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ABSTRACT

This project presents the portable wireless scoreboard machine which must be
connected to the computer in order to send - receive information via the Radio Wave
Frequency. Radio Wave Frequency will act as the conductor of transmitting and receiving
information between portable wireless scoreboard and computer that composed of 2 sections as
the following. First section is the Radio Transmitter which composed of the connecting circuit
computer and the transmitting information set and they will send the activation signal which
may be alphabet to the Radio Wave Frequency Receiver. The other sections is the Radio
Receiver which Receiver Information from Transmitter. Then, it will transform the» information to

show at the display panel configuration of the portable wireless scoreboard.
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2.1.2.2. miaﬂmi‘ﬁlﬂymmﬂiﬂﬂiﬁ'ﬂ (Synchronous Transmission)
4 E) = [ =& 4 3 da o o
nmisfemstayanuudalania mineis msdemdeyauuveynsuniimsfimuainim
1 » T
yosdnvIzinuvesnvszivzd luuaazafuihusnuiniveuS ondnwsudoya (Data Frame)
msdadeyauvuiiszdvalimsdidagiuuniing (Clock) Tundeu q fudyaudoya lumsds
9 z [ ) ) [ a 1 [ d 3
Yoyaszordu q Ayanenamalditudygrudasiensduwen i lumedadoyanld uaduilu
msaafoyaszozlng q udr dggruuinivzgnidisiadeiuldfudygrudeyalumods
a o ' a v e W a4 o w ‘o AW a ¥ 2 &
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(lundazulenvzilszneudiodoyanaioya) szuansgaiudunasyadugavesdeyamniu
» »
mszasiudiimsdedayaunudalnsims1vziiy Framing Bits sl lundazsmsamed
] a o a ¥ 1 <
(Characters) uazduilumsdedoyauuuFalas s 19z Framing Bits 52w lunsazuden

4 d
Yoyagaailunlinz 2

Idle line Start Data 5-8 Bits Parity | Stop .l Idle line
Bit Bit Bit

(@) M3dateyapynIILLBzFa 1T

Begining
Openning Flag | Address | Control Data Field CRCI1 | CRC2 | Closing Flag
01111110 8 Bits 8 Bits 01111110

(b) mydadoyasynsunUVF Insiie
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2.2.1 IAFIUNDIROYNTIIVLDIIIOT — 232

sﬁaﬁa:"ﬁﬁqﬂnmfmnQ'Nﬁﬁwinﬁ'uﬁnTuiquﬁu‘lﬁ’ifuuwn'ii1uﬂawafﬂﬁ'ﬁ'q'1¢|’§'un1maﬂ
wvdu msguidfunienadigane Rs232-C gnilszmaludl 1969 Tao Electronic
Industries Association (EIA)U1AT§1U RS-232-C fiutulumeusuusadmioms Feudeszning
mofiiva naz Twdu i:uqma"nymzmﬂﬂﬂwﬂnwssz‘ni1aqﬂﬂmfﬁmﬁmm:ﬁmuﬂ§ﬂ uaz
wusavanmefsufudimiunisiaudetcesmuuiaigiu Rs-232-C Farilunts
fruaasIuAg Wy dnvazmsideudedygiumaldfhilfitedleaf liliainsaid
SoyamelumuduiRniu gunsadomsieiuunsen 1 2 lszanie
1) DTE (Data Terminal Equipment) Anguaseidmiudsdoya 9y nouiuned
2) DCE (Data Communication Equipment) AogunsaidmiuiinisAnae 13u Modem

ANAT§IY RS-232C gilasal DTE asléiaaedad uazgilnsel DCE aas1diaAaduiiy
FammeftionlFiuogeziiugiia D-Type ¥iia 9 91 oz 25 w1 (nanafon DB-25 uaz DB-9)
aataulian e Il ves Serial Port AMNas§ 1M RS-232C waﬂqﬂ'lﬁﬁqﬁy

1) Logic ‘0’ kL) “Space” 111 +3 Volt D3 +25 Volt

2) Logic ‘1’ H39 “Mark” 1ifi1 -3 Volt D4 -25 Volt

3) %24 +3 Volt 81 =3 Volt 1fhu$23 Undefined

4) Open Circuit Voltage nﬁmﬁuuﬁu ground ﬁ'm'llhﬁu 25 Volt

5) Short Circuit Current #4211y 500 mA #4 Driver dpsaunsnsosinla

M3197 2.1 YeMmuarpIIATFIU RS-232C

Specifications RS-232C
Mode of Operation Single — Ended
Total Number of Drivers and Receivers on One Line 1 Driverand 1 Receiver
Maximum Cable Length 50 FT.
Maximum Data Rate 20 KBPS
Maximum Driver Output Voltage +-25 V
Driver Output Signal Level(Loaded Min) +-5V to +/-15V
Driver Output Signal Level(Unloaded Max) +-25V
Driver Loaded Impedance (£2) 3k to 7k
Max Driver Current in High Z State (Power On) N/A
Max Driver Current in High Z State (Power Off) +H-6mA@+/-2V
Slew Rate (Max) 3oV/iusS
Receiver Input Voltage Range +H-15V
Receiver Input Sensitivity +H-3V
Receiver Input Resistance (Ohms) 3k to 7k




135197 2.2 1TAIY1 DB-9 A7 meAuneuined

Pin Signal Direction Description

1 Cb R Carrier Detect

2 RxD — Receive Data

3 TxD —— Transmit Data

4 DTR — Data Terminal Ready
5 GND - System Ground

6 DSR - Data Set Ready

7 RTS +—— Request te Send

8 CTS -_— Clear to Send

9 RI - Ring Indicator

A13199 2.3 uamanilinvesdygman

Signal Full Name Originator Function
TxD Transmit Data DTE dafayaiaziiaen DTE Nis DCE
RxD Receive Data DCE Sudiyatiaziinvin DCE Tés DTE
CTS Clear to Send DCE ATRILFYaNwIn DCE Tniay
wiudoyanin DTE
CD Carrier Detect DCE iie'lsfinsrodyaauveiarems
veamwzi Indngnu Active
DSR Data Set Ready DCE 118n DTE 71 DCE WioyHaziianuda
DTR | Data Terminal Ready DTE deyguen DTE von v DCE
wiounion
RTS Request to Send DTE dryn1e1n DTE uenlv DCE
w3 numiauiieziudoya
RI Ring Indicator DCE asTudyauvasaoInidwg




2.2.2 MIenAsIFNIUWBIA NIV BT — 232

2.2.2.1 M3ABIVY Hardware Handshaking

Tunaeqnidigynsaidhodsdesingnasaithosundouiisssudayanieli dediausu

. o 4 ] 4 < o &
msdedoyalilis Modem AWI5198a01370@1391992159071ANUIF1UBI Modem ATTUModem
' »
wdosrziumsdadoyavenoufinmessuniifunieuiiezSudeya nidisuiivsdosdidoauds
oW o 7 s A w o ' vy o e 2 a '
vindheivuenlilfagunseifhuds wandaaniuz msmaudngimieunseli dyarutiGunn
J []
Flow Control #30 Handshaking ‘ﬁdﬁﬂgﬁﬂd!mﬂﬁﬂ Hardware flow control lid12 Software flow control
dM31 Sofiware flow control 1iN9I3691 Xon / Xoff flow control ¥a1435¥Her ASCII 17 il
o w o o o v A
a1l Xon unzl95Wer ASCII 19 !ﬂuﬁtg‘mﬂm Xoff HANN15¥1191UAD Modem 921 Buffer Y 11D

o < oo 1 o 4
Modem 1032910 Computer 9 Buffer Indvzify siudvzdedayana Xoff 1114 Computer two 10

Ad &

Computer anﬁ'ﬁagaiﬁﬁu%ﬂin uaziite Buffer 117l 1198452 UMl tModem Rezdeda i Xon
1119 Computer (W 1# Computer dadoynliiuso msnanuTneitillssnanodyaa miz
Sudaru TxD uag RxD uAeevinlinsdeansfiasethaiiulddalunsdildsumsdeasid
specd AUNTTZUAAZAIONYT ASCIT 5 uda9zTiuu1R10 Bit (1 start bit + 8 data bits + 1 stop bit 11521
Parity bit)

@1 Hardware flow control 1in92i30A31 RTS/CTS flow control vz 14 10d@ey14v04Serial

o

] ]
A =}

. '3 v 4 .
port lunisarugy Ml lituneuanuiivesdoya nann131i1a1uAL 1o Modem NI 1AHBTY
¥ - Vo » A o I d o & Voo
Yoya fufezdadyana TS 11 Computer uaziiiosiulndezidu Sunvsngadedyau cTs Tl
1t Computer
4 3 ~ a J a ; A LY T oo
514 Hardware Handshake 9zdatimodganuneiiviu ielfiiluawlunsdadyaw

flow control 34¥1 I wdyaaunia1diiu 3 AquAe Data, Handshake 1Az Signal Ground

DB-9 DB-25 DB-25 BD-9
3 2 TxD » RxD 3 2
3 RxD « ™D 2
7 SG «——— 5 SG 7
20 DTR DTR 20

DSR ¢__;><;__, DSR

O « ., CD
RTS RTS

CTS «— V', CTS

W ~N a2 A N
o A OO
(3, S . T, !
W N =2 O A~ 0w

31# 2.4 m3ALIUY Handshaking



2.2.2.2 M5ADLUY Null Modem
° o g ] Y o % 9 []
Null Modem 1¥d w3 ui¥onTeasznana DTE 2 daddreiuTaonss ¥alaounldlumsos
Tam’fﬂu‘_m THIN Computer n3olFlumswauiszuy Microprocessor %39 Microcontroller A14 o R H
o N 9 = | ¥ oA =1 ’ Ao 0 1 ¥ a -] 2 ] :
tHuUIT 1T ToiRes 3 (dufie TxD, RxD uas SG uazintide Jump NHRsuAazd19DmIaA DU

iWenaenli Computer Aniniusidsguiu DCE oy

DB9 DB-25 DB-25 BD-9
3 2 TxD » RxD 3 2
2 3 RxD « TxD 2 3
5 7 SG «——— 5 SG 7 5
4 20 DTR DTR 20 4
6 6 DSR « ¢ ¢ 3 DSR 6 6
1 8 COh | L _, CD 8 1
7 4 RTS RTS 4 7
8 5 CTS «—! t __, CTS 5 8

31f12.5 N13ABLAL Null Modem
2.2.2.3 @3ABUUY Loopback Plug
suiluntsaaeriinisSudea 11y Port uafy Mns@MIURIMT R3990 Port LAY

AITAOUNININUVON L5unT Y

DB-9 DB-25

3 2 T™XO
2 3 RxD <«
5 7 SG

4 20 DTR _____
6 6 DSR |
1 8 CD |
7 4 RTS
8 5 CTS «—

Eﬂﬁ 2.6 MIABLUL Loopback Plug
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2.2.3 dyanamaindh

masgm RS-232¢ 1AM muadnyuzvesdygiama IMihiignldlunsiFeudenuy
f]l,[n‘illﬁ’ﬁ 2 ANYUTAD Space HUWEHI logic ‘0’ taz Mark Hu1GDA logic ‘1° TAuSpace vziflu
usafuTiihuan Output aglugag +5 fa +15 Volt Input aglugag +3 fla +15 voit  Mark aziflu
usaudhay  Output agTuga -5 B9 -15 Volt  Input 8¢ 1uT23 -3 §3 15 VoltA15z1113 -3 Volt
49 3 Volt 9243]uA1 undefined

ATUHANAIIYDY Output 1Az Input § IidnnsdifiussduIifhqaymuoidiasinnuoives
modyann wazeswuhde Wenedagumaduly seduus iy ifhazanaafuvevivai
vousvla uaninn‘f’:ﬂ'nm_;‘lﬂﬂﬁlﬁmdi,uﬂzﬁﬂaﬁ'ﬂf]mmmmﬁty&ymv'iﬂﬁ’ﬁmu:mmmﬁu‘lﬂm
winuazauhigaou mldnsaaae T 1dszes Tnain uadrsriludesld suiudesdeunseidu

{UIAY 19U Line driver

+I5V_ L5B MSB
0100 0 O0O0T1 0 11
Space
(=0)
T e I R i T
Indeterminate
ov l Region
-3 V ””””””””””””””””””””””””””””””””””””””””””””””””
Mark
(=1) — —
Seven Data Bits
15V —| /’ [ <—~—--———~>[ \ «—
Start Bit Parity Bit
Two Stop Bits
‘+— »

Data packet comespordiin to the SCLL character A

31# 2.7 RS-232C wave form
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2.2.4 TomAoiveaneineynsu

- 4
1 o o = o ar
71 Serial Port Register A3 umsiou Tilsunsuniuquwesneynsuiidall

A13191 2.4 1aAIA1 Serial Port Register

Name /O Address IRQ Interrupt Programmable Interrupt Mask IRQ
Vector Controller Value
COM 1 3F8 4 0x0C O0xEF 0x10
COM 2 2F8 3 0x0B OxF7 0x08
COM 3 3E8 4 0x0C 0x0C 0x10
CoOM 4 2E8 3 0x0B 0x0B 0x08

2.3 MINOYAANDZNITANDGDAN NADIND
23.1 mwﬂgmnmamm?t (Frequency Meodulation :FM)
4 o d a o o o T e =) £
sinduvesdygraeriduiavnindyaauegaadziln 2.8 (n) wudganudoeyaiiu

1 ¥ o o { o [ ¥
dnmad hlvegaauudygruminedsli 2.8@) Fygrammzudivinmsyegaanaloniu

R

= o g o voA Y o 1l o 4 o
awgli 2.8 () dludygrameibusziiuiiina 1, dygraeddueginnuinaialedygiui

o A

Whwegaalinimeuingsga anudvesmnzezgagaiudedygiaueqaaigania 1

< i

nan 1, oo vegwaszanauiiugud amwdvemnmziszaraaniinnwinasdudundann
nadyaiavegiaaimdinhguinamaiivay winzezinnwdonasdiniinnudnasuazie
dygrawegaanduuniugudinaimil avwdmmeiezndumndennudnmaduin wuluza
a4, 091 Fozdmuuidnltidevq anludrnuinmesziddounlaslinmusuldgaves
dyIuuegIan ua:wm:ﬁaﬂmgiﬁmm't’inm»uf’iaﬁ'q;ﬂg1muagmmi‘luguﬁ Fran NN
HoauuldnnanuanaisSoninudidiouu (Frequency deviation) W3a@ 31
s tvesauntsionidy
aumsveRaunImEie X, = 4 cos(e,f)
aunIdyguueqoa X =4 sin(o.f)
adunmzeznldouilasluseus anwd o, anfu
0= o, +Awsin(a.t)

o
aumsenisy As X

o = 4. cos(@w t + fsin(@, 1))
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(ﬂ)i’ﬁmmmﬁqmjsq:mmma M uds |

51l 2.8 namamsLBGIAANIIAIIND

¢ ¢ da ¢ a
2.3.2 T3AIUUA HAZNUUAIATYBIMINBGIDANIIAIIND
d’d’ = Y v § ' a J L4 . o o
TuntlzRnsandygavnsidugllad Tasszifaladuuug (Sideband) $11m1Y
w o o : a a :
oviud uazludganumivegaanuanuivevuianiousmlign (Amplitde) Asfiaue ¥3
1 o W A v + d L4 @  a & o
MUATLIN « Adavesnduwinzseunszooldegluladuuud anuduRuivesnaunivziy
d - 3 Yo @ q o
leauuualunisusgaaniannuivziuegiuasiinisuegaa (Modulation Index)” 1HBINNAYI
asvequaaiiuffuasuves lysuuuand gy
23.2.1 AvinIuegon

Axlinsuaguaa (m) annsomn1d lau
Avinsuegan: m = £,/ f,

A A o A
) £, Ao anuddisauu
- a o a v
£, f8 anudvesdyauduegaa
1 = o : v d? 1o 1 d' o/ d. W ' a wa ¥
A1 m szfimgadniua m ez¥usgivdiveanidvesdyauidnvegaaud lumailjiauad
fowailusasdiumsidoauu ( Diviation Ratio) 99zl usasidiussnian1udssniannun

dvanugagaronnudgagavesdygaiiduiveamn
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b = lﬂ'
avuMmTeIIg : A=f, [/ f

v o i & a2 @ ] 0 9% ]
muu‘luizuumiuaqmﬂmammﬁ lﬁﬂl“iﬁlu1ﬂ‘llﬂ~3ffiyﬁl!1ﬂlﬁ!ﬂ]ﬂ]ﬂﬂﬂ!ﬁﬂﬂzﬂ'l1ﬁﬂ15!110ﬂl1_l'u
o A g o a o = ° ¥ =
ANUNARUNIHSUINYU Tﬂuﬂui:uqunnmmﬁuq ﬂ]ﬁHﬂ@!ﬁﬂﬂ“ﬂiﬂlﬂﬂ$ﬂ1ﬁu‘ﬂ1ﬂﬂ’)1ﬂﬂ
dsauveeszuugagala iy 75 iz
. ;
2322 'lqmuuuﬁ‘ummiuﬂ@mﬁmqmmﬁ (Sideband of FM)
; o o ¢
Lﬁﬂl‘ﬂﬂ‘ﬂ'ﬂﬂ‘ﬂﬁﬂ]‘iHﬂﬂlﬂﬂ“ﬂiﬂiyﬂlu1ﬂlllf’1”Jl‘i1‘ﬂZﬁ1H15ﬂﬁ11’ﬂﬂll'l.|uﬁ{‘llflﬂﬂﬁﬂﬂﬂlaﬂ'ﬂ"N
dYyy A o oa ;‘.‘] s F " a e v o s o+ ﬂ
ﬂ’ﬂllﬂulﬁ WaATUNTITHORIALLIUFUIIZ UM NITAAUNIHEDUTUALUNIUY muu"lmﬂuuumst U
o 3 v A oA a 4 o q ¥e s - a s
AuuAIy llﬁlllf]ﬁ‘lf'l-lﬂTillﬂﬂlaﬁ!Wll“]uil:ﬂ"lalﬁil1“’)111‘]5911!1]1!9[1"1111“?!'JU!I.ﬂleﬂll'lIﬂgﬁ‘UﬂQ‘l’ﬂﬂ
o a 4 ] - o n’/ r w q
l!UHﬁﬂﬂleﬂﬁu llﬂil'ﬂl.lﬂﬁﬂﬂ‘llﬂﬂ’ﬂH:ﬂﬁ'ljlgﬂaﬂi]uﬂiz'ﬂﬂﬂﬁ'ljﬂﬁlﬁﬂﬁﬂﬂ'ﬂ 2.4 ﬂﬁu'ﬂ“‘i:’i]ﬂ
o td’o o Py T o o (: t: d‘l o
lﬂuguu ‘utu:umawaqmsnagmnmmmumz'lﬂagﬂn‘lmﬂuuuﬂmﬁu LIBATUN TUDALAA

4 4 a ] Y o o ¥ a A P
INUUVUDAN (ﬂ1aﬂllﬁﬂ‘1ﬂ31lﬂﬂﬁﬂiqm1uﬂUﬂﬂulﬁn) ﬁdmﬂ'lﬂ’]mﬂ‘nﬂﬁuw1ﬁzlﬂuﬂuﬂnﬂgﬁmﬂiﬂ

= A o I A [
AITHN 2.5 MINTSUARUNIHE l!ﬂz"l‘]Sﬁlllluﬂﬂﬂ‘lfuﬂﬁllﬂﬁ!ﬁﬂﬂ"lﬂN"]

Aiing WMz laAuuungi

agian ] 2 3 4 5 6 7 8
0.00 1.00

0.25 098 | 0.12

0.5 094 | 024 |003

1.0 077 | 044 011 |o0.02

1.5 0.51 056 [023 |006 |00

2.0 022 | 058 |035 |013 |o0.03

25 005 | 050 {045 |022 |o007 |o002

3.0 026 | 034 {049 |031 [013 |004 |00l

40 040 | 007 j036 J043 [028 |013 o005 o002

5.0 018 | -033 [005s |o036 [039 |026 |013 |005 |o0.02

da & {
23.2.3 HUUAIATUBINTUOPIAANIIAING (Bandwidth of FM)
{ <1 { 1 o
luszuumsuegaanniianud lsduuudqusnlinnudonfy £+, uaz - £, 1o
AT Y A & A w > o o
nuuagiiaeatinnudmdy £+ 2f, waz f.- 2f, muduGeo) AniuurusIasvean1s uegan
oy o s I o o o &oa A LA
nuaNuidesnseuaqui i lvduuuandrgnndnivie uuudlateztuagivasiinisueg

; - i . \ :
Lﬂﬂlla:ﬂ'ﬂﬂﬁ‘“ﬂﬂﬁiyiy"lﬂl'ic"'l!1]1”1”0@1{19]1!6:‘D]ﬂﬁuﬂ'liﬂ‘lfﬁﬂ"lillﬂﬁlaﬂ 61&517151Uﬂ'|ﬂ’.]11|?]

IWSIUUIAEANNDVOIFYYIU VOGRS 19K MUUAIAT AR INAUNS
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BM =2 fmxSidebands

a am o oda o
Tumalfiaezsuvinaunsuuuaiasuuulssuim

BM =2(fd max+ fmmax)

-1 3
2.3.3 rovidunuvanny

1 ot t o = 9 Y o n’a = o T ] :i T
lumsdidyanaudieg Snfhuiisidesdhidggraiulignsdeglusisnnudmia

A A ¥ o Yo o P s oA Ve > a da o
lWﬂ’ﬂﬂS‘lﬁlﬁﬂﬂi‘Bﬂl’ﬂ'Jﬂﬁ'l\“lﬂuu'ﬂuﬂ'Jﬂﬂﬂl"u‘l:ﬁlun'liﬁﬂﬁmumﬂlﬂluu ATTAVTTULILUAIANUYDI

o

1] . » ¥
dygneudie m,, Hudyanadnasialhiui @@ msizmsvegaannuiiuhilsmivey
= Y 9 =1 o < = = [ o aa : ¥
maviadudumiloudygouedumsivsan m, lunsditudygiagllninnuddeniu wl
1o 3/ 3 = w wad ¥ a 3 ¥ - ek o ¥
vl s lvfsrduguauiamniviwesmsvegaannie sy laiamuaudnezyinline
éwd’ld’ﬂw: clld’ﬂﬂd’ g ¥
aymuAeIRTesilla anhwswsannsdisuil ViduiuguTavauuald

m,, =acos(a,f)

(r)

o wlihildsmmundvazves ¢ nldeullnnmnus o,

Aml(,)

A ] o = o o 1 o o a A a
LUBIINAN ICOS(C’)mt)| YATNINY t ASUUATMTILYUVUYDIANUDRIN a)c u1ﬂﬂqﬂﬂﬂ'ﬂ A® U

o
lunsail m

= ak, cos(w, 1)

Aw = ak,
' Al o P o P L. ' e
A1 A@ UNFATUNI AANUOUINNYATA (Peak frequency deviation) AINIUDTIVUE @y
veag,, Mnmlageziiiiu

Ao, = o Ao cos(a), 1)

A o [ E A
Werluermumsmsaniuse 14
Ao .
@10 " = A _cos(w.t + (E) sin(e, 1))

= A coc(o,t + fsin(w,t))

Taofualyd

p=2
a)m
o ¥ o 1 v v -:l’cl ’ o o o S L o =
uazdanezlamiudelilm g stidmanuddgylumsdmuatuualatiismmudin SNR amalu
o o I3 Y o o =1 ° ] 4 ar Y o
ms lusegaadyguedduiidusiiu g SMesniuddlatinsdmuam g Iiuddquania
o -4 { - . . [ =3
vosdyguedduiiFoni AsiimIueqiaa (modulation index) voadganameridy hilunsdl § ¥
»

] a L4 o
sfeusrensanezaszoiennl 14 Tavldoynsumiand (Taylor series) vz 1HHAINT Aailfe
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{ =) 4 o el ) o w ' ¥
Tunsdin g imleoning mmnsefivzdanalndam g onfids sesquagesanhllan g,

o

oo ) ¥ ° t =] o 8 a
tpuantidauilgnimuadonndygioeWidunuuanAl (Narow band FM ) FWsuuny

e 0.

k2]

W yaryy(y AU A
Prsrne o =4.cos(wt)—A.p sin(ew, 1) sin(w 1)
E 4

wnziiie 1FATUENRUT sin (A)sin(B) = 0.5 {cos(A-B)-cos(A+B) azin IW 131 aumis TnaisaiiAe
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3.4.4 NaueviemANBgIaNe3 ( FSK Modulation )
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R2= 1/'(fH x C) =1/(38.4kHz x 2200pF)
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HAIMIAOATIAVOITY U Sine
104.2uS/4 = 26.05 4 S
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2Z° EXAR
A ...the analog plus company™

XR-2206

Monolithic
Function Generator

FEATURES

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.

Linear Amplitude Modulation

TTL Compatibla FSK Controls

Wide Supply Range, 10V to 26V

Adjustable Duty Cycle, 1% TO 99%

June 1997-3
APPLICATIONS

® Waveform Generation

e Sweep Generation

¢ AM/FM Generation

¢ V/F Conversion

¢ FSK Generation

® Phase-Locked Loops (VCO)

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
high-stability and accuracy. The output waveforms canbe
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
extemally over a range of 0.01Hz to more than 1MHz.

The circuit is 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
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP 55°C to +125°C
XR-2206P 16 Lead 300 Mil PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOQIC 0°C to +70°C

y _J/ J/ J/ J /7 7 M

©1972

TOM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 @ (510) 668-7000 ¢ (510) 668-7017
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16 Lead PDIP, CDIP (0.300")

XR-2206

SYMA2 SYMA2
SYMA1 SYMA1
WAVEA2 WAVEA2
] WAVEA1 WAVEA1
GND GND
SYNCO SYNCO
BIAS BIAS

FSKI FSKI

16 Lead SOIC (Jedec, 0.300")

PIN DESCRIPTION

Pin# Symbaol Type |Description
1 AMSI l Amplitude Modulating Signal Input.
2 STO o Sine or Triangle Wave Output.
3 MO (o] Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor input.
6 TC2 | Timing Capacitor Input.
7 TR1 8] Timing Resistor 1 Output.
8 TR2 O | Timing Resistor 2 Output.
9 FSKI | Frequency Shift Keying input
10 BIAS o] internal Voltage Reference.
11 SYNCO O Sync Output. This output is a open collector and needs a pull up resistor to Veg.
12 GND Ground pin.
13 | WAVEAT1 | }Wave Form Adjust input 1.
14 | WAVEA2 I | wave Form Adjust Input 2.
15 SYMA1 1 Wave Symetry Adjust 1.
16 SYMA2 | Wave Symetry Adjust 2.

y __ J J/ J/ J /[ /M TOM™
3




XR-2206 2° EXAR

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vec = 12V, Ty = 25°C, € = 0.0114F, Ry = 100k, Ry = 10kC, Ry = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2208CP/D
Parameters Min. | Typ. | Max | Min. | Typ. | Max. | Units |Conditions
General Characteristics
Single Supply Voltage 10 26 10 26 v
Spiit-Supply Voltage +*5 +13 +5 +13 \
Supply Current 12 17 14 20 mA Ry > 10kQ
Osclliator Section
Max. Operating Frequency 0.5 1 05 1 MHz |C =1000pF, Rq=1kQ
Lowast Practical Frequency 0.01 0.01 Hz |C=50uF, Ry=2MQ
Frequency Accuracy +1 +4 2 % offy |fo =1/R4C
Temperature Stability +10 +50 20 ppmV°C |0°C < Ta < T70°C
Frequency Ry =Ry =20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 | 0.1 0.01 %N | Viow = 10V, VHigH = 20V,
Ry = Rp = 20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=fL [TH@R1=1kQ
fL @ Ry =2MQ

Sweep Linearity

10:1 Sweep 2 2 % fi = 1kHz, fi; = 10kHz

1000:1 Sweep 8 8 % f_ = 100Hz, fyy; = 100kHz

FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing Components

Timing Capacitor: C 0.001 100 ] 0.001 100 wF | Figure 5

Timing Resistors: Ry & Rz 1 2000 1 2000 kQ
Triangle Sine Wave Qutput! Figure 3

Triangle Amplitude 180 180 mV/kQ | Figure 2, ¢ Open

Sine Wave Amplitude 40 60 80 60 mV/kQ | Figure 2, S, Closed

Max. Output Swing 6 6 Vp-p

Output Impedance 600 600 Q

Triangle Linearity 1 1 %

Amplitude Stability 05 0.5 dB | For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 % Ry = 30k02

With Adjustment 04 1.0 0.5 15 % See Figure 7 and Figure 8

Notes

1 Qutput amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.
2 For maximum ampiitude stabillty, Rz should be a positive temperature coefficient resistor.
Bolid face parameters are covered by production test and guaranieed over operaling lemperature range.

y  J J/ [/ 7 7 7 7 L M TEOM'
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XR-2206

DC ELECTRICAL CHARACTERISTICS (CONT'D)
XR-2206M/P XR-2206CP/D

Parameters Min. r Typ. [ Max. | Min. ] Typ. ] Max. | Units |Conditions
Amplitude Modulation

Input impedance 50 100 100 kQ

Modulation Range 100 100 %

Carmier Suppression 55 55 dB

Linearity 2 2 % For 95% modulation
Square-Wave Output

Amplittide 12 12 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns |CL=10pF

Fall Time 50 50 ns {C_=10pF
Saturation Voltage 0.2 04 0.2 0.6 v I = 2mA

Leakage Current 0.1 20 0.1 100 pA  |Veo=26V

FSK Keying Level (Pin 9} 0.8 14 24 0.8 14 24 Vv See section on circuit controls
Reference Bypass Voltage 2.9 a1 33 25 3 35 v Measured at Pin 10.
Notes

1 Qutput ampiitude is directly proportional to the resistance, Rs, on Pin 3. See Figure 3.
2 For maximum amplitude slability, Ry should be a positive temperature coefficient resistor.
Bold face paramelers are covered by production test and guaranteed over operaling temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Power Supply ........oviiiiiii i 26V Total TimingCurrent ... ................... BmA
Power Dissipation ....................... 750mwW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C ....................., 5mW/PC

SYSTEM DESCRIPTION

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

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

AN A S A E A A
5

terminals to ground, With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
selact one of the timing resistor currents, and routes it to

the VCO.
TOM'
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Figure 13. Sinusoidal FSK Generator
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Vee
= 2[__1
:;'__;11"": f= CI:R1 + Rz]
. 4
R
L 5 16 Duty Cycle = 7 +1Rz
g Mudt.
c And x15
T 6 Sine %14
= Shaper
9 x13
,\2\1,. T1| Cument L\ 2 P
_L Rz, 8] Switches +1> < Sawtooth Output
= L < Pulse Output
B T
XR-2206
5.1K
|+ Vee
™~ 104F
Y .
CCTTTEIK Ak —

Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and R, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage >> 2V, only
R; is activated. Similarly, if the voltage level at Pin 9 is
<1V, only R2is activated, Thus, the output frequency can
be keyed between two levels. fy and f, as:

f1 =1/R4C and f> = 1/RpC

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

Output DC Level Contro!

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of = V{2,

y -/ J/ / J/ /S /M
10

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R4 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 71 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.
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FEATURES

Wide Frequency Range, 0.01Hz to 300kHz
Wide Supply Voltage Range, 4.5V to 20V
HCMOSTTL/Logic Compatibility

FSK Demodulation, with Carrier Detection
Wide Dynamic Range, 10mV to 3V rms
Adjustable Tracking Range, +1% to 80%
Excellent Temp. Stability, +50ppm/°C, max.

XR-2211

FSK Demodulator/
Tone Decoder

June 1997-3
APPLICATIONS
Caller Identification Delivery
FSK Demodulation
Data Synchronization
Tone Decoding
FM Detection
Carrier Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-ocked loop (PLL)
system especially designed for data communications
applications. It is particuladly suited for FSK modem
applications. It operates over a wide supply voitage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz. It can accommodate analog signals between
10mV and 3V, and can interface with conventional DTL,
TTL, and ECL logic families. The circuit consists of a basic
PLL for tracking an input signal within the pass band, a

quadrature phase detector which provides carrier
detection, and an FSK voltage comparator which provides
FSK demodulation. External components are used to
independently set center frequency, bandwidth, and output
delay. An intemnal voltage reference proportional to 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.

ORDERING INFORMATION
Operating
Part No. Package Temperature Range
XR-2211M 14 Pin CDIP (0.300") -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300") -40°C to +85°C
XR-2211P 14 Pin PDIP (0.300") -40°C to +85°C
XR-22111D 14 Lead SOIC (Jedec, 0.1507) -40°C to +85°C

y /777 /77 /77 / 4

oM

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 ¢ (510) 668-7000 ¢ FAX (510) 668-7017
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BLOCK DIAGRAM

Pra Ampiifier
INP @ {> 1) wo

8-Det 3} LOF
TIMC1 @
l Lock
Detect
vco L N Comparator D ¢
[ 00
ez \13
s ] 5) LDOQN
TIMR (12 Det
intemai
Ver @ —{_\Zer_} \ :
Referencs FSK Comp DO
comp) (8

Figure 1. XR-2211 Block Diagram
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PIN CONFIGURATION

XR-2211

o

Vee TIM C1 Vee M C1
INP [d TIM c2 INP TiMC2
LDF ] TIMR LDF TMR
GND LDO GND LDO
LooaN {5 Vier LDOGN VRer
1poa | ] NC LDoQ NC
DO COMP1 DO COMP i
14 Lead CDIP, PDIP (0.300) 14 Lead SOIC (Jedec, 0.150")
PIN DESCRIPTION
Pin# Symbaol Type | Description
1 Vee Positive Power Supply.
2 iNP | Recelve Analog input.
3 LDF QO | Lock Detect Fitter.
4 GND Ground Pin.
5 LDOON O ]Lock Detect Qutput Not. This output will be low if the VCO is in the capture range.
6 LDOQ O Lock Detect Qutput. This output will be high if the VCO is in the capture range.
7 DO o] Data Output. Decoded FSK output.
8 COMP t FSK Comparator Input.
9 NC Not Connectad.
10 VRerF O |internal Voltage Reference. The value of Vrer is Voc/2 - 650mV.
1 LDO o Loop Detect Output. This output provides the result of the quadrature phase detection.
12 TIMR 1 Timing Resistor input. This pin connects to the timing resistor of the VCO.
13 TIMC2 | Timing Capacitor Input. The timing capacitor connects between this pin and pin 14.
14 TIMC1 i Timing Capacitor input. The timing capacitor connects between this pin and pin 13.

y _ J J/ /S /L M TOM'
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ELECTRICAL CHARACTERISTICS
Test Conditions: Ve = 12V, Ty = #25°C, Rg = 30KQ, Cg = 0.033yF, unless otherwise specified.

Parameter | Min. | Typ. | Max I Unit |Conditions
General
Supply Voitage 4.5 20 Vv
Suppty Current 4 7 mA Ry > 10KQ. See Figure 4.
Osclllator Section
Frequency Accuracy * +3 % Deviation from fg = 1/Ry Cq
Frequency Stability
Temperature *20 *50 ppm°C ] See Figure 8.
Power Supply 0.05 0.5 %N Vee =12 +1V. See Figure 7.
02 %N Vee = +5V.See Figure 7.
Upper Frequency Limit 100 300 kHz Rp = 8.2KQ, Co = 400pF
l.owest Practical Operating 0.01 Hz Rp=2MQ, Cy=50nF
Frequency
Timing Resistor, Ry - See
Figure 5
Operating Range -] 2000 KO
Recommended Range 5 KQ See Figure 7and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 3200 +300 pA Measured at Pin 11
Output Offset Current 1 pA
Output Impedance 1 MQ
Maximum Swing 4 +5 \ Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 nA
Qutput Impedance 1 MQ
Maximum Swing 1 Vpp
Input Preampt Section Measured at Pin 2
input Impedance 20 KQ
input Signai
Voltage Required 1o
Cause Limiting 2 10 mV ms
Notes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Boid face parameters are covered by production test and guaranteed over operaling temperature range.

y  J J J/ L J L L L M TEOM'
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2211

Test Conditions: Vo= 12V, Ty = +25°C, Ry = 30Ks), Co = 0.033¢F, unless otharwise specified.

Parameter | Min. | Typ. [ Max. l Unit | Conditions
Voltage Comparator Section

Input Impedance 2 Mg Measured at Pins 3 and 8
Input Bias Current 100 nA

Voltage Gain 55 70 dB R =5.1KQ

Qutput Voltage Low 300 500 mv lc=3mA

Output Leakage Current 0.01 10 nA Vo =20V

internal Reference

Voltage Level 4.9 5.3 57 A Measured at Pin 10
Output impedance 100 Q AC Small Signat
Maximum Source Current 80 pA
Noftes

Parameters are guaranteed over the recommended operating conditions, but are not 100% tested in production.
Bold face parameters are coversd by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS
PowerSupply ........cccoiiiiiiiiiieniaiann. 20V Package Power Dissipation Ratings
input Signat Level ........................ avms CDIP .. e e 750mwW
Power Dissipation ....................... 900mw Derate Above To=25°C ............... 8mW/°C
PDIP ... s 800mwW
Derate Above Ty =25°C .............. 80mw/°C
SOIC .. 390mwW
Derate Above Ty =25°C ............... 5mwW/°C
SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from an
input preamplifier, analog multiplier used as a phase
detector and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that
input signals above typically 10mV mms are amplified to a
constant high level signal. The muttiplying-type phase
detector acts as a digital exclusive or gate. Its output
(unfitered) produces sum and difference frequencies of
the input and the VCO output. The VCO Is actually a
current controlied osdillator with its nomnal input current
(fo) set by a resistor (Rg) to ground and its driving current
with a resistor (R¢) from the phase detector.

The output of the phase detector produces sum and
difference of the input and the VCO frequencies

y _ J/ / / J [/ /L L [
5

(interally connected). When in lock, these freguencies
are fiy+ fyco (2 times fiy when in lock) and fyy - fyco (OH2
when lock). By adding a capacitor to the phase detector
output, the 2 times fjy component is reduced, leaving a
DC voltage that represents the phase difference between
the two frequencies. This closes the loop and allows the
VCO to track the input frequency.

The FSK comparator is used to determine if the VCO is
driven above or below the center frequency (FSK
comparator). This will produce both active high and
active low outputs to indicate when the main PLL is in lock
(quadrature phase detector and lock detector

comparator).
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PRINCIPLES OF OPERATION

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

Quadrature Phase Detector Output {Pin 3): This is the
high impedance output of quadrature phase detector and
is internally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected 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 is not used, pin 3
can be left open.

Lock Detect Output, Q (Pin 6): The output at pin 6 is at
“low” state when the PLL is out of lock and goes to “high”
state when the PLL is locked. It is an open collector type
output and requires a pull-up resistor, R, to V¢c for
proper operation. At “low” state, it can sink up to 5mA of
load cumrent.

Lock Detect Compiement, (Pin 5): The output atpin 5 is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink SmA of load current at low or “on” state.

FSK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, Ry, to Vg for
proper operation. it can sink 5mA of load current. When
decoding FSK signals, FSK data output is at “high” or “off"
state for fow input frequency, and at “low” or “on” state for
high input frequency. i no input signal is 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.
Nomally, an FSK post-detection or data filter is
connected between this terminal and the PLL phase
detector output (pin 11). This data filter is formed by R¢
and Cg {see Figure 3.) The threshold voltage of the
comparator is set by the intemal reference voltage, Vrer,
available at pin 10.

Reference Voltage, Vrer (Pin 10): This pin is intemally
biased at the reference voltage leve!, Vrer: Vrer = Ve /2
-650mV. The DC voltage level at this pin forms an intemnal
reference for the voltage levels at pins 5, 8, 11 and 12. Pin

y  J/ J/ / J/ / [/ J/ J/ /7 4
6

10 must be bypassed to ground with a Q. 1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This terminal
provides a high impedance output for the loop phase
detector. The PLL loop filter is formed by Ry and C4
connected to pin 11 (see Figure 3.} With noinputsignal, or
with no phase error within the PLL, the DC level at pin 11 is
very nearly equal to Ve The peak to peak voltage swing
available at the phase detector outputis equalto 2 x Vrer

VCO Control Input (Pin 12} VCO free-running
frequency is determined by extemal timing resistor, Ry,
connected from this terminal to ground. The VCO
free-running frequency, fo, is:

_1_
R.C, Hz

f,=
where Cyis the timing capacitor across pins 13 and 14.
For optimum temperature stability, Ryp must be in the
range of 10KQ to 100KQ (see Figure 9.)

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

VCO Timing Capacitor (Pins 13 and 14): VCO
frequency is inversely proportional to the extemal timing
capacitor, Cg, connected across these terminals (see
Figure 6.) Cg must be non-polar, and in the range of
200pF to 10uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg at pin 12
(see Figure 10.)

VCO Fres-Running Frequency, fg: XR-2211 does not
have a separate VCO output terminal. Instead, the VCO
outputs are intemally connected to the phase detector
sections of the circuit. For set-up or adjustment purposes,
the VCO free-running frequency can be tuned by using
the generalized circuit in Figure 3, and applying an
alternating bit pattern of O's and 1’s at the known mark
and space frequencies. By adjusting Ry, the VCO can
then be tuned to obtain a 50% duty cycle on the FSK
output (pin 7). This will ensure that the VCO {g value is
accurately referencad to the mark and space frequencies.

oM
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Loop Data
Filter Filter FSK
ool . [—of o >
FSK
Comp

ol |
o—|>— VCO
Input .

Preamp,

Figure 2. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

Vee

R
1 s
Detect
Input >__|
Signal
0.1pF 14
pa= i Looa
= LDOQN

s Quad
: ~t Phase
Datact

Figure 3. Generalized Circult Connection for
FSK and Tone Detection
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DESIGN EQUATIONS

(All resistance in 0, all frequency in Hz and all capacitance in farads, unless otherwise specified)

(See Figure 3 for definition of components)
1. VCO Center Frequency, fo:

=1
o= RG,
2. Intemal Reference Voltage, Vrer (measured at pin 10):

Vier = (—\%’5 )—650mv in vofts

3. Loop Low-Pass Filter Time Constant, t:

T = CyRpp (s6CONdS)

where:

Ri-RF
Ree (R1 + Re )
if Re is co or Cp reactance is o, then Rpp = R1
4. Loop Damping, s:

C = 1250'00
R,-C,
Note: For derivation/explanation of this equation, please see TAN-011.
5. Loop-tracking

bandwidth, *= ‘%—f
af _ R
kb R,
Tracki
Bandwidth
Af Af
i 1 [ [ [
1 1 1 1 1
fu fi fo f2 LT3

y _J/ J/ J/ J/ / / [/ [/ JZ 4
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6. FSK Data fifter time constant, tF:

- Rs - R
(Rs + Rp)

Tr

-Cr (seconds)

7. Loop phase detector conversion gain, Kd: (Kd is the differential DC voltage across pin 10 and pin11, per unit of
phase error at phase detector input):

K. = Viere - Ri| voft
7~ 10,000-x | radian

Note: For derivation/expianation of this equation, please see TAN-011.

8. VCO conversion gain, Ko: (Ko is the amount of change in VCO frequency, per unit of DC voltage change at pin 11):

K, = 21 _ [ radian/second
VEF N Co - R 1 - VOﬂ'

9. The filter transfer function:

= _..1___ = =
As) = 7 grc, *0 2 S=dvandw =0

10. Total loop gain. Ky

o N R 1
Ky = KgKsFs) = (5,000.00.('?1 + RF))[seoondS]

11. Peak detector current |z

Vier

I, = 30,000 (Viser in voits and i, in amps)

Note: For derivationfexpianation of this equation, please see TAN-011.

y 7 /77777777 4 TEM’
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APPLICATIONS INFORMATION

FSK Dacoding

Figure 10shows the basic circuit connection for FSK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Ry and Cq set the PLL center frequency, R4 sets the system bandwidth,
and C, sets the loop filter time constant and the loop damping factor. Cr and Ry form a one-pole post-detection fitter for
the FSK data output. The resistor Rp from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuit of Figure 10can be tailored for any FSK decoding application by the choice of five key circuit components: R,
R4, Co, C1 and Cr. For a given set of FSK mark and space frequencies, fo and f1, these parameters can be calculated as
follows:

{All resistance in £2's, all frequency in Hz and all capacitance in farads, unless otherwise specified)
a) Calculate PLL center frequency, fo:

fo’:m

b) Choose value of timing resistor Ry, to be inthe range of 10KQ to 100KQ. This choice is arbitrary. The recommended
value is Ry = 20KQ2. The final value of Ry is normally fine-tuned with the series potentiometer, Rx.
Ry

Ro= RO+-‘-2"*

c) Calculate value of CO from design equation (1) or from Figure 7.

|
Co= Ry

d) Calculate R1 to give the desired tracking bandwidth (See design equation 5).

Ro‘ fo

= Wh 2

R,

a) Calculate C1 to set loop damping. (See design equation 4):
Normally, ¢ = 0.5 is recommended.

1250-C,
C T we——
t R, . gz

ARV AVAV A S A A TOM'
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f) Theinputto the XR-2211 may sometimes be too sensitive 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
from pin 2 to ground. The value of Rx is chosen by the equation and the desired minimum signal threshold level.

Vi minimum (peak) = V,-V, = AV + 2.8mV offset = VRE""(ZO %%OOTR )
’ X

or R, = 20, ooo(‘—;‘i‘;-1)

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

To Phase
Detector

20K

Figure 4. Desensitizing input Stage

g) Calculate Data Filter Capacitance, Cg:

R. = (Re+ Ri)Rg
Ry + Re+ Ry
Cr 0.25 Baud rate in 1

= [(RmBaud Rafe) seconds

Note: All values except Ry can be rounded to nearest standard value.

y _ J J/ J/ /M TOM"
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Rq(Ka)

Supply vs. Current (mA)
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Figure 5. Typical Supply Current vs. V+
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MIXER, OSCILLATOR

* High Current-Gein-Bancwidth Product f; 28000z (Typ)

. Hﬂlmﬂwuh_ﬂl

ABSOLUTE MAXIMUM RATINGS (Ta=26°C)

Chaurhcheriotic Sywbok Faling Unit
Collscior-Base Volage Veso - 90 v
Coflector-Emitter Willage Vemo 20 v
Emitlar-Base Volinge Veso 4 v
Collegtor Curvent b 20 .mA
Coliacior Dissipation Pe 250 N
Junction Temperature ;3 150 -
Swovage Temperaluce’ g ; ~55~ 159 c

1. Guler ¥, Buge 3. Callaches

Charscterietic Symbol Tost Condtlons Me | W | Max | unk’
Collecior-Base Breakdown Voage Yoo le=10pA, lg=0 0 . ¥
Coliacior-Emiiter Brealdown Voitege | BVeso ic=5mA, lg=d 20 v
Emittor-Bass Breakdown Volage Ve lym=10pA, kgm0 4 v
Colector Cut-olt Curvent lemo Vea =N, g =0 0.1 ”n
Emiiter Cul-off Current leso Vs =4V, b«d 0.1 A
DC Current Galn b Nea =y, o =1mA 40 240
Baes-Emitter On Vollage Vae fO0) Ves =8, lc=ImA 0.72 A
Collecior-Emitter Sattration Voltage | Ves(sal) | lo=10mA, lg=1mA 01 03 v
Current-Gain-Bandwidth Product t Vs =W, lc =ImA 400 200 MHz
Quepun Capacitance Coby Vean®V, =0 12 pF
falMHz

Cofiscior-Bass Tims Constant Corbb' Veao®Y, g =—-tmA 12 18 pe
fa31.9MHZ

Common Source Nolse Figure NF Ve =0V, lg=~tmA 0 8.0 daB
Ra =500, 1=000H2

Power Gain Gos Vou =@V, lg = tmA " - 22 dB
Re =600, f=100MHZ
)

hee CLASSIFICATION
Classification A o Y
by 40-80 70-140 120-240
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