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Wireless Modem

Tanatip Sriwiroonchai
Tanarat Pholngam

Unnop Khanthikoon

ABSTRACT

This thesis present reserch and construction of data communication between
computers. The intelligence signal from a computer is sent to another by aynchronous
communication which 2400 baud rate of transmission. Data is transmitted through computer
serial port and then coded by frequency shift keying method. After that procedure, data is
brought into RF transmitter which has 49.9MHz carrier frequency and send to communication
channel by half duplex communication. Next, RF reciever get signal from arial before send to
frequency shift keying decoder in order to recover information. Finally, the same data with

respect to data from transmitted computer is brought to recieved computer through its serial

port.
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Un 8
1

Ml XR-2206 uas XR-2211

8.1 neazidaanaqlijves XR-2208

- "U
XR-2206 1luTuTudfnfandunumers mas"la% (Monolithic function generator IC)
» o t 4 o ¢ v [} [ o
Trnudmivaedoaaansu (sine), MUAON (square), ANTY (triangle), UIUN (ramp),
o> P ] v A ' »
Warl (pulse) 11 gauam 1adosam taz anuiiomsage jladueAana aunsaneqionla
. 4 ]

E 4 v vy . [} b 4
TIMIVUIA (AM) (eI @M) Tealsmdnmaisuen Tasiisaenamudlsnuaua
0.01 Hz 3 1 MHz

oy . . .

ledwesmnedmiuas lsmilussuudems, Wussuunissiiodn, uazssuui
apsmsunassuiiadggoianoy, i, sy wiodyg ainums e udey
amud Tedtinunaudonuuvesquugiiily 20 pproyesrusaiton ABooaIaianes
tﬂlﬂiQﬂﬂﬂlﬂﬂl‘?ﬂlf;u‘l;gdﬂ‘i’l 2000:1 $2eANWE laemsAuguussinmouen tuvae

st S8
NUANUIRTUAT

8.2 andazAARYEI XR-2206

S 4 ‘3 )
AU vBINAUNEUM 0.5%, Typical
@fus AN NI 20ppm/ °C, Typical

) [ L 4

FNANAVBIANVANIN 2000:1, Typical
: A .

au'las Ilioaa 0.01%V, Typical

L 4
nsyegaadnail e
P Y o et ¥
msmuguamidanselydyanusiniifivea (rTL) la
v L4 ‘;
¥219n7v83 1o 10V-26V

4 t 4
@77 lanfia (duty cycle) smnsodiula 1%-99%

8.8 M31¥391H XR-2206

Waveform Generation
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Sweep Generation
AM/FM Generation
V/F Conversion
FSK Generation

Phase-Locked Loops (VCO)

d

' .74
8.4 MIGIYATHY I
dy
ideeaa0s
gy
o A 3

MsgYITEIMIIL 25 °C
Total timing current

. »
¥2gungl s

26V
750mW

5mW/ °C

6mA

65 °C 83 +150 °C

8.5 Ins9E N WEAIEN NN INNUYBY XR-2206

B S (VX]

MULTIP]

16

15

14

13

v

~)

— |

-t
—t

—
o

{le]

[~

CURRENT
SWITCHES

XR-2206

517 8.1 uTIAY functional block diagram Y83 XR-2206
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8.6 T1HaAZIBLAVBITZUVUBI XR-2206

XR-2206 sznoudas 4 mamsiau1dun madnaniunuesadaiaaed
o~ o g o
(Voltage Controlled Oscillator : VCO), 1esgaiouiden, 3eslsudyarame, ivmes
o L4 aa I3 o ot a 1 ar [y &
(Buffer) oz aindnszua 3310 wzndmordanannudiiludadiununszuaduna 3
o o 9 o 9 P Py b’ o o A <t
munsaiinuald lasdadumuiidetnnnnine19eiuNaIaNI 1A (ground) 11BN 2
4‘ ot as ar o’: - as 9 d' o ar o o ar -1
viinsIfuna daiudsaunseadndyaiald 2 anud dvsunsduliadyaneusu
9 . - = d’ ] o ['4
omn Tagld1 FSK input control Audvipanadunaiiv: lauguisesmeluduaing

4'! Y o - ai T o Y o s Aot
nIstie mtﬂnmﬂmsmaﬂm'nﬂammumummmmncﬂe

8.7 gaBeAN1I ¥ XR-2208

9/ as A o
MIVITHAUUV@BUANUD

XR-2206 o130 161 Tasdof @ umuIIal (Timing resistor) 2 A3U8ATU (R1,R2)
:; ot o d' @ v as yn,: ‘é‘ o
i1 7 uazv 8 veeloddagin 8.2 Tagdadumundazdnsgnliniuvusdnudygy aae
a . a4 v 4 =) A v t o ar e o v =]
30 (logic) Md#v1 9 votled winm 9 larissnSodesgiudya U ndnarganiuse
oY 2v 1 R1 wdluddumusmuanal musufeanumne 9 desgiudygui

] L d v

fnardindmianiduy 1v uda R2 suiludadumuimuanal duiu arwdvesdygnu

wwimaeransahsfaily 2 sefuiitaondiiu f1 uae £2 Taod

fl = /RIC) uay  £2 = 1/(R20)
dmiumslauiiuen Ilifes sdnaudisiaiin o sifioudy v-
8.8 mamuguszAudnalllnssveuenya

szaudna Iasweusdnaiivg 2 Usznahdudna Idassi ludmdriiv 3 ves
o 2 = ar =) = ' a 8 ar g ar u’: 9 1
To& gl 8.2 11 3 ga'ludadroaTanilsvesmdna v+ Heununs1aa asiues 1

fnan Trlassioiyaidy v/ 2

LY 3 d
8.9 msliuaziBaazilaaueinyn

v » [3 3
815 Tuiin (harmonic) MAATUYBINAUMNST MUTRAARUNES 0.5% TAUMIINUA

9 ) & e a o ar
ammuandszua 200 Teviu vt 13 waz v1 14 vealed Tasuml (tap) nsanarivesda
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Ammudiualaamlszuna soo Tevu ndnhmsdiuaumenas (symmetry) 111 15, 16

» ¥ .
fiou aamiusalSuaInfoy (distortion) V1 13, 14

Ul 25k
=

o o A o 7 a
71U¥ 82 uamnsesduliadyanuglneievienn

8.10 uuUININIIBBNUUD

» . . ™~
ﬁms“'nmsnﬂﬂaummsﬂuu‘h’fmﬂ'nunmfﬂ (mark) = 10kHz nazaNuaay ™~

s o’: 9 9 Caki as dy
(space) = 20kHz mumz'lﬂmqﬂﬂsmmaqmu

Rl =1/ (f1*C) ; f1 = 10kHz
R2 =1/ ({2*C) ; f2 = 20kHz
- RI/R2=2

. L
1390 R1 =20k @911 R2 = 10k

AU C TPAWMAY 1 / (20k*10k) = 5nF
8.11 anvaii lfves XR-2211

XR-2211 HuassstadenguuunTuludfin desnumnndmivlfaumeduns
& ¥ % ~ a Lok o o ¥ o o
Femiteyalavmmy dnyusimvesleFwes limnzandmiums owiludzoeania
4 Hdo o ] a0 ' 4 A =t e
suuidsuanuadminluay Tedhnauluginiveslhibes e 4.5v 51 20v uaziitha

aawanindlaveglugae 0.01 Hz 83 300 kHz awnsolfdygruewden18lug 2mv



b4

y =< ¢ ’N ~
fla 3v Bnmdraunsodumesla (interface) TnAunssasinasznadiiuea, fivien uaz d
i 4 .
Fuea 2093moluled Yszasulade 2esmladiongll dmsudamudyanuduyaluyis
. 4 < v o [V
{HOUNTY, NvInsamseTafinanes (quadrature phase detector) lydmiuasieaou
i 4
dygrawme uaz dnSouisudnmdmiudisamn (FSK voltage comparator) 1w miy
.4 (4 N . ’Q .Y o d ¢
avequadygnadriomaglnsuniaeniouen lydmiudmuaniuiguonms, touny
P ¥ ' as ¢ o y o = o v a
2l uaz MINUNFYYIUBIANA (delay output) TasAmualasudass dpaonds
(.Y * o e{ o u’: o (.Y &d A ('v
molududamunuldifeantes snhumnzdmsvssuuiimsdounlataussanmem

i w (L 4
wedsesniaoulas

8.12 an¥azaAYUes XR-2211

. 1 4 4
YNATRUYIAIND 0.01 Hz 4 300 kHz
] y d” -
933021984 18092995 45V 03 20V
HCMOS/TTL/Logic Compatibility
L4 Ah v
PripanAvsgImRI LTI e B R UNmE 1A
. v 4
FRATNNNAANAAT 2mV % 3V rms
¢
. £ 4
¥NVBINMIAWAYY (tracking) ANsoUivla +1% 09 180 %
osnMguUNglge 20 ppm/’C

8.13 M3 XR-2211

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection
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8.14 ABSOLUTE MAXIMUM RATING

Power Supply 20V

Input Signal Level 3V mms
Power Dissipation 900 mW
Ceramic Package 750 mW
Derate Above Ta = +25/ °C 8 mW/ °C
Plastic Package ' 800 mW
Derate Above Ta = +25 °C 60 mW/ °C
JEDEC SO and Japanese SO 390 mW
Derate Above Ta = +25 °C 5 mwW/ °C

8.156 FUNCTIONAL BLOCK DIAGRAM

317 8.3 @A functional block diagram Y84 XR-2211

8.18 1AZIBYAVDITSUL

F s ¥ v [] a o
imayaventafiiinmes Indyana novdnuas nanuadvedygudunaiy
N : 4 < o 2
dyanuen ¥ Tenune arwtiomyasaty fin + fvco tag fin - fveo AnTUIMVNzEoN

4 O ’ ' ol ' ar
aawdvesdyana anaseily 2 fin uaz 0 Hz Tavnisaedufuilszynsondyner
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o o oSN ' Ao o q Yar =
output Y93 iaAMnmssAslaltesnssanuddniues e ddygunwag (fin +
° vV A < ar é a 1 d' 0‘:
fvco) gﬂaﬂnaumu'h] midimaeiios AAAINTSHAATIFUNATIN ANUATUNTVDIAIUENI

a [} d”d'l o 3t 4 o * o [ o 9/
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detector comparator )

8.17 s18azdgAn131¥1Y

v . v . 14
asaeasHadaanuihsTanum@ouaud : 31U 8.4 uaas MsdeNuF VBN

woeasimoiemalaod1edenn T 8.3 uay 710 8.4 wihiives gunseineuenudazda

ar d’ o = 4 o ° Py .
Wudadl : Ro uay Co Amuanudguinanveudadengll , R1 dinuauauaNudves
s2UY , C1 AMUANNIANNAI 113395058318329581 (loop filter time constant) LA A1A73
sznaun1snuI13ve333581 (loop damping factor), Cf a2 Rf AN UA one-pole
post-detection filter dMm§udsyaiBinavesdyaaudioain, @37 1UMU Rb ( = 510k )
ninn 7 W s ABwedumsiloundunuuundmsvamSoniouns wuvssdyga

3 s o a =4 3 a
wieen e Iimaanusasalunislaouanuzanin -

fo:1]
14 11
mli o
13 Fine Taw
IS P
12 NN ‘
11 5k
10 1 1
al 1
4 0.1F = 1 1
8 B =
AN\
100k
CF
B 1l
H

51l 8.4 naaamaae luihinsesneasiadygnaudioan
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4 [ @ as o o v
2nesmwglil 8.4 annsaldlady 2esneasfadygradiomanialy Tasmaidens
o o o ] ° a ° a4 g o o
gunsel 5 Aafineegaiousn dmsumsdimua anuddismmnia uazidnemame (

o
f1, £2 ) f1 W15A03 aunsomun 1aael
1) fnaenudgudnasvearadengy , fo:

0=(f1+£2)/2

2) @enf1ved Anumuiimuanal Ro IWeglutas 10k 83 100k Tesaansa
en1damleyey dmsua1d138aves RO iy 20k FMezdesdend Ui um1d 1

dmsulSumazidea Rx
3) AMUIUAWBY CO PINANNTT
CO = 1 / ROfO
I3 ) 4'{ o d' 4; o
4) faue R1 e imua anudisuuuvesnnuausauazals
RI=RO[fO/(fl-£2)]

5) M C1 iWefMuA loop damping JABAT loop damping A1E19BUYIY 172

}
antuneld
Cl=C0/4

6) fmnudutulszynssadoya , CE dmiu Rf = 100k , Rb = 510k M181989989

Cf fD
Cf = 3 / ( Baud Rate ) uF
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a A A o & A > ad '
as¥ouTlsunsuitefiszaiuguneiaeynsiniu Hdwiunarwitlaun a1
. =4 ] a dao [ & P ] °
AIUAY BIOS Function Taoifonrmumeduasiild 14 Fuilumsnihnuneld pos
A g | 'Q o
(Disk Operating System ) Gailogiiuliifiufifionldnin nFeorsezauquarianailaoass

o
A5 waziduads 11

9.1. M3aemsinalyounessia 14

Harfumolufinmdeuiy PC ( Personal Computer ) QniSen BIOS function 4
Qniiu1¥u RoM vea pe TunisdtomsTavld BIOS function I wBuIABIA 14 11
flogiiuWifiond udr msrzilegiudl¥danInaiunidiulasii deunmnszuy
Sulaad Wuszvuiictunsidouiiie famsdemslaoin Sulardiuezvendnly
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wossdthiaimsdeanily cpu nszlaaldiammudumia emhoumudhdiiiog
Tudwmiaiu udde address 9fiving 4 byte Fotumsidhiailedsues Bios deald

doe ﬂ h, [ Amsg 9 2 o y J Y e
parameter NS uTuasly register tdaz IsunsuszliTemaditiilindumaiiuanminu

9.1.1 WanFunsdemsuuueynsnves BIOS

»
Tumisdemsiiunesnoynsuiussidheiladsuves Bios dsaSonriudy
LR K4 11 . A so o : 4
noi5Ud 148 Taolda 0-3 a3l register AH 1fips2yHaiFuNABINIG HazMIN@YNESA

8311 register DX Wosaninuay 0 MU COM 1, wosaminu@ay 1 §m5U COM 2

9.1.1.1 WHansumssammaiiinedaoms

& 8 [ h’l’ \J o J Q7 J \d
Hardu o Wamsunsasmmniimesil mudrdeiladduil Taoldelu register
. o 1 o ~ o . - 2
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G'I Lad o o hyl v A ¥
FPuNoT T 145 AT N 9.1-9.4 MIAAIYOL BIOS Interrupt 14H 1A parity,
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fino L~ el
0 1
1 1 8 Un

»
A5V 9.1 NITAY parity
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a2 | _ isduqe
0 1 in
1 2 ﬁﬂ

1 4
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0

1

1
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fIB61TU 1000001 W58 131 wwmnuiy M muadaswsaiilu 1200
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iavasidmaes AH . ~ sumnovewusaziamionmii 1 -
7 Time-Out Error
6 Transfer shift-regidter empty
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4 Break-Detect Error
3 Framing Ermr
2 Parity Error
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- i/

#define PORT 0

#include <dos.h>

#include <stdio.h> =
#include <stdlib.h>

#include <ctype.h>

#include <conio.h>

void send_file(char *fname);
void rec_file(),

unsigned int filesize(FILE *fp);
void send_file_name{char *f);
void get_file_name(char *f);
void wait(int port);

void sport(int port,char c);
rport(int port);

check_stat(int port);
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void port_init(int port,unsigned char code),

void main{int argc,char *argv{])

{

if (arge<2) {

printf("Usage : transport s <filename> or tranport nAn"),

exit(1);
}
printf("File Transfer program in openation. To abort, \n");
printf("press any key. \n\n");
port_init(PORT,231);
if (tolower(*argv{1] == 's")) send_file(argv{2]);

else rec_file();

void send_file{char *fname)

{

FILE *fp;
char ch;
union {
char c[2];
unsigned int count;

}ent;

if ({(fp=fopen(fname,”rb"))); { .
printf("cannot open input file \n"),
exit(0);

}

send_file_name(fname);

wait(PORT),

cnt.count = filesize(fp);

sport{PORT,cnt.c[0]);

wait(PORT);

sport(PORT,cnt.c{1 i);

do {
ch=getc(fp),
if (ferror(fp)) {
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printf("error reéding input file"),
break;
}
if ('feof(fp)) {
wait(PORT),
sport(PORT,ch);
}
} while (!feof{fp));
wait(PORT);
fclose(fp),

void rec_file()

{

FILE *fp;
char ch;
char fnamef14];
union {
char cf2};
unsigned int count;
} ent;
get_file_name(fname);
printf("receiving file %s\n",fname)};
remove(fname);
if ({(fp=fopen(fname,"wb"))) {
printf("cannot open output file\n");
exit(0);
}
sport(PORT,".");
cnt.c{0] = rport(PORT);
sport(PORT,".");
cnt.c[1] = rport(PORT),
sport(PORT,".";
for (;cnt.count;cnt.count—) {
ch = rport{PORT);
putc(ch,fp);
if (ferror(fp)) {



65

printf("“error writing file"),

exit(0);
}
sport{PORT,".");
}
fciose(fp);

unsigned int filesize(FILE *fp)
{
unsigned long int i;
i=0;
do {
getc(fp);
I++;
} while (feof(fp));
rewind(fp);

return i-1;

void send_file_name(char *f) -

{

Mo, N

printf("Transmitter waiting...\n"});
do{
- sport(PORT,'?);
} while ('kbhit() && !(check_stat(PORT)&256));
if (kbhit()) {
getch();
exit(1),
}
wait(PORT);
printf("sending %s\n\n"f);
while (*f) {
sport(PORT, *f++);
wait(PORT);
}
sport(PORT,\0');
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}

void get_ﬁle__namé(char *f)
{
printf(“"receiver waiting....\n"),
while (rport(PORT) 1='7")
sport{PORT,".");
while ((*f=rport(PORT))) {
if (*F="2) {
f++;

sport(PORT,"");

void wait(int port)

{
if (rport(port)!="") {
pintf("communication error\n"),

eit(1);

void sport(int port,char c)

Rt
union REGSr;

r.x.dx = port;
r.hal=c;
rhah=1;
int86(0x14,&r,&r);

if (r.h.ah & 128) {
printf("send error detected in serial port ),

exit(1);

rport(int port)
{
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union REGS r;
while (!(check_stat(PORT)&256))
if (kbhit()) {
getch();
exit(1);
}
r.x.dx = port;
r.h.ah=2;
int86(0x14,&r,&r); .

if (r.h.ah & 128)
printf("read error detected in serial port");

return r.h.at;

-}

check_stat(int port)

{
union REGS r;
r.x.dx = port;
rh.ah=3;
int86(0x14,&r,&r);

return r.x.ax;

void port_init(int port,unsigned char code)
{

union REGS r;

r.x.dx = port;

r.h.ah-=0;

r.h.al = code;

int86(0x14,&r,&r);
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TECHNICAL DATA
MC3356

WIDEBAND FSK RECEIVER WIDEBAND
... includes Oscillator, Mixer, Limiting IF Amofifier, Quadrature RE(::I‘\(/ER

Detector, Audio Buffer, Squelch, Meter Crive, Sauelch Status out-
put, and Data Shaper comparator. The MC3356 is designed for

use in digital data communications equipment.
MONOLITHIC SILICON

e Data Rates up to 500 kilobaud INTEGRATED CIRCUIT
® Excellent Sensitivity: —~3 dB Limiting Sensitivity
30 uVrms @ 100 MHz

e Highly versatile, full-function device, yet few external parts are

required
P SUFFIX
PLASTIC PACKAGE
CASE 728
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM FIGURE 2 — PIN CONNECTIONS
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MAXIMUM RATINGS
Rating 1 Symbol Value Unit
Power Supply Voltage : | Vectmax 15 Vde
Qperating Power Supply Voitage Range (Pins 6. 10} i vVee 3.0 t0 9.0 Vde
Operating R.F. Supply Voitage Range (Pin 4} | R.F.vee 3.0to 120 Vde
Junction Temperature Ty 150 *’C
Operating Ambient Temperature Range TA -401t0 +75 K
Storage Temperature Range Tstq ! 6510 +150 C
Power Dissipation, Package Rating | ) j 1.25 w
ELECTRICAL CHARACTERISTICS (Vo = 5.0 Vde. fg = 100 MHz, foge = 110.7 MHz, Af = =75 kHz, fmod = 1.0 kHz, 50 N
source, TA = 25°C, test circuit of Figure 3, unless otherwise noted.)
Characteristics Min | Typ Max Unit
Drain Current Tortal, RF Ve and Vee = i 20 25 mAde
Input for ~3 dB limiting . — 30 —_ wVrms
Input for 50 dB quieting (S ;‘ N) - ! 80 - wVems
Mixer Voltage Gain, Pin 20 to Pin 5 —_ H 2.0 3.0
Mixer input Resistance, 100 MHz — | 260 — 0
Mixer Input Capacitance, 100 MHz - ! 5.0 - oF
Mixer/Osciilator Frequency Range (Note 1) — 5 — 200 MHz
{F/Quadrature Detector Frequency Range (Note 1) 0.2 - - S0 MHz
AM Rejection (30% AM, RF Vin = 1.0 mVrms) — ! 50 - a8
Demodulator Output, Pin 13 1 ! 0.5 - Vrmg
Meter Drive - 10 — pAdB
Squelch Threshold - [ Q.8 - Vde ﬁz
Note 1: Not taken in Test Circuit of Fiqyra T: new vatues r
FIGURE 3 — TEST CIRCUIT
Saueich Demod
Data Qutput Su.tul 05(
oy $9% 130k 3.3 : |
100 MHz Ay 30k !:l 3 %'u
RF tnput 001 L' we ¥ u/.cln H 0.1 4:: S —
390 k 33k = Ty =
= _5‘ é]m axs 13, 117 16 15 12 13? 12 rn*
- AF Inout Ground  Data  Comol =) Comol -} Squelch Squeich Demoa Demod Quaao
L1 — 110.7 MHz, 0.4 uH Outout Status Contrgr  Out  Filter  Input
Ty R
L2— 107 Nz 15 pH ] 1500F 13 i
20T #30, Ya Form AF  osc  osc AF Mixer Lmner  Limner Limier Quad ’L 1 !
wrslug & can Gna M. COL _ Vec  OQu___ Vcc  owt  giss  3ias  Biss — _"
T1 — Murata l‘ - I3 ‘ 5 sl Ii.'e-‘;s 1 o
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FIGURE 4 — QUTPUT COMPONENTS OF SIGNAL. NOIS
AND DISTORTION
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General Description

This device is intended for single and double con-
version VHF receiver systems, primarily for FSK data
transmission up to 500 K baud (250 kHz). It contains an
oscillator, mixer, limiting IF, quadrature detector, signal
strength meter drive, and data shaping ampilifier.

The oscillator is a common base Colpitts type which
can be crystal controlled, as shown in Figure 1, or L-C
controlled as shown in the other figures. At higher vVee.
it has been operated as high as 400 MHz. A mixers
oscillator voltage gain of 2 up to approximately 200
MHz, is readily achievable.

The mixer functions well from an input signal of 10
uVrms, below which the squelch is unpredictabie, up
to about 10 mVrms, before any evidence of overioad.
Operation up to 1.0 Vrms input is permitted, but non-
linearity of the meter output is incurred, and some os-
cillator pulling is suspected. The AM rejection above 10
mvVrms is degraded.

The limiting IF is a high frequen¢y type, capable of
being operated up to 50 MHz. It is expected to be used
at 10.7 MHz in most cases, due to thé availability of
standard ceramic resonators. The quadrature detector
is internally coupled to the IF, and a3 5.0 pF quadrature
capacitor is internally provided. The —3dB limiting sen-
sitivity of the IF itself is approximately 50 .V (at Pin 7),
and the IF can accept signals up to 1.0 Vrms without
distortion or change of detector quiescent dc levei.

The IF is unusual in that each of the last § stages of
the 6 state limiter contains a signal strength sensitive,
current sinking device. These are paraliel connected and
buffered to produce a signal strength meter drive which
is fairly linear for IF input signais of 101V to 100 mVrms.
{See Figure 5.)

A simple squelch arrangement is provided whereby
the meter current flowing through the meter ioad re-
sistance flips a comparator at about 0.8 Vdc above
ground. The signal strength at which this occurs can be

FIGURE 5§ — METER CURRENT versus SIGNAL INPUT
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adjusted by changing the meter load resistor. The com-
parator( +) input and output are available to permit con-
trol of hysteresis. Good positive action can be obtained
for IF input signals of above 30 nVrms. The 130 k{
resistor shown in the test circuit provides a smail
amount of hysteresis. Its connection between the 3.3 k
resistor to ground and the 3.0 k pot, permits adjustment
of squeich level without changing the amount of
hysteresis.

The squelch is internally connected to both the quad-
rature detector and the data shaper. The quadrature
detector output, when squeiched, goes to a dc level
approximately equal to the zero signal level, un-
squeiched. The squelch causes the data shaper to pro-
duce a high (Vo) output.

The data shaper is a complete “floating” comparator,
with back to back diodes across its inouts. The output
of the quadrature detector can be fed directly to either
input of this amplifier to produce an output that is either
at V¢ or VEg, depending upon the received frequency.
The impedance of the biasing can be varied to produce
an amplifier which “follows” frequency detuning to
some degree, to prevent data puise width changes.

When the data shaper is driven directly from the de-
modulator output, Pin 13, there may be distortion at Pin
13 due to the diodes, but this is not important in the
data application. A useful note in refating high/low input
frequency to logic state: low IF frequency corresponds
to low demoduiator output. If the oscillator is above the
incoming RF frequency, then high RF frequency will
produce a logic low. {Input to { + Jinput of Data Shaper
as shown in figures 1 and 3.)

MC3356
2-40
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FIGURE 6 — APPLICATION WITH FIXED BIAS ON DATA SHAPER
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Application Notes

The MC3356 is a high frequencwrhigh gain receiver
that requires following certain layout techniques in de-
signing a stable circuit configuration. The objective is
to minimize or eliminate, if possible, any unwanted
feedback.

Shielding, which includes the placement of input and
output components, is important in minimizing electro-
static or electromagnetic coupling. The MC3356 has its
pin connections such that the circuit designer can piace
the critical input and output circuits on opposite ends
of the chip. Shielding is normaliy required for inductors
in tuned circuits.

The MC3356 has separate Vcc's and grounds for the
RF and IF sections which allows good external circuit
isolation by minimizing common ground paths.

Note that the circuits of figures 1 and 3 have RF, os-
cillator, and IF circuits predominantly referenced to the
plus supply rails. Figure 6, on the other hand, shows a
suitable means of ground referencing. The two methods
praduce identical resuits when carefully executed. it is
important to treat Pin 19 as a ground node for either
approach. The RF input should be ““grounded” to

Pin 1 and then the input and the mixer/oscillator
grounds {or RF V¢ bypasses) should be connected by
a low inductance path to Pin 19. IF and detector sections
should also have their bypasses returned by a seuﬁ'rarq.
path to Pin 19. Vcc and RF Ve can be decoupled to
minimize feedback, although the configuration of Figure
3 shows a successful implementation on a common 5.0
supply. Once again, the message is: define a suppiy
node and a ground node and return each section to
those nodes by separate, low impedance paths.

The test circuit of Figure 3 has a 3 db limiting level
of 30 nV which can be lowered 6 db by a 1:2 untuned
transformer at the input as shown in figures 6 and 7.
For applications that require additional sensitivity, an
RF amplifier can be added, but with no greater than 20
db gain. This will give a 2.0 to 2.5 pV sensitivity and any
additionai gain wiil reduce receiver dynamic range with-
out improving its sensitivity. Although the test circuit
operates at +5.0 V, the mixer/osciilator aptimum per-
formance is at +8.0 V to 12 V. A minimum of +8.0V
is recommended in high frequency applications (above
150 MHz), or in PLL applications where the osciilator
drives a prescaler.

MOTOROLA COMMUNICATIONS DEVICE DATA
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER
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APPLICATION NOTES, continued

Depending on the external circuit, inverted or non-
inverted data is available at Pin 18. inverted data makes
the higher frequency in the FSK signal a ‘cne’ when the
local oscillator is above the incoming RF. Figure 6 sche-
matic shows the comparator with hysteresis. in this cir-
cuit the dc reference voltage at Pin 17 is about the same
as the demodulated output voltage {Fin 13} when no
signal is present. This type circuit is preferred for sys-
tems where the data rates can drop to zero. Some sys-
tems have a low frequency limit on the data rate, such
as systerns using the MC3850 ACIA that has a start or
stop bit. This defines the low frequency limit that can
appear in the data stream. Figure 6 circuit can then be

_\

changed to a circuit configuration as shown in Figure
7. in Figure 7 the reference voitage for the comoarator
is derived from the demodulator output through a low
pass circuit where = is much lower than the lowest fre-
quency data rate. This and similar circuits will compen-
sate for smail tuning changes {or drift) in the quadrature
detector.

Squelch status {Pin 15) goes high (squelch off) when
the input signal becomes greater than some preset level
sat by the resistance between Pin 14 and ground. Hys-
teresis is added to the circuit externally by the resistance
from Pin 14 to Pin 15.

MC3356.
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7 EXAR

- XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monalithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangte, ramp, and pulse waveforms of high-
stability and accuracy. fhe oulput waveforms can be
both amplitude and [requency modulated by an extef-
aal voltage. Frequency of operation canh be selected
externally over a range ol 0.01 Hz to more ihan 1 MHz.

The ciecuit is ideally suited tor communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK generation. Ithas a
typical drift specitication of 20 pprv°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
¢y range with an extarnal control voltage, while
maintaining low distortion.

FEATURES

Low-Sine Wava Distortion
Excellent Temperature Stabilily
Wide Sweep Range
Low-Suppty Sensitivity

Linear Amplitude Modulation.
TTL Compatibte FSK Controls
Wide Suppty Range :
Adjustaple Duty Cycle

0.5%, Typical

20 ppmi°C, Typical
2000:1, Typical
0.01%V, Typical

10V to 26V
1% 10 99%

APPLICATIONS

Wavetorm Generation
Sweep Generation

AM/IFM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Suppty 26V
Dissipation 750 mw
Derate Above 25°C 5 mwWI°C
Total Timing Current 6 mA

Storage Temperature

~65°C 10 +150°C
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ORDERING INFORMATION
Part Number Package Oparating Temparature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°Ctlo +70°C
XR-2206P Plastic 0°Cto +70°C
XR-2206CN Caramic 0°C to +70°C
XR-2206CP Plastic 0°C to +70°C
XR-22060 JEDEC soiIC 0°C 10 70°C

SYSTEM DESCRIPTION

The XR-22086 is compnsed of four functional blocks; a
voltage-controfied oscitlator (VCQO). an analog multiptier
and sine-shaper; a unity gain bulfer amplifier; and a set
of current swilches.

The VCO produces an output frequency proporaonat
1o an input current, which is set by a resistor from the
timing terminals to ground. With two timing pins, two
discrate output frequencies can be independently
produced for FSK gensration applications by using
the FSK input control pin. This input controis the
current switches which selact one of the timing
resistor currents, and routes it to the VCO.



XR-2206

ELECTRICAL CHARACTERISTICS )
Tast Conditiens: Test Circuit of Figure 1, vt a 12V.Ta = 25°.C = 0.01 4F, Ry = 100 ki2, R = 10k, Rz = 25k0
unless olherwise specified. Sy open for triangle. closed for sing wave.

XR-2206M XB-2206€ |
PARAMETERS MIN TYP l MAX | MIN | TYP | MAX UNITS CONDITIONS
GENERAL CHARACTERISTICS
Singte Supply Voltage 10 26 10 26 v
Splil-Suppty Vollage t5 £13] £§ £13 v
Supply Current 12 17 14 20 mA {Ry 2 W0k
OSCILLATOR SECTION
Max. Opurating Frequency Q.5 1 0.5 i MHz |C = 1000 pF. Ry = 1k 1
1 owast Practicul Frequency 0.01 u.01 Hz |€ -.804F Ry -2M0
Fieyuuncy Accuracy : £ | £4 £2 % al Ly ]y = 1WHC
Temperature Stability .
Frequency £10| £S0 £20 |, ppmiC10°C s Ta S 70°C,
Ry = Ry = 20k @
Sine Wave Amphitude 4800 4800 ppmi*C | See Note 2.
Stability
Supply Sensitivity 0.01 } 01 0.01 vV | Viow = 1OV. VHIGH =
20V,
Ry = Rp = 20k 0
Sweep Range 1000:1{ 2000:1 2000:1 =l |H@Ry = 1 k@
L@Ry=2M10
Sweep Linearty
10:1 Sweep 2 2 %t = VkHZ Iy = 10 kHz
1000.1 Sweup 8 8 % |t = 100 RHZ, Iy = 100
[N174
FM Distortion 0.1 0.1 % + 10% Dewatlon
Recommended Timing
Componems
Timuy Capacitor: G 0.001 100 | 0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 2000f kQ
Ry & Rp
Triangle Sine Wave Quipul See Note 1, Figure 2.
Triangle Ampiitude 160 160 mVik 11 | Figure 1. Sy Open
Sine Wave Ampliluge 40 60 80 60 mvik 0 | Figure 1, Sy Closed
Max. Output Swing 6 6 Vpp
Qutput Impedance 600 600 Q
Triangte Linearity 1 1 %
Amplitude Stability 05 0.5 d8 | For 1000:1 Sweep
Sine wWave Distortion
Without Adjustment 25 25 " Ry = 30k
Wwith Adjustment 0.4 10 0.5 1.5 % See Figures 6 and 7.
Amplitude Modutation
input impedance 50 100 50 100 k
Modulation Range 100 100 %
Carner Suppression 55 55 dB
Lineanty 2 2 % For 95% modulation
Squate-Wave Output
Amplitugde 12 12 Vpp |Measured al Pin 11,
Rl;;e.T‘rmé 250 250 nsec |C_ = 10pF
Fall Time 50 50 nsec |C_ = 10pF
Saturation Vollage 02 | 04 02 | 06 V[l =2mA
teakage Current 0.1 20 0.1 100 aA  |Vyy = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 v See section on circuit
controls
Reference Bypass Voilage 29 31 33 25 3 3.5 v Measured at Pin 10,

Nots 1: Oulput amphiude 1s diceclly proportional 1o the resistance, A3, on Pin 3. See Figure 2.
Nete 2: For maximum amphtuae stavility, R3 should be a positive temperature coefficlent resistor.

5-94



Figure 2.

Figure 3.

Taiestl ARMSTON 1

Figue 4.

' ‘--u[a;ul/
gf A TA -
1 / P
fLA L
P

Oulput Amplitude as a'FunctIm af the Rasistor,
R3, at Pla 3.

» <

v | N
) =

T

n n
vee

Sunplvy Cusrent vessus Sppply YoRaga,. Timing, R.

w0 7 T

R versus Oscillatien Frequency.

5-95

XR-2206
L

> &
ver
OC VOLTAGS AT Pwa {
Figure 5. Normalized Output Ampitude versus DC Blas at
AM input (Pin 1).
3
< Caodt S
- TRMED e
é DISTORTION &F 20 K11
E 3
§ 2
1 \\——/
L]

. [ ‘oe w0
i W s

Figure 6. Trimmed Distortion versus Timing Resistor.

Vs vaum o
Your« 42 vaum sy

7

41

» . " [ ST S L
FREQUENCY (Hn)

Figuse 7. Sias Wave Distartien varsus Operating Frequency
with Timiag Capaciters Varted.

C=ot1.¥

LTI LIEN

A

-40 -2 8§ % W T W B

Figure 8. Frequency Orift versus Tempserature.



XR-2206

Figure 4. Clicut Connectiun lor Fraquency Swues
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;,.quency-smn Kaying:

The AH-2206 can Ou operaled will two suparals tming
(esisiors, Ry and Rp, connected 10 the timing Pin 7 and
8, respectively, as shown in Figura 12. Depending on
the polanty of the i0gic signal at Pin 9, either one of the
oiher of these tiAung resistess 1 activated. if Pin 9 is

n-circuited of connecled to a bias voltage =2V, only
Ry acuvated. Similarly, if the woitage level at Pin 9 is
51V, only Ay is acuvated. Thus, ihe outpul frequency
can be keyed Dutween Iwo lewals, 1y and I, as:

1y = WRyCana iz = UARC

For sput-supply operation, the heymg vollage at Pin 918
jeterenced o V=

Quiput BC Luvel Cantrol:

The dc level at the output (P 2)1s appraximateiy the
same as the dc bias at Pin 3. in Figures 10, 11 and 12,
Pin 3 is biased midway bDutw.cen v+ and ground, to
give a0 oulput dc level of =V -4

APPLICATIONS INFORMATION
sins Wave Generation
wuhiout External Adfustment:

Figure 1U shows the Clreuit Gontisetion for generaung 4
snusoial output from the XK 206, The gotentiometer,
Ry ¢t Pin 7, provides the desued lequency uning. The
maximum oulput Swing IS gtalér than V+/12, and the
wypical distortion (THO) is < 2.5%. if lower sine wave
distortion is deswed. additionut adjustments can be pro-
videg as described in the following section. '

The circuit of Figure 10 can be converted to spht-supply
operanon, simply by feplacing ail ground connections
sih V= For split-supply upetatnin R can be arectly
connecled 10 giound.

With Externdl Adjustment:

The harmonic content of sinusoidal output can be re-
ducad to =0.5% by adaitional adjusiments as shown
in Figure 11. The potentiomuter, Ra, adjusts the sine-
shaping resistor, and Rg proades the fine adjustment
for the wavelorm symmetry. [he agjusiment procedure
15 a3 follows:

boSet Hyy o audpuint af ggust Ba tor minmum
[ITTNN

2 Wilh Rp set as above, adjust g 10 lulther reduce
distortion.

Triangle Wave Ganeration

The circuns of Figures 10 ana 11 can be converted to
nangle wave generation, Dy wimply open-circuiting Pin
13and 14 (i.e.. Sy open). Amatiuae of the triangle is ap-
fraximately twice the sine wave oulput.

597

XR-2206

Figure 12 shows Lhe circuit connection for sinusoidal
FSK signal operation. Mark and space frequencles can
be independently adjusted by the choice ot liming re-
sistors, Ry and Ry; the outpul 1S phase-continuous dur-
ing transitions. The kaying signal is apptied to Pin 9. The
circuil can be converted 1o split-supply operation by
simply replacing ground with V=

FSK Generation

Pulse and Ramp Gensralion

Figure 13 shows the circuit for pulse and ramp wave-
form generation. In this mode of operation, the FSK key-
ing terminal (Pin 9} is shorted to the square-wave output
(Pin 11), and the circuil automatically frequency-shift
keys itsell between two separatc frequencies durnng
the poultive-gong and negative yuilig oulpul wave:
torms. The pulse width and duty cycly can be adjusted
from 1% to 99% by the choice of Ry and Ro. The vai-
ues of Ry and Ry should be in the range of 1 kil to 2
Mo,

PRINGIPLES OF OPERATION
Dascription of Controls
Fraquency of Gperation:

The trequency of oscillation, lg, 15 delermined by the ea.
tesnal rming capacitor, C. actoss Pin 5 und 6, ana by
the uming resistor,’R, connected to either Pin 7 or 8.
The lrequuency is given as:

fo = R—]-C Hz

and can be adjusted by varying either R of C. The rec-
cmmended vatues of R, lor a given trequency 1ange. 33
shown in Figure 4. Tempesature stabdity 15 optimum tof
1kl < R < 200 kfl. Recommendud vatues of C ure
trown 1000 pF to 100 uF.

Friqun‘qcv Swaep and Modulation:
Frequency of ascillation is proportional 10 the total im-

ing current, Iy, drawn from Pin 7 or 8

320 Iy (mA) ;
C (ul)

iz

Tinnng terminals (Pin 7 or 8) are fow-unpedance pomts,
and are nternally biased at + 3V, with respect 1o Pin 12
Frequency varies linearly with I, over a wide range ot
cutrent values, from 1 gA 10 3 MA. The requency can
be controlied by applying a control voltage. V. to the
activated tming pin as shown i Figure 9. The frequen-
cy of osclation Is reiated 1o VG as:
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vt V(s i3 iy vOls. The voltage-to-trequency conver-
Lion gain, K, 15 given Jgs.

K = v = - 232 Hav

C

CAUTION: For salely operation of the cwcuit, It
shuutd be tted 0 =3 A,

Oulput Amplitude:

Maanansts output aiiphitudo 15 mvazrsuly proputiotial o
1he external tesistor, Ry, connected 10 Pin 3 (see Figure

2). For sine wave oulput. amplitude 13 approximalety 60
mV peak purf kil uf Rg; for triahgte, the peak amplituge
is approxunately 160 mV peak per k@ of Aq. Thus, for
esampte, Ry = 50 kil would produce approximately
. 3¥ sinusoiual outpul umphitude.

Ampltuds Meduistien: g

Quiput anpdriusde can be mudulated Ly applyng a deb

a5 and a modul.ting signal to Pin 1. The internal imped#s
ance at Pin 1 1s approximately 100 k8. Output

tude varis lincarly with the applied voltage at Pin 1% g
values of dc bias at this pin, within = 4 voits of V +/2 jgt’*
Lhown in Figuis 5. As this bius level approaches V +,25§
the phase ol the oulput signal 15 reversed, and the "“"‘é

phitude goes through zero. This properly is suitable fx®

pinsse-shitt heying and suppressed-carner AM generae.
tion Tutal «dyoannie range of arnphtudy s0Udulslion 15 age

v (R
proxungleiy 55 JB. o

&,

CAUTION: Al control must be used in conjunctian;
with a weildcgutated supply, since the output ampiituds,
now becorius o function ot V¥ 5
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PRODUCT SPECIFICATIONS

X

LINEAR INTEGRATED CIRCUITS

FSK Demodulator/
Tone Decoder

Raytheon

XR-2211

Features, *

® Wide frequency range — 0.01Hz to 300kHz

® Wide supply voltage range — 4.5V to 20V

a DTU/TTIL/ECL logic compatibility

m FSK demoduilation with carrier-detector

® Wide dynamic range — 2mV to 3Vpums

B Adjustable tracking range — *1% to =80%

m Excellent temperature stability — 20ppm/°C
typical

Applications

m FSK demodulation

® Data synchronization
® Tone decoding

& FM detection

® Carrier detection

Schematic Diagram

Description

The XR-2211is a monolithic phase-locked loop
{PLL) system especially designed for data com-
munications. It is particularly well suited for FSK
modem applications, and operates over a wide
frequency range of 0.01Hz to 300kHz. It can
accommodate analog signals between 2ZmV 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 fre-
quency within the passband, a quadrature phase
detector which provides carrier detection, and
an FSK voltage comparator which provides FSK
demodulation. External components are used
to independently set carrier frequency, bandwidth,
and output delay.

)
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FSK Demodulator/Tone Decoder

Mask Pattern _

Connection Information

14-Lead
Dual In-Line Package
(Top View)
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FSK Demodulator/Tone Decoder XR-2211
Absolute Maximum Ratings Operating Temperature Range
, XR-2211CN/CP ...iivvvnnentn 0°C to +75°C
I‘Q;]“‘L‘:"éivzgf?_zvél """"""""""" av 20V XR-221IN/P «eevnnennnnnes -40°C to +85°C
PUt SIGNAJ LBVEL - - -v-ovoeveeeees AMS XR-221TM ..oevennnnnens -55°C to +125°C
Storage Temperature Lead Soldering Temperature
RANGE .....ooomeeeneenee -65°Cto -150°C (60 SEC) «vveernrnnennenanannns +300°C
Thermal Characteristics Ordering Information
14-Lead 14-Lead Operating
Plastic 0IP | Ceramic DIP Part Number Package Temperature Range
Max. Junction Temp. 125°C 175°C XR-2211CN Ceran}ic 0°C to +75°C
Max. Py Ta < 50°C 468mW 1042mW XR-211CP Piastic 0°Cto +75°C
" XR-211N Ceramic -40°C to +85°C
Therm. Res. 6.c - gLy XR-2211P Plastic | -40°Cto+85°C
Therm. Res. 65 160°C/W 120°C/W XR-2211M Ceramic 55°C to +125°C
For Ta > 50°C Derate at 6.25mW 8.33mW XR-2211M/8838° | Ceramic -55°C to +125°C
per °C per °C ]
*MIL-STD-883, Level B Processing
Electrical Characteristics (Test Conditions +Vg = +12V, Ta = +25°C, RO = 30kQ,
CO = 0.033uF. See Figure 1 for component designations.)
XR-2211/M XR-2211C
Parameters Test Conditions Min l Typ 1 Max | Min ] Typ ] Max | Units
General
Supply Voltage 45 45 20 v
Supply Current RO = 10k 40 | 90 50 | 11| mA
Oscillator
Deviation from
Frequency Accuracy fg.= 1/R0CO +1.0 | £30 +1.0 %
Frequency Stability
Temperature Coefficient Rl== +20 | +50 +20 ppm/°C
Power Supply Rejection Vs =121V 005 | 03 0.05 IV
PRy hej +Vg = 5+0.5V 02 0.2 %V
- RO = 8.2kQY,
Upper Frequency Limit C0 = 400pF 100 | 300 300 kHz
Lowest Practical Operating RO = 2M0)
Frequency C0 = 50uF 001 0.01 He
Timing Resistor, RO J
Operating Range 5.0 2000 | 5.0 « | 2000 kn
Recommended Range 15 100 | 15 100 | ko
Raytheeoa
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XR-2211 FSK Demodulator/Tone Decoder
”

Electrical Characteristics (Continued)
(Vs = +18V, Ta = +25°C, RO = 30k(2, CO = 0.033uF. See Figure 1 for component designations.)

XR-2211/M XR-2211C
Parametars Test Contitions Min | Typ | Max | Min [ Typ | Max | Units
Loop Phase Detector
Peak Output Current Meas. at Pin 11 =150 | =200 | =300 +100 | =200 | =300 | »A
Output Offset Current +1.0 +20 uA
Output Impedance 1.0 1.0 Mo
Maximum Swing Ref. to Pin 10 +40 | =50 +40 | =50 v
Quadrature Phase Detsctor
Peak Output Current Meas. at Pin 3 100 | 130 | 150 uhA
Output Impedance 1.0 1.0 MQ
Maximum Swing Vi 1 Vop
Input Preamp
Input Impedance Meas. at Pin 2 20 20 k1
o g i T LD 20 | |mVaws
Voltage Comparator
Input Impedance Meas. at Pins 3& 8 2.0 20 M
Input Bias Current . 100 100 nA
Voltage Gain Ry = 5.1k 55 70 55 70 dB
Output Voltage Low ic.= 3mA 300 300 mv
Qutput Leakage Current Vo =12V 0.01 0.01 uA
Internal Reference
Voltage Level Meas. at Pin 10 49 | 53 | 57 1475 ] 53 [58 | V
Qutput Impedance 100 100 n

The information contained in this data sheet has been carefully compited: however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheor's liability shall be determined solely by its standard terms and conditions of sale. No
representation as 1o application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadverient errors.

Raythesn 12-65



FSK Demodulator/Tone Decoder
“

Description of Circuit Controls

Signal Input (Pin 2)
The input signal is AC coupled to this terminal.
The internal impedance at pin 2 is 20k{). Rec-
ommended input signal level is in the range of
10mVgms to 3Vems.

Quadrature Phase Detector Output (Pin 3)

This is the high-impedance output of the quadra-
ture 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 1) to eliminate chatter at the
lock-detect outputs. if this tone-detect section is
not used, pin 3 can be left open circuited.

Lock-Detect Output, Q (Pin 5)

The output at pin 5 is at a “high” state when the
PLL is out of lock and goes to a “low” or
conducting state when the PLL is locked. It is an
open collector type output and requires a pull-up
resistor, R, to +Vg for proper operation. In the
“low" state it.can sink up to 5mA of load current.

Lock-Detect Complement, Q (Pin 6)
The output at pin 6 is the logic complement of
the lock-detect output at pin 5. This output is

Xvia

XR-2211

also an open collector type stage which can
sink 5mA of load current in the 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 +Vs for proper

operation. It can sink 5mA of load current. When

decoding FSK signals the FSK data output will

switch to a “high” or off state for low input.
frequency, and will switch to a “low” or on state for

high input frequency. If 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. Normally, an FSK post-
detection or data filter is connected between
this terminal and the PLL phase-detector output
(pin 11). This data filter is formed by Rg and Cg
of Figure 1. The threshold voltage of the com-
parator is set by the internal reference voltage,
VR, available at pin 10.

Reference Voltage, VR (Pin 10)

This pin is internally biased at the reference
voltage level, Vg; Vg = V+/2 - 650mV. The DC
voltage level at this pin forms aninternal reference

Rg
510K Ry 1
Re
Loon 11, 100K
4 o-Det k
1
3
Tt Ladil
° omparator
2 1z [
' veo 0+ Reeence
-g- 01.F Input I

Input Preamp 1 13 R T 0nF =
Signal co = .Q 6

- L = Lock
uad Detect
s B Outouts

Loch ]

Detect 4]
53 G Compatator
370K S2awdia
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Figure 1. Generalized Circuit Connection for FSK and Tone Detection
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FSK Demodulator/Tone Decoder

for the voltage levels at pin 3, 8, 11, and 12
Pin 10 must be bypassed to ground with a 0.1uF
capacitor. -~

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 R1 and C1 connected to pin 11
(see Figure 1). With no input signal, or with no
phase error within the PLL, the DC level at
pin 11 is very nearly equal to Vp. The peak
voltage swing available at the phase detector
output is equal to £Vp.

VCO Control Input (Pin 12)
VCO free-running frequency is determined by
external timing resistor, RO, connected from this
terminal to ground. The VCO free-running fre-
quency, fg, is given by:
1) o —aos
o(H2) = 2560
where CO0 is the timing capacitor across pins 13
and 14. For optimum temperature stability RO
must be in the range of 10k(2 to 100k} (see Typical
Electrical Characteristics).

This terminal is a low impedance point, and is
internally biased at a DC level equal to Vg. 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
external timing capacitor, C0, connected across
these terminals. CO must be non-polarized, and in
the range of 200pF to 10uF.

VCO Frequency Adjustment

VCO can be fine tuned by connecting a poten-
tiometer, Ry, in series with RO at pin 12 (see
Figure 2).

VCO Free-Running Frequency, fg

The XR-2211 does not have a separate VCO
output terminal. Instead, the VCO outputs are
internally connected to the phase-detector sec-
tions of the circuit. However, for setup or adjust-
ment purposes, the VCO free-running frequency
can be measured at pin 3 (with Cp disconnected)
with no input and with pin 2 shorted to pin 10.

Raytheon

Design Equations
See Figure 1 for Definitions of Components.
1. VCO Center Frequency, fo:
1
‘ fo(Hz) = ROCO
2. Internal Reference Voitage, Vg (measured
at pin 10):

Vg = (’TVS-)- 650mV

3. Loop Lowpass Fiiter Time Constant, 7:
r=R1C1
4. Loop Damping, {:

=(y/2) (1)

5. Loop Tracking Bandwidth, *Af/fy:
Af/fg = RO/R1

Af/tg = RO/R1

Tracking
Sandwidth

I Af

3 —

e - < " |

it t fo f2 ILH
85008624

6. FSK Data Filter Time Constant, 7¢:
¢ = ReCr
7. Loop Phase Detector Conversion Gain, Kg:
(Kg is the differential DC voltage across
pins 10 and 11, per unit of phase error at
phase-detector input):

Ko (in volts per radian) = (=2){VR)

8. VCO Conversion Gain, KO0, is the amount of
change in VCO frequency per unit of DC
voltage change at pin 11:

-1

KO (in Hertz per volt) = COR1VA

9. Total Loop Gain. KTt
K (in radians per second per volt) = 2-K&K0

= 4/COR1
10. Peak Phase-Detector Current, 14;
- Vn
IA (mA) 25
12-67



FSK Demodulator/Tone Decoder

XR-2211

M

Applications -

FSK Decoding

Figure 2 shows the basic circuit connection for
FSK decoding. With reference to Figures 1 and
2, the functions of external components are de-
fined as follows: RO and CO set the PLL center
frequency, R1 sets the system bandwidth, and
C1 sets the loop filter time constant and the loop
damping factor. C¢ and Rg form a one pole
post-detection filter for the FSK data output. The
resistor Rg (= 510k{}) from pin 7 to pin 8 introduces
positive feedback across FSK comparator to facili-
tate rapid transition between output logic states.

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

-vs.
CLF
i ——] ©
- EHj veo
17 Fine Tune
maulo_"‘!‘_'{: a0
= Ax
g " Pt %
A 0 1aF
e T ey, T
Qata O B ' 2] -
Cutout _E . 4
o—1C % womass
100K
—
Ay =
P G =

Figure 2. Circuit Connection for FSK Decoding

Table 1. Recommended Component Values
for Commonly Used FSK Bands
(See Circuit of Figure 2)

FSK Band Component Values

300 Baud C0 = 0.039uF C = 0.0054F

fy = 1070Hz C1=0.01uF RO = 18k
fy=2m0Hz | R1= 100k}

300 Baud C0 = 0.0224F Cf = 0.0054F

fy = 2005Hz C1=000474F RT =18k}
I
1200 Baud C0 = 0.0274F Cr = 0.0022uF

3 = 1200Hz Ci=001.F RO= 18k |
', = 2200Hz Ri=30ka

Design Instructions

The circuit of Figure 2 can be tailored for any
FSK decoding application by the choice of five
key circuit components; RO, R1, CO, C1 and Cr.
For a given set of FSK mark and space fre-
quencies, f; and f,, these parameters can be
calculated as follows:

1. Calculate PLL center frequency, fo
f1 +{o

fo= 012

2

2. Choose a value of timing resistor RO to be in
the range of 10k(} to 100k{l. This choice is
arbitrary. The recommended value is RO =
20k0). The final value of RO is normally fine-
tuned with the series potentiometer, Rx.

3. Calculate’'value of CO from Design Equation
No. 1 or from Typical Performance Charac-
teristics:

C0 = 1/R0fg

4. Calculate R1 to give a Af equal to the mark-

space deviation: :
R1 = RO [fy/(fy - f2)]

5. Calculate C1to setloop damping. (See Design
Equation No. 4.)

Normally, [ = 1/2 is recommended
Then: C1=C0/4 for [ = 1/2

6. Calculate Data Filter Capacitance, Cg:

For Rf = 100k, Rg = 510k(), the recom-
mended value of Cg is:
3

Cr (in uF) = Baud Rate

Note: All calculated component vaiues except RO can be
rounded off to the nearest standard value, and RO can
be varied to fine-tune center frequency through a
series potentiometer, Ry (see Figure 2).

Design Example
75 Baud FSK demodulator with mark/space fre-
quencies of 1110/1170Hz:

Step 1:  Calculate fg:
fp = {1110 + 1170} (1/2) = 1140Hz

Step 2:  Choose RO = 20k(} (18k(} fixed resistor
in series with 5k() potentiometer)

Step 3: Calculate CO from Vo Frequency vs.
Timing Capacitor: CO = 0.044F

Step 4: Calculate R1: R1=R0(2240/60) = 380k{)

Step 5: Calculate C1: C1=C0/4=0.011u4F

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

Raytheon
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FSK Demodulator/Tone Decoder

FSK Decodrlng-wnh Carrier Detect

The lock-detect section of the XR-2211 can be
used as a carrier detect option for FSK decoding.
The recommended circuit connection for this
application is shown in Figure 3. The open-
collector lock-detect output, pin 6, is shorted to
the data output (pin 7). Thus, the data output will
be disabled at “low"” state, until there is a carrier
within the detection band of the PLL, and the pin 6
output goes “high” to enable the data output.

present within the detection band of the PLL,
the logic state at these outputs becomes reversed
for the duration of the input tone. Each logic
output can sink SmA of load current.

Both logic outputs at pins 5 and & are open-
collector type stages, and require externa! pull-
up resistors Ry and Ry 2 as shown in Figure 4.

{h
]

'Q_W_I_: : 3

22 R &
.nla«(i v _é_

Note Data oulou! 15 “low when no Carner s O esend

vee
Frue Tome

o
.
g

Ay,
-V 0

Logre

U g QIU el

Figure 3. External Connectors for FSK
Demodulation With Carrier Detect Capability

The minimum value of the lock-detect filter
capacitance Cp is inversely proportional to the
capture range, *Af.. This is the range of incoming
frequencies over which the loop can acquire
lock and is always less than the tracking range.
It is further limited by C1. For most applications,
Afe < Af/2. For Rp = 470k(), the approximate
minimum value of Cp can be determined by:

Cp(uF) = 16/capture range in Hz

With values of Cp that are too small, chatter can
be observed on the lock-detect output as an
incoming signal frequency approaches the cap-
ture bandwidth. Excessively large values of Cp
will slow the response time of the lock-detect
output.

Tone Detection

Figure 4 shows the generalized circuit connection
for tone detection. The logic outputs, Q and Q
at pins 5 and 6 are normally at “high” and
“low” logic states, respectively. When a tone is

Raythoen

Figure 4. Circuit Connection for Tone Detection

With reference to Figures 1 and 4, the function
of the external circuit components can be ex-
plained as foliows: RO and CO set VCO center
frequency, R1 sets the detection bandwidth, C1
sets the lowpass-loop filter time constant and
the loop damping factor, and Ry 1 and R > are the
respective pull-up resistors for the Q and Q logic
outputs.

Design Instructions

The circuit of Figure 4 can be optimized for any

tone-detection application by the choice of five

key circuit components: RO, R1, C0, C1, and Cp.

For a given input tone frequency, fs, these

parameters are calculated as follows:

1. Choose RO to be in the range of 15k} to
100k(). This choice is arbitrary.

2. Calculate CO to set center frequency, fg equal
to fs: CO = 1/R0fs.

3. Calculate R1 to set bandwidth *\f (see
Design Equation No. 5}: R1 = RO(fg/Af)

Note: The total detection bandwidth covers the frequency
range of fg  Af.

12-69
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4. Caiculate value of C1 for a given loop
damping factor:
C1 = C0/16¢
Normally ¢ = 1/2 is optimum for most tone-
detector applications, giving C1 = 0.25 CO.

Incraasing C1improves the out-of-band signal
rejection, but increases the PLL capture time.

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

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

Increasing Cg slows the logic output response
time.
Design Examples
Tone detector with a detection band of 1kHz
+20Hz:

Step 1: Choose RO = 20k(} (18k{} in series with
5k() potentiometer).

Step 2. Choose CO for fg = 1kHz: CO = 0.05uF.

Step 3: Calculate R1: R1=(R0)(1000/20) = IMQ.

Step 4: Calculate C1: for { = 1/2, C1 = 0.25uF,
CO0 = 0.013uF.

Step 5. Calculate Cp: Cp = 16/38 = 0.42uF.

Step 6:  Fine tune the center frequency with the

5k(1 potentiometer, Ry.

Linear FM Detection

The XR-2211 can be used as a linear FM de-
tector for a wide range of analog communications
and telemetry applications. The recommended
circuit connection for the application is shown

12-70

in Figure 5. The demodulated output is taken
from the loop phase detector output (pin 11),
through a post detection filter made up of Rg
and Cg. and an external buffer amplifier. This
buffer amplifier is necessary because of the high
impedance output at pin 11. Normally, a non-
inverting unity gain cp amp can be used as a
buffer amplifier, as shown in Figure 5.

man

Note See section on Des.gn Equations tor Campanent Vatues

Figure 5. Linear FM Detector Using XR-2211
and an External Op Amp

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

Vout = R1 VR/100 RO Volts/% deviation

where Vg is the internal reference voitage. For the
choice of external components R1, RO, Cp, C1
and Cg, see the section on Design Equations.
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Typical Performance Characteristics

Typical Supply Current vs.

+Vg (Logic Outputs Open Circuited)

VCO Frequency vs. Timing Resistor
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