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Introduction 
1l1is data book contains a complete summary of technical 
data and information covering Exar's complete line of 
Phase Locked Loop (PLL) IC' products. Each of the products 
presented in this Data Book covers a wide range of applica­
tions which will greatly simplify most system designs. To 
help the designer to find the right devices for his applica­
tions, a number of convenient cross-reference charts arc also 
included which show the key features of each of the pro­
ducts discussed, in terms of different classes of applications. 

EXPERI ENCE A D PRODUCTS 
l·xar·~ innovativeness. product quality and re~ponsivc­
ness to customer needs have been the ke1 to i1s success. 
f:xar today offers a broad line of linea1 and in1erface 
circuits. In the ficlJ of slandard linear IC products. Exar 
has ex1cnded its circuit technological leadership in10 1he 
areas of wnununications and control ci1cuits. Today l:.xar 
has 11nc ol 1he nH>SI complete lines ot' If osc,llatms. 1im111g 
cu culls. and phase-locked loops in the industry. l: xar 
also manufactures :1 !urge famil) of 1clecornmun1ca1ion 
drcu11s sud1 a~ lone decoder~. compandors. modula1ors. 
PCM repeaters. and FSK Modem Circuit\. In the field of 
indu,1rial control circuits. f-,ar manufactures a broad 
line of 4uad and dual opcrat11mal amplifiers. voltage regu­
lator~. radm•contrul and servo driver IC\. anJ power ctr· 
Cllib. 

l·xar'~ c,pe11encc Jnd expertise in the area of bipolar 
If technology e-.;tends both into custom and standard IC 
products. In the area of custom Ir's. bar has drs,gne<l. 
·developed. and m:111ufac1ured a wide range ol full-cuswm 
monol11h1c circulls. partrcularly for applic.it1ons in the area!> 
of 1elecommunications. consumer electronics. and indus­
trtal co111rnls. 

In addition to the full•cttstom capablli1y. har also offers 
a unique semi•custom I(' development capability for low­
to 111edium-volume custom cin.:uits. 1l1is semi-custom pro­
gram is intended for 1hose customers seeking cost-effective 
solutions lo reduce co111ponen1 count and board si1.e in 
order 10 compete more effective!)' in a changing marl-el• 
plal'C. 1l1e program i.tllows a customiLed monolithic IC to 

be developed with a 1urnaround lime of several weeks at 
a small frac1ion oi the r:ost of a full-cus1om development 
program. 

EXCELLENCE I ENGi EERING 
bar 4ual11y \tarts in 1:ngineering where highly qualified 
people are backed up with the advanced instruments and 
facilities needed for de 1gn and manufacture oi custom. 
sem1-custom, and standard integrated circuits. b,ar\ 
engineering "and focilitics a,e ge,ired to handle all three 
dasses of IC design: (I) ~cm1-1.:us1om design programs 
programs using E:\ar's bipolar and 12l master chips; 
( 2 l full-custom IC design; (3) development and high• 
volume prodUL'tion of standard prnduc1s. 

1-xar re~crvcs the right 10 mak.e charrg.c~ at any tune 111 order 
to improve des1µn and to suppl) 1hc bc~I prmlur:t pos~ihle. 

Some of the challenging and complex development prJI 
grams successfull) con_1plc1ed by Lxar include anal~ 
compandors and P( M repeaters for 1elecommun11.:atton. 
electronic-111jec1ion. anti•skid braking systems and voltage 
regulators for au1omotive electronics. digi1al voltmeter 
circuits. 40 MIil frequency synthesiLers. high-(;urren1 and 
high-voltagr display and relay driver )C's. and man} others. 

NEW TECHNOLOGIES 
Through company sponsored research and development 
activities. [ xa, constant I) stays abreast of all 1echnology 
areas related to changing cusrnnwr need~ and requirements. 
Exar ha~ recently completed development efforts in lr1tc• 
grated Injection Logic (121.) technology, which offers 
uni4ue advantages in the area of low-power. high-density 
lllgic arrays. Exar has a complete design engineering group 
dedicated 10 this new technology. and is currently supply­
ing over 1wcn1y different custom and semi-custom t2L 
products. 

FIRST IN QUA LITY 
From incoming inspectton of all materials 10 the final 
lest of the finished goods. l:.xar performs sample testing 
of each lot to ensure that every product meets bar's 
high quality standards. Exar"s manufacturing process is 
inspected or tested tn accordance with its own s1,mge111 
Quali1y Assurance Program. which is in compliance wi,_ 
Ml L-Q9858A. Additional special screening and testirll 
can be negotia1ed to meet indi,idual customer require­
ments. 

lliroughout the wafer fah and assembly proce~s. the 
la1est scientific instruments. such as scanning elec1ron 
microscopes. are used for inspection. and modern auto• 
mated equipment 1s used for wafer probe, AC. IX. and 
functional testing. environmental and hum-in testing of 
finished products 1s also done 1n-hou~e. For special environ· 
mental or high reliability burn-in tests outside 1esung lahor• 
atories are used 10 complement 1:-.xar's t>wn extensive m­
lrnuse fad Ii ties. 

FIRST IN SERVICE 
E,ar has 1he ability :ind nexibility to serve the cuswmer 
in a variety of ways from wafer fabrication 10 full para• 
metric selection of assembled units for individual customer 
requirements. Special mark.ing. special pacbging and 
military screening are onl) a few of the service options 
available from Exar. We are certain that Exar·s service 
is flexible enough to satisfy 99~ of customer needs. The 
company has a large staff of Applications Engineers 10 
assist the customer in the use of the product and 10 handle 
an) request. large or small. 

1:xar canrnll :is~umc an) re~ponsibtl1ty fo r any circuits show4 
or represen1 1ha1 the) arc free from pa1cn1 infringement. 
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Fundamentals of Phase-Locked Loops 

The phase locked loop provides frequency selective tuning and 
fillering without the need for coils or inductors. As shown in 
Figure I, the PLL in its most basic form is a feedback system 
comprised of three basic functional blocks: a phase compara­
tor. low-pass filter and voltage controlled oscillator (VCO). 

The basic principle of operation of a PLL can brie0y be ex­
plained as follows: With no input signal applied to the system. 
the error voltage V d is equal to Lero. The VCO operates at a 
set frequency. f0 , which is known as the free-running fre­
quency. If an input signal is applied to the system, the phase 
comparator compares the phase and frequency of the input 
signal with the VCO frequency and generates an error voltage. 
Ve(t). that is related 10 the phase and frequency difference 
between the two signals. This error voltage is then filtered and 
applied to the control terminal of the VCO. If the 111put 
frequency. fs, is sufficiently close to f0 , the feedback nature of 
the PLL causes the VCO to synchroniLe. or lock. with the 
incoming signal. Once in lock. the VCO frequency is identical 
to the input signal. except for a finite phase difference. 

Two key parameters of a PLL system are its lock and capture 
ranges. They can be defined as fol lows: 

Lock range: The range of frequencies in the vicinity of f0 , over 
which the PLL can maintain lock with an input signal. It is 
also known as the tracking or holding range. Lock range in• 
creases as the over-all gain of the PLL is increased. 

Capture range: The band of frequencies in the vicinity of f0 

where the PLL can establish or acquire lock with an input 
signal. It 1s also known as the acquisition range. II is always 

INPUT v,ltl 
v.,u Vdltl 

PHASE ~ 
LOW,PASS 

SIGNAL - COMPARATOR FILTER ~ 
1, 

V0ltl 

~ vco 
t,. Vrllll 

Figure I. The basic phase locked loop consists of three functional 
blocks: a phase comparator. a low pass filter and a voltage-controlled 
oscillator. 
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smaller than the lock range and is related 10 the low-pass 
filter bandwidth. It decreases as the filter bandwidth is re­
duced. 

The lock anti the capture ranges of a PlL can be illustrated 
with reference lo Figure 2. which shows the typical frequency­
to-voltage characteristics of a PLL. In the figure, the input is 
assumed to be swept slowly over a broad frequency range. The 
vertical scale corresponds to lhe loop error voltage. 

In the upper part of Figure 2. the loop frequency is being 
gradually increased. The loop does not respond 10 the signal 
until ii reaches a frequency f1 • corresponding to the lower 
edge of the capture range. Then. the loop suddenly locks on 
the input. causing a negative jump of the loop error voltage. 
Next, V d varies with frequency with a slope equal lo the 
reciprocal of the VCO voltage-to-frequency conversion gain, 
and goes through lero as fs = f0 . The Loop tracks the input 
until the input frequency reaches f2. corresponding to the 
upper edge of the lock range. The PLL then loses lock. and 
the error voltage drops to zero. 

If the input frequency is now swept slowly back. the cycle 
repeats itself as shown in the lower part of Figure 2. The 
loop recaptures the signal a1 f3 and traces it down to f4. 
The frequency spread between (f1 • f3 ) and (f2, f4) corres­
ponds to the total capture and lock ranges of the system; that 
1s, f3 f1 = capture range and f2 - f4 = lock range. The PLL 
responds only to those input signals sufficiently close lo the 
VCO frequency. f0 , to fall within the "lock" or ·•capture" 
range of the system. I ts perfom1ance characteristics, therefore. 
offer a high degree of frequency selectivity, with the selectiv­
ity characteristics centered about f0 . 

FREOVENCY -

FREQUENCY 

Figure 2. Typical PLL frequency-to-voltage transfer characteristics arc 
shown for increasing (upper diagram) and decreasing (lower diagram) 
inpu1 frequency. 
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Applications of PLL IC's 
The basic concept of the phase locked loop (PLLJ has been 
around since the early 1930's and has been used for a variety 
of applicauons in instrumentation and space telemetry. How­
ever, before the advent of monolithic integration. cost and 
complexity considerations limited its use to precision measure­
ments requiring very narrow bandwidths. In the past few yea rs, 
the advantages of monolithic integration have changed the 
phase locked loop from a specialited design technique 10 a 
general-purpose building block. Therefore, what is ''new'· at 
this point is not the concept oft he PLL, but its availability in 
a low-cost self contained monolithic IC' package. 

In many ways, this is similar Lo the case of the monolithic 
operational amplifier, which. until less than a decade ago. was 
an expensive building block. Today. with the advent of mono­
lithic technology. ii h.is become a basic building block in 
nearly every system design. The monolithic phase locked loop 
also offers a similar potential. In fact, many of the applications 
ofthePLLoutlined in this article become economically feasib le 
only because the PLL is now available as a low-cost IC building 
block. 

Today, over a dolen different integrnteu PLL products are 
available from a number of IC manufacturers. Some of these 
arc designed as "general-purpose" circuits. suitable for a multi­
tude of uses: others are intended or optimiled for special 
applications such as tone detection. stereo decod111g and 
frequency synthesis. This article is intended as a brief survey 
of the expanding field of monolithic phase locked loops. Its 
purpose is to familiarize the reader with their individual 
characteristics, capabilities and applications. 

Applications for PLLs Abound 

As a versatile building block, 1he PLL covers a w1ue range of 
applkations. Some of the more important are the following: 

FM demodulation: In this application, the PLL i~ locked on 
the input FM signal, and the loop-error voltage, V d(l) 111 

Figure I (see Box), which keeps the VCO in lock with the 

PROGRAMMABLE 
COUNTER 

FREOUENCV 
REFERENCE 

INPUT 

PLL 

I - -- ..--- -. I 
Pl-!ASE 

COMP/IRA TOR 
LP 

FILTER 

vco 

I 
I 
I 
I 
I 

I ---~ I 
PROGRAMMABLE 

COUNTER I - - - - - J 

Pigurc 3. A frequency multiplier/divider can be constructed using a 
phase locked loop. 
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input signal, represents the demodulated output. Since the 
sys1em responds only to input signals within the capture 
range of the PLL, it also provides a high degree of frequency 
selectivity. In most applications. the quality of the demodu­
lated output (i.e., its linearity and signal/noise ratio) obtained 
from a PLL is superior to that of a conventional discriminator. 

FSK demodulation: Frequency-shift keyed (FSK) signals are 
commonly used to transmit digital information over telephone 
lines. In this type of modulation, the carrier signal is shifted 
between two discrete frequencies to encode the binary data. 
When the PLL is lockeu on the input signal. tracking the shifts 
in the inpu1 frequency, the error voltage in the loop, V ctf t). 
converts the frequency shifts back to bim1ry logic pulses. 

Signal conditioning: When the PLL is locked on a noisy input 
signal. the VCO output duplicates the frequency of the desired 
111put but greatly atlenuates the noise. undesired sidebands 
and interference present at the input. It is also a tracking filter 
since it can track a slowly varying 111put frequency. 

Frequency synthesis: The PLL can be used 10 generate new 
frequencies from a stable reference source by either frequency 
multiplication and division, or by frequency translation. Figure 
3 shows a typical frequency multiplication and division 
circuit. using a PLL and two programmable counters. In this 
application, one of the counters is inserted between the VCO 
and phase comparator and effectively divides the VCO f re­
qucncy by the counter's modulus N. When the system is in 
lock, the VCO output is related to the reference frequency, fR, 
by the counter moduli M and as: 

By addmg a multiplier and an additional low-pass filter to a 
PLL (Figure 4), one can form a frequency translation loop. In 
this application, the VCO output is shifted from the reference 
frequency, f R, by an amount equal to the offset frequency. f1 , 

i.e .. f0 = (fR + f 1 ). 

MULTIPLIER 

OFFSET 
INPUT 

I P1-!AS£ 
lcoMPAR11 TOR 

'-----• OUTPUT 
'" fR ~ 11 

PLL 

LOW-PASS 
FILTER 

vco 

Figure 4. FrcqucnC}' translation can be accomplished with a phase 
locked loop by adding a multiplier and an additional low-pass filter to 
the basic PLL. 
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Data synchronization: The PLL can be used to extract syn­
chronization from a composite signal, or can be used to syn­
chronize two data streams or system clocks to the same 
frequency reference. Such applications are useful in PCM data 
transmission, regenerauve repeaters, CRT scanning and or 
drum memory read-write synchroniLation . 

AM detection: The PLL can be converted to a synchronous 
AM detector with the addition of a non-critical phase-shift 
network, an analog multiplier and a low-pass filter. The sys­
tem block diagram for this application is shown in figure 5. 

In this application, as the PLL tracks the carrier of the input 
signal, the VCO regenerates the unmodulated carrier and feeds 
it 10 the reference input of the multiplier section. In this 
manner, the system functions as a synchronous demodulator 
with the filtered output of the multiplier repr.!senting the 
demodulated audio information. 

Tone detection: In this application, the PLL is again connected 
as shown in Figure 5. When a signal tone is present al the input, 
within a frequency band corresponding to the capture range of 
the PLL. the output de voltage ts shifted from its tone-abse111 
level. This shift is easily converted lo a logic signal by adding a 
threshold detector with logie<ompatible output levels. 

Motor speed control: Many electromechanical systems. such a!> 
magnetic tape drives and disc or drum head drivers, require 
precise speed control. This can be achieved using a PLL system, 
as shown in Figure 6. The VCO section of the monolithic PLL 
is separated from the phase-comparator and used to generate a 
voltage controlled reference frequency. f R · The motor shaft 
and the tachometer output provide the second signal, fre­
quency f M. which is compared to the reference frequency. The 
controller is a power amplifier which drives the spee<l-control 

PLL --------7 
PHASC 

COMPARATOR 

vco 

LP 
F ILTCR 

L ________ _ 

I 
I 
I 
I 

__ I 

ANALOG CONTROL 
INPUT 

PLL 

~-------7 
AM OR PHASE L p I 

TONE r>-....-+.1 COMPARATOR FILTER 
INPUT I I 

I I 
I vco I 
L _____ _ J 

PHASE 
SHIFT 

N(TWORK 

MULTIPLIER LP 
FILTER 

OEMOOULATEO 
OUTPUT 

I i!(urc 5. AM und tone detection arc possible by adding three functional 
blocks to the basic phase locked loop. 

win<lings of the motor. Thus, the motor and tachometer 
combmation essentially functions as a VCO which is phase 
locked 10 the voltage controlled reference frequency. fR. 

Stereo decoding: In commercial FM broadcasting, suppressed 
carrier AM modulation is used to superimpose the stereo 
information on the FM signal. To demodulate the complex 
stereo signal, a low-level pilot tone is transmiu ed at 19 kHz 
(1/2 of actual earner frequency). The PLL can be used to lock 
onto this pilot tone, and regenerate a coherent 38 kilz carrier 
which is then used to <lemo<lulate the complete stereo signal. 
A number of highly speciali,:ed monolithic circuits have been 
developed for this application. A typical example of monolithic 
stereo decoder circuits using the PLL principle is the XR-13 I 0 
stereo demo<lulator IC'. 

r--------, 

TACHOMETER 

MOTOR 

I igurc 6. Very precise motor ~peed control is possible with a phase locked loop system of this typi.:. 
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Overview of Exar's PLL Products 
har offers the widest selection of monoli1.hic phase-locked 
loop IC products in the industry. The purpose of this section 
is to familiari7c the user with the key features and the char­
acteristics of Exar's entire line of PLL products. Table I gives 
a comparative listing of I.he key features and characteristics of 
Exar·s broad line of PLL products. 

XR-S200 is a multi-func1.ion PLL containing a four-quad ran l 
analog multiplier. a high-frequency VCO and an operational 
amplifier. and is housed in a 24-pin package. Each of rhe func­
tional blocks and their control inputs are independent of each 
other. In other words, they can be externally connected in 
any order. Thus, it is essentially a custom. or do-it-yourself, 
PLL. The user detennines the function and performance char­
acteristics by his choice of ex ternal connections and com­
ponents. 

XR-2 10 was designed for FSK modulation/demodulation 
applications. In addition to the basic PLL. i l contains a volt­
age comparator and a RS232-C compatible output logic driver. 
TI1e VCO section can be used for FSK modulation and has 
independent mark/space adjustments. 

XR-215 is a general-purpose PLL circuit particularly suited 
for FM demodulation, frequency synthesis. and tracking filter. 
1l1e high-gain amplifier section can be used as an active f11ter. 
or can function as an audio preamplifier for FM detection. 
The VCO section has sweep and gain control options. A single 
PLL circuit can be time-multiplexed between two inpu t chan­
nels by applying a binary input to its range-select control. The 
key feature of XR-2 15 is its high frequency capability (up to 
35 Mll1). 

XR-22 11 is an ultra-stable PLL system optimiled for FSK 
MODEM design. It offers 20 ppm/°C VCO stability and an 
on-chip quadrature detector for lime or carrier-detect applica­
tions. Its tracking bandwidth can be con trolled by choice of 
two ex ternal resistors. 

XR-2212 is a versatile, precision PLL circuit with 20 ppm/"C 
oscillator stability. It is ideally suited for linear FM detection 
or frequency synthesis. The VCO section of the circuit is not 
internally connected to the phase-detector; thus. it can inter­
face with an external TTL or MOS frequency divider for fre­
quency synthesis applications. 

XR-567 monolithic tone-decoder contains an intcmal current• 
controlled oscillator (CCO) and two separate phase-detectors 
driven from the same oscillator. The quadrature phase-detector, 
along with the buffer amplifier. is used to generate a binar, 
ou tput pulse if a signal tone at the input is within the pass­
band of the system. Its detection bandwidth (capture range) 
and response time are con trolled by ex tern al filter capacitors. 
It has high-current (100 mAJ logic driver output. 

XR-L567 monolithic tone decoder 1s the low-power equ1\·a­
lent or the XR-56 7 tone decoder IC. 11 is specifically intended 
for use in halle1y-powered or portable equipment where the 
low stand-by power dissipation 1s essential. The XR-L56 7 
offers approximately I/ I 0th the power dissipation of the con­
ventional 567-type tone decoder, without sacrit1cing its ke) 
lcatures such as the oscillatrn stability. frequenc) selectiv1t} 
and detection threshold. At 5 volt operation. typkal quiescent 
power dissipation is less than 4 mW. It operates over a \',,1de 
frequency band or 0.0 I Il l to 50 kll1 and con ta ins a logic 
compatible output which can sink up to IO milliamps of load 
current. 

XR-2567 dual tone -decoder system contains an equivalent of 
two independent 567 decoders on the same chip. IL is particu­
larly well suited for decoding multiple-tone inputs. such as 
those used in telephone dialing systems. Its operating voltage 
range is wider than that of the 567. and can switch two simul­
taneous 100 mA loads at the ou tputs. If only one of the two 
decoders is used, the remaining one can be deactivated to mini­
mize power dissipation. 

Table I . A Summary of Exar·~ PLL Circui ts 

I ugh VCO Stabilitv 
Product Pa1,;kage Operating 1-rcquenc} Power Prim:ir) Applka1io11s 

Designation Supply Range Limtl Supply remp. 
('~, V) (ppm/°C) 

XR-S200 24 Pm DIP 6V to 30\' 30 ~111, 0.08tt}p) 300 It} p J Multl-luncuon buih.lin)! hlm:k ltir 
.t3V10.tl'W 0.5Cma,) 650(maxl l· \1 /1 SK ckkction. lrl'qucncy ,ynthl·s1, 

XR-210 16 I'm DIP 5\' LO 26\ 20 :\lit, 0.05 (I} Pl 200 (lyp) l'SK mo,km. lrl·quent·} s} n1hcsi~. uata 
0.5 (max) :i50 (max) \Y nch ron i,a t ion 

\ R-215 16 P111 DIP SY LO 26V 35 Mlt, 0. 1 (t}p) 250(L}Jl) (;l•neral purpose l'LL. 1-\I dcmodulat1on 
0.5(maxl 600 tmax I t rack1n)!. I 1!tcr. lrcquency sy nthl'si, 

XR-2211 16 Pin DIP 4.5V to 20V 300 kif, 0.05 It} pl •20/t)P) FSf.: demodula11on. tone tk,odrng. 
0.5(ma,) +50 ( max) rarnl·r dcll'cl 1011 

XR-22 1 '.! 16 Pin DIP 4.5\' 10 20V 300 u1, 0.05(t}pl •201l}P) I rl'qucnc} ~ynthe,1~. I· \1 d.:te,11011. 
0.5 (ma',) ~'iO(maxJ d:ita synchrnni1at1on. trao.:king tilter 

XR-567 8 Pin DIP 4.75\' w 9\' 500k ll, 0.5 (typ) ±: 140 (typ) Tom: tft:tt•ction 
I (max) 

XR-L567 X Pin DIP 4.75V to 9V 50 kilt 0.5 (typ) - 150 ppm Ttrne detection l(m-power cqu1v.1knl 
2 (max) ( 1yp) of XR-567 

XR-2567 16 Ptn DIP 4.75\' LO l 5V 600 k 11, 0.05 (Lyp) ± I 00 (typ ) Dual tone dl'l'Odt'r ( Dual 56 7 equ1\alcnt) 
0.2(max) 
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Choosing the Right PLL Circuit 
At the onset of his design. the user of monolithic PLL products 
is faced with the key question of choosing the phase-locked 
loop IC best suited Lo his application. The broad line of PLL 
products offered by Exar cover a wide range of applications. 
I! is often difficult to determine al a glance the best circuit for 
a given application. The purpose of this section is to review 
some of the key performance requirements, from an applica­
tions poim of view. and help answer the question. ''What is the 
best PLL product for the job?" 

Table 2 gives a brief listing of some of the major classes of 
PLL applications, and lists the recommended circuits for each. 
A further discussion of the key performance parameters associ­
ated with each application are also listed below. 

FM demodulation: Essentially all the PLL circuits listed in 
Table I can be used for FM demodulation. However. it 1s often 
possible to narrow the choice down to 2 or 3 circuits. based 
on the particular performance criteria. In general. there art! 
three key performance parameters which should be examined: 

D Quality of demodulated output: Tim is normally measured 
in terms of the output level, distortion. ,tnd signal/noise 
ratio for a given FM deviation. 

D YCO frequency range and fre4uency stability: For reliable 
operation, VCO upper frequency limit (~cc Table I) should 
be al least 20% above the H I carrier frequency. VCO fre­
quency stability is important, especially if a narrow-band 
filter is used in front of the PLL. or multiple input channels 
are present. If the YCO exhibits excessive drift. the PLL 
can drift out of the inpul signal band as the ambient 
temperature varies. 

D Detecuon threshold: This parameter determines minimum 
signal level necessary for the PLL to lock and demodulate 
an FM signal of given deviation. 

1 n most FM demodulation applications, it 1s also desirable to 
control the amplitude of the demodulated output. Thi:, feature 
is provided 1n some of the PLL circuits (such as the XR-215 
and the XR-2212) by means of a variable-gain amplifier con­
tained on the chip. 

For low-frequency FM detection (below 300 kl It carrier fre­
quency) the XR-2212 is recommended because of its versatility 
and temperature stability. For FM demodulation at frequencies 
above 300 kl ll, the XR-2215 offers the best performance 
because of its high frequency capability. 

FSK decoding: Frequency-shift keying used in digital cununu­
nicat1ons is very similar to analog FM modulation. Therefore, 
any PLL IC can be used for FSK decoding, provided that its 
input sensitivity and the tracking range are sufficient for a 
given FSK signal deviation. Some of the basic requirements 
and desirable features for a PLL used in FSK decoding arc: 

D Center frequency stability. 
D Logic compatible output. 
D Control of VCO conversion gain. 

6 

Center frequency stability is essential to insure that the VCO 
frequency range stays within the signal band over the operat­
ing temperature range. A logic compatible output is desirable 
to avoid the need for an external voltage comparator (slicer) 
to square the output pulses. It is particularly convenient if the 
output confom1S to RS-232C standard, thereby eliminating 
the need for a separate line-driver circuit. Control of the VCO's 
conversion gain allows the circuit to be used for both large 
deviation FSK signals (such as 1200 baud operation) as well as 
for small deviation (75 baud) FSK signals. 

For FSK decoding at low frequencies (i.e. below 300 kHt) the 
XR-2211 is by far the optimum circuit 10 use because of its 
frequency stability and carrier-detect capability. For FSK 
detection al higher frequencies (up to LO MHt) the XR-210 is 
the recommended circuit. 

frequency synthesis: This application requires a PLL circuit 
with the loop opened between the VCO output and the phase 
comparator input, so that an external frequency divider can be 
inserted into the feedback loop of the PLL. This requirement 
1s satisfied by XR-S200. XR-210, XR-215 and the XR-2212 
PLL circuits. 

For frequency synthesis al low frequencies (i.e. with ma,xi­
mum output frequency less than 300 kilt) the XR-2212 is by 
far the best suited circuit since it has Lhe best VCO stability 
and interfaces easily with all logic families. For operation above 
300 kH,, either the XR-210 or the XR-215 PLL !C's can be 
used for frequency synthesis: however the XR-21 S offers the 
highest frequency capability. 

Signal conditioning: Most signal conditioning applications 
require very narrow-band operation of the PLL. TlllS 111 turn 
may require the use of acuve filters within the loop (between 
the phase detector and the VCO). The PLL circuits which 
allow active filters to be inserted into the loop are the XR-S200 
and the XR-2212. Both of these circuits already contain an up. 
amp. on the chip for active filtering. Fllr low frequencies (i.e. 
below 300 kl It} the XR-2212 is the best suited circuit because 
of its adjustable tracking bandwidth and excellent frequenc1 
stability. For higher frequencies the XR-S200 is the recom­
mended circuit. 

Tone decoding: 1 he PLL ciicuits especially designed for this 
application are the XR-567, the XR-L567, the XR-2567 and 
the XR-2211. The XR-221 I offers the highest frequency 
stability, and independent control or system bandwidth and 
response time. among the three circuLts. The XR-567 has a 
relatively high input threshold (::::: 20 mV. rms) and may re­
quire inpu1 preamplitication. however it requires fewer external 
components than the XR-2211. The XR-2567, which contains 
two independent 567-rype tone decoders on the same chip 
may be more economical to use in multiple-tone detection 
systems. 
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Motor speed control: In most speed-control applications, a 
tachometer connected to the motor shaft is used as the VCO 
in the loop and the a1.:tual VCO on the monolithic chip is either 
not used or used LO generate a reference frequency (sec Figure 
6). Thus, a PLL system which can be broken between the low. 
pass filter and the VCO is needed. The PLL IC most suited to this 
application is the XR-~212 because of 1ts wide Lrack111g range. 

Low-power operation: In applications rcqumng hattery­
powercd operation. low stand-by power dissipation is essential. 
to assure long battery life. The XR-L567 m1cropower tone 
decoder PLL is specifically designed for such applications. Its 

Tahle 2 

stand-by power dissipation is less than 5 mW at 5 volt oper­
ation. and is suitable for operation up to 50 kl lz. This power 
dissipatton is approximately I/ I 0th of the power consumption 
of the conventional 56 7-type tone decoder. 

AM detection: This application requires an additional analog 
multiplier section to be added to the basic PLL (see Figure 3 ). 
The XR-2208 Operational Multiplier IC which contains a 
four-quadrant multiplier and an op. amp. on the same chip is 
idea lly suited for this function. It can be used in conjunction 
with either the XR-215 or the XR-2212 PLL circuits to perform 
this function. 

'-lajor Applica1ions for b.:1r\ PLL (irl'llih 

PART NU~1BH{ 
MAJOR 

APPLICATION XR-S::?00 R-2 10 XR-2 15 XR-2211 XR-22 12 XR-567 XR· LS67 XR-1567 

FM DEMOOULATIO 

IIIGII f-RFQUl·.\'n v " " LO\\' l· Rl:Qlll:\.C"l v v 
FREOUE CY SY THESIS 

IIIGII FRl·Ql 11'<" v v ,/ 

LOW FRI Ql L'\C''t v ,/ v 
FSK DDIODULATION v v 
SIG AL CONDITIONING v v 
TONE DETECTION ,/ v V v 
MOTOR SPEED CO iTROL ,/ " OATA SYNCHRO 12 ,\TIO ,/ v 
LOW POWER OPERATIO ' v 
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XR-S200 
Multi-Function PLL System 

The XR-S200 integrated circuit is a highly versatile, multipurpose circuit that contains all of the essential functions of most 
communication system designs on a single monolithic substrate. The functions contained in the XR-S200 include: 

(I) a four quadrant analog multiplier, (2) a high frequency voltage controlled oscillator (VCO) and 

(3) a high performance operational amplifier. 
The three functions (Figure I) can be used independently, or directly interconnected in any order to perform a large number 
of complex circuit functions. from phase-locked loops to the generation of complex waveforms. The XR-S200 can accom-
odate both analog and digital signals, over a frequency range of 0.1 Hz to 30 MH z, and operate with a wide choice of power 
supplies ex tending from ±3 volts 10 ±30 volts. 

TYPICAL APPLICATIONS OF THE XR-S200 
• Phase-locked loops 
• FM demodulation 
■ Narrow and wideband FM • Commercial FM-IF 
• TV sound and SCA detection 

• FSK detection (MODEM) 
• PSK demodulation 
• Signal conditioning 
• Tracking filters 
• Frequency synthesis 
• Telemetry coding/decoding 
• AM detection 
■ Quadrature detectors ■ Synchronous detectors 

• Linear sweep & AM generation 
• Crystal controlled ■ Suppressed carrier 
• Double sideband 

• Tone generation/ detection 
• Waveform generation 

• Single/square/ triangle/sawtooth 
• Analog multiplication 

EQUIVALENT SCHEMATIC DlAGRAM 
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ABSOLUTE MAXIMUM RA TINGS 
Power Supply 30 volts 

900 mW 
5 mW/°C 

Power Dissipation 
Derate above +25°C 

Temperature 
Operating 
Storage 

Input Signal Level, V5 

AVAILABLE TYPE 

Part Number 

XR-S200 

Package 

Ceramic 

-55°C 10 + I 25°C 
-65°C to+ I 50°C 

6 V,p-p 

Operating Temperature 

0°C 10 +75°C 

FUNCTIONAL BLOCK DIAGRAM 
71 

Figure I. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

ELECTRICAL SPECIFICATIONS (T = 25°C, VsuPPL y =±I OV) 

LIMITS 
CHARACTER ISTICS UNITS CONDITIONS 

MIN. TYP. MAX. 

MULTIPLIER SECTION: See Figure 2, Rx= Ry= l Sk, Pins I. 2. 6, 23, 24 Grounded. 

Output Offset Voltage ±40 ±120 mV Vx =Vy= 0, Vio = IV3 - V4I 
Input Bias Current 5 15 µA Measured at pins 5 and 7 
Input Offset Current 0.1 1.0 µA Measured at pins 5 and 7 
Linearity 

(Output error. % 1.0 % -S<Vx<+S,Yy=±SV 
of full scale) 1.5 % -S<Vy<+S.Vx=±SV 

Scale Factor, KM 0.1 KM= 25/RxRy (Adjustable) 
Input Resistance 0.3 1.0 Mn f = 20 Hz. Measured at pins 5 and 7 
3 dB Bandwidth 3 6 MHt. CL~ S pf 
Phase detection B.W. so 100 MH1 Rx=Ry=O 
Differential Output Swing ±4 ±6 V p-p Measured across pins 3 and 4 
Output Impedance 

Single Ended 6 kn Measured at pins 3 and 4 
Differential 12 kn 

OPERATIONAL AMPLIFIER SECTION: (See Figure IO and 11, R L = 20k, CL= S50 pF. 

Input Bias Current 0.08 0.5 µA 
Input Offset Current 0.01 0.2 µA 
Input Offset Voltage 1.0 6.0 mVdc 
Differential Input Impedance Open loop, f = 20 11, 

Resistance 0.4 2.0 Mn 
Capacll<1nce 1.0 pF 

Common Mode Range ±8 V 
Common Mode Rejection 70 90 dB f = 20 H, 
Open Loop Voltage Gain 66 80 c.JB 
Output Impedance 2 kn 
Output Voltage Swing ±7 ±9 V RL z 20 kn 
Power Supply Sensitivity 30 µ V/V R~ ~ 10 kfl 
Slew Rate 2.S V/µsec Av = I. CL= IO pF 

VCOSECTION: See Figure 11. RL = I Ok, f0 = I Mil , . 

Upper Frt!quency L1m1t IS JO MH, C0 = IOpF 
Sweep Range 8. 1 10: I f0 = 10 kll 7. See Figure 14 

D1g1tal Controls Off 
Linearity 

( distortion for .2 1.0 7, 01g1tal Controh Oft 
6f/f = I 0%) 

Frequency Stability Vee> 8V, f0 = I Ml11 
Power Supply 0 08 0.5 ruv Sweep Input Oprn 
Temperature 300 650 ppm /°C 

Analog Input Impedance l\frasured at pins 23 and ~4 
Resistance 0. 1 0.5 Mn 
Capaci lance 1.5 pF 

Output Amplitude 3 V P·P Squarewave 
Output Rise Time I 5 ns t'L= IOpF,RL=Skn 

Fall Time 20 ns 
Input Common Mode Range +6 +8 Vdc 

-4 -6 Vdc 

9 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

XR-S200 ANALOG MULTIPLIER SECTION 

The analog multiplier in the XR-S200 (Figure 2) provides 
linear four-q uadrant multiplication over a broad range o f 
input signal levels. It also serves as a balanced modulator, 
phase comparator, or synchronous detector. Gain is ex­
ternally adjustable. Nonlinearity is less than 2% of full 
scale output. 

X V CAOUND 

6 

10 11 

XR S100 
MULTIPllEA 

SECl tON 

-: v~ .__.,......---,.-----,,........, 

\' INPUT 

Figurr 2. XR-S200 Multiplier Section 

TYPICAL APPLICATIONS OF 
MULTIPLIER SECTION 
• Analog multiplication/divis1on 

• Phase detection 
• Balanced modulation/demodulation 
• Electronic gain control 
• Synchronous detection 
• Frequency doubling 

ANALOG MULTIPLICATION 

OUTPUT 

l 

The XR-S200 multiplie r section can be combined with the 
amplifier section to perform analog multiplica tion without 
the need for de level shifting between input and output. The 
amplifier functions as an ope rational amplifier with a single­
ended output at ground level when connected as sho wn in 
Figure 3. 

PHASE COMPARATOR 
For phase comparison, a low-level reference signal is normally 
applied to one input and a high-level reference or carrier 
signal to the other input , as in Figure 4. The signal may be 
applied to either the X or Y input, since the response is 
symmetrical. 

100Jo. 10K. 

n • l I 

X 

IQV 
100< 

TO x •~O .., 
OfFSl l AOJ n----4,-...... 

Figu re 3. Analog Multiplication 

>• n 
• IQ 

5CK OUIPUI 
OHS£! 

10 AOJUST 

•• 
OUTPUT 

5COoJ 

If the t wo inputs, VR( t) and Vs(t) are at the same fre­
quency, then the de voltage at the output of the phase com­
parator can be related to the phase angle</> bet ween the t wo 
signals as 

10 

where K<J, is the conversion gain in volts per radian (Figure 5). 
For phase comparato r applications, one input is normally a 
high level refe rence signal and the o ther input a low level 

•Vee 

n 
VAIii 

AEHAENCE INPUl 

0--1 ~ 

Cc 
IK 

C9 XA S,00 I OUIPUI MULftPLllA 
SECTION 

-: IK 
Cc 

v~ I ce SIGNAL INPUT 

10 II 11 

V{I 

VRl11 lA"°'...iQI Cc COUPLING CAPACITOR 

Vs(TI Esccniwol • • • C9 8 YPASS CAPACITOR 

Figu re 4. XR-S200 Multiplier Section as a Phase Comparator 

info rmation signal. Since the XR-S200 multiplier section 
offers symmetrical response with respect to the X and Y 
inputs, eithe r input ca n be used as the carrier o r signal input. 
For low input levels, the conve rsion gain is proportional to 
the input signal amplitude. For high level inputs. (Vs> 
40 mV, rms) K<J, is constant and approximately equal to 
2V/ rad. 

~ 

'11Gli Lt: VH INPUI 
CONS U ,NT IV ,m, 

it 001 L,_ _ __JL.,_ _ ___J, __ _,__---1.....1.. __ ..,1 

0 1 10 100 1000 

LOW lEVH INPUT Aa-"PLtl UOE lmV ''"" 

Figure 5. Phase Comparator Conversion Gain Versus 
Input Amplitude 

SUPPRESSED-CARRIER AM 
The multiplie r generates suppressed-carrier AM signals when 
connected as in Figure 6. Again, the sy mmetrical response 
allows the X or Y inputs to be used inte rchangeably as the 
carrier or modulation inputs. The X and Y offset adjustments 
optimize carrier su ppression. Gain control resistors Rx and 
Ry typically range from I Kil to IO Kn, depending on input 
signal amplitudes. The values shown give approximately 60 dB 
carrier suppression at 500 kH1. and 40 dB at 10 MHz. 

·Vee 

0--1 i...-L---I 
M00ULATl0N 

INPUl "' 

•. 

XR S200 
MUlflPLIER 

SEC110 N 

Figure 6. Suppressed Carrier Modulation Using 
XR-S200 Multiplier Section 

wigfi
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DOUBLE-SIDEBAND AM GENERATION 
The connection for double-sideband AM generation is shown 
in Figure 7. The de offset adjustment on the modulation input 
terminal sets the carriec output level, whiJe the de offset of the 
carrier input governs symmetry of the output waveform. The 
modulation input can also be used as a linear gain control 
(AGC), to control amplification with respect to the carrier 
input signals. 

•IOV 

MOOUlATION 
INPUt 

•IOV 

10V 

RJC 8K Ay BK 

•Vee 

7' 10 II 8 9 

XA S100 
MUl Tl,ltEA 

SECTION 

>? 

Figure 7. Double Sideband Amplitude Modulation Using 
XR-S200 Multiplier Section 

Figure 7-1. AM Modulation, 95% AM, fc = 50 kHz, 
fm = I kHz 

,,ov 

,ov 

lK 
-=-

,. 1 

XA $200 
MULTIPLU~R 

SECTION 

75K Vi E1w\.W1,1 

V0 E011n2w,1 

Figure 8. Multiplier Section as Frequency Doubler 

FREQUENCY DOUBLING 
Figure 8 shows how to double a sinusoidal input signal of fre• 
quency fs to produce a low-distortion sine wave oulput of 2 fs. 
Total harmonic distortion is less than 0.6% with an input of 
4V, p-p, at IO kHz and an output of IV , p-p, at 20 kHz. The 
multiplier's X and Y offsets are nuUed as shown to minimize 
the output's harmonic content. 
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SYNCHRONOUS AM DETECTION 
A typical synchronous AM detector is shown in Figure 9. The 
signal is applied to the multiplier common input and the X and 
Y inputs are grounded. Since the Y input operates at maxi­
mum gain with Ry= 0, the detector gain and demodulated out­
put linearity are determined by Rx. An Rx range of I Kn to 
IO Kn is recommended for carrier amplitudes of I 00 m V , p-p, 
or greater. The multiplier output can be low-pass fiJtered to 
obtain the demodulated output. Figure 9-1 shows the carrier 
and modulated waveforms for a 30% modulated input signal 
with a IO MHz carrier and I kHz modulation. 

!;0 

-=-

•IOV 
22 

6K 

10 

MUL TIPLlEA 
XR 5100 
SECl10N 

11 

12 
,ov 

V5hl (I , m co, Wmll Es co, we• 

Figure 9. Synchronous AM Detector 

Top: Input (30% mod.) 
Bollom: Demodulated Output fc = IO MHz, 

fm = I kHz 

Figure 9-1. Synchronous AM Demodulation 

10008~--------

80oS OPEN LOOP RESPONSE 

z 60 dB 1----=--..:.....--....µ...._ 
c 
" "' ! 40d8 

5 •v . ,o 
> 20 dB I--- C..::c_50~o-F _R.;..F_,o ___ --1----

"v 1 

OdB I---C.::.c _.,......~-~---1---4-.. 

,0 dB 1.-...JL........1...U...___,.._._.....,_...___.u..,_,_...._ ...... ....__....__...._..,_, 
IOOH1 I l(H1 10 KH1 100 KHt I MH1 10 MM.1 

F~EOUENCV 

Figure I 0. Amplifier Section Frequency Response 

" our,ut 

IOpF 
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XR-S200 AMPLIFIER SECTION 
This multi-purpose function (Figure 10) can be used as a gen­
eral-purpose operational amplifier, high-speed comparator, or 
sense amplifier. It features an input impedance of 2 megohms, 
high voltage gain, and a slew rate of 2. SV /microsecond. The 
frequency response curves for the amplifier section are also 
shown in Figure I 0. 

XR-S200 OSCILLATOR SECTION 
The voltage-controlled oscillator section, (Figure 11) is an 
exceptionally versatile design capable of operating from a 
fraction of a cycle to in excess of 40 MHz. Frequencies can 
be selected and controlled by three methods, and used in 
various combinations for different applications: 

l. External timing capacitor Co tunes the VCO to a center 
frequency between 0.1 Hz and 40 MHz. The free-running 
frequency 1s inversely proportional to Co. (see Figure 12) 

2. Two digital control inputs allow four discrete frequencies 
10 be selected at any center frequency. The digital inputs 
convert the logic signal voltages to internal control currents. 
(see Figure 13) 

3. A sweep voltage, applied through a limiting resistor Rs is 
used for frequency sweeping, on-off keying. and synchroni­
lat1on of the VCO to a sync pulse. (see Figure 14) 

The voltage-to-frequency conversion of the VCO section is 
highly linear. In addition, the conversion gain can be con­
trolled through the analog control input. Gain is inversely 
proportional to R0 . When the digital controls are also used, 
gain decreases as the frequency is stepped up. 

The VCO interfaces easily with ECL or TTL logic. II can be 
converted to a highly stable crystal-controlled oscillator by 
simply substituting a crystal in place of the timing capacitor. 
Co. 

► AEO IUt\L 
IS\\o{f Pt 1NPU1 

OlliHAl co .. ,.o, 
,,Puts 

Figure 11. XR-S200 Oscillator Section 

Typical performance characteristics of the vro section are 
shown m Figures 12, 13, and 14. 

,t.f ~----------------

Oll,,IAl CO"'-rnOl~ VN 

I~ •1c:1, t◄t 

.~ ,r/' 
fACOUlf\C"I' 10 tHI 

,o' 

Figure I 2. VCO Frequency as a Function of Timing 
Capacitor, Co 

12 

Figure 13. 

JO 

OS 
co 

lo • too 

01 

'o 10, 

to 1,0 

to '11 

10 II 
OIGtl Al tr-.PUT CODE 

VCO Digital Tuning C'haractenstics 

6 

0 

Co 
OIGtlAI.. CONIAOl OH 
Pl~S IS & 16 
CON~tCH D fO 
GROUND l ~ROUG~ 

H U 

10 11 , . 16 18 ,0 

\.l-,A1'1Vl ~ ~H [P vm TA\J,f If~ VOLT$ 

Figure 14. Voltage Sweep Characteristics 

EXPLANATION OF VCO DIGITAL CONTROLS 

The VC'O frequency is proportional to the total chdr~mg 
current. IT, applied 10 the timing capac itor. As shown in 
Figure IS, IT 1s comprised of three separate components: 
IQ, I I , and I 2, which are con tnbu ted by t rans1s1 ors To. TI. 
and TJ. respectively. With pins IS and 16 open circuited. 
these currents are interrelated as 

I JV 

INTERNAL 
811,S 

16 IS 
O< I OV 
I > 30V 

VEE 
'------4------6-----0 0R 

GROUND 

Figure IS. Explanation of VCO Digital Controls 
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Currents I 1 and 12 can be externally controlled through pins 
16 and 15 respectively. By increasing the de level at either of 
these pins, T1 or T2 can be turned "off" and I I or t2 can be 
reduced to zero. With reference to Figure 15, this can be 
done by applying a 3 volt logic pulse to these pins. through 
disconnect diodes DI and D2. In this manner, the VCO 
frequency can be stepped in four discrete intervals. over a 
freque ncy range of 2. 5: I, as shown 1n Figure 13. 

TYPICAL APPLICATIONS OF VCO SECTION 

• Voltage/ frequency conversion 

• Phase-locked loops 
• Frequency sy nthesis 
• Signal conditioning 
• Carrier generation 

• Synchronization 
• Sweep and FM generator 
• Crystal oscillator 
• Waveform generator 
• Keyed oscillator 

APPLICATIONS OF THE XR-S200 SYSTEM 

PHASE-LOCKED LOOP 

A self contained phase-locked loop is formed by connecting 
the XR-S200 as outlined in Figure 16. 

In most PLL applications, the amplifier is available for func­
tions useful outside the loop. since the phase compara1or 
(multiplier section) and VCO provide sufficient convers10n 
gain. In this case. the amplifier gain does not enter the PLL 
gain expression. Assu ming unity de gain for the filter. the 
PLL loop gain is KT = Kcp Ko where Kcp and Ko are the mull,­
plier and VCO co1ivNsion gains, respectively. 

MUlllPllEA 
tPHASlCOMP t 

VOl TAG[ 
CONlAOll!O ,_ __ 
OSC1ll4TOA 

(o 

Figure 16. XR-S:?00 as a Phase-Locked Loop 

FREQUENCY-SELECTIVE FM DEMODULATION 
For FM demodulation, the PLL connection is used ( Figure 17.) 
The mulliplier, with its gain terminals shorted, serves as the 
phase detector, and the VCO and filter govern the operating 
frequencies. 

The gain block is used as an audio preamplifier to set the de­
modulated output signal level. Volume is controUed by the 
variable feedback resistor R7. tr R6 equals R7, the de output 
level will be very close to ground, for circuit operation with 
split power supplies. C3 is the amplifier's compensation capa­
citor. Rg and C2 set the output de-emphasis time constant 
To, which is nonnally 75 µsec. for commercial FM applica­
tions ( f0 = 10.7 MHz). 

13 

V• 

]) ,. 
I ''·' 

VOllJ.Y( 
co~r•o, 

Of:"IOO\AI AT(O 
MIi JUIPUI 

hgun· 17 C1n.:u1t C'onnl'ct1011 for FM lkll'cl1on 

FSK DETECTION 
FSK signal, arl' dekcted and d\'modulall'd with till' PLL con­
ncct1on. as well. It is shown 1n Figure 18 as a monoli th ic 
MOOEM suitable for Bell 103 or 202 type dala sets operating 
at data rates to 1800 baud. An inpul fH'quency shift corres­
ponding to a data bit causes thl' mult1plicr·s de voltage ou tput 
to rl•verse polarity . The de level 1s changl•d to a binary ou tput 
pulse by the ga111 block. conm:ctcd as a voltage comparator. 

FREQUENCY SYNTHESIZER 
£-rcqut>ncy synthesis is pcrformt:d 111 hgurc I <s> by a phasL'· 
loc ked loop closed with a programm ahk counter or digital 
div1dl·-hy-N wcu it insrrtcd mto 1he fredhac k loop . The VCO 
frnJUl'ncy is divided by N. so that when thl' ci rcui t locks to an 
111put signal at frequrncy fs, the osc1 1lator output 1s Nfs, A 
large number of discre te frequencies can be sy nthi:s11ed from 
a given rdcrence frequency by changing N. 

lOv 

X 

10 11 

Figu re 18. FSK Detection 
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vco 
OUIPUT 
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17 

or liillOOlH .4 Tl 0 
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C9 • 9YPASS CAPACITOR 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

1"-PUt )Y pp I 

X " 
ouu•ut 

I 'ii\ 

N CIRCUll 1--0----~ 

Figure 19. Frequency Synthesizer 
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Figure 20. Recommended Circu it Connectwn for Tracking 
Filter Application (r0 = I MHz) 

TRACKING FILTER AND WIDEBAND DISCRIMINATOR 
In tracking filter applications, the XR-S200 again forms a PLL 
system ( Figure 20). When the PLL locks on an inpu I signal, 
it functions as a "frequency-filter" and produces a filtered 
version of the input signal frequency at the VCO output. Since 
it can track the input over a broad range of frequencies around 
the VCO free-running frequency, it is also called a "tracking 
filter". The system can track input signals over a 3 : I frequency 
range . 

WAVEFORM GENERATOR 
The XR-S200 can also be interconnec ted to form a versatile 
waveform generator. The typical circuit shown in Figure 2 I 
generates the basic periodic square (or sawtooth) waveform. 
The multiplier section, connected as a linear differential ampli­
fier, converts the differential sawtooth wavefonn input into a 
triangle wave output at pins 3 and 4. T he waveform adjust­
ment pot across pins 8 and 9 can be used to round the peaks of 
the triangle wavefonn and convert it to a low distortion sine­
wave (THD<2%). Terminals 3 and 4 can be used either diffe r­
entially or single endedly to provide. both in-phase and out-of­
phase output wavefonns. 

14 

The output rrequency can be swep t or frequency modulated 
by applying the proper analog control input to the circuit. For 
linear FM modulation with relatively small frequency deviation 
(6f/f< I 0%) the modulation input can be applied across ter­
minals 23 and 24. For large deviation sweep inputs, a negative 
going sweep voltage, Vs, can be applied LO pin 18. 

This allows the frequency to be voltage-tuned over approxi­
mately a I 0: I range in frequency. The digital control' inputs 
(IS and 16) can be used for frequency-shift-keying (FSK) 
applications. They can be disabled hy connecting them to 
ground th rough a current-limitmg resistor. 

AM & FM SIGNAL GENERATION 
The oscillator and multiplie r sections can be interconnected 
as a general purpose radio-frequency signal generator with 
AM.FM and sweep capability as shown 111 Figure ~2 . 
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Figure 21. Waveform Generator Typical C1rcu1t Connection 
Diagram 

Figure 21-1. Basic Waveforms Available from XR-S200 
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Figure 22. Circuit Connection for AM/ FM or Crystal­
Controlled AM Generator Application 

Figure 22- 1. Doubtie Sideband AM Output Waveform 
fcarrier = 3.688 MHz fmod = I kHz 
(90% modulation) 

15 

Figure 22-2. Suppressed Carrier AM Output Waveform 
fcarrier = 3.688 MHz fmod = I kHz 

The oscillator section can be used as a voltage-tuned, variable 
frequency oscillator, or as a highly stable carrier or reference 
generator by connecting a reference crystal across terminals 
19 and 20. In this case, a small capacitor (typically 10 to 
I 00 pf) fine tunes the crystal frequency. The multiplier sec­
tion introduces the amplitude modulation on the carrier signal 
generated by the YCO. The balanced nature of the multiplie r 
allows suppressed carrier as well as double side band modula­
tion (Figures 22-1 and 22-2). Typical carrier suppression is 
in excess of 40 dB for frequencies up to IO MHz. 

If a timing capacitor 1s used instead of a crystlll, the oscillator 
section can provide highly linear FM or frequency sweep. 
The digital control terminals of the oscillator are used for 
frequency-shift-keying. 
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XR-210 

FSK Modulator/Demodulator 

The XR-210 is a highly versatile monolithic phase-locked loop system especially designed for data communications. It is 
particularly well suited for FSK modulation/demodulation (MODEM) applications, as well as for frequency synthesis, tracking 
filters and tone decoding. The XR-2 10 can operate over a large choice of power supply voltages ranging from 5 volts to 
26 volts and a wide frequency band of 0.5 Hz to 20 MHz. It can accommodate analog signals between 300 microvolts and 
3 volts and can interface with conventional DTL, TTL and ECL logic families. 

FEATURES 
Wide Frequency Range: 0.5 Hz to 20 MHz 
Wide Supply Voltage Range: 5V to 26V 
Digital Programming Capability 
RS-232C Compatible Demod. Output 
DTL, TTL and ECL Logic Compatibility 
Wide Dynamic Range: 300 µV to 3V 
ON-OFF Keying and Sweep Capability 
Wide Tracking Range: Adjustable from ± I% to ±50% 
Good Temperature Stability (200 ppm/°C) 
High-Current Logic Output (50 mA) 
Independent "Mark" and "Space" Frequency Adjustment 
VCO Duty Cycle Control 

APPLICATIONS 
FSK Demodulation 
FSK Generation 
Data Synchronization 
Frequency Synthesis 
FM and Sweep Generation 
Tracking Filter 
Signal Conditioning 
Tone Decoding 
FM Detection 
Wideband Discrimination 
Voltage-to-Frequency Conversion 

EQUIV A LENT SCHEMATIC DIAGRAM 

PHAS( 
OE-fEClOR 
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ABSOLUTE MAXIMUM RA TINGS 
Power Supply 26 Volts 

750 mW 
6.0 mW/°C 

Power Dissipation 
Derate above +25°C 

Temperature 
Storage 

AV Al LAB LE TYPES 
Part Number 

XR-210M 
XR-210(' 

Package Types 

Ceramic 
Ceramic 

- 65°C to +150°C 

Operating Temperature Range 

-55°C to +I 25°C 
0°C to +75°C 

FUNCTIONAL BLOCK DIAGRAM 

Figure 2. XR-210 Functional Block Diagram 
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ELECTRICAL SPECIFICATIONS 
Test Conditiens: v+ = 12V (single supply), TA= 25°C, Test circuit of Figure 3 with Co• 0.02 µF, St, S2, S5 cloeed, S3, S4, S6, 
S7 open, unless otherwise specified. 

CHARACTERISTICS 
MIN. 

LIMITS 

TYP. MAX. 
UNITS C'ONDITIONS 

Supply Voltage 
Single Supply 5 26 V de See Figure 3 

Split Supply ±2.5 ±13 V de See Fijure 4 

Supply Current 9 12 16 mA See Figure 3, S2 open 

Upper Frequency Limit 15 20 MHz See Figure 3, S 1 open, S4 closed 

Lowest Practical Operating 
Frequency 0.5 Hz Co= 500 µ.F 

VCO Section 
Stability 

Temperature 200 550 ppm/°C f= 10 kHz, v+~ l0V, 
0<TA <75°C 

Power Supply 0.05 0.5 %/V l0V<v+<24V 

Sweep Range S: 1 8: I s 3 closed, s 4 open, 0 <Vs< 6V 
See Figure 7, v+ = 12V 

Output Voltage Swing l.S 2.5 Vp-p Ss open 
Duty Cycle Asymmetry ±I ±3 % S5 open 
Rise Time 20 ns IO pF to ground at Pin IS, Ss open 

FaU Time 40 ns IO pF to ground at Pin 1 S, Ss open 

Phase Detector Section 
Conversion Gain 2 V/rad Vin> 50 mV rms, See Figure 10 

Output Impedance 6 kU Measured looking into Pins 2 or 3 

Out put Offset Voltage 35 ISO mV Measured across Pins 2 and 3, 
Vin= 0, S5 open 

Voltage Comparator Section 
Open Loop Voltage Gain 66 80 dB f = 20 Hz 
Input Impedance 0.5 2 MU Measured looking into Pin I 
Input Offset Voltage I mV 
Input Bias Current 80 nA 
Common Mode Rejection 90 dB 

Logic Output Section Measured at Pin 8 

Slew Rate 15 V /µ.sec RL = 3 lr.U, CL= 10 pF, S2 closed 

"I" Out put Leakage Current 0.02 10 µ.A Vo= +24V 
"0" Output Voltage 0.2 0.4 V IL=I0mA 
Current Sink Capability 30 so mA Vo~ IV 

l i · L. I i 
1 

1--o-....__. JLf 
XR 210 XR-210 

--r J 

Figure 3. Test C11cu11 for Smgle Supply Operation Figure 4. Test Circuit for Split Supply Operation 
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DESCRIPTION OF CIRCUIT CONTROLS 
PHASE DETECTOR INPUTS (PINS 4 AND 6) 

One input to the phase detector is used as the signal input; the 
remaining input should be ac coupled to the VCO output 
(pin 15) to complete the PLL (see Figure 3). For split supply 
operation, these inputs are biased from ground as shown in 
Figure 4. 

PHASE DETECTOR BIAS (PIN 5) 

This terminal should be de biased as shown in Figures 3 and 4 
and ac grounded with a bypass capacitor. The bias resistor in 
series with this pin should be half as large as those in series 
with pins 4 and 6. 

PHASE DETECTOR OUTPUTS (PINS 2 AND 3) 

The low frequency (or de) voltage across these pins corresponds 
to the phase difference between the two signals at the phase­
detector inputs (pins 4 and 6). These differential phase-detector 
outputs are internally connected to the YCO control terminals 
(see Figure 2). Pin 3 is also internally connected to the 
reference input of the voltage comparator section. 

In normal use, the low-pass loop-filter capacitor, Cl, is 
connected between pins 2 and 3. The 6 K ohm impedances of 
the two outputs add for 12K ohms in the single-pole RC low­
pass loop filter. Pin 2 is externally connected to the voltage 
com parator input (pin I) through an RC low-pass filter. 

, .. 
•• 

•• 

OtMOOUL~UO 
Ou'fl"Ut n 

Figure 5. Circuit Connection for FSK Demodulation (Single Supply) 

·• I 
-

I 
10 I I 

0 10 ,r. 10 1S 

101 Al ~l V VOC. l AG( IVOL lSI 

Figure 6. VCO Frequency Variation as a Function of Supply Vohage 

VCO TIMING CAPACITOR (PINS 13 AND 14) 

The VCO free-running frequency, f0 , is inversely proportional 
to timing capacitor, Co connected bet ween pins 13 and 14. 
With pins 9 and IO open-circuited, the VCO frequency is 
related to Co as: 

where Co is in µF. 

220 
f0 ::::. - Hz 

Co 
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VCO OUTPUT (PIN IS) 

The VCO produces approximately a 2.5 V p-p squar!wave out­
put signal at this pin. The de output level is approximately 
2 volts below V CC· This pin should be connected to pin 7 
through a l O kU resistor to increase the output current drive 
capability. For high voltage operation (V cc> 20V), a 20 kU 
resistor is recommended. It is also advisable to connect a soon 
resistor in series with this output for short circuit protection. 

VCO SWEEP INPUT (PIN 12) 

The VCO frequency can be swept over a broad range by apply­
ing an analog sweep voltage, Vs, to pin 12 (see Figure 7). The 
impedance level looking into the sweep input is approximately 
son. Therefore, for sweep applications, a current limiting re­
sistor, Rs, should be connected in series with this terminal. 
Typical sweep characteristics of the circuit are shown in Fig­
ure 7. The VCO temperature dependence is minimum when 
the sweep input is not used. When the sweep input is not used, 
it should be left open circuited. 

CA UT/ON: For safe operation of the circuit, the maximum 
current, Is, drawn from the sweep terminal should be limited 
to 5 mA or less under all operating conditions. 

VCO CONVERSION GAIN (PIN l l ) 

The YCO voltage-to-frequency conversion gain, K0 , is inversely 
proportional to the value of external gain-control resistor, Ro, 
connected across pins 11 and 12. 

0 - 1 4 I I 10 
NCf __,..llf05"fU11"V0l U.CC Y5 ¥~ 

IV0Lf$1 

1'1gur_c 7. _J r('qucncy Sweep C'haractcmtic, ,is .1 !·unction or Ne1 
,\pphed Sweep Vollagc (pin 10 open) 

(Noll' · V SO "'V CC- SV = Open C'irl' llil Vollagc at pm 12) 

FINE TUNE CONTROL (PIN 9) 

For a given choice of timing capacitor, Co, the VCO frequency 
can be further fine-adjusted to a desired frequency, fJ, by 
means of a trimmer resistor, RT, connected from pin 9 to 
pin 7, as shown in Figure 8. The fine tuned VCO frequency fJ 
is related to RT as: 

f ~ 220 (i 0.1) H ) ~- + - z 
Co RT 

where Co is in µF and RT is in kn. 
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Figure 8. VCO Fine> Tune (Pin 9) and Frequency-Keying 
(Pin I 0) Controls 
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Figure 9. Total Lock Range, t llfL, Figure 10. Phase Detector 
vs VCO Gain Control Resistor, Ko Conversion Gain, Kd, versus 

Input Amplitude 

FREQUENCY-KEYING INPUT (PIN 10) 

The VCO frequency can be varied between two discrete fre­
quencies, ft and f2, by connecting an external resistor, Rx, to 
this terminal. Referring to Figure 8, the VCO frequency is pro­
portional to the sum of currents It and 12 through transistors 
T1 and T2 on the monolHhic chip. These transistors are biased 
from a fixed internal reference. The current I J is set internally 
and is partially controlJable by the fine-tune adjustment, RT. 
The current 12 is set by the external resistor, Rx, connected 
between pin IO and pin 7. For any Co setting, the VCO fre­
quency, f2, with Rx connected to pin I 0, can be expressed as: 

f2=f1 (1+~~)Hz 

where f I is the frequency with pin IO open circuited and Rx 
is in kn. Note that f2 can be fine-tuned to a desired value by 
the proper choice of Rx. 

Using the frequency-keying control, the VCO frequency can 
also be stepped in a binary manner by applying a logic signal to 
pin I 0, as shown in Figure 8. For high level logic inputs, tran­
sistor T2 is turned off, Rx is effectively switched out of the 
circuit, and the VCO frequency is shifted from f2 to f I· 

VOLTAGE COMPARATOR INPUT (PIN 1) 

This pin provides the signal input to the voltage-comparator 
section. The comparator section is normally used for post­
demodulation slicing and pulse-shaping. Normally, pin I is con­
nected to pin 2 through a I SK external resistor, as shown in 
Figures 3 and 4. The input impedance level at this pin is ap­
proximately 2 Mn. 

LOGIC DRIVER OUTPUT (PIN 8) 

This pin provides a binary logic output corresponding to the 
polarity of the input signal at the voltage comparator inputs. 
It is a "bare-collector" type stage with high current sinking 
capability. 
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DEFINITION OF TERMS 
PHASE DETECTOR GAIN, Kd 
Kd is the output voltage from the phase detector per radian of 
phase difference at the phase detector inputs (pins 4 and 6). 
Kd is proportional to the input signal for low level inputs 
(~ 25 mV rms) and is constant at high input levels (see Fig­
ure I 0). 

VCO CONVERSION GAlN, Ko 

K ::::: 
700 

(radians/sec)/ volt ° CoRo 
where Co is in µF and Ro is in kn. For most applications, rec­
ommended values for Ro range from I kn to IO kfl. 
When the XR-210 is connected as a PLL, its lock range can be 
controlled by varying the VCO gain control resistor, Ro, across 
pins 11 and 12. For input signals greater than 30 m V rms, the 
PLL loop gain is independent of signal amplitude but is in­
versely proportional to Ro. Figure 9 shows the dependence 
of lock range, ±.1fL, on Ro. 

LOCK RANGE (.1WL) 

The range of frequencies in the vicinity of f0 , over wh.ich the 
PLL can maintain lock with an input signal. If saturation or 
Ii mi ting does not occur, the lock range is equal to the loop 
gain, i.e . .t.wL = KT= Kd Ko. 

CAPTURE RANGE (.1wc) 

The band of frequencies in the vicinity of f0 where the PLL 
can establish or acquire lock with an input signal. It is also 
known as the "acquisition" range. It is always smaller than the 
lock range and is related to the low-pass filter bandwidth. It 
can be approximated by a parametric equation of the form: 

.1wc""' .1WL IFU.1wc) I 
where I FU.1wc) I is the tow-pass filter magnitude response at 
w = .1we, For a simple lag filter, it can be expressed as: 

.1wc::::: fXwt, .,/Ti 
where TI is the filter time constant. 

APPLICATIONS INFORMATION 
FSK DEMODULATION 

Figure S shows a generalized circuit connection for FSK 
demodulation. The circuit is connected as a PLL system 
by ac coupling the VCO output {pin IS) to pin 6. The FSK in­
put is applied to pin 4. When the input frequency is shifted, 
corresponding to a data bit, the polarity of the de voltage 
across the phase detector outputs (pins 2 and 3) is reversed. 
The voltage comparator and the logic driver section convert 
th.is de level sh.ift to a binary pulse. Capacitor CI serves as the 
PLL loop filter, and C2 and C3 as post-detection filters. The 
timing capacitor, Co, and the fine-tune adjustments are used to 
set the VCO frequency, f0 , midway between the "mark" and 
"space" frequencies of the input signal. Typical component 
values for 300 baud (I 03-type) and 1200 baud ( 202-type) 
MODEM applications are listed below: 

OPERATING 
TYPtCA L COMPONENT VALUF.S CONDITIONS 

300 Baud 
Low Band: ft = 1070 Hz Ro = 5.1 Kn, Co = 0.22µ F 

f2 = 1270 Hz C1 = C2 = 0.047 µF, C3 = 0.033 µF 

High Band: f1 = 2025 Hz Ro = 8. 2 Kn, Co = o. I µF 
r2 = 2225 Hz CJ = C2 = C3 = 0.033 µF 

1200 Baud Ro = 2 Kn, Co = 0. 14 µF 
f1 = 1200 Hz C 1 = 0.033 µF, C3 = 0.02 µF 
r2 = 2200 Hz C2 = 0.01 µF 
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XR-215 

Monolithic Phase-Locked Loop 

The XR-2 15 is a highly versatile monolithic phase-locked loop (PLL) system designed for a wide variety of applications in both 
analog and digital communication systems. It is especially well suited for FM or FSK demodulation, frequency synthesis and 
tracking filt er applications. T he XR-2 15 can operate over a large choice of power supply voltages ranging from 5 volts to 26 
volts and a wide frequency band of 0.5 llz to 35 MHz. It can accommodate analog signals bet ween 300 microvolts and 3 volts 
and can interface with conventional DTL, TTL and ECL logic families. 

Figure I contains a functional block diagram of the XR-2 1 5 monolithic PLL system . The c1rcuu consists of a balanced phase 
comparator, a highly stable voltage-controlled oscillat or (YCO) and a high speed operational amplifier The phase comparator 
outputs arc internally connected to the VCO inputs and to the non-inverting input of the operational amplifier. A self con­
tained PLL system is formed by s11nply ac coupling the VC'O ou tput to either of the phase comparator inputs and addrng a 
low-pass filter to the phase comparator output terminals 

The VCO sec tion has frequency sweep. on-off keying. :.ync, and digital programm ing capab1lit1es. Its frequency 1s highly stable 
and 1s determined by a single ex ternal capacitor The ope rational amplifier ca n be used for audio preamplificat1on in FM 
detector apphcat1ons. or, as a high speed sense amplifier (or comparator) in FSK demodulation 

FEATURES 

Wide Frequency Range: 0.5 H, to 35 MHl 
Wide Supply Voltage Range· SY to '2.6V 
Digital Programming Capability 
DTL, TTL and ECL Loga: Compallbi!ity 
Wide Dynamic Range: 300 µV to JV 
ON-OF F K.·ymg and Sweep Capabil11y 
Wide rrackmg Range: AdJustablc from± 1% to ±50% 
High-Quality r-M DctcctJOn. Distortion 0. 15''1 

S11rnal/ 01se 6Sd B 

ABSOLUTE MAXIMUM RA TINGS 
Power Supply 
Power D1ssipat 10n 

Dt'ratc above +25°C 
Temperature 

26 volts 
750 mW 

5 mW/°C 

Storage -65°C to +150°C 

EQUIVALENT SCHEMATIC 

20 

APPLJCA TIONS 

FM Demodulat1on 
Frequency Synthesis 
FSK Coding/Decoding ( MODL· M ) 
1 racking Filter, 
Signal Cond1lloning 
Tone.: Decoding 
Data Synchrnnilalion 
Telemetry C'oding/ Dernding 
FM , FSK and Sweep Generauon 
Cry~tal Controlled Detection 
W1deb~nd Frequency D1scnm111atio11 
Yoltagl'• to-Fn'quency Conversion 

AVAILABLE TYPE 

Part Number 

XR-21 S<:N 

Package 

Ceramic 

Operating Temperature 

0°C ( O 75°(' 

FUNCTIONAL BLOCK DIAGRAM 
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ELECTRICA L SPECIFICATIONS 

LI MITS 
CHARACTE RIST ICS 

MI N. f YP. MAX. 
UN ITS co DITIONS 

I - GENERAL CHARACTERISTICS 
fe,1 Condi11ons: v· = I 2V (,111glc ~uppl} ), TA = 25°C. rest Circuit of I igurc 2 wi1h c0 = 100 pl', (,ilver-mica) S 1. s2, s5, do~cd. s3, s4 
open unless otherwise ,pecified. 

SUPPLY VOLTAGE 
Single Supply 5 26 V di: See Figure 2 
Split Supply +2.s ..t 13 V de Sec F1gurt• 3 

Supply Current 8 11 IS mA Set' F1gurt' 2 
Upper Frequeni:y L1m11 20 J5 Mi l, Set· Figure 2. S I opcn, S,4 clo,t·d 
Lowest Pract11:al Operat111g 

Frequency 0.5 111 Co = S00µ r 

VCO SECTION : 
St.ibihty: 

Set' Ft~urc 2, 0°(' ~ TA ~ 75°(' Tt>mpt>ratun· ~so <iOO ppm °C 
Power Supply 01 ·: V v+> I0V 

Sweep Range 5 I 8 I S3 dosed. S4 open. 0 < Vs < oV 

Output Voltagt' Sw111g I 5 2 5 
See Figure 9, Co = 2000 pF 

Vp-p S 5 0pl'll 
Rise Time 20 11~ 

10 pF to ground JI Pill I 5 Fall Time 20 ns 

PHASE COMPARATOR SECTION: 
Conversion Gain ' V / rad V111 > 50 mV rm~ iSt'c di.irartcm--

111: rurvcs) 
Ou1put lmpcdanct· 6 kn Mea~urt·d looking 11110 Pin~ 2 or .1 
Output Offset Volt age 20 100 mV Measurt•d aero~~ P111, 2 and J 

V111 = 0. Ss open 

OP AMP SECTION: 
Open Loop Voltage Ga111 66 80 dB S2 open 
Slew Rate 2 5 V Iµ ,cc AV = 1 
Input Impedance 0 5 2 r.m 
Output lmpt•danee 2 ki1 
Outpul Swing 7 10 Vp-p RL = 30 k.Q from Pin 8 to ttrounJ 
Input Off~ct Voltage 1 111 V 
Input Bi.is Current XO nA 
Common Mode RcJt'ct1on 90 dB 

fl - SPECIAL APPLICATIONS 
A) FM Demodulation 
Tc~t Conditions: I csl cm:uit of l·igurc 4, v· = 12V, input 5ignal 10.7 MIiz 1·111 With 61 = 75 kllz. rmod = I kllz. 

Dt>tection Threshold 08 .l mV rms son ~ourcc 
Demodulated Output Amplitude 250 500 mV rms M,•Jsurcd at P111 8 
D1stor11on (TH D) 0 IS 0 5 (•.r 

AM Rejection 40 dB Vin = 10 mV rm~. 30'} AM 
Output S1gnal/ No1sc 55 65 dB 

B) Tracking Filter 
Test Conditions: Test circu11 of l·igurc 5, v• = 12V. f0 = I Milz, Vin = 100 mV rms. son ,ource. 

Track111g Range(% of f0 ) ±.rn ±50 See F1gu res 5 and 25 

D1scnminator Output 

t::. Vout so m V /o/r Adjustablr Set> applications t::.f /f0 information 
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Figure 4. Tt>st C1rcu11 For FM Demodulation 

DESCRIPTION OF CIRCUIT CONTROLS 

PHASE COMPARATOR INPUTS (PINS 4 AND 6) 

-=- vco 
OU1"Vl 

11V 

One mpul to 1he phase comparator 1s used as the signal input. 
1hc rema1nmg inpu1 should bt' ac coupled to the VCO oulpul 
(pin I 5) 10 complete lht' PLL (st'e Figure 2). For split supply 
operation, these inputs are biased from ground as shown in 
Figure 3. For single supply operation, a resistive bias string 
similar to that shown in Figure 2 should be used to set the 
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bias level at approximately Vcc/2, The de bias cu rrent at 
these terminals is nominally 8 µA . 

PHASE COMPARATOR BIAS (PINS) 
This 1crminal should be de biased as shown in Figures:! and 
3. and ac grounded with a bypass ca paci1or. 

01,.f 

"" 11 ~1 1~, t ~-· >X11 J '.,c()Q,,,~-,_..,,_,., ____ _ ., 

XR 215 

Lo l\\.J .,, 

AO hi.U 

Rf 40f.U 

p1~fl,~ '\<ATON 
,uu,11 

YU 
1,v, 

lf'\!'\l, co.-. •IOM 

~ (lv&,A~\ CAPAI t I~ 

PHASE COMPARATOR OUTPUTS (PINS 2 AND 3) 
rhe low fn·qul'nl'y (or de) voltage J-:ro~s th,•,c pins corres­
pomh to lhl' phaSl' d1ffen·nce between the two signals at 
the phasc co111para1or input\ \p1n:- 4 anti 6). The phase 
comparator ou tputs arc 1ntcrnally conncch:d 10 1he VCO 
control terminals (SCl' hgurc I l. One ol the ou tpu1s 
(pin .1) 1~ internally connl·ctcd to the 11011-inverting inpu1 
o t the opcrnt1onal amphf1er I hl' low-pa<,S filler 1s achieved 
hy t·onn.-uing an RC nl'lwork to the phase compara1or out­
puts as shown 111 Figure I 4. 

VCO TIMING CAPACITOR (PINS 13 AND 14) 
1 he VC'O lrt'l'·runn111g lrl·qucncy . f0 , is 111\cr\cly proporuonal 
10 111ning cJpac11or Co connected bet ween pins 13 and 14, 
{ St·t· F 1gu rt· 7) 
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Figure 6 I yp1cal VCO Tempera lure Cocfficicnt Rangc ai, a 
Func11on of Opcra1ing Frequency (pin IO open) 
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Figure 7. VCO Free Running Frequency vs Timing Capacitor 
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YCO OUTPUT (PIN 1 S) 
The VCO produces approximately a 2.5 V P·P output signal at 
this pin. The de outpu t level is approximately 2 volts below 
V cc. This pin should be connected to pin 9 through a IO kn 
resistor to increase the output current drive capability. For 
high voltage operation (Vee> 20V), a 20 kn resistor IS re• 
commended. It is also advisable to connect a soon resistor in 
senes with this output for short circuit protection. 
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z 
< 
" ~ 
;;;_ H ,o 
zO 
o• u a; 
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~ ': 
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CO"4STANT IV '"" 

~ ! 0 0 'o'-,----'-----','-o ---,.._oo _ ___._,_.ooo __ __, 

LOW l [ Vfl INPUI AMPLII UOf ln,V •m11 

Figure 8. Phase Comparato r Conversion Gain. Kd, 
versus Input Ampl11ude 

5 

0 § 4 

> u z 
~ 3 
0 
"' a: ... 
SJ 2 
N 
:; 
<( 

~ 
a: 
0 1 
z 

•2 0 - 2 - 6 -8 

NET APPLIED SWEEP VOLTAGE, Vs. Vso !VOLTS) 

· 10 

Figure 9. Typical Frequency Sweep Charactenst1c\ as a 
Function of Applied Sweep Voltage 

(Note: Vso ::::: Vee - 5V = Open Circuit Voltage at pin 12) 

- 12 

100 dB .-----..-----r---------R-r-,----, 

~ 
<{ 

Cl 
w 
Cl 
<{ ,.. 
...J 
0 
> 

BO dB OPEN LOOP RESPONSE 

,,.,~ · 
60dB 

40 dB 

20dB 

OdB 

- 20dB 
100H 

§v,N~·our 
~ :(~ l 

Av ~ 1000 
Cc = O. RF • 1M 

Av • 100 
Cc • 0. RF • 1001< 

Av • 10 

Cc • 50 pF , RF • 101< 

Av • 1 
Cc • 300pF.RF = 1K 

1 KHz 10 KHz 100 KHz 
FREQUENCY 

1 MHz 10MHz 

Figure IO XR-2 1 S Op Amp Frequency Response 
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YCO SWEEP INPUT (PIN 12) 
The VCO Frequency can be swept over a broad range by apply• 
ing an analog sweep voltage, Vs, to pin 12 (see Figure 9). The 
impedance level looking into the sweep input 1s approximately 
SOn Therefore, for sweep applications. a current ltmitmg 
resistor, Rs, should be connected m sent!s with this terminal 
Typical sweep characteristics of the c1rcu1t are shown in Fig• 
ure 9. The VCO temperature dependence is minimum whl!n 
the sweep input is not used. 

CA UT/ON: For safe opera tion of the circuit, the maximum 
current, Is , drawn from the sweep terminal should be hm1t• 
t.>d to S mA or less under all operating conditions. 

ON·OFF KEYING: With pm 10 open circuited. the VCO can 
be kt!yed off by applying a pos111ve voltJge pulse to the swcep 
input lermmal. With Rs= 2 kn, osc11lat1ons will stop tf th t.> 
applied p0Lent1al at pin l 2 1s raised 3 volts above its open• 
c1rcu11 value When sweep, sync, or on-off keying functions 
are not used, Rs shou ld be left open circuited. 

RANGE-SELECT (PIN IO) 

rhl' frequl!ncy range of the XR-2 1 Scan be l'xtendeJ hy con­
nec ting an l'Xlcrnal resistor. Rx, twtween pins lJ and l 0 With 
rderence to Figure l I. the opt·rat1on of the rangc-sdecl ter­
minal can hl' ex plainL·d as follows Tht• V('O frequl'ncy 1s pro­
portmnal to th t• sum of currcnb I I and I~ 1hrough tran~istors 
r l and r 2 on the monohth1c chip These trans1s1ors arc h1ascd 
from a fixed tnll'rnal rt!lercnce. ·1 he current I J 1s set int<'rnally , 
whert·as l ~ I~ \Cl by the l'Xl<:rnal n·Mstor Rx rhus. al any Co 
,t•lt1ng. the VCO trcquency can bt' t•xpresst>d as· 

lo= f1 (1 + ~;) 

whl'r<' fl I\ the lrt'qurncy with pm IO open 1:1rcu1tt'd and RX 1s 
Ill kn l·XIL·rnal n:s1stor Rx (:::0 750n) IS rt'C0111111L'l1dt'd l<>r 
nper.it1011 at frequencies III excess of 5 Mi l, 

I he range \l'lcd tl'rm1nal can also be used lor fmc tuning thl' 
VCO frequency, by ,arying thl' valul' o l Rx S11ntlarly, the 
V('O frequency can be , hanged in d1screh' stt'ps by ~wnching. 
111 diffcrt'nt values of Rx betwet.>n pins 9 and 10. 

10 
I J\r 

-::-

JA~u~
1
s~::CT 

l~PU1 

0V I 17 

,, 06) 
' 1 ,, I • Rx 

Figure 11 Explanation of VCO Range-Selec t Controls 

DIGITAL PROGRAMMING 
Using the range select conlrol. the VCO frequency can be step­
ped m a binary manner. by applying a logic signal to p111 I 0. 
as shown in Figure 11 . For high level logic inpu ts, transistor 
T2 1s turned off, and Rx 1s effectively swi tched out of the 
w cuit. Using the digital programming capability. the XR-2 l S 
can be time-multiplexed between two separa te input frequenc­
ies, as shown in Figures I 8 and I 9. 

AMPLIFIER INPUT {PIN I) 

Th is pin provides the inverting input for the operational ampli• 
f1er section. Normally it is connected to pm 2 through a l 0 kf! 
ex ternal resistor (see Figure 2 or 3). 
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AMPLIFIER OUTPUT (PIN 8) 

This pm ts used as the output termmal for FM or FS K demod­
ulation The amplifier gam 1s determmed by the external feed­
back resistor, Rf. connected between pms I and 8 Frequency 
response characteristics of the amplifier section are shown m 
Figure 10, 

AMPLIFIER COMPENSATION (PIN 7) 

The operational ampltf1u can be compensated by a single 
300 pf capacitor from pm 7 to ground . (See Figure I 0) 

BASIC PHASE-LOCKED LOOP OPERATION 

PRINCIPLE OF OPERATION 
fhc phase-locked loop (PLL) 1s a uniqut• and versa11k t·1rcu11 
technique wh ich provides frl'quency selcct1Vl' tuning and tiller­
mg without thl' need lor coil~ or inductors A"' ~hown u1 Figu re 
12. the PL I 1~ a lt·edhack system compmed of thrct• has1c 
luncllonal blocks phase comparator. low-pass ltltcr and volt­
age-controlled osc1ll,ttor ( VCO) The basic prmnpk of opera­
tion ot a PLL can b1• hncny explamcd 3\ follo ws with 110 111-
pul Mgn.il applied to till' systt'm, the crror voltagl' V d, 1~ equal 
to ,ero 1 hl' VCO operaks at J wt !rl'qul'ncy, 10 , whll'h 1~ 
known as the "frt:l'•runn1ng.'' lrl·quency. II an input signal 1, 
applied to the ,ystcm. thl' pha\e 1,0mpara1or comparcl> thl' 
pha~e and lrt·qul·ncy ol the input signal "1th tin· VC'O I n:qu1•n­
cy and g1•nt•rah'':> an l'rror voltage. V1,(tl. that ts rdatcd lo tht• 
phast· and fr,•qut·ncy dtl !crcncc bet wt•en I Ill' I wo s1gna1'. rh1s 
cr101 rnltagl' 1~ thl'n l1ltt·rt•d and applll'd to 1111.· control L..rmin­
al or thl' VC'O. If thl' input frvquency , r~. "sufl1c1cntly dow 
to f0 . the ll'l'dh:H:k nature of the PLL causes 1111: V( 0 to syn­
chron11c or "lock" with Lht· 111com1ng signal Once 111 lock. 
till' VC'O trequrncy I\ 1dl'nt1rnl to the input s1gnJI. 1•xc1•pt for 
a finite pha,t· Ji1krl'nt:t• 

I V, I ..:..:.._ P"AS! tr:, PAS.."i -
' CL •,H"AffA ,-OR l'.ILf~H -

\0" 

,cu 
0 

\· 11 ,, 

Figure 12 Block Diagram of a Phase-Locked Loop 

A LINEARIZED MODEL FOR PLL 
When the PLL 1s III lock. n c.in be approx11nated by Lhl' hn1tar 
fredhack syslt·rn shown in Figure 13. ¢~ and q,0 arc the rl'S· 
pnllve pha~c angles assoc1atl'd w11h the input signal and thl' 
VCO output. F(s) is the low-pass rilter responsl' 1n frequency 
domam, and Kd and Ko are the conversion gains associall'd 
with the phase comparator and VCO sections of the PLL 

Figure 13 Lineari,ed Model or a PLL as a Negative Feed­

back System 
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DEFINITION OF XR-21 S PARAMETERS FOR PLL 
APPLICATIONS 

VCO FREE-RUNNING FREQUENCY, f0 

The VCO frequency with no input signal. It is determined by 
selection of Co across pins 13 and 14 and can be increased by 
connect mg an external resistor Rx between pins 9 and I 0. It 
can be approximated as· 

f = l+ -200 ( 0.6 ) 
o c0 Rx 

where Co IS tn µ f- and Rx IS in kn (See Figure 7), 

PHASE COMPARATOR GAIN K<i 
The output voltage from the ph.ise comparator pt!r radian of 
phase difference at the phase comparator mputs (pins 4 and 6). 

VCO CONVERSION GAIN K0 

fhl' V('O voltagc-10-frequency conversion gain 1s determined by 
the d1011:c of tinung capacitor Co and gam control resistor, Ro 
l'tinn\'ctcd cxtl'rnally across pms 11 and I:! It can he express• 

700 
Ko:::: CoRo (rad1ans/se1,)/ volt 

whne Co 1s in µ I· and Ro 1s 111 kH . r or most apphcat1ons, re­
t·omml'ndl.'d valul'S for Ro rangl' from 1 kn to IO kn 

LOCK RANGE (6wL) 

rtw rangl' nt ln·qm•nctl'' 111 the \tc1111ty of 10 , over which the 
Pl L l'an maintJ1n lo,·k with an 111pul 'lgnal It 1~ also known as 
Lh,· "lrark111g" or "hold mg" range If saturation or limtlmg 
doc~ not cKcur. till' lol'k rangt' 1s 1·q11al Lo the loor gain. i.e 
6w1 = K·t = K0 K0 . 

CAPTURE RANGE (6wc) 

1 lw hwd ol frcqucn1,1e, m the v1c1n11y of 10 where thl' PLL can 
cstahh~h or ac4u1n· lork \\tlh an mput signal It 1s abo known 
as tht· "ac4u1s1t10n" rangt• It 1s alway, smalkr thJn the lock 
range and 1, n lated to lhe lo\, pa~, ltltl'r handw1d th II c,m 
lw apprnx1mJll·d by .i paraml'lm' cquat1c,11 of the forn: 

6wc:::: 6wt I HJ6wcil 

where I H j6wc I 1s thl' lov.-pass filt<'r 111agn1tudl- n'sponse at 
w = 6wc i'or a simple IJg f1ltt'r, 1i can bt· l' Xprcssed .is. 

6wc::::~ 

where I t 1s the filter time l'onslant 

AMPLIFIER GA IN Ay 
l'hl' voltage gain 01 th1· amphfin w..:t1on 1s dctcrmmed by teed­
back resistors RF and Rp bl'twt•en p1m, (8.1 J Jnd (2.1 J rcspt'C· 
t1vdy ( Sec F1gun·s 2 and 3) It 1s given by 

- RF 
Ay-

Rt + Rp 

where RI 1s the 6 kH internal impedance at pm 2. and Rp 1s the 
ex tern al n•ststor bet ween pins I and 2. 

LOW-PASS FILTER 
The low-pass filter section 1s formed by connecting an ex ter-
nal capacitor or RC network across terminals 2 and 3. The low­
pass filter components can be connected either between pins 
2 and 3 or. from each pin to ground. Typical filter configura­
tions and corresponding filter transfer functions are shown in 
Figure 14 where RI (6 kn) is the internal impedance at pms 2 
and 3. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

LAG Fil TEA LAG lEAO fllHR 

LJ' LJ 
' 1 • R7c1, 

F(, ~ fhl • I• ,c1 IR7 • 2R 11 

1 .r 13 i3 r r I C' I C' R7 R7 

-=-

f ftl fhJ • 

Figurt· 14 

APPLICATIONS INFORMATION 

FM DEMODULATION 
Figure I 5 shows the ex tcrnal cm:u1t connect ions to the X R-21 5 
for frequcncy-seled1vl' FM dl'modulat1on rhe d101ce of Co 1s 
determrned by the FM L'arner frequency (sec Figure 7). The 
low-pass filter capacitor CI 1~ determmcd by the sclect1vity 
requm•ments. For earner frequencies ol I to 10 MIi,. CJ 1s rn 
the range 01 IO Co to 30 Co. The frL•dback resistor RF can be 
usl'd as a "volume-control" adJu'olmcnt 10 set the amplttud1• of 
the demodulated output. flw dL·modulatL·d output amplitud,· 
is proportional to tlw FM dcv1a11on and 10 rL·s1stors Ro Jnd RF. 
For+ 1'1 FM den.it ion it can b, approx1ma1ed as 

(I + 0.6 ) 
Rx 111 V. rms 

wherc all rc,1\lnr\ arL' m k!2 .ind Rx" lhL' 1.ing,· cxt.-n,u1n 
resistor connec.:1cd Jcross prns <J .ind IO hir urcu1t opt·r,111011 
below S Mil,. Rx c.in be op,·n c1rcu1kd l·or 01w r.111on .1tim,· 
c; MH,. Rx ,:::, 75tH1 IS r,·rn1111n,·ndcd 

Typical output ,ignal/ no1sc ratio and harn1on1, dl\tnrtion ar,· 
shown 111 hl!urt·s 1(1 and 17 J'- .1 lund1on 01 F~I d,'v1atwn . lor 
the component valul'~ shov.n 111 1-lgure 4 

':" 

JOO .. 

Cc COuPLING CAPACITOA 

Ce &VPASS CAPACITOR 

Figure 15 Circuit Connection lor FM Demodulat1011 

MULTI-CHANNEL DEMODULATION 
The ac d1g11al programming capah1lity of the XR-~ 15 allow~ a 
single cncu1t be t1me-~hared or 111ull1plcxcd between two mfor­
matton channels, and thcreby sclcc11vcly demodulate t wo ~ep­
arate earner frequencies. Figure 18 shows a prad1cal c1rcu11 
contigurat1on for 1tme-mult1plexmg the XR-215 bet ween two 
FM channels. at I MH, and I I Mil, respectively rhe chan• 
nel-sclccl logic signal is applied to pm I 0, as shown m Figure 
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18, with both input channels simultaneously present al the PLL 
input (pin 4). Figure 19 shows the demodulated output as 
a function of the channel-select pulse where the two inputs have 
sinusoidal and triangular FM modulation respectively. 

"' .!! 100.----------------, 
w 5 t0 IO MHt 

Z tmocl t \.HI 

< v,~ ,omv '"'i 
2: 
C 80 tl EST CtRCVIT OF F 1GURE 4t 
iii ,.. 
:, 
e: 
::, 
0 

~ t,() 

::, 
0 
C :; 
0 40 .__ __ _._ ___ ..__ __ _._ __ __. 

·100 ·O I • I 0- • 10-­

• R[OUfNC, OEVtAIION I I" 

•oo, 

Figure 16 Output Signal/ Noise Ratio a\ a Function of FM 
Devia11on 
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hgurc 17 Output Dis1ort1on a~ a Funcllon of FM Dcv1at1on 

CHANNEL 1 
11 1MH1 

1~ ~_____,......., 
CHANNEL) 
17 I I M H1 

t •,• ) t A•t 

001 uf I JOO., 

:r 
10 12 

hgurc 18 l imc-Mult1plcx1ngX R-215Bc1wecn l woS11nul­
l<1ncous f- M Channels 

Figure 19 Demodulated Output Wavl'forms for T1mc-Mult1· 
plcxcd Operation 

Top · Demodulated Output 
S1ncwave - { hannel I 
Triangle Wave• Channel '.! 

Bottom Channel Select 
Pulse 
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FSK DEMODULATION 

Figure 20 rnntams a typical circuit connection for FSK demo• 
dulat1on. When the input frequency ,~ shifted, corrc~ponding 
to a data bit, the de voltage at the pha~e comparator outputs 
(pins 2 and 3) also reverses polanty The operational arnpla· 
ficr ~cc11on "conm·cted as a comparator. and convl'rts the 
de kvel ~h1ft to a h1nary outpu t p11IS<' One of the ph,isc 

01,.1 •I]\ 

11 ,., le, I <, 1 , 

•• 

J · ' 

10• 10..-,,, 

" . o---l t--t-'--0-t--t 

1 
You,.fi 

1 

F1gurt· 20 C'1rrnll l'onncct1011 lor FSK Dcmodula11011 

comparator outputs (pin J) as ,tc groundl'd ;ind '<'rve, a, 
th<' h,a~ rdcrencl' for thl' llpnatwnal ampl1f1n Sl'ctaon. 
Capacitor CI ~l·rvcs a~ th<' PLL )ot)p filter. and('~ anu CJ as 
post-dl'lcctwn filters. Rangc ~el<'Ct rcs1stor, Rx. can hr uwd 
as :1 fine-tune adJustment IO set the V('O frequcn,y. 

Typical component value\ for 300 baud and 1800 haud op,·ra­
tion .,re listetl b,•low 

Ol'IR\11'-(; I ) l'I( \) < 0\11'0\ I \ I 
l 0\ 1)1110\S \ \ I l I S 

ll)O H.111d 

: "'' H.1 nd I I 107() 111 Ku = ' 1-.il. < o = II I 7 µ I· 

I ' I 270 111 l I = < 2 = o 0-1 -i µ 1 · 
l'\ = o o.n µ I· 

IIIJ!h 8.111d I J "' 2U.2:, 111 Ro · 8 UL< o = U I µI 

12 = 2225 111 < I . < 2 < 1 · 00\lµI 

I ii00 B.iud Ru = 2kH.Co : 0 12µ1· 

11 = 120011, (' I = CJ = 0 001 µ I· 

I' . 2~00 11, C 2 = 0 0 I µ 1: 

Note that for 300 Baud operation the c1rcu1 t can be t1me-mul• 
tipll'xcd hrtwccn high and low bands by switchmg the exter­
nal resistor Rx 111 and our of the circui t with a control ,ignal. 
as shown 111 F1gurr 11 

FSK GENERATION 

The d1g1tal programmang capability of the XR-215 can he used 
for FSK generation. A typical circuit connection for this app­
lication 1s shown 111 Figure 21 The VCO frequency can be 
shifted between the mark (f2) and space (fJ) frequencies by 
applying a logic pulse to pin 10. The circuit ,an provide two 
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separate FSK outputs: a low level (2.5 V p-p) output at pin IS 
or a high amplitude ( 10 Vp.p) output at pin 8. The output at 
each of these terminals is a symmetrical squarewave with a 
typical second harmonic content of less than 0.3%. 

JUUL 
fSK OUlPU"T 
l l OW llYCLt 

f1 Wp .,1 ., ..... r 
.... 'J 0 

* 
F1gun· ~ I Circuit C'onncct,on For FSK Grncra11on 

FREQUENCY SYNTHESIS 

In lrl·quency synthc,1, applal·at1ons. a programmable C()untl'r or 
d1v1d,•-hy-N L·1rna111s ronnertL•d hetwl'en the VCO output (pm 
I 'i) ;rnd Olll' ol the phas..- lktcclor 111p11ts (p111s 4 or 6). as shown 

111 l·1gun· 22. l'hc pnncipk ol operation of the circuit can be 
hridly c,pla1m•d J, follows fhc counter d1v1dcs down the 
osulla1or frL·qucncy hy the programmabk d1vidL·r modulus. N. 
fhus, whL'n thl' L'nt1rc sy~tl'm is pha~e-lockt•d to an input sig-
nal al lrcquency, fs, lhl' osl'lll,ttor 011tp11l al pin 15 1s at a 
lrt•que1Ky {Nf~). whni: N 1~ tlw d1v1dcr modulus. By proper 
1.·ho1ct' of thl· d1v1dcr mndulu~. a l.irgc numhn of diserl'I<' 
ln'qu,·nuL'S can he wnthes11ed lrom a given reference fn.·­
qw•ncy I he low-pass filler capacitor CI is normally cho,;en 
lo prov1dl· a cut-oft frcquenl'Y equal to 0.1"1 to ] <.~ of the 
signal I 1equency. I~. 

rill' c1rruit wa~ dl·~1gn,•d to opernte wilh commercially avail­
.ahk monolithic.: programmable rnunter circuits using TTI 
logic. ~urh as MC401 6, S 5493 or l'quivalcnt Thc d1g1tal or 
analo)! tun mp, chara1:lt'rist1c~ of the VCO can bc used to ,·xtend 
thl· availahlc range of frt•quenc,c~ of tht' ~ystem. ror a given 
~c111ng ol the tuning capacitor C'o. 

f yp1t·al input and ou1put wavclorms for N = 16 operation with 
with Is = 100 kit, and f0 = 1.6 MH, are ~hown in Figure 23. 

<>----1 
INP\Jl 

' '• 

•.. ,",. ... ••,vl ~hi,, 
(>'lH.l'IIIAl 

. 
11 I 

Figure 22 Circuit Conncct1on For Frequency Synthesis 
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Figure 23 TypicaJ Input/Output Waveforms For N = 16 

Top: Input ( 100 kHz) 
Bottom: VCO Output ( 1.6 MHz) 
Vertical Scale IV /cm 

TRACKING Fl L TER/DISCRIM IN ATOR 

The wide tracking range of the XR-2 15 allows the system to 
track an input signal over a 3: I frequency range. centered 
about the VCO free running frequency. The tracking range is 
maximum when the binary range-select (pin I 0) is open cir­
cuited. The circuit connections for this application are shown 
in Figure 24. Typical tracking range for a given input signal 
amplitude is shown in Figure 25. Recommended values of 
external components are : I kn < Ro < 4 kn and 30 C'Q < ( I 
< 300 Co where the timing capacitor Co is de te rm med hy the 
center frequency requirements (see Figure 7) 

$1(..PI/Al 
IN,Uf 

o--1 

t 

vco 
OUTPUT 

,. 

,. 

•o• 

lfl\C"N•lfll l~AIOA 
ovuu, 

300 p1 

Cc- COUPLING CJ,./'ACITOA 

~ BYPASS CAPACITO~ 

Figure 24 Circuit Connection For Tracking Filte r Applications 

The phase-comparator output voltage is a linear measure of the 
VCO frequency deviation from its free-running value. The 
amplifier sec tion, therdore. can be used to provide a filtered 
and amplified version of the loop error voltage In this case, 
the de output level at pin 15 can be adJusted to be directly 
proportional to the difference bet ween the VCO free-running 
frequency, f0 , and the input signal, fs. The entire system can 
operate as a " linear discriminator" or analog " frequency­
meter" over a 3: I change of input frequency. The discrimi­
nator gam can be adjusted by proper choice of Ro or Rf. For 
the test circuit of Figure 24, the discriminator output is appro­
ximately (0.7 RoRF) mV per % of frequency deviation where 
Ro and RF are in kn. Output non-linearity is typically less 
than I% for frequency deviations up to :.!: 15%. Figure 27 shows 

27 

the normalized output characteristics as a function of input 
frequency, with Ro= 2 kn and RF = 36 kn. 
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Figure 25 Tracking Range vs Input Amplitude (pin IO Open 
Circuited) 
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Figure 26. Typical Discriminator Output Characteristics 
For Tracking Filter Applications 

CRYSTA~ CONTROLLEDPLL 

fhe XR-2 1 Scan be operated as a crystal-controlled phase­
locked loop hy replacmg the timing capaci tor with a crystal. 
A circuit connection for this application is shown in Figure 26. 
Normally a small tuning capacitor ( ::::-: 30 pF) is required in 
series with the crystal lo set the crystal frequency. For this 
application the crystal should be operated in.its fundamental 
mode. Typical pull-in range of the circuit is± I kH z at IO MHz. 

~•{·~ ,-,-.--0----,.-. 
001 .,if 

~l ..-;.O QI\. 

'• 
vco 

OVl ~UI 

11 UN0A MfNl Ail 
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l(Jt,. 0\JIPUT 
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Figure 27 Typical Circuit Connection For Crystal-Controlled 
FM Detection 
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XR-2211 

FSK Demodulator/Tone Decoder 

Tht> XR-2211 i\ a monol11h11.: phase-locked loop (PL L) ~yc;t<'lll rsp<'Ctally des1grwd for dala communicalton~ lt is rartn:ularly 
well Slllled for FSK modem appltcal1ons. It operalcs over a w1dr ~upply voltage range of 4.5 to 20V and a wide frcttuency 
range of 0 01 111 lo 300 kllz. It can accommodate analog \11mals between 2 mV and JV .. ,nd can inll•rtace with conventional 
DTL. TTI and I-CL logic familie~. The circuit consists ot a hasic PLI. for tracking an 1npu1 ~1gnal w1th111 the pa5s band . a 
quadrature phasl' di:tcdor wlrn:h provides earner detcct10n. and an FSI-: voltagr comparator which rrnv1dt'S l· SK dl'll10dulalton . 
bxlnnal component\ ar<' used lo 1ndepl·ndcn1ly S<'t C<'nlcr lrequency , handw1tl th , and output lklay 

FEATURES 

W11lc hequrncy Range 
Wide Supply Voltage Range 
DTL/ rTL/ H ' L Logic Cornpatihthly 

0.01 H, to ]00 kll, 
4.W to 20V 

FSK lkmodulauon. with Carrn:r-Dc1cc11on 
Wide Dynamic Rang<' 2mVlo]Vrrns 

20 pprnf' (', lyp 
AdJt1~t.1hlc I rac.:k1ng Range(± I'~ lo .t80'~ ) 
Excl'lknl I emp. Stah1hty 

APP LI CA TIO S 

FSK Drmodula11on 
Data Synchron11a110n 
Tone De cod 1111,t 

FM Detet'tion 
Carrtt'r Dc1t·ct1on 

PACKAGE INFORMATION 

oo,,-J 
0010 i 

XR -2211 

0 000 
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.... 
0 H\ 
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ABSOLUTE MAXIMUM RATINGS 
Power Supply 20V 

JV rms Input Signal Level 
Power D1ssipalion 
Ceramic Package: 

Deratc ahovc TA= +25°C 
Plastic Package: 

Dcratc above TA= +2'i°C 

AVAILABLE TYPES 
Part Number 
XR-2'.!I IM 
XR-2'.!I ICN 
XR-221ICP 
XR-221 IN 
XR-221 IP 

Package 
Cera mil 
Ceramic 
Plastic 
Ceramic.: 
Plastic.: 

750 mW 
6mVfC 
625 mW 

5.0 mWfC 

Operating Temperature 
-5S°C to +I 25°C 

0°C to +75°C 
0°C to +75°C 

- 40°C to +85°C 
- 40°C to +85°C 

FUNCTIONAL BLOCK DIAGRAM 

INPUT 

LOCK OE rECT 
fllHR 

GROUND 

r 
lOCK O 
DETECT 
OUTPUTS 

L o 

OATA 
OUTPUT 

l 
TIMING 

CAPACITOR 

J 
TIMING 
RESISTOR 

LOOP 
o-on 
OUT 

REF 
VOlTAGE 
OUT 

FSK 
COMP INPUT 

wigfi
Stolen 2 Line Transparent
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ELECTRICAL CHARACTERISTICS 
Test Conditions: v+ = +12V, TA = +25°C, R0 = 30 Kn, c0 = 0.033 µF. See Fig. 2 for component designation 

XR-2211/22 1 lM 
CHARACTERISTICS 

MIN. TYP. 

GENERAL 
Supply Voltage 4.5 
Supply Current 4 

OSCILLATOR SECTION 
Frequency Accuracy ±I 
Frequency Stability 

Temperature :t20 
Power Supply 0.05 

0.2 
Upper Frequency Limit 100 300 
Lowest Practical 

Operating Frequency 
Timing Resistor, Ro 

Operating Range s 
Recommended Range 15 

LOOP PHASE DETECTOR SECTION 
Peak Output Current :tl50 :t200 
Output Offset Current ±I 
Output Impedance I 
Maximum Swing ±4 ±5 

QUADRATURE PHASE DETECTOR 
Peak Output Current 100 150 
Output Impedance I 
Maximum Swing 11 

INPITT PREAMP SECTION 
Input Impedance 20 
Input Signal 

Voltage Required to Cause Limiting 2 

VOLTAGE COMPARATOR SECTIONS 
Input Impedance 2 
Input Bias Current 100 
Voltage Ga.in 55 70 
Output Voltage Low 300 
Output Leakage Current .01 

INTERNAL REFERENCE 
Voltage Level 4.9 5.3 
Output Impedance 100 

LOOP 0 ATA 
f lLH.A f l ll(A 

b 

LOC• OETtCT LOC• 0( f!CI 
rllHA co,., 

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

MAX. 

20 
7 

±3 

±50 
0.5 

0.01 

2000 
100 

:t300 

10 
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XR-22 1 IC 
UNITS CONDITIONS 

MIN. TYP. MAX. 

4.5 20 V 
5 9 mA Ro~ IO Kn. See Fig. 4 

±1 % Deviation from fo = I /RoCo 

±20 ppmfc 
RJ = oo 

See Fig. 8. 
0.05 %/V v+= 12 ±IV.See Fig. 7. 

0.2 %/V v+ = 5 ± 0.5V. See Fig. 7. 
300 kHz. Ro= 8.2 Kn, Co= 400 pF 

0.01 Hz. Ro = 2 Mn, Co = so µF 
See Fig. 5. 

5 2000 Kn 
15 100 Kn See Fig. 7 and 8. 

:tl00 :t200 ±300 µA Measured at Pin I I . 
±2 µA 

I Mn 
±4 ±5 V Referenced lo Pin I 0. 

Measured at Pin 3. 
150 µA 

I Mn 
11 Vpp 

Measured at Pin 2. 
20 Kn 

2 mV nns 

2 Mn Measured at Pins 3 and 8. 
100 nA 

55 70 dB RL=5.I Kn 
300 mV J.c = 3 mA 
.01 µA Vo=t2V 

4.75 5.3 5.85 V Measun:d at Pin I 0. 
100 n 

b l O 1(: 1 ~. •l ' 
v· 

•• 
1 
. 

0 

1~ ,Ul • 
SIGNAL lOCK Of:t(Ct 

!' 
OUfNTS 

' LOC• 0 
0 ( 11(! 
COM> 

-=-

Figure 2. Generalized Circuit Connection for FSK and Tone Detection. 
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L----------L-------- ~--------------- i INIERN"L YOLT .. GE INPUT PRE .. MPLlfl(R ou .. DRI\TURE 
REtERENCE ANO LIM11ER Pt< .. SE OETECIOR COMP"R"'OR 

r 

GROUND L 
VOLT"GECONTROLLEO 
OSCILL"TOR 

Figure 3. Simplified Circuit Schematic of XR-2211 . 

TYPICAL CHARACTERISTICS 
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Figure 4. Typical Supply Current vs v+ 
(Logic Outputs Open Circuited). 

Figure 5. VCO Frequency vs Timing 
Resistor 

Figure 6. VCO Frequency vs Timing 
Capacitor 
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Figure 7. Typical r0 vs Power Supply Characteristics. 
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DESCRIPTlON OF CIRCUIT CONTROLS 

$jgnal Input (Pin 2): Signal is ac coupled to this terminal. 
The internal impedance at Pin 2 is 20 Kn . Recommended 
input signal level is in the range of 10 mVrms to 3 Vrms. 

Quadrature Phase Detector Output (Pin 3): This is the high­
impedance output of quadrature phase detector, and is inter­
nally connected to the input of lock-detect voltage-comparator. 
In tone detection applications, Pin 3 is connected to ground 
through a parallel combination of Ro and Co {See Fig. 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 1s at 
"high" state when the PLL 1s 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 resistor, RL, to 
V+ for proper operation. At "low" slate. 11 can sink up to 
5 mA of load current. 

Lock-Detect Complement , Q (Pin 6): The output at Pin 6 1s 
the logic complement of the lock-detect output at Pin 5. 
This output 1s also an open-collec tor type stage which can 
sink 5 mA of load current at low or "on•· state. 

FSK Data Output (Pin 7) : This output is an opt·n-collcdor 
logic stage which requires a pull-up resistor, RL. to V+ for 
proper operation. It can sink 5 mA of load current. When 
decodm~ FSK signals, FSK data output is at "high'' or off 
slate 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 indett:rmtnate. 

FSK Comparator Input (Ptn 8). This is the h1gh-1mpedance 
input to the FSK voltage comparator. Normally, an FS K post· 
detection or data filter is connected between this termmal and 
the PLL phase-detector output (Pin 11 ). This data filter is 
formed by RF and CF of Fig. 2. The threshold voltage of the 
comparator is set hy the internal reference voltage, VR, avail• 
able at Pm 10. 

Reference Voltage, YR (Pin 10): This pin is internally biased 
at the reference voltage level, V R: V R = V+/ 2 650 m V. 
The de voltage level at this pin forms an tnlernal reference for 
the voltage levels at prns 5, 8, 11 and I 2. Pin IO must he by­
passed to ground with a 0.1 µF capacitor. for proper operation 
of the circuit. 

Loop Phase Detector Output (Pin 11 ): This terminal provides 
a high-impedance output for the loop phase-detector. The 
PLL loop filter 1s formed by R 1 and C 1 connected to Pin 11 
(See Fig. 2). With no rnput signal. or with no phase-error 
within the PLL. the de level al Pin 11 is very nearly equal to 
VR· The peak voltage swing available at the phase detector 
output is equal to ±VR· 

VCO Control Input (Ptn 12): VCO free-running frequency 
is determined by external timing resistor, Ro, connected from 
this terminal to ground. The VCO free-running frequency, 
fo, is: 

where c0 is the timing capacitor across Pins 13 and 14. For 
optimum temperature stability, Ro must be in the range of 
IO Kn to 100 Kn (See Fig. 8). 
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This terminal is a low-impedance point, and is mternally 
biast:d at a de level equal to VR· The maximum timing current 
drawn from Pin 12 must be limtted to S 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, Co, 
connected across these terminals (See Fig. 5). Co must be 
non-polar, and in the range of 200 pf to IO µF. 

VCO Frequency Adjustment: VCO can be fine-tuned by 
connecting a potentiometer, Rx, in series with Ro at Pin 12 
(See Fig. 9). 

VCO Free-Running Frequency, fo: XR-2211 does not have a 
separate VCO output terminal. Instead, the VCO outputs 
are mternally connected to the phase-detector sections of the 
c1rcu11. However, for set-up or adJustment purposes, VCO 
free-running frequency can be measured at Pin 3 (with Co 
disconnected), with no input and with Pin 2 shorted to 
Pin 10. 

DESIGN EQUATIONS 
(See Fig. 2 for Definition of Components) 

I. VCO Center Frequency, fo: 

fo = 1 / R0c0 111. 

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

VR = V+/ 2 650 mV 

3. Loop Low-Pass Filter Time Con~tant, ; · 

1 = R1 C1 

5. Loop Tracking Bandwidth, ±6f/fo: 

6f/fo = R0/R 1 

'o 

6. FSK Data Filter Time Constant, Tf: 

Tf = RfCF 

7. Loop Phase Detector Conversion Gain, Kd>: (Kd) is the 
different ial de voltage across Pins IO and 1 1, per unit of 
phase error at phase-detector input) 

K<f> = -2V Rfrr volts/radian 

8. VCO Conversion Gain, Ko: (Ko is the amount of change 
in VCO freq uency, per unit of oc voltage change at Pin 11 ): 

Ko=-l/VRC0R 1 Hz/volt 

9. Total Loop Gain, KT: 

KT = 2rrK</> KO = 4 /C0 R1 rad/sec/volt 

I 0. Peak Phase-Detector Curren I, I A: 

I A = V R (volts)/25 mA 
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APPLICATIONS INFORMATION 
FSK DECODING: 

Figure 9 shows the basic circuit connection for FSK decoding. 
With reference to Figures 2 and 9, the functions of ex1ernal 
components are defined 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. 
Cf and RF form a one-pole post-detection filter for the FSK 
da1a output. The resistor Rs (= 5 IO Kn) from Pin 7 to Pin 8 
introduces positive feedback across FSK comparator to 
facilitate rapid 1ransition between output logic states. 

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

v· 

OAIA 
OUTPUT 

1 L------JI/V\,----+-l ri 
510 Kl? Cf -=-

hgurc 9. C1rcu11 C'onnecuon tor l·SK Decoding 

Qesign Instructions: 

The circu11 of Fig. 9 can he tailored for any FSK decoding 
application by 1he choice of five key circui1 l'Omponen1s: 
Ro, RI · Co, CI and CF. For a given set of FSK mark and 
space fn:quencies, f I anJ f 2· these parameters can he cal­
culated as follows. 

a) Calculate PLL center frequency, fo · 

f I + f 2 
fo= --

2 

b) Choose value of timtng res1s1or Ro, to be in the range 
of 10 KH to 100 Kn. This choice isarh1trary. The 
recomm,rnded value 1s Ro == 20 KU. The ltnal value 
of Ro 1s normally fine-tuned w11h the series potentiom­
eter, Rx· 

c) Calculate value of Co from design equation (I) or from 
Fig. 6: 

c0 = 1 / R0r0 
d) Calculate RI to give a ~f equal to thr mark-space 

deVJat ion: 

R 1 = Ro [ fo/(f I f 2 l I 
e) Calculate c1 to set loop damping. (Sec Design Fqua­

tion No. 4). 

Normally, r:;::, 1/2 IS recommended . 

Then: C1 = Co/4 for r = I /2 
f) Calculate Da1a Filter Capacttance, CF: 

For RF= I 00 Krl, Rs= 510 KU, the rcl'Qmmended 
value of CF 1s: 

CF::::: 3/(Baud Rate) µF 

Note : All calculated component values except R0 can be 
rounded-off to the nearest standard value, and Ro can he 
varied to ftne-tune ce nter frequency, through a series 
potentiometer, Rx, (See Fig. 9). 
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Design Example: 

75 Baud FSK demodulator with mark/space frequencies of 
I I I 0/11 70 Hz: 

Step I : Calculate fo: fo = ( 11 IO+ 1170) ( I /2) = 1140 Hz 
Step 2: Choose R_o = 20 Kn ( 18 Kn fixed resistor in series 

with 5 Kn po1entiometer) 
Step 3: Calculate Co from Fig. 6: c0 = 0.044 µF 
Step 4 : Calcula1e Rt . Rt = Ro ( 2240/60) = 380 Kn 
Step 5: Calculate C1: c1 = Co/4 = 0.01 I µF 

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

FSK BAND COMPONENT VALUE:.$ 

300 Baud Co= 0.039 µF CF= 0.005 µF 
r1 = 1070 Hz c1 = 0.01 µF Ro = 18 Kn 
f 2 = 1270 Hz R1 = 100 Kn 

300 Baud Co= 0.022 µI-- C1- = 0.005 µF 
f I = 2025 H1 C1 = 0.0047 µF Ro= 1s Kn 
f2 = 2225 Hz R1 = 200 Krl 

I 200 Baud Co= 0.027 µ~· CF= 0 0022 µF 
f I = 1200 Hi C1 =0.01 µF Ro = 18 KH 
·f 1 = 2200 Hz R1 = 30 KU 

TABLE I 

Recommended Component Value~ for ('ommonly Usl'd FSK 
Bands ( Sec Circuit or Fig. 9) 

FSK DECODING WIT H CARRI ER-DETECT: 

The lock-detect section of XR-~211 can he used J~ a carrier­
detect opt ion, for FSK dccodmg. The recommended cticuit 
connection for this appl1cat1on 1s shown in Fig. I 0. The 
open-collector lock-detect output. Pin 6, 1~ shorll!d to dala. 
output ( Pin 7). Thus, data output will be disabled at "low" 
stale, until there is a earner wnhin the Jekctmn hanJ of the 
PPL. and the Pm 6 output goes "high", to enable the Jata 
output. 

The minimum value of the locl-.-tktect tilter capac1tanct' Co 
1s 111versely proportional to tht.> capture range, .!.Al, This is 
the range of incomtng frequencies over which the loop can 
acquire lock and is always less than the tracking range. It 1s 
further limite.d by c1. For most apphcat1ons, ~fc > ~f/2. 
For Ro= 470 Kn. the approximate minimum value of Co 
can he determined hy: 

Co (µJ.') ;;;i: 16/captun.• range in 111. 

OAI A OUTPUT 

1 

I l)!Ufl' I U, L· xternat Connector, for I SK 0cmo<lulatton wnh 
Carm:r-L>cte,•t C.1pab1h1y. 
Note lhtJ Ou1pu1 1s "Lo11," Wht·n No C'Jrrtcr 1s Pre~cnt. 

vco 
flNE TUNE 
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With values of Co that are too small, chatter can be observed 
on the lock-<letect output as an incoming signal frequency 
approaches the capture bandwidth. Excessively-large values 
of Co will slow the response time of the lock-<letect output. 

TONE DETECTION: 
Figure 11 shows the generalized circ~_it 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 present within the detection band of the PLL, 
the logic state at these outputs become reversed for the 
duration of the input tone. Each logic output can sink 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 LI and RL2• 
as shown in Fig. I I . 

With reference to Figs. 2 and 11 , the (unctions of the ex­
ternal circuit components can be explained as follows: Ro 
and c0 set VCO center frequency; R1 sets the detection 
bandwidth ; CI sets the low pass-loop filter time constant 
and the loop damping factor. R L 11nd R L2 are the respec­
tive pull-up resistors for the Q and Q logic outputs. 

VCO 
FINE TUNE 

L..J lOOIC 
OUTPUT 0 

1 
-=-

Figure 11 . Circuit Connection for Tone Detecllon 

Design Instructions: 

R~ 
5 KIi 

C1 

-=-

.J7.. 

The circuit of Fig. 11 can be optimized for any tone-detection 
application by the choice of the 5 key circuit components: 
Ro, R1 , Co, C1 and Co. For a given input the tone frequency, 
fs, these parameters are calculated as follows: 

a) Choose Ro to be in the range of 15 Kitto I 00 Kn. 
This choice is arbitrary. 

b) Calculate Co to set center frequency, fo equal to fs: 
(See Fig. 6). Co= I / Rofs 

c) Calculate RI to set band width ±M: (see design Equa­
tion No. 5): 

RI = Ro(fo/ Af) 
Note: The total detection bandwidth covers the frequency 
range of fo ± Af. 

d) Calculate value of c1 for a given loop damping factor : 

C1 = Co/16t2 

Normally t :::::: I /2 is optimum for most tone-detector appli­
cations, giving Ct = 0.25 Co. 

Increasing c1 improves the out-of-band signal rejection, but 
increases the PLL capture time. 

e) Calculate value of filter capacitor Co. To avoid ·chatter 
at the logic output, with Ro= 470 Kn, Co must be: 

Co(µF) ;;;:a, ( 16/capture range in Hz) 

Increasing Co slows down the logic output response time. 
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Design Examples: 

Tone detector with a detection band of I kHz± 20 Hz: 

a) Choose Ro = 20 Kn ( 18 Kn in series with 5 Kn 
potentiometer). 

b) Choose c0 for fo = I kHz: From Fig. 6: c0 = 0.05 µF. 
c) Calculate R1: R1 = (Ro)(I000/20) = I M.Q. 
d) CalculateC1: fort= 1/2,C i =0.25,Co=0.013µF. 
e) Calculate c0 : Co= 16/38 = 0.42 µF. 
f) Fine-tune center frequency with 5 Kn potentiometer, Rx. 

ADJUSTMENT PROCEDURE 
With the input open-circuited, the loop phase detector out­
put voltage is essentially undefined and VCO frequency may 
be anywhere within the lock range. There are several ways 
that fo can be monitored: 

I. Short pin 2 to pin 10 and measure fo at pin 3 with Co 
disconnected: 

2. Open RI and monitor pin 13 or 14 with a high-impedance 
probe: or 

3. Remove the resistor between pins 7 and 8 and find the 
input frequency at which the FSK output changes state. 

NOTE: Do NOT adjust tbe center frequency of the XR-22 1 I 
by monitoring the timing capacitor frequency v·itb everytbi11g 
co1111ected and 110 i11p11t signal applied. 

-=-

,--....... ---..--<JV• 

IJ 

0 l .FI 
-----, ,o -=-

XR 2211 

,. _...,. __ _ 
17 -=-

0 1 _,f 

D£MOO 
OU1PU1 

Figure 12. Linear F.\1 Detector Using XR-22 11 and an External Op. 
Amp. (See section on Design Equations, for Component Value~) 

LINEAR FM DETECTION: 

XR-22 11 can be used as a linear FM detector for a wide range 
of analog communications and telemetry applications. The 
recommended oircuit connection for this application is 
shown in Fig. l 2. The demodulated output js taken from the 
loop phase detector output (Pin 11 ), through a post detection 
filter made up of RF and Cf, and an external buffer ampli­
fier. This buffer amplifier is necessary because of the high 
impedance output at Pin I I. Normally, a non•inverting unity 
gain op amp can be used as a buffer amplifier, as shown in 
Fig. 12. 

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 VR is the internal reference voltage. (VR = V+/2 -
650 m V). For the choice of external components RI, Ro, 
Co, c1 and CF, see section on Design Equations. 

wigfi
Stolen 2 Line Transparent
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XR-2212 

Precision Phase-Locked Loop 
ADVANCE INFORMATION 

The XR-2212 is an ultra-stable monolithic phase-locked loop (PLL) system especially designed for data communication and cont rol 

system applications. It offers 20 ppm/°C temperature stability and is ideally suited for frequency synthesis, FM detection and 

tracking filter applications. The circuit operates over a wide supply range of 4.5V to 20V. and a frequency range of 0.01 Hz to 300 

kHz and can handle analog or digital signals from 2 mV to 6 volts. peak to peak. 

The XR-2212 precision PLL is directly compatible with MOS, DTL and TTL logic families and microprocessor peripheral systems. 

The circuit consists of a PLL system made up of an input preamplifier, a phase detector, a stable voltage-controlled oscillator 

(VCO) and a high-gain differential amplifier. The VCO output 1s brought out externally so that the circuit can operate as a fre­

quency synthesizer using an external programmable d1v1der. The differential amplifier section can be used as an audio preamplifier 

for FM detection, or as a high-speed sense amplifier (comparator) for FSK demodulat ion. The center frequency, bandwidth and the 

tracking range of the PLL are controlled independently by the choice of external components. 

FEATURES 

Quadrature VCO Outputs 
Wide Frequency Range 0.01 11110 300 HI, 

Wide Supply Voltage Range 4.5V 10 20V 

DTL/TTL/ ECL Logic Compatibility 
Wide D}nam1c Range 2 mV to .3 Vrrns 

Adjustable Tracking Range (±I~ to ±80'k) 

Excellent Temp. Stability 20 ppm/°C. Typ. 

AP PU CA TIONS 

Frequency Synthesis 
Data Synchronization 
FM detection 
Tracking Filters 
FSK Demodulation 

PACKAGE INFORMATIO 

0140 
0 IIO 

Ol'JO 
OJr.> 

~ :~ .. , ~ 
0 •»+-;-1\ 

oo,s 
- oOlS 

o ,01!» r 
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ABSOLUTE MAXIMUM RATINGS 

Power Suppl} 
Input Signal Ll!vel 
Power Dissipation 
Ceramic Package· 

Dcrate above TA = +25°(' 
Plas11c Package· 

Derate above TA = +25°(' 

AVAILABLE TYPES 

Part Number Package 

XR-221 '.!M Ceramic 
XR2212C Cerarmc 
XR-2212C'P Plastic 
XR-2212 Ceran11c 
XR-221'.!P Plas11c 

18V 
3 Vrms 

750 mW 
6mW/°C 
625 mW 

5.0 mW/°C 

Operating Temperature 

-55°C to+ I 25°C 
0°C 10 +75°C 
0°C to +75°C 

-40°C to +85°C 
-40°C to +85°C 

AL BLOCK DIAGRAM 

vco 
OUTl'VT 

ICUIIIIENTI 

IICO 
OUTl'UT 

t\lOLTAGU 
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ELECTRICAL CHARACTERISTICS - PRELIMINARY 
Test Conditions: v+ = +I :.V, TA= +25°C, Ro= 30 Kn, Co= 0.033 µF. See Fig. 2 for component designation. 

CHARACTERISTICS 

GENERAL 
Supply Voltage 
Supply Current 

OSCILLATOR SECTION 
Frequency Accuracy 
Frequency Stahilily 
Temperature 
Power Supply 

Upper Frequency Limit 
Lowest Practical 
Operating Frequency 

Timing Resistor, Ro 
Operating Range 
Recommended Range 

OSCILLATOR OUTPUTS 
Voltage Output 

Posiuve Swing. YOH 
Negative Swmg, YQL 
Current Sink Capahilit y 

Current Output 
Peak C'u,rent Swing 
Out put Impedance 

Quadrature Output 
Output Swing 
DC Level 
Out put Impedance 

LOOP PHASE DETECTOR SECTION 
Peak Out put Current 
Out put Offset Current 
Out put lmpedanCl' 
Maximum Swing 

INPUT PREAMP SECTION 
Input Impedance 
Ir.put Signal lo Cause L i111it111g 

OP AMP SECTION 
Voltage Gain 
Input Bias Current 
Offset Voltage 
Slew Rate 

INTERNAL REFERENCE 
Voltage Level 
Output Impedance 

I 
I 1NP1J 

I 
VCO 1 

VOL f4Gf 
0U1Pl,l 

LOOP 
I IL T!R 

b. 

vco 

XR-2212/2212M 
MIN. TYP. MAX. 

4.5 I 5 
6 10 

±I ±3 

±20 ±SO 
0.05 0.5 

J 

100 300 

0.01 

5 :.000 
15 100 

11 
.8 .4 

I 

100 150 
I 

0.6 
0.3 

3 

'"150 ±JOO ±300 
+ I 

I 
+4 15 

20 
' 10 -

55 70 
0. 1 I 
±5 ±~0 
' -

4.9 5.3 5.7 
100 

VCO CUAAEl<T OUTPUI VCO OUAOAATURE OUTPUT 

Figure I. Functional Block Diagram of XR-2212 Precision PLL System. 
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XR-22 12(' 
UNITS CONDITIONS 

MIN. TYP. MAX. 

4.5 15 V 
6 I:! mA Ro ~ IO Kn. See Fig. 4 

±1 <;~ Deviation from fo = 1/RoCc 

ppm/°C' 
Rt = oo 

i:!0 See Fig. 8. 
0.05 %/V v+ = 12 ±IV. See Fig. 7. 

1 %/V v+ = 5 ±0.5V. See Fig. 7. 
300 kH, Ro = s.2 Kn, c0 = 400 pF 

0.01 llz Ro = 2 Mn, Co= 50 µF 
Sec Fig. 5. 

s 2000 Kn 
I 5 100 Kn See Fig. 7 and 8. 

Measured at Pin 5. 
11 V 

.5 V 
I rnA 

Measured at Pin 3. 
150 µA 

I \1n 
Measured at Pin 15. 

0.6 V 
0.3 V Referenced to Pin 11. 

3 KH 
Measured at Pin I 0. 

±100 ±200 ±300 µA 
±2 µA 

I Mn 
±4 ±5 V Referenced 10 Pin I I. 

~leasured at Pin 2. 
20 Kn 
2 mVrms 

55 70 dB RL = 5. 1 Kn, RF = 00 

0.1 I µA 
±5 ±20 mV 

2 V/µsec 
Measured at Pin 11 . 

4.75 5.3 5.85 V 
100 n 

Figure 2. Generalized Circuit Connection for FM Detection, Signal 
Tracking or Frequency S),nthesis. 
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I 1NPUT PREAMPLIFIER 
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VOLTAGE 
OUTPUT 
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I 
I 
I 
I 
I 
I 
I 
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I 

.--~-~>----1~- ...--- --------.-----------'---+--------4-----7 

vco 
.J---'.._~-•~o OUAO 

OUT 

I 
I 
I 
I 
I 
I 
I 

I 
1 

·-~~; L
0 

•• - -= : 

~---~---------------J---~~--~ 
Figure 3. S1mpliticd Circuit Schematic ol XR-2212. 

TYPICAL CHARACTERISTICS 

lO ,--,-------r--,-..--,---,---, 

• 5 t ,o 11 14 11 II 10 11 1' 100 

SU,.l V \IOL l AGt \I• 1VOl rsi 'o ... , 

., ,oo r--+_i.-+.,,._ _ _,,_ 
" a 

'o'"' 
10 ODO 

I 1i:urc 4. 1 yptcJI Suppl) Current v, v• 
tlog1' Output\ Open ('1rL·u1tcd). 

h gurc 5 Vl'O Frcqu.:nq v, l 11111ng 
Rc\l,to1 

Figure 6. VCO rrcquency vs Timing 
Capacitor 
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H MPfRAlUfU • Ci 

F1gurl! 8. Typical Center Frequency Drift vs 
Temperature 
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DESCRIPTIO OF CIRCUIT CONTROLS 

Signal Input (Pin 2): Signal is ac coupled to this terminal. The 
internal impedance at Pin 2 is '.!0 Kn. Recommended input 
signal level is in the range of IO mV to 5V peak-to-peak. 

VCO Current Output (Pin 3): This is a high impedance (Mn) 
current output terminal which can provide ± l00 µA drive 
capability with a voltage swing equal to v+. This output can 
directly interface with CMOS or NMOS logic families. 

VCO Voltage Output (Pin 5): This 1e1111inal provides a low­
impedance (== 50Q) buffered output for the VCO. It can 
directly interface with low-power Schollley TTL. For inter­
facing with standard TTL wcuits, a 750H pull-down resistor 
from pin 5 10 ground ts required. For operation of the PLL 
without an external d1v1der, pin S can be de coupled to pin 16. 

Op Amp Compensation (Pm 6): The op amp section is fre­
quency compensated by connecung an external capacitor from 
pin 6 to the amplifier output (pin 8). For unity-gain compen­
sation a 20 pF capacitor is recommended. 

Op Amp Inputs (Pins 7 and Q): These arc the mverting and the 
non-inverting inputs for the op amp section. The common­
mode range of the op amp inputs is from +IV to (v+ I.';) 
volts. 

Op Amp Output (Pin 8): The op amp output is an open• 
collector type gain stage and requires a pull-up resistor. R1 . 
to v+ tor proper operation. For most applications. the recom­
mendeJ ·,alue (lf RL is in 5 kH lo IO k!2 range. 

Pha~e Detector Output (Pin l 0): This terminal provides a 
high-impedance output for the loop phase-detector. The PLL 
loop filter is formed by RI Jnd CI connected 10 Pin IO ( Sec 
Fig. 2). W11h no input signal , or with no phase-error within the 
PLL, the de level at Pm IO 1s very nearly equal to V R· The 
peak voltage swing available at rhe phase detector output 1s 
equal to ±VR· 

Reference Vollage. VR (Pm 11): This pm 1s internally biased 
at the reference voltage level. VR : VR = V+/2 050 mV. 
The de voltage level at this pin forms an internal reference for 
the voltage levels at pins 10, 12 and 16. Pin I must be by­
passed to ground with a 0.1 µF capacitor. for proper operation 
of the circuit. 

VCO Control Input (Pin 12) VCO free-running frequency 1s 
detenrnned by ex ternal timing resistor. Ro. connected from 
this tcnnmal lo ground. hH optimum temperature stability. 
Ro must be in the range of IO KQ to I 00 KH (Sec hg. 8). 

VCO Frequency Adjustment: VCO can be fine-tuned by con­
nectmg a potentiometer. Rx, in series with Ro at Pin 12 (See 
Fig. 10). 

This terminal is a low-impedance point. and is internally biased 
at a de level equal to VR· The maximum timmg 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. Co, 
connected across these tenninals (See Fig. 5). Co must be non• 
polar, and m the range of 200 pF to IO µF. 

VCO Quadrature Output (Pin 15): The low-level (== 0.6 Vpp) 
output at this pin is at quadrature phase (i.e. 90° phase-offset) 
with the other VCO outputs at pins 3 and S. The de level at 
pin 15 is approximately 300 mV ~bovc VR, The quadrature 
output can be used with an external multiplier as a "lock 
detect" circuit. In order not to degrade oscillator performance, 
the output at pin IS must be buffered with an external high­
impedance low-capacitance amplifier. When not in use, pin IS 
should be left open-circuited. 
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Phase Detector Input (Pin 16): Voltage output of the VCO 
(pin 5) or the output of an external frequency divider is con­
nected to this pin. The de level of the sensing threshold for 
the phase detector is referenced to VR, If the signal is capaci­
tively coupled to pin 16. then this pin must be biased from pin 
11. through an ex ternal resistor. Rs (Rs ~ 10 Kn). The peak 
voltage swing applied to pin 16 must not exceed cv+ 1.5) 
volts. 

PHASE-LOCKED LOOP PARAMETERS : 

Transfer Characteristics: 

Figure 9 shows the basic frequency 10 voltage characteristics 
of XR-2212. With no input signal present. filtered phase 
detector output voltage is approximately equal 10 the internal 
reference voltage. V R, at pin I l. The PLL can track an input 
signal over its tracking bandwidth, shown in the figure. The 
frequencies fTL and fTJ I represent the lower and the upper 
edge of the tracking range. fo represen1 s the VCO cen1er fre• 
quency. 

~ lk.A("IH~,t., 

ttAMl,\·tt1fH -l 

i-
,, 

.+- ~· -l ~ JV" 

., 

_,,_J i 
~ 

VM 11 ~ 
u 

w 
0 

~ 
l 0 

',t 'o 'rw " · •'Ji.,f'n(y 

INPUT ~IC1NAl F R(rJUlt•'- 'f 

l·t!!Ure 9. Phase detector output voltage (pin 10) a~ a runction of input 
,i!!nal frequency. N<•tc: Output voltage is refercncccl to intl'rnal refer· 
cncc voltage V R at pin 11. 

Design Equations: 
(See Fig. 2 and Fig. 9 for definition of component s.) 

I. VCO Center Frequency. fo r0 = 1tR0c0 112 

2. Internal Reference Voltage, VR (measured at Pin 11) 

VR = V+/2 - 650 mV 

3. Loop Low-Pass Filter Time Constant. r: 

4. Loop Damping, t: t = I /4 
I 

where N is the external frequency divider modular (See 
2). If no divider is used. N = I. 

5. Loop Tracking Bandwidth, Uf/fo: M/fo = Ro/RI 

6. Phase Detector Conversion Gain, Kqi: (Kip is the differential 
<k voltage across Pins IO and 11. per u ml of phase error at 
phase-detector input) Kip= -2V R/11 volts/radian 

7. VCO Conversion Gain. Ko: (Ko is the amount of change in 
VCO frequency, per unit of de voltage change at Pin I 0. It 
is the reciprocal of the slope of conversion characteristics 
shown in Figure 9). Ko= -l/VRC0R1 Hz/volt 

8. Total Loop Gain. Kr : 

Kr = 211 K4>Ko = 4/CoRJ rad/sec/volt 

9. Peak Phase-Detector Current, I A; available at pin I 0. 

I A = V R ( volts)/25 mA 
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APPLICATION INFORMATION 
FM DEMODULATION: 

XR-2212 can be used as a linear FM demodulator for both 
narrow-band and wide-band FM signals. The generalized cir­
cuit connection for this application is shown in Fig. I 0, 
where the VCO output {pin 5) is directly connected to the 
phase detector input (pin 16). The demodulated signal is ob­
tained at phase detector output {pin I 0). In the circuit con­
nection of Fig. I 0, the op amp section of XR-22 12 is used 
as a buffer amplifier to provide both additional voltage ampli­
fication as well as current drive capability. Thus, the demodu­
lated output signal available at the op amp output (pin 8) is 
fully buffered from the rest of the circuit. 

In the circuit of Fig. 10. RoCo set the VCO center frequency, 
RI sets 1he tracking bandwidth, CI secs the low-pass filter 
time constant. Op amp feedback resistors RF and Re se1 1he 
voltage gain of the amplifier section. 

V• 

6 J Ol"f 30oF ~- OEMOD 

A, 

XR ?71i 

0 I~• 
Re 

fM ~ 
ll'<PUT 

II 

.,. 
10 9 " I Ol.zf 

q, 

'I 

1-igurc IO. Circuit Connection for DI Demodulation. 

Design Instructions: 

OUTPUI 

rv 

i 

The circuit of Fig. IO can be tailored to any FM demodula­
tion application by a choice of the external components Ro. 
R 1, Re, RF, Co and CI· For a given FM center frequency and 
frequency deviation, the choice of these compone111s can he 
calcula1ed as follows, using the design equations and defini­
tions given on page 4: 

a) Choose VCO center frequency fo to be the same as FM car­
rier frequency. 

b) Choose value of timing resistor Ro, to be in the range of 
10 Kn to I 00 Kn. This choice is arbitrary. The recom• 
mended value is Ro == :!0 Kn. The final value of Ro is 
normally fine-tuned with the series potentiometer, Rx. 

c) Calculate value of Co from design equation (I) or from Fig. 
6: 

c0 = 1/ Rofo 

d) Choose RI to determine the tracking bandwidth, 6f (see 
design equation 5). The tracking bandwidth, M, should be 
set significantly wider than the maximum input FM signal 
deviation, 6fsM• Assuming the tracking bandwidth to be 
"N" times larger than 6fsM , one can re-unite design equa­
tion 5 as: 

6f Ro 
fo = Rj" = 

Table I lists recommended values of N. for various values of 
the maximum deviation of the input FM signal. 
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e) Calculate CI to set loop damping (see design equation 4). 
Normally , t = I /2 is recommended. Then, CI = Co/4 for 
t = 1/2. 

Recommended value of 
% Deviation of FM Bandwidth Ratio, N 
Signal (6fsM/ fo) (N = M/ MsM) 

I% or less 10 
I to 3% 5 
I to 5% 4 
5 to 10% 3 
10 to 30% 2 
30 to 50% 1.5 

TABLE I 

Recommended values of bandwidth ratio, N, for various values 
of FM signal frequency deviation. (Note: N is the ratio of 
tracking bandwidth 6f to max. signal frequency deviation, 
-HsM)· 

f) Calculate Re and RF to set peak output signal amplitude. 
Output signal amplitude, V out· 1s given as: 

V :: (~fsM\(v ) ( ~ ) [Rr + RF] 
out r0 )\ R Ro Re 

In most applications, RF= 100 Kn is recommended; then 
Re, can be calculated from the above equation to give 
desired output swing. The output amplifier can also be used 
as a unity-gain voltage follower. by open circuiting Re- (i.e., 
Re= co), 

ote: All calculated component values 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. Rx. (See Fig. 10.) 

Design Example: 

Demodulator for FM signal with 67 kHL carrier frequency wtth 
±5 kHL frequency deviation. Supply voltage is + I :!V and re­
quired peak out put swing is ±4 volts. 

Step a) fo is chosen as 67 kllz. 

Step b) Choose Ro = 20 Kn ( 18 Kn fixed resistor in series 
with 5 Kn potentiometer). 

Step c) Calculate Co; from design Eq. (I). 

Co= 746 pF 

Step d) Calculate R1. For given FM dev1at1on. MsMffo = 
0.0746, and N = 3 from Table I. 

Then: 

Ro/ R 1 = (3)(0.0746) = 0.224 

or: 

R1 = 89.J Kn. 

Stepe): CalculateC1 = (Co/4) = 186pF. 

Step f · Calculate Re and RF to get ±4 volts peak output 
swing: Let RF= 100 Kn. Then, 

Re = 80.6 Kn. 

Note : All values except Ro can be rounded-off tO nearest 
standard value. 
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FREQUENCY SYNTHESIS 

Fig. 11 shows the gencrahzeu circuit connection for frequency 
synthesis. In this application an external frequency divider is 
connected between the VCO output (pin S) and the phase­
detector input (pin 16). When the circuit is in lock, the two 
signals going into the phase-detector are at the same frequency, 
or fs = f1 /N where N is the modulus of the external frequency 
divider. Conversely, the VCO output frequency, f1 is equal to 
Nrs. 
In the circuit configuration of Fig. I I, the external timing 
components, Ro and Co, set the VCO free-running frequency: 
RI sets the tracking bandwidth and Cl sets the loop damping, 
i.e., the low-pass filter lime constant (sec design equations). 

0 I 

o-i 
ONPUT .J. AU11 

SIGN.\L 

16 

-= 

OUTPUT 1 ~ ,., 

-=-

• .I l ►. •.• .\'M' 

-=-

Figure 11. Circuit Connection for Frequency Synthesizer. 

The IOlal tracking range of the PLL (see Fig. 9), should be 
chosen 10 accomodate the lowest and the highest frequency, 
f max and f min, to be synthesized. A recommended choice for 
most applications is to choose a tracking half-bandwidth C1f, 
such that : 
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If a fixed outpul frequency is desired, i.e. N and fs arc fixed, 
then a ±IO¼ tracking bandwidth is recommended. Excessively 
large tracking bandwid1h may cause the PLL to lock on the 
ham1onics of the input signals: and the small tracking range in­
creases the ''lock-up" or acquisition time. 

If a variable input frequency and a variable counter modulus N 
is used, then the max.imum and the minimum values of output 
frequency will be: 

fmax = Nmax (fs)max and fmin = Nmin (fs)min· 

Design Instructions: 

For a given performance requirement , the circuit of Fig. 11 
can be optimized as follows: 

a) Choose center frequency, fo, to be equal to the ou1pu1 
frequency to be synthesized. If a range of output frequen­
cies is desired, set f o to be at mid-point of the desired 
range. 

b) Choose timing resistor Ro to be in the range of IS Kn to 
I 00 Kn. This choice is arbitrary. Ro can be fine tuned with 
a series po1entiometer, Rx. 

c) Choose timing capacitor, Co from Fig. 6 or Equation I. 

d) Calculate R1 to set tracking bandwidth (see Fig. 9, and 
design equation 5). If a range of output frequencies are 
desired, set R 1 10 get: 

M= fmax fmin-

Jf a single fixed output frequency is desired, set RI 10 get: 

.if=0.lfo. 

e) Calculate CI to obtain desired loop damping. (See design 
equation 4). For most applications. t = I /'2 is recommended, 
thus· 

01c: All component values except Ro can be rounded-off 
to nearest standard value. 
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XR-567 
Monolithic Tone Decoder 

1 he XR -56 7 1s a monolithic phase-locked loop sy~tcm designed for general purpose tone and frequency decoding. The circuit 
operates over a wiJc frcqucn1:y band of 0.0 I II , 10 500 kll1. and con 1a111s a logi1: 1:ompatible output which can sink up to 
100 milhamps of load current. The bandwidth. Cl'lllCr frcqucn1:y , and output delay arc independently determined by the 
sckd1011 of four 1•xternal com ponents. 

hgure I 1:onta111s a funct1onal block diagram of tlw compll-tc monolithic system. The circuit consists of a phase detector, 
low-pass filter. anJ cum·nt-1:ontrollcd oscillator which 1:ornpnse tht' basic phasc-l01:k<'d loop: plus an additional low-pass 
filter and quadrature dctc1:tor that enable till' system to distinguish between the presence or absence of an input signal at the 
1:cnter frequency. 

FEATURES 

Bandwidth adJuslahle from O lo 141'/ 

Logic co111pat1hk output with I 00 mJ\ curren t s1nk111g 
capahtl1ly. 
1111:hly ,tahk l:l'llh'r lrt•qul'ncy. 
('enter lrcqm·ncy Jt.lJu~tahlc from 0.0 I 111 to 500 ls 11, . 
lnhl.'rcnt 1111mun11y to lalsc s1gnab. 
lligh rt·jc,tion ot out -of-h,rnd s111nals and noise 
Fre<Jlll'ncy rang.I.' adjw,tahk 0vt'r 20: I range hy o t1•rnal 
rc,1~tor. 

APPLICATIONS 

Touch-Tone® Decoding 
Sequential Tone Decoding 
Communications Paging 
Ultrasonic Remote-Control and Monitoring 

EQUI VALENT SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 

Powl' r Supply 
Power D1ss1pat1on (package limila11on) 

('cram 1c package 

IO volts 

385 mW 
5.0 mW/°C Dnatc above +25°(' 

I\· rn pera tur1' 
Opcralinf!. 

XR-567N 
XR-567CN/567CP 

Stora~c 

AVAILABLE TYPES 

Part Number 

XR-567M 
XR-567C 
XR-So7CP 

Package 

Ceramic 
Ceramic 
Plastic 

-55°C to +I 25°C 
0° to +70°C 

-65°(' to + I S0°C 

Operating Temperature 

- SS°C to +125° C 
0°C to +75°C 
0°C to +75°C 

FUNCTIONA L BLOCK DIAGRAM 

t(J~ PA\~ 
l(lOI' f H f(R 

Figure I Functional Block Diagram 

wigfi
Stolen 2 Line Transparent
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Test Conditions: V CC= +5V. TA "' 25°C, unless otherwise specified. Test circuit of Figure 2. 

CHARACTERISTICS 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

GENERAL 

Supply Voltage Range 4.75 9.0 V de 

Supply Current 
Quiescent XR-56 7 6 8 mA RL = 20 Hl 

XR-567C 7 10 mA RL = 20 kf! 
Activated XR-567 11 13 mA RL = 20 kf! 

XR-567C 12 15 mA RL = 20 kf! 

Output Voltage I 5 V 

Negative Voltage at Input -10 V 

Positive Voltage at Input Vee+ o.5 V 

CENTER FREQUENCY 

Highest Center Frequency 100 500 k H1 

Center Frequency Stability 
Temperature TA = 25°C 35 ppm/°C Sec Figure 9 

0 <TA< 70°C ±60 ppm/°C See figure 9 
-55 < TA < +t 25°C ±140 ppm/°C See Figure 9 

Supply Voltage 
XR-567 0.5 1.0 %/V f0 = 100 kl-11 
XR-567C 0.7 2.0 %/V fo= 100 k ll1 

DETECTION BANDWIDTH 

Largest Detection Bandwidth 
XR-567 12 14 16 % of f0 [0 = 1 00 kll, 
XR-567C 10 14 18 % of f0 fo = 100 kl11 

Largest Detection Bandwidth Skew 
XR-567 I 2 % of f0 

XR-56 7C 2 3 % of f0 

Largest Detect ion Bandwidth Variation 
Temperature ±0. 1 %/°C Vin = JOO mV rm, 
Supply Voltage ±2 %/V Vin= 300 mV rm, 

INPUT 

Input Resistance 20 kfl 

Smallest Detectable Input Voltage 20 25 mV rms IL = I00mA.1 1 = 10 

Largest No-Output Input Voltage 10 15 mV rms IL = 100 mA. !1 = 10 

Greatest Simultaneous Outband Signal 
to lnband Signal Ratio +6 dB 

Minimum Input Signal to Wideband 
Noise Ratio -6 dB Bn = 140 kl-11 

OUTPUT 

Output Saturation Voltage 0.2 0.4 V IL =30 mA. Vin= 25 mV rms 
0.6 1.0 V IL= I 00 mA. Vin = 25 mV rms 

Output Leakage Current 0.01 25 µA 

Fastest ON-OFF Cycling Rate f0 /20 

Output Rise Time 150 ns RL = son 

Output Fall Time 30 ns RL =5on 

41 
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DEFINITION OF XR-567 PARAMETERS 

CENTER FREQUENCY f0 

f0 is the free-running frequency of the current-con trolled 
oscillator with no input signal. It is de termined by resisto r R I 
bet ween pins 5 and 6, and capacitor C I from pin 6 to ground. 
f0 can be approximated by 

where R I 1s m ohms and CI is in farads. 

DETECTION BANDWIDTH (BW) 

Thr derecrion ba11dw1drh is t he frequency range centered 
about f0 , within which an input signal larger than the threshold 
voltage ( typically 20 m V rms) will cause a logic ,ero sta IC at 
the output. The detection bandwidth corresponds to the cap­
ture range of the PLL and 1s determined by the low-pass band­
width filter. The bandwidth of the filter, as a prrccnl of f0 • ran 

be determined by the approxima~tion v. 

BW= 1070 + 
'2 

where Vi is the input ~ignal in volts. rms. and C2 i\ till' capaci­
tance at pm 2 rn µF. 

LARGEST DETECTION BANDWIDTH 

The largesr clerection bandwidrh is thr largest frcqul'ncy rangl' 
within which an input signal above thr threshold voltage writ 
cause a logical lCro state at the output. The maximum dctl'C· 
tion bandwidth corresponds to the lock range of the PLL 

DETECTION BAND SKEW 

The detect1011 band skew is a measure of how accurately thl' 
largest detection band is centered about the center frequcncy, 
f0 . It is defined as (f111ax + fmin -2 f0 )/f0 • whcrt fmax and 
f min are the frequencies correspond mg to the edges of the 
detection band. If necessary , the detection band skew can be 
reduced lo ,ero by an optional centering adJustmenl. (Scl' 
Optional Controls). 

DESCRIPTION OF CIRCUIT CONTROLS 

OUTPUT FILTER - c3 (Pin I ) 

Capacitor C3 connected from pin I to ground forms a ~,mplc 
low-pass posr derec11011 filter to eliminate spurious outputs 
due lo out-of-band signals. The time constant of the filter can 
be expressed as T3 = R3C'3, where R3 (4.7 kS1) is the internal 
impedance at pin I. 

The precise value of C3 is not critical for most applications. 
To eliminate the possibility of false triggering by spurious sig­
nals. it is recommended that C3 be~ 2 C2, where C'2 is the 
loop filler capac11ancc at pin 2. 

If the value of C3 becomes Loo large, the rurn-011 or rum-off 
time of the output stage will be delayed until the voltage 
change across C'3 reaches the threshold voltage. In certain 
applications, the delay may be desirable as a means of sup· 
pressing spurious outputs. Conversely. if the value of C3 is 
too small, the beat ra te at the output of the quadrature 
detector (sec Figure I) may cause a false logic level change 
at Lht· output. (Pin 8) 

Thl' average voltage ( during lock) at pin I is a function of the 
inband input amplitude in accordance with the given transfer 
characteristic. 
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LOOP FILTER - c2 (Pin 2) 

Capacitor C2 connected from pin 2 to ground serves as a single 
pole, low-pass filter for the PLL portion of the XR -567. The 
filter time constant is given by T2 = R2C2, where R2 ( 10 kS1) 
is the im pedance at p in 2. 

The se lect ion of C2 is determined by t he detection bandwid th 
requirements. as shown in Figure 6. For additional info rmation 
see section on "Definition of XR-56 7 Parameters". 

The voltage at pin 2. the phase detector output , is a linear 
func tion of freq uency over the range of 0.95 to 1.05 f0 , with a 
slope of approximately 20 111 V /% frequency deviation. 

INPUT (Pin 3) 

Tht· input signal 1s applied to pin 3 through a coupling capaci­
tor. This tenntnal 1s internally biased at a de level 2 volts above 
ground. and has an input impedance level of approximately 
20 kS1 . 

TIMING RESISTOR R1 AND CAPACITOR C1 (Pins Sand 6) 

The ccnll'r frequency of the tkcndcr rs set by resistor RI 
hctw<'en pins Sand 6. and capacitor CI from prn o to ground. 
as ~hown in hgun· J . 

Pm S 1s the mcrllator squarcwan· output whid1 has a magnitude 
of approximately Vee - 1.4V and an averagl' de level of 
Vcc/ 2 A I kn load may he drivl'n from this point. '[hl' vol­
tage al pin() 1s an l'Xponcntral tnangh: wavdorm w11h a pl'ak­
to-pcdk amplitudl.' of I volt and an aver.igt· de kvd of Vcr/2 
Only high ,mpcdancl.' lnads ~hould ht.' 1:onm·ctt:d tn pin 6 to 
,1vo1d d,qurhin~ th,· t,·mpl'r,1tun· qahrlrty or duty cyck of the 
mrillator 

O 01 uf 3 

o-t 

141( 

• Ad,u11 t0t lo 100 lir;K, 

t1100Utt •6V 

XR-567 

c· I 00033 

Fr~urc '2 XR-567 Test Circuit 

INPVTo-j 
3 

lOW,ASS 
~IL TEA _--,;:>--1 XR- 567 
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X K-5o 7 Connection Diagram 
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TYPICAL CHARACTERISTIC CURVES 
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LOGIC OUTPUT (Pin 8) 

Terminal 8 provides a binary logic output when an input signal 
1s present within the pass-band of the decoder. The logic out­
put 1s an uncommitted , "bare-collector" power transistor capa­
ble of witching high current loads. The current level at the 
output is dt·tcrmincd by an external load resistor, RL, con­
nected from pin 8 to the positive supply. 

When an in-band signal 1s present , the output trans1 tor al pin 8 
saturates with d collec tor voltage less than I volt (typically 
0.6 V) at l'ull rated curren t of 100 m/\ . If large output voltage 
swings arc nred,·d , RL can he connn:ted to a supply voltagt·. 
V+, higher than th,· Vee su pply . r or sa fe operation. 
Vt~ 20 volts. 

INPUT 

OUTPUT 

Response to 100 mV ,ms tone bunt 
AL 100 ohms 

INPUT 

OUTPUT 

Rewonse to same- u1pyt 1one b\Jrn with w~ei»nd "otse 

l 6 dB AL 100 ohms 

No,te Bondw,dth • 140 H, 

Figure 13. f ypical Response 

OPERATLNG INSTRUCTIONS 

SELECTION OF EXTERNAL COMPONENTS 

A typical connection diagram for till' XR-567 is shown 1n 
Figure 3 I-or most applications, the following proce dure will 
be sufficient for de tcrm111a11on of the external components RI • 
CJ. C2. and C3 . 
I. R I and C 1 should be selected for the desired center fre­

quency by the expression f0 :::::: I/ R1C1 For optimum 
tem perature stability , RI should be selected such that 
2k!2 ~ R 1 ~ 20kn, and the R 1 CI product should have suf­
fil.:ient stability over the proje<.:ted opera11ng temperature 
rangt. 

2. low-pass capacitor, C2, can be determined from the Band­
width versus Input Signal Amplitude graph of Figure 7. One 
approach is to select an area of operation from the graph, 
and then adJust the input level and value of C2 accordingly . 
Or, if the inpul amplitude variation is known, the required 
f0C2 product can be found to give the desired bandwidth. 
Constant bandwidth operation requires Vi > 200 m V rms. 
Then, as noted on the graph, bandwidth will be con trolled 
solely by the f0C2 product. 

3. Capacitor C3 sets the band edge of the low-pass filter which 
attenuates frequencies outside of the detection band and 
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thereby eliminates spurious outputs. If C3 is too small, fre­
quencies adjacent to the detection band may switch the out­
put stage off and on at the beat frequency, or the output 
may pulse off and on during the turn-on transient. A typical 
minimum value for C3 is '2 C2 . 

Conversely, 1f C3 is 100 large, turn-on and turn-off of the 
output stage will be delayed until the voltage across C3 
passes the threshold value. 

PRINCIPLE OF OPERATION 
Th,' XR-56 7 1s a frequeni:y selective tone decoder system 
hai.cd on the phase-loi:ked loop (PLL) principle. The system 
1s compnst:d of a phase-locked loop, a quadrature AM detector, 
J voltag,· comparator, and an output logic driver. The fou r 
)>t'ct1ons are internally intcrconnecled as shown in Figure I 

Wlwn an 111rut tone 1s prt·sent within the pass-band of the 
c1rcu1t . the Pl L synchron1,i:s or "locks" on the input signal. 
fh,· lJliitdraturc dc1cctor scrws as a lock indii:ator: when the 
PLL 1s lot:keu on an input signal, the de voltage al the output 
of the ucll:ctor 1s sh1ttcd . This de level shift is then converted 
lo an output logic pul~c hy the amplifier and logi, driver. The 
logic driver is a "bare collector" transistor stage capable of 
sw1tch1n11, I 00 mA loads. 

rht· lo11,1t: output at pin 8 •~ normally 1n a ' 'high" state. until 
a to,w that 1s within tht• capture range of the decoder 1s 
prc~cnt at the input. When the dccoucr is locked on an 111put 
\i)tnJI. tht• I0!!IC output at pin 8 goe~ to a "low'' state. 

The i.:,·nta t requ,·ncy of 1h,· d,•tec tor 1s set by the free-running 
frl'ltucncy of tht• cum·nt-controlkd oscillat or in the PLL. This 
lrce-running frequcnry, f0 , 1s dctt·rmined by the selection of 
R 1 and(' l i.:onnectcd lO pins 5 and 6. as shown in Figure 3. 
Tht· dctc, tion handwidth is dctamined by the si1.e o f the PLL 
I 11 tn cara..:1 tor.(' 2: and the ou1pu t rt·sponse speed 1s con trolled 
hy the t>utpul tilter t:apai.:llrn, ('3 . 

OPTIONAL CONTROLS 
PROGRAMMING 

Vary 111g till' valul' of resistor RI and/or ..:apac1tor CI will 
chanie the centa frequency. The value of RI can be changed 
c11ha 1111:chanically or hy so lid state switches. Additional C1 
capacitors can be added hy grounding them through saturated 
npn transistors. 

SPEED OF RESPONSE 
rhe m111imum lock-up 111111: is inversely related to the loop 
frequency . As the natural loop frequt!ncy is lowered, the turn­
on transient becomes greater. Thus maximum operating speed 
1s obtained when the value of capacitor C2 is minimum. At 
the instant an input signal 1s applied its phase may drive the 
oscillator away from the incoming frequency rather than 
toward it. Under thi s condition, the lock-up transient is in a 
worst case situation, and the minimum theoretical lock-up 
time will not be achievable. 

The following expressions yield the values of C2 and C3, in 
microfarads, which allow the maximum operating speeds for 
various center frequencies. The minimum rate that digital 
information may be detected without losing information due 
to turn-on transient or ou tput chatter is about 10 cycles/bit, 
which corresponds to an information transfer rate of f0/IO 
baud . 

C 
_ 130 C _ 260 

2- - f- · 3--
0 fo 

In situations where minimum turn-off time is of less importance 
than fast turn-on, the optional sensilivit.y adjustment circuit of 
Figure 14 can be used to bring the quiescent C3 voltage closer 
to the threshold voltage. Sensitivity to beat frequencies, noise, 
and extraneous signals, however, will be increased. 
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Figure 14 . Optional Sens1tiv1ty Conncc11ons 

CHATTER 

When the value of C3 1s small, the lm:k transient and ac com­
ponents at the lock detector output may caust· the output ~tagc 
to move through 11s thresho ld more than once. resulting in out­
put chatter 

Although some loads, such as lamps and relays will not respond 
to chatter, log1c may intt:rpret chatter as a scrirs of output sig­
nals. Chatter can be elin11nated by feeding a portion of the 
output back to 1he input (pin I) or, by increasing thc s11t• of 
capacitor C3 . Generally, the feedback method 1s prefrm·d 
since keeping C3 small will enable faster o peration. I hrec 
alternate sc.:hcmes for chatter prcven tio n are shown 111 
Fiiurc 15 Generally , it 1s o nly necessary to assurt· that the 
feedback time constant docs 1101 get so large that 1t prl·vcnts 
operation at the highest anticipated speed. 

•Y 

c, 

"OPflO"IAL P(Rl\1 1l!. 
t OW[A VALUE OF C1 

ltP S61 

•• 
100 ro ,., 

Figure 15. Methods of Reducing Chatter 

SKEW ADJUSTMENT 

T he circuits sho wn in Figure 16 can be used to change thc 
position of the detec tion band (capture range) within thl' 
largest detection band (or lock range). By moving the detec­
tion band to either edge of the lock range, 1npu t signal varia­
tions will expand the detection band m one direction only . 
Since R3 also has a slight effect on the duty cycle, this 
approach may be useful to obtain a precise duty cycle wht•n 
the circuit is used as an oscillator. 

OUTPUT LATCHING 

In o rder to latch the ou tput of the XR-567 "on•· after a signal 
is received, it is necessary to include a feedback resistor around 
the ou tput stage, between pin 8 and pin I . as shown in 
Figure 17. Pin I is pulled up to unlatch the o utput stagr 
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PRECAUTIONS 

I. The X R-56 7 will lock on signals near ( :?n + I) f0 and 
produce an output for signals near (4n + I) f0 , for 
n = 0.1.2 t'lc. Signals at S f0 and 9 f0 can cause an 
unwanted output and should, therefore. he a11cnua1ed 
bdorc rc.!aching 1hr 1npul ol the circuit. 

2 Opc.!rat111g lhl' XR -'\67 111 a rc.!dUCl'd handw1d1h mode ol 
opcratllln al 111pu1 lcv1·ls le~s than 200 mV rm~ results 111 

maximum 1mmunt1y to rw1se and out-band signals. De­
creaseJ loop damping, how1•vcr, causes the wor,1-caw 
lock-up time lo tncn·a~. as shown hy the !!mph of 
f-tgure 12 

J HJndw1J1h var IJll<>n~ due 10 change, 111 1h1• tn-banJ ~1gnal 
amrl1t1Hk cJn he t:111111n.tted by ort·ra1rng th,· XR-5h7 111 
!ht· high rnput kwl mode, abovt· 200 mV. The input ,1agc 
1, then l1n1111ng, however. ~o that ou1-ban<l s1gnab or htl!h 
1101se kveh can cause an apparent bandwidth n•duc11un as 
till' 111-ban<l ,1gnal ts ,uppn·,scd In addrttlln. the !tm11cd 
111rut ~IJl!t' will create 111haml components lrom ,uh­
har111on1,· \ll!1tab !>o 1ha1 !ht· c1rcu11 bccomt·, ,t•n,111w 10 
\l)!llilb al 10

1.1 , 10/ 'i 1•1c 

-I Car,· ,hon Id he exerc1~1·d 111 kad routm)! and lc,td kn!!,th, 
,hould ht· kqH a, !>hOrl :t\ pos,1hk Po\\1'r ,upplv ka1h 
,ho1ild ht· propnl~ hyp,1\\t'd clo\l' to the i11lt'l!r,11nl L1n·u11 
and 1!nlttr1tl1t11! p,tlh\ ,ltould lw rardully dd1·rm11wd lo 
.iv<ml ground loop, and und,·,ir,tole voltag,· v,trt.ttinn, ln 
.1dd111on . ,·1rLurl\ r1·qu1rtnl! h,·avy l0;1d curn.'nb ,hould lw 
prov1dL'U hy ,1 "'pJratl' pmn-r supply, o r filter cap.1u1or, 
1l1Ut'J\l'" I I\ 1!111111111/l' ,up pl} volt .11/.l' va rt,tllllll\ 

ADDITIO AL APPLICATIONS 

DUAL TIME CONST A T TONE DECODER 

I nr ,l>tllt' JflpltLat11>tl~ ll I\ 11nportan1 10 have ,l tont· 1.kt:o(kr 
\\llh narrow handw1dlh ,tnd la,t rl''ipon,e turn: I hi' ,an bl' 
JCLOlllplt,lwd hy thl• dual ttm,· constant tom· dt·L·odcr .:1rc1111 
,hown 111 l'tgur,· 14. I he cm:1111 ha, two low-pas, loop I 1ltcr 
car><ll't tor,. C2 and c'2. W11h no 111p11t signJI present the ou t­
put at pm 8 ts h111.h. tran\lstor Q 1 "1>ft. and c' ~ 1s ,wi1chcd 
ou t of thl' c1rrn11 ·1 hu, tlw loop lmv-p;hs 11111.·r 1s ,ompnsed 
ot (' 2- whit:11 c,tn he kept as ,m.ill ,1;, pns,1bk for m1111mum 
rt·,pnn,t· I 1111..-

Wht•n Jn 111-hand signal ts dl'lt·cted, 1h1.• output at ptn X will 
11,0101,1, , ()1 will turn ()ll, and capa,11or c'2 will h,· ,w11d1..-d 
in paralld ,,1th rnrac1tor <-'2 Ih,· low-pass filter cJpac1lat1L·t: 
will tlwn bt• C2 + C' 2- The value ot C' 2 ,·an h,• quite larg<' Ill 

orJ,·r 10 ad11L'YC narrow bandw1d1h. otice that during the 
lime th.ti no 111rut signal 1s hcmg rl.'ce1ved, the bandwidth" 
d.-1.:rmm<'d by capacitor C2 

V 

V o---j 

5 
,__ ____ ...1 I-=-c, 

·"cc 

Figure 19. Dual Time Constant Tone Decoder 
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NARROW BAND FM DEMODULATOR WITH CARRIER 
DETECT 
For FM demodulation applications where the bandwidth is less 
than I 0% of the carrier frequency. and X R-56 7 can be used to 
detect the presence of the carrier signal. The output of the 
XR-56 7 1s used 10 turn off the FM demodulator when no 
earne r 1s present, thus acting as a squelch . In the circuit shown. 
an XR -21 S FM demodulator 1s used because of its wide dy­
namic rangc , high signal/noise ratio and low distortion . The 
XR-S6 7 will dctl'Cl tht: prcsenc<' of a <.:a rrit.'r at frequencies up 
(() 500 u,, 
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h!!,iirc 20. 1':armw B.ind FM Demodulator with Carner Dcto.:ct 

DUAL TONE DECODER 

In <lu,11 !Ont· communrca 11on systems, mformation is 1rans­
m1tlt'd hy thc s1mul1a111.:ou~ presence of two separate tones at 
tht• 111put In such Jppl1ca11ons two XR-567 units can be con­
nc1.1ed m raralld, as shown 111 Figure :? I 10 form a dual tone 
decoctcr. fhe resistor and capacitor values of each decoder 
are selected to provide the desired center frequencies and hand­
width requ1rrments. 

., 

Figure 21. Dual Tone Decoder 

PRECISION OSCILLATOR 

The current-controlled oscilla tor (CCO) section of the XR-567 
provides two basic output waveforms as shown in Figure 22. 
The squarewave is obta111ed from pin 5, and the exponential 
ramp from pin 6. The relative phase relationships of the wave-
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forms are also provided in the figure . In addition to being used 
as a general purpose oscillator or clock generator, the C'CO ca n 
also be used for any of the followi ng special purpose oscillator 
applications: 

I. High.Current Oscillator 
The oscillator output of the XR-56 7 can be ampltfied using 
the output amplifier and high-current logic output available 
at pin 8. In this manner. the circuit can switch I 00 mA load 
curren ts without sacrificing oscillator stability A recom­
mended circuit con nection for th is appl1ca1ion 1s shown in 

Figure 23. The oscillator frequency can br modulat.-cl owr 
:!:6% in frequency by applying a control voltage to pin 2. 

2. Osctllator with Quadrature Outputs 
Using the circuit conneclton of Figure 14 the XR-567 can 
lunclton as a prec1s1on osciHator with two separate square­
wave outputs (at pins Sand 8, rcspect1vcly) that are at 
nearly quadrature phaSt' w1lh each other Dut: 10 the tnkr­
nal biasing arrangl·mcnt the actual pha~c ~hift between the 
two outputs 1s typically 80°. 

3. Oscillator with Frequency Doubled Output 
The CCO frequency can be douhlctl by applymg a portion 
of the squarewave output at pin S back to the input at pm 3. 
as shown in Figure 2.5. In this manner. tht• quadrature <lr• 
tector functions as a frequency doubler anti produces an 
output o l 2 f0 at pin 8 

Figure 22. Oscillator Output Waveform Available From 
CCO Section. 
fop: Square Wave Output at Pin .5· 
Amplitude= (V+ -I .4V).pp., Avg. Value= v+/ 2 
Bottom: Exponential Triangle Wave al Pin 6: 
Amplitude= I V pp .. Avg. Value= v+12 

,co 
lE R\011.JAl 

1·6'1 

\J V • 

8 Jl.J7J 

Figure 23. Precision Oscillator to Switch 
100 mA Loads 
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V• V• 

co,,cc, ,.~ J 
JO i ..... f 
1'\V[ AlWlt>, I 

6 S 

Lil 
-'--l t-- '"' 
7Jl_ 

l-11,!ure 24. Oscillator w1lh Quadrature Output 

JlMf ·, 

JUl_ 

f-1gurt' 25 . Osnllatnr with Dnuhk Frrqurnry Output 

FSK DECODING 

XR-'i<,7 c,111 lw ust•tl ,1, :1 low ,pct•d I SK dt·111odulator. In 1h1, 
appltr,1t1on thl' ,l'lltt'r lrequr1H:y 1s srl 10 om· ol thl' 111p11l lrt·· 
qucnl'll'S, ;111<l lhl' hantlw1dlh 1, adJUStt'd lo h.-avt· thl' ~l'l"Olld 
frequency outside the tletc-:tmn hand. When 1111' input sl)!nal 
1s lrequt·ncy keyed hl'tWCl'n till' 111-haml ~ll!llJI Jnd lht• 0111-

ht111d ,11rnal, tht• lotll.' st:Jt,· or the output at pin X 1, n·ver~l·d 
F11wn· 2<1 ~hows till' I Sk. input (12 ~ 3 I I I anti lht• tlt·motlu­
latnl output si)!nab. with 10 =I~ = I kll, l'hl' rnc1111 can 
lwn<lk data 1Jle~up to 10 / 10 baud. 

Figure 26. Input and Output Waveforms for FS K Decoding 
"f op : Input fSK Signaltf2 = .H 1) 
Bottom· Demodulated Output 
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XR-L567 

Micropower Tone Decoder 

GENERAL DESCRIPTION - ADVANCE INFORMATION 

The XR-LS67 is a micropower phase-locked loop (PLL) circuit designed for general purpose tone and rrequency decoding. It 1s a 
direct replacement for the popular S6 7-type tone decoder IC's in applications requirmg very low power dissipation. l he XR-LSo 7 
offers approximately I/ 10th the power dissipation of the conventional S67-type tone decoder, without sacrifidng tis key features 
such as the oscillator stability, frequency selectivi ty and detection threshold. At S volt operation. typical quiescent power 
dissipation is less than 4 mW. I t operates over a wide frequency band of 0.01 Il l to 60 kllz and contams a logic compatible out• 
put which can sink up to JO milliamps of load curren t. The bandwid th. center frequency. and output delay arc tndependently 
determined by the selection of fou r external components. 

The XR-L567 monolithic circuit consists of a phase detector. low-pass filter. and current-controlled osdllator which comprise the 
basic phase-locked loop: plus an additional low-pass 11lter and quadrature detector that enable the system 10 distinguish bet-ween 
the presence or absence of an input signal at the center frequency. The output logic level is normally .. high''. and goes co a .. low .. 
state when there is an input signal within the detection band of the circun. 

FEATURES 

Very Low Power Dissipation (~4 mW at 5V). 
Bandwidth Adjustable from Oto 14i:i . 
Logic Compattble Output with 10 mA Current Sinking 
Capability. 
!Ughly Stable Center Frequency. 
Center r requency AdJustable from 0.0 I 117 to 50 k Ill . 
Inherent Immunity 10 False Signals. 
High Rejection of Out-of-Band Signals and 'oisc. 
Frequency Range Adjustable Over 20 I Range by 1:xternal 
Resistor. 

APPLICATIONS 
Battery-Operated Tone Detection 
Touch-Tone® Decoding 
Sequential Tone Decoding 
Communications Paging 
Ultrasonic Remote.Control 
Telemetry Decoding 

EQUIVALENT SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATI GS 

Power Supply 1ti volts 
Power Dissipa1ion (package hmi talion) 

Ceramic package 
Plastic Package 
Dcrate above +25°(' 

Operating Temperature 
Storage rcmperature 

AVAILABLE TYPES 

Part Number 

XR-L5b7C:-O: 
XR-L567CP 

Package 

Ce1amic 
Plus tic 

385 111\\ 
~00 111\\ 

25 111\\ (' 

0°( to +-5°(' 

65°C to + I 50°C 

Operating Temperature 

0°(' to+ 1::. 0c 
0°C IO +1:=.0 c 

FUNCTIO AL BLOCK DIAGRAM 

OUIPU I 
f ll fl R 

lCJ\\ PA1.S 
L.UC:,,. r ll H A 
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ELECTRICAL CHARACTERISTICS - PRELlMJNARY 
Test Conditions: Vcc=+5V. TA=25°C,unlessotherw1sespecified. lest circuit of Figure I. 

CHARACTERISTICS 

GENERAL 

Supply Voltage Range 

Supply Current 
Quiescent 
Acuvated 

CENTER FREQUENCY 

lljghcst Center f-requency 

Center Frequency Drill 
Temperature TA = 25°C 

0<T <70°C A 
Suppl) Voltage 

DETECTION BANDWIDTH 

l argest Detection Bandwidth 

Largest Detecm>n Bandwidth Skew 

Largest De1ec11on Bamlw1dth Var1a11on 
1 emper:11ure 
Supply Voltage 

INPUT 

Input Resistance 

Smallest Detectable Input Voltage 

Largest t\o-Output Input Voltage 

Greatest Simultaneous Outband Signal 
to lnband Signal Ratio 

Mm1mum Input Signal 10 Wideband 
Noise Ra110 

OUTPUT 

Output Saturauon Voltage 

Output Leakage Current 

Fastest On/Off Cycling Rate 

Output Rise Time 

Output Fall Time 

, -·, 
l on, 

0 ~ I "' l .__-,--_....,.... ...... 
. . 

... 
• 4d11111 lo,'• 10 lr.H, c • 

f1• I0 \ H1 ~V J 0001l o1f 

Figure I. XR-L567 Test Circuit 

► -0 
I 

1 

LIMITS 

MIN TYP 

4.75 

0.6 
0.8 

10 60 

-35 
-150 

05 

10 14 
~ -

±0.1 
±2 

100 

20 

10 15 

+6 

-6 

0.2 
0.3 

0.01 
f0 /20 

150 
30 

uu tPu 1 
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UNITS CONDITIONS 
MAX 

l),0 V 

1.0 mA RL = 20 kH 
1.2 mA RL = '.!O krl 

kl ll 

ppm/°C See 1-tgures IO and I I 
ppm/°r See Figures IO and I I 

2.0 7, /\I f0 = I kll1 

18 ,.,, of ro f0 = IO kllz 

3 'J of f0 See 1-tg. I 3 tor Deni fit ion 

'ft o(' Yin= JOO 111V nm 
~,\' Y111 = 300 m\' rms 

kH 
~-_, mV 1111s IL= IU mA.11 = f0 

111V rm~ IL = 10 mA. f1 = fo 

<l 13 

<l 13 8n = 140 kill 

0.4 V 1 t = 2 111A, Vin= 25 111\· rms 
0.6 V IL = I U 111A. Yin= 25 111\' r111~ 

25 µA 

ns RL = I kU 

ns RL = I kH 

? Oct . 
• t Rl INf'UT ) 1~ 0- • 

lf•"1, ttA".\\. 
0 , 

Hlll:M ),ftt.", • ,•, 
' 

C7 '!: IJl1 ! .,11f 

l _t I 

UU IPLtJ 1 t ,, • , . 
f ll ltR 

? t 
~ 

/Ul.f J., 0- ' 

VvV I> • 7 
I r· I<» • -~,c, 

Figure 2. XR-LS67 Generalized Connection Diag1arn 
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CHARACTERISTIC CURVES 

• E 
I ... 
z ... 
a: a: 
::, 
u 
► ., 
t 
a 

"' lE 
a: 
> 
E 
I ... 
" • ... ., 
0 
> ... 
c 
~ 

u 

2.0 

" 

0 ..... _ ..... ________ ~-~ 

• 9 

SUPPLY VOLTAGE - VOLTS 

Figure 3. Supply Current Versus 
Supply Voltage 
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Figure 6. Bandwidth Versus Input 
Signal Amplitude (C2 in µF) 
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Figure 9. Power Supply Dependence 
of Center Frequency 
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Figure 4. Largest Dection Band• 
width Versus Operating 
Frequency 
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Figure 7. Bandwidth Variation 
With Temperature 
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Figure I 0. Typical Center Frequency 
Drift with Temperature 
(V+ = SV, RJ = 80 kil, 
f0 = I kHz) 
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Figure S. Detection Bandwidth as a 
Function ofC2 and C3 
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Figure I I. Typical Frequency Drift as 
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PRINCIPLE OF OPERATION 

The XR-L567 is a frequency selective tone decoder system 
based on the phase-locked loop (PLL) principle. The system 
is comprised of a phase-locked loop, a quadrature AM detector, 
a voltage comparator, and an output logic driver. 

When an input tone is presen t within the pass-band of the cir­
cuit, the PLL synchronizes or '"locks'' on the inpul signal. The 
quadrature detector serves as a lock indicator: when the PLL 
is locked on an input signal, the de voltage at the output of 
the detector is shifted. This de level shift is then converted to 
an output logic pulse by the amplifier and logic driver. The 
logic output at pin 8 is an "open-collector" P transistor 
stage capable of switching IO rnA current loads. 

The logic output at pin 8 is normally in a ''high'' state, until a 
tone that is wi1hin the capture range of 1he decoder is present 
at the input. When the decoder is locked on an input signal, 
1he logic output at pin 8 goes to a "low" slate. 

Figure 12 shows the typical output response of the circuil for 
a tone-burst applied to the input, within the detection band. 

The center frequency of the detector is set by the free-running 
frequency of the current-controlled oscillator in the PLL. l his 
free-running frequency, f0 , is determined by the selection of 
RI and C' I connected to pins 5 and 6, as shown in Figure 3. 
The detection bandwidth is determined by the size of the PLL 
filter capacitor, C':!; and 1he output response speed is con­
trolled by the output filter capacitor. C3. (See Figure ::!) 

INPUT 

OUTPUT 

At~se to 100 mV ,ms 1one burst 
RL tOOol>m, 

Figure 12. Typical Output Response 10 
100 rnV Input Tone-Hurst 

DEFINITION OF DEVICE PARAMETERS 

CENTER FREQUENCY f0 

f0 is the free-running frequency of the current-controlled 
oscillator with no input signal. It is determined by resistor RI 
between pins 5 and 6, and capacitor CI from pin 6 to ground. 
f0 can be approximated by 

f ::::: -
1
- Hz 

o R1C1 

where RI is in ohms and CI is in farads. 

5 1 

DETECTION BANDWIDTH (BW) 

The detection bandwidth is the frequency range centered 
about f0 , within which an input signal larger than the thres­
hold voltage (typically 20 mV rms) will cause a logic zero 
state at the output. The detection bandwidth corresponds to 
the capture range of the PLL and is de termined by the low­
pass loop filter at pin 2. Typical dependence of detection band­
width on the filter capacitance and the input signal amplitude 
is shown in rigures 5 and 6. 

LARGEST DETECTION BANDWIDTH 

The largest detection bandwidth is the largest frequency range 
within wluch an input signal above the threshold voltage will 
cause a logical zero state at the output. The maximum detec­
tion bandwidth corresponds to the lock range of the PLL. 

DETECTION BAND SKEW 

The detection band skell' 1s a measu,e or hov,, accurately the 
largest detection band is centered abou1 the center frequency. 
f0 . This parameter is graphically illustrated 111 1-igure 13. In 
the 11gure. fmtn and t"max correspond 10 the lower and the 
upper ends of the largest detection band. and f1 corresponds 
to the ··apparent'' center of 1he detectJOn band, and is denned 
as the arithmetic a,wag,, of f111in and fmax and f0 1s the free­
running freque11r} of the XR-L567 osc11lator secuon I he 
bandwidth skew, ~fx, 1s 1he difference between these frequen• 
cies. Normalized to f0 • 1his bandwid1h skew can be expres$ed 
as 

~ , (j" f 
,, d 'd I Sk x max + nun uan w1 I 1 • ew = -- = -------

fo 21"0 

If necessary. 1hc detection band skew can be reduced to 1cro 
h} an optional centering adiustmen1 (Sec Opt1onal Controls l. 

LAHC.t ~1 Ul fU.:ltU!\' 
flANO 

O\ll t>ot 

f0 J'Ll hu ,unf\ing frequency 

t l Cent,, htQ ol dtltt11on b•nd 

1-igure 13. Definition of Bandw1d th Skew 

DESCRIPTION OF CIRCUIT CONTROLS 

INPUT (Pin 3) 

The input signal is applied to pin 3 through a coupling capaci­
tor. This terminal is internally biased at a de level 2 volls 
above ground, and has an input impedance le\el of approxi­
mately I00kn. 

TIMING RESISTOR R1 AND CAPACITOR Ct (Pins S and 6) 

The center frequency of the decoder is set by resistor RI be-
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tween pins S and 6, and capacitor CI from pin 6 to ground, 
as shown in Figure 3. 

Pin S is the oscillator squareware output which has a magni­
tude of approximately Vee 1.4 V and an average de level of 
Vcc/2. A S kn load may be driven from this point. The volt­
age at pin 6 is an exponential triangle waveform with a peak­
to-peak amplitude of 1 volt and an average de level of Vee/:.. 
Only high impedance loads should be connected to pin 6 to 
avoid disturbing the temperature stability or duty cycle of the 
oscillator. 

LOOP FILTER - C2 (Pin 2) 

Capacitor C::! connected from pin 2 to ground serves as a single 
pole, low-pass filter for the PLL portion of the XR-LS67. The 
filter time constant is given by T2 = R:.C2, where R2 ( 100 
kS1) is the impedance at pin 2. 

The selection of C2 1s determined by the detection bandwidth 
requirements. as shown in Figure 6. For additional informa­
tion see section on .. Definition of Device Parameters." 

The voltage at pin 2. the phase detector output, is a Linear 
function of frequency over the range of 0.95 f0 to 1.05 f0 , 

with a slope of approximately 20 mV/% frequency deviation. 

OUTPUT FILTER - C3 (Pin I ) 

Capacitor C3 connected from pin 1 10 ground forms a simple 
low-pass post detection filter to eliminate spurious outputs 
due to out-of-band signals. The time constant of the filter can 
be expressed as T3 = R3C'3. where R3 (47 kU) is the internal 
impedance at pill I . 

If the value of C3 becomes too large. the turn-011 or turn-off 
time of the output stage will be delayed until the voltage 
change across C'3 reaches the threshold voltage. In certain 
applications, the delay may be desirable as a means of sup­
pressing spurious outputs. Conversely. if the value of C3 is 
too small, the beat rate at the output of the quadrature 
detector may cause a false logic level change at the output 
(Pin 8). 

The average voltage (during lock) at pin I is a function of 
the inband input amplitude in accordance with the given 
transfer characteristic. 

LOGIC OUTPUT (Pin 8) 

Terminal 8 provides a binary logic output when an input signal 
is present w11hin the pass-band of the decoder. The logic out­
put is an uncommitted, "open-collector .. power transistor cap­
able of switching high current loads. The current level at the 
output 1s determined by an external load resistor, RL, con­
nected from pin 8 to the positive supply. 

When an in-band signal is present the output transistor at pin 8 
saturates with a collector voltage less than 0.6V full rated cur­
rent of 10 mA. If large output voltage swings are needed. RL 
can be connected to a supply voltage, V+ , higher than the Vee 
supply. For safe operation, V+ ~ 20 volts. 
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OPERATING INSTRUCTIONS 

SELECTION OF EXTERNAL COMPONENTS 

A typical connection diagram for the XR-LS6 7 is shown in 
Figure 2. For most applications. the following procedure will 
be sufficient for determination of the external components 
R1,C1.C2,andC3. 

I . RI and CI should be selected for the desired center fre• 
quency by the expression f0 :::: I /R 1 CJ. For optimum 
temperature stability. RI should be selected such that 
20 kS1 ~ RI ~ 200 kS1, and the RIC I product should 
have suflicient stability over the projected operating 
temperature range. 

2. Low-pass capacitor, C2, can be determined from the 
Bandwidth versus Input Signal Amplitude graph of hgure 
6. One approach is to select an area of operation from the 
graph. and then adjust the input level and value of C2 

accordingly. Or. if the input amplitude variation is known, 
the required f0 C 2 product can be found 10 give the de• 
sired bandwidth. Constant bandwidth operation requires 
Vi > 200 mV rms. Then. as noted on the graph. bandwidth 
will be con trolled solely by the f0 C2 product. 

3. Capacitor C3 sets the band edge of the low-pass filter which 
attenuates frequencies outside of the detection band and 
thereby eliminates spurious outputs. If C3 is too small, fre• 
quencics adJacent to the detection band may switch the 
output stage off and on at the beat frequency, or the out• 
put may pulse off and on during the turn-on transient. A 
typical minimum value for C3 is 2 C2 . 

Conversely, if C3 is too large. turn-on and turn-off of the 
output stage will be delayed until the voltage across ('3 

passes the threshold value. 

PRECAUTIONS 

I. fhe XR-L567 will lock on signals near (2n +I) f0 anti pro­
duce an output for signals near (4n + I) f0 • for n ;:: 0.1.2 
etc. Signals at 5 f0 and l) f0 can cause an unwanted output 
and should. therefore. be at tenu:11ed before rcadnng the 
input of the circuit. 

2. Operating the XR-L567 in a reduced band>width mode of 
operation at input levels less than 200 Ill V rms results in 
maximum immunity to noise and out-band signals. Oe­
creased loop damping. however. causes the worst-case lock­
up time to increase, as shown by the graph of Figure 8. 

3. Bandwidth variations due to changes in the m-band signal 
amplitude can be eliminated by operating the XR-L567 111 

the high input level mode. above 200 111V . The input stage 
is then limiting. however. so that out-band signals or high 
noise levels can cause an apparent bandwidth reduction as 
the in-band signal is suppressed. In addition. the limited 
input stage will create inband components from subhar­
monic signals so that the circuit becomes sensitive 10 

signals at f0 /3. f0 / 5 etc. 

4. Care should be exercised 111 lead routing and lead lengths 
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should be kept as short as possible. Power supply leads 
should be properly bypassed close 10 the integrated circuit 
and grounding paths should be carefully determined to 
avoid ground loops and undesirable voltage vanations. In 
addition. c1rcuns requiring heavy load currents should be 
proV!ded by a separate power suppl} . or filter capacitors 
increased 10 minimize supply voltage \'ariations 

OPTIONAL CONTROLS 

PROGRAM~HNG 

Varying the value of resistor RI and or capacitor CI v.111 
change the center I rcquency. I he value of RI can be changed 
either mechanically or hy solid stale switches. Add111onal CJ 
caparnors can be added by groundmg them through saturated 
npn transistors. 

SPEED OF RESPONSE 

The mmnnum lock-up Lime 1s mvcrsel> related Lo the loop 
frequency. As the natural loop frequency is lowered. the turn 
on transient becomes greater 1 hus maximum operating speed 
is obtained when the \'alue of capacllor C2 ,~ m1111111um At 
the instant :.in input signal ts applied. !ls phase may dme the 
osc1lla1or away from the mco1mng lrequency rather than 
toward it. Under this cond1t10n. the lock-up 1r;111s1cn1 1~ in a 
worst case s1tuat1on and the mimmum theoretical lm:k up 
time will not he achievable 

The follllwing e,pressions yield tht' values ot C2 and C,. Ill 

m1crofarads wluch ailov. the ma,1rm1m operating speeds for 
various center frequencies where f0 is 111. 

(. I 'lO (' 2Cl0 I 2==--t-; 3=r;µ 
The m1111mum 1a1e that d1g11al 1nforn1at1llll 111a~ he detected 
without kmng infor111a11on due to turn-on trans1c11L or output 
chatter 1s about 10 cydes, hll. \\l1tch correspond~ tll Jn 111 -

formation transl er rate of f0 / 10 baud In situatmn~ where 
m1111mum turn-off 11"> ol les\ 1mportam·e than f~t turn on. the 
optional semit1v11y ad_jus1men1 c1rcu11 of ~ 1gure 14 can he 
used to bring the quiescent (3 ,nltagc dnse1 to the thre,hold 
voltage. Senstllvtty to beat t1equc11c1cs. 1101,e. and e,traneou, 
signals. however. wJII be mcreased. 

'j.f- ... '!,11 .... , ... 

1--...-'IN\r-< : : i 
'JOI,. ~'l,-t•~· 

,(~",! ! ) \,/1 f ,t 

Figure 14. Opllonal Srns1t1v1ty Connections 
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C3 11, 
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J-igurc 15. Methods or Reducing Chatter 

CHATTER 

\\ hen the value ol C 3 1s small, the loci-. transient and ac com­
ponents at the lock detector output may cause the output 
stage to tno\'e through its threshold more than once. resultmg 
111 output chatter 

Although some loads. such as lamps and 1ela}S will not respond 
to chatter logic may 1111erp1et chatter as a series of output 
signals Chatter can he el11111nated by leedmg a portion ol the 
output hack to the input !pm I) or. by increasmg the size of 
capac1 tor C3 t,ene1ally. the feedback method 1s preferred 
since keep111g C 1 small will enable faster opera11on. I hree 
alternate schemes for cha lier preven 11011 are sho\\ n in I 1gure 
1, (,enerally. 11 1s only necessary to assure that the feed· 
hack 111111.! constant does not get so large that IL pre\ents 
opt· ra11on at the highest an11c1pated speed. 

• I 
1(11 l ¼I .............. .,,,.,,. ...... -< -~ j ... , ' 

-:' 

Y• f N A f j,,I 
,!Pf , At , 

Conm•,; t 1on, to R t'fHhll 11111 lkt<'~·t 1011 lLrnd 

SKE~ ADJUSTMENT 

The circu11s sh11\, n in 1-iguie 16 can he used to change the 
position ol the detection band (capture range) v.ithm the larg­
est detection banu (1,r lock range). By moving the detection 
band to either edge or the lock range. input signal variations 
\\ ill expand the detecllon banJ 111 one direction only. Since 
R.~ also has a slight effect on the duty cycle. this approach 
may be useful to ohtain a precise duty cyde when the circuit 
is used as an oscillator. 
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XR-2567 

Dual Monolithic Tone Decoder 

The XR-2567 is a dual monolithic tone decoder of the 567-type tJ1at is ideally suited for tone or frequency decoding in multiple• 
tone communication systems. Each decoder of the XR-2567 can be used independently or both sec tions can be interconnected for 
dual operation. The matching and temperature tracking characteristics between decoders on tJ1is monolithic chip are superior to 
tJ10se available from two separate tone decoder packages. 

The XR-2567 operates over a frequency range of 0.01 llz to 500 klll. Supply voltages can vary from 4.SV to 12V, with internal 
voltage regulation provided for supplies between 7V and J 2V. Figure I is a functional block diagram of the complete monolithic 
system. Each decoder consists of a phase-locked loop (PLLJ. a quadrature AM detector, a vol tage comparator. and a logic-<:om­
patible output that can sink more than I 00 mA of load current. 

The center frequency of each decoder is set by an external resistor and capacitor which detennine the free-running frequency of 
each PLL. When an input tone is present within the passband of the circuit, the PLL "locks" on the input signal. The logic outpu t, 
which is normally "high"', then switches to a ··1ow·· state during this "lock"' condition. 

FEATURES 

Replaces two 56 7-type decoders 
Excellent temperature tracking between decoders 
Bandwidth adjustable from O to 14% 
Logic compatible outputs with I 00 mA sink i:apab1lity 
Center frequeni:y matching ( 1% typ.) 
Center frequency adjustable from 0.01 llz to 500 kllL 
Inherent 1mmu111ty 10 false tnggenng 
Frequency range adjustable over 20: I range 
by external resistor. 

APPLICATIONS 

Touch-Tone® Decoding 
Sequential Tone Decoding 
Dual-Tone Decoding/1:.ncoding 
Communications Paging 
Ultrasonic Remote-control and 

Monitoring 

Full-Duplex Carm:r•tonc 
Transceiver 

Wireless Intercom 
Dual Precision Oscillator 
FSK Generation and 

Detection 

EQUIVALENT SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 
With Internal Regulator 
Without Regulator (Pins 12 and 13 shorted) 
Ceramic Package 

14V 
IOV 

750 mW 
6 mW/°C 

625 mW/°C 
5.0 mW/°C 

Derate above +25°C 
Plastic Package 

IJerate above +:!S°C 

AVAILABLE TYPES 

Part Number 

XR-:!567M 
XR-2567(':-.l 
XR-2567CP 

Package 

Ceramic 
Ceramic 
Plastic 

Operating Temperature 

55°C lo +I ~5°(' 
0°C to +75°C 
0°C 10 +75°C 

FUNCTIONAL BLOCK DIAGRAM 

( One section only) 

I igun: I. I unctional 131ock Diagram 
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ELECTRICAL SPECIFICATIONS 
Test Conditions: V cc= +5V, TA = 25°C, unless otherwise specified. Test circuit of Figure 2, SI closed unless 

otherwise specified. 
LIMI IS 

CHARACTERISTICS MIN TYP MAX UNITS CONDITIONS 

GENERAL 

Supply Voltage Range 
Without Regulator 4.75 7 Vdc See Figure 5, SI closed. 
Wich Internal Regulator 6.5 12 Vdc See Figure 5, SI open. 

Supply Current (both decoders) See Figures 7, 8 
Quiescent XR - 2567 12 16 mA RL = 20 k!l 

XR - 2567C 14 20 mA RL = 20 k!l 
Activated XR - 256 7 22 26 mA RL = 20 k!l 

XR- 2567C 24 30 mA RL = 20 k51 
Output Voltage 15 V 
Negative Voltage at Input -10 V 
Positive Voltage at Input v cc+0.5 V 

CENTER FREQUENCY (each decoder section) 

Highest Center Frequency 100 500 kHz 
Cen ter Frequency Stability 

ppm/°C Temperature Tt, = 25°C 35 See Figure 14 
0 < TA<+75°C .!:60 ppm/°C See Figure 14 
-55°<TA<+ l 25°C ± 140 ppm/°C See Figu re 14 

Supply Voltage 
Without Regulator 

XR 2567 0 S 1.0 %/V f0 = 100 kHz 
XR - 2567C 0.7 2.0 %/V f0 = I 00 kHz 

With Internal Regulator 
XR- 2567 0.05 %/V f0 = I 00 kH1 .. V+ = 9V 
XR-2567C 0. 1 %/ V f0 = 100 kHz, V+ = 9V 

DETECTION BANDWIDTH (each decoder section) 

Largest Detection Bandwidth 
XR - 2567 12 14 16 '7, of 10 fo = I 00 kll , 
XR - 2567C 10 14 18 ';~ of 10 fo = JOO kll1 

Largest Detection Bandwidth Skew 
XR - 2567 I 2 '7r ot f0 
XR - 2567C I 3 "f, ot 10 

Largest Detection Bandwidth Variation 
Temperature ~0. 1 "'r/°C Vin= 300 mV rms 
Supply Voltage ±2 ~./V Vin= 300 mV rms 

INPUT (each decoder section) 

Input Resistance 20 U2 
Smallest Detectable In put Voltage 20 25 mV rms l L = I 00 mA. fi = f0 
Largest No-Output Input Voltage 10 15 111 V rms IL = l00mA.fi=f0 
Greatest Simultaneous Out band Signal 
to lnband Signal Ratio +6 dB 
Minimum Input Signal to Wideband 
Noise Ratio -6 dB Noise Bw = l40kH, 

OUTPUT (each decoder secrion) 

Output Saturation Voltage 0 2 0.4 V IL = 30 mA, Vin= 25 rnV rms 
0.6 l.O V IL = 100 rnA, Vin= 2S mV rrns 

Output Leakage Current 0.01 2S µA 
Fastest ON OFF C'ychng Rate lo/ 20 
Output Rtse Time ISO ns RL=son 
Output Fall Time ~o ns RL = son 

MATCHING CHARACTERISTICS 

Center Frequency Matchmg I % fca = 10 kll1 
Temperature Dnft Matching ±20 ppm/°( 0 C<TA<75°C 

±50 ppm/°C -55°C<TA<125°C 
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INPUT SIGNAL 0----------1..-.. 
0 luf 1 

''1$,!F 

14 II 

s, 

13 

UNIT '\ XR 2561 UNIT B 

OOJJuf 

v· I 

Figure 2. Test Circuit 

INPUT 

OUTPUT 

Response to 100 mV rms tone burst. 
R L: 100 ohms. 

Figure 3. X R- 256 7 Typical Response 

DEFINITIONS OF XR- 2567 PARAMETERS 

OUTPUT 
a 

! 

f0 is the free-running frequency of the current-controlled oscil­
lator of the PLL with no input signal. It is determined by 
resistor R1 and capacitor Ct; f0 can be approximated by 

I 
fo::::; R tCtHz 

where RI is m ohms and C t is in farads. 

The detection bandwidth is the frequency range centered 
about f0 , within which an input signal larger than the thresh­
old voltage (typically 20 mV rms) will cause a "logic zero" 
state at the output. The detection bandwidth corresponds to 
the capture range of the PLL and is determined by the low­
pass bandwidth filter. The bandwidth of the filter, as a percent 

of 1
0

, can b, det«mi:~ : ,1:::•;;:;;t•• 
where Yi is the input signal in volts, rms, and C2 is the 
capacitance in µFat pins IO or 15. 

The largest detection bandwidth is the largest frequency range 
within which an input signal above the threshold voltage will 
cause a logical zero state at the output. The maximum detec­
tion bandwidth corresponds to the lock range of the PLL. 

The detection band skew is a measure of how accurately the 
largest detection band is centered about the center frequency, 
f0 . It is defined as (fmax + fmin - 2f0 )/fo, where fmax and 
fmin are the frequencies corresponding to the edges of the 
detection band. If necessary, the detection band skew can be 
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reduced to zero by an optional centering adjustment. (See 
Optional Controls.) 

DESCRIPTION OF CIRCUIT CONTROLS 

INPUT (Pins 11 and 14) 

The input signal is applied to pins 14 and/or 11 through a 
coupling capacitor, Cc. These terminals are internally biased at 
a de level 2 volts above ground and they have an input imped­
ance level of approximately 20 kn. 

TIMING RESISTOR Rt AND CAPACITOR Ct (Pins I , 8, 9, 
and 16) 

The center frequency, f0 , of each decoder section is set by a 
resistor Rt and a capacitor Ct. RI A is connected between pins 
I and 16 in decoder section A, and R t B bet ween pins 8 and 9 
of decoder section B. CI A 1s connected from pin I to ground, 
and CI B from p111 8 10 ground, as ~hown 111 Figure 4. RI and 
Ct should be selected for the desired center frequency by the 
expression f0 ::::; 1/ R tCt For optimum temperature stabili ty, 
R t should ht! selected such that ~ kfl <Rt$ 20 kn , and 
the Rt Ct product \hould have suff1cii::n1 stability over the 
projected operating temperature range. 

lJUl ,.._____. 
t '(IA 

UNIT .. XR 1!>61 

-: 

UNIT 
8 

Cc 
f--<) INPUT B 

11 

c,a 
1-+~-l ~ v· 

C~ RL8 

OUTPUT 

~ 8 g 
le 

1.----o JU1f 
-: 

Rib , toe 

M/V0-_.~ ............... _____,., 1\/VV CIA c,u 

~ I' 
Cc COUPLING CAPACITOR 

Ce BYPASS CAPACITOR 

Figure 4. Circuit Connection Diagram 

S1 OPEN FOR IV TO 12V 
OPfRA T ION CLOSED 
fOR 4 SV TO 7V Ol'f R,t, IION 

For decoder section A, the oscillator output can be obtained 
at either pin I or 16. Pin 16 is the oscillator squarewave out­
put which has a magnitude of approximately Vcc-t.4V and 
an average de level of Vcc/2. A I kn load may be driven from 
this point. The voltage at pin I is an exponential triangle wave­
form with a peak-to-peak amplitude of I volt and an average 
de level of V cc/2. Only high impedance loads should be con­
nected to pin I to avoid disturbing the temperature stability or 
duty cycle of the oscillator. For section B, pin 9 is the square­
wave output and pin 8 the exponential triangle waveform out­
put. 

LOOP FILTER, C2 (Pins 10 and ~5) 

Capacitors C2A and C2 B connected from pins 15 and IO to 
ground are the single-pole, low-pass filters for the PLL portion 
of decoder sections A and B. The filter time constant is given 
by T2 = R 2C2, where R 20 0 kn) is the impedance at pins I 0 
or 15. The selection of C2 is determined by the detection 
bandwidth requirements and input signal amplitude as shown 
in Figures IO and 12. One approach is to select an area of 
operation from the graph and then adjust the input level and 
value of C2 accordingly. Or, if the inpu t amplitude variation is 
known, the required f0 C2 product can be found to give the 
desired bandwidth. Constant bandwidth operation requires 

wigfi
Stolen 2 Line Transparent
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Figure 5. Internal Power Dissipa­
lion vs. Supply Voltage. 
Both Units Activated. 
RL = 20 k 

... _, .. " ..... .... .. 
- ~~ 

I 

Figure 8. 1 ota! Supply Current 
vs. Supply Voltage for 
Operation wtth Inter­
nal Regulator (Pins 12 
:ind 13 Not Connec ted) 

.... ... ... 
M 

,. 

••, 

' j •• 

dl 
t 1-tt 
AAt,--. 01 .. , Iii: llO I • 
l!Clffll !rilAl "t(oSJbll 

.,_ ._ ~l'•" C? 

Figure 11. Greatest Number of 
Cycles Before Output 

Figure 6. Power Supply Depend­
ence o f Center 
Frequency 

I 
i.. 

. "--'-_._ ___ ..,_....;._~....__, 
'°"'"' 1 •1-f• 10 , ... , ,00 ..... , , ....... , 

Figure 9. Largest Detection 
Bandwidth vs Operat­
ing Frequency 

1 • a t 10 t1 " t• 

Figu re 12. Detection Bandwidth 
as a Function of C2 
and C3 

j lo f-+-+- -f--t--t"-.,_--!-->,i 

i 
! 
--· 5 0 L......L.......1.-1-..L.....l..---'L......J-....J 

n ,o n o ~ ,o ~ ~ m 

.. ~--.-.....--"T'""-.----.-~ 

.. 

Figure 7. Total Supply Current 
vs. Supply Voltage for 
Operation Without 
Internal Regulator 
(Pinsl2andl3 
Shorted) 

Figure I 0. Bandwidth vs Input 
Signal Amplitude 

,, " 

ts r, 

• L.......1... ....... _ ...... ....1... ....... _~_,__,J 
1' !10 1-, D r.. 10 ,,, ••00 "1~ 

Figure 13. Bandwidlh Variation 
With Temperature 

Figure 14. Frequency Drift 
With Temperature 

Figure 15. Temperature Coef­
ficient of Center 
Frequency (Mean 
and S.D.) 
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Yi> 200 m V rms. Then, as noted in Figure 10, bandwidth will 
be controlled solely by the f0 C2 product. (For additional in• 
formation, see Optional Controls Section, "Speed of Re­
sponse" and "Bandwidth Reduction".) 

Pins 10 and IS correspond to the PLL phase detector outputs 
of sections A and B, respectively. The voltage level at these 
pins is a linear function of frequency over the range of 0. 95 to 
I.OS f0 , with a slope of approximately 20 mV/% frequency 
deviation. 

OUTPUT FILTER, C3 (Pins 2 and 7) 

Capacitors CJA and CJB connected from pins 2 and 7 to 
ground form low-pass post detection filters for sections A and 
B respectively. The function of the post detection filter 1s to 
eliminate spurious outputs caused by out-of-band signals. The 
lime constant of the filter can be expressed as T] = R3C'3, 
where R3(4.7 k) 1s the internal impedance at pins 2 or 7. 

The precise value of C3 1s not critical for most applica11ons. To 
eliminate the possibility of false triggering by spurious signals, 
a minimum value for C3 is 2C2, where C2 is the loop filter 
capacitance for the corresponding decoder section. If C3 1s 
smaller than 2C2, then frequencies adjacent to the detection 
band may switch the output stage "ofr' and ·'on" at the beat 
frequency, or the output may pulse "off" and "on" during the 
turn-on transient. 

If the value of C3 becomes too large, the turn-on or turn-off 
time of tht! output stage will he delayed until the voltage 
change across C1 reaches the threshold voltage. In certain ap­
plications, this ·delay may be desirable as a means of )LIP· 

pressing spurious ou tputs. (For additional informallon, sec 
Optional Controls Section, "Speed of Response" and 
"Chai ter".) 

LOGIC OUTPUT (Pins 3 and 6) 

Output terminals 3 and 6 provide a binary logic output when 
an input signal tone 1s present within the detectwn-band ol 
each respccuvc decoder section. The lottic outputs are uncom­
mitted "bare·collt'ctor" power transistors capable of switching 
high current loads. The current level at the output 1s deter• 
mined by an external load resistor, RL, connected from Vee 
to pins 3 or 6. 

When an in-band signal 1s present, the output transistor at pins 
3 or 6 saturates with a colkctor voltage less than I volt (typ1· 
cally 0.6 V) at full rated current of I 00 mA. If large output 
voltage swings are needed. RL can he connected to a supply 
voltage, V+ higher than the Vee supply. For safr operation, 
V+ < IS volts. 

REGULATOR BY-PASS (Pin 12) 

This pm corresponds lo tht! output of the voltage regulator 
section. For c1rcu1t operation with a supply voltage greater 
than 7V. pin 12 should be ac grounded with a bypass capacitor 
~ 1 µF. For circuit operation over a supply voltage range of 
4.5 to 7V, tht! voltage regulator section 1s not rt'qu1rcd . pin 12 
should be shorted to V cc. 

GROUND TERMINALS (Pins 4 and S) 

To eliminate parasitic interaction, each decoder section has a 
separate ground terminal. The internal regulator shares a com• 
mon ground with dt•coder section A ( pin 4 ). 

Independent ground terminals also allow additional flexibility 
for split supply operation. Pm 4 can be used as V-, and pin S 
as ground, as shown in Figure 16. When the circuit is operated 
with split supplies, the positive supply should aJways be> 6V, 
and the de potentiaJ across pins 13 and 4 should not exceed IS 
volts. 
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v' • 'IORO,tfllAH0"-WtlriV' IV 
,.oOflll Pt NS 11 -'"'D fl 

1NOl[ OC \/Ol TA.GE A f PIN -a 
•,• 1S,1 ALWAY~ 9( , PIN !,1 

Figure 16. Split-Supply Operation Using Independen t Ground 
Terminals of Units A and B. Unit A Operates Be• 
tween v+ and v-, Unit B Operates Bet ween v+ 
and Ground 

OPTIONAL CONTROLS 

SPEED OF RESPONSE 

The minimum lock-up time is inversely related to the loop 
frequency. As the natural loop frequency 1s lowered, the turn­
on transient becomes greater. Thus, maximum operating speed 
1s obtained when the value of capacitor C2 1s minimum. Al the 
instant an input signal 1s applied , its phase may drive the oscil­
lator away from the incoming frequency rather than toward it. 
Under this cond111on, the lock-up transient 1s in a worst case 
s1tuat10n, and the minimum theoretical lock-up time will not 
be achievable. 

The following expressions yield the values of C2 and C3, in 
microfarads. which allow the maximum operating speeds for 
various center frequencies. The minimum rate that digital in­
formation may be detected without losing information due to 
turn-on transient or ou tput chatter is about 10 cycles/bit , 
wluch corresponds to an inf o rmauon transfer rate of f 0 / I 0 
baud. 

260 
C3= . fo 

In situations where minimum turn-off time is of less impor­
tance than fast turn-on. lhe optional sensitivi ty adjustment 
c1rcu11 of Figure 17 can be used to bring the quiescent C3 
voltage closer to the threshold voltage. Sensitivity to beat fre­
quencies, noise, and extraneous signals, however, will be in· 
creased. 

v· 

~ •no JR 
l::fi

1
t3 

oeCRfAS( .,. 
S(~SIIIVITY 

V , OECR£AS£ 

I
> .... 

:l(lll")I0-

11-.•1111,-111 _. .. ,,., .. 
('#1,U,,,-"• 

Figure 17. Optional Connections for Sensitivity Control 

CHATTER 

When the value of C3 is smaJI, the lock transient and ac com­
ponents at the lock detector output may cause the output 
stage to move through its threshold more than once, resul ting 
in output chatter. 
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Although some loads, such as lamps and relays will not re­
spond to chatter, "logic" may interpret chatter as a series of 
output signals. Chatter can be eliminated by feeding a portion 
of the output back to the input or, by increasing the size of 
capacitor C3. Generally, the feedback method is preferred 
since keeping C3 small will enable faster operation. Three al­
ternate schemes for chatter prevention are shown ir Figure 18. 
Generally, it is only necessary to assure that the fee lback time 
constant does not get so large that it prevents oper~ ion at the 
highest anticipated speed. 

v· v• v " v• 

l ., J •, .A 
,,, o• ,,, o• 100 10 If,, 

• • 
XA- 7M7 XA- 16e? 

<, ., '-) "1 
)OP I , .. ., 

10R I ,o, 
c, 

' <if 1 
XA 1$61 JOA f> 

"• rw ro 1~ 

•QPTI )1';A, l ,., -~,·~ 
l (Mo! R VA\ lit Of (.1 ~ 

Figure 18. Methods of Reducing Chatter 

SKEW ADJUSTMENT 

The circuits shown in Figurt> 19 can be used to change the 
pcsition of the detection band (capture range) within tht: 
largest detection band ( o r lock range). By movmg the detec­
tion hand to either edge of the lock range, input signal vana­
tions wiJI expand the detection band in one direction only. 
Since R3 also has a slight l!ffcct on the duty cyde. this ap­
proach may be useful to obtain a pn:c1se duty cycle when the 
circuit is used as an oscillator. 

I 
MLO(Ohl 
OIOOfJ 

'"" f h-,1114f Ulll 
COWt:ldAa~O,,: 
IOl'l tC)IU " 

Figure 19. Connections lo Reposition Detection Band 

OUTPUT LATCHING 

After a signal is received. tht output of either decoder section 
can be latched "on" by connecting a 20 kU resistor and diode 
from the "output" terminal to the ''output filter" terminal as 
shown in Figure 20. The output stage can be unlatched by 
raising the voltage level at the outpu t filte r terminal. 

.. , .. 

Figure 20. Output Latchmg 

(A,Hll1tftaaLAt(11 , 
-1fofh~lM:Sl,.1Vf\, 
ru•~tt>ON 

POSITIONING OF DETECTION BANDS 

Figure 21 defines the respective band-edge and band-ccn ter 
frequencies for sections A and B of the tlual tone decoder. 
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Frequencies fL and fH with appropriate subscripts refer to the 
low and the high band-edge frequencies for decoder sections A 
and B, and f O is the center frequency. 

t, .. ,, ... 

i-W~ 
6 ... '•• 

(a) Independent Detection of Two Separate Tones 

fOf•l DtUCt,o, IA",iO -' r ~ -,_ - ' 
t VVlRlA, 1 w~· 

(b) Addition of De tection Bandwidth for Wide-Band 
Detection 

HHAl Of Tti;T10~. 
tlA',() 

(c) Subtraction of Bandwidths fo r arro w-Band Dt>tection 

Figure 21 . Positioning of Detcction Bands 

The two sections can be interconnected to form a single tone 
detector with an overall detection bandwidth equal to the sum 
o r the difference of the detection bands for the two individual 
detector sections. For example. 1f the individual decoder sec­
tions arc interconnected as shown in F igure 25, then the total 
detection bandwidth would be approximately equal 10 the 
sum of the respective bandwidths as shown in Figure 21 ( b). 
Similarly, if the decoders are interco nnected as shown in Fig­
ure 23 , then the overall detection band would be equal to the 
difference, o r the overlap, between the respective bandwidths 
as shown in Figure 2l(c). 

BANDWIDTH REDUCTION 

The bandwidth of each decoder can be reduced by either 111-

crt:asing the loop filter capacitor C2 or reducing the loop gain. 
Increasing C2 may be an undesirable solution since this will 
also reduce the damping of the loop and thus slow the circuit 
response ti me. 

Figure 22 shows the proper method of reducing the loop gain 
for reduced bandwidth. This tedinique will improve damping 
and permit faster performance unde r narrow band operation . 

Uf I IU~Al SILICO"'° 

Ill JOES fOR 
t \11'f IIA 1 uRt 
1 '.•P( "',;!,olil H\'1 

~ rO~ .. • ") • c2 I~ CO~• k) 
G '·' ' ' ' '\Ort Al)JUSl-U"-lRQlf(1RS'Y~u,Hrf{Vl)f 

,t tt~ t . ._.,.,. , l't[ 1f tO~ 1.V11f) { l'lt,1 S AliOl ? \ 

Figure 22. Bandwidth Reduction 
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Bandwidth reduction can also be obtained by subtractmg over­
lapping bandwidths of the two decoder sections (see Figures 
21(c) and 23). 

APPLICATIONS 

DUAL-TONE DETECTION 

In most dual-tone detec11on systems, the decoder output 1~ 
required to change state onl; "'hen both mput tone~ Jrc pre­
sent s1mullaneously. Thi\ can he 1mrlcmentt'd by setting the 
detection bandwidth or each of the XR :>.So? dccodrr scv 
tions to cover one of 1he input tones, and then ~onn<'clmg 1hr 
respec tive outputs through a NOR gate, J~ shown m hgurr 23. 
In this case, th..: output of the NOR gale will hr •·tugh'' onl\ 
when both mput tones are present s1mul1ancousl;. 

)UAL T ·., 0-, l f•. n r1 • 1 

df 'I. 

1 ., 

I I 
-= 

·,J :r 
II -=- II 
-=- -= 7 -=-

F1gur..: :>.J Conn..:ct1on lur Decodmg Du.ii-Ton,· l· n,11\kd 
Input Signals 

Figure 24 !.hows add1llonal c1rcu1t LC>nl1gurat1un, whith "Ill lw 
used for dl'codrng 111ul l1pk-ionc input s1gn,1ls In hgurl' ~4(a), 
the output of Unit A 1s conncctt-d lo thl' output llltcr (pm 7J 
ol Unll 8 through l hl' diode D 1. /J 110 11111111 1<111<' 1.r prcwnt 
wllhin tht! dt>tectlon-hanJ uJ Unit , I, then 1h output (pm 1) 1, 

"high", wh1d1 k.:-1.'ps lltod1• D 1 cnnduct1ng and '\h,ahlc~" unll 
B by keeping lls outpu t (pm 6) .. h1g.h". IJ u11 111put t1111t· ,s 

present w11J1111 the Jetec/1011-hall(f of Umt .·I p111 J 1, low 
diode DI is rev..:r-,l· hi.tscd . .ind det·odl·r B 1s no longt'r d1sahll'd 
If under these tond1t1ons an 111pu1 ~1g.nal 1s present within the 
detcc11on-band of Urnt B, then lls output at pin o would h<' 
"low". 1 hus. lht• output al pin 6 as .. low" univ when 111pul 
tones within thl' detection-hand ol A and Bar<' pre~rnl s11nul 
taneously. 

The duaJ-tonl' decoder c1rcu1t ol Figure 24(h) makes use of the 
spli t-ground feature of the XR 2567. fhe output term111al of 
Urnt A 1s used as a "swJtc!i" 1n senes with the ground tcrm111al 
(pin S) of Unit B. Ir the input tone A 1s not present. pin J 1s at 
its high-impedance state, and the ground ll'rmtnal of Urut B 1s 
open-circuited. When the input ton<' A 1s present, pin 3 goes to 
a low-impedance statt' and Unit B 1s activated. In this manner, 
the output of Unit B will bt• ''low" only when both tones A 
and B are presen l. 

In the cucu11 connection of Figure 24(b). Unit B does not 
draw any current until it 1s activated Therefore, ns power 
dissipation in a stand-by condition 1<; lower than other dual­
tone decoder con figura t10n'-. llowcver, due to fini tc sen es re­
sistance between pin 3 and ground when Unit B 1s activated, 
the output current sink capability is limited to < 10 mA 
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I 11t11n· :>.4 Add1tmnal l)ual- r one l)ccoding Circuits 

SEQUENTIAL TONE DECODING 
()uJI tom· dt·tmkr Llfdllb can also ht: ust·d for sl'quen11al tone 
d,·nnlang whl'rl' ont: l0lll· must hr present before the other for 
the c1rd111 to opcrJll'. This tan he achieved by making the 
output llller capacitance, CJ. ot one ol the sections large with 
rc.,pect to the other. For example. 111 the c1rcu1ts of Figures 
:!4(a) and ~4(b). 11 CJA 1s chosen to bt' much larger than C3s 
(CJA > C3s). th~n Unll A will remain ··on" and activate B for 
a tlnlle time duration alter tone A 1s termtnall'<l. Thus. the 
c1rcu11 w1l1 be able to detect the two tones only if they are 
prc~t•nt sequentially. with tone A preceding tone B. 

The c1rcu1t of Figure ~4 (a) can also be mod1f1ed for sequential 
1one decoding by addition of a diode. D2. between pins 3 and 
6 Once activated by Unit A, Unit B will stay ''on" as long as 
tont! 8 1s µ-esent. even though tone A may terminate. Once 
tone B disappears, the circuit 1s reset to its originaJ state and 
would require tone A to be present for activation. 

HIGH-SPEED NARROW-BAND TONE DECODER 
The circuit of Figure '.!3 can be used as a narrow-band tone 
decoder by overlapping the detection bands of Units A and B 
(see Figure 21 (c)). The output of the NOR gale will bi: high 
only when an input signal is present within the overlapping 
portions of the detection band. To maintain uniform resp.>nse 
within the pass-band, the input signal amplitude should be ~ 
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80 mY rms. F or mirumum response time, PLL filter capacitors 
C2A and C2e should be : 

Under this condition, the worst-case output delay is ::::: IO to 
14 cycles of the input tone. 

The practical matching and tracking tolerances of individual 
units limit the minimum bandwidth to::::: 4% of f 0 • 

WIDE-BAND TONE DECODER 

Figure 25 is a circuit configuration for increasing the detection 
bandwidth of the XR- 256 7 by combining the respective 
bandwidths of individual decoder sections. If the detection 
bands of each section are located adjacent to each other as 
shown in Figure 2 I (b), and if the two outputs (pins 3 and 6) 
are shorted together, then the resulting bandwidth is the sum 
of individual bandwidths. In this manner, the total detection 
bandwidth can be increased to 24% of center frequency. T o 
maintain uniform response throughout the pass band, the in­
put signal level should be > 80 m V. rms, and the respective 
pass-bands o f each section should have::::: 3% overlap at center 
frequency. 

le 

,-..Pu, ~ l--<lo--

., 
• 

Figure 25. Wiuc-Ba111.l T one Detection 

TONE TRANSCEIVER 

.. " 

T he XR 2567 can be used as a full-duplex tone tran~ceiver hy 
using one section of the uni t as a tone detector and the re­
maining section as a tone generator. Since both sections oper­
ate independently, the cm:uit can transmit and rl!ceive simul­
taneously. A recommended circuit connection for transceiver 
applications is shown in Figure 26. In this case, Unit A is 
utilized as the receiver, and Unit Bis used as the transmitter. 
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The t ransmitter section can be keyed "on" and "off" by ap­
plying a pulse to pin 8 through a disconnect diode DI · T he 
oscillator section of Unit B wiJJ be keyed "off" when the 
keying logic level at pin 8 is at a "low" state. 

y • 

J~o-~ -K .......... 

.o.. J ,. 

l1.tA,•1 Y f1ftl< 
t A(f)IJ I ,,,,, Y Cl,J o---1 t------~ 
1*,j~JI 11111·',Al 

Figure 26. T one Transceiver 

v• 

,. 

,_\ lltA--.\.Y,ll llll 
ti,, ... ' 

The ou tput of the transmitter section (Unit B) can also be 
frequency modulateu over a +6% deviation range by applying a 
modulalion signal to pin I 0 . 

HIGH CURRENT OSCILLATOR 

The oscillator output of each section o r XR 2567 can be 
amplified using the high current logic dnver sel· trons of the 
circuit. In thb manner, each section of the circui t can switch 
I 00 mA loads, without sacrificing osciJla tor stabili t y. A recom­
mend<!d circuit con nection for this app lica tion is shown in 
Fiiture 27. The oscillator frequency can be modulated over 
±6": of f 0 by applyrng a con trol voltage to pins 15 o r I 0. 

I xR 2'>67 _n_ru 

l 
" f(JRVcc < IV 

SHORT PIN 12 TO PIN tJ 

Figure 27. Prec1s1on Oscillator with High Curren t 
Output C'apabrli ty 
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Application Note AN-01 

Stable FSK Modems Featuring the 
XR-2207, XR-2206 and XR-2211 

INTRODUCTION 

Frequency shift keying (FSK) is the most commonly-1.lsed method for transmit ting digital data over telecommunications links. In order 
to use FSK, a modulator-demodulator (modem) is needed to translate digital l 's and O's into their respective frequencies and back again. 

This Applications Note describes the design of a modem using state-of-the-art Exar devices specifically intended for modem application. 

The devices featured in this Application Note are the XR-2206 and XR-2207 FSK modulators, and the XR-22 I I FSK demodulator 
with carrier-detect capability. Because of the superior frequency stability (typically 20 ppm/°C) of these devices, a properly designed 
modem using them will be virtua!Jy free of the temperature and voltage-dependent drift problems associated with many other designs. 
In addition, the demodulator performance is independent of incoming signal strength variation over a 60 dB dynamic range. Because 
bias voltages are generated interna!Jy, the external parts count is much lower than in most other designs. The modem designs shown in 
this Applications Note can be used with mark and space frequencies anywhere from several Hertz to I 00 kiloHertz. 

THE XR-2206 FSK MODULATOR 

FEATURES 

• Typically 20 ppm/°C temperature stability 

• Choice of 0.5% THO sinewave, triangle , or squarewave 
output 

• Phase-contmuous FSK output 

• Inputs are TTL and C/MOS compatible 

• Low power supply sensitivity (0.01 %/V) 

• Split or single supply operation 

• Low external parts count 

OPERATION 

TI1e XR-2206 is ideal for FSK applications requiring the spectral 
purity of a sinusoidal output waveform. It offers TTL and 
C/MOS compatibility, excellent frequency stability, and ease 
of application. The XR-2206 can typically provide a 3 volt p-p 
sinewave output. Total harmonic distortion can be trimmed 10 

0.5%. If left untrimmed, it is approximately 2.5%. 

The circuit connection for the XR-2206 FSK Generator is 
shown in Figure I. The data input is applied 10 pin 9. A high 
level signal selects the frequency ( I / R6 C3) Hz; a low level 
signal selects the frequency ( I / R7C 3) Hz, (resistors in ohms and 
capacitors in farads). For optimum stability, R6 and R7 should 
be within the range of IO kn to I 00 kn. The voltage applied 
to pin 9 should be selected to fall between ground and V+. 

Note: Over and under voltage may damage the dP.vice. 
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Potentiometers R8 and R9 should be adjusted for minimum 
total harmonic distortion . In applications where minimal dis­
tortion is unnecessary. pins 1 S and 16 may be left open­
circuited and R8 may be replaced by a fixed ::!00n resistor. In 
applications where a triangular output waveform is satisfactory, 
pins 13 thru I 6 may be left open-circuited. 

TI1e ou tput impedance at pm 2 is about 600n with AC cou­
pling normally be used. 

5 ,. 

SINt OR 1RIANGL[ 
fSK OUTPUT ,,__'1';-:,;::-1 

'V\.i 

e-""t::::::..-r-<> ~~~~~\~~~[ 
47< 

-:-

Figure 1. The XR-2206 Sinusoidal FSK Generator 
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THE XR-2207 FSK MODULATOR 

FEATURES 

• Typically 20 ppm/°C temperature stability 

• Phase-continuous FSK output 

• Provides both triangle and squarewave outputs 

• Operates single-channel or two-channel multiplex 

• Inputs are TTL and C/MOS compatible 

• Split or single power supply operation 

• Low power supply sensiuvlly (0.15%/V) 

• Low ex tern al parts count 

OPERATION 

The XR-2207 is a stable FSK generator which 1s designed tor 
those applications where only a triangle or squarewave output 
is required. It 1s capahle ot either single-channel or two-channel 
multiplex operation. and can be used easily w11h either spill or 
single power supplies 

Figure 2 shows the XR-2207 using a single-supply and Figure 3 
shows spl11-supply operauon. When used as an FSK modulator 
pms 8 and 9 provide the digital input~. When the 2207 is used 
with a split-supply, the threshold at these pins is approximately 
+2 volts, which 1s a level that is compaublc with both TTL and 
C/MOS logic forms. When used w11h a s111gle supply. the thresh­
old 1s near mid-supply and 1s C/~IOS compatible. Table I ~hows 
how to select the tim111g remtors RI thru R4 tu determine the 
output frequency based upon the logic levels applied to pms b 

and 9. For optimum stability, the values of R1 and R3 should 
be selected 10 fall between IO kn and I 00 kn. 

With ptn 8 grounded, pin 9 serves as the data input. A high 
level signal applied Ill p111 8 will disable the oscillator. When 
used 111 this manner. pin 8 of the XR-2207 serves as the channel 
select input. For two-channel muluplex operation , pins 4 and 
S should be connected as shown by the dotted lines. (For single 
channel operation. pins 4 and 5 should be left open-cm:u1ted.) 

The XR-2207 provides two outputs; a squarewave al pin 13 
and a trianglewave al pin 14. When used with a split-supply. 
the tnanglewave peak-to-peak amplitude 1s equal tu V- and 
the de level is near ground. Direct coupling is usually useJ . 
With a single-supply, the peak-to-peak amplitude is approxi­
mately equal to ½V+, the DC level is at approxunately mid­
supply and AC coupling is usually necessary . In eithe1 case. the 
output impedance is typically I on and IS internally protected 
against short circuits. 

The squarewave output has an NPN open-collector cont1gura­
tion. When connected as shown in Figure 2 or 3 this output 
voltage will swing between V+ and the voltage at pin 12. 

Note: For safe operation, cu"ent into pin 13 should be limilcd 

to 20 mA. 
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•12V 

o,., I 
SIK 

FSK 
OOTPUT 

Figure 2. The XR-2207 FSK Modulator Single-Supply Operation 

01., I 

6V 

,. ... 
• •" fSI< 

ouour 

l tl-.....::.....-ooAl•' INPUt 

,.,-..--<J [NAAlf OISABL( OA 
r.HM,l',ll ~fl (Cl 

Figure 3. The XR-2207 FSK Modulator Split-Supply Operation 

TABLE 1 
XR-2207 FSK Input Con trol Logic 

Logic Level 
Active Timing Resistor Output Frequency 

Pin 8 Pin 9 

L L Pin 6 
I 

CoR1 

L II Pins 6 and 7 
I 1 - - +--

C'oR1 CoR2 

H L Pin 5 
1 --

CoR3 

H II Pins 4 and 5 
I 1 -- +--

CoR3 CoR4 

Units . Resistors Ohms; Capacitors Farads; Frequency Hl 

wigfi
Stolen 2 Line Transparent
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THE XR-22 11 FSK DEMODULATOR WITH CARRIER DETECT 

FEATURES 

• Typically 20 ppm/°C temperature stability 

• Simultaneous FSK and carrier-detect output 

• Outputs are TTL and C/MOS compatible 

• Wide dynamic range (2 mV to 3 Vrms) 

• Spltt or single supply operation 

• Low power supply sensitiv11y (0.05%/V) 

• Low external parts count 

OPERATION 

The XR-2211 1s a FSK demodulator which operates on the 
phase-locked-loop principle. Its performance 1s virtually 
independent of input signal strength variations over the range 
of 2 mV to 3 Vrms. 

Figure 4 shows the circuit connection for the XR-221 I. The 
r,enter frequency is dctem11ned by f

0 
= {I/C

1 
R

4
) Hl, where 

capacitance is 111 farads and resistance is 1n ohms. F 
O 

should be 
calculated to fall midway between the mark and space fre­
quencies. 

The tracking range (±61) 1s the range of frequencies over which 
the phase-locked loop can retain lock with a swept input signal. 
This range is determined by the fonnula : M = (R4 f0/ R5) I lz. 
M should be made equal to, or slightly less than, the d1ff eren<.:e 
between the mark and space frequencies. For optimum stability. 
choose an R4 between IO kn anu I 00 kn. 

The capture range (±6fr ) is the range of frequencies over 
which the phase-locked lnop can acquire lock. I I is always less 
than the tracking range. The capture range 1s limited by C 2, 

which, in conJunction with R5 • forms the loop 11lter time 
constant In most modem applications, 6f, = (80% - 99"/i ) M. 

The loop damping factor (n determines the amount of over­
shoot, undershoot, or ringing pre sen I in the phase-locked loop's 
response 10 a step change in frequency. It is determined by 
~ = ¼JC 1JC2. For most modem applications. choose~::::½. 

1l1e FSK output filter time constant (rF) removes chatter from 
the FSK output. The formula is: rF = RFCF. Normally 
calculate rr, to be approximately equal to [0.3/(baud rate)] 
seconds. 

The lock-detect filter capacitor (C 0 ) removes chatter from the 
lock-detect output. With R0 = 510 k!1, the minimum value of 
C0 can be determined by: C0 (µI)""' 16/capture range in llz. 

Note: Excessive values of c0 will wmeccssari(v slow the lvck­
derect response time. 

The XR-:!211 has three PN open collect0r outputs. each of 
which 1s capable of sinking up to 5 mA. Pin 7 is the FSK data 
output, Pin Sis the Q lock-dc1ec1 output, which goes low when 
a earner 1s detected, and Pin 6 is th~ Q lock detect output, 
which goes high when lock is detecteu. If pins 6 and 7 are 
wired together, the output signal from these terminals will 
provide data when FSK is applied and will be "low·· when no 
carrier 1s present. 

If the lock-detect feature 1s not required. pins 3. 5 and 6 may 
be left open-circuited. 

0 1, II 

IOKH 
-vvv-,,--....-oDAl A our,u, 

0 lOC < 0 ! H CT OVTPIJT 

0 LOCK Ol llC T OUTPUT 

Figure 4. The XR-22 I 1 FSK Demodulator with Carner Detect 

DESIGNING THE MODEM 

Table 2 shows recommended component values for the three 
most commonly used FSK bands. In many instances, system 
constraints dictate the use of some non-standard FSK band. 
The XR-2206/XR-2207, XR-2211 combination is suitable for 
any range of frequencies from several Hertz to I 00 kiloHertz. 

Here are several guidelines to use when calculating non-standard 
frequencies: 
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• For maximum baud rate, choose the highest upper fre­
quency that 1s consistent with the system bandwidth. 

• The lower frequency must be at least 55% of the upper 
frequency. (Less than a 2:1 ratio) 

• For minimum demodulated output pulsewidth jitter, 
select an FSK band whose mark and space frequenc ies are 
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both·high compared to the baud rate. (i.e., for a 300 baud 
channel, mark and space frequencies of 2025 Hz and 
2225 Hz would result in significantly less pulsewidth jitter 
than 300 Hz and 550 Hz.). 

• For any given pair of mark and space frequencies, there is 
a limit to the baud rate that can be achieved. When maxi­
mum spacing between the mark and space frequencies is 
used (where the ra tio is close to 2: I) the relationship 

mark-space frequency difference (Hz.) ~ 
83

% 
maximum data rate (baud) 

should be observed. 

For narrower spacing, the minimum ratio should be about 
67%. 

• The values shown in Table 2 may be scaled proportionately 
for mark and space frequencies, maximum baud rate, and 
(inversely) capacitor value. It is best to retain (approxi­
mately) the resistor values shown. 

TABLE 2 
Recommended Component Values for Typical FSK Bands 

FSK Band XR-2207 XR-2206 XR-221 1 

Baud 
fl fH RIA RIB R2A R2e Co f¼A f¼e R7A R78 C3 R4A R4e Rs c, C2 CF Co Rate R3A R3e R4A R4e 

300 1070 1210 10 20 100 100 .039 10 18 10 20 .039 10 18 100 .039 .01 .005 .05 

300 2025 2225 10 18 ISO 160 .022 IO 16 IO 18 .022 10 18 200 .022 .0047 .005 .05 

1200 1200 2200 20 30 20 36 .022 10 16 20 30 .on 10 18 30 .027 .01 .002'.! .01 

Units: Frequency llz: Resistors H2: Capacitors µF 

DESIGN EXAMPLES 

A. Design a modem to handle a 10 kilobaud data rate, using 
the minimum necessary bandwidth. 

I. Frequency Calculation 

Because we want to use the minimum possible band­
width (lowest possible upper frequency) we will use a 
55:100 frequency ratio. The frequency difference. or 
45o/c: of the upper frequency, will be 83% of I 0.000. 
We therefore choose an upper frequency: 

83 X 10,000 
= J 8.444 kHz ::::: 18.5 kHz 

45 

and the lower frequency : 

0.55 x 18.5 kllz = I 0. l 75 kHz. 

Componenl Selection 

a. FortheXR-2207FSKmodulator.set R1 :::::30kn. 
Now, select a value of C0 to generate I 0.175 kllz 
with R1: 

10.175 kH:r = l/(C0 x 30,000) ;C0 = 3300 pF 

To choose R2 

18.500 kllz - I 0. 175 kHz = 8.325 kHz = 
I/CoR2 : R2 = 36 kn. 

A good choice would be to use IO kn potenllom­
eters for R1A and R2A, and to set R18 = 24 kn 
and R28 = 30 kn. 
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h. Fur the XR-2206. we can make R7 equal to R1 
and C 3 equaJ to CO above To determine R6 : 

18.5 kll1. = l / R6C3 : R6 = 16 kn. 

Use a IO kn po ten uometer for R6A and set 
R613 = 13 kn . 

c. For the XR-22 11 demodulator, we need to first 
detem,ine R4 and C 1. First. f0 = (f L + fH )/'2 = 
( 10.175 + 18.500)/2 = 14.338 kH7.. If we make 
R4 = 25 kn, then 1/(C I x 25,000) = 14,338; 
C 1 = 2790 pF::::: 2700 pF . With that value of C 1, 

the precise value of R4 is now 25.8 kn. Select 
R48 = 18 kn and use a 10 kn for R4A. 

3. Frequency Component Selection 

a. To calculate R5 , we firs t need our o f, which is 
18.500 - I 0.175, or 8.325 kHz. 

8325: (25,800 x 14,338)/Rs ; 
Rs= 44.4 kn::::: 47 kn. 

b. To detennine C2 use f = ½ = ¼ Jc 1 /C2 . Then. 
C2 = ¼ C 1; C2 = 670 pF. 

c. To select Cr, we use rF = [0.3/(baud rate)) 
seconds. 

with 
rF = 0.3/ I 0,000 = 30 µsec. ; 

RF= 100 kn,CF = 300 pF. 
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4. Lock Range Selection 

To select CD, let us start with the actual lock range: 

If we assume a capture range of 80%, 

'1fc = 6296 Hz ; 

therefore, our total capture range or ±Afc 1s 12,592 Hz. 
Our minimum value for C0 is (16/12,592) µfor 
0.0013 µf. 

5. Completed Circuit Example 

See Figure 5. 

B. Design a 3 kilobaud modem to operate with low output 
jitter. The bandwidth available is 13 kHz. 

For this modem, we can take the values from 2 for the 
300 baud modem operating at 1070 Hz and 1270 Hz, 
multiply our baud rate and mark and space frequencies by 
I 0, and divide all capacitor values on the table by I 0. 
Resistor values should be left as they are . 

C. Design a 2 channel multiplex FSK modulator to operate 
at the following pairs of mark and space frequencies: 
600 Hz and 900 Hz, and 1400 and 1700 Hz. (Each of these 
channels could handle about 400 baud.) 

For this task, we will use the XR-2207 The only real 
consideration here is that, if possible, we want to keep the 
following resistances all between 10 kn and 100 kn: 
R1• R1/R2, R3 and R3/R4 . The ratio between the maxi­
mum and minimum frequencies is less than 3: I, so we 
should have no trouble meeung this criterion. If we set 
ou r maximum frequency with an R of about 20 kn, we 
have: 1700 = l/ (C0 x 20,000); c0 = 0.029 µf which is 
approximately equal to 0.033 µf. 

Calculating R1 using 600 Hz and 0.033 µf, we get R1 = 
50.5 kn. We can use R18 = 47 kn and R1A = 10 kn. 
For R2, we get 101 kn. Use R28 = 91 kn and R2A = 
20kn. To detennine R3, use : 1400Hz = l /R3C0, which 
gives us R3 = 21 .6 kn. Use R38 = 18 kU and R3A = 5 kn. 
R4 must generate a 300 Hz shift in frequency, the same as 
R2. Therefore set R4 equal to R2. 

Sl,..[\'IAVl 
OUTPUT 
nn 

I., v 

DATA OUT 

10K 

~10K 

CARRIER OE flCT 

A 1 Optton• Vpp Outo1,1t AdJUI\ 

fl.,, S111t Sh.,-it ( '°' .. 5, THO 
R• SyfflfNIUY Adl"U \ 

R • I 
A: 200n l , .. • 25\ IHO 

Figure 5. Full Duplex FSK Modem Using XR-2206 and 
XR-:!211 . (See Table 2 for Component Values.) 

ADJUSTMENT PROCEDURE 

The only adjustments that are required with any of the circuits 
in this application note are those for frequency fine tuning. 
Although these adjustments are fairly simple and straight­
forward, there are a couple of recommendations that should 
be followed. 

The XR-2207: Always adJUSt the lower frequency first w1 th 
R18 or R38 and a low level on pm 9. Then 
with a high level on pin 9. adjust the high fre­
quency using R28 or R48 . The second adjust· 
ment affects only the high frequency, whereas 
the first adJustment affects both the low and 
the high frequencies. 

The XR-2206: The upper and lower frequency adjustments 
are independent so the sequence is not impor­
tant. 

The XR-22 11 : With the input open-circuited, the loop phase 
detector output voltage 1s essentially undefined 
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and VCO frequency may be anywhere within 
the lock range. There are several ways that f0 
can be monitored: 

I. Short pin 2 to pin 10 and measure f0 at 
pin 3 with c0 disconnected; 

2. Open R5 and monitor pin I 3 or 14 with a 
high-impedance probe; or 

3. Remove the resistor between pins 7 and 8 
and find the input frequency at which the 
FSK output changes state. 

Note: Do NOT adjusr the cenrer frequency of 
rhe XR-2211 by monitoring the timing capaci• 
tor frequency wirh everything connected and 
no inpur signal applied. 

For further information regarding the use of the XR-2207, 
XR-2206 and XR-22 11 refer to the individual product data 
sheets. 
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Application Note AN-06 

Precision PLL System Using the 
XR-2207 and the XR-2208 

INTRODUCTION 

The phase-locked loop (PLL) 1s a versatile system block. suitable for a wide range of applications in data communications and signal 
conditioning. In most of these applications. the PLL is required LO have a highly stable and predictable center frequency and a well 
controlled bandwidth. Presently available monolithic PLL circuits often lack the frequency stability and the versatility required in 
these applications. 

This application note describes the design and the application of two-chip PLL system using the XR-2207 and the XR-2208 mono­
lithic circuits. The XR-2207 is a precision voltage controlled oscillator (VCO) circuit w11h excellent temperature stability (;t20 ppm/°C, 
typkal) and linear sweep capability. The XR-2208 is an operational multiplier which combines a four quadrant multiplier and a 
high gain operational amplifier in the same package. Both circuits arc designed to interface directly with each other with a minimum 
number of external components. Their combination functions as a high performance PLL. wnh the XR-2207 forming the VCO 
section of the loop. and the XR-1208 serving as the phase-detector and loop amplifier. 

As compared with the presently available s111glc-ch1p PLL circuits such as the XR-210 or the Harris 111-2820. the two-chip PLL sys­
tem described in this paper offers approximately a factorof IO improvement in temperature stabilit y and center frequency accuracy. 
The system can operate from 0.0 I Hl to I 00 kl IL. and its performance characteristics can be tailored to given design requirements 
with the choice of only four external components. 

CIRCUIT DESIGN 

The XR-2207 VCO and the XR-2~08 opcrattonal multiplier 
can be inter-connected as ~hown in Figure I , 10 form a h ighl~ 
stahlc PLL system. The circuit of rigure I operates with sup• 
ply voltages in the range of ±6 volts to ± I 3 \Olt~: and over J 
fre4uenc) range of 0.01 Ht to 100 H it. In 1he PLL ) stem of 
Figure 3. all the basic performance characteristics of the PLL 
can be controlled and adjusted by the choice externul 4 c1)fll· 

ponents identified as resistors Ro and R L. and thr capacitor~ 
Co and C' 1. CO and R0 co111rol the VCO center frequem·\ : R 1 

and (' 1 determine the tracking range anti the llm pas:. 11ller 
characteristics. The two-chip PLL system can be readil~ con­
verted to ~ingle suppl~ operation bv inter-connect ill!,! the cir­
cuit as shown in Figure 2. The PLL circu11 of Figure 2 1iperatcs 
over a supply voltage ran!,!e of+ 12V to +26V. 

For best results. the timing resistor R0 should be in the range 
of 5k to I00k. and R1 > R0 • Under these condition:.. the hasi<.: 
parameters of the PLL can he easil) calculated from the de­
sign equation~ listed in Table I. 

Compared to single-chip PLL circuits, the two-chip precision 
PLL system shown in Figures I and 2 has the following added 
versatility: each and every key parameter of the system per­
foITT1ance can be externally adjusted or tailored to meet a 
specific requirement, by use of the design equations given in 
Table 1. This is because each of the key system nodes, i.e. the 
phase-detector and the VCO inputs and outputs are externally 
accessible. 
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Design Example 

As an example. con~ider the design of a PLL system usmg the 
circuit of Figure 1, to meet the following nominal performance 
specifica110ns 

a) Center Frequency = 10 kilt 
b) Tracking Range - 20"4 (9 kHt. to 11 kilt) 
c) Capture Range - I0r',,(C).5 kilt to 10.5 kilt) 

Snluuon : 

a) Set Center Fre4uency : 
Choose Rn = I Ok (Arbitrary choice for Sk < R0 < I 00k I 

Then. from equation I of Table I ; 

Co = (l , foRoJ = 0.01 µF 

b) Se1 Lock Range : 
From e4uatio11 ~ of Table I : 

R, - (0.45) R0 - 45k 

c) Set Capture Range : 
Since capture range 1s s1gnificantl) smaller than Lock 
range. equation 8(a) applies. 

Solving equJtion 8(a) for C' 1 • one obtains: 

C', = 0.032 µF 
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T \BLE I 

Ph:N·-Locked Loop n e~ign Eq11a1 iom* 

( I ) 
I 

Center hcqucncy: lo = ~C 11, 
0 0 

(3) Phase De1cctor Gain: K¢ = 0.5 V cc = vol is/radian 

Where v ,c = v+ for 1,pht supply; v,c = v•;:. for s111glc 
supply. 

(4) 

(5) 

(6) 

I 
VCO Conversion Garn: K = ---- rad/sec, volt 

v 2 vc,Co R, 
0.25 - I 

LoopG~in. KL = K9Kv=CoRt sec 

Ct R1 
Low Pass Filter Time Constant : 1 = -.,- ~cc . 
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(7) 
I 

Loop Damp111g: = ev-
2vrK L 

(8) ( apturc Range: 

a) Undcrdamped Loup(~< 1/2): 

ffo 
✓ Ci 

bl O\'crdampcd Loop(~ > I) : 

~sec hgu1cs I and 2 lor componcnl designation. 
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Application Note AN-12 

Designing High Frequency Phase - Locked 
Loop Carrier-Detector Circuits 

I TRODUCTIO 

TI1e phase-locked loop (PLL) system can be converted to a frequency-selective tone- or earner-detection system by the addition of 
a "quadrature detector" section to the basic PLL. Such a carrier-detect system serves as a "lock indicator" for the PLL and pro­
duces a logic signal al its output when there is a tone or a carrier signal present within the lock range of the phase-locked loop. 

A number of monolithic tone-decoder IC"s have been developed which implement the quadrature-detection tedinique for detec­
tion of low frequency tones. such as those used for telephone dialing or ultrasonic remote control. However. because of the par­
ticular PLL designs used in these monolithic detectors. then applications are limited to frequencies below 100 kHL. TI1is appl ica­
tion note describes a circuit approach. using the X R-2 IO or the XR-215 high frequency PLL ·s. along with the X R-2228 monolithic 
multiplier/detector. which extends phase-locked loop tone detection capabilities 10 fre4uencics up to 20 Ml 11. 

PRINCIPLE OF OPERATION 

The basic block diagram of a phase-locked loop tone <le tee tor 
system is shown in Figure I. Such a detector system produces 
a logic-level signal at its output, when the PLL is locked on an 
input signal. It is made up of two main sections: 

I. A PLL section which synchron1Les or "locks" on the 
input signal. 

A ··quadrature <le1ector' ' sec11on made up of a pha,c­
detector, a low-pass filter and a voltagc-comparalor. 

Its principle of operation can he brieny described as follows. 
When the PLL is locked on an input signal. its voltage. 
controlled oscillator (VCO) section produces a set of input 
signals. <1> 1 and ,r, I· which are 90° apart in phase. but have the 
same frequency as the input signal to be dete.:ted. One of 
these signals, <I> I. is used to dnve the PLL phase detector; the 
other output. which is railed the "quadrature output" is used 
to drive a "quadrature phase-detector". as shown in Figure I . 
If the PLL is locked on the input signal. then the input '>ignal 
and the VCO signal applied to the quadralllre phase-detector 
are coherent in phase and frequency. TI1is causes a [)(' level 
shift at the low-pass filtered output or the quadrature phase­
detector and makes the voltage comparator output change its 
output logic state. Tirns. an output logic signal is produced 
indicating the "lock" condition of the PLL. 

TI1is type of tone detection technique is a special ca~e of the 
"synchronous AM detection ·· principle. discussed 111 detail in 
Exar's Application ote AN-I 1. The key difference between 
the tone detection and the synchronous AM detection appli­
cation 1s that. in the case of the tone decec:tion. :, bma1y log,c 
output is produced. corresponding to the "pre\'ell(·e·· or the 
"absence" of the desired input tone. rather than an analog 
demodulated signal. 
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XR-2 IO AND XR-2 15 HIGH FREQUENCY PLL 
CIRCUITS 

TI1e XR210 anti the XR-215 are high frequenc} phase-locked 
loop detector anti demodulator dn:uits. TI1cir functional 
block diagrams are shown in Figures 2 and 3. Both circuits are 
packaged 111 16-pin dual-in-line packages and contain high 
fre4uency VCO :ind phase-detector sections. TI1e XR-2 IS 
chip also cnnta111s an operational amplifier. In the case of 
the XR-210. this op amp sec1ion 1s replaced by a high-gain 
voltage comparator wluch drives an open-collec1or type logic 
output. TI1c XR-210 is particularly intended for FSK demodu­
lation and can operate up 10 20 MH,. TI1e XR-215 is designed 
for linear F-:\1 detection and is s111table for frequencies up 10 

35 Ml IL. b.cept for the frequency capability of the VCO. 
the oscillator and the phase-comparator sections or both cir­
cuits are quite similar. 
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Figure 1. Functional Block Diagram of a PLL Tone- or 
Carrier-Detector System 
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Figure 2. Functional Block Diagram of XR-210 High­
Frequency FSK Modulator/Demodulator 
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Figure 3. Functional Block Diagram of XR-215 High­
Frequency Phase- Locked Loop 

The VC'O section or the XR-210 or the XR-21 'i tloe~ not p,o­
vide a separa1e "quadrature outpu1··. which J<, 90° phase­
shifted with respec1 to the basic VCO output (pin 15). llow­
ever. the triangular ou1pu1 available across the VCO tuning 
capacitor terminals (pins I J and I 4) can ~ervc as such a quad• 
rature output if i1 1 amplified and ··~!iced" e\lernall>. as 
shown in the timmg diagram ol Figure --l . 

XR-2228 MULTIPLIER/OETECTOR CIRCUIT 

11,e XR-2228 is comprised of a lour-quadrant 111ult1pl1n and 
a high-gain op amp on a single monohtllll: chip. I 1 1s packaged 
in a 16-pm dual-in-line package and has 1he funcuonal hlock 
diagram shown 111 Figure 'i. 11 1:on1ain\ independent and fully 
differential X- and Y-1nput$ wl11ch make~ 1t eas} to 1ntcrla,·c 
with 1he XR-210 or thl' XR-215 type Pl I 1.11cu11 lor ,·arm'r­
detcction applica11ons. In the lone- or 1.arrie1-dcte1:t ;1pph~a­
tion. the mul1ipher ser11un of the XR-2228 1s u~ed as the 
"quadrature phase-detector'" section ul the blo,·k diag,alll ol 
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Figure I. TI,e op amp is used as a high-gain voltage comparator 
which converts tJ,e differen tial voltage level changes at the 
multiplier outputs into logic level output signals. 

(a) vCO OOfPIJT 
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lPOf 1~1 

I\ I\ I\ I\ .-v--,'---'',-v--,1-- .... v~'--,...v~'--.,._\_ (b) w•vcro . .. •CRO$S 
VCO TIMING 
CAPACITOR 

□ nn □ 
_J LJ LJ LJ L (c) SLICCO vtRSl()N 

0~ TIMING 
CA.PACI TOA 
WAVHOR~ 

Figure 4. Timing Diagram of VCO Output Waveforms 
Available from XR-210 or XR-215 High-Frequency 
PLL CircuHs 
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SU $('f 
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Figure 5. Functional Block Diagram of XR-2228 Mullipler/ 
Detector 

CIRCUIT OPERATIO 

1-igurc 6 shO\\'\ the generalt,cd circuit connection of the 
XR-2228. along with either the >..R<! IO ur the XR-215 high 
frequenl')' PLL IC. for tone- 01 carrier-detection applkat1on. 
Since the external connections for the XR-210 or 1he XR-215 
a1e the same as those given 111 1hcir respective data sheets. onl~ 
the external circuitry assocmted \1·1th 1he XR-22:x 1s ,hown 
111 the figure. The cm:u1t. as shown, l'an operate with a single 
power ,upply. from IOV to 20V. or \1ith split supplie, 111 the 
range of +5V IU + I0V. In the ca5C of ,plit pm1er suppl1e~. the 
res1~tor -,Iring h1as111g 1hc input te11n1nals of the XR-2228 ts 
not nc-:es,ary and can he eliminated by connecting node A or 
hgurc (l to groun<l. 

Ille 1np111 signal b AC coupled. \1 i11t separate coupling capaci­
tor,. both to 1he inpu1 ol 11te pa1ti..:11la1 I'll cin:uit to be used. 
an<l to the X-input 1erminal (pin 2) of 1he XR-2228. 
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The Y-inputs (pins 4 and 5) are driven differentially from the 
VCO timing capacitor signal (available at pins 13 and 14 of 
the PLL IC) which is AC coupled to pins 4 and 5 of the 
XR-2228 multiplier input. The multiplier input stage "slices·· 
this signal to produce the quadrature frequency waveform 
shown in Figure 4(c). 

ll1e differenttal DC voltage level at the multiplier output ter­
minals (pins I and 6) is offset by means of an external resistor, 
RA, as shown in Figure 6. This initial offset causes the op a111p 
output of the XR-2228 to settle to a known state when t.hcre 
is no carrier or Lone signal to be detected. With the op amp 
input connections as shown in Figure 6. the op amp output 
(pin 11) would be al a "low•· state when the PLL is not lo\:kcd 
on a tone. and goes to a "high" state (i.e .. near +Vff) when 
the PLL circuit is "locked'' on to an input tone . The output 
logic polarity can be reversed simply by reversing the op amp 
inputs. 

1l1e filter capacitor, CA, connected across pins I and 16 of the 
multiplier outputs, serves as the post-detection low-pass filter 
(Block 5 of Figure I). 1l1e time constant of this filter is equal 
to (CA RB) where Rs ( :::::: 8kn) 1s the internal resistance of 
the IC at pins I and 16. 1l1e value of CA is chosen to provide 
a compromise between the response time and the spurious 
noise rejection characteristics of the circuit. increasing CA 
improves the noise rejection characteristics of the circuit. but 
slows down the response time. 

The detection threshold (i.e., minimum detectable input sig-
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nal amplitude) varies inversely with the multiplier gain-setting 
resistor Rx. Figure 7 shows the typical detectable signal level, 
as a function of Rx, with the output offset resistor, RA, equal 
to IO ki1. Note that the minimum detectable input signal, 
with Rx= 0, is approximately 100 mV, rms. 

> 
I 

0 
2 

Figure 7. Minimum Detectable Input Carrier Level, as a 
Function of Multiplier Gain Setting Resistor, Rx. 
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Figure 6. Recommended Circuit Connection of the XR-2228 with the XR-210 or the XR-21 S High-Frequency Phase-Locked Loops 
for Tone- or Carrier-Detector Application 
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Application Note AN-13 

Frequency-Selective AM Detection Using 
Monolithic Phase• Locked Loops 

INTRODUCTION 

1l1is application note describes the use of monolithic phase-locked loop (PLL) circuits in detection of amplitude-modulated (AM) 
signals. The detection capabilities of a PLL system, which is a frequency-selective FM demodulator, can be extended to cover AM 
signals simply by the addition of an analog multiplier (or mixer) and a low-pass filter to the basic phase-locked loop. This tech­
nique of AM demodulation. which is called "synchronous AM detection·•. offers significan t performance advantages over conven­
tional ''peak-detector" type AM demodulators. in 1enns of its dynamic range and noise characteristics. 

1l1is application note outlines some of the fundamental principles of synchronous AM detectors, and gives design examples using 
the XR-2228 m11ltipher/de1ector IC' in conjunction with the XR-215 ar~d the X R-2212 monolithic PLL circuits. 

PRJNCIPLE OF OPERATION 

The phase-locked loop AM detector circuits operate on the so­
caUed "coherent AM detection" principle . where 1he ampli­
tude modulated input signal is mixed with an unmodula1cd 
··coherent'' carrier signal, and then low-pass filtered to pro­
duce 1he desired demodula ted outpu1 signal. Figure I gives a 
simplified bloc!,. diagram of such a detector system. 

The amplitude-modulated input signal .:an be described by an 
expression of the fom1: 

Input Signal= Vm(t) cos w0 1 

where Vm(t) is the modul.11ed amplitude uf the input ~ignal 
and w0 is the input signal frequency expressed in radians. 
If this signal 1s linearly multiplied with an w1111od11lated signal 
which has t11e same frequency and phase as the input signal. 
then the output or the multiplier. Vo(t). is a composite signal 
of the fomi. 

Vo(t) = KoVm(t) 11 + cos (2 Wot) I 

where Ko is lhe gain of the multiplier circuit. tr the above 
signal is then passed through a low-pass filler. lo eliminate the 
double-frequency term. 1he result mg outp111 signal is: 

V0 ut = Output Signal= Ko V111(t) 

which corresponus to the detected AM informauon. 

1l1e phase-locked loop AM detectors also opera te on a sinu­
lar principle · the PLL is made to "lock" on tile carrier fre­
quency of the input AM signal; then the VCO output of the 
PLL will regenerate the unmodulated coherent carrier signal 
necessary for detection. When this signal is mixed with the 
input AM signal and the resulting compos11e signal is passed 
through a low-pass filter, one obtains the demodulated output. 
Figure 2. gives a block diagram of such an AM de1ector sys­
tem. Compared to the ba,ic synch ronous AM detector system 
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of Figure I. the phase-locked loop AM detector of Figure 2, 
also has one added feature: the output of 1he PLL control 
voltage (i.e., output of the PLL low-pass filter) can be used 
as an FM detector or a frequency discriminator. Thus. such a 
system is capable of simultaneous AM and FM detection. In 
other words. the frequency and the amplitude modulation 
information present on the input signal can be separately and 
si111ul1a11eously demodulated. The particular design and 
application examples given in this application note fall into 
this category. 
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Figure 1. Block Diagram of a Synchronous AM Detector 
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Figure 2. The Basic Phase-Locked Loop AM Detector 
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XR-2212 AND XR-2228 MONOLITHIC CIRCUITS 

The XR-221 2 monolithic PLL is made up of an inpu t pre­
amplifier, a phase-detector, a high-gain differential ampli­
fier and a stable voltage-controlled oscillator (VCO) as shown 
in Figure 3. The key feature of the XR-2212 PLL is the tem­
perature stability and the frequency accuracy of ils VCO 
section ; it offers 20 ppmf C typical temperature Slabilily 
and a frequency accuracy of ±1% fo r an external RC setting. 
The oscillator secllon of the XR-2212 contains a separate 
"quadrature output" terminal (pin 15) which is particularly 
intended for interfacing with a synchronous AM detector 
such as the XR-2228. 

The XR-2228 multiplier/detector IC is specifically intended 
as a basic buildjng block fo r synchronous AM detection. It 
contains a four-quadrant analog multiplier and a high-gain 
op amp on the same chip, as shown in the functional block 
diagram of Figure 4. 

PHa\t lJI l 1'114\f IJf T ".1v, 4 4,\,.11 

1N4'\11 OUlt'III l~ .. llh I H\11 

.. > I 

t·uA\I Ut I 
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vULJA,.f (>-'---< " ,,, 
OVll'\II 

,tu 

VI II 11\11.o_, ' •l't,Al}14A111i1f ,\I ,, ' 
, .. , .... 11, 11\'1'-h 

I I tOI 

Figure 3. Functional Block Diagram of XR-2212 Precision 
Phase- Locked Loop 

XR-215 HIGH FREQUENCY PHASE-LOCKED 
LOOP 

The XR-2 1 S is a high frequency phase-locked loop circuit 
capable of operating w11h inpu t 51gnal frequcncic~ up 10 

35 MHz. II is comprised of a high frequency VCO. a pl1ase­
detector and an op amp section. a~ shown in the block diagram 
of Figu re S. 

Unl ike the XR-22 12 PLI . the VC'O ~ectmn of the XR-21" 
does no1 have a separate "quadrature output•· 1cn11111al. llo\\· 
ever. such a quadrature oscilla1or signal can be obtJllh!d b) 
amplifying and .. slking .. the triangle wa\'efonn available acros,; 
the timing capacllor (pins I 3 and 14) of the X R-215 oscil­
lator section. Figure 6. ~hows the relative phase rela11on~hip 
of these osdllat0r waveforms available from the circuit. l11c 
desired quadra ture output signal (('ur.e (' of Figure 6) can 
be obtained by directly connecting one pair or the <l1ffcr­
ential inputs of the XR-2228 directly across the timing capa­
citor re nninals of the X R-2 15. 

AM/FM DETECTIO USI G THE XR-2212 PLL 

Figure 7. ~hows a generalited cucu1t connec11on J1ag1am lor J 
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Figure 4. Functional Block Diagram of XR-2228 Multiplier/ 
Detector IC 
two-chip AM and FM detection system, util izing the XR-22 1 '2 
PLL and the XR-2228 multiplier/de tector. The XR-22 12 sec­
tion serves as the basic FM detector. l11e quadra ture output 
of its VCO (pin I 5) rs AC coupled to the Y-input of the 
XR-2228. 

The Y-input of the XR-22'.!R is operated in its switching mode, 
w11h the Y-gain terminals (pins 6 and 7) shorled together. l11e 
AM and/or FM signal is simultaneously applied to both circuits 
through coupling capacitors: and all the multiplie r in pu ts are 
DC biased from the internal reference output of the XR-2212 
(pin 11 ). l11e output of the multiplier. at pin 16, is AC cou­
pled to the op amp section of the XR-2228. which serves as 
the po~t-<letection amplifier for the demodulated AM signal. 

PHAst 

,-HASE 
COMPAMATOA 

•Vee OUTPUTS 

16 

COMPARATOR PHASt 
INPUTS U----+---i C()Mf"ARA TOR 

PHAU 
COMPARATOR(>-'-'-+----' 
8JAS 

vco 
AANti{ TIMING 

~( Lftl Ci\PACIIOR 

10 13 14 

Vt[ 11P AM!P OP A~V CM' 6'f\•0 

INPUT ff)'>APtN~A1ION (HJIJl'UT 

Figure 5. Functional Diagram of XR-2 15 High-Frequency 
Phase- Locked Loop 

n1c circuit configuration shown 111 11gu1e 7. can opera te with 
a single plmer ,upply. ovc, the supply voltage range. al IOV 
Ill 20\t I t\ ope1at1on or performance can be tailored for any 
pa, l1d1br ,\~1 .111d I ~1 detection application by the dwicc 
ol c,tcrn;il \.'.omponenb ,hown in the figure. over a earner 
ln:4uerh.) band ol 1 kl I, to JOO kl11. l11e func11ons of these 
external \.'.omponcnt~ .ire a\ follows. 
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Figure 6. Timing Diagrams of VCO Output Waveform~ from 
XR-21 S Monolithic Phase-Locked Loop 

a) Ro and Co set the VC'O center frequency for the XR-2212 
PLL circuit. The center frequency, fo is given as· 

I 
ro = Roco 

TI1e VCO frequency fo is chosen to be equal to the carrier 
frequency of the input signal. Ro is nonnally chosen to be 
in the range of 10 kil to 100 kn. Tiiis choice is arbitrary 
For most applications Ro ~ 20 IS2 is recommended. Once 
fo is given and Ro is chosen. then C'o <.:an be <.:alculated 
from the above equation. 

b) R1 determines the tracking bandwidth of the PLL. For 
a required tracking bandwidth ... H (see Figure 9 of 
XR-2212 data sheet) and fQ. Rt can be calculated as: 

Rt = Ro(~f) 
This tracking bandwidth. ~f. is the band of frequencies in 
the vicinity of fQ, over which the PLL can maintain lock . 

c) CI sets the loop-damping factor for the PLL. For most 
applications. (' I is chosen to be equal 10 one-half of Co. 

d) R2 and C2 fonn a low-pass filter for the detected FM sig­
nal. TI1e 3-dB frequencing. fJ. of this low-pass filter is: 

I f-, = 
- 21TR2C2 

Nom1ally. f2 is chosen IO be equal to the demodulated 
FM mformalion bandwidth. 

e) Re and RF1 set the gain of the op amp section of the 
X R-'2212 as: 

( RFI) 
Av= \ + Re 

ll1is op amp sedion serves as the post-detection amplifier 
for the demodulated FM signals. 

f) Rx sets the multiplier gain for the X-input and RF2 sets 
the gain of the op amp section of the XR-2228. Thus. 
the demodulated AM signal ou tput swing. Vout, for a 
given input signal of peak amplitude of VM and modu­
lation index of m (O ~ m ~ I) can be approximated as: 

_ (VM)m ( RF2) 
Vout - 4 Rx 

llrns. for example. a 100 mV peak input signal with 30% 
AM modulation (m = 0.3) will give a demodulated output 
of 150 m V peak. with RF:! = I 00 kn and Rx = S kn, at 
pin 11 of the XR-2228. 

g) C3. in conjunction with the 5 kn internal impedance of 
the multiplier output (pin 16) serves as the low-pass post­
detection filter for the rlemodula1ed AM signal. 

For further explanation and description of the system design 
equations. the reader is referred to the XR-2212 and the 
XR-2228 data sheets. 
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Figure 7. A Two-Chip AM/FM Detector System Using the XR-2212 Phase-Locked Loop and the XR-2228 Multiplier/ Detector 
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Design Example: Design an AM demodulator for I 00 kHz 
carrier frequency with a detection (tracking) bandwidth of 
±4%. TI1e demodulated information bandwidth is 3 kHz and 
an ou tpu l level of I volt peak is required for a I vol l peak 

j input with 30% modulation. 

Using the circuit of Figure 7. one proceeds as follows: Since 
FM detection is not required in this example, components 
R2. C2, Re and Rft are not essential to circuit operation. 
R2 and Re can be short-drcuited, C2 and Rft can be left 
open-circuited. TI1e rest of the component values are calcu­
lated as follows: 

Step t) Set fo = t 00 kHz by choosing Ro = 20 kH and cal­
culating Co from paragraph (a) above: 

I 
co= Rofo = soo pF 

Step 2) Detennine Rt to set trackjng bandwidth to ±4%. 
from paragraph (b): R 1 = 500 kr2 

Step 3) Calculate Ct : Ct :::: Co/2:::: 250 pf 

Step 4) From paragraph (f). calculate the value of Rx and 
RF2- For a typical choice of Rx = 5 kr2. and 
m = 0.3 (30% modulation) with I volt input carrier 
level. the value of Rf:! to get I volt demodulate<.! 
output is: RF2 = 67 kn 

Step 5) Calculate C3 to get 3 kllz ban<.lwidth for post­
detection ftlter: C3 :::: 0.01 µF 

2K 

1K 

2K 

ZK 
• 1 

lK 

:JOO pf 
.::r::. 
I& 

t--t-t--v--•vcc 

,. 
co 

13 

AM DETECTION USING THE XR-2 15 PLL 

Figure 8, shows the circuit connection diagram for a two-chip 
AM and FM detection system. using the XR-215 high­
frequency PLL in conjunction with the XR-2228 multiplier/ 
detector. Because of the high-frequency capability of the 
X R-215. tJ1e circuit of Figure 8, is useful as a phase-locked 
A.M detector for carrier frequencies up to 20 MHz, and oper­
ates over a supply voltage range of I0V to 20V. 

The VCO section of XR-215 does not have a separate "quad­
rature" ou tput. However, this problem can be overcome by 
driving the XR-2228 multiplier directly from the timing capa­
citor tem1inals (pins 13 and 14) of XR-2 15. The Y-input of 
the XR-2228 is operated with maximum gain. since the 
Y-gain control terminals (pins 6 and 7) are shorted together. 
This causes the triangular waveform across Co to be con­
verted to an effective "quadrature" drive as indicated by the 
timing diagram of Figure 6. TI1e modulated input signal 
is simultaneously applied to both circuits through coupling 
capacitors. The phase-<ietector inputs of the X R-:! 15. as well 
as the muhiplier X-inputs of the XR-2228, are biased at 
approximately one-half of Vee:. by means of an external 
resistive <.livider. 

In Figure 8, Co sets the VCO frequency of tJ1e XR-21 5. In the 
case of FM demodulation. RI and CI serve as tJ1e post­
detection filter for tJ1e detected FM signal and Rft sets the 
gain of the FM post-detection amplifier. 

The mode of operation of the X R-2228 is virtually the same 
as that described in connection with Figure 7: Rx sets the 
multiplier demodulation gain; C3 serves as the low-pass post­
detection filter. The values of Rx, RF2 and C3 are calculated 
as given in paragraphs (f) and (g). 

5 , • 

CC 01 
S 11( 

10K 

Cc O 1 IOK 

XR-2228 

DEMOOULAtlD 
AM OUTPUT 

Figure 8. Circuil Connection for a High-Fre4uency AM and FM Detector Using the XR-215 and lhe XR-2228 
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Quality Assurance Standards 

The qua lity J~~ura nce program at Exar Integrated Systems 
define\ and establishes standard, and controls on manu­
fac 1u r1n j!,. and :1udi1s product qual11y at critical points 
durm,1?. manufacturing. The accompanying Manufacturing/ 
QA prol'e,s nm\, illu'-lrate where qualtty assurance audit~. 
hy 111spcc1ion or test. the manufacturing process. The 
111,er11on of thc,c quality :l\,urance point, is designed to 
in,ure the h1µhest quality ,tandard\ are maintained on 
1:.,;ir product during its rnanufal'ture. 

WAFER FABRICATION/ QA FLOW 
P11l1\hi"fl S1hct1n Sl•t.M M,H,k\ 

Pfr Ar>ol1cJblf' 
P1o<\1tflment SP'"t:•1 
1r~11on MOCI c, 

0 OoPt.11,nn 

0 100 unpt>ttum 

UC Ou,11t1.,, Conuol 

M.,0111.trt,u,nct 

Vt111fv I.IVf'f tf\11 i-n .. \\ 

ltl'\d f?\1\ll'W'IIV ln\l)Prl 

fo1 \lctr~mq f:lult\ .. ,, 

€) 
Movt to Anemhlv 

O•P -.an ,;1ehl dn,,lvu, 
Qp11on,tl lo• ~m,h ,,11a11,1,,., 

n11ht,11v u,o,.,,1m\ rmly1 

I 
H,qh Rth.tH1t,1v 

Au.-mhlv 

I I 
Ptam, 

Auemt,1y 
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Reall11ng that these standard Manufacturing/QA process 
nows do not meet the needs of every customers specific 
requirements. Exar quality assurance can negotiate and 
w,11 screen product 10 meet any 111div1dual cuswmer's 
specific requirement. 

All produc ts ending with the ~uffix M are fully screened 
to th~ requiremen t~ of MIL-STD-883. Method 5004, 
Condition C. 

HIGH RELIABILITY ASSEMBLY / QA FLOW 

Powe, settirUJ\ O1)P,,Uor ,tud1t 
Mnmt<>• hmut potl\ ~ 

E,.1rOCII0\ OC 

AC OC •nd Fur,c;11on,11h 
Te1,u 10 dala sheet 
paramet•o I 0.... AOL QC 

To tunhe, tnYuonmental "llfllll 
pttcond1tton4nq · Kreen1n9 
burn Ill per 1nd1~1dual 
cusrnmtt requirementi 

SHIP 

lnuMre '-f'r,.ah,eri 101 1fi'-'tte, 
to m111nt.11n 1r.tetab,h1y hack 
to 11l1con m fg 

8re1k/Pl11t1 di~ 

Pe, Mil S1<1 883 
Ml'thod 2010 B 

P•• M,I Std 883 
M.ihod 2010 B 

W,,r Band 

Pe, Mil Std 883 
Method 20 \OB 
1P,ecao V1,ual lnspec11onl 

l In 1Jldte le~h 
1r,o m1c,c, mch minimum 

LrJd uu11 

Stdb1l11c111un Bttkt 
M,I S1d 883 
MPlhod 1008C 

Ttmper;nure cycle 
Mil Std 883 
Method 1010C 

Conu,.tru Accf!lf',a11on 
Mil S1<! 883 
Method 200\E v1 ,.,, 

f1nt Leak 
Mil Std 883 
Method 1014A or 8 

G,oH Lt.tk 
Mil Std 883 
Method \014C. Step I 

Production elec111cal ttu 

AC OC F unctoM•I Tern 

Ma,k with suthx M 

lot AcctpUince venfv p,orluc1 
ty~ coun1 pack,ge. comple11on 
of illt p,oceu ,equttemenu 
Vt11fy requ1,ed doc.umentat,on 
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CERDIP ASSEMBL Y/OA FLOW 

l ~ AOL I\_ 
Ea1t OCI 100 ~ 

1~ A0l /'._ 
Eur 0Cl110 ~ 

Montto, Sell Stttn9th /',_ 
Pe, E .. , OCI 102 ~ 

AC DC lunctoonol tn~ 

Data "'" ' "°'"""''°' OC 
1 O'I.AOL 

Sh,p 

Sct1bo/8,eok/Pl1te 

Qot,cll ,nspoctoon. Eu , OCI 110 
IMtl Std 883. Mathod 2010 18 modrf,edl 

011/ tr..-ne o1ttach 

Wnt bond 

Ophe• I 1nipec1ton, E•ar OCI 110 
IM,I Std 883. Method 2010 18 mod,ltedl 

Seal 

Gron ltak. Bubblt Int 

Stab,ltutoon B•k•. 150 C 
2,t h" min 

Production T e1,11ng, AC, OC. 
and func1,on1I Ttsl 2 at 25 C 

PLASTIC ASSEMBL Y/OA FLOW 

10'1o AOL /\_ 
e .. ,oc,110,~ 

hmpt,,Hu,e Se111ng /\ 
Bond Pull Mach,nt ~ 
c, ,1 

Vo,ual Mon,10, { 

1 O'lo AOL /',_ 
E .. , OCl 110P ~ 

Oi,11c,1 lnlC)t:ChOn pet e .... OCI ll0P 
IM,t Sld 883 Method 7010 18 mod,t,td1 

D,t Bond 

Op11ul ,n~pection pe, Eu, OCI 110P 
IMol Std 883 Method 7010 18 mod,lotdt 

Soldtf d•P 

S1i1b1hnt1on 811111., n~ C 
14 hn min 

100"\, P,oduc1,on T"t 
AC DC .md Func1ton,1 

""" 75 C 

LOI A fCf.'C)1 ilMC" 

Product Ordering Information 
PART IDENTIFICATION : 

XR 

Manufa1.: turer's Prefix 

xxxxx 
Basic Type (5 spaces) 

Grade Package Type 
M = Military N = Cerami!.: Dual-in-line 
N = Prime p = Plastic Dual-in-lme 

Electrical T = Metal can 
p = Prime D = Chip {Dice) 

Electrical A 
: } Kit variations C = Commercial B 

K = Kit W = Wafer 

Example: 
XR-22 I 1 CN 

____- I "-
Manuracturer·s Basic Package Type 

Prefix Type 
Grade 

77 

Definition of Symbols: 

M "' Military Graue Part. C'eram11.: Package On!} . All M1lll a1~ 
Grades have been pro1.:esscd to Ml L-ST0-883 Le\el C. 
and are guaranteed tl) operate over military tempera­
ture range. 

p 

C 
CP 

= 

= 
= 

= 

Prime Grade Part. C'erarn11.: Pa1.:kage . 
Prime Grade Part , Plastic Package. 
Commercial Grade Part , Ceramic Package. 
Commercial Grade Part. Plastic Package. 

N, P, CN and CP pans arc electrically iden111.:al and guaranteed 
to operate over 0°C to +75°(' range unless otherwise i.tated. In 
addition, N and P parts generally have opera11ng parameters 
more tightly controlled than the CN or CP parts. 

For details, consult Exar Sales Headquarters or Sales/Technical 
Representatives. 
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Monolithic Chips for Hybrid Assemblies 

The major perfom,ance characteristics of Exar products are 
also available in chip forn1. All chips are I 00% electrically 
tested for guaranteed DC' parameters al 25°C: and I 00?1 
visually inspected at 30x to I00x magnification using Exar's 
standard visual inspection criteria or MIL-STD-883, Method 
20 I. depending on the individual customer requirements. 
Each chip is protected with an incn glass passivation layer 
over the metal interconnections. The chips are packaged in 
waffle-pack carriers with an anti-static shield and cushioning 
strip plated over the active surface 10 assure protection dur­
ing shipment. All chips are produced on the same well-proven 
production lines tJ1a1 produce Exar's standard encapsulated 
devices. The Quality Assurance testing of dice is provided by 
nnrmal production testing of packaged devices. 

Typical Bipolar Chip Cross Section 

FEATURES 

DC' Parameters Guaranteed at 25°C 
I 0011 Visual Inspection 
Care in Packaging 
I 0()1'; Stabililation Bake (Wafer Form) 
10':, LTPD on I)(' Flcctrical P:irametcrs 

CHIPS IN WAFER FORM 

P1obed and inked wafers arc also available from l:.xar. The 
hybri<l 111ic1odrcu1t designer can specify either scribed or un­
scribed wafers and receive a fully 1ested silicon wafer. Rejected 
die inc clearly marked with an ink dot for cas} identiltcation 
in wafer form. 

78 

ELECTRICAL PARAMETERS 

Probing the IC chips in die form limits the electrical testing 
to low level DC' parameters at 25°C. These DC parameters 
are characteristic of those parameters con tained on the indi­
vidual device data sheet and are guaran teed to an LTPD of 
10'#. 

The AC' parameters. which arc similar lo those in the standard 
Exar device data sheets, have been correlated to selected DC 
probe parameters and are guaranteed 10 an LTPD of W%. 

HANDLING PR ECAUTIONS AND PACKAGI G 
OrTIONS 

btreme care must be used in the handling of unencapsu­
lated semiconductor chips or dice 10 avoid damage 10 the 
chip surface. l:xar offers the following three handling or 
packaging options for monolithic chips supplied 10 the cus­
tomer: 

Cavity or Waffle Pack: The dice are placed in individual 
companmen ls of the waffle pack (see figure). The plastic 
snap clips permit inspection and resealing. 

Vial Pack: The vial is filled wi1h inen freon TF and a plastic 
cap seals the vial. The freon acts as a motion re tarder and 
cleansing agent. 

Wafer Pack: The entire wafer is sandwiched between 1wo 
piece~ 11! mylar and vacuum sealed in a plastic envelope. 

Typical Cavity Pack 
(Waffle Pack) 
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XR-S200 MULTI-FUNCTION PLL SYSTEM 

4 3 

5 ---~ff■~'!.M ~ 

& I - 7f/ I 19 

0-r ~r-J-® 
qn t~~~ 

10 ~~ I 
:rMS j1i _ I 15 

Chip Size: 76 mils x 78 mils 

(1.93 mm x 1 .97 mm) 

13 14 

XR-2 10 FSK MODULATOR/DEMODULATOR 

3 2 1 16 

:.:~~ I ~ _tJ~ 
Chip Size: 76 mils x 78 mils 

(1.93 mm x 1.97 mm) 

7 8 
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Pad No. 

1 
2 

3 

4 

5 

6 

7 
8 

9 
10 

11 
12 

13 
14 
15 

16 
17 
18 
19 

20 

21 

22 
23 

24 

Pad No. 

1 

2 

3 
4 

5 
6 

7 

8 
9 

10 
11 

12 
13 

14 
15 

16 

Pad Function 

Op Amp(-) Input 

Op Amp. (+) Input 

Multiplier Output 

Multiplier Output 

X-lnput 

Ground 

Y-lnput 

Y-Gain Adj. 

Y-Gain Adj . 
X-Gain Adj. 

X-Gain Adj. 

-VEE 
Op Amp. Comp. 
Op Amp. Output 

VCO Digital Control 

VCO Digital Control 
VCO Gain Control 

VCO Sweep Input 
VCO Timing Cap. 

VCO Timing Cap. 

VCO Output 

+Vee 
VCO Analog Control 

VCO Analog Control 

Pad Function 

Voltage Comp. Input 

Phase Det. Output 

Phase Det. Output 

Phase Det. Input No. 1 

Phase Det. Bias 

Phase Det. Input No. 2 

Ground 

Logic Output 

VCO Fine Tune 
VCO Keying Input 

VCO Gain Control 

VCO Sweep Input 
Timing Capacitor 

Timing Capacitor 
VCO Output 

+Vee 
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XR-215 MONOLITHIC PHASE-LOCKED LOOP 

Chip Size: 76 mils x 78 mils 
(1.93 mm x 1.97 mm) 

XR-567 MONOLITHIC TONE DECOD ER 

7 8 
Chip Size: 74 mils x 79 mils 

(1 .88 mm x 2.00 mm) 

_J 

----'~ 

80 

Pad No. 

1 
2 
3 

4 

5 

6 
7 
8 

9 

10 
11 

12 

13 

14 

15 

16 

Pad No . 

1 
2 
3 
4 

5 
6 
7 
8 

Pad Funct ion 

Op Amp. H Input 
Phase Det. Output 
Phase Det. Output 
Phase Det. Input No. 1 

Phase Det. Bias 
Phase Det. Input No. 2 
Op Amp. Comp. 
Op Amp. Output 
- VEE 
VCO Range Select 
VCO Gain Control 
VCO Sweep Input 
Timing Capacitor 
Timing Capacitor 
VCO Output 
+Vee 

Pad Function 

Output Filter 
Low Pass Loop Fil ter 
Input 
+Vee 
Timing Resistor 
Timing Capacitor 
Ground 
Output 
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XR-L567 MONOLITHIC TONE DECODER 

, •.. ' 
~ ~~ 

Chip Size: 74 mils x 79 mils 
5 

S 
(1.88 mm x 2.00 mm) 

XR2567 DUAL MONOLIT HIC TONE DECODER 

7 6 5 4 3 2 

----

©---i! •==-=-----'--~".) ;:~~5a t-0 

~ 

~ - ~~ 

9 ~~ ~~ 16 
SR3 XR J 

10 1iJ'.._@_ ,-3 t 15 

Chip Size : 100 mils x 98 mils 
(2.53 mm x 2.48 mm) 

81 

8 

7 

Pad No. Pad Funct ion 

1 Output Filter 
2 Low Pass Loop Filter 
3 Input 
4 +Vee 
5 Timing Resistor 
6 Timing Capacitor 
7 Ground 
8 Output 

Pad No. Pad Function 

1 Timing Cap =1 

2 Output Filter ::1 
3 Output =1 
4 Ground :rt 
5 Ground =2 
6 Output =2 
7 Output Filter =2 
8 T iming Cap. =2 
9 Timing Resistor =2 

10 PLL Loop Filter =2 
11 Input =2 
12 Regulator Bypass 
13 +Vee 
14 Input =1 

15 PLL Loop Filter +=1 

16 Timing Resistor 1:1 

wigfi
Stolen 2 Line Transparent
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Chip Size: 103 mils x 80 mils 
(2.61 mm x 2.03 mm) 

XR-2212 PRECISIO PHASE-LOCKED LOOP 

5- 4~~~ 

N ~l-CD ~-
I llr=l- ~~~~~ t 8 

J aa~~~:=i:~.. ll'111\l:~~ +-® 
\Vii t--@ 

. =--~= I 
■ ■•• t. S-18 ...J - -- ---

10 11 12 

Chip Size: 103 mils x 80 mils 
(2.61 mm x 2.03 mm) 
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Pad No. 

1 

2 
3 

4 

5 
6 
7 
8 

9 

10 

11 

12 

13 

14 

Pad No. 

1 
2 

3 
4 

5 

6 

7 
8 
9 

10 
11 

12 
13 
14 

15 

16 

Pad Function 

+Vee 
Input 

Lock -Detect F titer 
Ground 
Lock Det. Output 0 
Lock Det. Output Q 

FSK Data Output 
FSK Comp. Input 
No Connection 

Ref. Voltage Out. 
PLL Phase Det. 
Timing Resistor 
Timing Capacitor 
Timing Capacitor 

Pad Function 

+Vee 
Signal Input 

VOO Current Output 
Ground 

VCO Voltage Output 
Op Amp. Comp. 
Op Amp. (-) Input 
Op Amp. Output 
Op Amp. (+) Input 
Phase Det. Output 
Internal Ref. Out. 
VCO Timing Resistor 
Timing Capacitor 
Timing Capacitor 
VCO Quad. Output 
Phase Det. Input 
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Additional Technical Literature 
Available from Exar 
PRODUCT GUIDE: 
A complete short-form catalogue of all or l::xar·s standard 
and custom products, quality assurance programs and 
technical capabilities. Key features and applications of 
each of 1.:xar·s products are given. along with their fun,· 
tional hlock diagrams. package types and opera1ing tem­
perature ranges. Products are grouped according to the11 
applica1ion . and a complete industry-wide cross refere,11.:e 
chart is provided. ( o charge) 

LI NEAR AND DIGITA L SEMI-CUSTOM DESIGN 
BROCHURE: 

ll1is brochure contains a de1ailed des,rip tion of 1-xar\ 
unique bipolar and integrated in1ect1on logic (12U ~emi­
custorn design technology. Eco,wmk advantages or 1hc 
semi-custom designs are discussed and economic guide­
lines are given for choosing the most cost-effective solu­
tion to a custom IC requirement. In addition, this bro­
chure provides technical rnformation on Exar's Mas1er 
Cl11ps and IC' Design Kit s. ( o charge) 

APPLICATIONS DATA BOOK: 

This book cont:.tins a complete and up-to-dale sci of ap­
plication notes prepared by L xar\ 1cd111ical staff. llwsc 
applica11011 nu1es cover a wide range of ~ubjci:1s such a~ 
FSK modems. active fillers. 1elecommunica1ion c1rcui1~. 
elec1ronic musk ~ynthc~1~ and 111 :.111) more. In ead1 l.'.ase. 
spedlic design examples arc gt\en to demons1rate the 
applications discussed. (Price: S2.95) 

FUNCTION GENERATOR DATA BOOK: 

ll1is comprehensive da1a book con tains a number of tech-

nical articles and application notes on ntonolithrc vollage­
con trolled omllators (VC'O) an<l func1ion generator IC' 
pro<lucts. In addiuon. the data sheets and technical speci­
f1cations uf 1:xar·s n10noli1h1c VCO's and funcl1on gen­
erators are given . (Price: S:!.95) 

OPERATIONAL AMPLIFIER DATA BOOK: 

llm book contains a collection of technical articles on the 
fundamentals or monolithit: IC op amps. Some of the basic 
up amp rncuits are given and the application of IC op 
amps in ac1ive 111ter design are discussed. The book also 
contains a complete set of electrical specifications in 
Exar's bipolar and B11· 1:T op amp products. (Price : S:!.95) 

PHASE-LOCKED LOOP DAT A BOOK: 

ll1i~ data boo!-. covers the fundamentals of design and ap­
plications of monolithic phase-locked loop (PLL) circuits. 
A long list of PLL appli,ations are illustrated rnvering FM 
demodulation. frequency synthesis. FSK and tone detec­
tion. Particular emphasis is given to application of PLL 
,1rcuits in data m1erfacc and communication systems such 
as I SK modems. llm book also co111ains the data sheets 
and electnral ~pecifirations ot all of l:.xar•~ PLL products. 
(Price: S 2. 9 5) 

TIMER DATA BOOK: 
llus data boo!-. provides a collection of technical articles 
and applkat1on 111fonnation on monolithic timer IC pro­
dui:ts. Also included are the data sheets and the detailed 
~pecifications of all of bar's timer circuits. 111cluding the 
programmable timer /counters. micropower and long-delay 
timers. (Price: S2.95) 

----------------------------- -
TECHNICAL LITERATURE REQUEST : 

To obtain the technical literature of interest to you, contact the Ex.ar sales representative nearest you, or write Exar, 
Integrated Systems Inc., P.O. Box 62229, Sunnyvale, CA 94088, on your company letterhead. 

Data Books can also be ordered directly from Exar, at a nominal charge, by completing and sending this request card to Exar, 
with an appropriate check or money order (include $2.00 for postage and handling}. Please make checks payable to 
Exar Integrated Systems, Inc. 

Please send me 

D Exar Product Guide - No Charge 

D Exar Applications Data Book: $2.95 

D Exar Function Generator Data Book : $2.95 

D Complete Set of Data Books: $10.95 

D Exar Semi-Custom Design Brochure - No Charge 

D Exar Operational Amplifier Data Book : $2.95 

D l::.xar Phase-Locked Loop Data Book : $2.95 

D Exar Timer Data Book : $2.95 

Name _____________________ Title----------------

Company/ Agency 

Address-----------------------------------

City / State/ Zip 
Phone( ____ ) _________ _ My Company Manufactures 
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FOREIGN SALES OFFICES AND REPRESENTATIVES 

ARGENTINA 
Rayo Electronics SR L 
Belgrando 990 
Pisos 6Y2 
Phone: 37 98 90 
Telex· 1390) 122153 (RAYOX AR) 

AUSTRALIA 
fotal Electronics 
239 Ba} Street. North Brighton 
Victoria 3 I 86 
Phone: 596.2891 
Tele, 090) 3 I 261 (TOTI LFC AM 

BELGIUM 
(See Germany} 

BRASIL 
R.Ohm Do t3ra,il lndustriu Elcctrunica Ltda. 
Av. Dom Pedro I. 420 
0155 2 Sao Paulo 
Tele,· (391} l 121178 (UII L BR) 

DENMARK 
Mer-el MS 
Ved Kl:£debo 18 
DK-2970 ll~rshnlm 
Phone. 571000 
Tele,: (855) 37360 (MERH DK) 

FINLAND 
SW Instruments 
Karstulantie 4 
Sl·-00550 llelsinki 55 
Phone: 83 82 65/76 24 86 
Tete, . (857) I 2/2411 1SWIJ 

FRANCE 
Tekclec/ Airtronic 
Rue Carle Vernet 
F-923 10 Sevre~ 
Phone: (l) 5 34 7 5 35 
Telex. (842) 204552 (TKLEC' A) 

GERMANY (WEST) 
R.Ohm 1-lcctronics Gmbll 
D-4051 Korschenbroich 
Muehlenstra~~e 70 
Phone: /02 I 61) 29 805 
l'elex: 1841 J 852330 (ROIIM D) 

GREECE 
General Elertrnnics Ltd. 
209 Thevon Street 
Nikaia 77, PiraCU$ 
Phone: 49 13 595 
Telex: (863) 212949 <GI-.LT CR> 

HONG KONG 
R.Ohm Electronic~ (11.K.) Co., Ltd. 
Rm I 027 A. Ocean Centre 
5. Canton Road, Tsirnshatsui. 
Kowloon 
Phone: 3-688841/3-672307 
Telex : (780) 37503 (RFIICL IIX) 

INDIA 
Zenith Electronics 
541 Panchratna 
Mama Parmanand Marg 
Bombay 400004 
Phone: 38 42 14 
Telex : (953) 11 3152 (ZNTII IN) 

ISRAEL 
CVS Technologies 1974 Ltd. 
9 Jabolinsky 
P.O.B. 946. Bnei-Urak 
Phone: 25 55 06/25 92 41 
Tete, : (922) 341109 (SIIOH IL) 

ITALY 
Ucdra 3$ S.p.A. 
Viale l:.lvetia, 18 
20154 Milano 
Phone: 34.93.041 
l elcx : (843) 332332 (HI-_DRA ll 

JAPAN 
Tokyo l:lectron Ltd. 
Panetron Division 
38 I· L Shinjuku Nomura Bldg. 
1-26-2. Ni~hi-Shinjuku 
Shinjuku-ku. Tokyo 160 
Phone: 03-343-44 11 
Telex: 1781) 2322240 ! LAB !'EL Jl 

LIECHTENSTEIN 
(See Switterland) 

LUXEMBOURG 
(See Germany) 

NETHERLANDS 
Tekelec/Airtronic 8. V. 
Stork Staat 7 
2722 NN Zoetermeer 
Phone: 079-3 10 I 00 
Telex. (844) 33332 (TKLFC' NL) 

NEW ZEALAND 
Profc~sional l:.lectronic~ Ltd. 
126 K itchencr Road 
Milrord, Auckland 9 
Phone: 46 94 50 
retex : (791) 21084 (PROTO 
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NORWAY 
llefro Teknisk A/S 
Trondheimsveier 80 
Oslo 5 
Phone: 38 02 86 
Telex: (856) 16205 OIEFRO N) 

SINGAPORE 
R.Ohm Electronics Co. Pte. Ltd. 
Unit C. Third Floor 
Cheng Chwec Huat Ind. Bldg. 
I 18-D. Paya Lcbar Road 
Singapore 1440 
Phone: 2834327 
Telex: (786) 26648 (ROIIM S) 

SOUTH AFRICA 
South Continental Device~ (Pty.) Ltd. 
Suite 5 16. 5th Floor, Randover House 
Cor. Hendrik Verwoerd. Dover Road 
Rnndburg, Transvaal 
Phone: 48 05 15 
Telex : (960) 4-24849 (SA) 

SPAIN 
Flico Fastroni, S. A. 
Constancia 43 
Madrid 2 
Phone: 415 66 54 
Telex: (831) 23606 (FLICO F) 

SWEDEN 
Lagercrantz Electroni~ AB 
K analvngen 5 
S-194 01 Upplands Vasby 
Phone· (0760) 86 120 
Tele, : (854) 11275 (LAGrR S) 

SWITZERLAND 
Arnera Electronics AG 
Lerchenhaldenstrassc 7 3 
Cll-8046 Zurich 
Phone: (0 I) 5 7 II 12 
Telex: (845) 59837 (AMl'RA CIIJ 

TAIWAN 
(See Hong Kong) 

UNITED KINGDOM 
Merncc Ltd. 
Thame Park Ind. Estate 
Thame. Oxon OX9 3RS 
Phone: (084 4 21) 31 46 
Telex : (851) 837508 (MEMEC C) 

LATIN AMERICA 
lntectra 
2349 Charleston Road 
Mt. View. CA 94043 U.S.A. 
Phone: (41 5) 967-8818 
Telex: 345545 (INTCCTRA M TV) 

ALL OTHER COUNTRIES 
(('all Exar Direct) 
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,UTHORIZED STOCKING DISTRIBUTORS 

I ABAMA FLORIDA (Continued) MASSACHUSETTS (Cont.) NEW YORK (UPSTATE) TEXAS (Continued) 
simcap, Inc. Diplomat Southland RC Components Diplomat Llcctronics, Inc. Qualit} Component~. Int' 

untwilk Ft. Lauderdale \\'1lminltton I:. Syrnt·u~c llouston 
(205) 881 -9270 (305)971-7160 (617) 657-4310 (315 )437-9900 '713) 772-7 100 

ARIZONA Diplomat SouthlJnd MICHIGAN NORTH CAROLINA UTAH 
Sterling l:.kctronic~ Palm Bay Camelot l lectromc~. Inc. I See ~foryland) Bell lndu~tne~ 
Phocm, (305) 725-45:!0 LtV<•ma Salt Lake Cit) 
(602) 258-4531 (313)591-0055 NORTH DAKOTA (801) 972-6969 

GEORGIA (Call I ,ar Direct) 
ARKANSAS (See l· londa) Diplomat tlectron1c,. Inc. Diplomat I· lectron1n, lnl'. 
<See Oklahoma) I armmgton OHIO S:1lt Lake Cit; 

IDAHO (313) 477-3200 Graham Electron1cs 180 I) 486-4 134 
(See Wa~hmgton) Cincmnall 

CALIFORNIA R. M. Llcct ro me, (513) 772-1661 VERMONT 
Anthem Llectromc~ ILLINOIS Grand Rapid, (See Nrw llamp~hirc) 
San Diego Diplomat I- lectronic\. In,·. (6161531-930() OKLAHOMA 
<714 l 279-5 200 Bensenville Compontint Special tie~. Inc. VIRGINIA 

(312 I 595-1000 M INNESOTA Tub.a (See Man•landJ 
Anthem 1:lectromcs Diplomat l lcctron1c~. Inc. (9 I 8 l 664-2820 
San Jose R. M. 1-lectronic~ Minneapolis WASHINGTON 
(408) 946-8000 Lombard 1612) 788-860 I Radto. Inc. Radar I· lect rte Co .. Jnr. 

(312) 932-5150 Tul~ Sernte 
Anthem l:lectromc~ MISSISSIPPI (918) 587-9123 t206J 282-2511 
Tustin (See Alabama) 
I 714 J 730-8000 INDIANA OREGON Sterhn11, I lcctromc, 

Graham l:.lectronics MISSOUR I Radar Llcctric C'o .. Im·. Sean le 
Diplomat Electronic~. Inc. lnd1anapohs Olive Ind us trial l:.lectronil', Portland 1206) 5 75-19 10 
Sunnyvale (317) 634-8202 SL Lnui<, (503) 233-3691 
(408) 7 34-1900 (314) 426-4500 WISCONSIN 

R. M. Hectronic, Taylor l:lecirk Company 
Lm111er l:.lectromcs lndianapohs MONTANA PENNSYLVANIA \kquon 
Santa Ana (317) 247-9701 (Call har Dm:ct) ,\ dvacom (41 4) 241-4321 
1213) 299-7600 l:.r1c 

~ co 
NEVADA (814) 476-7774 WYOMING 

IOWA (Sec California) (Sec Colorado) 
hat,worth Drt CO. Incorporated Pioneer l:lectrontc~ 

(213) 998-2200 Cedar Rapid\ NEW HAMPSHIRE llormam 
(319) 365-755 I Yankee ~Jcctric Suppl} (215) 674-4000 

Western Micro Technology Manchester 
Cuper1ino KANSAS (603) 625-9746 RHODE ISLAND 
!408) 725-1660 Component Spcc1alt1es. lnr . (Sec Mas,achusct ts) CANADA 

Lene,a NEW JERSEY I uture L lcl·tronil'~ 
Zeu, Component\, Inc. (913) 492-3555 Diplomat I lec1ronic,. Inc. SOUTH CAROLINA \!11ntrcal, Quebec 
Anaheim Mount Laurel rs~c Maryland) 1514) 731-7441 
(714) 632-6880 KENTUCKY (609) 234-8080 

(See Indiana) SOUTH DAKOTA lntek l lcctronK~ L1d. 
Diplomat 1.lec1ronic,. hll'. tCall I ,ar Direct) \ ancouvcr. 13.C 

COLORADO LOUISIANA Totowa r6041 324-6831 
Bell Industries (Sec Te,as) (201) 785-1830 TENNESSEE 
Wheat ridge (Sec Alabama) R·A·l· lndu~trtal l· lec1. Lid. 
(303) 424-1985 MAINE NEW MEXICO Bu rnab}. ll.C. 

(See New Hamp~hire) Bell I ndustrics (604) 291-8866 
Diplomat l:.lectronics. Inc. Albuquerque TEXAS 
Denver (505) 292-2700 Component Spccrnllles. Inc Cam Gard Supply Ltd. 
1303) 427-5544 MARYLAND Au~lin Calgary. AlbertJ 

Diplomat l:.lcctronics. Inc. (512) 837-8922 (403) 287-0520 
CONNECTICUT Columbia NEW YORK 
Diplomat Electronics. Inc. (30 I I 995-1226 Componcnb Plus Component Spec1alt1e~. Inc. Cam Gard Supply Lid. 
Danbury llauppauge Dallas Saska1oon. Saskat<'hewan 
1203) 797-9674 Pioneer l:.lectromc~ (5 I 6) 23 1-9200 (21 4) 357-65 I I (306) 652-6424 

Gaithersburg 
JV l:.lect ronics. Inc. (301 I 948-07 10 Diplomat Eh!crronic,. Inc. Component Specialtic~. Inc Cam Gard Suppl>• Lid. 
East llaven Melville llou,ton Toronto. Ontario 
(203) 469-2321 (5 16) 454-6400 (713) 771-7237 (4 16) 252-5031 

MASSACHUSETTS 
DELAWARE IJtplomat Electronics. Inc. JACO Quality Components, Inc. Cam Gard Supply I.Id 
(See Pennsylvania) llolliston llauppauge Au~tin Vanrnuver. 8 C. 

(6 17) 429-41 21 (5 16) 27 3-5500 (5 12) 838-0551 (604) 291 -1441 
- LORIDA 

iplomat Southland Gerber 1-. lcctromcs Zeu~ Component~. Inc. Quality Componen1~. Inc. Cam Gard Supply Ltd. 
Clearwater Dedham Elm~ford Dallas Winnipeg. Manitoba 
(813) 443-45 14 (6 17) 329-2400 (914) 592-4 I 20 (214) 387-4949 (204) 7 86-840 I 
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AUTHORIZED REPRES ENTATIVES 

ALABAMA GEORGIA 
Rep, Incorporated Rep, Incorporated 
l 1527 S. Memorial Pkwy. 1944 Cooledge Road 
lluntsvillt , Al 3S80J Tucker, GA 30084 
(205) 881-9270 (404) 938-4358 
TWX 810-126-2102 

HAWAII 
ALASKA (Call E.xar Direc1) 
{CaH E.-.ar Dir~cl) 

1DAHO 
AR1ZONA {See-Washington) 
Summit Sales 
7336 E. Shoeman Lane lLUNOIS (NORTH) 
Suite ! 16£ Janus, lncorpornted 
Scotuda!e, AZ 8525 I 3166 Des Plaines Ave. 
(602) 9944587 Suite 14 
TWX 910-950-1283 Des Plaines, IL 60018 

(312) 298-9330 
ARl<ANSAS 
{See Oklahoma) ILLINOIS ISOUTHI 

(See Missouri) 

CALIFORNIA !NORTH ) INOIANA 
Criterioll (See.Ohio) 
3350 Sc~ Blvd.,Bldg. 44 
Santa Ciani, CA 9505 I lOWA 
(408) 988-6300 Dycronlx, Inc. 
TWX 910-338-7352 23 Twixt Town Road, NE 

Suite 201 
Crdar Rapid~, IA 52402 

CALIFORNIA (SOUTH) (319) 311-8275 
Varigon Aisodates 
137 Eucalyptus Drr-·e KANSAS 
El Segundo, CA 9024S (See Missouri) 
(213} 322-1120 
TWX 910-348-7141 KENTUCKY 

!See Ohio) 
Vuigon/ARC 
2356 Moore S1 .. Suite 102 LOUISIANA 
San Diego, CA 92110 (See Texas) 
(714)299-5413 

MAINE 
COLORADO (See Massachusetts/ 
SK Component Sales, Int. 
592S E, Evans Avenuil MARYLAND 
Suite 204B Component Sales. Inc. 
Denver, CO 80222 3701 Old Court Rd . 
(303) 759-1666 Suite 14 
TWX 910-931-2644 Baltimo,e, MD 21208 

(301)484-3647 
CONNECTICUT TWX 710-862-0852 
Phoenix Sales 
389 Main Street MASSACHUSETTS 
Ridgefield, CT 06877 Contact Sales. Inc. 
(203) 438-9644 101 Cambridge Street 
TWX 710-467-0662 Burlington, MA 01803 

(617) 273-1520 
DELAWARE TWX 710-332-6569 
(See Maryland) 

MICHIGAN 
FLORIDA (Ste Ohio) 
Donato&. Ame .. Inc. 
2660 W, Oakland Pk . Blvd. MINNESOTA 
Suite210 Dan•l lngfneering 
Ft. Lauderdale, FL 33311 12350W. 175th St. 
005) 733-3450 Lakeville, MN 55044 
TWX 510-955-9789 (612) 435-6000 

MISSISSIPPI NORTH CAROLINA 
(See Alabama) Component Sales, Inc. 

P.O. Box 18821 
R~leigh, NC' 27619 

MISSOURI (919) 782.&433 
Dy-Tronix, Inc. nvx s 10-ns-0s I J 
I! 190 Natural Bridge 
Bridgeton, MO 63044 NORTH DAKOTA 
(314)731-5799 (See Minnesota) 
TWX 910-762-065 I 

Qy-Tronix, Inc. OHIO 
13700 E.. 42nd Terrace McFadden Sales 
Suite 202 4645 F.1ecu1ive DriVe 
Independence, MO 64055 Columbus. 011 43220 
{816) 373-6600 (614) 4S9-1280 

TWX 810482"1623 
MONTANA 
(See Colorado) Ol<LAHOMA 

Technical Marke1ing, Inc. 
9717 fast 42nd St. 

NEBRASKA Suite 210 
(See MisKiuri) Tulsa, OK 74145 

{918) 622-5984 
NEVADA 
(See California North) OREGON 

(See Washington) 
NEW HAMPSHIRE 
(See Mao;Sllchuseus) PENNSYLVANIA (WESTI 

(See Ohio) 

NEW MEXICO PENNSYLVANIA (EAST) 
Tti•Tronlx Vantage Sales Company 
J02C San Pablo S.E. 21 Bala Avenue 
Albuquerque, NM 87 I 08 Br.la Cynwyd , PA 19004 
(SOS) 266-795 I (215J 667--0990 
lWX 910-989-1680 TWX 5 IO-e62-5846 

RHODE ISLAND 
NEW JERSEY !NORTH! (See Massachusetts) 
(See New York City) 

SOUTH CAROLINA 
NEW JERSEY (SOUTH) (See North 0:irolina) 
(See Pennsylvania) 

SOUTH DAKOTA 
(See MinllC!lOtaJ 

NEW YORK (UPSTATE) 
Quality Components. Inc. TENNESSEE 
2095 Kensington Avenue Rtp, lncorpor~ted 
Buffalo, NY 14226 113 S. Branner Ave. 
(716)839-4!70 Jefferson City. TN 37760 

(615)475-4105 
Quality Components, Inc. TWX 810-570-4203 
116 E. Fayette St. 
Manlius, NY 1l104 
(ll5) 682-8885 TEXAS 
nvx 710-545-0663 Technical Marketing. Inc. 

9027 Northgate Blvd. 
Suite 140 

NEW YORK {C ITY ) Austin, TX 78758 
ERA, Incorporated (512)835-0064 
354 Veterans 

Memorial Hwy. Technical Marketing. Inc. 
Commack, NY 11725 3320 Wiley Post Road 
(516) 543-0510 Carrollton, TX 75006 
In NJ : 800-645-5500/0 I (214) 387-3601 
TWX 510-226-1485 lWX 910-860-5158 

r 
EXAR 

TEXAS (Co n1inuedl 
Technical Marketing, Int. 
6430 1iillcrot'1.Sui1e 104 
lfouston, TX 77081 
(713)777-9228 

UTAH 
SK Component Sale~. Inc. 
2520 S. Stole 
Salt L:ike City. UT 84 \ 15 
{801)484-4222 

VERMONT 
(See Massachusetts) 

VIRGINIA 
(See Maryland) 

WASHINGTON 
SD-R2 Products & Sales 
14042 NE 8th Sireet 
Suite 201 
Bellevue, WA 98007 
(206) 747-9424 
TWX 910443-2483 

WASHINGTON, O.C. 
(Sec Maryland) 

WEST VIRGINIA 
rsee Ohio) 

WISCONSIN !S. EAST) 
(See lllillOi5) 

WISCONSIN (WESTI 
(See Minnesota) 

WYOMING 
(See Colorado) 

CANADA (EAST) 
R.f.Q. Limited 
38S The West Mall 
Suite 209 
Etobicoke. Ontario 
M9C l E7 
(416)626-1445 
TWX 610-492-2540 

R.F.Q. Limited 
P.O. Box 213 
Dollard Des Ormeaux 
Montreal, Queber 
119G 2H8 
(514) 694-5724 
TLX 05-821762 

R.F.Q. Limited 
3 Starwood Avenue 
Onawa, Ontario K2G IX7 
(61 l) 226-6610 

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, California 94088 • Phone (408) 732·7970 
~ JUNE 1980 
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Stolen 2 Line Transparent
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