—oui at Pin 3 for usa with a PLL.
Lun a typieal outout voitage of 320 mVgg 2t Voo = 4.0 V and
~uh a 3.1 K resister from Pin 3 to ground. As seen in Figure
"< the butizr=a LO output varies with the supply voltage and
1 smalier axtamal resistor may be nseded for low voltage co-
zration. The LO buifer operates up to 60 MHz, typicaily.
“tove 80 MHz. the ouiput at Pin 3 rolls off at approximatety
2.9 ¢8 per octzve. Since most PLLs require about 2G0 MVzg
swe. an extermal amolifier may be required.

rigure 14. Buffered LO Output Voitage

versus Supply Voitage -
R : T ‘ i 1¢
R
) : : Aemng = 104Q ’ ,
- H H 1 .

= i : i
:5. PRTY ! ! 1 /
i / ! Rgm:?l xQQ . i
_E :;“J i : '
pal ] S I : :
1 . i

I l
s 3¢ 33 0 ) 0 i3

Vng, SUPOLY YOLTAGE (Véad

ey

Mixers
The first and second mixer are of similar design. Soth ace

" double balanced to suporess the LO and input frequencies to

give only the sum and ciffarenca frequencies out. This coniig-
uration typically provicas 40 to 80 ¢8 of LO suppression.
New design techniques provide improved mixer linearity and
third order intaccapt wizhout increased roise. The gain on the
output of the 1st mixer starts to roll oit 2t about 20 MHz, so
this recaiver could be used with a 2T MHz iirst IF. It is de-
signed for use with a ceramic filter, with an output impedance
of 330 Q. A series resistor can be used to raise the imped-
ance for use with a crystal filter, which typically has an input
impedance of £.0 k(. The sacond mixer inout impedance is
approximately +.0 k(X it requires an extamal 360 Q parallel
resistor for usa with a standard ceramic filter,

Limiting IF Amplifier and Detactor

The limiter has aperoximately 110 d8 of gain, which starts
rolling off at 2.0 MHz Althougn- not designed for widsband
operation, the tandwcih of the audie requency amplifier has
been widened to SO ki+z, which gives less phase shiit and en-
abies the recaiver to run at higher data rates. Howaver, care
should be taken not ta exceed the bandwidth ailowed by iocal
reguiations.

The MC13135 is dasigned for use with an LC quadrature
detectar, and caes not have sufficient drive to be usad with a
ceramic discriminater. The MC13138 was designed lo use a
ceramic discrinunater. tut can also be run with an LC quad
cail, as manticned in the Test Circuit Information section. The
<2ta shown in Fiqures 12 ard 13 was taken using a muflata
COB455C3= c2ramic discriminator which has been sgecially
matched {0 =2 MC15138. Bath ihe choice of discriminators
and the extemal malching circuit vail atect the distonion and
recovered aucio.

RSSIOp Amp

The Recsived Signal Sirength ingicator {RSSi) on the
MC13135/13138 hzs about.70 43 of range. The resistor
nesded to translate T2 ASSI current to z voltage outout has

besn includzd on tha intemal circult, which gives it & ighter’

lolerance. A 2mpersture compensaled reference currant
also imoroves he RSSI accuracy over iamperature. On the
MC131386. :ne co amp on Doard is conneciad o tha csututio
provide a veuzge tisiesd ASSL On the MC13133. the 00
amg is noteznnactes intsmally and can oe usad for the ASS!
or 2s a data slicer (=2 Figure i7¢ck
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Advance Information .
Dual PLLs for 46/49 MHz

Cordless Telephones'’
CMOS

!

These devices are dual pnase—ocked loop (PLL) {requency synthesizers in—
tended for usa prmarily in 46/49 MHz cardlzss phones with up to 10 channels.
These parts contain two mask-programmable counter ROMs for receive and
transmit loops with two independent phase detact circuits. A common reference
oscillator and reference divider are sharad by the recaive 2nd transmit circuits.

Frequency selection is accomgilished via 2 4-bit parallel input for the
MC145188. The MC143167 uliiizes a serial iniarface.

Ciher features incluce a lock detect circuit for the transmit Icop. illegal cade
deiauit. and a 5 kHz tone output

-
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« Synthesizes Up io "2n Channe! Pzirs

+ Maximum Qperating Fraquency: £0 MHz 2 Vjq = 200 mY/ p—o
+ Operating Temperature Range: - <0 to - 73°C

» Operating Voltage Range: 2510 5.5V

+ Gn-Chip Osciilator Circuit Supports Sxtemal Ciystal

+ Lock Cetect Signal

» Opszrating Power Consumcicn: 2.0 na @30V

+ Slancby Mode ior Pewer Savings: 1.5 mA € 3.0V
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P SUFFIX
PLASTIC OtP
CASE 38

oYW SUFAIX
SCG PACKAGE
CASE75:G

ORDERING INFORMATION
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MC1a51850wW
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SCGC Package
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MAXIMUM RATINGS® (Yoliages Referenced to Vss)

.

I‘Syrnbol ) Rating Value Unit
E Vpp | OC Supply Voitaga . -] -0510-80 -} V-
i Vin Input Voltage, All Inguts -0351oVnp+051| V

i line Tout OC Current Drain Per Pin . e <10 mA
"ldp. Isg | OC Cusrent Orain Vpp of Vss Pins 30 mA
e Tsig | Storage Temoerawra Ranga -8510 =150 ot

* Maximum Ratings are hose values beyond whici aamaga ‘o the davice may occur.
» Functional operation should be restrictad o the limits in the Elecuical Craracterdstics

tables or Pin Descriptons secion. -~ -

14

'ELECTRICAL CHARACTERISTICS (Voltages Rafarancad to Vss. Ta = 25°C)

This davica contains proizcion circuitry o
guard against damaga cug to-hign stadc volt-
ages oc electric flelds. However, precaudons
must be taken to avoid aopfications of any
voitage higher than maximem aisd voliages
to this high~impedance circuil. For proger oper-
ation, Vi and: Vg should b2 constrainad to
the range Vss S (Viq of Veuu SVoO.

Unused inputs must zlwzys De dad 0 an
aporopdata logic voitaga levst {2.., sither Vg3
or Vpg). Unusad outputs mest Sa 12t open.

. -

Guaranteed Limit
Symbol Characteristic Voo ° Min Max Unit
Voo Power Supply Yaltage Sanga —_ 25 33 v
« VoL Output Voltags 0 Lavel 2.3 - 035 v
lout= 0 - 5.5 - 0.63
Vou (Vin = Voo or € 1 Level 25 2.45 —
3.3 5.48 —_
vViL Input Voltage Q Lavel 2.3 —_ 0.73 \
(Vout=0-3V¥arVpp-03Y) 3.3 - 1.533
VIH 1 Level 2.5 1.75 —_
33 3.85 -
lmn | OuoutCurrant  (Vours 224) . - Jourze 2.5 -C.18 - mA
Wy =30Y) 53 -0.33 -
e (Vour =23 V) Sik| 25 0.1 -
(Vour = 9.3 V) 55 0.53 -
e tnout Current CSCx. 5nte fin2 2.5 - uA
Vin=0} 5.5 -
0AT=. §3. Moce 25 — -0.03
5.5 T - -3.1
fiH {(Vin =Vp0 = 0.5) Q3T fan b2 2.5 N 3% gA
s S.3 - 28
0ATA. 3. Mode 2.5 - k)
3.3 -— *21
Cin Ingut Capactance _ - I 13 af
Ceut Output Capacitance - - | 3z oF
100 Stanaby Currant, 3 = Vg3 or Ocen 2.3 - S ™A
55 - 13
lag Coerating Current? 23 -— 23 mA
{200 mV p—p input at finy and fin2. 3 =VYnO) 5.3 —_ 8.2
oz Three=State Leakage Currant R _— =3 WA
(Vour=96r335V)

%]
W

"
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sivilTCHlNG CHARACTERISTICS (T4 = 25°C,Ci_=50 oFy W :

e

v . Guaranteed Limit
. : Figure .
» Symbol o Characteristic i Ne. | -*Vpo Min s+ Max Unit
truH Qutput Rise Time . .15 30 — 20__ | =S
. 50 - 100
[ -
T ML Ourput Fall Time 5 3.0 -_ 200 ns
{ . 5.0 hannd 1m
!" 1 U input Rise and Fail Time, 0SCin 2 30 — 50 . us
e SR 50 - - 40
tmax Input Frequency 0SCin 3.0-50 — 12 MHZ
Input = Sine Wave 200 mV p—o a1 3.0-5.0 _ &0
a2 3.0-350 —_ 50
teu Setup Time (MC145167) DATACLK| 3 30 100 e ns
. 50 50 —_
: ENB8 o ClK |° 3.8 200 -
5.0 100 -
' h Hold Time (MC145137), CLK to DATA 3 30 80 - ns
. 5.0 40 -
lrec Recovery Time (MC1i45i587), N6 1o CLK 3 30 - 8o | - ns
. . b 3.0 40 —_—
L Input Puiss Width (MCi43167), CLK and ENS 4 3.0 80 - as
50 &80 -
i
!
SWITCHING WAVEFORMS ’ -
Tu-——"-'— : ‘THL—"l-‘— f——*-‘— gt —
+ ANY i W% . )L\l 4 GSCoa i /([ 8% 3‘-'\]'
QUTPUT 10% pUT S
' Figure 1. T TP W 4 I Figure 2.

= - LBl I L

PREVICUS
) OATA LATCHED
Figure 3.
- o . l
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PIN DESCRIPTIONS

1PUT PINS

[

SCinjoscOuL - - ’ o
eference Oscillator Input/Output (Pins 1,16)

Thesa pins form a reference oscillator when connected o
1 extemnal parallel-resonant crystal. For 2 46/49 MHz cord-
-sS phone apolication, a 10.24 MHz crystal is needed.
SCin may also serve as input for, an’extemally generated
:ference signal. This signal is typically ac coupled to
SCijn, but for larger amplitude signals (standard CMOS
gic leveis) dc coupling may also be usad. In the extemal
{erence mode, no cannection is required for OSCoqyt-

-~

O0E o .
ode Select (Pin 2)

Mode is for determining whether the partis to be used in
¢ base or handset of a cordless phone. Intemalty, this pinis
»2d in the decoding logic for selecting he ROM address.
‘nen high, the device is set in the base mode, znd when
. itis set in the handset mode. This input has an intemal
:l-dovsn Cevice.

-

o

t 8
tandby Ingut (Pin 3)

The stanc'by pin is used to save power when not transmit-
"ig. When high, both the transmit and receive loops zre in
Jeration. When low, the transmit loop is disabled, thereby
-ducing power consumotion. This inout has an intemal pull—
wn device,

-

0-03

ata Inputs (MC145166 — Pins 5 - 8)

"These inputs provida the 8CO coda for s2lecting the one
ien channels to te locked in botn the transmit 2nd recsive
2p. 'When addrass data other than 1 — 10 are input, the de-
:ding t2gic defaults to channel 10, The frequency assign-
* 2nis with reference to Mode and D0 —~ 03 are shown in
1ble 1. These inputs have internal pull-Cawn devices.

Nl fin?.
requency inputs (Pins 14, 9}

L

liny and fjr2 are inouts to -the divide-—24-N rzceive and
insmit counters, respectively. These signals ar2 tygically
rived from the loop YCO and are ac Sdupled. For krger
mplitude signais (standard CMOS logic ievels), Sz covpling
2y be used. The minimum input level is 200 mY o—o.

- e

. Enable (MC145167 —Ping) _

Table 1. MC145165/67 Oivide Ratios and YCO Frequencies

S

CLK,DATA "~ .= - :
. Clock, Data (MC145167 —Pins 5,6) -~---

" These pins provide the 8CD input by using seral channel.
programming instead of parallel. Logical high represents a 1.
Each low—to-high transitian of the clack shifts one bitofdata’

“into the on~chip shitt register. Tt e

- - —

ENB

The enable pin contrals the data transter frem the shift reg-
ister to the 4-bit latch. A positive pulse latches the data.

OUTPUT PINS

5k )
,3 kHz Tone Signals (Pin4)’ . .. Lo

The'S kHz tone signals are N—channel, open—drain out-
puts derived from the reference oscillator,

o
Lock Detect Signat (Pin 10)

The lock detect signal is assaciated with the transmit loop.
The leck cutput gaes high to indicate an dut—oi—iock condi-
tion. This is a P~channel open~drain output.

PO1, PD2
Phase Detector Qutputs (Pins 13, 11)

Thesa ace three—state outouts of the transmit and raceiva
phase detectors far use as ioop error sigriais. Phasa detector
gain is Ygo'4 < volts per radian; - - - -

Frequency f, > f; or hy; leading: Output = Negative pulsas

Frequency f, < foorfy lagging: Output = Positive pulsas

Frequency f, = fr and phase coincidenca: Qutput = High—

impedance state

PCOWER SUPPLY
Vss
Negative Power Supply (Pin 12)
This pin is the negative supply pctential and is u§ual:y

ground. -

Voo
Positive Pawer Supply (Pin 15)

This pin is e positive supply potential and may range
fram « 2.5 10 - 3.3 V with respect to vVss.

* " Handset (Mode = 0) Base (Mode = 1)
I T éf’xanne.ls ' Transmit Racaive Transmit Receive
D3 -D2- D1 00 |CH# | finp (MHzZ) N | fin1(MHZ) | =N | faa(MMR) | =N | i (MH2) i =N
o] Q 0 ! 1 49.670 9934 35313 7183 438.810 322 |. | 38_.975 . 7183
i 0 Q 10 2 49.8¢5 8939 35.938 7187 . $8.830 2325 .| . 32.150 7830
Q Q 1 1 3 43.860 9972 35.975 7183 48.670 9334 39.185 73833
0 1 Q 0 4 29.770 9954 36.013 7223 48710 9342 32.073 7813
E 0 1 0 1 5 49.875 Sg97s5 35.035 7297 48.730 L 39346 33.130 7838
v q 1 .1 0 [} 49.830 3353 38.073 - 72}5 - 46.779 .9354 32.13S 7827
o] 1 1 1 7 49.390 9978 36.133 =27 | 4830 9368 | . 39.193 7839
} 1 o] 0 0 3 49.930 ge8s 36.173 735 46.370 | 9374 38.238 7847
P 1 o] a 1 9 49.990 aggg 38.2335 rire 46.530 9386 39.295 785¢
1 ] 1 1] 10 43.979 . 9994 38.273 7235 45.970 8394 39.273 7333
NOTZS:

1. Cther input combinations will ba dafaultad to erannel 10.
0 = logic low, 1 = logic high,
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Wideband FSK Receiver

The MC3358 includes Oscillater, Mixar. Limiting IF Amolifier, Quadrature
Datacior, Audio Buifer, Squelch, Meter Drive, Squelch Status cuiput, ang
Oaia Shaper comparzator. The MC3338 is dasignad for use ig cigital data
communciations aquipment.

» Data Rates up to 500 kilobaud -
* Excellent Sensitivity: ~3d8 Umitin§ Sensitvity
30 uVrms @ 100 Mz
» Highly Versatile. Fuil Function Device, y2t Ssw External Parns are Re-
quirad
» Jown Ccnverter Can ba Usad Indenenzzntly — Similar {0 NE302

i
Figure 1, Represantative Slock Diagram ;
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MAXIMUM RATINGS

R A T - [

-

Rating Symtcl | Vawe | unit
Pawer Supply Voltage Vegimax) | 15 | vae
Operaling Power Suoply Yoliage Range (Pins 5. 10) Veo | 3.009.0 ‘ Vde
Operating AF Supply Voitage Ranga (Pin ¢) RF Ve ] 3.00126 ‘ Vde
Juncton Temperature - Ty i 150 | °C
Operating Ambient Temperature Rangz T | ~d0meas | «C
Storage Tamparature Aange - - - | Tz §-8&weisoi-cC- -
*Power Dissipaton, Package Rating , | - Pn i 135 P ]
ELECTRICAL CHARACTERISTICS (Vg = 5.0 Vdc, i = 100 MHz, fose = 110.7 MHz, at = £75 kHz, fmeqg = 1.0 kHz, 50 Q source;
Ta = 25°C, tast circuit of-Figure 2, unless otherwisa noted.)
! ’ Characteristics . [ Min Typ ! Max i Unit |
Drain Current Total, AF Ve and Voo | - 20 25 | made
I tnout for — 3 9B limiting ] - 30 - | uvms
S+N = a _ [
Input for 50 ¢S quietng ( ;‘ : ) I, 80 i uVems
Mixer Voltage Gain, Pin 20 10 Pin 3 25 - | - }
Mixer Input Rasistanca, 100 MHz : - 260 L Q i
Mixer Input Capacitance, 100 MH2 - 5.0 ) oF
.‘«‘.:xar.’C;:i‘.!a::: Sraquancy Range {Note 1) ; - ll 0.2t i8¢ - MH?
IF/Quadrature Detector Frequency Range (o3 1) H y ! 021050 | 7 MHz
AM Rejecion {30% AM. RF Vg = 1.0 mVems) \ - ! 50 I _ R i <8
Oemadutator Output, Pin 13 . - 0.5 [ - [ vems
Matsr Orive - 7.0 | - i uAd8
Squelch Thresnold - 0.8 l - [ Vde
NOTE: 1, Not taxen n Test Circust of Figure 2: new component varces raquirsd.
Figure 2. Test Circuit
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e Cut
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) i '
‘ g . | e m T i
70 5TV v 8% !
. — L .
100 Mz . s Ny, T | 3% §"" = :
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3 I - RL | T R
I PSS S
1 %31 za"-r’—l:s i3 T:r RS 12 3= I 1 !
= AN AFliat Grouna Qaa  Comy-y  ~omsi= Swear 33t Oaog Oemoa Cuag l :
= Outtxt daws  ZyTd Ow Fitar  kowt ‘ )
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Figure 3. Qutput Components of Signal,
Naise, and Distortion
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lo = 100 MHz
m=10%Hz =+
af 2273kHz
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RELATIVE OUTPUT (u0)

- LTI

NPT {mVems)

LT

0

GEMERAL DESCRUPTION

This device is intendad lor singie and double conversion
VHF receiver systems. pramadly for FSK data transmission
up to 500 K baud (250 <Hz). It contains an oscillator, mixer,
limiting IF, quadrature catector, signal strength meter drive,
and data shaping amglifisr

The osciliator is a carmmon basa Colpitts type which can
=2 erystal controiled, as shown in Figure i, or L—C cantrolled
as shown in the other {icures. Athigher Ve, it nas been op-
drated as high as 200 M-z, A mixer/oscillator valizge gain of
2 up to 2pproximately 150 MHz, is readily achievable.

The mixer funclicns well from an input signal of
10 «\Vrms, below which the squelch is unoredictaole. uo :0
asout 10 mYrns. befors z2ny svidence of overload. Opera-
tion up to 1.0 Vrms input is permittad. but noninearity of the
meter output is incurred. and some oscillator puiling is sus-
pectad. The AM rajecticn zbove 10 mVrms is degradad.

The limiting !¥ is a high frequancy type, caoable of being

- coeraied up io 30 MHz. it is axpected lo be used at 10.7 MHz

in most cases, due {0 the zvailzbiiity of standard ceramic res-
onators. The quadratura cetector is intemally coupled (o the
IF. and a 3.0 pfF guadrarure c2pacitor is intemaily nrovided.
The -3d8 limiting sansitity of the IF itself is agoroximately
30 uV (at RPin 7), 2nd the |~ can accapt signals ug to 1.0 Vrms
without distortion or change af detector quiescant 4c lavel,

The IF is unusual in 2xat 2ach of the last 3 siages of the
§ state limiter contains = Signal sirength sensitive. current
sinking devica. Thesa are paraliel connected and tuiiared to
produce a signal sirangth meter drive which is fziry linear for
IF input signals of 10 uV (o 100 mvVmms (see Figure ¢).

A simple squeich arrancement is provided whereby the
meter current Howing through the meter load resistance (lios
& camparator at zcout 0.8 Vde zbove ground. The signal
strength at which this occuss ¢an be adjusted by changing
the meter load resisicr. Thz comparator (+) input and output

Figure 4. Meter Current versus Signal Input
0 ” T

00

II Jl
|

o lq ¥ "

o LLL L I II

il

G.1 1.0 ig 100 1000

PIN 20 1374 fmvims)

METER CURRENT, PIN 14 {11 A)
(1)
s

are available lo permit controt of hysteresis, Gocd positive
action can be obtained for iF inpwt signals of above 30
uVrms. The 130 kQ resistor shown in the tast circuit provides
15 comneciion between the
3.3 kresisicr i ground and the 3.0 kpot. permits adiustment
oi.squelch level without shanging tie amountof hysteresis.
The squelch is intemally connected 0 both the quaara-
iure detector and the dzata shaper. The quadrature deteclor
autput. when squelched. goes 10 a cc level apcroximately
2que! to the zero signal levet unsqueichad. Tha squelch
causes ihe data shaper to produce a high (Vcg) output. ™
The data shaper is z comoiele “foating” comparatos,
with ack to back diodes across &is inputs. The output of the
Juadrature detector can de fed cirecty to either ingut of this
zmolifier to produce an output that s either at Vo g or Veg, de-
g2nding upon the raceived frequancy. The impedance of the
ziasing can te varied to produce an amglifier which “follows”

.udth changes.

When the data shaoer is drivan diractly from the demo-
Zulatcr output. Pin 13, thare may be dstortion at Pin 13 due
5 he dicdes. but this is not imporant in the data application.
A useful note in relating highrlow inpet frequency io logic
low IF frequency ccrresponds io low demodulatior out-
't the oscillator is 2bove the incormng RF frequency, inen
~:2n RF frequency will produce a logic 'ow (input (o (+) input
of Oata Shaper as shawn in Figures 1 and 2).

-l

APPLICATION NOTES

The MC33S46 is a high frequyncyridch gain receiver that

"rzcuices following cenain layout :zcnmiques in designing a

sz2le circuit configuraticn. The cojecve is (o minimize or
taate, if possidle. any unwanted leechack.
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output components, is imponant in minimizing electrostatic or
electromagnetic coupling. The MC3355 has its pin connec-
tions such that the circuit dasigner c2n place the critical input
2nd output circuits on oogosite ends ¢f the chip. Shieiding is
normgzlly required for inductors in tuned circuits.

The MC33S5 has a saparate Vo and ground for the RF
and {F sactions which allows good sxtemal circuit isolation by
minimizing common ground paths.

Note that the circuits of Figures 1 and 2 have RF, Oscilla-

- tor, ang IF circuits predominantly raferencad to ihe pius sup-
ply rails. Figure 3, on the other hand, shaws a suitadle
means of ground referencing. The two methods producs
identical resulls when caraiully execauted. It is impoitant to
treat Pin 19 as a ground node ior sither approach. The RF
input should be “grounded” ta Pin 1 and then the input and
the mixer/oscillator graunds (or AF Vo bypasses) should be
connected by a low inductance path to Pin 19. IF and detec-
tor sections should also have-their bypassas retumed by a

_F
’ - 1. Figure S. Application with Fixed Bias on Data Shaper -
i
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. - | oveear
-
i2x >—M-—o-«~\,—[
129% = 15k
iy — =y a0t e . 10'4§] .
T R 10% Sycor 0
; H - 1y of % 12Xk
I =% ix | T T =
= e T s 1.7,
i L. —Jd 1l :2 15 17 -~ 18 15 1© 17 12 "
AFlnct  Grouns tsa ' Como{s) Come{-} Squekcth Sauson Cxmoa Oamos  Cuad
1 - - Qund 5 Conrs Ot e o
L2
I |
b 50 'i— l# !
J MC33ss ' ! |
j | o ——
‘
P !
: |
aF 0sc G5 AF Mivar Umise  Usder  Umase  Quag :
¥ Gon =™ [ Out Vee Inak 4 Sias Zas H
. (--4:_,__.52_‘.7..;1_1]4 3 7 13 ,e_La 1Q ;
¢ sov | ik TS | Y eq | — 2 =R | g | ~ i
:.Oo/ = B SéoF ;.ro ;' T e - {E ; -
f P Lt ——— ==5—4 | T = | &y oo B =i
' samerzy - Eﬂvm oty = 1
S e v 330 10.7 MHz
e T e )
I | 1 g I =
. VA
i / = az
s vae
i APPLICATION NOTES (continued)
i Shielcing, which inciudes the placerent of inout and separata cainto Pin 19, Vo and BE Voo canbe decaunled

to miniriza f2edback. although the configuredon of Figura 2 -

shows & successiul imolementacon on a common 3.0 V sup-
ply. Once zcain, the message is: daline a sucply node znd 2
ground necs and return each seciion to these nodes &y sapa-
rate, low imgscance paths.
... The i=zstciccuit of Figure 2 nas a 3 <S Smidng level of
30 uV wmxn can be lowered & ¢b by a 1:2 unwned trans-
former 2t T2 input as shown in Figuras 3 and 8. For zpplica-
tions thei require additional sensigvity, an AF amolifier can ce
added. ut with no greater tharr 20 db gzin. This will give a
2.0 to 23 xV sensitivity and any additicaal cain will raduce
receiver sxmamic range without improving is sensitivity. Al-
thougft =2 t2st circuit operates at 5.0 V. the mixerroscille3ar
optimum gadormance is at 8.0 ¥ to 12 V. A minimum of 8.0
V is reccmmended in high frequency zppicetions (above
150 ME2). arin PLL applications where the cscilator drives 2
pgrescaier,
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APPLICATICN NOTES (continued)

Depending on the extemal circuit. inverted or nonin-
Vverted da‘a is available at Pin 18. Inverted data makes the
nigher frequency in the #SK sigral a “one” when the local os-
Ciitator 1s aoove the incoming RE. Figure S schematic shows
the comparator with hysieresis. In this circuit the de rofer-
ence voltage at Pin 17 is about the same as the demadutated
cutput voltage (Pin 13) when no signal is present. This type
circuil is preferred for systems where the data rates can drop

o zero. Some systems have 2 low frequency fimit ¢n the
cata rate, such as systems using tHe MC3850 AC'A that has
& sian or stop bit. This defines the low trequency limit that
can apoaar in the data stream. Figure 3 circuit can then be

changed to a circuit configuration as shown in Figure 6. In
Fqure & the reference voltage for the compacator is derived
om the demadularor gutoy? through & low pass circuit where
T s much fower than the lowest trequency data rate. This and
ar circuis wili compensate for'smalt wning changes {or
=) in the quadrature defector.

Squelch stats (Pin 15) goes high {squelch off) when the
irout signal becomes greater than some oresel level set by
"= resistance between Pin 14 and ground. Hysteresis is
&oded to the circuit externally by the resistance from Pin 14 1o

Fmis,

)
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FEA'FURES

Low Sine Wave Distortion, 0.5%, Typical

Excellent Temperature Stability, 20ppm/°C, Typ.
* Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

- L,'inear Amplitude Modulation '

. TTL Compatible FSK Controls

Wide Supply Range, 10V to 26V

E'Adjustable Duty Cycle, 1% TO 99%

.

/‘ EXA R
the analog plus company™

- e e o e T

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

o Waveform Generation
® Sweep Generation

AM/FM Generation

. . ® V/F Conversidn

¢ FSK Generation

® Phase-Locked Loops (VCO)

T

.
»

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
hxgh stability and accuracy. The output waveforms can be
bath amplitude and frequency modulated by an external
voltage Frequency of operation can be selected
externa}lly over a range of 0.01Hz to more than 1MHz.

The circuit s ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION
{

| Operating
5 Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil COIP -55°C to +125°C
} XR-2206P 16 Lead 300 Mil POIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil POIP 0°C to +70°C
f XR-22060 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C
iy
4
]
:
MM ‘;;::2»".:;:/ #‘:5537 ' T@M:’
972

EXAR Corporation, 48720 Kato Road. Fremont, CA 94538 ¢ (510) 668-7000 #+(510) 668-7017
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XR~2206 72 EXAR
DC ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 2 Vee = 12V, Ty = 25°C, C = 0.01uF, Ry = 100kQ, R, = 10kQ, Rz = 25kQ
Unless Otherwise Specified. Sy open for triangle, closed for sine wave.

i

XR-2206M/P XR-2206CP/D
r Parameters Min. [ Typ. r Max. | Min. [ Typ. [ Max. { Units |Conditions

General Characteristics
Single Supply Voltage 10 26 10 26 \'%
Split-Supply Voltage +5 _#13 ' ;5 £13 \"%
Supply Current '12 17 14 20 mA Ry = 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz {C =1000pF, Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 | Hz |C=50uF R;=2MQ
Frequency Accuracy x1 +4 +2 % of fy 1fy=1/R4C
Temperature Stability +10 | +50 +20 ppm°C |0°C < Ty < 70°C
Fraquency Ry =Ry =20kQ
Sing Wave Amplitude Stability2 4800 4800 ppm/°C
Supply Sensitivity 0.01 | 0.1 0.01 %N | Viow = 10V, Viygy = 20V,

; Ry =Ry =20kQ
Sweep Range 1000:1 | 2000:1 2000:1 cfy=f [fq @ Ry = 1kQ

fL @ Ry =2MQ

Sweép Linearity

~

10:1 Sweep 2 2 %
1000:1 Sweep

f|__ = “(HZ, fH = 10kHz
% |f_= 100Hz, fy = 100kHz

o

~9

EM Distortion : 0.1 0.1 % |£10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure §

Timing Resistors: By & R 1 2000 1 2000 kQ
Tériang!e Sine Wave Output? Figure 3

Triangle Amplitude 160 160 mV/kQ | Figure 2, S, Open
" Sine Wave Amplitude 40 60 80 80 mVikQ | Figure 2, S, Closed
! Max Output Swing ) ] ] Vp-p
" Output Impedance 600 600 Q
. Triangle Linearity 1 1 %,

Amplitude Stability ' 0.5 035 dB8 For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 %o Ry = 30kQ

With Adjustment 0.4 1.0 0.5 15 Y See Figure 7and Frgure 8
Notes~ s

T Output amplitude is directly proportional to the resistance, Ry, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range:

Fev1.03 S P e TOM"




XR-2206

ELECTRICAL CHARACTERISTICS (CONT'D)

j XR-2206 M/P XR-2206CP/D
ameters, Min. [ Typ. l Max. | Min. { Typ. [ Max. | Units |Conditions
plitude Modulation
it impedance 50 100 50 100 kQ
julation Range 100 00 %
ier Suppression 55 - . 55 { ds
arity  * 2 ' 2 % For 95% maodulation
lare-W['ave Output
)litudeé' 12 12 Vp-p |Measured at Pin 11.
s Timeg 250 250 ns C_ =10pF
Time, | 50 50 ns |Cy=10pF
iration Voltage 0.2 0.4 0.2 0.6 V.ol =2mA
kage Current 0.1 20 0.1 100 uA  [Vee=26V
4 Key!ing Levet (Pin 9) 0.8 1.4 24 0.8 1.4 2.4 v See section on circuit controls
arenée Bypass Voltage 2.9 3.1 3.3 2.5 3 3.5 \' Measured at Pin 10.

4
s |
tout dmplitude is directly proportional to the resistance, A, on Pin 3. See Figure 3.
" maximurm amplitude stability, Ry should be a positive temperature coefficient resistor
 face parameters are covered by production test and guaranteed over operaling temperature range.

I
!

; Specifications are subject to change without notice

OLUTE MAXIMUM RATINGS

ErSUPPlY « oo 26V Total Timing Current ........................ 6mA
er,Dissipation ....................... 750mwW Storage Temperature ............ -85°C to +150°C
Fte Above 25°C .......... ... ...l SmW/°C

TEM DESCRIPTION

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

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input

ant switches..

VCO produces an output frequency proportional to
\put current, which is set by a resistor from the timing

103 i e i

control pin. This input controls the current switches which

select one of the timing resistor currents, and routes it to
the VCO.

T ey

.3
A -

P

TEOM
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18 Symmetry Adjust
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Figure 3. Output Amplitude
as a Function of the Resistor,

R3, atPin 3
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Figure 4. Supply Current vs
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Figure 5. R versus Oscillation Frequency.
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Figure 7. Trimmed Distortion versus
Timing Resistor.
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Figure 6. Normalized Output Amplitude
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Figure 8. Sine Wave Distortion versus
Operating Frequency with
Timing Capacitors Varied.
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Symmetry Adjust
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Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.

(R3 Determines Qutput Swing - See Figure 3)
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} Figure 14. Circuit for Pulse and Ramp Generation.

quency-Shift Keying
]

> XK-2206 can be operated with two separate timing
isfors, Ry and R,, connected to the timing Pin 7 and 8,
péctively, as shown in Figure 13. Depending on the
arity of the logic signal at Pin 9, either one or the other
these timing resistors is activated. If Pin 9 is
en-circuited or connected to a bias voitage > 2V, only
i§ activated. Similarly, if the voltage level at Pin 9 is
V, only Ry is activated. Thus, the output frequency can
lﬁieyed between two leveis. fy and f5, as:

1 1/R1C and f2 = 1/R2C

 split-supply operation, the keying voltage at Pin 9 is
srenced to V.

tput DC Level Control

2 dc level at the output (Pin 2) is approximately the
ne as the de bias at Pin 3. In Figure 11, Figure 12and
ure 13, Pin 3 is biased midway between V+ and
und, to give an output dc level of = V+/2.

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 17 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%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 77 can be converted to split-supply
operation, simply by replacing all ground connections
with V". For split-supply operation, R3 can be directly
connected to ground.

TOM”



With External Adjustment:

e harmonic content of sinusoidal output can be
educed fo -0.5% by additional adjustments as shown in
Figure 7?. The potentiometer, R,, adjusts the
ine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

F7 S .. W |

Set Rg at midpoint and adjust R4 for minimum _
distortion. )

3
With R, set as above, adjust Rg to further reduce
distortion.

.

Y
™

I
Triangle Wave Generation
3

The cifcuits of Figure 11 and Figure 12can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is
pp\rolkimately twice the sine wave output.

b
SK Generation
!

fgure 13shows the circuit connection for sinusoidal FSK
ignal operation. Mark and space frequencies can be
i debendently adjusted by the choice of timing resistors,
1 and Rg; the output is phase-continuous during
ranéxtlons The keying signal is applied to Pin 9. The
zrcult can be converted to split-supply operation by
mely replacing ground with V-,

]
ulse and Ramp Generation
5

S

]
Fie ure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
ter,mmal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
utself between two separate frequencies during the

smve-gomg and negative-going output waveforms.

e pulse width and duty cycle can be adjusted from 1%
td 99% by the choice-of Ry and Ro. The values of Ry and
R; 2 should be in the range of 1kQ to 2MQ.

XR-2206

PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

fo.=ﬁ15.Hz

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ < R < 200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total timing
current, Iy, drawn frotn Pin 7 or 8:

320/,(mA)

N3]

Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1uA to 3mA. The frequency can be
controlled by applying a control voltage, Vg, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

F — __1__ . Fi ....V_
f= HC<1 : Hc(1 3>)Hz

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

K= aflaV, = -%32
[

HzfV

CAUTION:  For safety operation of the circuit, Ir should be
limited ta < 3mA.

o oM



Dutp{:t Amplitude:

Maxin%\um output amplitude is inversely proportional to
he exfemal resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
pproximately 60mV peak per kQ of Rg; for triangle, the
eak amplitude is approximately 160mV peak per kQ of
3. Thus, for example, R3 = 50kQ would produce
pprcfximately 13V sinusoidal output amplitude.
i

Amplitude Modulation:

4

i . .
Lutput amplitude can be modulated by applying a dc bias
and & modulating signal to Pin 1. The internal impedance

§
3

T o e w oW o ow m

15v2 5 14
9 9 o ]

4
4\
A

at Pin 1 is approximately 100kQ. Qutput amplitude varies
linearly with the applied voltage at Pin 1, for values of dc-
bias at this pin, within 14 volts of Voo/2 as shown in
Figure 6. As this bias level approaches Ve/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55d8B.

CAUTION: AM control must be used in conjunction with a
well-regulated supply, since the oulput amplitude now becomes
a function of Veg. -

16 6 13 1
® 9

® W
©

— X
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E Figure 15. Equivalent Schematic Diagram

b
E
.



o

- 7™

A‘ EXQR
.the ana]og plus company™

’I"’ﬂﬂﬂﬂﬂ

¥
FEAjuaEs
e Wide Frequency Range, 0.01Hz to 300kHz
e. Wide Supply Voitage Range, 4.5V ta 20V
FICMOS/TTULagic Compatibility
FSK Demodulation, with Carrier Detection
$/Vide Dynamic.Range, 10mV to 3V rms
Ad]ustable Tracking Range, +1% to 80%.
° Excellent Temp. Stability, +50ppm/°C, max.

]

* o ¢

XR-2211
FSK Demodulator/
Tone Decoder

June 1997-3
APPLICATIONS
e Caller Identification Delivery
e FSK Demodulation
e Data Synchronization
o Tone Decoding
e- M Detection

e Carrier Detection

-
bl L I

GENERAL DESCRIPTION

The XR-2211 is a monalithic phase-locked loop (PLL)
system especially designed for data communications
apptications. it is particularty suited for FSK maodem
applications. It operates overa wide supply voftage range
of 4.5 to 20V and a wide trequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventianal DTL,
L, and ECL logic families. The'circut consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector Wwhich provides carrier
detection, and an FSK valtage camparatar which provides
FSK demodulation. External components are used o
independently set center frequency, bandwidth, and output
delay. An internal voltage reterence proportional ta the
power supply is provided at an output pin.

The XR-2211 is available in 14 pin packages specified for
military and industrial temperature ranges.

14

!'oaoemme INFORMATION

Operating
Part No. Package Temperature Range
‘ XR-2211M 14 Pin CDIP (0.300") 55°C 1o +125°C
i XA-2211N 14 Pin CDIP (0.300°) 40°C 10 +85°C
i X 2211P 14 Pin PDIP (0.300°) 30°C 10 +85°C
f XR-22111D 14 Lead SOIC (Jedec, 0.1507) 30°C to +85°C

e

m""""""' TOM

EXAR Corgaration, 48720 Kato Road, Fremant, CA 94538 # (510) 668-7000 4 FAX (510) 668-7017
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22 EXAR XR-2211

PINECONFIGURATION

i
t

Veo ETWC‘! Veo <1 UM — TIMCt

5 INP 3 T™MC2 INP 3} 2 133 TMC2

: LDF 13 TMRA LOF =13 2 |33 TMR

] GNO (] Loo eNO =It+ 1 |3 Loo

N LDOGN [d Vege LDOON s 10 [ET Ver

: LOoQ (9] NC LDoQ =j|s 9 |2 NC

E 0o [e] compP 00 =7 8 1T COMP |

; .

| 14 Lead CDIP, PDIP (0.300") 14 Lead SOIC (Jedec, 0.150")

i

1

i

PIN.DESCRIPTION
Ping Symbo! Type |Description

] Vee Positive Power Supply.

2 INP I Receive Analog input.

3 LDF O  |Lock Detact Filter.

11 | GND Ground Pin. ;

§ LDOQN o] Lock Detect Qutput Not. This output will be low if the VCO is in the capture fange.
8 LDOQ o Lock Detect Output. This output will be high if the VCO is in the capture range.

DO o] Data Output. Decoded FSK output.

_ COMP ! i FSK Comparator Input.

9 NC Not Connected.
1§0 VRer o Intemal Voltage Reference. The value of Vger is Veo/2 - 650mV,
1f1 LDO G Loop Detect Output. This output provides the result of the quadrature phass detection.
1:2 TIM R | | Timing Resistor Input. This pin connects to the timing resistar of the VCO,
13 TIM C2 | Timing Capacitor Input. The timing capacitar cannects between this pin and pin 14.

_ 1;4 TIM C1 ! Timing Capacttor Input. The timing capacitor connects between this pin and pin 13.

A L L LA ATE TN
3




.

R-2211
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4
ELECTRICAL CHARACTERISTICS
Testt Condlitions: Ve = 12V, Ty = +25°C, Rg-= 30KQ, Cg = 0.033pF; unless atherwise specified.

A L7 B A A D L

EX4R

Perameter EERS [ Max. | Unt |Condltions
Gegeral
Sugply Voitage 45 20 v
Smpfy Current 4 7 mA Ro > 10KQ Sse. Figure 4.
Osélllator Section
Frscf:;uency Accuracy *+1 +3 % Deviation from fq = 1/Ry Cq
Frequency Stability

Témperature +20 +50 ppmPC | See Figure 8.

Power Supply 0.05 0.5 %V  |Veo=12+1V. See Figure 7.

: 0.2 SV Vec= +5VY.See Figura 7.
Upéer Frequency Limit 100 300 kHz | Rg=8.2KQ, Co= 400pF
Low[est Practical Qperating 0.01 Hz Ro=2MQ, Cq=50pF
Frequency
Timing Resistor, Ry - See
Figure 5
Eerating Range 5 2000 KQ

Recommended Range 5 KQ See Figura 7and Figurs 8.
Loop Phase Dectector Section
Pea;k Qutput Current +150 +200 +300 uA Measured at Pin 11
Qutput Offsat Current 1 pA
Outgzut Impedance 1 MQ -
Maximum Swing +4 +5 \' Retersenced to Pin 10
Quéidrature Phase Detector Measured at Pin 3
Peajk Output Current 100 300 uA
Output impedance 1 MQ
Max?n:yum Swing 1 Vop
Inpyt Preampt Section Msasured at Pin 2
Input impedance 20 Ke
lnbt.it Signal

Vqﬂage_Hequired to
- Cause Limiting 2 10 mV s
Namls-’

Paramelers ars gurarantsed over the recommended
face parameters are coversd by production

Boid

e et e |
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operating condions, but ars not 100% tasted in production.
last and guaranteed over operating lemperature range:
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

Test Conditlons: Vcc= 12V, Ta=+25°C, Rg = 30K, Co = 0.033uF, urless atherwise specified.

'

Parameter [ M. T Typ. | Max. | Unit [ Condttions.
Voltage Comparator Sectlon

Inp\;n Impedancs 2 MQ Mseasured at Pins 3and 8
Inpyt Bias Current 100 nA

Votage Gain 55 70 d8 |R_=5.1KQ
Output Voltage Low 300 500 mV  |[lc=3mA

Qutput Leakage Current 0.01 10 uA Vo=20V

Internal Reference

Voktage Lavel 4.9 5.3 57 v Measured at Pin 10
Output Impedance 100 Q |ACSmal Signal
Mdximum Source Current 80 pA

Nofres

Parameters are guaranteed over the recommended operating conditians, but are not 100% tested in production.
Ba?d face parameters are covered by production lest and guaranteed over operating lemperature range.

|
|

Specifications are subject to change without natice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ....iiiiiiiiiii i 20V
Ind!ut Signal Level .....ovveuiviiieieni. 3V ms
F’oiwer Dissipation ........veemeiiiiiane. 900mW

Package Power Dissipation Ratings

CORP T SN W el . . 4. 1.l 750mwW
Derate Above T4 =25°C ..........on.t 8mw/°C
POIPOET . Je, Q00 ... tm . f el 800mwW
Derate Above Tp=25°C ..coviinnnnnt. 60mwW/°C
SOICE (N AN, o™ 390mw
Derate Above Ty =25°C ....... eeenean 5mw/C

11
SYSTEM DESCRIPTION

The main PLL within the XR-2211 is canstructed from an
input preamplifier, analog mutltiplier used as a phase
détector and a precision voltage controlled oscillator
(VCO). The preampliier is used as a limiter such that
input signals abave typically 10mV rms are amplitiedto a
constant high level signal. The multiplying-type phase
detectar acts as a digital exclusive or gate. its output
(L}ﬁfirtered) praduces sum and difference frequencies of

input and the VCO output. The.VCO is actually a
current-controlled ascillator with its normal. input current
(fo) set by aresistor (Fg) to ground and its driving current
with a resistor (Ry) fronr the phase detector.

i
The output of the: phase detector produces sumrand
difference. of the input and: the VCQ frequencies

(internally connected). When in lack, these frequencies
are ty+ tyco (2 times tyy whenin lock) and fiy - tyco (QHZ
when lock). By adding a capacitor to the phase detector
output, the. 2 times fpy component is reduced, leaving.a
DC voitage that represents the phase difference between
the twa frequencies. This closes the loop and allows-the-
VCO ta track the input frequency.

The FSK camparator is; used to.detemmine: if the VCQ is
driven above or below the center frequency (FSK-
comparator). This wilt produce bath actives highr and
activerlow outputs to indicate whenthe main PtL isirviocke
(quadrature phase- detector and: lock detector
comparator).. '

E

{
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PRINCIPLES OF OPERATION
i

Signal Input (Pin 2): Signal is AC coupled to this
teiminal. The internal impedance at pin 2 is 20KQ
Recommended input signal level is in the range of 10mV
rms to 3V rms.

Quadrature Phase Detector Output (Pin 3): Thisis the
high impedance output of quadrature phase detectorand
is, internally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
cdnnected to ground through a parallel combination of Rp
and Cp (see Figure 3 to eliminate the chatter at lock
detect outputs. If the tone detect section isnotused, pin 3
clan be left open.

'ock Detsct Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes ta *high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, Ry, to Vgc for
proper operation. At 'low” state, it can sink up to SmA of
load current.

!
L ock Detect Complement, (Pin 5): The outputatpin 5is
the logic complement of the lock detect output at pin 6.

This output is also an apen collectortype stage which can
sink 5mA of load current at low or “on” state.
E

?SK Data Output (Pin 7): This cutputisanopen collector
logic stage which requires a pull-up resistor, Ry, to Vg for
braper operation. It can sink mA of load current. When
decoding FSK signals, FSK data outputis at *high* or “off"
‘state tar low input frequency, and at “low” or “on” state far
*high input frequency. If no input signalis present, the logic
state at pin 7 is indeterminate.

'FSK Comparator input (Pin 8): This is the high
.impedance input to the. FSK voltage comparator.
Normally, an FSK post-detection or data fiter is
connected between this termina!l and the PLL phase
. detector output (pin 11). This data fitter is formed by Rg
_and Cg (see Figure 3) The threshold vottage. of the
comparator is set by the.intemal reference voitage, Vaen
available at pin 10.

Referance:Voitage, Vaer (Pin 10): This pin is intemally
\ biased atthe reference voltagelevel, Vper: VRer=Vcc/2
-650mV. The DC voitage level at this pin forms an intemnal
reference forthevoltage levels atpins 5,8, 11 and 12. Pin

10 mustbe bypassed to ground with a 0.1uF capacitertar.
praper operation of the circuit.

Loop Phase Detector Qutput (Pin 11); This terminal
pravides a high impedance: output for the loop phase
detector. The PLL loap fitter is formed by Ry and Cy
connectedtopin 11 (see Figure 3.) Withnoinput signal, or
with no phase errorwithin the PLL, the DC level at pinitis
very nearty equalto Vper The peakto peakvaltageswing
available atthe phase detector outputis equalto 2x Vger

VCO Control input (Pin 12): VCO tree-running
frequency is determined by external timing resistar, Ry,
connected from this terminal to ground. The VCO
free-running frequency, o, is:

1

o Co Hz

Ty =

where Cy is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Rp must be in the
range of 10KQ ta 100KQ (see Figure 9.)

This termimal is a low impedance point, and is internally
biased at a DC level equal to Vpes The maximum timing
current drawn from pin 12 must be limited to < 3mA tor
proper operation af the circutt.

VCO Timing Capacitor (Pins 13 and 14); VCO.
frequency is inversely proportional to the external timing
capacitor, Cp, cannected across these terminals {see
Figure 6) Cq must be nan-palar, and in the range of
200pF ta 10uF.

VCO Frequency Adjustment: VCOcanbe fine-tunedby
connecting a potentiometer, Ry, in series with Rp at pin12
(see Figure 10.)

VCO Free-Running Frequency, fo: XR-2211 daes nat
have a separate VCO output terminal. Instead, the vCcoO
autputs are internally connected to the phase detector
sectians af the circuit. For set-up or adjustment purpases,
the VCO free-running frequency car be tuned by using:
the generalized cireuit i Figure 3, and applying are
alternating.bit pattem of O’s and 1’s at* the. known: matrie
and space frequencies. By adjusting R, the VCQ camy
therr be-tuned ta: obtaim & 50% duty: cycle anrthe FSI€
output (pin 7). This-wilf ensuresthat thex VCQ fg valueris
accurately referenced to themarkand space frequencies:
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Figure 2. Functional Block Dlagram of a Tone and FSK
Decoding System Using XR-2211
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DE%IGN EQUATIONS

(All iesista.nce in Q, all frequency in Hz and all capacitance in farads, unless otherwise specified)
(See- Figure 3tor definition of compaonents)

1. tVCO Center Frequency, fo:

1

fo = Ho’ Co

rr—— ———" W

2. Internal Reference Valtage, Vres (measured at pin 10):

v,
Vage = (—20—‘: )—GSOmV/'n voits

1
3. Loop Low-Pass Filter Time Constant, <.

T = C"RPP (Sec‘OfIdS)

- R W

3
——— ey
1]
-
[o]

[ AvAe
Fpe = (R. + HF)

it R is{ oo of Cg reactance is o, then Rep = R1
5
4. Loop Damping, s:

1250-G,
’q 1° C1
1
Note: For denvation/explanation of this equation, please see TAN-0T11.
5; Laop-tracking

]
bandwidth, == ‘%‘f
o]
ar _ B
f A
e Tra:king
Bandwidtr
— At .—)}Q—’ Af
1 1 L 1 |
| I 1 1 |
‘o fa fus

)

O Wb e T ST T R,
E
-
-

;
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7. 'Loop phase detector canversion.qain, Kd: (Kd is the differential DC vettage across pin 10 and pin11, per unit of
hase error at phase detector input):

Vieer - H:[ voft ]

Kq = 10, 0007 | radian

I
thL: For derivation/explanation of this equation, please see TAN-077.

8. VCOconversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of OC valtage change at pin11)

t _ 21 _ [ radian/secon
F Ko = Vage-Co+ Ay volt

9. IThe filter transfer function:

= 1 14 | i
; ARs) = 1T %AC ato Hz S=uwwandw =0

4
1O.FTotal loop gain. Ky

E | A, 1
Kr= KoKy RS = (5,000-6’9-(;?, + HF;)[secondSJ

11. Peak detectar current [4:
7, = VreE Vage in voits aﬁdl in amps)
A~ 20' 000 ( AF A /4
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Ap'rLICAﬂONs INFORMATION

FS?( Decoding

Fi_t}pre 10 shows the basic circuit cannection for FSK decoding. With reference to Figure 3and Figure 70, the functions
of éxternal components are defined as follows: Rg and Cop set the PLL center frequency, Ry sets the system bandwidth,
and C; sets the loop filter time constantand the loop damping factor. Ce and Rg form a ane-pole past-detection fitter for
the FSK data output. The resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparatar to

facilitate rapid transition between output logic states.

Deslign Instructions:

The circutt of Figure 10can be tailoredfor any FSK decoding applicationby the choice of five key circuit components: Ry,
R4} Co. C1and Cr Foragiven setof FSKmark and space frequencies, foandfy, these parameterscanbe calculated as
follows:

(Ati resistance in Q’s, all frequency in Hz and all capacitance in farads, unless otherwise specified)

a), Calculate PLL center frequency, fo:
¥

W i

b)l Choose value of timing resistor Rg, to be in the range of 10KQ to 100KQ. This choice is arbitrary. The recommended
value is Rqg = 20KQ. The final value of Rq is normally fine-tuned with the series patentiometer, Ry.

A
Ay = Ay + =

b 2

c)} Calculate value of CQ from design equation (1) or trom Figure 7.

= 1
Ay
d)} Calculate R1 to give the desired tracking bandwidth (See.design equation 5).
H Fofy
A = 77— 2
| ' (A-h)
E
e) Calculate C1 to set loop damping. (See design equation 4):

Normally, ¢ =05 is recommended.

1250-G,
G = A-¢?

T BN B e ey e vw vy e g e

{
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f)! The inputto the XR-2211 may sometimes be too senstive to noise conditions on the input line. Figure 4illustrates
a method of de-sensitizing the XR-2211 from such noisy line conditions by the use of a resistor, Rx, connected
b trom pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level.

20,000 v,
Vo i (5058 = Vi = 4V & 2.8V 050t = Ve G or = 20,000( 5841 )

o —

Vin minimum
1
i

(peak) input voltage must exceed this value to be detected (equivalent to adjusting V threshold)

Vee
i
To Phase
I Detactor
Input Va Vb
{)— E{
20K

Rx Il 20K
|
I

Veer (10}
;o |

Figure 4. Cesensitizing Input Stage

- i G

o

g) Calculate Data Filter Capacitance, Cg:

t A, = (Ae+ A\)-As
sum = (A, + R+ Ay

c- 025 Baud rate iT—L—

= (Aam Baud Rate) dss

4
|
| Note: Al vatues axcapt Ry car be raunded to nearest standard valus:
|
i

}
i



XR-2211 | 2 EXAR

1
! 20
1

1.0
N
Rg=SKQ
i =3 1IN
E 15 NENTIN
- Y Ag=10KQ
; § Rp=5KQ | 1 - \
P9 9 ?‘, NN\ Rg=20KQ
3 1] § X
3 p=g NN
| & s g B S Pomtoka i :
b @ S| L=l | NCINTN TS
el g Ag>100K X Ag=80KQ ANIAN
i —H- <
§ Ag=160KQ. i N
' 0 0.01 e D NIN
! 4 6 8 10 12 14 16 18 20 22 24 100 1000 10000
[ Supply Voitage, V*+(Voits)- to(HZ)
. Figure 5. Typlical Supply Current vs. V+ Flgure 6. VCO Frequency-vs. Timing.Rasistor
? (Loglc Outputs Open Clrcuited)
|
1.000 << T 1
i N Co=0.001pF -
1 N ]
~ ~ ~ 1.02
S 9 fo = 1kHz 5
! N Co=0 oosayF\ g 101 5\ -1 /‘ h
‘ : ar . /‘ M
R : 1.00 AN%%. L2
i g 100 T 2\
B N Co0.014F '\\ 2 3’77
oy bt N N A 099 7 pu
. Co=0. AN 2\ -5 Curve
E N N " g 2[/ 1 T_’%
E N Cg=0.08315F N = 08— 2 | 1k
N 1 4 [100K:
] Co=0.33yF 097 . 5 |300K
: 10 Ly | 4 6 8 10 12 14 16 18 200 22 24
0 1000 10000 viftlasy
fo(Hz) -
’ Figure-7. VCO Frequency vs. Timing Capacitor Figure 8. Typical fg vs. Power Supply: ™
' A Characteristics
b T
| T 0 l ma ] -
% Rg=10K /
: :'-: +0.5 ' Z /]
B g e
i ==
3 50K |
| $  [TFos00K ~—_ o«
I M. _ ~
. §' 05 V=12V i
. =i - RgeiMQ Ry=10Rgc
} g i fo=1KHz
E = S 28 0 2% 506 T: 100 125
| Temperature (°Cy

Figure 9. Typicak Canter Frequency Drift vs. Temperature
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] C omp.
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? .
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,‘ Figure 12. Circult Connection for Tone Detection
FSK Decoding with Carrier Detect
frequency approaches the capture  bandwidth.

The lock detect section of XR-2211 can be used as a
r detect option for FSK decading. The
recommended circuit connection for this application is
shownin Figure 11.The open callectorlock detect output,
pih B, is shorted to data output (pin 7). Thus, data output
will be disabled at“low” state, until there is a carrier within
tnéadetection band of the PLL and the pin & output goes
“high" ta enable the data output.
Neote: Data Outputis Law” When No Carrier is Presant
The minimum vaiue of the lock detect fitter capacitance
Cp is inversely propartianal to the capture range, +Afc.
u'?'lis is the range of incaming trequencies over which the
idop can acquire lock and is always less than the tracking
rénge. itis further limited by C4. For mast applications, Afc
5 At/2. Far Rg = 470K, the approximate minimum value

at Cp can be-determined by:
¢
!
Co> }1% CinpfF and fin Hz

;
4
| CinpFandtinHz.
With values of Cp that are too small, chatter can be
Lbserved on the lock detect output as an incoming signal

J

Excessively large values ot Cp will slow the responsetime
of the lack detect autput. Far Caller 1.D. applications
choose Cp =0.1uF. .

~

YTone Detection

Figure 12 shows the generalized circuit cannection for
tone detection. The logic outputs, LDOQN and LDOQ at
pins § and 6 are normally at “high” and “low” logic states,.
respectively. When a tone is presemt 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 5mA of load current.

Both outputs at pins § and 6 are open’ callector type
stages, and require external pull-up resistars Ry ,.and
Ry s, as shown in Figure 12

With reference ta Figure 3 and Figure 12,the functions of
the external circult. compenents can be explained as.
follows: Rg and Cq set VCO center frequency; R, setsthe
detection bandwidth; C; sets the low pass-loop filter time
constant and the loop damping factor.

27777 7272 272 2L L L 4 TOM



De§lgp instructions:

Thd circutt of Figure 12canbe optimizedfaranytone detection application by the choice ofthe S key circuit cg'mpahents:

Ro.fm, Cg. Cy and Cp-For & given Input, the tone: frequency, fs, these parameters-are calculated asfollows: .. 4. .. =

(N!fresistance in s, alt frequency in Hz and all capacitance in farads, unless: otherwise. specified) )
;
a) ' Choose value of timing resistor Rg to be in the range ot 10KQ to 50K, This choice is dictated by the max./min.
, current that the intemal voltage reference can deliver. The recommended valueis Rg=20KQ. The final value of Flgs,_

' is normally fine-tuned wittr the series potentiometer; Hx.

L S

b) ! Calculate value:ot Cy from design equation (1) orfrom Figure-71ts =fo-

4

; T

: Co - R¢f$ ;. *:,

5 .
ctt Calculate Ay ta:setthe bandwidthr+Af (See design equation 5)= -

E _ Aphy2

| A= i

3 .
Note: The total detaction bandwidtr covers the frequency range-of fp 1AL
d)} -Calcuiate value o C4 for a given loop damping factor:

Normally, ¢ = 0.5 is recommended.

14
| 1250-C,
{ d "= TR
g Increasing C, impraves the out-of-band signal rejection, but increases the PLL capture time.
e> Calculate value of the filter capacitar Cgp . To avoid chatterat the logic output, with Rp = 470KQ,.Cp must be:

. _ 18 .
C">Af CinuF

increasing Cp slows down the logic output respanse time.

E
;
E
%esign Examples:
Tone detector with a detection band of + 100Hz:

Chaose value of timing, resistor Rq to be in the range- of 10KQ to 50KQ. This choice is dictated by the max./min.
currentthat the intemal Voltage reference candeliver. The recommended value is Ry =20 KQ. The final value of Ry

is narmalty fine-tuned: with the series potentiometer, Rx.
Calculate value of Cq front design equation (1) or from: Figure 613=1o:

=
~

__r _ 1 -
Co-= g7, ~ 20,000-1,000 50nF

il oyl o
S

~
a

- e :-;' d J ki
E : - or 3

R T e el .
¥

R L TR
.



]
) (.‘Ealculate R, to set the bandwidth +Af (See design equation §):
}
I
4

» EXAR ~ XR-2211

i

_ Agfy2 _ 20,0001,000-2 _
A= 2% = 0 = 400K

i
Note} The lotal detection bandwidth covers the frequency range of Ip +Af
d) (i‘,alculate value of Cy for a given loop damping factor:

Normally, ¢= 0.5 is recommended.
_1250-G _ 1250-50-109 _
Ci=—g = %00,0000.52 =6.25pF

T A

ncreasing Cy improves the out-of-band signal rejection, but increases the PLL capture time.

e) Calculate value of the filter capacitor Cp . To avoid chatter at the logic output, with Rp = 470KQ, Cp must be:

f)
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Flncreasing Cp slows dawn the logic output response time.
i

Fine tune center frequency with 5KQ potentiometer, Ry.

-

o~ T -

Oemodulated
Qutput

r

Loop | 11 8
— Phase —O:L—'——‘ 7
Detact c
e, sk

Internal

Figure 13. Linear FM Detactor Using XR-2211 and an External Op Amp.
(See Sactlon. on Design Equation for Component Values.)
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Linear F\i Detection

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry
applications. The recommended circuft cannection for
this application is shown in Figure 13. The demodulated
output is taken from the loop phase detector output (pin
11), through a post-detection fitter made up of R and Cg,
ang an external butfer amplifier. This buffer amplitier is
necessary because of the high impedance output at pin
11} Normally, a non-inverting unity gain op amp can be
USfd as a buffer amplifier, as shawn in Figure 13.

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

Vv - R!' Vr’v‘EF
T 100-A,

where VR is the internal reference voltage (Vper =Veco 2
- 650mV). For the choice of external campanents Ry, Rg,
Cp. C¢ and Cp, see the section on design equations.
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Figure 14. Equivalent Schematic Dlagram

P /LA L L L L L L LI MO



