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Division Multiplex) deyanaiioyassriuees FSK (Frequency Shift Keying) s 2 lumssuds
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ABSTRACT

This project concerns about transmitting a voice signal and digital data by Frequency Division
Multiplex Technique. Digital data are changed to 1200 baud FSK signal which will be added to Amplitude
Modulated voice signal. Then the composite signal is transmitted to the receiver. At the receiver, FSK signal
is changed to data by FSK demodulator and voice signal is recovered by a detector.
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2: vﬁ'tmw‘f;uﬂgmﬁ (Frequency Modulation)

3. leruequan (Phase Modulation)

Tavdyanuiinzgnasesnly (Fyanaftaeansedyanusnmsdiem) 9QNANOGIAANIATY
%ntﬁﬂuﬂﬂﬁfgmmﬂinmsLﬁnﬁ‘damaeﬂmnﬁmqmwmz (Carrier Signal) INATANI SN TYYIUN
AvnDA (Digital Modulation Techniques) ﬁﬁmﬂ%’athm"hwan fio

1. ﬂ?m’mé?ﬂﬁt‘fé& (Frequency Shift Keying : FSK)

2. la@WATE (Phase Shift Keying : PSK)

3. A79ATUTDS ua@m*fu (Quadeature Modulation)

3 v &

& d'addaydws/c;oulﬁ o dy o cly R A
HonnsinIuFFHAdosferitenfdenandsluidell aniundsnini ldeendnoases

v {1
WsinuFFWAdD a1 uRe?

46451



18

Binary Digital Input [l : g
. Ll K
,‘ T
r -
a Analog F5K Output
n ——
s
m
i
t
log So: ut— R
Analog Source Inp T Analoglo-Digital ‘1 t
— [ —
| Converter M e
=

v

& ° ) o = aa a!qy
3l 2,15 @dutiadyauSinaudsnRde

& o a o Ha (o :/a’/
2.3.1 MfuladyaunsmuainRge s (FSK Generator)

' v ' '
nanms uazdyoiueuravealiin@avAdas uaealugai 2,15 uazgUfi 2.6

Frequncy
A
(X 1
Pdny” 3 pbiatinei: W 7o B
input i i S
Binary
input
Analog
output
fsi fmi fs{ fm{ 5 fm} fs

fm, mark frequency fs,space frequency

Ui 2.16 Buwa LazleniavoITIRuladya s InUE TR D

o o a da ::a/ny oA o [ da do’ny i3 & a
mfuiadyanusinugTiade dfedadedyaunsinudTWRds s (FSK Transmitter) 395,

I

<~ a0 A v o Qa Y [ L= ° Y a o 4 A o
nanmsitufiedeyaiiudyyiudinoadudoyaluus i lfifanuddouniodouuulamy

4 v ad v Vi ¢ R da (av
nsfavundasvesdeyalunsidundniudygramueninavesirsuiiadyarainugsiac

oY

(K]
Aadad

suzeglugdvesnaudiiinisn/aouinlandiidoniog (Frequency Continuous) iifedeyalunizdsy
= a o a v @ a a
waaouulasminaauzasin “17 Whiaedn “0” (Mielumandufudieassn «ov uasin “17)
Y s da aed g 4 = ' 2y o & a4 a &
AYYUEINHANANTIAMTINAGDS Aifounnudsendng 2 anuddioiu fennuanassn “1” wie
ANUAWITA (fm) HazANDRABIN “0” UiBANUAMYY (f5)
a A A = 1 o’/‘ a dy & a 9 o
manfasuias (miensiden) vesnawdudazaiizaduiorauzvesasind mdyana

[ b ' . . v
Li’fuﬂﬁﬂuuﬂaquuﬁaam1ﬂﬁnj?wuuﬂammqnmaamm1nuaqmwmﬁﬁﬂummaaua@m‘vuuu



19

Y a @ o

[ = o a o Aa d‘/a’l d 1 o a
oasmsilasuntasvesdyaunduyavesiaiutiadyauns inuddWRges seSon dasida

q

= ] S e T ey a 1 Y P o J v o Aa
(Bit Rate) Ivuauiluiianedunil (bps) drudasimsnavuni/asvesdyanudiumeiayavesdadutia

o

. o v
FyonusinandIHades Sunh Sas1wesa (Baud Rate) Aniulumsdadeyadumaiinvosdaduiia

o

Aa As{‘: 1Y a ' v o J
ammmvﬁxmuwﬂmm DATTIUAZIMAUDAIIUDIAITUD

o g

v
a da o

uuudIaveIdyauvsinuEFHAGSY (FSK Bandwidth) lumsdemsdoyadodama

&2 da dd A Ay a < o W P ad o da (o e (]
mwuaummumcamﬂummmwmimuﬂuauﬂmtsn Lu‘@\‘l%'lﬂ’Jﬁﬂﬁ‘U’tNﬁiyﬂﬁmV‘J?Lﬂ'Jucﬁ‘HWﬂ‘(’JEN oY

v

a v o adg 4o :j a 3 [~ [
UUﬁU§1uLﬂU3ﬂuﬂU?ﬁﬂ’]‘i‘U?J\‘1fﬂ3H@@Lﬁ‘VWHQﬂ31ﬂﬂﬂﬂuuﬂ756ﬁﬂ1ﬂaﬁq¢ﬁﬂN"]ﬂcl‘ff’ﬂaﬂﬂ'l'i“llﬂ\‘lﬂﬁ

UBAANMIAANUANNBEI

FSK
Binary inpuit ——— Modulator - ——— Analog output

SOVEROML R &[\

thith{thithbithithithithithith ith {ththith
input mosl 1N o807 10 K Ve W] fomtebes  OY] 13|19
() I 271
> - I, >
Highest :
fundamental—»
frequency LD
=fp/2 f=fb/4
output fmifsifmi fsifmifsi fsifmifmi Sifsifsifmifs

' . E 4
31 2.17 WSmusFaRdonegminny

= da n:x(ay ] Y w = o o =
iﬂﬂ'g:l] 217 Llﬁﬂﬂﬂ\‘lﬂ'Ji’ﬁlﬂ’]u‘ﬁ‘)ﬁ’lﬂﬂﬂdnﬂ@lalﬂﬁli‘ﬁﬂ‘]ﬁﬁ'ﬁﬂﬂﬁlﬂﬂ’)ﬂﬁ ANDALAANTINNUD

Y o o a

feldndnmsvonssusidunuquesadamnes ssmudasmsavuulasfisfiqave sdayao
¥, . . ] . v
dunmziAnvuledoyaluudldnvuaidu 1 uaz o adusudAfodyufivioumiues (Square
o ' < o ]
Wave) audaed e lugthiludyaaulugi T
H L ' H )] b1 k4
ANudndanvesnaumnasuazniiiuainilavesdainmsdedoya duiudinsuunnie
anuindnfsisiufvdnnudgagavesdya ualneaiidesmsinnuegunuuuWT A uEIWAT
Qy o & & v v 9 A
8992MINY ATINHIVDIBATINITId0YA fiD
f__ = BitRate/2 (233)

am:

a max

die £, = anudgegauesdoguaiaoanivzsthuinegan



20

[ o a o 1 o )
ﬂ']'lllaﬂﬂ'lﬂ (Center Frequency : fo) ‘Uamwsu‘sqﬂumuQua@ﬁmammam:aglumtmmnaN

‘ s e = o =
TN ANUNNTA nuaNudaey dwanslugili 2.18
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A
fm fs
A A
< > < >
I(——— Deviation——)'{

sUi 2.18 msdoauuanyd
a 9y a & o o a g o <4
anIn 1 MUBURALIABUANUTIVBINAIUSIRUAIVANBITFAANDS 010 fo lthily fs vz
hnswasunlawesdeyaluvuidndunann <171 <o w3 <on l 17 agvirlanderdna
VOIS IAUAIVAUBRATAIAINGS (HeunSaiisauundy liinszuare fm §U & iiosnnldnginn
=) da jaca 4 < T A o
18y WSinudTWAGD, HuRfonsNegENIUIMIKRRRIN A AR udYTinITIeaIaN  (Modulate
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Mi= Af/fa (2.34)
do M1 = ArtinIsuagan
Af = msdoauuveniwilag MAANLANATL (Hy)
fi, = ﬂ31n?imaaﬁ“mymﬁﬁmmasﬂmﬂ(m)

/1 MI fivou i 1gegadon M1 i linddadefigadnsfntutonsdoanvenimd
wegianuda uazanuivesdyaaiiimogmaiiiigage

luSiudsrAdoomeamn i Ar Wumsdiousuanuiqaga (Peak Frequency Deviation)
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UANAITENIN fin (U fs HUAD

Af=(fs-fm)/2 (2.35)



21

{ 4 ¥ { i o aa
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= A

4 = a 5 ° a  J . '
fa iluanudvestoya luuis dmduna daegiliuuudiainirangariio fa = Bit Rate / 2 110

U ms1zazidsTsamal MI 1dan
MI = (fs — fm) / fb (2.36)

o fs-fim = ANUDLUVUIA

fb

ons10av0 3 lUTounRA

Tums dedayananisvogaan A Taoviaq U anunteweuniariezudsiuassfusm
MI Sasudondy whnuaaaces fis M1 Taoae T szdeaiiddindt 1.0 e ldilueniSuuuns
uﬂufhuuu?ﬂﬁﬁuﬂuﬁqm?Uﬂ Minimum Nyquist Bandwidth (fn) 29819151 msﬁ'a%wuwﬂ?mué
FiRdBaTnLEna (fo) = 7 KHz Anuiaul (%) = 6 kHz Ln¥AIMEINGA (fm) = 8 kHz Foya'luus

1 4
Suwail Bit Rate = 2 115011 MTUBYEANNIAIND A7)

MI = (6 kHz — 8 kHz) /2 kHz

MI = 1.0
MI JO J1 ]2 I3 J4
0.0 1.0
0.25 0.98 0.12
0.5 0.94 0.24 0.03
1.0 0.77 0.44 0.11 0.02
1.5 0.51 0.50 0.23 0.06 0.01
2.0 0.22 0.58 0.35 0.13 0.03

m‘mﬁ 2.1 Bassel Function Tabel
910A1379 Bassel Function 14@1519% 1 110 MI = 1.0 92 1dtoua21u0414 (Sideband Frequency)
d' 1 ‘dl 1 , . é 4
00NNIY198L 3 A1ND  1AouAazAMNDITYIRINAINAN (fo) = 1 kHz %9070 fb/2 1o fb Ao Bit

Rate = 2 kHz smnsaiouduanlaafunnud 1ddeg Ui 2.19
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2.5.1 ﬁ@@1ﬂxn15ua@tamw1aﬂawu§ ( Frequency Modulation signals )
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= 2f xSidebands (2.53)
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16 SECONDARY RECEIVE DATA == SEC__RCV
17 RECEIVE CLOCK -~ RCV__CLK
18

19 SECONDARY REQUEST TO SEND . SEC_RTS
20 DATA TERMINAL READY. N7 DTR
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mmﬁ' (Hz)| Voltage (V) mm?i (Hz) | Voltage (V) ﬂ’Jma’ (Hz) | Voltage (V)
100 1.062 2.6k 912.5m SAR 684.4 m
200 1.062 2.8k 893.8 m 54k 6719 m
400 1.056 3k 875 m 5.6k 656.2 m
600 1.05 Ky 862.5m 5.8k 640.6 m
800 1.038 34k 843.8 m 6k 628.1 m
1k 1.031 3.6k 825 m 6.2k 615.6 m
1.2k 1.025 3.8k 818.8 m 6.4k 612.5m
1.4k 1.013 4k 793.8 m 6.6k 593.7m
1.6 k 1 42k 771.9 m 6.8k 587.5m
1.8k 981.3m 44k 756.2 m 7k 571.9 m
2k - 962.5m 4.6k 737.5m 7.2k 562.5m
2210 950 m 4.8k 718.7 m 74k 553.1m
24k 931.3 m 5k 700 m 7.6 k 540.6 m
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AUD (Hz)| Voltage (V) A7100 (Hz) | Voltage (V) A2110 (Hz) | Voltage (V)
7.8k 525 m 8.6k 487.5 m 10k 4313 m
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8.2k 509.4 m 9k 4719 m 11k 400 m
8.4k 496.9 m 9.5k 450 m
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mmﬁ Voltage ﬂ’ﬂilé Voltage ﬂ’ﬂua Voltage
(kHz) (mV) (kHz) (mV) (kHz) (mV)
1 7.812 105 275 210 212.5
S 50.23 110 268.8 220 206.3
10 118.8 115 268.8 230 206.3
15 156.3 120 262.5 240 198.4
20 193.8 125 262.5 250 192.2
25 218.8 130 262.5 260 189.1
30 237.5 135 256.3 270 182.8
35 250 140 256.3 280 179:7
40 262.5 145 250 290 175
45 268.8 150 243.8 300 170.3
50 275 155 243.8 310 167.2
55 275 160 243.8 320 164.1
60 281.3 165 23i]n 330 159.4
65 281.3 170 2313 340 156.3
70 281.3 175 2313 350 153
75 281.3 180 2313 360 151.6
80 281.3 185 2313 370 146.9
85 281.3 190 225 380 143.6
90 281.3 195 225 390 140.6
95 275 200 218.8 400 137
100 275
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NNational Semiconductor

LM13600 Dual Operational Transconductance

Amplifiers with Linearizing Diodes and Buffers

General Description

The LM13600 series consists of two cument controlled
transconductance amplifiers each with differential inputs
and a push-pull output. The two amplifiars share common
supplies but otherwise operate independently. Linearizing
diodes are provided at the inputs to reduce distortion and
allow higher input levels. The result is 2 10 dB signal-to-
noise improvement referenced to 0.5 percent THD. Con-
uolled impedance buffers which are especially designed to
complement the dynamic range of the amplifiers are provic-

ed.

Features
& gn adjustable over 6 decades
® Excelient gq, linearity

Applications

Timers

Sample and hold circuits

Currentcontrolled amplifiers
Current-controlled impedances
Current-controlled filters
Currentcontrolled oscillators
tiultiplexers

Excellent matching between amplifiers
Linearizing diodes
Controlled impedance buffers

High output signal-to-noise ratio

Connection Diagram

Dual-{n-Line and Small Outline Packages

AMP
84S 0(00€  (KPUT  INPUT QUFEER BUEFER
{RPUT BIAS ) (=) ouTPUT ba (NPUT  OUTPUT
16 1 14 13 12 u [10 ]
+
1 2 3 {4 B E , 1 |e
AMP DI0DE  (NPUT  (KPUT  OUTPUT V3 BUFFER BUFFER
BIAS BIAS +) (=) (NPUT  QUTPUT
(KPUT
Top View

Order Number LM 13600M, LM13600N or LM13600AN

See NS Package Number M16A or N16A

TL/H/I7$80-2



Stereo Volume Control

The circuit of Figure 4 uses the excellent matching of the
two LM 13600 amplifiers to provide a Stereo Volume Contro!
with a typical channel-to-channel gain tracking of 0.3 dB. Re
ts provided to minimize the output offset voltage and may be

If V¢ is derived from a second signal source then the circuit
becomes an amplitude modulator or two-quadrant multiplier
as shown in Figure 5, where:

replaced with two 5109 resistors in AC-coupled applica- e \ _"2ls Ving _2Is (VT + 14V)
tions. For the component values given, amplifier gain is de- 0.5 1o (tagc) = o Rc o Rc
rived for Figure 2 as being:
V,
0. = 940 X lagc
Vin
TL//7980-11
FIGURE 4. Stereo Volume Coantrol
g (agc
Ving WKy v
HOOULATION R A
Ving Vo
CARRIER 10K /¢
siK !
O -15 v

35 TL/+:78680-12

FIGURE 5. Amplitude Modulator




XR-2206
] Monolithic
Function Generator

FEATURES

® Low-Sine Wave Distortion, 0.5%, Typical

@ Excellent Temperature Stability, 20pprv°C, Typ.
e Wide Sweep Range, 2000:1, Typical

® Low-Supply Sensitivity, 0.01%V, Typ.

e Linear Amplitude Modulation

e TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

June 1997-3

APPLICATIONS
e Waveform Generation

e Sweep Generation
e AM/FM Generation
e V\/F Conversion
e FSK Generation

e Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, trnangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally 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 atypical drift specification of 20ppm/°C. The oscillator
frequency can be lineary swept over a 2000:1 frequency
range with an extemal control voltage, while maintaining
low distortion. -

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -56°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 SOIC 0°C to +70°C

©1972

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



XR-2206

DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vcc= 12V, Ta =25°C, C = 0.01pF, Ry = 100KkQ, R, = 10kQ, R3 = 25kQ
Unless Otherwise Specified. S4 open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. l Typ. ’ Max. { Min. ] Typ. ] ¥ax. | Units |Cocditions
Genreral Characteristics
Single Supply Voltage 10 26 10 26 \%
Split-Supply Voltage +5 +13 +5 +13 \%
Supply Current 12 17 14 20 mA Ry > 10kQ
Oscillator Section
Max. Operating Frequency 0.5 1 05 1 MHz | C =1000pF, R{ = 1kQ
Lowest Practical Frequency 0.01 0.C1 Hz C =50uF, Ry =2MQ
Frequency Accuracy +1 +4 +2 % of fs {f, = 1/R{C
Temperature Stability +10 +50 +20 PPm/° R RC < T4 < 70°C
Frequency Ry =Ry = 20kQ
Sine Wave Amplitude Stability? 4800 4800 ppm/°C
Supply Sensitivity 0.01 0.1 0.01 %N | Viow = 10V, Vg = 20V,
Ry =Ry = 20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=f |fa @Ry=1kQ
fL@ R{=2MQ

Sweep Linearity

10:1 Sweep 2 9, % fL = 1kHz, fy = 10kHz

1000:1 Sweep 8 8 % f( = 100Hz. fy = 100kHz

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

Timing Capacitor: C 0.001 100 | 0.001 100 i Figure 5

Timing Resistors: Ry & R, 1 2000 1 2000 kQ
Triangle Sine Wave Output? Figure 3

Triangte Amplitude 160 16C mV/KQ | Figure 2, S; 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 0.5 0.5 dB For 1000:1 Sweep
Sine Wave Distortion

Without Adjustment 25 25 % Ry = 30kQ

With Adjustment 04 1.0 0.5 1:5 % See Figure 7 and Figure 8

Notes :
T Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 3.

2 For maximum amplitude stability, R3 shoutd be a positive temperature coefficient resistor.

Bold face parameters are covered by production test and guaranteed over operating temperature rangé.
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-4 Symmetry Adjust

1
[ 5
= Mult. 25%

hc And 15 3 S, Closed For Sicewave

=i _J_ c 3
= ]C ‘[; 1 Sine

14
= Shaper Sy
R
13ﬂ/ A
2

6
S
>
7 ancnt L_. Triangle Or
R, 1k B81] Switches e 4 Sine Wave Output

2
¢ 2 11 S W,
1 quare Wave
3 \—'\/_‘/ Output
R 10;‘2 3 Rs XR-2206 e
+ 50K :
I TuF
= _L: VCC
: I 10uF
Vee it
W 5.1K

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion.
(R3 Determines Qutput Swing - See Figure 3)

00

T

_[_ Mult 15
>V~ Fy o v And 14
J_ l : Sine
£ z Shaper
<1V %) pe 13 200 !

6
FSK lnput R 9
N Current 2
l Rg 8| | Switches ) +1 FSK Output
== 1
F1=1/R1C
F2=1/R2C 1l 12 |3 Rs XR-2206
+ 50K
= 1uF ?(—0—}
= abt
T~ 10uF
Veco—anr—d i
5.1K 5.1K

Figure 13. Sinusoidal FSK Generator
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Wi s R s,

With Extermnal Adjustment:

The hamonic content of sinusoidal output can be
reduced to -0.5% by additiona' adjustments as shown in
Figure 12. The potentiomater, Ra. adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. Set Rg at midpoint and adjust R4 for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

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

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
Ry and Rjp; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-.

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and R;. The values of R4 and
R should be in the range of 1kQ to 2MQ.

P Rev. 103 f

XR-2206

PRINCIPLES OF OPERATION

Description of Controls

Frequency of Operation:

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

S0 )
fo Re Hz

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for4kQ2 <R <200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

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

_3201,(mA)

7= ""'—é(u—F)—HZ

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

D R e
f= RC<1 + RC(1 3)>Hz

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

K= affaV, = —%ig Hz/V
G

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

@M
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XR-2211

FSK Demodulator/
Tone Decoder

FEATURES

e Wide Frequency Range, 0.01Hz to 300kHz
e Wide Supply Voltage Range, 4.5V to 20V

e HCMOS/TTULoyic Compaticility

e FSK Demodulation, with Carrier Detection
e Wide Dynamic Range, 10mV to 3V ms

e Adjustable Tracking Range, +1% to 80%

e Excellent Temp. Stability, +50ppm/°C, max.

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

e (Camer Detection

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications
applications. [t is particularly suited for FSK modem
applications. It operates over a wide supply voltage range
of 4.5 to 20V and a wide frequency range of 0.01Hz to
300kHz [t 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. Extemal components are used to
independently set center frequency, bandwidth, and output
delay. An intemal voltage reference proportional to the
power supply is provided at an output pin.

The XR-2211is 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 (0.3007) -55°C to +125°C
XR-2211N 14 Pin CDIP (0.300") —40°C to +85°C
XR-2211P 14 Pin PDIP (0.3007) -40°C to +85°C
XR-2211ID 14 Lead SOIC (Jedec, 0.1507) -40°C to +85°C

©1992

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

Vee

‘ Pre Amplifier

GND NC

@ @ 0

v

TIM C1 @

TIM C2 @

Loop

@ LDO

Q-Det

TIMR @

Lock
Detect
Comparator

@ LooQ

VRer @

VCO T
L] =
Quad
0-Det ~a
Internal
whel] |
1 Vrer [
Reference FSK Comp

@ LooaN

COMP [ @

>

Figure 1. XR-2211 Block Diagram
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ELECTRICAL CHARACTERISTICS

Test Conditions: Vec = 12V, Ty = +25°C, Rp = 30KQ, Co = 0.033iF, unless otherwise specified.

Parameter J Min. | Typ. ] Max. ] Unit ] Conditions
General
Suprely Voltage 45 20 \%
Scoply Current 4 7 mA Rp 2 10KQ. See Figure 4.
Osclllator Section
Frequency Accuracy +1 +3 % Deviation from fg = 1/Rg Co
Frequency Stability
Temperature +20 +50 ppm/°C | See Figure 8.
Power Supply 0.05 0.5 LN Vee = 12 +1V. See Figure 7.
0.2 %N Vcc = + 5V.See Figure 7.
Upper Frequency Limit 100 300 kHz Ro = 8.2KQ, Cy = 400pF
Lowest Practical Operating 0.01 Hz Ry = 2MQ, Cy = S50uF
Frequency
Timing Resistor, Ry - See
fFigure 5
Operating Range 2000 KQ
Recommended Range KQ See Figure 7 and Figure 8.
Loop Phase Dectector Section
Peak Output Current +150 +200 +300 HA Measured at Pir 11
Output Offset Current 1 LA
Output Impedance 1 Q
fMaximum Swing +4 +5 Y Referenced to Pin 10
Quadrature Phase Detector Measured at Pin 3
Peak Output Current 100 300 A
Output Impedance 1 MQ
Maximum Swing 1 Vep
Input Preampt Section Measured at Pin 2
Input Impedance 20 KQ
lnput Signal
Voltage Required to
Cause Limiting 2 10 mV ms
Notes

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




XR-2211

PRINCIPLES OF OPERATION

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

Quadrature Phase Detector Output (Pin 3): This is the
high impedance output of quadrature phase detector and
is intemally connected to the input of lock detect voltage
comparator. In tone detection applications, pin 3 is
connected to ground through a paralle! combination of Rp
and Cp (see Figure 3) to eliminate the chatter at lock
detectoutputs. 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 s 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¢ for
proper operation. At “low” state, it can sink up to SmA of
load current.

Lock Detect Complement, (Pin 5): The outputat pin5is
the logic complement of the lock detect output at pin 6.
This output is also an open collector type stage which can
sink 5mA 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, R, to Ve for
proper operation. It can sink 5mA of load current. When
decoding FSK signals, FSK data outputis at “high” or “of”
state for low input frequency, and at “low™ or “on” state for
high input frequency. If noinput 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 (see Figure 3.) The threshold voltage of the
comparator is set by the internal reference voltage, VRes
available at pin 10.

Reference Voltage, Vgee (Pin 10): This pin is internally
biased at the reference voitage level, Vree:Vrer=Vee /2
-850mV. The DC voltage level! at this pin forms an internal
reference for the voltage levels at pins 5,8, 11 and 12. Pin

V' Rev.301 .

10 must be bypassed to ground with a 0.1uF capacitor for
proper operation of the circuit.

Loop Phase Detector Output (Pin 11): This temninal
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
withno phase emor withinthe PLL, the DC level at pin 11is
very nearly equal to Vger The peak to peak voltage swing
available at the phase detector outputis equal to 2 x Vker

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, fq, is:

]

f H.
T\ ¥

where Cq is the timing capacitor across pins 13 and 14.
For optimum temperature stability, Ro 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 Vree 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, Cq, connected across these terminals (see
Figure 6.) Cy 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 Rp at pin 12
(see Figure 10.)

VCO Free-Running Frequency, fo: 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 fg value is
accurately referenced to the mark and space frequencies.
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APPLICATIONS INFORMATION

FSK Decoding

Figure 10 shows the basic circuit connection for ESK decoding. With reference to Figure 3 and Figure 10, the functions
of external components are defined as follows: Ro and Cg set the PLL center frequency, R+ sets the system bandwidtn,
and C sets the loop filter time constant and the loop damping factor. C¢ and Re form a one-pole post-detection filter for
the FSK data output. Tne resistor Rg from pin 7 to pin 8 introduces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

Design Instructions:

The circuitof Figure 10can be tailored forany FSK decoding application by the choice of five key circuit components: Ry,
R1,Co, C1and Cr Fora given set of FSK mark and space frequencies, fo andfy, these parameters can be calculated as
follows:

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

a) Caleulate PLL center frequency, fo:

b) Choose value of timing resistor Ry, to be in the range of 10KQ to 100K. This choice is arbitrary. The recommended
value is Ry = 20KQ. The final value of Ry is normally fine-tuned with the series potentiometer, Ry.
R
Ro= Ry + 7‘

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

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

_ Refo \
e

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

1250-C,

c, =

Ri=¢?

™

TOM
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