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2.2 Information Capacity
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C = information capcity
{o
B = wuuey
S, . signal power-to-noise power ratio
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2.4 Frequency Shift Keying
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2.4.,2 Bandwidth Considerations of FSK
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MC3357 (LOYW POWER FM IF)

MARIMUM RATINGS

DESCRIPTION SYMBOL RATINGS UNIT
Power Supply Voltage Vcc(max) 12 s =
Operating Supply voltage Vee 4 or 8 v
Detector Input Voltade - 1.0 Vp-p
Input. Valtage (Vec > 6.0V) Vig6 1.0 Vrms
Mute Function Vi -0.5 - 5.0 Vpk
Junction Temperature T3 150 Cc
Operating Temperature Tapr -30 - 70 c
Starage Temperat§;§‘ Tstg -65 - 150 c
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MAXIMUM RATINGS (Ta = 25 C)
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57n?u§ﬂﬁ 5.18  Asuanindeda lUTunTan 1 1 un1T499nu 8251 LasN1TAIYe

vaoan lunmangdeTaesny 8251
1

1800

1802

3EDD

D37D

LD A,O0DDH

QUT <7DH)

$LOAD THE MODE WORD IN A REG

$OUTPUT TO THEB251

i 2 STOP BITS, ODD PARITY, ENABLE PARITY, BBITS / CHAR

i X1 BAUD RATE MULTIPIER

H
1804

1806

1808
1804
180€C
180E
1810

1813

-

3dE1§

0370

LD A,15H

QUT (7DH),A

ENABLE, RX ENABLE, RESET ERRORS

3E49 LOOPT LD A,49H
D37¢C OUT (7CH),A
DB7D LOOP2 IN A, (70H)
CB4T BIT 0,4
CAGC18 JP  Z,L00P2
30818 JP LOGP1

{COMMAND WORD IN A REG

{OUTPUT TO 8251

$ASCIT "1v

{OUTPUT CHARACTER TO TYX

{READ STATUS REGISTER

i TEST BIT Q0 = 1

iBUFFER NOT EMPLY, KEEP POLLING

+BUFFER EMPLY, NEXT CHAR

a: o i a a:ﬂ
sin 5.18 M98 Llsunsan L tunas Lisunsy 8251
1] .
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( TERMINAL) Tﬂﬂﬁﬂu 8251 ﬂ?u%u7ﬂﬂ 5.20 uay 5.21 uuquuaﬂonoaﬂwaTﬂaaﬁwsmuas
]

TﬂsunsuﬁWiTunws%uéoﬁagaTﬂadwu 8251

TTL—=RS-232

RS-232 TTL

RS5-232

TERMINAL -

280-CPU 8251
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NO DATA RECEIVED

FROM TERMINAL

X

TART

WRITE MODE WORD PORT 7DH

WRITE COMMAND WORD PORT 7DH

READ STATUS REGISTER

NO
BIT Btl=t

YES

1

READ DATA REGISTER

GET RECEIVED CHARACTER

TX BUFFER

NOT EMPTY
NQ

RN

READ STATUS REGISTER

YES

WRITE RECEIVED CHARACTER

TO TX BUFFER (ECHO)

o v (! o v 1w '
sin 5.20 naaawaTﬂaaﬁwsavaaTﬂsuﬂsxn151un177uaanauaisuaﬂa
1 1

!

GO To A

o l i '
ﬂUBﬂﬂTmﬂﬂﬁﬂﬂWﬂTﬂHNWHBZSI
hJ

5-28

1

8251 IS NOW

>
INITIALIZED

RECEIVE
” CHARACTER FROM

TERMINAL

TRANSMIT
> CHARACTER BACK

TO TERMINAL

J

280
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1800
1802
1804

1806

we

3EDD

D370

3ELS

D370

LD

A,0DDH

GUT (7DH),A

LD

A,15H

OUT (7DH),A

s 8251 1S NOW INITIALIZED

-

t+MODE WORD
{WRITE TO 825!
s COMMAND. WORD

+WRITE TO 8251

+ FIRST THE DEVICE WILL WAIT FOR A CHARACTER TO BE

+ SENT TO IT FROM THE TERMINAL

i
1808
1804

180C

.
t

DB7D
CBAF

CADB18

LOOP1

IN A, (7DH)

BIT 1,A

JP

Z,L00P1

+READ THE STATUS

$TEST BIT D1 = 1

REGISTER

+NOT READY KEEP POLLING

¢+ WHEN WE REACH HERE A CHARACTER IS RECEIVED

¢
180F

1811

DB7C

47

*

IN A, (7CH)

LD

B.A

t+ WE WILL NOT ERROR CHECX THE DATA

N
]

{ NOW TO TRANSMIT THE DATA

H
1812
1814

1816

DB7D

€847

€al2is

-

Loop2

IN A,(7DH)

BIT 0,4

~JP

Z,L00P2

3-28

———

t{READ THE CHARACTER

s READ STATUS REGISTER

s TEST DO = 1

s+ XMIT NOT READY,

KEEP POLLING



+
A ]

i XMIT IS READY TO OUTPUT ANOTHER CHARAGTER

{
18139
1814

181¢C

we

e

78 kD A,B
D37C 0UT (7CH),A $ CHARACTER TO 8251
Cagsis ___JP Loopt $START OVER AGAIN

END OF ECHO ROUTINE

o & ¢ -
3 5.21 uaﬂaTﬂsunsuuaoTﬂaﬁﬁWSﬂﬂiuzdn 2.20
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Tﬂiunsuﬂwséaiaga

1800

1802

1804

1806

1808
180A
180C
180E
1810

1812

..

.

..

3E

b3

3E
D3

JE
D3
DB
CB
28
18

i fwuadndsidenTuen = 2 Snafisd, wa3h, Funidaunge,
AANYTIUIA 8 1M, DATIVIA Lx

DD START : LD A.ODDH  19%asideidoninum

7D OUT (7DH),A ; liTuns 8251

; ﬁwuuﬂsﬁaﬂanqu = Suwnﬁa Tx, Swiiia Rx, iR ER

15 LD A,15H ;7ﬁaﬂauqu

7D OUT (7DH),A 3 liTunTy 8251

¢ d9THa ASCIT "1 udan399 lunuansaninednaneliaerudn

43 LOOP 1 : LD A,A48H iNMUATHA ASCIT »1v

7C OUT (7CH),A :aelddy Tx

' {
70 LOOP 2 ¢ IN A,(7DH) ;8Wﬂ1ﬂﬂuﬂﬂ0ﬂﬂ7u8

47 BIT 0,A 1192971 Tx 21915949

FA JR Z,100P 2 3iiu 0 wanednlgneldaugnn
ﬁ 1} » v 1 (7] 1]

Fa JR LOOP 1 sulu t 99uan Miudenane 1y



LSunY

f

o ¢
(JauTnunlawasn 708

a v qw {
L1gUTRAAIUAYN (MWDTH 7DH
4

A

i

) ¢
aﬁu1vﬂuﬂﬂoﬂﬁﬁus

1u%d03a3n
)

‘ﬂl}
DRI

. r- Y-} "
ANUYONFIINTI L NI TINA
| 1

|

Tz #918319

[ A} {
27U LINUAR VAN U

Liauﬁaganwo Tx

1ﬂqﬂ A

v v ’ 1 v da v
NﬂﬂﬁuﬂWTTU"ﬂﬂﬁDNﬂﬁgﬁﬁﬁﬂ 280 NYLN2INUS
k]

(=}]
i

i1

.

{19 8251

?niagaawn
{awv

inasaua

devonalids
3

lau
INgTaUA



Tﬂiunsun17¥uiaga

1800
1802
1804

1806

1808
180A

180C

180E

1810

1811
1813

1815

1817
1818

181A

-e

e

..

..

[

v

.

.o

3E
D3
3E
D3

BD
M)
28

DB

47

0B
€8

28

78
03

18

: t%nﬁaaLﬁaﬂfnuﬂuaséosﬁanauqu
DD START : LD A,0DDH  3i3aniuue

70 OUT (7DH),A :l15unTy 8251
15 LD A,15H :sﬁaﬂuuqu
70 OUT (7DH),A 3 ldvunsy 8251

§ UNTI9 RxRDY 71599884 TN MT 08
;|

' {
70 LOOP 1 ¢ IN A, (7DH)  ;91ulunuansanius.

4F BIT 1,A $AT791N RXRDY iwu?au?uingan?aﬁo
FA JR Z,L00P 1 :iaga§o1ﬁxiﬂuwn?aﬁau11ﬁn7u1ﬁau
; BonTel wanedn 8251 1ﬁ¥uﬁa§au53 1% cpu Tdgruionan
7C IN A, (7CH) :dwuiagatiwuw

LD B,A st 137 8 oy

i 1979t LainTa971Texan laTunnAnuana uaasdtaanlunte Tx ag
L |
' 'e
70 LOOP 2 : IN A,(70H)  :o7ulumuaasdnius
47 BIT 0,A $17529UA TxRDY 77 usoNIsdunsad ¢

FA JR Z,L00P 2 :gelutnaliaueudn

§OHMNRTINLR wERIIN Tx uTouasvaaldias
L

LD A,B $197AUNN97N B
7C QUT (7CH),A ;dvoanlinnemn Tx
EC JR LOOP 1 :aunﬁu1ﬂ§uiaqaﬁa1uﬁ
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; pregram : send data 8 bit

-
’

porta equ GOh
pdrtb equ Olh
portc equ 02h

portcon equ 7dh
portdta equ 7ch

uE we ws

register a : data will be sent to receiver
register o : segment encoding of first digit
register e : segment encoding of second digit
register h : data will be sent to R¥X

M usr ME g ME wg

ME ME M3 w2 uUs w3

org 2000h

start: 1d a , 0GCh ; data will be sent to receiver
ld h, a ; save information of register a
and a , foh ; seperated digit for segment encoding
1d b ,04h

rotl: rr a
dinz rotl
ld d, a ; save segment encoding of first digit
ld a, h
and a , 0fh ; seperated digit for segment encoding
ld e, a ; save segnment encoding of second digit
call encode
call send
call displ

subprogram : hex to segment encoding

register d : segment encoding of first digit
register e : segment encoding of second digit

Wws VL g5 ME w1z

M3 VR w3 M3 we

org 2100h

encode: 1d ix , (data)

1d b , GCh

ldc , d ;: encoding first digit

add ix ,bc

1d d ,(ix+00d) ; return encoding code to register d

1d ix , (data) : return address ix

ld b , 00h

ldec , e ; encodeing second digit

add ix , bc

1d e ,(ix+00d) ; return encoding code to register e
data db bfh,06h,dbh,c5h,04h,05h,06h,07h,ffh,efh ;0 1 2 3 4 5 6 7

: subprogram : sending data by 8251
; register h : data will be sent to Rx

W3 uws Wz wus

org 2200
send: 1d a , fdh ; select mode
out ( portcon ) ,a
ld a , 37h 5 set control word
out ( portcon ) ,a
1d a ,h ; set data
out ( portdta ) ,a
sen2: in a ,(portcon)
bit 0 ,a
jr z , sen? : if is 0 show that busy
ret

6-14



: subpregram

segment encoding to display
; register d : segment enceding of first digit
register e : segment enceding of second digit

displ:

org 2400h

ld a , d

out (portb),a
1d a , 02h

out (portec) ,a
call delay

ld a, e

out (portb) , a
ld a, 01

out (portc ) ,a
call delay

jr displ

; out 1 st data to port 01

1 st digit of segment

; out 2 nd data to port 01

2 nd digit of segment

s w: wa

subprogram : delay

delay:

loopz:
loopl:

org 2500h

push bc

ld ¢ ,01h
1d b ,ffh
djnz loopl
dec ¢

jr nz,loop2
pop bc

ret

Wy WE wa W3 wul

ws Vs wg



> v i oo et e v o v

;5 prcgram receive data 8 bit 5
5 i 3
porta equ 00h
portb equ 0lh
portc equ 02h
portcon equ 7dh
portdta equ 7ch

: register a : data will be sent to receiver 3

; register d : segment encoding of first digit ;

; register e : segment encoding of second digit 3

: register h : data will be sent to Rx ;
org 2000h

start: call rece data will be received

ld h, a ; save information of register a

and a , foh ; seperated digit for segment encoding

1d b , 04h
rot: rr a

djnz rot

1d d, a : save segment encoding of first digit

ld a, h

and a , Ofh ; seperated digit for segment encoding

ld e , & ; save segment encoding of second digit

call encode

call displ
5 H
; subprogram : hex to segment encoding :
; register d : segment encoding of first digit ;
; register e : segment encoding of second digit :

org 2100h

encode: 1ld ix , (data)

ld b , 00h

ldc , d ; enceding first digit

add ix ,bc

ld d ,(ix+00d) s return encoding code to register d

1d ix , (data) ; return address ix

1ld b , 00h

ldec , & ; encodeing second digit

add ix , bc

data

?

1d e ,(ix+00d) : return encoding code to register e

db bfh,06h,dbh,c5h,04h,05h,06h,07h,ffh,efh ;0 1 23 4 56 7 89

subprogram -

receiving:data by 8251

Mes s Wz a3

; register a : data will be received
org 2200
rece: ld a , fdh ; select mode

repl:

out ( portcon ) ,a

1d a

>

37h set control word

-s

out ( portcon ) ,a

in a ,(portcon) ; reading status
bit 1 ,a ; check Rx . Are they received already
jr z repl ; data not complete or not sent

in a , (portdta)

ret

reading data received
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subprogram : segment enceding to display
register d : segment encoding of first digit
register e : segment encoding of second digit

org 2400h
displ: 1d a , d
out (portb),a ; out 1 st data to port 01
1d a , 02h
out (portc) ,a ; 1 st digit of segment
call delay
ld a , e
out (portb) , a ; out 2 nd data to port 01
1d a , 01
out (portc ) ,a ;s 2 nd digit of segment
call delay
jr displ

subprogram : delay

org 2500h

delay: push bc
. 1d ¢ ,01h
locp2: 1ld b ,ffh
loopl: djinz loopl

dec ¢

jr nz,loop2

pop bec

ret

CX}
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6.5.1 7% XR-2206

Tun1sdruam R1 wae R2 ﬁutswawuﬁsnﬁauWiQnsﬁaﬁ

-5
n

1/R C
L

]
n

1/R_C
2

TﬂﬂnwsnwuuﬂnwmaLnuﬂsuatﬁunnﬂon17 Tufis 59t munen ¢ = 0.0083 u
Gean ¢ flFlugwildansening 0.001 - 160 uF)

ANTATNI

ARUAAN f = 3000 Hz (logic "1")

f

2

1500 Hz (logic "0")

Timing Capscitor = 0.0033 uF

R = 1

3000 Hx # 0.0033 urF

101.01 k

R = i

L5500 Hz * 0.0033 uwF

202.02 k




6.6.2 @99 XR-2211

Tunrgdruoamefnuees  XR-2211 U4 L9INDIAIMIMMNIAMNARINANY (f
nau Fedruwalaann

f =51+ 52
2
\llg £, = 3000 Hz
£ = 1500 Hz
2
£ = 3000 + 1500 = 2250 Hz
2

AWATANWIMIAT € AU 15 leenamT C© = /R F
(=] L] [=] (=] Q

CO = 1/(20k % 2250Hz) = 0.022 uF

d7un1AINAMNAY R wa © lwmaanlfann

o
1}

R [ f /7(f +f ) 1
o o L 2
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R =130k

Q
"

0.0055 uF

dun1AInAn C uas C_ dwmnAn [fannanns

Q
1]

3/ (BAUD RATE) uF

<«
i

16/38
§9L00uUnuAY BAUD RATE = 600 9z la

0.005 uF

(ap]
1]

3/600

(]
]

16/38 0.42 uF
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XR-2206

Monolithic Function

« GENERAL DESCRIPTION

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

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

~ FEATURES

Generator PR

FUNCTIONAL BLOCK DIAGRAM

weit [ 1]

~~ OR &~ 2 —
OQUTPUT

SYMMETRY
ADJ.

MULTIPLIER
MULT. OUT I 3 ANO
+Vee l 4
[ [
TIMING
CAPACITOR
L [&]

SINE
SHAPER WAVEFORM
. ADJ.

o

v

GROUND e
\

SYNC
QUTPUT

Low-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range

Adjustable Duty Cycle

APPLICATIONS

Waveform Generation
Sweep Generation

AM/FM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation
Derate Above 25°C

Total Timing Current

Storage Temperature

0.5%, Typical

20 ppm/°C, Typical
2000:1, Typical
0.01%YV, Typical

10V to 26V
1% to 99%

26V

750 mwW

S 5 mw/°C

6 mA

—-65°C to +150°C

FREREEEE
e

| = BYPASS
TIMIII:; A §oAY y
RESISTORS CURRENT ?sx :
L | 8 - switcHes T i
P
i
ORDERING INFORMATION i
Part Number Package Operating Temperature :
= XR-2206M Ceramic -55°C to +125°C ‘
XR-2206N Ceramic 0°Cto +70°C '
XR-2206P Plastic 0°C to +70°C 4
XR-2206CN Ceramic 0°C to +70°C
XR-2206CP Plastic 0°C to +70°C

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.

o

The VCO actually produces an output frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current to the
VCO controlled by an FSK input pin, to produce an out-
put frequency. With two timing pins, two discrete output
frequencies can be independently produced for FSK i
Generation Applications.

P
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, v+
unless otherwise specified.

=12V, TA = 25°, C = 0.01
S1 open for triangle, clo,

#F, Ry = 100 kQ, R = 10 kQ, R3 = 25kn
sed for sine.wave.

XR-2206M XR-2206C |
PARAMETERS MIN TYP ] MAX [ MIN TYP j MAT’ UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltage +5 +13 | %5 +13 v
Supply Current 12 17 14 20" MA |Ry > 10kQ

liscuumn SECTION

Max. Operating Frequency

Lowest Practical Frequency
Frequency Accuracy
Temperature Stability

Supply Sensitivity

Sweep Range

MHz |C = 1000 pF, Ry = 1k Q
Hz C=50uF.Fi1=2MQ
% of fo | fo = 1/R4C
PPM/°C | 0°C < Tp < 70°C,

Ry = Ry = 20k Q
%IV VLOW = 10V, VHIGH =
V,

Rq =Ro =20kQ

2000:1 fH=fL | fy4 @Ry =1kQ
: Lery =2Mg
Sweep Linearity
10:1 Sweep % fL = 1kHz, fy = 10 kHz
1000:1 Sweep % fL = 100 kHz, fu = 100
kHz
FM Distortion % +10% Deviation
Recommended Timing
Components
Timing Capacitor: C 100 uF See Figure 4.
Timing Resistors: 2000 kQ
1
Triangle Sine Wave Output See Note 1, Figure 2.
Triangle Amplitude mVik @ | Figure 1, S1 Open
Sine Wave Amplitude mV/k @ | Figure 1, 81 Closed
Max. Output Swing Vpp
Output Impedance Q
Triangle Linearity %
Amplitude Stability dB For 1000:1 Sweep
Sine Wave Amplitude ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustment % R1 =30kQ
With Adjustment 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance kQ
Modulation Range %
Carrier Suppression dB
Linearity % For 95% modulation
Square-Waye Output
Amplitude Vpp [Measured at Pin 11.
Rise Time nsec |C_ = 10 pF
Fall Time nsec |C_ = 10 pF
Saturation Voltage 0.6 v IL=2mA
Leakage Current 100 #A Vi1 = 26V
FSK Keying Level (Pin 9) 2.4 v See section on circuit
controls
Reference Bypass Voltage 3.5 " Measured at Pin 10.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2.
Note 2: For maximum amplitude stability, R3 shouid be a positive temperature coefficient resistor,

lcc(ma)

Fig|
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XR-2206

Verz
DC VOLTAGE AT PN 1

Figure 5. Normalized Output Amplitude versus DC Bias at
AM Input (Pin 1).

C =0.01u.F
TRIMMED FOR MINIMUM
DISTORTION AT 30 K1}

TIMING R K()

Figure 6. Trimmed Distortion versus Timing Resistor.
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Figure 7. Sine Wave Distortion versus Operating Frequency
with Timing Capacitors Varied.
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XR-2206

N\JOR AA
oureuTr

S1CLOSEOFOR SINEWAVE  ~ .?_

Figure 10. Circuit for Sine Wave Generation without External
Adjustment. (See Figure 2 for Choice of R3).

r— = W \/0R /\/

r—— outsut
9 - AN
2 15 r=1Ag AC
s X =
| . < . i
5 i
f’-‘”-_—’-~v—~ U] 2 g -~
5 i Tl Ry _?J v.
S '
AAA~— -
{ sox 8 0] ¢
WAL e e Py A ¥ -
— ox
- R - ot
1 e =
“eoom o - = s X,
AN, | SQUAREwave
H A": s 5 U iy, & oureur
1 -—
S - T m
S CLOSED FOR SINE WAVE 2

Figure 11. Circuit for Sine Wave Generation with Minimum
Harmonic Distortion. (R3 Determines Output
Swing—See Figure 2.)
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Figure 12. Sinusoidal FSK Generator,
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Figure A3. Cirguit for Pulse and Ramp Generation.




mqnancy-smﬂ Keying:

The XR-2206 can be operated with two separate timing
resistors, R1 and Rp, connected to the timing Pin 7 and
g, respectively, as shown in Figure 12. Depending on
the polarity of the logic signal at Pin 9, either one or the
other of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage =2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
<1V, only Rp is activated. Thus, the output frequency
can be keyed between two levels, f4 and fp, as:

f{ = 1/R4Cand fp = 1/R2C

For split-supply operation, the keying voltage at Pin 9 is e

referenced to V—.
Output DC Level Control:

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

APPLICATIONS INFORMATION
Sine Wave Generation
Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
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 pro-
vided as described in the following section.

The circuit of Figure 10 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.

With External Adjustment:

The harmonic content of sinusoidal output can be re-
duced to =0.5% by additional adjustments as shown
in Figure 11. The potentiometer, 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 Ra forl minimum
distortion.

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

Triangle Wave Generation

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

XR-2206

Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice of timing re-
sistors, R1 and Ro; the output is phase-continuous dur-
ing transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V—.

FSK Generation

Pulse and Ramp Generation

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 circuit automatically frequency-shift
keys itself between two separate frequencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the choice of R1 and Ra. The val-
ues of Ry and Ry should be in the range of 1 k@ to 2
MQ.

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Operation:

The frequency of oscillation, fo, is determined by the ex-
ternal 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:

'o=R1—CHZ

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

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total tim-
ing current, |7, drawn from Pin 7 or 8:

_ 3201t (mA)

= ———— H

cehn
Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at + 3V, with respect to Pin 12.
Frequency varies linearly with I, over a wide range of
current values, from 1 gA to 3 mA. The frequency can
be controlled by applying a control voltage, Vg, to the
activated timing pin as shown in Figure 9. The frequen-
cy of oscillation is related to V¢ as:

1=L1+l(1_E_)HZ
Rc 3

RC

ey




XR-2206

where Vg is in volts. The voltage-to-frequency conver-
sion gain, K, is given as:

0.32 o

= VC = - -
K = af/d RcC

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

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 is approximately 100 kQ. Output ampli-
tude varies-linearly with the applied voitage at Pin 1, for
values of dc bias at this pin, within +4 volts of V+/2 as
shown in Figure 5. As this bias level approaches V+/2,
the phase of the outputsignal is reversed, and the am-

. “.

Output Ampiitude: plitude goes through zero. This property is suitable for

: i i ? hase-shift keying and suppressed-carrier AM genera-
Maximum output amplitude is inversely proportional to P : ; e =5
the external repsistor Sg connected to ?’Iu? 3’()see Figure tlon._Total dynamic range of amplitude modulation is ap-
2). For sine wave output, amplitude is approximately 60 proximately 55 dB.
irgvag:;l;i‘;?;tz%0116%3;;\‘/”;;:: %’; Lr;}e gfe;l; a{'nhﬁlétu%? C(\UT/ON: AM control must be used in coniungtion
example, R3 = 50 k@ would produce app}oxima{tely with a well-regulated s‘upply. sT_ce the output amplitude
+ 3V sinusoidal output amplitude. now bef:omes a function of V.

V: VR Ve
o2
Vi v
Va L
12 '
s s 1"
y L]
i‘ 13 14
10 2
$! va
15 18

EQUIVALENT SCHEMATIC DIAGRAM
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XR-2211
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FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION

The XR-2211 is a monolithic phase-locked loop (PLL)
system especially designed for data communications. It
is particularly well suited for FSK modem applications.
It operates over a wide supply voltage range of 4.5 to
20V and a wide frequency range of 0.01 Hz to 300 kHz.
It can accommodate analog signais-between 2 mV 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 de-
tection, and an FSK voltage comparator which provides
FSK demodulation. External components are usedtoin-
dependently set center frequency, bandwidth, and out-
put delay. An internal voltage reference proportional to
the power supply provides ratio metric operation for low
system performance variations with power supply
changes.

The XR-2211 is available in 14 pin DTL ceramic or plas-
tic packages specified for commercial or military tem-
perature ranges.

FEATURES

Wide Frequency Range

Wide Supply Voltage Range
DTWTTLECL Logic Compatibility
FSK Demodulation, with Carrier Detection

Wide Dynamic Range 2mVto3Vrms
Adjustable Tracking Range (£ 1% to +80%)
Excellent Temp. Stability 20 ppm/°C, typ.

0.01 Hz to 300 kHz
45Vto20V

APPLICATIONS

FSK Demodulation ’
Data Synchronization

Tone Decoding

FM Detection

Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V
Input Signal Level 3V rms
Power Dissipation
Ceramic Package 750 mW
Derate Above Tp = +25°C 6 mV/°C
Plastic Package
Derate Above Tp = +25°C < 5.0 mW/°C

1-23

FUNCTIONAL BLOCK DIAGRAM

SIGNAL
PRE AMP

[XA 2211 \J
TIMING

INPUT I 2
DEl:I’ECT 3
FILTER E SOET
GROUND
[{.=

DETECT

I— E COMP
LOCK Q
DETECT
OuTPUTS 8
{4 6
DATA =
outeutr | 7 <

ORDERING INFORMATION

INTERNAL
REFERENCE

FSK COMP

| 8 FSK
COMP INPUT

Part Number Package Operating Temperature
XR-2211M Ceramic ~55°C to +125°C
XR-2211CN Ceramic 0°C to +70°C
XR-2211CP Plastic 0°C to +70°C
XR-2211N Ceramic —40°C to +85°C.
XR-2211P Plastic —40°C to +85°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 in-
put signals above typically 2MV RMS are amplified to a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Its output
(unfiltered) produces sum and difference frequencies of
the input and the VCO output, f input + finput (2f input)
and f input - f input (0 Hz) when the phase detector out-
put to remove the “sum” frequency component while
passing the difference (DC) component to drive the
VCO. The VCO is actually a current controlled oscillator
with its nominal input current (fg) set by a resistor (Ro)
to ground and its driving current with a resistor (R4)
from the phase detector.

The other sections of the XR-2211 act to: determine if
the VCO is driven above or below the center frequency
(FSK comparator); produced both active high and active
low outputs to indicate when the main PLL is in lock
(quadrature phase detector and lock detector compara-
tor).
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1, V+ = V- = 6V, TA = +25°C, C = 5000 pF, R1 =Rz = R3 = Ry = 20 kQ,
RL = 4.7 kQ. Binary Inputs grounded, S¢ and Sy closed, unless otherwise specified.

>

XR-2211/2211M XR-2211C
PARAMETER MIN |TYP |MAX [ MIN [TYP MAX | UNITS CONDITIONS

GENERAL
Supply Voltage = —— 45 20 45 20 v
Supply Current 4 7 S 9 mA Ro = 10 kQ. See Fig. 4 !
OSCILLATOR SECTION .
Frequency Accuracy ~ +3 &1 % Deviation from fg = 1/RoCq '
Frequency Stability ¢ Ry =112

Temperature 1+20 | £50 +20 ppm/°C | See Fig. 8.

Power Supply 0.05 | 0.5 0.05 %IV V* = 12+ 1V. See Fig. 7.

0.2 0.2 %IV V+5 + 0.5V. See Fig. 7.

Upper Frequency Limit 100 | 300 300 kHz Ro = 8.2 kQ, Cp = 400 pF
Lowest Practical

Operating Frequency 0.01 0.01 Hz Ro = 2 MQ, Co = 50 uF
Timing Resistor, Ro See Fig. 5.

Operating Range 5 2000 8547 2000 kQ

Recommended Range | 15 100 15 100 kQ See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Qutput Current +150| £200| £300| +100 | +200 +300 uA Measured at Pin 11.
Output Offset Current +1 +2 HA
Qutput Impedance 1 1 MQ
Maximum Swing +4 +5 +4 +5 )" Referenced to Pin 10.
QUADRATURE PHASE DETECTOR Measured at Pin 3.
Peak Output Current 100 | 150 150 uA
Output Impedance 1 1 MQ
Maximum Swing 11 11 V pp
INPUT PREAMP SECTION - Measured at Pin 2.
Input Impedance 20 20 kQ
Input Signal

Voltage Required to

Cause Limiting . 2 10 2 mV

rms

VOLTAGE COMPARATOR SECTIONS
Input Impedance 2 2 MQ Measured at Pins 3 and 8. ;
Input Bias Current 100 100 nA P
Voltage Gain 55 70 55 70 dB RL = 5.1 k@ !
Output Voltage Low 300 300 mV Ic = 3mA
Output Leakage Current 0.01 0.01 A Vo = 12V
INTERNAL REFERENCE
Voltage Level 49 5.3 9.7 475 153 5.85 " Measured at Pin 10.
Output Impedance 100 100 Q
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Reference Voitage, VR (Pin 10): This pin is internally biased
at the reference voltage level, VR: VR = V+/2 - 650
mV. The dc voltage level at this pin forms an internal
reference for the voltage levels at Pins 5, 8,11 and 12.
Pin 10 must be bypassed to ground with a 0.1 uF ca-
pacitor for proper operation of the circuit.

LOOP DATA
FILTER FILTER

=

- FSK

rond &~DET. ]

FSK
COMP.

&l

PREAMP

ey (S e DI

LOCK DETECT LOCK DETECT
FILTER comp

Figure 1. Functional Block Diagram of a Tone and FSK
Decoding System Using XR-2211

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 Cy connected
to Pin 11 (see Figure 2). With no input signal, or with no
phase error within the PLL, the dc level at Pin 11 is very
nearly equal to VR. The peak voltage swing available at
the phase detector output is equal to +VR.
510 kil Ry o (9

w0k Re | g ve
LooP ’
[l «oer. [ if
4 3 i
=" A1 | T ouTPUT
® = comP.
2 " g INTERNAL
vew > [rererence
INPUT - ub
PRE % c‘;_%" N 8
°~F' AP < X
“
T = A Locx perecT
L‘ s - ouTPUTS
INPUT #DET. #
smu:. v 9
T = oeTECT

comP
X1

Figure 2. Generalized Circuit Connection for FSK and Tone

Detection o
VCO Control Input (Pin 12): VCO free-running frequency is
determined by external timing resistor, Rq, connected
from this terminal to ground. The VCO free-running fre-
quency, fg, is:

1
RoCo

Hz

fo =

where Cq is the timing capacitor across Pins 13 and 14.
For optimum temperature stability, Rg must be in the
range of 10 KQ to 100 KQ see Figure 8).

| : OUTPUT
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This terminal is a low impedance point, and is internally
biased at a dc level equal to VR. The maximum timing
current drawn from Pin 12 must be limited to <3 mA for
proper operation of the circuit.

""VCO Timing Capacitor (Pins 13 and 14): VCO frequency is

inversely proportional to the external timing capacitor,

~Cp, connected across these terminals (see Figure 5).
Cg must be nonpolar, and in the range of 200 pF to 10
uF.

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rg at Pin
12 (see Figure 9).

VCO Free-Running Frequency, fg: XR-2211 does not have a
separate VCO output terminal. Instead, the VCO out-
puts are internally connected to the phase detector
sections of the circuit. However, for set-up or adjust-
ment purposes, VCO free-running frequency can be
measured at Pin 3 (with Cp disconnected), with no in-
put and with Pin 2 shorted to Pin 10. 3

DESIGN EQUATIONS
(See Figure 2 for definition of components.)

1. VCO Center Frequency, fo:
fo = 1/RoCq Hz

2. Internal Reference Voltage, VR (measured at Pin
10):

VR = V+/2 - 650 mV
‘3. Loop Low-Pass Filter Time Constant, 7.
r = R1Cq

4. Loop Damping, {':

t=14 / So
Cq

5. Loop Tracking Bandwidth, +Af/fg:
Aflfg = Ro/Rq

TRACKING
BANOWIOTH
£y | -
L 1 ! L o |
PR T e
6. FSK Data Filter Time Constant, 7F:
F = RFCF

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

K¢ = 02VR/= volts/radian

8. VCO Conversion gain, Ko: (Ko is the amount of
change in VCO frequency, per unit of dc voltage
change at Pin 11):

Ko = —1/VRCgoR1 Hz/volt
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9. Total Loop Gain, KT:

KT = 27K¢Kg = 4/CqR1 rad/sec/valt
10. Peak Phase Detector Current Ia:

IA = VR (volts)/25 mA

APPLICATIONS INFORMATION
FSK DECOBING—

Figure 9 shows the basic circuit connection for FSK de-
coding. With reference to Figures 2 and 9, the func-
tions of external components are defined as follows: Rg
and Cq set the PLL center frequency, R4 sets the sys-
tem bandwidth, and C1 sets the loop filter time con-
stant and the loop damping factor. Cg and Rg form a
one-pole post-detection filter for the FSK data output.
The resistor Rg (= 510 KQ) from Pin 7 to Pin 8 intro-
duces positive feedback across the FSK comparator to
facilitate rapid transition between output logic states.

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

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK de-
coding application by the choice of five key circuit com-
ponents: Rg, R1, Cg, C1 and Cr For a given set of FSK
mark and space frequencies, f{ and fp, these parame-
ters can be calculated as follows:

a) Calculate PLL center frequency, fo:

=+
2

fo

b) Choose value of timing resistor Rg, to be in the
range of 10 KQ to 100 KQ. This choice is arbitrary.

TO PHASE
DETECTOR

20K
VRer AAA-
(= V*72) 206
= '
|
Vin M =V [ L ]: 28 mv
(PEAK) Rx + 20K

Figure 3. Desensitizing Input Stage
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The recommended value is Rg = 20 KQ. The final
value of Rq is normally fine-tuned with the series po-
tentiometer, Ry.

c) Calculate value of Cg from design equation (1) or
from Figure 6:

«. Co = 1/Rpfg

d) Calculate Rq to give a Af equal to the mark space
deviation:

Ry = Rolfo/(f1=12)] A

e) Calculate C1 to set loop damping. (See design equa-
tion No. 4.):

Normally, ¢ = 1/2 is recommended.
Then: Cq = Cp/4 for { = 1/2
f) Calculate Data Filter Capacitance, Cfg:

For RF = 100 KQ, Rg = 510 KQ, the recommended
value of Cf is:

Cg = 3/(Baud Rate) uF

Note: All calculated component values except Rg can
be rounded to the nearest standard value, and Rg can
be varied to fine-tune center frequency, through a se-
ries potentiometer, Rx. (See Figure 9.)

n
15
i
. Ro=skn |~
§ 10
z // &
§ | 1 Ro = 10 K
s
o p
0
4 6 3 10 12 14 18 18 220 22 2

SUPPLY VOLTAGE, Y+ (VOLTS)

Figure 4. Typical Supply Current vs V+ (Logic Outputs
Open Circuited)

|
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Figure 9. Circuit Connection for FSK Decoding
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Design Example:

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

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

Choose Rg - 20 K2 (18 KQ fixed resistor in
series with 5 KQ potentiometer)

Step 2:

Step 3: Calculate Cq from Figure 6: Cg = 0.044 uF

Step 4: Calculate Ry: R{ = R (2240/60) = 380 KQ

Step 5: Calculate C: Cq = Cg/4 = 0.011 uF
Note: All values except Rq can be rounded to nearest

standard value.

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

FSK BAND COMPONENT VALUES
300 Baud Co = 0.039 4F Cf = 0.005 4F
fy = 1070Hz [Cy = 0.01 4F RQ = 18 KQ
Fo = 1270 Hz | Ry = 100 KQ
300 Baud Co = 0.022 4F Cg = 0.005 4F
f1 = 2025 Hz [Cq = 0.0047 4F RQ = 18 K@
fo = 2225 Hz | Ry = 200 KQ
1200 Baud Co = 0.027 4F Cf = 0.0022 uF
fy = 1200Hz [Cqy = 0.01 yF RQ = 18 KQ
fo = 2200 Hz [Rq = 30 KQ

FSK DECODING WITH CARRIER DETECT:

The lock detect section of XR-2211 can be used as a
carrier detect option, for FSK decoding. The recom-
mended circuit connection for this application is shown
in Figure 10. The open collector lock detect output, Pin
6, is shorted to data output (Pin 7). Thus, data output

0.1 uF Ve
in " <o
0.1 uF 1 1w D vco
FSK — FINE-TUNE
INPUT °_’ }’—C
XR-2211
co 470 X
51K 7
*v

.+ s10Kn
DATA OUTPUT VIV

2 =]

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

Note: Data Output is ““Low’” When No Carrier is Present.
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will be disabled at “low" state, until there is a carrier
within the detection band of the PP, and the Pin 6 out-
put goes “high,” to enable the data output.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +
Afe. 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 C4. For most
applications, Afg > Af/2. For Rp = 470 KQ, the approx-
imate 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 ob-
served on the lock detect output as an incoming signal
frequency approaches the capture bandwidth. Exces-
sively large values of Cp will slow the response time of
the lock detect output.

TONE DETECTION:

Figure 11 shows the generalized circuit connection for
tone detection. The logic outputs, Q and Q at Pins § and
6 are normally at “high" and “low" logic states, respec-
tively. When a tone is present within the detection band
of the PLL, the logic state at these outputs become re-
versed for the duration of the input tone. Each logic out-
put can sink 5 mA of load current.

Both logic outputs at Pins 5 and 6 are open collector
type stages, and require external pull-up resistors R 4
and R 2, as shown in Figure 11.

e Ve

oy e i

470 X

vco
FINE -TUNE

}

XR-2211

Ap

Figure 11. Circuit Connection for Tone Detaction

With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as fol-
lows: Rg and Cqg set VCO center frequency; R4 sets the
detection bandwidth; C4 sets the low pass-loop filter
time constant and the loop damping factor. R|_ 1 and
R 2 are the respective pull-up resistors for the Q and

Q logic outputs.
Design Instructions:
The circuit of Figure 11 can be optimized for any tone

detection application by the choice of the 5 key circuit
components: Rg, Ry, Co, C1 and Cp. For a given input,

LY

i

IR LUrRS
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the tone frequency, fg, these parameters aré calcu-
|ated as follows: -

a) Choose Rg to be in the range of 15 KQ t0 100 KQ.
This choice is arbitrary.

b) Calculate Cq to set center frequency, fo equal to fs
(see Figure 6). Co = 1/Rofs

* ¢) Calculate Ry 10 set bandwidth +Af (see design

equation No. 5)f
Ry = Ro(fo/af)

Note: The total detection bandwidth covers the fre-
quency range of fg + Af.

d) Calculate value of Cq for a given loop damping
factor;

Cy = Col16 ¢2

Normally ¢ = 1/2 is optimum for most tone detector ap-
plications, giving C1 = 0.25 Cp.

Increasing Cq improves the out-of-band signal rejec-
tion, but increases the PLL capture time.

g) Calculate value of filter capacitor Cp. To avoid chat-
ter at the logic output, with Rp = 470 KQ, Cp must
be:

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

Increasing Cp slows down the logic output response
time.

Design Examples:
Tone detector with a detection band of 1 kHz + 20 Hz:

a) Choose Rg = 20 KQ (18 KQ in series with 5 KQ po-
tentiometer).

_b) Choose Cqg for fg = 1 kHz (from Figure 6): Co =

0.05 uF.
¢) Calculate Rq: Ry = (Rg) (1000/20) = 1 MG.

d) Calculate Cq: for = 1/2,C1 = 0:25; C(j =
0.013 uF.

e) Calculate Cp: Cp = 16/38 = 0.42 pF.

f) Fine-tune center frequency with 5 KQ potentiometer,
Rx.

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wide
range of analog communications and telemetry appli-
cations. The recommended circuit connection for this
application is shown in Figure 12. The demodulated
output is taken from the loop phase detector output (Pin
11), through a post-detection filter made up of Rf and
Cr, and an external buffer amplifier. This buffer amplifi-
er is necessary because of the high impedance output

1-29

XR-2211

at Pin 11. Normally, a non-inverting unity gain op amp
can be used as a buffer amplifier, as shown in Figure
12,

0.1 uF
™
INPUT

XR-2211

Figure 12. Linear FM Detector Using XR-2211 and an External
{ Op Amp. (See Section on Design Equation for Com-
ponent Values.)

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

Vout = R1 VRI/100 Rg Volts/% deviation

where VR is the internal reference voltage (VR = V+/2
- 650 mV). For the choice of external components R1,
Rg. Cp. C1 and Cr, see section on design equations.

PRINCI_PLES OF OPERATION

Signal Input (Pin 2): Signal is ac coupled to this terminal.
The internal impedance at Pin 2 is 20 KQ. Recom-
mended input signal level is in the range of 10 mV rms
to 3V rms.

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 con-
nected to ground through a parallel combination of Rp
and Cp (see Figure 2) to eliminate the chatter at lock
detect outputs. If the 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
“high” state when the PLL is out of lock and goes to
“low" or conducting state when the PLL is locked. It is
an open collector type output and requires a pull-up re-
sistor, Pr, to V+ for proper operation. At “low” state, it
can sink up to 5 mA of load current.

Lock Detect Complement, @ (Pin 6): The output at Pin 6 is
the logic complement of the lock detect output at Pin 5.
This output is also an open collector type stage which
can sink 5 mA of load current at low or “on” state.
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FSK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, to v+
for proper operation. It can sink 5 mA of load current.
When decoding FSK signals, FSK data output is at
“high’ or “off" state for low input frequency, and at
“low" or “on" state for high input frequency. If no input
signal is present, the logic state at Pin 7 is indetermi-
nate.

FSK Comparitor Input (Pin 8): This is the high impedance
input to the FSK voltage comparator. Normally, an FSK
post-detectidn or data filter is connected between this
terminal and the PLL phase detector output (Pin 11).
This data filter is formed by R and CF of Figure 2. The

- threshold voltage of the comparator is set by the inter-

nal reference voltage, VR, avail‘able at Pin 10.
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