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Introduction

This 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 are also
included which show the key features of each of the pro-
ducts discussed, in terms of different classes of applications.

EXPERIENCE AND PRODUCTS

Exar’s innovativeness, product quality and responsive-
ness to customer needs have been the key to its success.
Exar today offers a broad line of linear and interface
circuits. In the field of standard linear IC products, Exar
has extended its circuit technological leadership into the
areas of communications and control circuits. Today Exar
has one of the most complete lines of IC oscillators, timing
circuits, and phase-locked loops in the industry. Exar
also manufactures a large family of telecommunication
circuits such as tone decoders, compandors, modulators,
PCM repeaters. and FSK Modem Circuits. In the field of
industrial control circuits. Exar manufactures a broad
line of quad and dual operational amplifiers, voltage regu-
lators. radio-control and servo driver IC’s, and power cir-
cuits.

Exar’s experience and expertise in the area of bipolar
IC technology extends both into custom and standard IC
products. In the area of custom IC’s, Exar has designed,
-developed, and manufactured a wide range of full-custom
monolithic circuits, particularly for applications in the areas
of telecommunications, consumer electronics, and indus-
trial controls.

In addition to the full-custom capability, Exar also offers
a unique semi-custom IC development capability for low-
to medium-volume custom circuits. This semi-custom pro-
gram is intended for those customers seeking cost-effective
solutions to reduce component count and board size in
order to compete more effectively in a changing market-
place. The program allows a customized monolithic IC to
be developed with a turnaround time of several weeks at
a small fraction of the cost of a full-custom development
program.

EXCELLENCE IN ENGINEERING

Exar quality starts in Engineering where highly qualified
people are backed up with the advanced instruments and
facilities needed for design and manufacture of custom,
semi-custom, and standard integrated circuits. Exar’s
engineering and facilities are geared to handle all three
classes of IC design: (1) semi-custom design programs
programs using Exar’s bipolar and I2L master chips;
(2) full-custom 1C design; (3) development and high-
volume production of standard products.

Some of the challenging and complex development pro-
grams successfully completed by Exar include analog
compandors and PCM repeaters for telecommunication,
electronic-injection, anti-skid braking systems and voltage
regulators for automotive electronics, digital voltmeter
circuits, 40 MHz frequency synthesizers, high-current and
high-voltage display and relay driver IC’s, and many others.

NEW TECHNOLOGIES

Through company sponsored research and development
activities, Exar constantly stays abreast of all technology
areas related to changing customer needs and requirements.
Exar has recently completed development efforts in Inte-
grated Injection Logic (I2L) technology. which offers
unique advantages in the area of low-power, high-density
logic arrays. Exar has a complete design engineering group
dedicated to this new technology, and is currently supply-
ing over twenty different custom and semi-custom I2L
products.

FIRST IN QUALITY

From incoming inspection of all materials to the final
test of the finished goods, Exar performs sample testing
of each lot to ensure that every product meets Exar’s
high quality standards. Exar’s manufacturing process is
inspected or tested in accordance with its own stringent
Quality Assurance Program, which is in compliance with
MIL-Q9858A. Additional special screening and testing
can be negotiated to meet individual customer require
ments.

Throughout the wafer fab and assembly process, the
latest scientific instruments. such as scanning electror
microscopes, are used for inspection, and modern auto
mated equipment is used for wafer probe, AC, DC, and
functional testing. Environmental and burn-in testing of
finished products is also done in-house. For special environ:
mental or high reliability burn-in tests outside testing labor
atories are used to complement Exar’s own extensive in
house facilities.

FIRST IN SERVICE

Exar has the ability and flexibility to serve the custome
in a variety of ways from wafer fabrication to full para
metric selection of assembled units for individual custome:
requirements. Special marking. special packaging anc
military screening are only a few of the service option:
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 tc
assist the customer in the use of the product and to handl
any request. large or small.

Exar reserves the right to make changes at any time in order
to improve design and to supply the best product possible.

Exar cannot assume any responsibility for any circuits shown
or represent that they are free from patent infringement
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Fundamentals of Phase-Locked Loops

The phase locked loop provides frequency selective tuning and
filtering without the need for coils or inductors. As shown in
Figure 1, 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 briefly be ex-
plained as follows: With no input signal applied to the system,
the error voltage Vg is equal to zero. The VCO operates at a
set frequency, fy, 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 to 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 input
frequency, f, is sufficiently close to f,, the feedback nature of
the PLL causes the VCO to synchronize, 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 follows:

Lock range: The range of frequencies in the vicinity of f, over
which the PLL can maintain lock with an input signal. It is
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also known as the tracking or holding range. Lock range

creases as the over-all gain of the PLL is increased.
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Capture range: The band of frequencies in the vicinity of f,
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 decreases as the filter bandwidth is re-
duced.

The lock and the capture ranges of a PLL can be illustrated
with reference to 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 the loop error voltage.

In the upper part of Figure 2, the loop frequency is being
gradually increased. The loop does not respond to the signal
until it reaches a frequency f,, 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, V4 varies with frequency with a slope equal to the
reciprocal of the VCO voltage-to-frequency conversion gain,
and goes through zero as fg = f;. The loop tracks the input
until the input frequency reaches f,, 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 at f3 and traces it down to fs.
The frequency spread between (f;, f3) and (f, f4) corres-
ponds to the total capture and lock ranges of the system; that
is, f3 — f; = capture range and f, — f; = lock range. The PLL
responds only to those input signals sufficiently close to the
VCO frequency, f, to fall within the “lock™ or “capture”
range of the system. Its performance characteristics, therefore,
offer a high degree of frequency selectivity, with the selectiv-
ity characteristics centered about f.
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Figure 1. The basic phase locked loop consists of three functional
blocks: a phase comparator, a low pass filter and a voltage-controlled
oscillator.

Figure 2. Typical PLL frequency-to-voltage transfer characteristics are
shown for increasing (upper diagram) and decreasing (lower diagram)
input frequency.



Applications of PLL IC’s

The basic concept of the phase locked loop (PLL) has been
around since the early 1930’s and has been used for a variety
of applications 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 years,
the advantages of monolithic integration have changed the
phase locked loop from a specialized design technique to a
general-purpose building block. Therefore, what is “new” at
this point is not the concept of the PLL, but its availability in
a low-cost self contained monolithic IC package.

In many ways, this is similar to 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, it has 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
of the PLL outlined in this article become economically feasible
only because the PLL is now available as a low-cost 1C building
block.

Today, over a dozen different integrated PLL products are
available from a number of IC manufacturers. Some of these
are designed as “general-purpose” circuits, suitable for a multi-
tude of uses; others are intended or optimized for special
applications such as tone detection, stereo decoding 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, the PLL covers a wide range of
applications. 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, V4(t) in
Figure 1 (see Box), which keeps the VCO in lock with the
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Figure 3. A frequency multiplier/divider can be constructed using a
phase locked loop.

input signal, represents the demodulated output. Since the
system 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 locked on the input signal, tracking the shifts
in the input frequency, the error voltage in the loop, V4(t),
converts the frequency shifts back to binary logic pulses.

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

Frequency synthesis: The PLL can be used to 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 fre-
quency by the counter’s modulus N. When the system is in
lock, the VCO output is related to the reference frequency, fg,
by the counter moduli M and N as:

N
fo = (3R

By adding 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, fR, by an amount equal to the offset frequency, f,,
ie. f,=(fR+f1).
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Figure 4. Frequency translation can be accomplished with a phase
locked loop by adding a multiplier and an additional low-pass filter to
the basic PLL.



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, regenerative repeaters, CRT scanning and or
drum memory read-write synchronization.

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 to the reference input of the multiplier section. In this
manner, the system functions as a synchronous demodulator
with the filtered output of the multiplier representing 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 at the input,
within a frequency band corresponding to the capture range of
the PLL, the output dc voltage is shifted from its tone-absent
level. This shift is easily converted to a logic signal by adding a
threshold detector with logic-compatible output levels.

Motor speed control: Many electromechanical systems, such as
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, fR. The motor shaft
and the tachometer output provide the second signal, fre-
quency f)q, which is compared to the reference frequency. The
controller is a power amplifier which drives the speed-control
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Figure 5. AM and tone detection are possible by adding three functional
blocks to the basic phase locked loop.

windings of the motor. Thus, the motor and tachometer
combination essentially functions as a VCO which is phase
locked to 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 transmitted at 19 kHz
(1/2 of actual carrier frequency). The PLL can be used to lock
onto this pilot tone, and regenerate a coherent 38 kHz carrier
which is then used to demodulate the complete stereo signal.
A number of highly specialized monolithic circuits have been
developed for this application. A typical example of monolithic
stereo decoder circuits using the PLL principle is the XR-1310
stereo demodulator IC.
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Figure 6. Very precise motor speed control is possible with a phase locked loop system of this type.




Overview of Exar’s PLL Products

Exar offers the widest selection of monolithic phase-locked
loop IC products in the industry. The purpose of this section
is to familiarize the user with the key features and the char-
acteristics of Exar’s entire line of PLL products. Table 1 gives
a comparative listing of the key features and characteristics of
Exar’s broad line of PLL products.

XR-S200 is a multi-function PLL containing a four-quadrant
analog multiplier, a high-frequency VCO and an operational
amplifier, and is housed in a 24-pin package. Each of the 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 determines the function and performance char-
acteristics by his choice of external connections and com-
ponents.

XR-210 was designed for FSK modulation/demodulation
applications. In addition to the basic PLL, it contains a volt-
age comparator and a RS232-C compatible output logic driver.
The 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.
The high-gain amplifier section can be used as an active filter,
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 input chan-
nels by applying a binary input to its range-select control. The
key feature of XR-215 is its high frequency capability (up to
35 MHz).

XR-2211 is an ultra-stable PLL system optimized for FSK
MODEM design. it offers 20 ppm/°C VCO stability and an
on-chip quadrature detector for time or carrier-detect applica-
tions. Its tracking bandwidth can be controlled by choice of
two external 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 internal 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 binary
output 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 controlled by external filter capacitors.
It has high-current (100 mA) logic driver output.

XR-L567 monolithic tone decoder is the low-power equiva-
lent of the XR-567 tone decoder IC. It is specifically intended
for use in battery-powered or portable equipment where the
low stand-by power dissipation is essential. The XR-L567
offers approximately 1/10th the power dissipation of the con-
ventional 567-type tone decoder, without sacrificing its key
features such as the oscillator stability, frequency selectivity
and detection threshold. At S volt operation, typical quiescent
power dissipation is less than 4 mW. It operates over a wide
frequency band of 0.01 Hz to 50 kHz and contains a logic
compatible output which can sink up to 10 milliamps of load
current.

XR-2567 dual tone-decoder system contains an equivalent of
two independent 567 decoders on the same chip. It 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 S67, and can switch two simul-
taneous 100 mA loads at the outputs. If only one of the two
decoders is used, the remaining one can be deactivated to mini-
mize power dissipation.

Table 1. A Summary of Exar’s PLL Circuits

. VCO Stability
p 0 . High P
roduct Package perating | Erequency ower Primary Applications
Designation Supply Range Limit Supply Temp.
(%/V) (ppm/ C)
XR-S200 24 Pin DIP| 6V to 30V 30 MHz 0.08 (typ)| 300 (typ) Multi-function building block for
3V to £15V 0.5 (max) | 650 (max) FM/ESK detection, frequency synthesis
XR-210 16 Pin DIP | 5V to 26V 20 MHz 0.05 (typ)| 200 (typ) FSK modem, frequency synthesis, data
0.5 (max) | 550 (max) synchronization
XR-215 16 Pin DIP| SV to 26V 35 MHz 0.1 (typ) | 250 (typ) General purpose PLL. FM demodulation
0.5 (max) | 600 (max) tracking filter, frequency synthesis
XR-2211 16 Pin DIP | 4.5V to 20V 300 kHz | 0.05 (typ)| £20 (typ) FSK demodulation, tone decoding,
0.5 (max) | £50 (max) carrier detection
XR-2212 16 Pin DIP| 4.5V to 20V 300 kHz | 0.05(typ)| £20 (typ) Frequency synthesis, FM detection,
0.5 (max) | £50 (max) data synchronization, tracking filter
XR-567 8 Pin DIP | 4.75V to 9V 500 kHz 0.5 (typ) |+140 (typ) Tone detection
1 (max)
XR-L567 8 Pin DIP | 4.75V to 9V 50 kHz 9.5 (typ) | -150 ppm Tone detection low-power equivalent
2 (max) (typ) of XR-567
XR-2567 16 Pin DIP | 4.75V to 15V | 600 kHz 0.05 (typ)| £100 (typ) Dual tone decoder (Dual 567 equivalent)
0.2 (max)




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 to his application. The broad line of PLL
products offered by Exar cover a wide range of applications.
It is often difficult to determine at 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 point 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 1 can be used for FM demodulation. However, it is often
possible to narrow the choice down to 2 or 3 circuits, based
on the particular performance criteria. In general, there are
three key performance parameters which should be examined:

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

O VCO frequency range and frequency stability: For reliable
operation, VCO upper frequency limit (see Table 1) should
be at least 20% above the FM 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 VCO exhibits excessive drift, the PLL
can drift out of the input signal band as the ambient
temperature varies.

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

In most FM demodulation applications, it is also desirable to
control the amplitude of the demodulated output. This feature
is provided in 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 kHz carrier fre-
quency) the XR-2212 is recommended because of its versatility
and temperature stability. For FM demodulation at frequencies
above 300 kHz, the XR-2215 offers the best performance
because of its high frequency capability.

FSK decoding: Frequency-shift keying used in digital commu-
nications 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 are:

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

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 conforms 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 kHz) the
XR-2211 is by far the optimum circuit to use because of its
frequency stability and carrier-detect capability. For FSK
detection at higher frequencies (up to 10 MHz) 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
is satisfied by XR-5200, XR-210, XR-215 and the XR-2212
PLL circuits. '

For frequency synthesis at low frequencies (i.e. with maxi-
mum output frequency less than 300 kHz) the XR-2212 is by
far the best suited circuit since it has the best VCO stability
and interfaces easily with all logic families. For operation above
300 kHz, either the XR-210 or the XR-215 PLL IC’s can be
used for frequency synthesis; however the XR-215 offers the
highest frequency capability.

Signal conditioning: Most signal conditioning applications
require very narrow-band operation of the PLL. This in turn
may require the use of active 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 op.
amp. on the chip for active filtering. For low frequencies (i.e.
below 300 kHz) the XR-2212 is the best suited circuit because
of its adjustable tracking bandwidth and excellent frequency
stability. For higher frequencies the XR-S200 is the recom-
mended circuit.

Tone decoding: The PLL circuits especially designed for this
application are the XR-567, the XR-L567, the XR-2567 and
the XR-2211. The XR-2211 offers the highest frequency
stability, and independent control of system bandwidth and
response time, among the three circuits. The XR-567 has a
relatively high input threshold (X 20 mV, rms) and may re-
quire input preamplification: however it requires fewer external
components than the XR-2211. The XR-2567, which contains
two independent 567-type tone decoders on the same chip
may be more economical to use in multiple-tone detection
systems.



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 actual VCO on the monolithic chip is either
not used or used to generate a reference frequency (see 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-2212 because of its wide tracking range.

Low-power operation: In applications requiring battery-
powered operation, low stand-by power dissipation is essential,
to assure long battery life. The XR-L567 micropower tone
decoder PLL is specifically designed for such applications. Its

Table 2

stand-by power dissipation is less than 5 mW at 5 volt oper-
ation, and is suitable for operation up to 50 kHz. This power
dissipation is approximately 1/10th of the power consumption
of the conventional 567-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
ideally 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.

Major Applications for Exar’s PLL Circuits

PART NUMBER

MAJOR

APPLICATION XR-S200 XR-210

XR-215

XR-2211 XR-2212 XR-567 XR-L567 XR-2567

FM DEMODULATION
HIGH FREQUENCY v \/

LOW FREQUENCY

FREQUENCY SYNTHESIS
HIGH FREQUENCY ‘/

LOW FREQUENCY

LK KL

LKL

FSK DEMODULATION

SIGNAL CONDITIONING V

TONE DETECTION

MOTOR SPEED CONTROL \/

DATA SYNCHRONIZATION ‘/

LOW POWER OPERATION




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 monolithi¢ substrate.

(1) a four quadrant analog multiplier,

(3) a high performance operational amplifier.

The functions contained in the XR-S200 include:
(2) ahigh frequency voltage controlled oscillator (VCO) and

The three functions (Figure 1) 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 MHz, and operate with a wide choice of power

supplies extending from %3 volts to *30 volts.

TYPICAL APPLICATIONS OF THE XR-S200

EQUIVALENT SCHEMATIC DIAGRAM

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

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation .
Derate above +25°C

Temperature
Operating
Storage

Input Signal Level, Vg

AVAILABLE TYPE

Part Number

XR-5200

Package

Ceramic

30 volts
900 mW
5 mW/°C

-55°C to +125°C
—65°C to +150°C
6 V,p-p

Operating Temperature

0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL SPECIFICATIONS (T = 25°C, VSyppLY = *10V)

LIMITS
CHARACTERISTICS UNITS CONDITIONS
MIN. TYP. | MAX.

MULTIPLIER SECTION: See Figure 2, Rx = Ry = 15k, Pins 1, 2, 6, 23, 24 Grounded.

Output Offset Voltage *40 120 mV Vx=Vy =0, Vjp=|V3 - V4l

Input Bias Current 5 15 MA Measured at pins S and 7

Input Offset Current 0.1 1.0 MA Measured at pins 5 and 7

Linearity
(Output error, % 1.0 % =5 < Vx <+5, Vy = £5V
of full scale) 1.5 % =5 < Vy <+5,Vy =15V

Scale Factor, KM 0.1 - KM = 25/RxRy (Adjustable)

Input Resistance 0.3 1.0 MQ f = 20 Hz, Measured at pins 5 and 7

3 dB Bandwidth 3 6 MH:z CL<L5pF

Phase detection B.W. S0 100 MHz Rx=Ry=0

Differential Output Swing *4 *6 V p-p Measured across pins 3 and 4

Output Impedance
Single Ended 6 kQ2 Measured at pins 3 and 4
Differential 12 kS§2

OPERATIONAL AMPLIFIER SECTION: (See Figure 10and 11, Ry = 20k, C = 550 pF.

Input Bias Current 0.08 0.5 MHA

Input Offset Current 0.02 0.2 uA

Input Offset Voltage 1.0 6.0 mVdc

Differential Input Impedance Open loop, f = 20 Hz
Resistance 0.4 2.0 M2
Capacitance 1.0 pF

Common Mode Range +8 \"

Common Mode Rejection 70 90 dB f=20Hz

Open Loop Voltage Gain 66 80 dB

Output Impedance 2 kQ

Output Voltage Swing +7 +9 \Y% R > 20k

Power Supply Sensitivity 30 uv/v Rg< 10 k§2

Slew Rate 2.5 V/usec Ay =1,CL=10pF

VCO SECTION: See Figure 11, Ry = 10k, fo = 1 MHz,

Upper Frequency Limit 15 30 MHz Co =10 pF

Sweep Range 8:1 10:1 - fo = 10 kHz, See Figure 14

Digital Controls Off

Linearity
(distortion for 2 1.0 % Digital Controls Off
Af/f = 10%)

Frequency Stability Vce > 8V, fo =1 MHz
Power Supply 0.08 0.5 %V Sweep Input Open
Temperature 300 650 ppm/°C

Analog Input Impedance Measured at pins 23 and 24
Resistance 0.1 0.5 MQ
Capacitance 1.5 pF

Output Amplitude 3 V p-p Squarewave

Output Rise Time 15 ns CL=10pF, Ry =5k

Fall Time 20 ns

Input Common Mode Range +6 +8 Vdc

—4 -6 Vdc




XR-S200 ANALOG MULTIPLIER SECTION

The analog multiplier in the XR-S200 (Figure 2) provides
linear four-quadrant multiplication over a broad range of
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.

10 1 22
Vee
Rx
OUTPUT
X~ INPUT 03
5 O—1 +
s vo
Vy XR-$200 -
MULTIPLIER —04
SECTION
X-Y GROUND
T
= vy
+ RY
7
Y- INPUT 8 9 12
VEE

Figure 2. XR-S200 Multiplier Section

TYPICAL APPLICATIONS OF
MULTIPLIER SECTION

® Analog multiplication/division
Phase detection

Balanced modulation/demodulation
Electronic gain control
Synchronous detection

Frequency doubling

ANALOG MULTIPLICATION

The XR-S200 multiplier section can be combined with the
amplifier section to perform analog multiplication without
the need for dc level shifting between input and output. The
amplifier functions as an operational amplifier with a single-
ended output at ground level when connected as shown 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.

10K
WA WA
100K L

+10V
TZZ 4 3 2

100K
Ve 02 100K scALE
FACTOR
6 >< 14 ADJUST
-E_. QUTPUT
< 7
vy & 13i
500 pF
1218 |9 Jo [ 100K 24 23
VOVl %
+10
15K 15K 210ks —
50K
TOXAND ¥ oK ouTPuT
OFFSET ADJ fo = 10 ADJUST

Figure 3. Analog Multiplication

If the two inputs, VR(t) and Vg(t) are at the same fre-
quency, then the dc voltage at the output of the phase com-
parator can be related to the phase angle ¢ between the two
signals as

Vg = K¢cos¢

where K¢ is the conversion gain in volts per radian (Figure 5).
For phase comparator applications, one input is normally a
high level reference signal and the other input a low level

“Vee

22 8 9
VR(t)

REFERENCE INPUT

5
3
CE
1K ¢
XR-S200 8
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||H
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o— z T .
vglt) cg
SIGNAL INPUT
!10 ln iﬂ

~VEg

||H

Vgith = ER“’SuO' C, = COUPLING CAPACITOR

Vglt) = Egcoslwqt + o) Cg = BYPASS CAPACITOR

Figure 4. XR-S200 Multiplier Section as a Phase Comparator

information signal. Since the XR-S200 multiplier section
offers symmetrical response with respect to the X and Y
inputs, either input can be used as the carrier or signal input.
For low input levels, the conversion gain is proportional to
the input signal amplitude. For high level inputs, (V§>

40 mV, rms) K¢ is constant and approximately equal to
2V/rad.
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Figure 5. Phase Comparator Conversion Gain Versus
Input Amplitude

SUPPRESSED-CARRIER AM

The multiplier generates suppressed-carrier AM signals when
connected as in Figure 6. Again, the symmetrical response
allows the X or Y inputs to be used interchangeably as the
carrier or modulation inputs. The X and Y offset adjustments
optimize carrier suppression. Gain control resistors Rx and
Ry typically range from 1 K2 to 10 KS2, depending on input
signal amplitudes. The values shown give approximately 60 dB
carrier suppression at 500 kHz and 40 dB at 10 MHz.

VEE
MODULATION 30
INPUT
XR-5200 ’
MULTIPLIER Vo
SECTION
CARRIER 4o
INPUT

*Vee

I

-V
~Vee EE

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




DOUBLE-SIDEBAND AM GENERATION

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

Rx 28Kk |Ry S8k

+10v +V,
X-OFFSET cc
15K
MODULATION L T?z 0 [ I8 Je
INPUT S

<
lmK‘,
-10v O- 3
—0
® .
> XR-$200
MULTIPLIER v
T SECTION °
= <
124 .
CARRIER N L 2o
eyt O—i}
100K
“10v >
12
15K
Y-OFFSET .
1ov OFFSE Vee

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

Figure 7-1. AM Modulation, 95% AM, f. = 50 kHz,

fm =1kHz
Rx
+10V +10v
-OF F! 75K
X-OFFSET s 10 "
-10v
3
— O
+
XR-S200 v
MULTIPLIER o
SECTION -
4
—O

%a %9 Lu
Ry —10v

Vg = Egsinwgt
Vo = Egsin2wgt

Figure 8. Multiplier Section as Frequency Doubler

FREQUENCY DOUBLING

Figure 8 shows how to double a sinusoidal input signal of fre-
quency fg to produce a low-distortion sinewave output of 2fj.
Total harmonic distortion is less than 0.6% with an input of
4V, p-p, at 10 kHz and an output of 1V, p-p, at 20 kHz. The
multiplier’s X and Y offsets are nulled as shown to minimize
the output’s harmonic content.

1

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 1 K2 to
10 K2 is recommended for carrier amplitudes of 100 mV, p-p,
or greater. The multiplier output can be low-pass filtered to
obtain the demodulated output. Figure 9-1 shows the carrier
and modulated waveforms for a 30% modulated input signal
with a 10 MHz carrier and 1 kHz modulation.

6K
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Tzz 10 1]
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4 MULTIPLIER =
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= SECTION -
4 00WwF
5
sL—ls lrz
10v
Vg(t) = (1 + m cos wnt) Eg cos wet

Figure 9. Synchronous AM Detector

Top: Input (30% mod.)
Bottom: Demodulated Output f; = 10 MHz,
fm =1 kHz

Figure 9-1. Synchronous AM Demodulation
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Figure 10. Amplifier Section Frequency Response



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 2.5V/microsecond. The
frequency response curves for the amplifier section are also
shown in Figure 10.

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:

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

2. Two digital control inputs allow four discrete frequencies
to 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 Rg is
used for frequency sweeping, on-off keying, and synchroni-
zation 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 Rg. When the digital controls are also used,
gain decreases as the frequency is stepped up.

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

TIMING
CAPACITOR

ANALOG ' ouTPUT
CONTROL V¢ 2
INPUTS

FREQ TUNE \ DIGITA
(SWEEP) INPUT £ CONTPCL)I

INPUTS

Figure 11. XR-S200 Oscillator Section

Typical performance characteristics of the VCO section are
shown in Figures 12, 13, and 14.
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Figure 12. VCO Frequency as a Function of Timing
Capacitor, Cg
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Figure 14. Voltage Sweep Characteristics

EXPLANATION OF VCO DIGITAL CONTROLS

The VCO frequency is proportional to the total charging
current, I, applied to the timing capacitor. As shown in
Figure 15, IT is comprised of three separate components:
Ig, 11, and I, which are contributed by transistors Tg, T,
and T, respectively. With pins 15 and 16 open circuited,
these currents are interrelated as

I[p=11=2IL

I

. ey I

To T T2
13v
INTERNAL
BIAS R R 2R
Q12 16 15
0<10v
1>30v
1 1
| Dy | D2
0 0
T T ~Vee
O OR

GROUND

Figure 15. Explanation of VCO Digital Controls




Currents I| and I can be externally controlled through pins
16 and 15 respectively. By increasing the dc level at either of
these pins, T or T7 can be turned “off” and I} or I, 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 D] and D3. In this manner, the VCO
frequency can be stepped in four discrete intervals, over a
frequency range of 2.5:1, as shown in Figure 13.

TYPICAL APPLICATIONS OF VCO SECTION

Voltage/frequency conversion
Phase-locked loops
Frequency synthesis

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 comparator
(multiplier section) and VCO provide sufficient conversion
gain. In this case, the amplifier gain does not enter the PLL
gain expression. Assuming unity dc gain for the filter, the
PLL loop gain is KT = K¢ Ko where K¢ and K are the multi-
plier and VCO conversion gains, respectively.
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Figure 16. XR-S200 as a Phase-Locked Loop

FREQUENCY-SELECTIVE FM DEMODULATION

For FM demodulation, the PLL connection is used (Figure 17)
The multiplier, 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 controlled by the
variable feedback resistor R7. If Rg equals R7, the dc 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 C7 set the output de-emphasis time constant
Tp, which is normally 75 usec. for commercial FM applica-
tions (fo = 10.7 MHz).

Figure 17. Circuit Connection for FM Detection

FSK DETECTION

FSK signals are detected and demodulated with the PLL con-
nection, as well. It is shown in Figure 18 as a monolithic
MODEM suitable for Bell 103 or 202 type data sets operating
at data rates to 1800 baud. An input frequency shift corres-
ponding to a data bit causes the multiplier’s dc voltage output
to reverse polarity. The dc level is changed to a binary output
pulse by the gain block, connected as a voltage comparator.

FREQUENCY SYNTHESIZER

Frequency synthesis is performed in Figure 19 by a phase-
locked loop closed with a programmable counter or digital
divide-by-N circuit inserted into the feedback loop. The VCO
frequency is divided by N, so that when the circuit locks to an
input signal at frequency fg, the oscillator output is Nfg. A
large number of discrete frequencies can be synthesized from
a given reference frequency by changing N.

CC
I
I

Co IKH§ -
?3?2&{9 2

16,
L vCo
2 oQuTPUT
— 17
1K
Vwi\*’
» Ry
6
O~ >< 18

DEMODULATED

- “0—0
SIGNAL

15

—=0—

= oj c

FSK INPUT

. C. = COUPLING CAPACITOR
I Cg = BYPASS CAPACITOR

Figure 18. FSK Detection
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The output frequency can be swept or frequency modulated
by applying the proper analog control input to the circuit. For
linear FM modulation with relatively small frequency deviation
(Af)f<10%) the modulation input can be applied across ter-
minals 23 and 24. For large deviation sweep inputs, a negative
going sweep voltage, Vg, can be applied to pin 18.

This allows the frequency to be voltage-tuned over approxi-
mately a 10:1 range in frequency. The digital control inputs
(15 and 16) can be used for frequency-shift-keying (FSK)
applications. They can be disabled by connecting them to
ground through a current-limiting resistor.

AM & FM SIGNAL GENERATION

The oscillator and multiplier sections can be interconnected
as a general purpose radio-frequency signal generator with
AM FM and sweep capability as shown in Figure 22.

SWEEP
VOLTAGE Vg

INPUT i

SWEEP
WAVEFORM
OUTPUT 15V, pp)

o—o N\
X - VAVAN

JL

SQUAREWAVE
OuUTPUT
(3V.pp)

¢ = COUPLING CAPACITOR

Figure 20. Recommended Circuit Connection for Tracking

Filter Application (f5 = 1 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 input 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 3:1 frequency
range.

WAVEFORM GENERATOR

The XR-S200 can also be interconnected to form a versatile
waveform generator. The typical circuit shown in Figure 21
generates the basic periodic square (or sawtooth) waveform.
The multiplier section, connected as a linear differential ampli-
fier, converts the differential sawtooth waveform input into a
triangle wave output at pins 3 and 4. The waveform adjust-
ment pot across pins 8 and 9 can be used to round the peaks of
the triangle waveform and convert it to a low distortion sine-
wave (THD<2%). Terminals 3 and 4 can be used either differ-
entially or single endedly to provide, both in-phase and out-of-
phase output waveforms.
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Figure 21. Waveform Generator Typical Circuit Connection

Diagram

Figure 21-1.  Basic Waveforms Available from XR-S200
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Figure 22-1.

Double Sideband AM Output Waveform
fcarrier = 3.688 MHz f04 = | kHz

(90% modulation)

15

Figure 22-2.  Suppressed Carrier AM Output Waveform

fcarrier = 3.688 MHz fmod =1kHz

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 smali capacitor (typically 10 to

100 pF) fine tunes the crystal frequency. The multiplier sec-
tion introduces the amplitude modulation on the carrier signal
generated by the VCO. The balanced nature of the multiplier
allows suppressed carrier as well as double sideband modula-
tion (Figures 22-1 and 22-2). Typical carrier suppression is

in excess of 40 dB for frequencies up to 10 MHz.

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



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-210 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

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation o
Derate above +25 C

26 Volts
750 mW
6.0 mW/°C

RS-232C Compatible Demod. Output Temperature o
DTL, TTL and ECL Logic Compatibility Storage —-65°C to +150°C
Wide Dynamic Range: 300 uV to 3V
ON-OFF Keying and Sweep Capability
Wide Tracking Range: Adjustable from *1% to *50%
Good Temperature Stability (200 ppm/°C)
High-Current Logic Output (50 mA) AVAILABLE TYPES
Independent ‘“Mark” and “‘Space” Frequency Adjustment .
VCO Duty Cycle Control Part Number Package Types Operating ;l"emperatu:e Range
XR-210M Ceramic —55Cto+125C
APPLICATIONS XR-210CN Ceramic 0°C to +75°C
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
EQUIVALENT SCHEMATIC DIAGRAM FUNCTIONAL BLOCK DIAGRAM
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Figure 2. XR-210 Functional Block Diagram




ELECTRICAL SPECIFICATIONS

Test Conditiens: V* = 12V (single supply), TA = 25°C, Test circuit of Figure 3 with Cg = 0.02 uF, Sj, S7, S5 closed, S3, S4, S¢,

S7 open, unless otherwise specified.

LIMITS
CHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS
Supply Voltage
Single Supply 5 26 Vdc See Figure 3
Split Supply 2.5 13 Vdc See Figure 4
Supply Current 9 12 16 mA See Figure 3, S open
Upper Frequency Limit 15 20 MHz See Figure 3, S| open, S4 closed
Lowest Practical Operating
Frequency 0.5 Hz Co =500 uF
VCO Section
Stability
Temperature 200 550 ppm/°C f=10kHz, V¥ > 10V,
0< Ty <75°C
Power Supply 0.05 0.5 %|V 10V <Vt <a4v
Sweep Range 5:1 8:1 S3 closed, S4 open, 0 < Vg <6V
See Figure 7, VY =12V
Output Voltage Swing 1.5 2.5 Vpp S5 open
Duty Cycle Asymmetry *1 13 % S5 open
Rise Time 20 ns 10 pF to ground at Pin 15, S5 open
Fall Time 40 ns 10 pF to ground at Pin 15, S5 open
Phase Detector Section
Conversion Gain 2 V/rad Vin > 50 mV rms, See Figure 10
Output Impedance 6 k2 Measured looking into Pins 2 or 3
Output Offset Voltage 35 150 mV Measured across Pins 2 and 3,
Vin =0, S5 open
Voltage Comparator Section
Open Loop Voltage Gain 66 80 dB f=20Hz
Input Impedance 0.5 2 MQ Measured looking into Pin 1
Input Offset Voltage 1 mV
Input Bias Current 80 nA
Common Mode Rejection 90 dB
Logic Output Section Measured at Pin 8
Slew Rate 15 V/usec Ry =3 k£, CL = 10 pF, S closed
“1” Output Leakage Current 0.02 10 MA Vo = +24V
“0” Output Voltage 0.2 0.4 v I, =10 mA
Current Sink Capability 30 50 mA Vo<1V
. o0 Loy, I. Tl
AP JE
4—‘/f’g_’—— XR-210 -—o—--——i 2 XR-210 outey
R L] I
WA 12V

Figure 3. Test Circuit for Single 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 dc 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 dc) 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 VCO 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, C1, is
connected between pins 2 and 3. The 6K 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
comparator input (pin 1) through an RC low-pass filter.

VCO OUTPUT (PIN 15)

The VCO produces approximately a 2.5 Vp.p squar®wave out-
put signal at this pin. The dc output level is approximately

2 volts below V. This pin should be connected to pin 7
through a 10 kS2 resistor to increase the output current drive
capability. For high voltage operation (V¢ > 20V), a 20 kQ2
resistor is recommended. It is also advisable to connect a 50082
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, Vg, to pin 12 (see Figure 7). The
impedance level looking into the sweep input is approximately
50%2. Therefore, for sweep applications, a current limiting re-
sistor, Rg, 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.

CAUTION: For safe operation of the circuit, the maximum
current, IS, drawn from the sweep terminal should be limited
to S mA or less under all operating conditions.

VCO CONVERSION GAIN (PIN 11)

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

CZI ch l

}T— 10K -
Jgf(r—i ir 11 l

v
C4
1uF 5K
6 |3
5 [
VWA——0—1 —O0—WA—O0

2K

aK

DEMODULATED

>
>

OUTPUT

L 4 COMP
- 11X ‘
FSK <
INPUT g 4
s

6
]
15
= 0.14F
3K ’_1
14 13 12
{{J m” °
10K
Co Rg

.|}_$"

0 ]9 FINE TUNE
50092

2K
Ry -

Figure 5. Circuit Connection for FSK Demodulation (Single Supply)
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Figure 6. VCO Frequency Variation as a Function of Supply Voltage

VCO TIMING CAPACITOR (PINS 13 AND 14)

The VCO free-running frequency, fo, is inversely proportional
to timing capacitor, Cg connected between pins 13 and 14.
With pins 9 and 10 open-circuited, the VCO frequency is
related to Cq as:

where Cq is in uF.

NORMALIZED FREQUENCY (t/f )
w

+2 o -2 -4 -6 -8 -10
NET APPLIED SWEEP VOLTAGE, Vs-Vso
(vOLTS)

Figu{e 7. Frequency Sweep Characteristics as a Function of Net
Applied Sweep Voltage (pin 10 open)

(Note: VSO ~ VCC = 5V = Open Circuit Voltage at pin 12)

FINE TUNE CONTROL (PIN 9)

For a given choice of timing capacitor, Cg, the VCO frequency
can be further fine-adjusted to a desired frequency, f, by
means of a trimmer resistor, RT, connected from pin 9 to

pin 7, as shown in Figure 8. The fine tuned VCO frequency fi
is related to RT as:

220 0.1
~== (1+ =
1~ (1 RT) Hz

where Cq is in 4F and R is in k2.
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FREQUENCY-KEYING INPUT (PIN 10)

The VCO frequency can be varied between two discrete fre-
quencies, f] and f7, by connecting an external resistor, Rx, to
this terminal. Referring to Figure 8, the VCO frequency is pro-
portional to the sum of currents I and I3 through transistors
T1 and T on the monolithic chip. These transistors are biased
from a fixed internal reference. The current I is set internally
and is partially controllable by the fine-tune adjustment, RT.
The current I is set by the external resistor, RX, connected
between pin 10 and pin 7. For any Cg setting, the VCO fre-
quency, f, with RX connected to pin 10, can be expressed as:

0.3
= +
fy =1 (l R )Hz

where f1 is the frequency with pin 10 open circuited and Rx
is in k§2. Note that f9 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 10, as shown in Figure 8. For high level logic inputs, tran-
sistor T7 is turned off, R is effectively switched out of the
circuit, and the VCO frequency is shifted from f2 to f].

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 1 is con-
nected to pin 2 through a 15K external resistor, as shown in
Figures 3 and 4. The input impedance level at this pin is ap-
proximately 2 MS2.

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, Kq

K{ is the output voltage from the phase detector per radian of
phase difference at the phase detector inputs (pins 4 and 6).
Kg is proportional to the input signal for low level inputs
(<25 mV rms) and is constant at high input levels (see Fig-
ure 10).

VCO CONVERSION GAIN, Kg

700

Ko~

% " CoRo

where Cg is in 4F and Ry is in k§2. For most applications, rec-
ommended values for Rg range from 1 k2 to 10 k2.

When the XR-210 is connected as a PLL, its lock range can be
controlled by varying the VCO gain control resistor, Rg, across
pins 11 and 12. For input signals greater than 30 mV rms, the
PLL loop gain is independent of signal amplitude but is in-
versely proportional to Rg. Figure 9 shows the dependence

of lock range, +Af], on Rq.

LOCK RANGE (AwL)

The range of frequencies in the vicinity of fy, over which the
PLL can maintain lock with an input signal. If saturation or
limiting does not occur, the lock range is equal to the loop
gain, i.e. Awl = KT = K¢Ko.

CAPTURE RANGE (Aw()

The band of frequencies in the vicinity of fo 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:

Awc = Awl, IF(jAw)|

where |F(jAw()! is the low-pass filter magnitude response at
w = Awc. For a simple lag filter, it can be expressed as:

/AwL
Awc = [———
C T

where T is the filter time constant.

APPLICATIONS INFORMATION
FSK DEMODULATION

Figure 5 shows a generalized circuit connection for FSK
demodulation. The circuit is connected as a PLL system

by ac coupling the VCO output (pin 15) 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 dc voltage
across the phase detector outputs (pins 2 and 3) is reversed.
The voltage comparator and the logic driver section convert
this dc level shift to a binary pulse. Capacitor C| serves as the
PLL loop filter, and C7 and C3 as post-detection filters. The
timing capacitor, Cg, and the fine-tune adjustments are used to
set the VCO frequency, fo, midway between the “mark” and
‘“‘space” frequencies of the input signal. Typical component
values for 300 baud (103-type) and 1200 baud (202-type)
MODEM applications are listed below:

(radians/sec)/volt

ggg%?rﬁgﬁs TYPICAL COMPONENT VALUES
300 Baud
Low Band: f) = 1070 Hz Rg =5.1K®Q, Cy=0.22 uF
f2 = 1270 Hz Cp=C2=0.047 uF,C3=0.033 uF
High Band: f) = 2025 Hz Rg=8.2KQ, Cg=0.1uF
fy = 2225 Hz C1=C2=C3=0.033 uF
1200 Baud Rg=2KQ,Cy=0.14 uF
f1=1200 Hz C1=0.033 uF, C3=0.02 uF
fy = 2200 Hz C2=0.01 uF




XR-215

Monolithic Phase-Locked Loop

The XR-215 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 filter applications. The XR-215 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 35 MHz. It can accommodate analog signals between 300 microvolts and 3 volts
and can interface with conventional DTL, TTL and ECL logic families. -

Figure 1 contains a functional block diagram of the XR-215 monolithic PLL system. The circuit consists of a balanced phase
comparator, a highly stable voltage-controlled oscillator (VCO) and a high speed operational amplifier. The phase comparator
outputs are 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 simply ac coupling the VCO output to either of the phase comparator inputs and adding a

low-pass filter to the phase comparator output terminals.

The VCO section has frequency sweep, on-off keying, sync, and digital programming capabilities. Its frequency is highly stable

and is determined by a single external capacitor

The operational amplifier can be used for audio preamplification in FM

detector applications; or, as a high speed sense amplifier (or comparator) in FSK demodulation.

FEATURES

Wide Frequency Range: 0.5 Hz to 35 MHz

Wide Supply Voltage Range: SV to 26V

Digital Programming Capability

DTL, TTL and ECL Logic Compatibility

Wide Dynamic Range: 300 uV to 3V

ON-OFF Keying and Sweep Capability

Wide Tracking Range: Adjustable from +1% to +50%

High-Quality FM Detection: Distortion 0.15%
Signal/Noise 65dB

ABSOLUTE MAXIMUM RATINGS

Power Supply 26 volts
Power Dissipation 750 mW
Derate above +25°C 5 mW/°C
Temperature
Storage -65°C to +150°C

EQUIVALENT SCHEMATIC

APPLICATIONS

FM Demodulation

Frequency Synthesis

FSK Coding/Decoding (MODEM)
Tracking Filters

Signal Conditioning

Tone Decoding

Data Synchronization

Telemetry Coding/Decoding

FM, FSK and Sweep Generation
Crystal Controlled Detection
Wideband Frequency Discrimination
Voltage-to-Frequency Conversion

AVAILABLE TYPE
Part Number Package Operating Temperature
XR-215CN Ceramic 0°C to 75°C

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL SPECIFICATIONS

LIMITS

CHARACTERISTICS UNITS CONDITIONS
MIN. TYP. ‘MAX.

I — GENERAL CHARACTERISTICS
Test Conditions: V* = 12V (single supply), T4 = 25°C, Test Circuit of Figure 2 with Cp = 100 pF, (silver-mica) S1,S7,Ss, closed, S3,84
open unless otherwise specified.

SUPPLY VOLTAGE
Single Supply S 26 V dc See Figure 2
Split Supply 2.5 13 V dc See Figure 3
Supply Current 8 11 15 mA See Figure 2
Upper Frequency Limit 20 35 MHz See Figure 2, S| open, S4 closed
Lowest Practical Operating
Frequency 0.5 Hz Cp =500 uF
VCO SECTION:
Stability:
Temperature 250 600 ppm/°C See Figure 2, 0°C < Tp <75°C
Power Supply 0.1 %IV vt>1ov
Sweep Range 5:1 8:1 S3 closed, S4 open, 0 < Vg <6V
See Figure 9, Cg = 2000 pF
Output Voltage Swing 1.5 2.5 Vp-p S5 open
ll:;s"e;'i:]n: ;g :; 10 pF to ground at Pin 15
PHASE COMPARATOR SECTION:
Conversion Gain 2 V/rad Vin > 50 mV rms (See characteris-
tic curves)
Output Impedance 6 139 Measured looking into Pins 2 or 3
Output Offset Voltage 20 100 mV Measured across Pins 2 and 3
Vin =0, S5 open
OP AMP SECTION:
Open Loop Voltage Gain 66 R0 dB Sa open
Slew Rate 2.5 V/usec Ay =1
Input Impedance 0.5 2 MQ2
Output Impedance 2 k2
Output Swing 7 10 Vp-p R = 30 k§2 from Pin 8 to ground
Input Offset Voltage 1 mV
Input Bias Current 80 nA
Common Mode Rejection 90 dB

I1 — SPECIAL APPLICATIONS
A) FM Demodulation

Test Conditions: Test circuit of Figure 4, V* = 12V, input signal - 10.7 MHz FM with aAf = 75§ kHz, f, ,q = | kHz.
Detection Threshold 0.8 3 mV rms 5082 source
Demodulated Output Amplitude 250 500 mV rms Measured at Pin 8
Distortion (THD) 0.15 0.5 %
AM Rejection 40 dB Vin =10 mV rms, 30% AM
Output Signal/Noise 55 65 dB
B) Tracking Filter
Test Conditions: Test circuit of Figure 5, V* = 12V, fo = 1 MHz, Vin =100 mV rms, 509 source.
Tracking Range (% of fg) +30 +50 See Figures S and 25
Discriminator Qutput
AVout . L.
A S50 mV/% Adjustable — See applications
Ifo information
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Figure 2. Test Circuit For Single Supply Operation
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Figure 4. Test Circuit For FM Demodulation

DESCRIPTION OF CIRCUIT CONTROLS
PHASE COMPARATOR INPUTS (PINS 4 AND 6)

One input to the phase comparator 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 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

22

bias level at approximately Vcc/2. The dc bias current at
these terminals is nominally 8 uA.

PHASE COMPARATOR BIAS (PIN 5)

This terminal should be dc biased as shown in Figures 2 and
3, and ac grounded with a bypass capacitor.

v 014F
5082 50 =
000 pF
300 pF [5000 pF
° ° Co - 200 pF
20K R Rg * 2K&Y
6 7 3 2 ) Re - 40Ksl
14 "
8
F—o0—4—wA—0-
o DISCRIMINATOR
T;OL ouTePuT
12 XR-215 2
10K =
R .
n
vCo
OuTPUT
6 (LA 5
01 uf 2K x 014F
SIGNAL
INPUT
5K 5K .
(509 A O 12v Cc  COUPLING CAPACITOR
SOURCE) Lo Cg * BYPASS CAPACITOR
I I

Figure 5. Test Circuit For Tracking Filter
PHASE COMPARATOR OUTPUTS (PINS 2 AND 3)

The low frequency (or dc) voltage across these pins corres-
ponds to the phase difference between the two signals at
the phase comparator inputs (pins 4 and 6). The phase
comparator outputs are internally connected to the VCO
control terminals (see Figure 1). One of the outputs

(pin 3) is internally connected to the non-inverting input
of the operational amplifier. The low-pass filter is achieved
by connecting an RC network to the phase comparator out-
puts as shown in Figure 14.

VCO TIMING CAPACITOR (PINS 13 AND 14)

The VCO free-running frequency, f,, is inversely proportional
to timing capacitor Cg connected between pins 13 and 14.
(See Figure 7).

+800
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Figure 6. Typical VCO Temperature Coefficient Range as a
Function of Operating Frequency (pin 10 open)
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Figure 7. VCO Free Running Frequency vs Timing Capacitor




VCO OUTPUT (PIN 15)

The VCO produces approximately a 2.5 Vp_p output signal at
this pin. The dc output level is approximate?y 2 volts below
Vcce. This pin should be connected to pin 9 through a 10 k2
resistor to increase the output current drive capability. For
high voltage operation (Vcc > 20V), a 20 k§2 resistor is re-
commended. It is also advisable to connect a 50052 resistor in
series with this output for short circuit protection.
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Figure 8. Phase Comparator Conversion Gain, K4,
versus Input Amplitude
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Figure 9. Typical Frequency Sweep Characteristics as a
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Figure 10 XR-215 Op Amp Frequency Response
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VCO SWEEP INPUT (PIN 12)
The VCO Frequency can be swept over a broad range by apply-

ing an analog sweep voltage, Vg, to pin 12 (see Figure 9). The

impedance level looking into the sweep input is approximately
S0S2. Therefore, for sweep applications, a current limiting
resistor, Rg, should be connected in series with this terminal.
Typical sweep characteristics of the circuit are shown in Fig-
ure 9. The VCO temperature dependence is minimum when
the sweep input is not used.

CAUTION: For safe operation of the circuit, the maximum
current, Ig, drawn from the sweep terminal should be limit-
ed to S mA or less under all operating conditions.

ON-OFF KEYING: With pin 10 open circuited, the VCO can
be keyed off by applying a positive voltage pulse to the sweep
input terminal. With Rg = 2 k§2, oscillations will stop if the
applied potential at pin 12 is raised 3 volts above its open-
circuit value. When sweep, sync, or on-off keying functions
are not used, Rg should be left open circuited.

RANGE-SELECT (PIN 10)

The frequency range of the XR-215 can be extended by con-
necting an external resistor, Rx, between pins 9 and 10. With
reference to Figure 11, the operation of the range-select ter-
minal can be explained as follows: The VCO frequency is pro-
portional to the sum of currents 1} and I through transistors
T} and T) on the monolithic chip. These transistors are biased
from a fixed internal reference. The current [] is set internally,
whereas 1> is set by the external resistor Rx. Thus, at any Cy
setting, the VCO frequency can be expressed as:

‘ 0.6
fo=1] 1+E;

where f1 is the frequency with pin 10 open circuited and R is
in k§2. External resistor R (= 750§2) is recommended for
operation at frequencies in excess of 5 MHz.

The range select terminal can also be used for fine tuning the
VCO frequency, by varying the value of Rx. Similarly, the
VCO frequency can be changed in discrete steps by switching
in different values of Rx between pins 9 and 10.

INTERNAL foty 5V

BIAS

10 RANGE SELECT
INPUT

oV =ty

06)
fy = 1+ 85—
2 h ( Ry

Figure 11 Explanation of VCO Range-Select Controls

DIGITAL PROGRAMMING

Using the range select control, the VCO frequency can be step-
ped in a binary manner, by applying a logic signal to pin 10,

as shown in Figure 11. For high level logic inputs, transistor
T is turned off, and R is effectively switched out of the
circuit. Using the digital programming capability, the XR-215
can be time-multiplexed between two separate input frequenc-
ies, as shown in Figures 18 and 19.

AMPLIFIER INPUT (PIN 1)

This pin provides the inverting input for the operational ampli-
fier section. Normally it is connected to pin 2 through a 10 k§2
external resistor (see Figure 2 or 3).



AMPLIFIER OUTPUT (PIN 8)

This pin is used as the output terminal for FM or FSK demod-
ulation. The amplifier gain is determined by the external feed-
back resistor, RF, connected between pins | and 8. Frequency
response characteristics of the amplifier section are shown in
Figure 10.

AMPLIFIER COMPENSATION (PIN 7)

The operational amplifier can be compensated by a single
300 pF capacitor from pin 7 to ground. (See Figure 10).

BASIC PHASE-LOCKED LOOP OPERATION

PRINCIPLE OF OPERATION

The phase-locked loop (PLL) is a unique and versatile circuit
technique which provides frequency selective tuning and filter-
ing without the need for coils or inductors. As shown in Figure
12, the PLL is a feedback system comprised of three basic
functional blocks: phase comparator, low-pass filter and volt-
age-controlled oscillator (VCO). The basic principle of opera-
tion of a PLL can be briefly explained as follows: with no in-
put signal applied to the system, the error voltage V4, is equal
to zero. The VCO operates at a set frequency, fy, which is
known as the ““free-running” frequency. If an input signal is
applied to the system, the phase comparator compares the
phase and frequency of the input signal with the VCO frequen-
cy and generates an error voltage, Ve(t), that is related to the
phase and frequency difference between the two signals. This
error voltage is then filtered and applied to the control termin-
al of the VCO. If the input frequency, fg, is sufficiently close
to fo, the feedback nature of the PLL causes the VCO to syn-
chronize or “lock” with the incoming signal. Once in lock,
the VCO frequency is identical to the input signal, except for
a finite phase difference.

eyt Vst PHASE Velt LOW PASS O Vgt
SIGNAL COMPARATOR FILTER d
Vit
vCco
fo Vgl

Figure 12 Block Diagram of a Phase-Locked Loop

A LINEARIZED MODEL FOR PLL

When the PLL is in lock, it can be approximated by the linear
feedback system shown in Figure 13. ¢g and ¢, are the res-
pective phase angles associated with the input signal and the
VCO output, F(s) is the low-pass filter response in frequency
domain, and K4 and K are the conversion gains associated
with the phase comparator and VCO sections of the PLL.

F(s)

Figure 13 Linearized Model of a PLL as a Negative Feed-
back System
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DEFINITION OF XR-215 PARAMETERS FOR PLL
APPLICATIONS

VCO FREE-RUNNING FREQUENCY, f,

The VCO frequency with no input signal. It is determined by
selection of Cq across pins 13 and 14 and can be increased by
connecting an external resistor Rx between pins 9 and 10. It

can be approximated as:
(153
1+ —
Rx

[ 200
o~ Co

where Cq is in uF and RX is in k§2. (See Figure 7).

PHASE COMPARATOR GAIN Kd

The output voltage from the phase comparator per radian of
phase difference at the phase comparator inputs (pins 4 and 6).

VCO CONVERSION GAIN K,

The VCO voltage-to-frequency conversion gain is determined by
the choice of timing capacitor C and gain control resistor, R
connected externally across pins 11 and 12. It can be express-
ed as

zCORO (radians/sec)/volt

Ko

where Cq is in uF and R is in k§2. For most applications, re-
commended values for R range from 1 k§2 to 10 k2.

LOCK RANGE (AwL)

The range of frequencies in the vicinity of fy, over which the
PLL can maintain lock with an input signal. It is also known as
the “tracking” or “‘holding’ range. If saturation or limiting
does not occur, the lock range is equal to the loop gain, i.e.
Awp =KT=K{qKp.

CAPTURE RANGE (Awy)

The band of frequencies in the vicinity of f, 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:

Dwe = Awy | F(ihwe) |

where | F(jchl is the low-pass filter magnitude response at
w =Awc. For asimple lag filter, it can be expressed as:

Awy,
Awe ~\/ =
C T

where T is the filter time constant.

AMPLIFIER GAIN Ay

The voltage gain of the amplifier section is determined by feed-
back resistors RE and Rp between pins (8,1) and (2,1) respec-
tively. (See Figures 2 and 3). It is given by:

_RF
Ay = ———
v R; +Rp

where R is the 6 k§2 internal impedance at pin 2, and Rp is the
external resistor between pins 1 and 2.

LOW-PASS FILTER

The low-pass filter section is formed by connecting an exter-
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 R (6 k§2) is the internal impedance at pins 2
and 3.
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APPLICATIONS INFORMATION
FM DEMODULATION

Figure 15 shows the external circuit connections to the XR-215
for frequency-selective FM demodulation. The choice of Cg is
determined by the FM carrier frequency (see Figure 7). The
low-pass filter capacitor C| is determined by the selectivity
requirements. For carrier frequencies of 1 to 10 MHz, Cy isin
the range of 10 Cg to 30 Cg. The feedback resistor Rg can be
used as a ‘“‘volume-control’’ adjustment to set the amplitude of
the demodulated output. The demodulated output amplitude
is proportional to the FM deviation and to resistors Rg and RE.
For £1% FM deviation it can be approximated as:

0.6
VouT = RoRF (1 + R;() mV, rms

where all resistors are in k§2 and R is the range extension
resistor connected across pins 9 and 10. For circuit operation
below 5 MHz, R can be open circuited. For operation above
5 MHz, R = 75082 is recommended.

Typical output signal/noise ratio and harmonic distortion are
shown in Figures 16 and 17 as a function of FM deviation, for
the component values shown in Figure 4.

VOLUME

CONTROL
DEMODULATED
OUTPUT

7.6K

0.01 uF
I (DE-EMPHASIS)

7

j[ 300 pF

Cc COUPLING CAPACITOR
Cg BYPASS CAPACITOR

Figure 15 Circuit Connection for FM Demodulation

MULTI-CHANNEL DEMODULATION

The ac digital programming capability of the XR-215 allows a
single circuit be time-shared or multiplexed between two infor-
mation channels, and thereby selectively demodulate two sep-
arate carrier frequencies. Figure 18 shows a practical circuit
configuration for time-multiplexing the XR-215 between two
FM channels, at 1 MHz and 1.1 MHz respectively. The chan-
nel-select logic signal is applied to pin 10, as shown in Figure
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18, with both input channels simultaneously present at 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.

8

fo = 10 MHz
fmod = 1 kHZ
Vi = 20 mV rms

(TEST CIRCUIT OF FIGURE 4)
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Figure 16 Output Signal/Noise Ratio as a Function of FM
Deviation
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Figure 17 Output Distortion as a Function of FM Deviation
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Figure 18 Time-Multiplexing XR-215 Between Two Simul-
taneous FM Channels

Figure 19 Demodulated Output Waveforms for Time-Multi-
plexed Operation
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Top: Demodulated Output

Sinewave - Channel 1
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FSK DEMODULATION

Figure 20 contains a typical circuit connection for FSK demo-
dulation. When the input frequency is shifted, corresponding
to a data bit, the dc voltage at the phase comparator outputs
(pins 2 and 3) also reverses polarity. The operational ampli-
fier section is connected as a comparator, and converts the

dc level shift to a binary output pulse. One of the phase

01 uF

12V

Figure 20 Circuit Connection for FSK Demodulation

comparator outputs (pin 3) is ac grounded and serves as

the bias reference for the operational amplifier section.
Capacitor C serves as the PLL loop filter, and C7 and C3 as
post-detection filters. Range select resistor, Rx, can be used
as a fine-tune adjustment to set the VCO frequency.

Typical component values for 300 baud and 1800 baud opera-
tion are listed below:

OPERATING IYPICAL COMPONENT
CONDITIONS VALUES
300 Baud
Low Band: ) =1070 H/ Ro=5k. Co=0.17uF
(Y= 1270 H, | €1 =Ca=0047uF.
C3=0.033 uF
High Band: | = 2025 H/ Rop=8k§2. Cp=0.1uk
fy= 2225 Hy C1=Cr=C3=0.033uF
1800 Baud Ro= 2k Co=012puF
t] =1200 H/ C1=C3=0.003 uk,
f>=2200 H/ Cx=0.01uF

Note that for 300 Baud operation the circuit can be time-mul-
tiplexed between high and low bands by switching the exter-
nal resistor Rx in and out of the circuit with a control signal,
as shown in Figure 11.

FSK GENERATION

The digital programming capability of the XR-215 can be used
for FSK generation. A typical circuit connection for this app-
lication is shown in Figure 21. The VCO frequency can be
shifted between the mark (f7) and space (f]) frequencies by
applying a logic pulse to pin 10. The circuit can provide two
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separate FSK outputs: a low level (2.5 Vp-p) output at pin 15
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%.

v 1

10K 01 ufF

6 3 2 1

—
5 FSK
5K s OUTPUT 10V,
4 >< < B J-l_”.”_

JUIL .

o—9
L
! 2 oK 14 12 1
FSK OUTPUT
Co

1
Rx

(LOW LEVEL)
25V
Figure 21 Circuit Connection For FSK Generation

FREQUENCY SYNTHESIS

In frequency synthesis applications, a programmable counter or
divide-by-N circuit is connected between the VCO output (pin
15) and one of the phase detector inputs (pins 4 or 6), as shown
in Figure 22. The principle of operation of the circuit can be
briefly explained as follows: The counter divides down the
oscillator frequency by the programmable divider modulus, N.
Thus, when the entire system is phase-locked to an input sig-
nal at frequency, fg, the oscillator output at pin 15 is at a
frequency (Nfg), where N is the divider modulus. By proper
choice of the divider modulus, a large number of discrete
frequencies can be synthesized from a given reference fre-
quency. The low-pass filter capacitor C| is normally chosen

to provide a cut-off frequency equal to 0.1% to 2% of the
signal frequency, fg.

The circuit was designed to operate with commercially avail-
able monolithic programmable counter circuits using TTL
logic, such as MC4016, SN5493 or equivalent. The digital or
analog tuning characteristics of the VCO can be used to extend
the available range of frequencies of the system, for a given
setting of the timing capacitor Cy.

Typical input and output waveforms for N = 16 operation with
with fg = 100 kHz and f; = 1.6 MHz are shown in Figure 23.

5V O

4 -

8
o— |
I

I I %

20K
e w3 2 1
INPUT !
Pt K 4
b 85
:

veo
vﬂ N’S
Cc=
9 10 1 12 |13 14 4
5v a 4,
K 75k g 0
R
X
I [} ?-sv Co
BINARY

RANGE SELECT
(OPTIONALS

*SN7493 0R EQUIVALENT

Figure 22 Circuit Connection For Frequency Synthesis



Figure 23 Typical Input/Output Waveforms For N = 16
Top: Input (100 kHz)
Bottom: VCO Output (1.6 MHz)
Vertical Scale 1V/cm

TRACKING FILTER/DISCRIMINATOR

The wide tracking range of the XR-215 allows the system to
track an input signal over a 3:1 frequency range, centered
about the VCO free running frequency. The tracking range is
maximum when the binary range-select (pin 10) 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: 1 k{2 <Rg<4 k§2 and 30 Co< C)
<300 Cg where the timing capacitor Cg is determined by the
center frequency requirements (see Figure 7).

DISCRIMINATOR
ouTPUT

10K

300 pF

veo
ouTPUT SN

Cc COUPLING CAPACITOR
Cg BYPASS CAPACITOR

Figure 24 Circuit Connection For Tracking Filter Applications

The phase-comparator output voltage is a linear measure of the
VCO frequency deviation from its free-running value. The
amplifier section, therefore, can be used to provide a filtered
and amplified version of the loop error voltage. In this case,
the dc output level at pin 15 can be adjusted to be directly
proportional to the difference between the VCO free-running
frequency, fo, and the input signal, fg. The entire system can
operate as a “linear discriminator’’ or analog ‘‘ frequency-
meter’” over a 3:1 change of input frequency. The discrimi-
nator gain can be adjusted by proper choice of Rg or RF. For
the test circuit of Figure 24, the discriminator output is appro-
ximately (0.7 RgRF) mV per % of frequency deviation where
R( and RF are in k§2. Output non-linearity is typically less
than 1% for frequency deviations up to *15%. Figure 27 shows
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the normalized output characteristics as a function of input
frequency, with Rg = 2 k§2 and RF = 36 k2.
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Figure 25 Tracking Range vs Input Amplitude (pin 10 Open
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Figure 26. Typical Discriminator Output Characteristics
For Tracking Filter Applications

CRYSTAL-CONTROLLED PLL

The XR-215 can be operated as a crystal-controlled phase-
locked loop by replacing the timing capacitor 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 to set the crystal frequency. For this
application the crystal should be operated in its fundamental
mode. Typical pull-in range of the circuit is +1 kHz at 10 MHz.

12V

01 uF

100K

13

U

10 MHz
CRYSTAL
(FUNDAMENTAL

MODE)

=30 pF [a=]

i’

DEMODULATED
10k OUTPUT

Figure 27 Typical Circuit Connection For Crystal-Controlled

FM Detection



XR-2211

FSK Demodulator/Tone Decoder

The XR-2211 is a monolithic phase-locked loop (PLL) system especially designed for data communications. It is particularly
well suited for FSK modem applications. It operates over a wide supply voltage range of 4.5 to 20V and a wide frequency
range of 0.01 Hz to 300 kHz. It can accommodate analog signals between 2 mV and 3V, and can interface with conventional
DTL, TTL and ECL logic families. The circuit consists of a basic PLL for tracking an input signal within the pass band, a
quadrature phase detector which provides carrier detection, and an FSK voltage comparator which provides FSK demodulation.
External components are used to independently set center frequency, bandwidth, and output delay.

FEATURES

0.01 Hz to 300 kHz
4.5V to 20V

Wide Frequency Range

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility

FSK Demodulation, with Carrier-Detection
Wide Dynamic Range

Adjustable Tracking Range (1% to +80%)
Excellent Temp. Stability

APPLICATIONS

2mV to 3 Vrms

20 ppm/OC, typ.

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection
Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply

Input Signal Level

Power Dissipation

Ceramic Package: R
Derate above Tp = +25 C

Plastic Package: o
Derate above Ty = +25°C

AVAILABLE TYPES
Part Number Package
XR-2211M Ceramic
XR-2211CN Ceramic
XR-2211CP Plastic
XR-2211IN Ceramic
XR-2211P Plastic

20V
3V rms

750 ngW
6mV/ C

625 mW
5.0mW/°C

Operating Temperature
-55°Cto +125°C
0 Cto+75°C
0°C to +75°C
-40°C to +85°C
-40°C to +85°C

PACKAGE INFORMATION FUNCTIONAL BLOCK DIAGRAM
xr-2211 N
+V 1
0087 CAPACITOR
e _’1 r'_‘_‘i"“ INPUT E—’ l_—— v.c.O. E J
T LOCK D
2 XR-221 iflii FTeR E'T'{&] I 5-DET. I E RESISTOR
Loop
1 o0 20 GROUND | 4 11| ¢-0€T.
0780 T‘oma! E tg::ﬂl;»onecr j out.
REF.
T wee Lo BF ) e {i0] Socrac
e i . |
I Ei - “ o6 w [9
2%3‘_“‘ .{ |'g%g oo o 1008 \" SGI:UT E‘_< FSK Egts):m INPUT
COMP.
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ELECTRICAL CHARACTERISTICS

Test Conditions: vt= +12V, T A +25°C, Ro =30 K(, CO = (0.033 uF. See Fig. 2 for component designation

XR-2211/2211M XR-2211C
CHARACTERISTICS UNITS CONDITIONS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
GENERAL
Supply Voltage 4.5 20 4.5 20 v
Supply Current 4 7 5 9 mA | Rg 2 10 KQ2. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy *] 13 *1 % | Deviation from fg = 1/RgCp
Frequency Stability Rp=ce
Temperature 20 | %50 +20 ppm/°C | See Fig. 8.
Power Supply 0.05 0.5 0.05 %V | Vt=12%1V. See Fig. 7.
0.2 0.2 %IV 1vt=51+05V, See Fig. 7.
Upper Frequency Limit 100 300 300 kHz | Rg = 8.2 K§2, Cg = 400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz | Rp =2 M2, Cg = 50 uF
Timing Resistor, Rg See Fig. 5.
Operating Range 5 2000 5 2000 KQ2
Recommended Range 15 100 15 100 K2 ] See Fig. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current 3150 | £200 | £300 | *100 | +200 |+300 MA | Measured at Pin 11.
Output Offset Current +] +2 MA I
Qutput Impedance 1 1 MQ
Maximum Swing *4 *5 +4 +5 V | Referenced to Pin 10.
QUADRATURE PHASE DETECTOR Measured at Pin 3.
Peak Output Current 100 150 150 MA
Output Impedance 1 1 MQ
Maximum Swing 11 11 Vpp
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 KQ
Input Signal
Voltage Required to Cause Limiting 2 10 2 mV rms
VOLTAGE COMPARATOR SECTIONS l
Input Impedance 2 2 MS2 | Measured at Pins 3 and 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 dB | RL =5.1 KQ
Output Voltage Low 300 300 mV Ic=3mA
Output Leakage Current .01 .01 MA VO =12V
INTERNAL REFERENCE
Voltage Level 49 5.3 5.7 ]4.75 5.3 15.85 V | Measured at Pin 10.
Output Impedance 100 100 Q

FSK
| : ouTPUT
FSK

COMP.

LOCK DETECT
FILTER

LooP DATA
FILTER FILTER
A H =
OL
vco
INPUT
PREAMP o
o
L. LOCK-DETECT
o DET ouTPUTS

LOCK DETECT
OMP.

510k Rg R

LOCK-DETECT
OUTPUTS

s o
KQ 1

Figure 1. Functional Block Diagram of a Tone and FSK Decoding

System Using XR-2211.
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Figure 2. Generalized Circuit Connection for FSK and Tone Detection.
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Figure 3. Simplified Circuit Schematic of XR-2211.
2 10 1000
(LN S
1IN2 L AN ‘o
N N N >
35 NN Sp N o & |
< S \Q & N
= N 2 %,
z Rg = 5 KL~ 5 ) Q’o1_ 5 N &) \
Iy 4 c R
&€ 10 P ‘5'05% 2. ] 2 400 2o,
3 L s RS e S o
> 1 2. 1, \ « N
4 T T Ro= 10k %, - 2> N
& LT L 2N\, 3 AN
2 5 L1 L~ —— o\, & NC TN ” N
Sl — NN NN N
——
— 1 Rg > 100K “N N N\
NN N
o 0.01 NN
4 6 8 10 12 14 16 18 20 22 24 100 1000 10,000 1000 10,000
SUPPLY VOLTAGE, V+ (VOLTS) fo (Hz) f (Ha)

NORMALIZED FREQUENCY

1.02

1.01

0.99

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

Figure 5. VCO Frequency vs Timing
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DESCRIPTION OF CIRCUIT CONTROLS

Signal lhput (Pin 2): Signal is ac coupled to this terminal.
The internal impedance at Pin 2 is 20 K§2. 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 Rp and Cpy (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 § is at
“high” state when the PLL is out of lock and goes to “low”
or conducting state when the PLL is locked. It is an open-
collector type output and requires a pull-up resistor, R, to
V+ for proper operation. At “low” state, it can sink up to
5 mA of load current.

Lock-Detect Complement, Q (Pin 6): The output at Pin 6 is
the logic complement of the lock-detect output at Pin 5.
This output is also an open-collector type stage which can
sink S mA of load current at low or ‘‘on”’ state.

FSK Data Output (Pin 7): This output is an open-collector
logic stage which requires a pull-up resistor, Ry, to V+ for
proper operation. It can sink 5 mA of load current. When
decoding FSK signals, FSK data output is at ‘“high’’ or off
state for low input frequency; and at “low” or on state for
high input frequency. If no input signal is present, the logic
state at Pin 7 is indeterminate.

FSK Comparator Input (Pin 8): This is the high-impedance
input to the FSK voltage comparator. Normally, an FSK post-
detection or data filter is connected between this terminal and
the PLL phase-detector output (Pin 11). This data filter 1s
formed by R and CF of Fig. 2. The threshold voltage of the
comparator is set by the internal reference voltage, VR, avail-
able at Pin 10.

Reference Voltage, VR (Pin 10): This pin is internally biased
at the reference voltage level, V: VR =V+/2 - 650 mV.

The dc voltage level at this pin forms an internal reference for
the voltage levels at pins 5, 8, 11 and 12. Pin 10 must be by-
passed to ground with a 0.1 uF capacitor, for proper operation
of the circuit.

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

VCO Control Input (Pin 12): VCO free-running frequency

is determined by external timing resistor, R, connected from
this terminal to ground. The VCO free-running frequency,
fo, is:

1

f.= Hz
0
RoCo

where C is the timing capacitor across Pins 13 and 14. For
optimum temperature stability, R must be in the range of
10 K2 to 100 K2 (See Fig. 8).
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This terminal is a low-impedance point, and is internally

biased at a dc level equal to Vp. The maximum timing current
drawn from Pin 12 must be limited to < 3 mA for proper
operation of the circuit.

VCO Timing Capacitor (Pins 13 and 14): VCO frequency is
inversely proportional to the external timing capacitor, C,
connected across these terminals (See Fig. 5). C must be
non-polar, and in the range of 200 pF to 10 uF.

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

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

Pin 10.

DESIGN EQUATIONS

(See Fig. 2 for Definition of Components)

1. VCO Center Frequency, fg:
fO = I/R()CO Hz

(28]

. Internal Reference Voltage, Vp (measured at Pin 10)

VR = V+/2 - 650mV

3. Loop Low-Pass Filter Time Constant, 7:
7=R 1 C[

4. Loop Damping, {:
o

{=1/4 [—
C’l

5. Loop Tracking Bandwidth, +Af/fg:
Af/fg = Rg/R;

TRACKING
BANDWIDTH
re— Af ‘—-r-v——— Af ———of
j — 3 4 4 ]
F —T T L p—
fu B} fo f2 fLH

6. FSK Data Filter Time Constant, Tf:

7F = RpCE
7. Loop Phase Detector Conversion Gain, K;: (K is the
differential dc voltage across Pins 10 and ?], per unit of

phase error at phase-detector input)
K¢ ==2VR/m volts/radian

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

Ko =-1/VRCgR| Hz/volt

9. Total Loop Gain, K:

K= 21TK¢KO =4/CgR| rad/sec/volt
10. Peak Phase-Detector Current, I15:
Ip = VR (volts)/25 mA



APPLICATIONS INFORMATION
FSK DECODING:

Figure 9 shows the basic circuit connection for FSK decoding.
With reference to Figures 2 and 9, the functions of external
components are defined as follows: R and C) set the PLL
center frequency, Rl sets the system bandwidth, and C; sets
the loop filter time constant and the loop damping factor.

Cf and Rf form a one-pole post-detection filter for the FSK
data output. The resistor Rg (= 510 K2) from Pin 7 to Pin 8
introduces positive feedback across FSK comparator to
facilitate rapid transition between output logic states.

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

= 1 14 vco
rex :}_“ I FINE TUNE
inpuT © 01| .
M
g XR-2211
_L—C o 0.1 4F
v -0 T
O—AAM— L —
R, 51K =
L O ] e 1
i I F T
DATA RE 100 KQ2
ouTPUT Rg

1 il

Figure 9. Circuit Connection for FSK Decoding

Design Instructions:

The circuit of Fig. 9 can be tailored for any FSK decoding
application by the choice of five key circuit components:
Rg, Ry, Cp, C| and Cg. For a given set of FSK mark and
space frequencies, f| and f,, these parameters can be cal-
culated as follows:

a) Calculate PLL center frequency, fy:
fi +1,
2

b) Choose value of timing resistor R, to be in the range
of 10 KS2 to 100 KS2. This choice is arbitrary. The
recommended value is Rg = 20 KS2. The final value
of RO is normally fine-tuned with the series potentiom-
eter, RX.

f0=

~

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

Fig. 6:
CO = l/Rofo

d) Calculate R} to give a Af equal to the mark-space
deviation:

Rl = Ro [fo/(fl — fz)]

Calculate Cy to set loop damping. (See Design Equa-
tion No. 4).

~

e

Normally, { = 1/2 is recommended.
Then: Cy = Cp/4 for { = 1/2
f) Calculate Data Filter Capacitance, CE:
For R =100 K2, Rg = 510 K§2, the recommended
value of Cg is:
Cg =~ 3/(Baud Rate) uF

Note: All calculated component values except R can be
rounded-off to the nearest standard value, and R can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Fig. 9).

Design Example:
75 Baud FSK demodulator with mark/space frequencies of

-1110/1170 Hz:

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

Step 2: Choose Rp =20 K2 (18 K2 fixed resistor in series
with § K&'? potentiometer)

Step 3: Calculate Cg from Fig. 6: Cp = 0.044 uF

Step 4: Calculate R|: R = R() (2240/60) = 380 K2

Step 5: Calculate C;: Cy = Co/4=0.011 uF

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

FSK BAND COMPONENT VALUES
300 Baud Cp=0.039uF  Cg =0.005 uF
f; = 1070 Hz €} =0.01 uF  Rp=18KR
f = 1270 Hz R) = 100 KQ

300 Baud Cp=0.022 uF  Cg =0.005 uF
f| = 2025 Hz C) = 0.0047 uF Ry =18 KQ
fy = 2225 Hz R| =200 KQ

1200 Baud Cp=0.027uF  Cg = 0.0022 uF
f| = 1200 Hz C|=0.0l1uF  Rp=18KQ
£ = 2200 Hz R = 30 KQ

TABLE I

Recommended Component Values for Commonly Used FSK
Bands (See Circuit of Fig. 9)

FSK DECODING WITH CARRIER-DETECT:

The lock-detect section of XR-2211 can be used as a carrier-
detect option, for FSK decoding. The recommended circuit
connection for this application is shown in Fig. 10. The
open-collector lock-detect output, Pin 6, is shorted to data.
output (Pin 7). Thus, data output will be disabled at “low”
state, until there is a carrier within the detection band of the
PPL, and the Pin 6 output goes ‘“‘high’’, to enable the data
output.

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

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

0.1 uF QV+
in ¢
0
NS
= 1 a1 vco
£ FINE TUNE
FSK o “ o1 “._[:
INPUT Ro
XR-2211
o 470K
- 51K {7
Re 100 KQ

Vv b
510 KQ

DATA QUTPUT

1

1

Figure 10. External Connectors for FSK Demodulation with
Carrier-Detect Capability.
Note: Data Output is “‘Low’ When No Carrier is Present.



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

TONE DETECTION:

Figure 11 shows the generalized circuit connection for tone
detection. The logic outputs, Q and Q at Pins 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 $ mA
of load current.

Both logic outputs at Pins 5 and 6 are open-collector type
stages, and require external pull-up resistors Ry | and Ry 5,
as shown in Fig. 11.

With reference to Figs. 2 and 11, the functions of the ex-
ternal circuit components can be explained as follows: R,
and Cq set VCO center frequency; Ry sets the detection
bandwidth; C sets the low pass-loop filter time constant
and the loop damping factor. Ry | and Ry ; are the respec-
tive pull-up resistors for the Q and Q logic outputs.

V+
0.1 4F
_E"| Co
NS
= 1 i) }:] vCo
TONE INPUT T uF :}—‘l FINE TUNE
["‘. —{ XR 2211
470K
Co Rp S
= R
L 0
v+
I LOGIC
OUTPUT Q
L

Figure 11. Circuit Connection for Tone Detection

Design Instructions:

The circuit of Fig. 11 can be optimized for any tone-detection
application by the choice of the § key circuit components:
Rg, Ry, Cp, Cj and Cp. For a given input the tone frequency,
fg, these parameters are calculated as follows:

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

b) Calculate Cg to set center frequency, fg equal to fg:
(See Fig. 6). Cy=1/Rpfg

c) Calculate R; to set bandwidth +Af: (see design Equa-
tion No. 5):
Rl = Ro(fo/Af)

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

d) Calculate value of C) for a given loop damping factor:
Cy =Cop/16%2

Normally ¢ = 1/2 is optimum for most tone-detector appli-
cations, giving Cy = 0.25 Cy.

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

e) Calculate value of filter capacitor Cp. To avoid chatter
at the logic output, with Rp = 470 K2, Cp must be:

"‘Cp(uF) 2 (16/capture range in Hz)
Increasing Cpy slows down the logic output response time.
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Design Examples:
Tone detector with a detection band of 1 kHz * 20 Hz:

a) Choose R =20 K2 (18 K& in series with 5 KQ
potentiometer).

b) Choose C( for fg = 1 kHz: From Fig. 6: Cq = 0.05 uF.

c) Calculate(i(l: R| =(Rg) (1000/20) = 1 MS2.

d) Calculate Cy: for § = 1/2, C1=0.25,Cy=0.013 uF.

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

f) Fine-tune center frequency with 5 K2 potentiometer, Ry.

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 fg can be monitored:

1. Short pin 2 to pin 10 and measure f( at pin 3 with Cp
disconnected;

2. Open R} 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 the center frequency of the XR-2211
by monitoring the timing capacitor frequency with everything
connected and no input signal applied.

2
M ” o
INPUT ° |
13
XR-2211 01 uF
4

r—O DEMOD
QuUTPUT

Figure 12. Linear FM Detector Using XR-2211 and an External Op.
Amp. (See section on Design Equations, for Component Values)

LINEAR FM DETECTION:

XR-2211 can be used as a linear FM detector for a wide range
of analog communications and telemetry applications. The
recommended eircuit connection for this application is
shown in Fig. 12. The demodulated output is taken from the
loop phase detector output (Pin 11), through a post detection
filter made up of Rg and Cg, and an external buffer ampli-
fier. This buffer amplifier is necessary because of the high
impedance output at Pin 11. 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 = Ry VR/100 R Volts/%deviation

where VR is the internal reference voltage. (VR = V+/2 —
650 mV). For the choice of external components Ry, Ry,
Cp, C| and Cg, see section on Design Equations.



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 control
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 is brought out externally so that the circuit can operate as a fre-
quency synthesizer using an external programmable divider. The differential amplifier section can be used as an audio preamplifier
for FM detection, or as a high-speed sense amplifier (comparator) for FSK demodulation. 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

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility

Wide Dynamic Range

Adjustable Tracking Range (1% to +80%)
Excellent Temp. Stability

0.01 Hz to 300 kHz
4.5V to 20V

2mV to 3 Vrms

20 ppm/°C, Typ.

APPLICATIONS

Frequency Synthesis
Data Synchronization
FM detection
Tracking Filters

FSK Demodulation

PACKAGE INFORMATION

ABSOLUTE MAXIMUM RATINGS

Power Sunply
Power PPy

Input Signal Level
Power Dissipation
Ceramic Package:

Derate above T = +25°C

Plastic Package:

Derate above TA = +25°C

AVAILABLE TYPES

Part Number

XR-2212M
XR2212CN
XR-2212CP
XR-2212N
XR-2212P

Package

Ceramic
Ceramic
Plastic
Ceramic
Plastic

IRV
3 Vrmsv

750 mW
6 mW/°C
625 mW

5.0 mW/°C

Operating Temperature

~55°C to +125°C
0°C to +75°C
0°C to +75°C
-40°C to +85°C
-40°C to +85°C

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS — PRELIMINARY
Test Conditions: VY =+12V, Tp= +25°C, Rg =30 K<, Cp = 0.033 uF. See Fig. 2 for component designation.

XR-2212/2212M XR-2212C
CHARACTERISTICS MIN. | TYP.] MAX. | MIN. | TYP. | Max. | UNITS CONDITIONS
GENERAL
Supply Voltage 4.5 15 4.5 15 \Y
Supply Current 6 10 6 12 mA | Rg > 10 K2 See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy *1 3 *1 % | Deviation from fg = 1/RqC
Frequency Stability Ry =00 (ﬂ
Temperature 20 150 120 ppm/°C See Fig. 8.
Power Supply 0.05 0.5 0.05 %/V | v =12 +1V. See Fig. 7.
2 2 %/v | Vt=520.5V. See Fig. 7.
Upper Frequency Limit 100 300 300 kHz | Ry =8.2 K2, Cy =400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz | Rg =2 MQ, Cy=50uF
Timing Resistor, R See Fig. §.
Operating Range 5 2000 5 2000 KQ
Recommended Range 15 100 15 100 K& | See Fig. 7 and 8.
OSCILLATOR OUTPUTS
Voltage Output Measured at Pin 5.
Positive Swing, VOH 11 11 \
Negative Swing, VoL 8 4 5 \Ys
Current Sink Capability 1 1 mA
Current Output Measured at Pin 3.
Peak Cuirent Swing 100 150 150 MA
Output Impedance 1 1 MQ
Quadrature Output Measured at Pin 15.
Output Swing 0.6 0.6 \%
DC Level 0.3 0.3 V | Referenced to Pin 11.
Output Impedance 3 3 K2
LOOP PHASE DETECTOR SECTION Measured at Pin 10.
Peak Output Current +150 | 200 | 300 | *100 | +200 +300 HA
Output Offset Current *1] 2 MA
Output Impedance 1 1 MQ
Maximum Swing 4 *5 4 E) V | Referenced to Pin 11.
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 K2
Input Signal to Cause Limiting 2 10 2 mVrms
OP AMP SECTION
Voltage Gain 55 70 55 70 dB | Rp =5.1 K, Rp =2
Input Bias Current 0.1 1 0.1 1 MA
Offset Voltage *5 +20 *5 20 mV
Slew Rate 2 2 V/usec
INTERNAL REFERENCE Measured at Pin 11.
Voltage Level 4.9 5.3 5.7 4.75 5.3 5.85 \%
Output Impedance ' 100 100 Q
Loop 20 pF R Ve
SIGNAL FILTER 5 K2
INPUT D;&?‘%R - D_ gfxggy
PRE oP AMP
AMP
¢-DET Ry
: INPUT INTERNAL
vVCO ) AMP REFERENCE
VOLTAGE VvCO
OUTPUT 0.14uF
o L = e e " I
VCO CURRENT OUTPUT VCO QUADRATURE OUTPUT (OPTIONAL)
R —
Figure 1. Functional Block Diagram of XR-2212 Precision PLL System. Figure 2. Generalized Circuit Connection for FM Detection, Signal

Tracking or Frequency Synthesis.
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Figure 3. Simplified Circuit Schematic of XR-2212.
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DESCRIPTION OF CIRCUIT CONTROLS

Signal Input (Pin 2): Signal is ac coupled to this terminal. The
internal impedance at Pin 2 is 20 KQ2. Recommended input
signal level is in the range of 10 mV to 5V peak-to-peak.

VCO Current Output (Pin 3): This is a high impedance (M)
current output terminal which can provide +100 uA 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 terminal provides a low-
impedance (= 50Q2) buffered output for the VCO. It can
directly interface with low-power Schottley TTL. For inter-
facing with standard TTL circuits, a 7502 pull-down resistor
from pin 5 to ground is required. For operation of the PLL
without an external divider, pin S can be dc coupled to pin 16.

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

Op Amp Inputs (Pins 7 and 9): These are the inverting and the
non-inverting inputs for the op amp section. The common-
mode range of the op amp inputs is from +1V to (Vt—1.5)
volts.

Op Amp Output (Pin 8): The op amp output is an open-
collector type gain stage and requires a pull-up resistor, Rp,
to for proper operation. For most applications, the recom-
mended value of Ry isin 5 k2 to 10 k€2 range.

Phase Detector Output (Pin 10): This terminal provides a
high-impedance output for the loop phase-detector. The PLL
loop filter is formed by R; and Cy connected to Pin 10 (See
Fig. 2). With no input signal, or with no phase-error within the
PLL, the dc level at Pin 10 is very nearly equal to VR. The
peak voltage swing available at the phase detector output is
equal to tVp.

Reference Voitage, VR (Pin 11): This pin is internally biased
at the reference voltage level, VR: VR =V+/2 - 650 mV.,
The dc voltage level at this pin forms an internal reference for
the voltage levels at pins 10, 12 and 16. Pin 1 must be by-
passed to ground with a 0.1 uF capacitor, for proper operation
of the circuit.

VCO Control Input (Pin 12): VCO free-running frequency is
determined by external timing resistor, R, connected from
this terminal to ground. For optimum temperature stability,
Ro must be in the range of 10 K2 to 100 K2 (See Fig. 8).

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

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

VCO Timing Capacitor (Pins 13 and 14): VCO frequency is
inversely proportional to the external timing capacitor, Co,
connected across these terminals (See Fig. 5). C@ must be non-
polar, and in the range of 200 pF to 10 uF.

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 5. The dc level at
pin 15 is approximately 300 mV above VR. The quadrature
output can be used with an external muﬁiplier as a “lock
detect” circuit. In order not to degrade oscillator performance,
the output at pin 15 must be buffered with an external high-
impedance low-capacitance amplifier. When not in use, pin 15
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 dc 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 external resistor, Rp (RB ~ 10 K2). The peak
voltage swing applied to pin 16 must not exceed (V¥—1.5)
volts.

PHASE-LOCKED LOOP PARAMETERS:

Transfer Characteristics:

Figure 9 shows the basic frequency to voltage characteristics
of XR-2212. With no input signal present, filtered phase
detector output voltage is approximately equal to the internal
reference voltage, VR, at pin 11. The PLL can track an input
signal over its tracking bandwidth, shown in the figure. The
frequencies fTp, and fpp represent the lower and the upper
edge of the tracking range, fq represents the VCO center fre-
quency.

I TRACKING I

BANDWIDTH

At At

N
<
E)

—

PHASE DETECTOR OUTPUT (Pin 10)
<
EY

o

3 i

-

f Frequency

o ‘o ™

INPUT SIGNAL FREQUENCY

Figure 9. Phase detector output voltage (pin 10) as a function of input
signal frequency. Note: Output voltage is referenced to internal refer-
ence voltage VR at pin 11.

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

1. VCO Center Frequency, fp:  fg=1/RqCo Hz

2. Internal Reference Voltage, VR (measured at Pin 11)
VR=V+/2 - 650 mV

3. Loop Low-Pass Filter Time Constant, 7:

/ NC
4. Loop Damping, §: {=1/4 Fl_o

where N is the external frequency divider modular (See
2). If no divider is used, N = 1.

7=R1Cy

5. Loop Tracking Bandwidth, +Af/fy: Af/fg = Ro/Ry

6. Phase Detector Conversion Gain, Kg: (Kq, is the differential
dc voltage across Pins 10 and 11, per unit of phase error at
phase-detector input) K¢ =-2VR/m volts/radian

7. VCO Conversion Gain, K(: (Kq is the amount of change in
VCO frequency, per unit of dc voltage change at Pin 10. It
is the reciprocal of the slope of conversion characteristics

shown in Figure 9). Kq =-1/VRCoR] Hz/volt

8. Total Loop Gain, Kt:
K= 21rK¢K0 = 4/CoR rad/sec/volt

9. Peak Phase-Detector Current, I 5 ; available at pin 10.
IA = VR (volts)/25 mA



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. 10,
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 10). In the circuit con-
nection of Fig. 10, the op amp section of XR-2212 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, RyCq set the VCO center frequency,
Ry sets the tracking bandwigth, C sets the low-pass filter
time constant. Op amp feedback resistors Rg and R¢ set the
voltage gain of the amplifier section.

PO
6
\% hJOpF sk L O.1mF
= DEMOD
ouTPUT
6
<. 8 mJ
o A
13 XR-2212 - —
- ; 5
0.1 uF 14 R
FM C>-{|-—OT c
INPUT
I O 1
4

Iowc

Ry FINE TUNE

Figure 10. Circuit Connection for FM Demodulation.

Design Instructions:

The circuit of Fig. 10 can be tailored to any FM demodula-
tion application by a choice of the external components Ry,
Ry, Re, RE, Cg and Cy. For a given FM center frequency and
frequency deviation, the choice of these components can be
calculated as follows, using the design equations and defini-
tions given on page 4:

a) Choose VCO center frequency f( to be the same as FM car-

rier frequency.

b) Choose value of timing resistor Rq, to be in the range of
10 K to 100 K2. This choice is arbitrary. The recom-
mended value is Ry = 20 K. The final value of Ry is
normally fine-tuned with the series potentiometer, 8X~

¢) Calculate value of Cqy from design equation (1) or from Fig.

Co = 1/Rpfp

d) Choose Ry to determine the tracking bandwidth, Af (see
design equation 5). The tracking bandwidth, Af, should be
set significantly wider than the maximum input FM signal
deviation, Afgpf. Assuming the tracking bandwidth to be
“N” times larger than Afgy, one can re-unite design equa-
tion S as:

af_Ro _
fo Ry

AfSM
fo

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 C; to set loop damping (see design equation 4).
Normally, { = 1/2 is recommended. Then, C; = Cg/4 for

$=1/2,

Recommended value of

% Deviation of FM Bandwidth Ratio, N
Signal (AfSM/fO) (N= Af/AfSM)

1% or less 10

1to3% 5

1to5% 4

5to 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 Af to max. signal frequency deviation,

Afgm).

f) Calculate R¢ and R to set peak output signal amplitude.
Output signal amplitude, V¢, is given as:

v (82 ) ()5

In most applications, g = 100 K2 is recommended; then
R, 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 R¢ (i.e.,
RC = co)

Note: All calculated component values except Rg can be
rounded-off to the nearest standard value, and R can be
varied to fine-tune center frequency, through a series
potentiometer, Ry. (See Fig. 10.)

Design Example:

Demodulator for FM signal with 67 kHz carrier frequency with
+5 kHz frequency deviation. Supply voltage is +12V and re-
quired peak output swing is #4 volts.

Step a) fgis chosen as 67 kHz.

Step b) Choose Rp = 20 KQ (18 K2 fixed resistor in series
with 5 K potentiometer).

Step ¢) Calculate Cqy; from design Eq. (1).
Cp =746 pF

Step d) Calculate Rj. For given FM deviation, Afgy/fg =
0.0746,and N = 3 from Table I.
Then:
R/R1 =(3)(0.0746) = 0.224
or:
Ry =89.3 KQ-

Step e): Calculate Cy =(Cg/4) = 186 pF.

Step f: Calculate and Rg to get ¥4 volts peak output
swing: Let Rp =100 KQ2. Then,

Rc = 80.6 KQ2.

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



FREQUENCY SYNTHESIS

Fig. 11 shows the generalized circuit connection for frequency
synthesis. In this application an external frequency divider is
connected between the VCO output (pin 5) 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 fg = f1/N where N is the modulus of the external frequency
divider. Conversely, the VCO output frequency, f] is equal to

Nf¢s.

In the circuit configuration of Fig. 11, the external timing
components, Rg and Cp, set the VCO free-running frequency;
R sets the tracking bandwidth and C1 sets the loop damping,
i.e., the low-pass filter time constant (see design equations).

+—OvV
o L
0.1
1 13 |ha I
01
INPUT 2 XR 2212
SIGNAL
fs —O0—
16
7 |4 9
—C
fo-00 01
o ~ I OUTPUT f, = Ny
v+
1K
AN AAA
° 745090 OR SIMILAR -

Figure 11. Circuit Connection for Frequency Synthesizer.

The total tracking range of the PLL (see Fig. 9), should be
chosen to accomodate the lowest and the highest frequency,
fmax and fi,in, to be synthesized. A recommended choice for
mo;t ﬁpp]ications is to choose a tracking half-bandwidth Af,
such that:

Af = fryax — fmin-
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If a fixed output frequency is desired, i.e. N and fq are fixed,
then a +10% tracking bandwidth is recommended. Excessively
large tracking bandwidth may cause the PLL to lock on the
harmonics 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 maximum 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, fy, to be equal to the output
frequency to be synthesized. If a range of output frequen-
cies is desired, set fg to be at mid-point of the desired
range.

b) Choose timing resistor Ry to be in the range of 15 KQ to
100 KS$2. This choice is arbitrary. Rq can be fine tuned with
a series potentiometer, Ry.

¢) Choose timing capacitor, C(y from Fig. 6 or Equation 1.
d) Calculate Rj to set tracking bandwidth (see Fig. 9, and

design equation 5). If a range of output frequencies are
desired, set Ry to get:

Af = fmax —~ fmin-
If a single fixed output frequency is desired, set R} to get:
Af = 0.1 fp.
e) Calculate Cq to obtain desired loop damping. (See design
equation 4). For most applications, { = 1/2 is recommended,
thus:

Co =NCp/4

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



XR-567

Monolithic Tone Decoder

The XR-567 is a monolithic phase-locked loop system designed for general purpose tone and frequency decoding. The circuit
operates over a wide frequency band of 0.01 Hz to 500 kHz and contains a logic compatible output which can sink up to
100 milliamps of load current. The bandwidth, center frequency, and output delay are independently determined by the

selection of four external components.

Figure 1 contains a functional block diagram of the complete monolithic system. The circuit consists of a phase detector,
low-pass filter, and current-controlled oscillator which comprise the basic phase-locked loop: plus an additional low-pass
filter and quadrature detector that enable the system to distinguish between the presence or absence of an input signal at the

center frequency.

FEATURES

Bandwidth adjustable from O to 14%.

Logic compatible output with 100 mA current sinking
capability .

Highly stable center frequency.

Center frequency adjustable from 0.01 Hz to 500 kHz.
Inherent immunity to false signals.

High rejection of out-of-band signals and noise.
Frequency range udjustijhlc over 20:1 range by external
resistor.

APPLICATIONS
Touch-Tone® Decoding
Sequential Tone Decoding

Communications Paging
Ultrasonic Remote-Control and Monitoring

EQUIVALENT SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply 10 volts
Power Dissipation (package limitation)
Ceramic package 385 mW
Derate above +25°C 5.0 mW/°C
Temperature
Operating
XR-567N -55°C to +125°C
XR-567CN/567CP 0° to +70°C
Storage -65°C to +150°C
AVAILABLE TYPES
Part Number Package Operating Temperature
XR-567M Ceramic ~55°Cto +125° C
XR-567CN Ceramic 0°C to +75°C
XR-567CP Plastic 0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM
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Figure 1 Functional Block Diagram



Test Conditions: Ve =145V. Ty = 25°C, unless otherwise specified. Test circuit of Figure 2.

LIMITS

CHARACTERISTICS UNITS CONDITIONS
MIN TYP MAX
GENERAL
Supply Voltage Range 4.75 9.0 Vdc
Supply Current
Quiescent XR-567 6 8 mA RL = 20 k2
XR-567C 7 10 mA R = 20 k2
Activated XR-567 11 13 mA Rp =20 k2
XR-567C 12 15 mA R =20 k2
Output Voltage 15 v
Negative Voltage at Input -10 \%
Positive Voltage at Input Vece + 0.5 \

CENTER FREQUENCY

Highest Center Frequency 100 500 kHz
Center Frequency Stability
Temperature Tp = 25°C 35 ppm/°C See Figure 9
0<Tp <70°C +60 ppm/°C | See Figure 9
=55 <Tp <+125°C +140 ppm/°C | See Figure 9
Supply Voltage
XR-567 0.5 1.0 %[V fo = 100 kHz
XR-567C 0.7 2.0 %[V fo =100 kHz

DETECTION BANDWIDTH

Largest Detection Bandwidth

XR-567 12 14 16 % of fo fo =100 kHz
XR-567C 10 14 18 % of fo fo = 100 kHz
Largest Detection Bandwidth Skew
XR-567 i 2 % of fo
XR-567C 2 3 % of fo
Largest Detection Bandwidth Variation
Temperature *0.1 %/°C Vin = 300 mV rms
Supply Voltage +2 %IV Vin = 300 mV rms
INPUT
Input Resistance 20 k2
Smallest Detectable Input Voltage 20 25 mV rms I = 100 mA, fj = fq
Largest No-Output Input Voltage 10 15 mV rms IL =100 mA, fj=fo
Greatest Simultaneous Outband Signal
to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 dB B = 140 kHz
OUTPUT
Output Saturation Voltage 0.2 0.4 A% IL=30mA, Vig= 25 mV rms
0.6 1.0 \Y% [L=100 mA, Vipb=25mV rms
Output Leakage Current 0.01 25 MA
Fastest ON-OFF Cycling Rate fo/20
Output Rise Time 150 ns Ry =500
Output Fall Time 30 ns Ry =502
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DEFINITION OF XR-567 PARAMETERS
CENTER FREQUENCY f

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

where R is in ohms and C is in farads.

DETECTION BANDWIDTH (BW)

The detection bandwidth is the frequency range centered

about fy, within which an input signal larger than the threshold
voltage (typically 20 mV rms) will cause a logic zero state at
the output. The detection bandwidth corresponds to the cap-
ture range of the PLL and is determined by the low-pass band-
width filter. The bandwidth of the filter, as a percent of fy, can
be determined by the approximation

BW =1070

where Vjis the input signal in volts, rms, and C?7 is the capaci-
tance at pin 2 in uF.

LARGEST DETECTION BANDWIDTH

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.

DETECTION BAND SKEW

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

DESCRIPTION OF CIRCUIT CONTROLS
OUTPUT FILTER — C3 (Pin 1)

Capacitor C3 connected from pin 1 to 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 = R3C3, where R3 (4.7 k{2) is the internal
impedance at pin 1.

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 Cp, where C is the
loop filter capacitance at pin 2.

If the value of C3 becomes too large, the turn-on or turn-off
time of the output stage will be delayed until the voltage
change across C3 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 (see Figure 1) may cause a false logic level change
at the output. (Pin 8)

The average voltage (during lock) at pin 1 isa function of the
inband input amplitude in accordance with the given transfer
characteristic.
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LOOP FILTER — C, (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-567. The
filter time constant is given by T2 = R9C7, where Ry (10 k§2)
is the impedance at pin 2.

The selection of C) is determined by the detection bandwidth
requirements, as shown in Figure 6. For additional information
see section on ‘‘Definition of XR-567 Parameters’.

The voltage at pin 2, the phase detector output, is a linear
function of frequency over the range of 0.95 to 1.05 f,, with a
slope of approximately 20 mV/% frequency deviation.

INPUT (Pin 3)

The input signal is applied to pin 3 through a coupling capaci-
tor. This terminal is internally biased at a dc level 2 volts above
ground, and has an input impedance level of approximately

20 k2.

TIMING RESISTOR R{ AND CAPACITOR C, (Pins S and 6)

The center frequency of the decoder is set by resistor R
between pins 5 and 6, and capacitor C| from pin 6 to ground,
as shown in Figure 3.

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

Vee
+6V
W 7
o
0.01uF 4 AL
Oo—yp}—o0—
2
XR-567 [
1
o.oosI o,oz%_-
- - 5 e i7
24K =
* Adijust for o 100 kHz c*
f1 100 kHz, +5V I 0.0033
Figure 2. XR-567 Test Circuit
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[0}
Ts
3 R
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1

Figure . XR-567 Connection Diagram



TYPICAL CHARACTERISTIC CURVES

SUPPLY VOLTAGE — VOLTS

of Center Frequency
(Mean and S.D.)
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LOGIC OUTPUT (Pin 8)

Terminal 8 provides a binary logic output when an input signal
is present within the pass-band of the decoder. The logic out-
put is an uncommitted, *‘bare-collector’ power transistor capa-
ble of switching high current loads. The current level at the
output is determined by an external load resistor, R, 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 1 volt (typically
0.6V) at full rated current of 100 mA. If large output voltage
swings are needed, R can be connected to a supply voltage,
V+_ higher than the Ve supply. For safe operation,

V+ < 20 volts.

INPUT

OUTPUT

Response to 100 mV rms tone burst
R = 100 ohms.

INPUT

Response to same input tone burst with wideband noise.
%=76d5 R =100 ohms

Noise Bandwidth = 140 Hz

Figure 13. Typical Response
OPERATING INSTRUCTIONS

SELECTION OF EXTERNAL COMPONENTS

A typical connection diagram for the XR-567 is shown in
Figure 3. For most applications, the following procedure will
be sufficient for determination of the external components Ry,
Cy,.Cp.and C3.

1. R1 and C1 should be selected for the desired center fre-
quency by the expression fo =~ 1/R1C|. For optimum
temperature stability, R should be selected such that
2k <Ry K20k, and the R1Cq product should have suf-
ficient stability over the projected operating temperature
range. -

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 C7 accordingly.
Or, if the input amplitude variation is known, the required
foC2 product can be found to give the desired bandwidth.
Constant bandwidth operation requires Vi > 200 mV rms.
Then, as noted on the graph, bandwidth will be controlled
solely by the foC7 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-
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 C3is 2 C.

Conversely, if C3 is too 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

The XR-567 is a frequency selective tone decoder system
based on the phase-locked loop (PLL) principle. The system

i1s comprised of a phase-locked loop, a quadrature AM detector,
a voltage comparator, and an output logic driver. The four
sections are internally interconnected as shown in Figure 1.

When an input tone is present within the pass-band of the
circuit, the PLL synchronizes or *‘locks” on the input signal.
The quadrature detector serves as a lock indicator: when the
PLL is locked on an input signal, the dc voltage at the output
of the detector is shifted. This dc level shift is then converted
to an output logic pulse by the amplifier and logic driver. The
logic driver is a “‘bare collector” transistor stage capable of
switching 100 mA loads.

The logic output at pin 8 is normally in a “*high” state, until

a tone that is within the capture range of the decoder is
present at the input. When the decoder is locked on an input
signal, the logic output at pin 8 goes to a ‘‘low” state.

The center frequency of the detector is set by the free-running
frequency of the current-controlled oscillator in the PLL. This
free-running frequency, fq, is determined by the selection of
R and C'| 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 the output response speed is controlled
by the output filter capacitor, C3.

OPTIONAL CONTROLS
PROGRAMMING

Varying the value of resistor R and/or capacitor Cy will
change the center frequency. The value of R can be changed
either mechanically or by solid state switches. Additional C|
capacitors can be added by grounding them through saturated
npn transistors.

SPEED OF RESPONSE

The minimum lock-up time is inversely related to the loop
frequency. As the natural loop frequency is lowered, the turn-
on transient becomes greater. Thus maximum operating speed
is obtained when the value of capacitor C7 is minimum. At
the instant an input signal is applied its phase may drive the
oscillator away from the incoming frequency rather than
toward it. Under this 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 C) 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 output chatter is about 10 cycles/bit,
which corresponds to an information transfer rate of f5/10
baud.

In situations where minimum turn-off time is of less importance
than fast turn-on, the optional sensitivity 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 Sensitivity Connections

CHATTER

When the value of C3 is small, 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, resulting in out-
put chatter.

Although some loads, such as lamps and relays will not respond
to chatter, logic may interpret chatter as a series of output sig-
nals. Chatter can be eliminated by feeding a portion of the
output back to the input (pin 1) or, by increasing the size of
capacitor C3. Generally, the feedback method is preferred
since keeping C3 small will enable faster operation. Three
alternate schemes for chatter prevention are shown in

Figure 15. Generally, it is only necessary to assure that the
feedback time constant does not get so large that it prevents
operation at the highest anticipated speed.
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Figure 15. Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 16 can be used to change the
position of the detection band (capture range) within the
largest detection band (or lock range). By moving the detec-
tion band to either edge of the lock range, input signal varia-
tions will expand the detection band in one direction only.
Since R 3 also has a slight effect on the duty cycle, this
approach may be useful to obtain a precise duty cycle when
the circuit is used as an oscillator.

OUTPUT LATCHING

In order to latch the output of the XR-567 ““on’’ after a signal
is received, it is necessary to include a feedback resistor around
the output stage, between pin 8 and pin 1, as shown in

Figure 17. Pin 1 is pulled up to unlatch the output stage.
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Figure 16. Connections to Reposition Detection Band
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Figure 17. Output Latching

BANDWIDTH REDUCTION

The bandwidth of the XR-567 can be reduced by either increas-
ing capacitor C» or reducing the loop gain. Increasing C> may
be an undesirable solution since this will also reduce the damp-
ing of the loop and thus slow the circuit response time.

Figure 18 shows the proper method of reducing the loop gain
for reduced bandwidth. This technique will improve damping
and permit faster performance under narrow band operation.
The reduced impedance level at pin 2 will require a larger value
of C> for a given cutoff frequency.
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Figure 18. Bandwidth Reduction



PRECAUTIONS

1. The XR-567 will lock on signals near (2n + 1) fo and
produce an output for signals near (4n + 1) fg, for
n=0,1,2 — etc. Signals at 5 f, and 9 f, can cause an
unwanted output and should, therefore, be attenuated
before reaching the input of the circuit.

2. Operating the XR-567 in a reduced bandwidth mode of
operation at input levels less than 200 mV rms results in
maximum immunity to noise and out-band signals. De-
creased loop damping, however, causes the worst-case
lock-up time to increase, as shown by the graph of
Figure 12.

3. Bandwidth variations due to changes in the in-band signal
amplitude can be eliminated by operating the XR-567 in
the high input level mode, above 200 mV. 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 sub-
harmonic signals so that the circuit becomes sensitive to
signals at f,/3, /5 etc.

4. Care should be exercised in lead routing and lead lengths
should be kept as short as possible. Power supply leads
should be properly bypassed close to the integrated circuit
and grounding paths should be carefully determined to
avoid ground loops and undesirable voltage variations. In
addition, circuits requiring heavy load currents should be
provided by a separate power supply, or filter capacitors
increased to minimize supply voltage variations.

ADDITIONAL APPLICATIONS
DUAL TIME CONSTANT TONE DECODER

For some applications it is important to have a tone decoder
with narrow bandwidth and fast response time. This can be
accomplished by the dual time constant tone decoder circuit
shown in Figure 19. The circuit has two low-pass loop filter

capacitors, C7 and ("24 With no input signal present, the out-

put at pin 8 is high, transistor Q| is off, and C is switched
out of the circuit. Thus the loop low-pass filter is comprised
of C7, which can be kept as small as possible for minimum
response time.

When an in-band signal is detected, the output at pin 8 will
go low, Q will turn on, and capacitor C'y will be switched
in parallel with capacitor C). The low-pass filter capacitance
will then be C2 +C'9. The value of C') can be quite large in
order to achieve narrow bandwidth. Notice that during the
time that no input signal is being received, the bandwidth is
determined by capacitor C».
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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 10% of the carrier frequency, and XR-567 can be used to
detect the presence of the carrier signal. The output of the
XR-567 is used to turn off the FM demodulator when no
carrier is present, thus acting as a squelch. In the circuit shown,
an XR-215 FM demodulator is used because of its wide dy-
namic range, high signal/noise ratio and low distortion. The
XR-567 will detect the presence of a carrier at frequencies up

to S00 kHz.
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Figure 20. Narrow Band FM Demodulator with Carrier Detect
DUAL TONE DECODER

In dual tone communication systems, information is trans-
mitted by the simultaneous presence of two separate tones at
the input. In such applications two XR-567 units can be con-
nected in parallel, as shown in Figure 21 to form a dual tone
decoder. The resistor and capacitor values of each decoder

are selected to provide the desired center frequencies and band-
width requirements.

INPUT
CHANNEL
OR RECEIVER

Figure 21. Dual Tone Decoder

PRECISION OSCILLATOR

The current-controlled oscillator (CCO) section of the XR-567
provides two basic output waveforms as shown in Figure 22.
The squarewave is obtained from pin 5, and the exponential
ramp from pin 6. The relative phase relationships of the wave-



forms are also provided in the figure. In addition to being used
as a general purpose oscillator or clock generator, the CCO can
also be used for any of the following special purpose oscillator
applications:

1. High-Current Oscillator
The oscillator output of the XR-567 can be amplified using
the output amplifier and high-current logic output available
at pin 8. In this manner, the circuit can switch 100 mA load
currents without sacrificing oscillator stability. A recom-
mended circuit connection for this application is shown in
Figure 23. The oscillator frequency can be modulated over
*6% in frequency by applying a control voltage to pin 2.

2. Oscillator with Quadrature Outputs
Using the circuit connection of Figure 24 the XR-567 can
function as a precision osciHator with two separate square-
wave outputs (at pins S and 8, respectively) that are at
nearly quadrature phase with each other. Due to the inter-
nal biasing arrangement the actual phase shift between the
two outputs is typically 80°.

3. Oscillator with Frequency Doubled Output
The CCO frequency can be doubled by applying a portion
of the squarewave output at pin 5 back to the input at pin 3,
as shown in Figure 25. In this manner, the quadrature de-
tector functions as a frequency doubler and produces an
output of 2 fy at pin 8.

Figure 22. Oscillator Output Waveform Available From
CCO Section.
Top: Square Wave Qutput at Pin 5:
Amplitude = (Vt-1.4V),pp., Avg. Value = V¥/2
Bottom: Exponential Triangle Wave at Pin 6:
Amplitude = 1 V pp., Avg. Value = V*¥/2

V+ V4
i
Ri
Vourt

oy
veo Z 16 |5 |
TERMINAL j_
(26%) =
Ry
II

Figure 23. Precision Oscillator to Switch
100 mA Loads
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Figure 24. Oscillator with Quadrature Qutput
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Figure 25. Oscillator with Double Frequency Output

FSK DECODING

XR-567 can be used as a low speed FSK demodulator. In this
application the center frequency is set to one of the input fre-
quencies, and the bandwidth is adjusted Lo leave the second
frequency outside the detection band. When the input signal
is frequency keyed between the in-band signal and the out-
band signal, the logic state of the output at pin &8 is reversed.
Figure 26 shows the FSK input (f3 =3 f|) and the demodu-
lated output signals, with fg = {2 =1 kHz. The circuit can
handle data rates up to to/10 baud.

PANE g

‘..,..u.»UWV‘.u.

Figure 26. Input and OQutput Waveforms for FSK Decoding
Top: Input FSK Signal (f2 = 3fl)
Bottom: Demodulated Output
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Micropower Tone Decoder

GENERAL DESCRIPTION — ADVANCE INFORMATION

The XR-L567 is a micropower phase-locked loop (PLL) circuit designed for general purpose tone and frequency decoding. It is a
direct replacement for the popular 567-type tone decoder 1C’s in applications requiring very low power dissipation. The XR-L567
offers approximately 1/10th the power dissipation of the conventional 567-type tone decoder, without sacrificing its key features
such as the oscillator stability, frequency selectivity and detection threshold. At 5 volt operation, typical quiescent power
dissipation is less than 4 mW. It operates over a wide frequency band of 0.01 Hz to 60 kHz and contains a logic compatible out-
put which can sink up to 10 milliamps of load current. The bandwidth, center frequency, and output delay are independently
determined by the selection of four external components.

The XR-L567 monolithic circuit consists of a phase detector, low-pass filter, and current-controlled oscillator which comprise the
basic phase-locked loop; plus an additional low-pass filter and quadrature detector that enable the system to distinguish between
the presence or absence of an input signal at the center frequency. The output logic level is normally “*high”, and goes to a “low”
state when there is an input signal within the detection band of the circuit.

FEATURES ABSOLUTE MAXIMUM RATINGS

Very Low Power Dissipation (X4 mW at 5V). Power Supply 10 volts
Bandwidth Adjustable from 0 to 14%. Power Dissipation (package limitation) 7
Logic Compatible Output with 10 mA Current Sinking Cerarmc package 385 mW
Capability. Plastic Package . _300 moW
Highly Stable Center Frequency. Dera‘lte above +25°C . 2\ m\iVL/OC
Center Frequency Adjustable from 0.01 Hz to 50 kHz. Operating Temperature 0°Cto+75 C
Inherent Immunity to False Signals. Storage Temperature —65°Cto+150°¢

High Rejection of Out-of-Band Signals and Noise.
Frequency Range Adjustable Over 20.1 Range by External

Resistor.
APPLICATIONS AVAILABLE TYPES
Battery-Opegted Tor_le Detection Part Number Package Operating Temperature
g:“lf:nflgﬁonz el;‘;gg:ﬁn XR-L567CN Ceramic 0°C to +75°C

quential & oCing XR-L567CP Plastic 0°C to +75°C
Communications Paging
Ultrasonic Remote-Control
Telemetry Decoding
EQUIVALENT SCHEMATIC DIAGRAM FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS — PRELIMINARY
Test Conditions: V((C =+5V. TA = 25°C, unless otherwise specified. Test circuit of Figure 1.

LIMITS
CHARACTERISTICS UNITS CONDITIONS
MIN | TYP MAX
GENERAL
Supply Voltage Range 4.75 9.0 \%
Supply Current
Quiescent 0.6 1.0 mA R =20 k&2
Activated 0.8 1.2 mA RL =20 k§2
CENTER FREQUENCY
Highest Center Frequency 10 60 kHz
Center Frequency Drift
Temperature Tp = 25°C -35 ppm/°C See Figures 10 and 11
0<TA<70°C -150 ppm/°C See Figures 10 and 11
Supply Voltage 0.5 20 %IV fo=1kHz
DETECTION BANDWIDTH
Largest Detection Bandwidth 10 14 18 % of fq fo =10 kHz
Largest Detection Bandwidth Skew 2 3 % of fy See Fig. 13 for Denifition
Largest Detection Bandwidth Variation
Temperature +0.1 %|°C Vip = 300 mV rms
Supply Voltage *2 %IV Vin =300 mV rms
INPUT
Input Resistance 100 k2
Smallest Detectable Input Voltage 20 25 mV rms IL=10mA. fj=f,
Largest No-Output Input Voltage 10 15 mV rms IL=10mA. fj=1f,
Greatest Simultaneous Outband Signal
to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 dB Bp = 140 kHz
OUTPUT
Output Saturation Voltage 0.2 0.4 A% IL = 2mA, Vjp =25 mV rms
0.3 0.6 \Y I =10 mA, Vip =25 mV rms
Output Leakage Current 0.01 25 MA
Fastest On/Off Cycling Rate fo/20
Output Rise Time 150 ns Rp =1k&Q
Output Fall Time 30 ns Rp =1k&
1 uF i/scvc QYee
‘TL —I= o ]
INPUT ;:T—F—é— % 20k INPUT O—)—0—]3 % R
uF 2 XR L567 -——:——o LO;A:LP:{S r* ~-0—2 XR-L567 8 —(5—“ O
1 ouTPUT 2 I . ouTPUT
0z X ¢ 5 6 7
oosl “‘_;L i i SIULT;;\.;T I j% i
5 6 7
44K = Juu O—I ; Ry =
* Adjust for fo = 10 kH c* VWV o
:.-uonmt; - I 0.0022 uF '°=r‘C1 :_LCI
Figure 1. XR-L567 Test Circuit Figure 2. XR-L567 Generalized Connection Diagram
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CHARACTERISTIC CURVES
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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 present within the pass-band of the cir-
cuit, the PLL synchronizes or ““locks™ on the input signal. The
quadrature detector serves as a lock indicator: when the PLL
is locked on an input signal, the dc voltage at the output of
the detector is shifted. This dc 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” NPN transistor
stage capable of switching 10 mA current loads.

The logic output at pin 8 is normally in a “high™ state, until a
tone that is within the capture range of the decoder is present
at the input. When the decoder is locked on an input signal,
the logic output at pin 8 goes to a *‘low™ state.

Figure 12 shows the typical output response of the circuit 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. This
free-running frequency, fo, is determined by the selection of
R} and Cj connected to pins 5 and 6, as shown in Figure 3.
The detection bandwidth is determined by the size of the PLL
filter capacitor, C2; and the output response speed is con-
trolled by the output filter capacitor, C3. (See Figure 2)

INPUT

QUTPUT

Response to 100 mV rms tone burst
R = 100 ohms.

Figure 12. Typical Output Response to

100 mV Input Tone-Burst

DEFINITION OF DEVICE PARAMETERS

CENTER FREQUENCY f,

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

o1

fo 2
°TRIC)

Hz

where R is in ohms and C is in farads.
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DETECTION BANDWIDTH (BW)

The detection bandwidrh is the frequency range centered
about fg, 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 determined 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 Figures S and 6.

LARGEST DETECTION BANDWIDTH

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.

DETECTION BAND SKEW

The detection band skew is a measure of how accurately the
largest detection band is centered about the center frequency,
fo. This parameter is graphically illustrated in Figure 13. In
the figure, fmin and fiax correspond to the lower and the
upper ends of the largest detection band. and f] corresponds
to the “apparent™ center of the detection band, and is defined
as the arithmetic average of fqin and fmax and fy is the free-
running frequency of the XR-L567 oscillator section. The
bandwidth skew, Afy, is the difference between these frequen-
cies. Normalized to fy, this bandwidth skew can be expressed
as:
Afy

Bandwidth Skew =—— = -

o 2o

(fmax * fmin ~ 2fo)

If necessary, the detection band skew can be reduced to zero
by an optional centering adjustment. (See Optional Controls).

LARGEST DETECTION

| BAND
- -

ouTPUT |
[

LOGIC LEVEL
/\/ T 1
fonin o fmax

INCREASING
FREQUENCY o

—

fo = PLL free-running frequency
fmax * fmin
f1 = Center freq. of detection band = ——————

Figure 13. Definition of Bandwidth 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 dc level 2 volts
above ground, and has an input impedance level of approxi-
mately 100 kS2.

TIMING RESISTOR R1 AND CAPACITOR C1 (Pins § and 6)

The center frequency of the decoder is set by resistor R} be-




tween pins 5 and 6, and capacitor C) from pin 6 to ground,
as shown in Figure 3.

Pin S is the oscillator squareware output which has a magni-
tude of approximately VcC — 1.4V and an average dc level of
Vee/2. A 5 kS 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 dc level of Vcc/2.
Only high impedance loads should be connected to pin 6 to
avoid disturbing the temperature stability or duty cycle of the
oscillator.

LOOP FILTER —C3 (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-L567. The
filter time constant is given by T7 = R2Cp, where R (100
k) is the impedance at pin 2.

The selection of C7 is 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 f, to 1.05 fp,
with a slope of approximately 20 mV/% frequency deviation.

OUTPUT FILTER — C3 (Pin 1)

Capacitor C3 connected from pin 1 to 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 = R3C3, where R3 (47 k) is the internal
impedance at pin 1.

If the value of C3 becomes too large, the turn-on or turn-off
time of the output stage will be delayed until the voltage
change across C3 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 1 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 within 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 is determined by an external load resistor, R[, 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, R
can be connected to a supply voltage, V+, higher than the V¢
supply. For safe operation, V+ < 20 volts.
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OPERATING INSTRUCTIONS

SELECTION OF EXTERNAL COMPONENTS

A typical connection diagram for the XR-L567 is shown in
Figure 2. For most applications, the following procedure will
be sufficient for determination of the external components
R1,Cy,C2,and C3.

1. Ry and Cj should be selected for the desired center fre-
quency by the expression fo = 1/RjCy. For optimum
temperature stability, R} should be selected such that
20k < R; £200 k€, and the RyC) product should
have sufficient stability over the projected operating
temperature range.

2. Low-pass capacitor, C2, can be determined from the
Bandwidth versus Input Signal Amplitude graph of Figure
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 foCo product can be found to give the de-
sired bandwidth. Constant bandwidth operation requires
V> 200 mV rms. Then, as noted on the graph, bandwidth
will be controlled solely by the f5C> 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-
quencies 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 C3is 2 Co.

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

PRECAUTIONS

1. The XR-L567 will lock on signals near (2n + 1) f and pro-
duce an output for signals near (4n+ 1) fy, forn=0,1.2 -
etc. Signals at 5 fy and 9 f can cause an unwanted output
and should. therefore. be attenuated before reaching the
input of the circuit.

2. Operating the XR-L567 in a reduced bandwidth mode of
operation at input levels less than 200 mV rms results in
maximum immunity to noise and out-band signals. De-
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 in-band signal
amplitude can be eliminated by operating the XR-L567 in
the high input level mode, above 200 mV. 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 to
signals at fo/3, fo/S etc.

4. Care should be exercised in lead routing and lead lengths



should be kept as short as possible. Power supply leads
should be properly bypassed close to the integrated circuit
and grounding paths should be carefully determined to
avoid ground loops and undesirable voltage variations. In
addition, circuits requiring heavy load currents should be
provided by a separate power supply, or filter capacitors
increased to minimize supply voltage variations.

OPTIONAL CONTROLS
PROGRAMMING

Varying the value of resistor Ry and/or capacitor C| will
change the center frequency. The value of R can be changed
either mechanically or by solid state switches. Additional C
capacitors can be added by grounding them through saturated
npn transistors.

SPEED OF RESPONSE

The minimum lock-up time is inversely related to the loop
frequency. As the natural loop frequency is lowered, the turn-
on transient becomes greater. Thus maximum operating speed
is obtained when the value of capacitor C is minimum. At
the instant an input signal is applied, its phase may drive the
oscillator away from the incoming frequency rather than
toward it. Under this 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 where f is Hz.

130 .. _260
C2 =-—f?,C3- fo [JF

The minimum rate that digital information may be detected
without losing information due to turn-on transient or output
chatter is about 10 cycles/bit, which corresponds to an in-
formation transfer rate of fy/10 baud. In situations where
minimum turn-off is of less importance than fast turn-on, the
optional sensitivity 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.

. xR1567 xR-1567 |

DECREASE
SENSITIVITY

INCREASE
SENSITIVITY

Ji"

||}---”-n—<-

DECREASE
SENSITIVITY

XR-1567 |

INCREASE
SENSITIVITY

TEMPERATURE
COMPENSATION

SILICON
DIODES FOR
(OPTIONAL)

Figure 14. Optional Sensitivity Connections
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CHATTER

When the value of C3 is small, 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, resulting
in output chatter.

Although some loads, such as lamps and relays will not respond
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 (pin 1) or, by increasing the size of
capacitor C3. Generally, the feedback method is preferred
since keeping C3 small will enable faster operation. Three
alternate schemes for chatter prevention are shown in Figure
15. Generally, it is only necessary to assure that the feed-
back time constant does not get so large that it prevents
operation at the highest anticipated speed.

W
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2

IC?

XR L567 XR L567

LOWERS 1, RAISES 1,

XR L567

RAISES 1,

SILICON
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FOR
TEMPERATURE
COMPENSATION
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Figure 16. Connections to Reposition Detection Band

SKEW ADJUSTMENT

The circuits shown in Figure 16 can be used to change the
position of the detection band (capture range) within the larg-
est detection band (or lock range). By moving the detection
band to either edge of the lock range, input signal variations
will expand the detection band in 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 when the circuit
is used as an oscillator.




XR-2567

Dual Monolithic Tone Decoder

The XR-2567 is a dual monolithic tone decoder of the 567-type that 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 sections can be interconnected for
dual operation. The matching and temperature tracking characteristics between decoders on this monolithic chip are superior to

those available from two separate tone decoder packages.

The XR-2567 operates over a frequency range of 0.01 Hz to 500 kHz. Supply voltages can vary from 4.5V to 12V, with internal
voltage regulation provided for supplies between 7V and 12V. Figure 1 is a functional block diagram of the complete monolithic
system. Each decoder consists of a phase-locked loop (PLL), a quadrature AM detector, a voltage comparator, and a logic-com-
patible output that can sink more than 100 mA of load current.

The center frequency of each decoder is set by an external resistor and capacitor which determine 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 output,
which is normally “high”, then switches to a “low’ state during this “lock” condition.

FEATURES

Replaces two 567-type decoders
Excellent temperature tracking between decoders
Bandwidth adjustable from 0 to 14%
Logic compatible outputs with 100 mA sink capability
Center frequency matching (1% typ.)
Center frequency adjustable from 0.01 Hz to 500 kHz
Inherent immunity to false triggering
Frequency range adjustable over 20:1 range

by external resistor.

APPLICATIONS

Touch-Tone ® Decoding

Sequential Tone Decoding

Dual-Tone Decoding/Encoding

Communications Paging

Ultrasonic Remote-control and
Monitoring

Full-Duplex Carrier-tone
Transceiver

Wireless Intercom

Dual Precision Oscillator

FSK Generation and
Detection

EQUIVALENT SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply

With Internal Regulator 14V
Without Regulator (Pins 12 and 13 shorted) 10V
Ceramic Package 750 mW
Derate above +25°C 6 mW/°C
Plastic Package 625 mW/oC
Derate above +25°C 5.0 mW/°C
AVAILABLE TYPES
Part Number Package Operating Temperature
XR-2567M Ceramic —~55°C to +125°C
XR-2567CN Ceramic 0°C to +75°C
XR-2567CP Plastic 0°C to +75°C

FUNCTIONAL BLOCK DIAGRAM
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Figure 1. Functional Block Diagram



ELECTRICAL SPECIFICATIONS

Test Conditions: VoC = +5V, TA = 25°C, unless otherwise specified. Test circuit of Figure 2, S| closed unless

otherwise specified.

TIMITS N
CHARACTERISTICS MIN | TYP MAX UNITS CONDITIONS
GENERAL
Supply Voltage Range
Without Regulator 4.75 7 Vdc See Figure 5, S| closed.
With Internal Regulator 6.5 12 Vdc See Figure 5, S| open.
Supply Current (both decoders) See Figures 7, 8
Quiescent XR—2567 12 16 mA RL =20k
XR-2567C 14 20 mA R = 20k§2
Activated XR-2567 22 26 mA R =20k
XR-2567C 24 30 mA RL =20 k2
Output Voltage 15 \%
Negative Voltage at Input -10 \%
Positive Voltage at Input Vect0sS | vV
CENTER FREQUENCY (each decoder section)
Highest Center Frequency 100 | S00 kHz
Center Frequency Stability
Temperature TéA =25°C o 35 ppm/:C See Figure 14
0 <TA<#+75°C *60 ppm/ C | See Figure 14
—55°<TA<+125°C +140 ppm/°C | See Figure 14
Supply Voltage
Withkout Regulator
XR-2567 0.5 1.0 %|V fo =100 kHz
XR-2567C 0.7 2.0 %V fo =100 kHz
With Internal Regulator
XR-2567 0.05 %|V fo =100 kHz, V+ =9V
XR-2567C 0.1 %IV fo =100 kHz, V+ =9V
DETECTION BANDWIDTH (each decoder section)
Largest Detection Bandwidth
XR-2567 12 14 16 % of fo | fo=100kHz
XR-2567C 10 |14 18 % of to | fo= 100 kHz
Largest Detection Bandwidth Skew
XR-2567 1 2 % of fo
XR-2567C 1 3 % of fo
Largest Detection Bandwidth Variation
Temperature 10.1 %[°C Vin =300 mV rms
Supply Voltage 2 %V Vin =300 mV rms
INPUT (each decoder section)
Input Resistance - 20 k2
Smallest Detectable Input Voltage 20 25 mV rms | Iy =100 mA, fj = f,
Largest No-Output Input Voltage 10 15 mV rms | I =100 mA, fj=f,
Greatest Simultaneous Outband Signal
to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 dB Noise Bw = 140 kHz
QUTPUT (each decoder section)
Output Saturation Voltage 0.2 0.4 A IL =30 mA, Vjp =25 mV rms
0.6 1.0 \% IL =100 mA, Vip =25 mV rms
Output Leakage Current 0.01 25 MA
Fastest ON—OFF Cycling Rate fo/20
Output Rise Time 150 ns RL = 5092
Output Fall Time 30 ns RL = 5082
MATCHING CHARACTERISTICS
Center Frequency Matching % f% =10 kHz
Temperature Drift Matching +20 ppm/°C | 0°C<TA<75°C
+50 ppm/°C | -55°C<Tp<125°C
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Figure 2. Test Circuit

INPUT

OQUTPUT

Response to 100 mV rms tone burst.
Ry = 100 ohms.

Figure 3. XR—-2567 Typical Response

DEFINITIONS OF XR—-2567 PARAMETERS

fo is the free-running frequency of the current-controlled oscil-
lator of the PLL with no input signal. It is determined by
resistor R and capacitor C; fy can be approximated by

1

R—1C1 Hz

where R is in ohms and C] is in farads.

fo =~

The detection bandwidth is the frequency range centered
about fg, 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 f, can be determined by the approximation

Vi
f0C2
where Vj is the input signal in volts, rms, and Cp is the
capacitance in uF at pins 10 or 15.

BW ~ 1070

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,
fo. It is defined as (fmax + fmin — 2fo)/fo, where fiax 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, C.. These terminals are internally biased at
a dc level 2 volts above ground and they have an input imped-
ance level of approximately 20 k2.

TIMING RESISTOR Rj AND CAPACITOR Cj (Pins 1, 8, 9,
and 16)

The center frequency, f,, of each decoder section is set by a
resistor R and a capacitor Cj. R]A is connected between pins
1 and 16 in decoder section A, and R between pins 8 and 9
of decoder section B. CjA is connected from pin 1 to ground,
and Cjg from pin 8 to ground, as shown in Figure 4. R} and
C| should be selected for the desired center frequency by the
expression fo =~ 1/R1C]. For optimum temperature stability,
R should be selected such that 2 k2 <Ry < 20 k€2, and
the R|C] product should have sufficient stability over the
projected operating temperature range.

Vee Cg
Ce 1 uF Cc
|NPuTAo-—{}—EIJ f }TLF}—Q INPUT B
1 =
14 13 12 1
C"II\ ,0 CZB
e o o oy e v
= ‘1 uNnIT . [V1NTh A W =
fin ‘r{C}—«D-T NIT | xR-2567 '—D—CH—_L A
= Cap
£l 4
our
A
:Ti_- =11 |4
n T
f=fon Ria E’A
NW —t

© S, OPEN FOR 7V TO 12V
OPERATION CLOSED
FOR 4.5V TO 7V OPERATION

Cc COUPLING CAPACITOR
Cg BYPASS CAPACITOR

Figure 4. Circuit Connection Diagram

For decoder section A, the oscillator output can be obtained
at either pin 1 or 16. Pin 16 is the oscillator squarewave out-
put which has a magnitude of approximately VcC-1.4V and
an average dc level of VC/2. A 1 k§2 load may be driven from
this point. The voltage at pin 1 is an exponential triangle wave-
form with a peak-to-peak amplitude of 1 volt and an average
dc level of Vcc/2. Only high impedance loads should be con-
nected to pin 1 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, C3 (Pins 10 and 15)

Capacitors C2A and Cp connected from pins 15 and 10 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 = R7C»p, where R2(10 kS2) is the impedance at pins 10
or 15. The selection of C) is determined by the detection
bandwidth requirements and input signal amplitude as shown
in Figures 10 and 12. One approach is to select an area of
operation from the graph and then adjust the input level and
value of C9 accordingly. Or, if the input amplitude variation is
known, the required foC2 product can be found to give the
desired bandwidth. Constant bandwidth operation requires
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Vi > 200 mV rms. Then, as noted in Figure 10, bandwidth will
be controlled solely by the foC7 product. (For additional in-
formation, see Optional Controls Section, “Speed of Re-
sponse”” and ‘“Bandwidth Reduction”.)

Pins 10 and 15 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
1.05 fo, with a slope of approximately 20 mV/% frequency
deviation.

OUTPUT FILTER, C3 (Pins 2 and 7)

Capacitors C35 and C3B 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 is to
eliminate spurious outputs caused by out-of-band signals. The
time constant of the filter can be expressed as T3 = R3C3,
where R3(4.7 k) is the internal impedance at pins 2 or 7.

The precise value of C3 is not critical for most applications. To
eliminate the possibility of false triggering by spurious signals,
a minimum value for C3 is 2Cp, where C9 is the loop filter
capacitance for the corresponding decoder section. If C3 is
smaller than 2C9p, then frequencies adjacent to the detection
band may switch the output stage “off” 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 the output stage will be delayed until the voltage
change across C3 reaches the threshold voltage. In certain ap-
plications, this delay may be desirable as a means of sup-
pressing spurious outputs. (For additional information, see
Optional Controls Section, “Speed of Response” and
“Chatter’.)

LOGIC OUTPUT (Pins 3 and 6)

Output terminals 3 and 6 provide a binary logic output when
an input signal tone is present within the detection-band of
each respective decoder section. The logic outputs are uncom-
mitted ‘‘bare-collector” power transistors capable of switching
high current loads. The current level at the output is deter-
mined by an external load resistor, R[, connected from VcC
to pins 3 or 6.

When an in-band signal is present, the output transistor at pins
3 or 6 saturates with a collector voltage less than 1 volt (typi-
cally 0.6V) at full rated current of 100 mA. If large output
voltage swings are needed, R[ can be connected to a supply
voltage, V+ higher than the VC(c supply. For safe operation,
V+ < 15 volts.

REGULATOR BY-PASS (Pin 12)

This pin corresponds to the output of the voltage regulator
section. For circuit operation with a supply voltage greater
than 7V, pin 12 should be ac grounded with a bypass capacitor
> 1 uF. For circuit operation over a supply voltage range of
4.5 to 7V, the voltage regulator section is not required; pin 12
should be shorted to V.

GROUND TERMINALS (Pins 4 and 5)

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

Independent ground terminals also allow additional flexibility
for split supply operation. Pin 4 can be used as V—, and pin 5
as ground, as shown in Figure 16. When the circuit is operated
with split supplies, the positive supply should always be > 6V,
and the dc potential across pins 13 and 4 should not exceed 15
volts.
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Vo *FOR OPERATION WITH V* « 7V
SHORT PINS 12 AND 13
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12 |13 Rie
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GROUND

XR-2567

vV OR GROUND

ouTPUTY
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(NOTE DC VOLTAGE AT PIN 4
v MUST ALWAYS BE -+ PIN 5)

Figure 16. Split-Supply Operation Using Independent Ground
Terminals of Units A and B. Unit A Operates Be-
tween V¥ and V—; Unit B Operates Between 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 is lowered, the turn-
on transient becomes greater. Thus, maximum operating speed
is obtained when the value of capacitor C7 is minimum. At the
instant an input signal is applied, its phase may drive the oscil-
lator away from the incoming frequency rather than toward it.
Under this 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 C 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 output chatter is about 10 cycles/bit,
which corresponds to an information transfer rate of /10
baud.

130

Cp= fo,C

260
3 fo

In situations where minimum turn-off time is of less impor-
tance than fast turn-on, the optional sensitivity adjustment
circuit 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.

DECREASE

SENSITIVITY
% R I
R A
»  |20R7 % |20R7 XR-2567 50K
XR-2667 XR-2567 INCREASE
C SENSITIVITY
1.0K

DECREASE
SENSITIVITY

I °
- TEMPERATURE
COMPENSATION

SILICON
IODES FOR
IOFTIONALI

Figure 17. Optional Connections for Sensitivity Control

CHATTER

When the value of C3 is small, 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, resulting
in output chatter.



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 iback time
constant does not get so large that it prevents opers ion at the
highest anticipated speed.
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*OPTIONAL PERMITS ‘L
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Figure 18. Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 19 can be used to change the
pcsition of the detection band (capture range) within the
largest detection band (or lock range). By moving the detec-
tion band to either edge of the lock range, input signal varia-
tions will expand the detection band in one direction only.
Since R3 also has a slight effect on the duty cycle, this ap-
proach may be useful to obtain a precise duty cycle when the
circuit is used as an oscillator.

LoweRS 1,
10 e LT
N ;
oR 25k ¢
R XR- 2687
A 15 ' 100R TS RAISES 1
XK 7087
X787 ) RAISES 1,
c
2 R
SILICONE
me“slﬂ I R‘sts'o I DIODES
= = = Fom
TEMPERATURE
COMPENSATION
(0PTIONAL)

Figure 19. Connections to Reposition Detection Band

OUTPUT LATCHING

After a signal is received, the output of either decoder section
can be latched “on’ by connecting a 20 k2 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 output filter terminal.

A v’ v’

R Ry
OR OR
UNLATCH y 6
XR- 2587
Ra 20R 7
10K
R
(=S t
JJ 20k

CA PREVENTS LATCH UP
WHEN POWER SUPPLY 1S
TURNED ON

UNLATCH

FRigure 20. Output Latching

POSITIONING OF DETECTION BANDS

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

DETECTION BAND

OF UNIT B
La 'HA

DETECTION BAND
OF UNIT A

R —
OUTPUT LEVEL

—
FREQUENCY

(a) Independent Detection of Two Separate Tones

OVERLAP

'ta HB

TOTAL DETECTION BAND

—_—
OUTPUT LEVEL

E%% w

ae

——
FREQUENCY

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

TOTAL DETECTION
ND

#’1 BA t‘-A

'HA

—_—
QUTPUT LEVEL

—
FREQUENCY

(c) Subtraction of Bandwidths for Narrow-Band Detection

Figure 21. Positioning of Detection Bands

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

BANDWIDTH REDUCTION

The bandwidth of each decoder can be reduced by either in-
creasing the loop filter capacitor C7 or reducing the loop gain.
Increasing C7 may be an undesirable solution since this will
also reduce the damping of the loop and thus slow the circuit
response time.

Figure 22 shows the proper method of reducing the loop gain

for reduced bandwidth. This technique will improve damping
and permit faster performance under narrow band operation.
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Figure 22. Bandwidth Reduction



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

APPLICATIONS
DUAL-TONE DETECTION

In most dual-tone detection systems, the decoder output is
required to change state only when both input tones are pre-
sent simultaneously. This can be implemented by setting the
detection bandwidth of each of the XR—-2567 decoder sec-
tions to cover one of the input tones; and then connecting the
respective outputs through a NOR gate, as shown in Figure 23.
In this case, the output of the NOR gate will be ‘“*high” only
when both input tones are present simultaneously.

buaL Tone O—}
ENCODED INPUT '5 [l] BYPASS
14 " 13 12 I

XR 2567
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1 8
(; 1
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bg w
-|}——H§—{}“

14 SN7402

Figure 23. Connection for Decoding Dual-Tone Encoded
Input Signals

Figure 24 shows additional circuit configurations which can be
used for decoding multiple-tone input signals. In Figure 24(a),
the output of Unit A is connected to the output filter (pin 7)
of Unit B through the diode Dj. If no input tone is present
within the detection-band of Unit A, then its output (pin 3) is
“high”’, which keeps diode D] conducting and ‘‘disables” Unit
B by keeping its output (pin 6) ‘“high”. If an input tone is
present within the detection-band of Unit A, pin 3 is low,
diode D is reverse biased, and decoder B is no longer disabled.
If under these conditions an input signal is present within the
detection-band of Unit B, then its output at pin 6 would be
“low”. Thus, the output at pin 6 is “low” only when input
tones within the detection-band of A and B are present simul-
taneously.

The dual-tone decoder circuit of Figure 24(b) makes use of the
split-ground feature of the XR—2567. The output terminal of
Unit A is used as a “‘switch” in series with the ground terminal
(pin 5) of Unit B. If the input tone A is not present, pin 3 is at
its high-impedance state, and the ground terminal of Unit B is
open-circuited. When the input tone A is present, pin 3 goes to
a low-impedance state and Unit B is activated. In this manner,
the output of Unit B will be “low” only when both tones A
and B are present.

In the circuit connection of Figure 24(b), Unit B does not
draw any current until it is activated. Therefore, its power
dissipation in a stand-by condition is lower than other dual-
tone decoder configurations. However, due to finite series re-
sistance between pin 3 and ground when Unit B is activated,
the output current sink capability is limited to < 10 mA.
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Figure 24. Additional Dual-Tone Decoding Circuits

SEQUENTIAL TONE DECODING

Dual-tone decoder circuits can also be used for sequential tone
decoding where one tone must be present before the other for
the circuit to operate. This can be achieved by making the
output filter capacitance, C3, of one of the sections large with
respect to the other. For example, in the circuits of Figures
24(a) and 24(b), if C3p is chosen to be much larger than C35
(C3A > C3B), then Unit A will remain “on” and activate B for
a finite time duration after tone A is terminated. Thus, the
circuit will be able to detect the two tones only if they are
present sequentially, with tone A preceding tone B.

The circuit of Figure 24 (a) can also be modified for sequential
tone decoding by addition of a diode, D7, between pins 3 and
6. Once activated by Unit A, Unit B will stay “on’ as long as
tone B is mesent, even though tone A may terminate. Once
tone B disappears, the circuit is reset to its original state and
would require tone A to be present for activation.

HIGH-SPEED NARROW-BAND TONE DECODER

The circuit of Figure 23 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 gate will be high
only when an input signal is present within the overlapping
portions of the detection band. To maintain uniform respanse
within the pass-band, the input signal amplitude should be >




80 mV rms. For minimum response time, PLL filter capacitors
C2A and Cp should be:

CCna 130 e
CoAa=CoB = gy 4

Under this condition, the worst-case output delay is = 10 to
14 cycles of the input tone.

The practical matching and tracking tolerances of individual
units limit the minimum bandwidth to = 4% of f,,.

WIDE-BAND TONE DECODER

Figure 25 is a circuit configuration for increasing the detection
bandwidth of the XR-2567 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 21(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. To
maintain uniform response throughout the pass band, the in-
put signal level should be > 80 mV, rms, and the respective
pass-bands of each section should have =~ 3% overlap at center
frequency.

XR 2567
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Figure 25. Wide-Band Tone Detection

TONE TRANSCEIVER

The XR—2567 can be used as a full-duplex tone transceiver by
using one section of the unit as a tone detector and the re-
maining section as a tone generator. Since both sections oper-
ate independently, the circuit can transmit and receive 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' B is used as the transmitter.
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The transmitter section can be keyed “on’” and ‘‘off” by ap-
plying a pulse to pin 8 through a disconnect diode Dy. The
oscillator section of Unit B will be keyed “off”” when the
keying logic level at pin 8 is at a “‘low”’ state.
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Cc  COUPLING CAPACITOR

Figure 26. Tone Transceiver

The output of the transmitter section (Unit B) can also be
frequency modulated over a +6% deviation range by applying a
modulation signal to pin 10.

HIGH CURRENT OSCILLATOR

The oscillator output of each section of XR—-2567 can be
amplified using the high current logic driver sections of the
circuit. In this manner, each section of the circuit can switch
100 mA loads, without sacrificing oscillator stability. A recom-
mended circuit connection for this application is shown in
Figure 27. The oscillator frequency can be modulated over
+6% of fo by applying a control voltage to pins 15 or 10.
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Figure 27. Precision Oscillator with High Current

Output Capability



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-used method for transmitting digital data over telecommunications links. In order
to use FSK,a modulator-demodulator (modem) is needed to translate digital 1’s and Qs 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-2211 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 virtually 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 internally, 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 100 kiloHertz.

THE XR-2206 FSK MODULATOR

FEATURES Potentiometers Rg and Rg should be adjusted for minimum

total harmonic distortion. In applications where minimal dis-

tortion is unnecessary, pins 15 and 16 may be left open-

® Choice of 0.5% THD sinewave, triangle, or squarewave circuited and Rg may be replaced by a fixed 2002 resistor. In

output applications where a triangular output waveform is satisfactory,
pins 13 thru 16 may be left open-circuited.

e Typically 20 ppm/°C temperature stability

e Phase-continuous FSK output

The output impedance at pin 2 is about 6002 with AC cou-

® Inputs are TTL and C/MOS compatible pling normally be used.

® Low power supply sensitivity (0.01%/V)

® Split or single supply operation

® Low external parts count

OPERATION

18|
=) Ao 25K

o

The XR-2206 is ideal for FSK applications requiring the spectral s1K
purity of a sinusoidal output waveform. It offers TTL and FSK OUTPUT o
C/MOS compatibility, excellent frequency stability, and ease UL
of application. The XR-2206 can typically provide a 3 volt p-p ave
sinewave output. Total harmonic distortion can be trimmed to

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

/ THD ADJ.
\

Rg 5000
3}—2

m
W *
SQUAREWAVE

0 FSK OUTPUT
47K
+

The circuit connection for the XR-2206 FSK Generator is
shown in Figure 1. The data input is applied to pin 9. A high
level signal selects the frequency (1/RgC3) Hz; a low level =
signal selects the frequency (1/R;C5) Hz, (resistors in ohms and
capacitors in farads). For optimum stability, Rg and R; should
be within the range of 10 k2 to 100 k2. The voltage applied
to pin 9 should be selected to fall between ground and V+.

Note: Over and under voltage may damage the device. 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

® [ow power supply sensitivity (0.15%/V)

® Low external parts count

OPERATION

The XR-2207 is a stable FSK generator which is designed for
those applications where only a triangle or squarewave output
is required. It is capable of either single-channel or two-channel
multiplex operation, and can be used easily with either split or
single power supplies.

Figure 2 shows the XR-2207 using a single-supply and Figure 3
shows split-supply operation. When used as an FSK modulator
pins 8 and 9 provide the digital inputs. When the 2207 is used
with a split-supply, the threshold at these pins is approximately
+2 volts, which is a level that is compatible with both TTL and
C/MOS logic forms. When used with a single supply, the thresh-
old is near mid-supply and is C/MOS compatible. Table 1 shows
how to select the timing resistors R thru R, to determine the
output frequency based upon the logic levels applied to pins 8
and 9. For optimum stability, the values of R and R5 should
be selected to fall between 10 k€2 and 100 k2.

With pin 8 grounded, pin 9 serves as the data input. A high
level signal applied to pin 8 will disable the oscillator. When
used in this manner, pin 8 of the XR-2207 serves as the channel
select input. For two-channel multiplex operation, pins 4 and
5 should be connected asshown by the dotted lines. (For single
channel operation, pins 4 and S should be left open-circuited.)

The XR-2207 provides two outputs; a squarewave at pin 13
and a trianglewave at pin 14. When used with a split-supply,
the trianglewave peak-to-peak amplitude is equal to V- and
the dc level is near ground. Direct coupling is usually used.
With a single-supply, the peak-to-peak amplitude is approxi-
mately equal to %V+, the DC level is at approximately mid-
supply and AC coupling is usually necessary. In either case, the
output impedance is typically 1082 and is internally protected
against short circuits.

The squarewave output has an NPN open-collector configura-
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, current into pin 13 should be limited
to 20 mA.
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Figure 2. The XR-2207 FSK Modulator Single-Supply Operation
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Figure 3. The XR-2207 FSK Modulator Split-Supply Operation

TABLE 1
XR-2207 FSK Input Control Logic
Logic Level
Active Timing Resistor | Output Frequency
Pin8 | Pin9
. 1
L L Pin 6 CoR,
L H Pins 6 and 7 L + 1
CoR;  CyR,
1
H L i _
. Pin § CoR;
1 ]
Pi — +
H H ins 4 and 5 CoR; ' CoR,

Units: Resistors — Ohms; Capacitors — Farads; Frequency — Hz



THE XR-2211 FSK DEMODULATOR WITH CARRIER DETECT

FEATURES

e Typically 20 ppm/°C temperature stability
® Simultaneous FSK and carrier-detect output
® OQutputs are TTL and C/MOS compatible

® Wide dynamic range (2 mV to 3 Vims)

e Split or single supply operation

® Low power supply sensitivity (0.05%/V)

® [ow external parts count

OPERATION

The XR-2211 is a FSK demodulator which operates on the
phase-locked-loop principle. Its performance is 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-2211. The
center frequency is determined by f, = (l/C1R4) Hz, where
capacitance is in farads and resistance is in ohms. F ) should be
calculated to fall midway between the mark and space fre-
quencies.

The tracking range (+Af) is the range of frequencies over which
the phase-locked loop can retain lock with a swept input signal.
This range is determined by the formula: Af = (R4 fy/Rs) Hz.
Af should be made equal to, or slightly less than, the difference
between the mark and space frequencies. For optimum stability,
choose an R4 between 10 k2 and 100 kS2.

The capture range (*Af.) is the range of frequencies over
which the phase-locked loop can acquire lock. It is always less
than the tracking range. The capture range is limited by C,,
which, in conjunction with R, forms the loop filter time
constant. In most modem applications, Af, = (80% - 99%) Af.

The loop damping factor ({) determines the amount of over-
shoot, undershoot, orringing present in the phase-locked loop’s
response to a step change in frequency. It is determined by
¢ = %\/C,/C,. For most modem applications, choose { ~ %.

The FSK output filter time constant (75 ) removes chatter from
the FSK output. The formula is: 7p = RgCg. Normally
calculate 7 to be approximately equal to [0.3/(baud rate)]
seconds.

The lock-detect filter capacitor (Cpy) removes chatter from the
lock-detect output. With Ry = 510 k€2, the minimum value of
Cp can be determined by: Cp (uf) ~ 16/capture range in Hz.

Note: Excessive values of Cp will unnecessarily slow the lock-
detect response time.

The XR-2211 has three NPN open collector outputs, each of
which is capable of sinking up to 5 mA.Pin 7 is the FSK data
output, Pin 5 is the Q lock-detect output, which goes low when
a carrier is detected, and Pin 6 is the Q lock detect output,
which goes high when lock is detected. 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 is present.

If the lock-detect feature is not required, pins 3, 5 and 6 may
be left open-circuited.

XR-2211

510KQ
AWV

0 DATA QUTPUT

L»—o QLOCK DETECT OUTPUT

————O0Q LOCK-DETECT OUTPUT

Figure 4. The XR-2211 FSK Demodulator with Carrier 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 100 kiloHertz.

Here are several guidelines to use when calculating non-standard
frequencies:
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o For maximum baud rate, choose the highest upper fre-
quency that is consistent with the system bandwidth.

® The lower frequency must be at least 55% of the upper
frequency. (Less than a 2:1 ratio)

e For minimum demodulated output pulsewidth jitter,
select an FSK band whose mark and space frequencies are



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 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.

® For any given pair of mark and spac

QG Spal

ce 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 ratio is close to 2:1) the relationship

mark-space frequency difference (Hz)

=
maximum data rate (baud) 83%

should be observed.

TABLE 2
Recommended Component Values for Typical FSK Bands
FSK Band XR-2207 XR-2206 XR-2211
Baud R R R R
f f 1A [ ™IB | “2A | ™2B | C R R C R R R C C C C
Rate | L | M |Ryr|Ryp | Ron | Rip | ° Rea | Rep | Rja | R7p | C3 | Rgp [Ryp | Rs | C4 2 F |[Cp
300 | 1070|1270} 10 | 20 | 100 | 100 |.039| 10 18 { 10 | 20 [.039] 10 18 | 100 .039 .01 | .005| .05
300 | 2025§2225) 10 | 18 | 150 | 160].022] 10 16 | 10 18 1.0221 10 18 | 2001].022].0047 | .00S | .05
1200 | 1200} 2200 20 | 30 20| 36].0221] 10 16 | 20 | 30 |.022] 10 18 30|.027 .01].0022 | .01
Units: Frequency — Hz; Resistors — k§2; Capacitors — uF
DESIGN EXAMPLES
A. Design a modem to handle a 10 kilobaud data rate, using b. For the XR-2206, we can make R, equal to R,

the minimum necessary bandwidth.

1. 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
45% of the upper frequency, will be 83% of 10,000.
We therefore choose an upper frequency:

83 x 10,000

and C3 equal to Cj above. To determine Rg:
18.5kHz = 1/R¢Cy ;Rg = 16 k2.
Use a 10k potentiometer for Rg, and set

Rgp = 13 kQ2.

c. For the XR-2211 demodulator, we need to first
determine R4 and C,. First, fy = (f + fy)/2 =
(10.175 + 18.500)/2 = 14.338 kHz. If we make

= 18.444 kHz ~ 18.5 kHz. Ry = 25k, then 1/(C; x 25,000) = 14,338;
45 C, = 2790pF ~ 2700 pF. With that value of C;,
and the lower frequency: the precise value of R4 is now 25.8 k§2. Select
R4p = 18 k€2 and use a 10 kQ2 for Ry, .
0.55x 18.5kHz = 10.175 kHz.

2. Component Selection

a. Forthe XR-2207 FSK modulator, set R; ~30k%.
Now, select a value of C to generate 10.175 kHz
with R :

10.175 kHz = 1/(Cy x 30,000) ; C, = 3300 pF.

To choose R, :

3. Frequency Component Selection

a. To calculate Rg, we first need our Af, which is
18.500 - 10.175, or 8.325 kHz.

8325 = (25,800 x 14,338)/Rs ;
Rs = 44.4 kQ ~ 47 kQ.

b. To determine C, use { = % =% +/C,/C,. Then,

18.500 kHz - 10.175 kHz = 8.325kHz = c. To select Cp, we use 7 = [0.3/(baud rate)]
1/CyR, Ry = 36 k2. seconds.
A good choice would be to use 10 k2 potentiom- TR = 0.3/10,000 = 30 usec. ;
eters for Ry, and R,,, and to set Rjg =24kQ with

and R,p = 30kQ.
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4. Lock Range Selection

To select Cp, let us start with the actual lock range:
Af = R4fy/Rs Hz = 7870 Hz.
If we assume a capture range of 80%,
Afc =6296 Hz;

therefore, our total capture range or A&f- is 12,592 Hz.
Our minimum value for Cp is (16/12,592) uf or
0.0013 puf.

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
10, and divide all capacitor values on the table by 10.
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 10k and 100 kS2:
R,, R;/R;, Ry and R3/R,. The ratio between the maxi-
mum and minimum frequencies is less than 3:1, so we
should have no trouble meeting this criterion. If we set
our maximum frequency with an R of about 20 k§2, we
have: 1700 = 1/(Cy x 20,000); Cq = 0.029 uf which is
approximately equal to 0.033 uf.

Calculating R; using 600 Hz and 0.033 uf, we get Ry =
50.5 kQ2. We can use Rjg = 47k and R, = 10k§2.
For R,, we get 101 k. Use Ryg = 91 kQ2 and R,, =
20 k2. To determine Rj, use: 1400 Hz = l/R3C0, which
gives us R3 =21.6 kQ2. Use Ryg = 18 k{2 and R3, = 5 k2.
R4 must generate a 300 Hz shift in frequency, the same as
R,. Therefore set R4 equal to R,.

.
SINEWAVE Rg

ouTPUT —{ AL
W et

XR-2206
SQUAREWAVE
° FskouT
DATA INPUT ¢,

t

2

R4 Optional Vpp Output Adjust
R, Sine Shaping

for ~ 5% THD
Ry Symmatry Adyuu& or ~ 5%

{ for ~ 2.5% THD

FSK IN ¢
VvCco
FINETUNE

XR-2211

AN

510K c,
o CARRIER DETECT ]_:

° +
J [S—_—
DATA OUT

10K

Ve

Figure 5. Full Duplex FSK Modem Using XR-2206 and
XR-2211. (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 with
R;g or R3g and a low level on pin 9. Then
with a high level on pin 9, adjust the high fre-
quency using R,p or Ryp. 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-2211: With the input open-circuited, the loop phase
detector output voltage is essentially undefined

and VCO frequency may be anywhere within
the lock range. There are several ways that f;
can be monitored:

1. Short pin 2 to pin 10 and measure f; at
pin 3 with Cpy disconnected;

2. Open Rg 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 the center frequency of
the XR-2211 by monitoring the timing capaci-
tor frequency with everything connected and
no input signal applied.

For further information regarding the use of the XR-2207,
XR-2206 and XR-2211 refer to the individual product data
sheets.



Application Note AN-06

Precision PLL Svstem Usin

XR-2207 and the X -2208

the

INTRODUCTION

The phase-locked loop (PLL) is 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 to 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 isa precision voltage controlled oscillator (VCO) circuit with excellent temperature stability (+20 ppm/°C,
typical) 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 are designed to interface directly with each other with a minimum
number of external components. Their combination functions as a high performance PLL, with the XR-2207 forming the VCO
section of the loop, and the XR-2208 serving as the phase-detector and loop amplifier.

As compared with the presently available single-chip PLL circuits such as the XR-210 or the Harris HI-2820, the two-chip PLL sys-
tem described in this paper offers approximately a factor of 10 improvement in temperature stability and center frequency accuracy.
The system can operate from 0.01 Hz to 100 kHz, 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-2208 operational multiplier Design Example
can be inter-connected as shown in Figure 1, to form a highly
stable PLL system. The circuit of Figure 1 operates with sup-
ply voltages in the range of +6 volts to +13 volts: and over a
frequency range of 0.01 Hz to 100 kHz. In the PLL system of
Figure 3, all the basic performance characteristics of the PLL

As an example, consider the design of a PLL system using the
circuit of Figure 1, to meet the following nominal performance
specifications:

a) Center Frequency = 10 kHz

can be controlled and adjusted by the choice external 4 com- b) Tracking Range = 20% (9 kHz to 11 kHz)
ponents identified as resistors Ry and R;. and the capacitors ¢) Capture Range = 10% (9.5 kHz to 10.5 kHz)

Co and C;. Cy and Ry control the VCO center frequency; R,
and C, determine the tracking range and the low pass filter

characteristics. The two-chip PLL system can be readily con- Solution:
verted to single supply operation by inter-connecting the cir-
cuit as shown in Figure 2. The PLL circuit of Figure 2 operates a) Set Center Frequency:
over a supply voltage range of +12V to +26V. Choose Ry = 10k (Arbitrary choice for 5k < R, < 100k)
For best results, the timing resistor Ry should be in the range Then. from equation 1 of Table 1:
of Sk to 100k, and Ry > R,. Under these conditions, the basic Co = (1/foRy) = 0.01 uF
parameters of the PLL can be easily calculated from the de-
sign equations listed in Table 1. b) Set Lock Range:
From equation 2 of Table 1:
Compared to single<hip PLL circuits, the two-chip precision R, = (0.45) Ry = 45k

PLL system shown in Figures 1 and 2 has the following added
versatility: each and every key parameter of the system per-
formance 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. C, =0.032 uF

c¢) Set Capture Range:
Since capture range is significantly smaller than Lock
range, equation 8(a) applies.

Solving equation 8(a) for C, . one obtains:
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Figure 1. Circuit Interconnections for the Precision PLL System Using the XR-2207 and the XR-2208 Monolithic Circuits. (Split-supply Operation,
16V to £13V.)
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Figure 2. Circuit Interconnections for Single Supply Operation.

TABLE 1
Phase-Locked Loop Design Equations*

1

AP o . 1 /2¢C,
(1) Center Frequency: fo =g  Hz (7)  Loop Damping: = WK, = C

(2) Lock Range: (Af] /fo) =(0.9(R¢/R;)
(8) Capture Range:

(3) Phase Detector Gain: K¢ = 0.5 Ve = volts/radian a) Underdamped Loop (£ < 1/2):
Where V= V* for split supply; V.= V*/2 for single 0.8R0 Co
supply. (af/fo) R, T,

. o 1 )
(4) VCO Conversion Gain: K, = m rad/sec/volt b) Overdamped Loop (£ > 1):
o 025
(5) Loop Gain: K| =KgK, = CoR, sec (A, /fp) = 0.8(Ro R,)
CiR,

(6) Low Pass Filter Time Constant: 7= 3 sec.
*See Figures 1 and 2 for component designation.
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Application Note AN-12

Designing High Frequency Phase -Locked
Loop Carrier-Detector Circuits

INTRODUCTION

The phase-locked loop (PLL) system can be converted to a frequency-selective tone- or carrier-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 at 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 technique 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, their applications are limited to frequencies below 100 kHz. This applica-
tion note describes a circuit approach, using the XR-210 or the XR-215 high frequency PLL’s, along with the XR-2228 monolithic
multiplier/detector, which extends phase-locked loop tone detection capabilities to frequencies up to 20 MHz.

PRINCIPLE OF OPERATION XR-210 AND XR-215 HIGH FREQUENCY PLL

CIRCUITS

The basic block diagram of a phase-locked loop tone detector

system is shown in Figure 1. Such a detector system produces The XR210 and the XR-215 are high frequency phase-locked
a logic-level signal at its output, when the PLL is locked on an loop detector and demodulator circuits. Their functional
input signal. It is made up of two main sections: block diagrams are shown in Figures 2 and 3. Both circuits are
packaged in 16-pin dual-in-line packages and contain high
1. A PLL section which synchronizes or “locks” on the frequency VCO and phase-detector sections. The XR-215
input signal. chip also contains an operaticnal amplifier. In the case of
the XR-210, this op amp section is replaced by a high-gain
2. A “quadrature detector” section made up of a phase- voltage comparator which drives an open-collector type logic
detector, a low-pass filter and a voltage-comparator. output. The XR-210 is particularly intended for FSK demodu-

lation and can operate up to 20 MHz. The XR-215 is designed
for linear FM detection and is suitable for frequencies up to
35 MHz. Except for the frequency capability of the VCO,
the oscillator and the phase-comparator sections of both cir-
cuits are quite similar.

Its principle of operation can be briefly 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 and ® 1, which are 90° apart in phase, but have the
same frequency as the input signal to be detected. One of
these signals, ®1, is used to drive the PLL phase detector; the PHASE.LOCKED LOOP
other output, which is called the ‘“quadrature output” is used ————————————
to drive a “quadrature phase-detector”, as shown in Figure 1. ]

If the PLL is locked on the input signal, then the input signal perecTon b
and the VCO signal applied to the quadrature phase-detector

are coherent in phase and frequency. This causes a DC level o
shift at the low-pass filtered output of the quadrature phase- tmeuT
detector and makes the voltage comparator output change its —“‘_“
output logic state. Thus, an output logic signal is produced b
indicating the “lock” condition of the PLL.
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Figure 1. The op amp is used as a high-gain voltage comparator
which converts the differential voltage level changes at the
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Figure 3. Functional Block Diagram of XR-215 High-
Frequency Phase-Locked Loop

The VCO section of the XR-210 or the XR-215 does not pro-
vide a separate “quadrature output”, which is 90° phase-
shifted with respect to the basic VCO output (pin 15). How-
ever, the triangular output available across the VCO timing
capacitor terminals (pins 13 and 14) can serve as such a quad-
rature output if it is amplified and ‘“‘sliced™ externally. as
shown in the timing diagram of Figure 4.

XR-2228 MULTIPLIER/DETECTOR CIRCUIT

The XR-2228 is comprised of a four-quadrant multiplier and
a high-gain op amp on a single monolithic chip. It is packaged
in a 16-pin dual-in-line package and has the functional block
diagram shown in Figure 5. It contains independent and fully
differential X- and Y-inputs which makes it easy to interface
with the XR-210 or the XR-215 type PLL circuit for carrier-
detection applications. In the tone- or carrier-detect applica-
tion, the multiplier section of the XR-2228 is used as the
“quadrature phase-detector™.section of the block diagram of
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Figure 5. Functional Block Diagram of XR-2228 Multipler/
Detector

CIRCUIT OPERATION

Figure 6 shows the generalized circuit connection of the
XR-2228, along with either the XR-210 or the XR-215 high
frequency PLL IC, for tone- or carrier-detection application.
Since the external connections for the XR-210 or the XR-215
are the same as those given in their respective data sheets, only
the external circuitry associated with the XR-2228 is shown
in the figure. The circuit. as shown, can operate with a single
power supply, from 10V to 20V, or with split supplies in the
range of +5V to *10V. In the case of split power supplies, the
resistor string biasing the input terminals of the XR-2228 is
not necessary and can be eliminated by connecting node A of
Figure 6 to ground.

The input signal is AC coupled. with separate coupling capaci-
tors. both to the input of the particular PLL circuit to be used,
and to the X-input terminal (pin 2) of the XR-2228.



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 S of the
XR-2228 multiplier input. The multiplier input stage “‘slices™
this signal to produce the quadrature frequency waveform
shown in Figure 4(c).

The differential DC voltage level at the multiplier output ter-
minals (pins 1 and 6) is offset by means of an external resistor,
RA, as shown in Figure 6. This initial offset causes the op amp
output of the XR-2228 to settle to a known state when there
is no carrier or tone signal to be detected. With the op amp
input connections as shown in Figure 6, the op amp output
(pin 11) would be at a “low” state when the PLL is not locked
on a tone, and goes to a “high” state (i.e., near +VC(C) 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.

The filter capacitor, CA, connected across pins 1 and 16 of the
multiplier outputs, serves as the post-detection low-pass filter
(Block 5 of Figure 1). The time constant of this filter is equal
to (CA RB) where RB ( = 8k£2) is the internal resistance of
the IC at pins 1 and 16. The value of CA is chosen to provide
a compromise between the response time and the spurious
noise rejection characteristics of the circuit: increasing Cp
improves the noise rejection characteristics of the circuit, but
slows down the response time.

The detection threshold (i.e., minimum detectable input sig-

nal amplitude) varies inversely with the multiplier gain-setting
resistor RX. Figure 7 shows the typical detectable signal level,
as a function of RY, with the output offset resistor, RA, equal
to 10 k§2. Note that the minimum detectable input signal,
with Rx = 0, is approximately 100 mV, rms.
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Figure 7. Minimum Detectable Input Carrier Level, as a
Function of Multiplier Gain Setting Resistor, RX.
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Application Note

AN-13

Frequency-Selective AM Detection Using
Monolithic Phase -Locked Loops

INTRODUCTION

This 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 significant performance advantages over conven-
tional “‘peak-detector” type AM demodulators, in terms of its dynamic range and noise characteristics.

This application note outlines some of the fundamental principles of synchronous AM detectors, and gives design examples using
the XR-2228 multiplier/detector IC in conjunction with the XR-215 and the XR-2212 monolithic PLL circuits.

PRINCIPLE OF OPERATION

The phase-locked loop AM detector circuits operate on the so-
called “coherent AM detection” principle, where the ampli-
tude modulated input signal is mixed with an unmodulated
‘“coherent” carrier signal, and then low-pass filtered to pro-
duce the desired demodulated output signal. Figure 1 gives a
simplified block diagram of such a detector system.

The amplitude-modulated input signal can be described by an
expression of the form:

Input Signal = Vip(t) cos wot

where Vp(t) is the modulated amplitude of the input signal
and wgq is the input signal frequency expressed in radians.
If this signal is linearly multiplied with an unmodulated signal
which has the same frequency and phase as the input signal,
then the output of the multiplier, Vg(t), is a composite signal
of the form:

Vo(t) =KoVm(t) [1+cos (2 wot)]

where K( is the gain of the multiplier circuit. If the above
signal is then passed through a low-pass filter, to eliminate the
double-frequency term, the resulting output signal is:

Vout = Output Signal = Kg Vip(t)
which corresponds to the detected AM information.

The phase-locked loop AM detectors also operate on a simi-
lar principle: the PLL is made to “lock™ on the 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 composite signal is passed
through a low-pass filter, one obtains the demodulated output.
Figure 2, gives a block diagram of such an AM detector sys-
tem. Compared to the basic synchronous AM detector system
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of Figure 1, the phase-locked loop AM detector of Figure 2,
also has one added feature: the output of the 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
simultaneously 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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XR-2212 AND XR-2228 MONOLITHIC CIRCUITS

The XR-2212 monolithic PLL is made up of an input pre-
amplifier, a phase-detector, a high-gain differential ampli-
fier and a stable voltage-controlled oscillator (VCQO) as shown
in Figure 3. The key feature of the XR-2212 PLL is the tem-
perature stability and the frequency accuracy of its VCO
section; it offers 20 ppm/°C typical temperature stability
and a frequency accuracy of *1% for an external RC setting.
The oscillator section 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 building block for 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.

PHASE DET
INPUT

T.s
.

PHASE DET OP AMP  OP AMP
ouTPUT INPUTS  COMP

Pt

>

vCC

2
SIGNAL
INPUT %

PRE B~ OP AMP
amp PHASE DET O oureur

vco
5 n

VOLTAGE O——rT INTERNAL Vit
outPUT 4' REFERENCE O Vae

vco 3 15 14 |13 2 4

CURRENT o QO GROUND

P
oureut veco TIMING veo
QUADRATURE  CAP INPUT
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Figure 3. Functional Block Diagram of XR-2212 Precision
Phase-Locked Loop

XR-215 HIGH FREQUENCY PHASE-LOCKED
LOOP

The XR-215 is a high frequency phase-locked loop circuit
capable of operating with input signal frequencies up to
35 MHz. It is comprised of a high frequency VCO, a phase-
detector and an op amp section, as shown in the block diagram
of Figure S.

Unlike the XR-2212 PLL, the VCO section of the XR-215
does not have a separate ‘“‘quadrature output™ terminal. How-
ever, such a quadrature oscillator signal can be obtained by
amplifying and “slicing™ the triangle waveform available across
the timing capacitor (pins 13 and 14) of the XR-215 oscil-
lator section. Figure 6, shows the relative phase relationship
of these oscillator waveforms available from the circuit. The
desired quadrature output signal (Curve C of Figure 6) can
be obtained by directly connecting one pair of the differ-
ential inputs of the XR-2228 directly across the timing capa-
citor terminals of the XR-215.

AM/FM DETECTION USING THE XR-2212 PLL

Figure 7, shows a generalized circuit connection diagram for a
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Figure 4. Functional Block Diagram of XR-2228 Multiplier/
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two-chip AM and FM detection system, utilizing the XR-2212
PLL and the XR-2228 multiplier/detector. The XR-2212 sec-
tion serves as the basic FM detector. The quadrature output
of its VCO (pin 15) is AC coupled to the Y-input of the
XR-2228.

The Y-input of the XR-2228 is operated in its switching mode,
with the Y-gain terminals (pins 6 and 7) shorted together. The
AM and/or FM signal is simultaneously applied to both circuits
through coupling capacitors; and all the multiplier inputs are
DC biased from the internal reference output of the XR-2212
(pin 11). The output of the multiplier, at pin 16, is AC cou-
pled to the op amp section of the XR-2228, which serves as
the post-detection amplifier for the demodulated AM signal.

PHASE
COMPARATOR
*vee OUTPUTS

T Q
w |2 |3

vco
RANGE TIMING
SELECT  CAPACITOR

T‘O Tﬂ “

15
PHASE oL ——O vco outpur
COMPARATOR PHASE
INPUTS 6 COMPARATOR 12 P

ot |12 veoswee
INPUT

11~ VCO GAIN
PHASE + O controL
COMPARATOR ()2
BIAS OP AMP

OP AmP OP AMP
COMPENSATION OuUTPUT

VEE oP AMP
INPUT

Figure 5. Functional Diagram of XR-215 High-Frequency
Phase-Locked Loop

The circuit configuration shown in Figure 7, can operate with
a single power supply, over the supply voltage range, of 10V
to 20V. Its operation or performance can be tailored for any
particular AM and FM detection application by the choice
of external components shown in the figure, over a carrier
frequency band of 1 kHz to 300 kHz. The functions of these
external components are as follows:



c) Cj sets the loop-damping factor for the PLL. For most
applications, Cy is chosen to be equal to one-half of Cq.
(a) LeoouTeyr d) Ry and C» form a low-pass filter for the detected FM sig-
al waveronm nal. The 3-dB frequencing, f7, of this low-pass filter is:
1
VANIVANRVANEVAN o
(b) Veo e car Nommally, f5 is chosen to be equal to the demodulated
;/ \/ \/ \/ \ NS ARG FM information bandwidth.
e) Rc and REjp set the gain of the op amp section of the
‘SLICED” VERSION XR_2212 as:
T (o) oo ™
RF1
= + -
Av 6 RC)
This op amp section serves as the post-detection amplifier
Figure 6. Timing Diagrams of VCO Output Waveforms from for the demodulated FM signals.
XR-215 Monolithic Phase-Locked Loop f) Ry sets the multiplier gain for the X-input and RF) sets
a) Rgand Cg set the VCO center frequency for the XR-2212 the gain of the op amp section of the XR-2228. Thus,
PLL circuit. The center frequency, fq is given as: the demodulated AM signal output swing, Vgyt, for a
given input signal of peak amplitude of VM and modu-
1 g
fo= ﬁaCE) lation index of m (0 < m < 1) can be approximated as:
The VCO frequency fq is chosen to be equal to the carrier Vout _(VM)m (Bﬂ)
frequency of the input signal. Rq is normally chosen to be 4 Rx
in the range of 10 k2 to 100 k2. This choice is arbitrary. Thus, for example, a 100 mV peak input signal with 30%
For most applications Rg = 20 k{2 is recommended. Once AM modulation (m = 0.3) will give a demodulated output
fo is given and Rq is chosen, then Cq can be calculated of 150 mV peak, with RFp = 100 k€2 and Rx = 5 k€2, at
from the above equation. pin 11 of the XR-2228.
b) Ry dete:rmmes thg tracking b.andw1dth of the .PLL' For g) C3, in conjunction with the 5 kQ internal impedance of
a required tracking bandwidth, Af (see Figure 9 of o .
XR-2212 data sheet) and fg, Ry can be calculated as: the multiplier output (pin 16) serves as the low-pass post-
0- fl ' detection filter for the demodulated AM signal.
0
Ry = RO(Zf) For further explanation and description of the system design
This tracking bandwidth, Af, is the band of frequencies in equations, the reader is referred to the XR-2212 and the
the vicinity of fg, over which the PLL can maintain lock. 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 100 kHz
carrier frequency with a detection (tracking) bandwidth of
+4%. The demodulated information bandwidth is 3 kHz and
an output level of 1 volt peak is required for a 1 volt peak
input with 30% modulation.

Using the circuit of Figure 7, one proceeds as follows: Since
FM detection is not required in this example, components
R), C2, Rc and RF] are not essential to circuit operation.
Ry and R can be short<ircuited, Cy and RF] can be left
open-circuited. The rest of the component values are calcu-
lated as follows:

Step 1)  Set fo = 100 kHz by choosing Rg = 20 k€2 and cal-
culating Cq from paragraph (a) above:

C0= org = SO0 PF

AM DETECTION USING THE XR-215 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
XR-215, the circuit of Figure 8, is useful as a phase-locked
AM detector for carrier frequencies up to 20 MHz, and oper-
ates over a supply voltage range of 10V to 20V.

The VCO section of XR-215 does not have a separate “quad-
rature” output. However, this problem can be overcome by
driving the XR-2228 multiplier directly from the timing capa-
citor terminals (pins 13 and 14) of XR-215. 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 Cg to be con-
verted to an effective ‘“‘quadrature” drive as indicated by the

Step 2)  Determine Rj to set tracking bandwidth to +4%, timing diagram of Figure 6. The modulated input signal
from paragraph (b): Ry = 500 k2 is simultaneously applied to both circuits through coupling
SOy A ~ capacitors. The phase-detector inputs of the XR-215, as well
Step 3)  Caleulate Cy: Cy ~ Co/2 ~ 250 pF as the multiplier X-inputs of the XR-2228, are biased at
Step4) From paragraph (f), calculate the value of Rx and ::gsii)srg::?l?\tiezr one-half of VCC. by means of an external
Rpj. For a typical choice of Rx = § k2, and '
m = 0.3 (30% modulation) with 1 volt input carrier .
In Figure 8, Cq sets the VCO frequency of the XR-215. In the
](;:’tel‘utﬂ;e, value :0f67R&22 to get 1 volt demodulated case of FM demodulation, Rj and Cj serve as the post-
putis: KF2 detection filter for the detected FM signal and RFq sets the
Step 5) Calculate C3 to get 3 kHz bandwidth for post- gain of the FM post-detection amplifier.
detection filter: C3 ~0.01 uF The mode of operation of the XR-2228 is virtually the same
as fhuf described in connection with F|gnrp 7: pv sets fhn
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).
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Figure 8. Circuit Connection for a High-Frequency AM and FM Detector Using the XR-215 and the XR-2228
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Quality Assurance Standards

The quality assurance program at Exar Integrated Systems
defines and establishes standards and controls on manu-
facturing, and audits product quality at critical points
during manufacturing. The accompanying Manufacturing/
QA process flows illustrate where quality assurance audits,
by inspection or test, the manufacturing process. The
insertion of these quality assurance points is designed to
insure the highest quality standards are maintained on
Exar product during its manufacture.

WAFER FABRICATION/QA FLOW

Pohshed Silicon Shices Masks Materials

Per Applicable
AN

Per Applicable

Procurement Specif MQc!'s

ication, MQCl's

Oxidation

Diffusion

Visual Inspection for Dirt,
Contamination, etc
Eprtaxial Layer

Venfy layer thickness
A and resistivity inspect
for stacking faults, etc

Legend

O Operation
A Surveillance

100" inspection

Qc Quality Control

M = Manufacturing

Masking

Visual inspection to vertfy

proper mask. check ahign
ment, undercutting, proper

oxide removal, etc

Aluminum Evaporation

Masking

S E M Analysis of
@ T Metallization Lots

Individual wafer SEM

L analysis ioptional for
high rehiability military

programs only)

. Stabihization Bake

Wafer probe 100% probe
AC. DC. and Functional testing

\ Die sort yield analysis
(Optional, for high reliability

Move to Assembly military programs only)

Plastic
Assembly

High Rehabihity
Assembly

Cerdip
Assembly
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Realizing that these standard Manufacturing/QA process
flows do not meet the needs of every customers specific
requirements, Exar quality assurance can negotiate and
will screen product to meet any individual customer’s
specific requirement.

All products ending with the suffix M are fully screened
to the requirements of MIL-STD-883, Method 5004,
Condition C.

HIGH RELIABILITY ASSEMBLY/QA FLOW

Initiate serialized lot traveler
to maintain traceability back
to sihcon mfg.

Wafer saw

Break/Plate dice

Per Mil-Std-883,
Method 2010B.

Monitor temperature settings
pick up tools, operator audit,
Exar QCI 101

Die/Frame attach

Per Mil-Std-883,
Method 2010 B.

Monitor bond pulls,
Power settings, Operator audit
Exar QCI 101

Wire Bond

Per Mil-Std-883,
Method 20108B.
(Precap Visual Inspection)

Seal strength, Monitor

per Exar QCI 101

Tin plate leads

150 micro inch minimum

Stabilization Bake,
Mil-Std-883,
Method 1008C.

Temperature cycle,
Mil-Std-883,
Method 1010C.

Constant Acceleration,
Mil-Std-883,
Method 2001E, Y1 axis.

Fine Leak,
Mil-Std-883,
Method 1014A or B

Gross Leak,
Mil-Std-883,
Method 1014C, Step 1

AC, DC and Functional

Tests to data sheet A Production electrical test,
parameters 1.0% AQL ‘ AC, DC, Functional Tests
To further environmental <l
preconditioning/screening,
burn-in per individual

customer requirements

‘ Mark with suffix M.

Lot Acceptance, verify product
type, count package, completion
of all process requirements.
Verify required documentation.

SHIP



CERDIP ASSEMBLY/QA FLOW

. Scribe/Break /Plate
1.0% AQL
Exar QCI 100 u
Monitor Temperature
Setting, Bond Pull,
Machine cert

10% AQL
Exar QCI 110

Optical inspection, Exar QCI 110
(Mi-Std-883, Method 2010.18 modified)

Optical inspection, Exar QCI 110
(Mhl-Std-883, Method 2010.1B modified)

Monitor Seal Strength
Per Exar QCI 102

Stabihization Bake, 150 C.
24 hrs. min

Production Testing, AC, DC,
and Functional Test 2at 25 C

AC. DC functional test
Data sheet parameter
10% AQL

m Lot Acceptance

Ship

Hot open testing
at +85 C

AC. DC functional test
Data sheet parameters
10% AQL

PLASTIC ASSEMBLY/QA FLOW

1.0% AQL

Exar OCI”OP
Visual Monitor

Temperature Setting
Bond Pull. Machine
Cert
10% AQL
Exar QCI110P .

Optical inspection, per Exar QCI1110P
(M1l Std 883, Method 2010 1B. moditied)

Optical inspection. per Exar QC1110P
(Mil Std 883 Method 2010 1B. modified)

Stabilization Bake. 125 C
24 hrs min

Monitor Marking
permanency
100% Production Test

. AC. DC. and Funcuonal

test at 25 C

Lot Acceptance

Ship

Product Ordering Information

PART IDENTIFICATION:

XXXXX
Basic Type (S spaces)

XR -

Manufacturer’s Prefix

Grade Package Type
M = Military N = Ceramic Dual-in-line
N = Prime P = Plastic Dual-in-line
Electrical T = Metal can
P = Prime D = Chip (Dice)
Electrical A =} Kit variations
C = Commercial B =
K = Kit W = Wafer
Example:
XR-2211 CN
Manufacturer’s Basic Package Type
Prefix Type
Grade
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Definition of Symbols:

M

CN
Ccp

Military Grade Part, Ceramic Package Only. All Military
Grades have been processed to MIL-STD-883 Level C.
and are guaranteed to operate over military tempera-
ture range.

Prime Grade Part, Ceramic Package.

Prime Grade Part, Plastic Package.

Commercial Grade Part, Ceramic Package.

Commercial Grade Part, Plastic Package.

N, P, CN and CP parts are electrically identical and guaranteed
to operate over 0°C to +75°C range unless otherwise stated. In
addition, N and P parts generally have operating parameters
more tightly controlled than the CN or CP parts.

For details, consult Exar Sales Headquarters or Sales/Technical
Representatives.



Monolithic Chips for Hybrid Assemblies

The major performance characteristics of Exar products are
also available in chip form. All chips are 100% electrically
tested for guaranteed DC parameters at 25°C; and 100%
visually inspected at 30x to 100x magnification using Exar’s
standard visual inspection criteria or MIL-STD-883, Method
201, depending on the individual customer requirements.
Each chip is protected with an inert 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 to assure protection dur-
ing shipment. All chips are produced on the same well-proven
production lines that produce Exar’s standard encapsulated
devices. The Quality Assurance testing of dice is provided by
normal production testing of packaged devices.

GLASS PASSIVATION LAYER

/axv//////////////////,,,,/ f % . ; X095 D
-~ 4 Si0.
TN N
':O / 2 EMITTER ¢ \ / [
N

I3
BASE OLLECTOR

\
Y —( T

Typical Bipolar Chip Cross Section

EPI

FEATURES

DC Parameters Guaranteed at 25°C
100% Visual Inspection

Care in Packaging

100% Stabilization Bake (Wafer Form)
10% LTPD on DC Electrical Parameters

CHIPS IN WAFER FORM

Probed and inked wafers are also available from Exar. The
hybrid microcircuit designer can specify either scribed or un-
scribed wafers and receive a fully tested silicon wafer. Rejected
die are clearly marked with an ink dot for easy identification
in wafer form.
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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 contained on the indi-
vidual device data sheet and are guaranteed to an LTPD of
10%.

The AC parameters, which are similar to those in the standard
Exar device data sheets, have been correlated to selected DC
probe parameters and are guaranteed to an LTPD of 20%.

HANDLING PRECAUTIONS AND PACKAGING
OPTIONS

Extreme care must be used in the handling of unencapsu-
lated semiconductor chips or dice to avoid damage to the
chip surface. Exar offers the following three handling or
packaging options for monolithic chips supplied to the cus-
tomer:

Cavity or Waffle Pack: The dice are placed in individual
compartments of the waffle pack (see figure). The plastic
snap clips permit inspection and resealing.

Vial Pack: The vial is filled with inert freon TF and a plastic
cap seals the vial. The freon acts as a motion retarder and
cleansing agent.

Wafer Pack: The entire wafer is sandwiched between two
pieces of mylar and vacuum sealed in a plastic envelope.

Typical Cavity Pack
(Waffle Pack)



XR-S200 MULTI-FUNCTION PLL SYSTEM .
Pad No. Pad Function
1 Op Amp (-) Input
2 Op Amp. (+) Input
3 Multiplier Output
4 Multiplier Output
5 X-Input
6 Ground
7 Y-Input
8 Y-Gain Adj.
9 Y-Gain Adij.
10 X-Gain Adj.
1 X-Gain Adj.
12 -VEE
13 Op Amp. Comp.
14 Op Amp. Output
15 VCO Digital Control
16 VCO Digital Control
17 VCO Gain Control
18 VCO Sweep Input
19 VCO Timing Cap.
20 VCO Timing Cap.
21 VCO Output
22 +Vee
23 VCO Analog Control
Chip Size: 76 mils x 78 mils 24 VCO Analog Control
(1.93 mm x 1.97 mm)
XR-210 FSK MODULATOR/DEMODULATOR
Pad No. Pad Function
1 Voltage Comp. Input
2 Phase Det. Output
3 Phase Det. Output
4 Phase Det. Input No. 1
5 Phase Det. Bias
6 Phase Det. Input No. 2
7 Ground
8 Logic Output

- e ek e e
O s WN-=0 O

-
[}

VCO Fine Tune
VCO Keying Input
VCO Gain Control
VCO Sweep Input
Timing Capacitor’
Timing Capacitor
VCO Output
+tVee

Chip Size: 76 mils x 78 mils
(1.93 mm x 1.97 mm)




XR-215 MONOLITHIC PHASE-LOCKED LOOP

Pad No. Pad Function
1 Op Amp. (-) Input
2 Phase Det. Output
3 Phase Det. Output
4 Phase Det. Input No. 1
5 Phase Det.Bias
6 Phase Det. Input No. 2
7 Op Amp. Comp.
8 Op Amp. Output
9 -VEE
10 VCO Range Select
11 VCO Gain Control
12 VCO Sweep Input
13 Timing Capacitor
14 Timing Capacitor
15 VCO Output
16 +Vce
Chip Size: 76 mils x 78 mils
(1.93 mm x 1.97 mm)
XR-567 MONOLITHIC TONE DECODER
Pad No. Pad Function
1 Output Filter
2 Low Pass Loop Filter
3 Input
4 +Vee
5 Timing Resistor
6 Timing Capacitor
7 Ground
8 Output

Chip Size: 74 mils x 79 mils
(1.88 mm x 2.00 mm)




XR-L567 MONOLITHIC TONE DECODER

DN\ P Pad No. Pad Function
l l
1 Output Filter
2 Low Pass Loop Filter
3 Input
( :)* ]L 4 +Vee
5 Timing Resistor
6 Timing Capacitor
-’“\ —] n 7 Ground
ﬂ =‘ \\ 8, g QOutput
}EJ—;_\\—/_/-.
Chip Size: 74 mils x 79 mils
(1.88 mm x 2.00 mm)
XR2567 DUAL MONOLITHIC TONE DECODER
Pad No. Pad Function

C?

\

@@@@

C?

}

@—‘ ‘

Chip Size: 100 mils x 98 mils
(2.63 mm x 2.48 mm)

Timing Cap. =1
Output Filter =1
Output #1

Ground #1

Ground #2

Output #2

Output Filter #2
Timing Cap. #2
Timing Resistor #2
PLL Loop Filter #2
Input #2
Regulator Bypass
+Vee

Input #1

PLL Loop Filter #1
Timing Resistor #1
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XR-2211 FSK DEMODULATOR/TONE DECODER

O

Chip Size: 103 mils x 80 mils
(2.61 mm x 2.03 mm)

Pad No.

Pad Function

0N A WN =

_—
AP WOUN-=OO©

+Vece

Input

Lock-Detect Filter
Ground

l.ock Det. Output Q
Lock Det. Output Q
FSK Data Output
FSK Comp. Input
No Connection

Ref. Voltage Out.
PLL Phase Det.
Timing Resistor
Timing Capacitor
Timing Capacitor

XR-2212 PRECISION PHASE-LOCKED LOOP

Pad No.

Pad Function

Chip Size: 103 mils x 80 mils
(2.61 mm x 2.03 mm)

O ~NOOOTA WN -

- =
g H W =00

—_
(o]

tVee

Signal Input

VCO 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 of Exar’s standard
and custom products, quality assurance programs and
technical capabilities. Key features and applications of
each of Exar’s products are given, along with their func-
tional block diagrams, package types and operating tem-
perature ranges. Products are grouped according to their
applications, and a complete industry-wide cross reference
chart is provided. (No charge)

LINEAR AND DIGITAL SEMI-CUSTOM DESIGN
BROCHURE:

This brochure contains a detailed description of Exar’s
unique bipolar and integrated injection logic (I2L) semi-
custom design technology. Economic advantages of the

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 information on Exar’s Master
Chips and IC Design Kits. (No charge)

APPLICATIONS DATA BOOK:

This book contains a complete and up-to-date set of ap-
plication notes prepared by Exar’s technical staff. These
application notes cover a wide range of subjects such as
FSK modems, active filters, telecommunication circuits.
electronic music synthesis and many more. In each case,
specific design examples are given to demonstrate the

applications discussed. (Price: $2.95)

FUNCTION GENERATOR DATA BOOK:

This comprehensive data book contains a number of tech-

TECHNICAL LITERATURE REQUEST :

nical articles and application notes on monolithic voltage-
controlled oscillators (VCO) and function generator IC
products. In addition. the data sheets and technical speci-
fications of Exar’s monolithic VCO’s and function gen-
erators are given. (Price: $2.95)

OPERATIONAL AMPLIFIER DATA BOOK:

This book contains a collection of technical articles on the
fundamentals of monolithic IC op amps. Some of the basic
op amp circuits are given and the application of IC op
amps in active filter design are discussed. The book also
contains a complete set of electrical specifications in
Exar’s bipolar and BIFET op amp products. (Price: $2.95)

PHASE-LOCKED LOOP DATA BOOK:

This data book covers the fundamentals of design and ap-
plications of monolithic phase-locked loop (PLL) circuits.
A long list of PLL applications are illustrated covering FM
demodulation, frequency synthesis, FSK and tone detec-
tion. Particular emphasis is given to application of PLL
circuits in data interface and communication systems such
as FSK modems. This book also contains the data sheets
and electrical specifications of all of Exar’s PLL products.
(Price: $2.95)

TIMER DATA BOOK:

This data book provides a collection of technical articles
and application information on monolithic timer IC pro-
ducts. Also included are the data sheets and the detailed
specifications of all of Exar’s timer circuits, including the
programmable timer/counters. micropower and long-delay
timers. (Price: $2.95)

To obtain the technical literature of interest to you, contact the Exar 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
O Exar Product Guide — No Charge
O Exar Applications Data Book: $2.95

O Exar Semi-Custom Design Brochure — No Charge
O Exar Operational Amplifier Data Book: $2.95

O Exar Function Generator Data Book: $2.95 O Exar Phase-Locked Loop Data Book: $2.95

0O Complete Set of Data Books: $10.95 O Exar Timer Data Book: $2.95

Name Title

Company/Agency
Address
City/State/Zip
Phone ( )

My Company Manufactures



FOREIGN SALES OFFICES AND REPRESENTATIVES

ARGENTINA

Rayo Electronics SRL

Belgrando 990

Pisos 6Y2

Phone: 37 98 90

Telex: (390) 122153 (RAYOX AR)

AUSTRALIA

A.J. Ferguson (Adelaide) Pty. Ltd.
44 Prospect Road

Prospect, S.A. 5082

Phone 26 91 244

Telex (790) 82635 (FERGAD)

BELGIUM
(See Germany)

BRASIL

R. Ohm Do Brasil Industria Electronica Ltda.

Avenida Don Petro
1,420, 01552 Sao Paulo
Telex: (391) 1121178 (UIEL BR)

DENMARK

Mer-el A/S

1, Scherfigsvej

DK-2100 Copenhagen 0

Phone: (01) 20 744 44

Telex: (855) 27260 (MEREL DK)

FINLAND

S W Instruments
Karstulantie 4

SF-00550 Helsinki 55
Phone: 83 82 65/76 24 86
Telex: (857) 12/2411 (SWI)

FRANCE

Tekelec/Airtronic

Rue Carle Vernet

F-92310 Sevres

Phone: (1) 534 75 35

Telex: (842) 204552 (TKLEC A)

GERMANY (WEST)

R.Ohm Electronics GmbH
D-4051 Korschenbroich
Muehlenstrasse 70

Phone: (02161) 29 805

Telex: (841) 852330 (ROHM D)

GREECE

General Electronics Ltd.

209 Thevon Street

Nikaia 77, Piraeus

Phone: 49 13 595

Telex: (863) 212949 (GELT GR)

HONG KONG

R.Ohm Eiectronics (H.K.) Co., Ltd.

Rm 1027A, Ocean Centre

S, Canton Road, Tsimshatsui,
Kowloon

Phone: 3-688841/3-672307
Telex: (780) 75294 (KSAHK HX)

INDIA

Zenith Electronics

541 Panchratna

Mama Parmanand Marg

Bombay 400004

Phone: 38 42 14

Telex: (953) 11 3152 (ZNTH IN)

ISRAEL

CVS Technologies 1974 Ltd.

9 Jabolinsky

P.O.B. 946, Bnei-Brak

Phone: 25 55 06/25 92 41

Telex: (922) 341109 (SHOEL IL)

ITALY

Eledra 3S S.p.A.

Viale Elvezia, 18

20154 Milano

Phone: 34.93.041

Telex: (843) 332332 (ELEDRA D)

JAPAN

Tokyo Electron Ltd.

Panetron Division

38 FL Shinjuku Nomura Bldg.
1-26-2, Nishi-Shinjuku
Shinjuku-ku, Tokyo 160

Phone: 03-343-4411

Telex: (781) 2322240 (LABTEL J)

LIECHTENSTEIN
(See Switzerland)

LUXEMBOURG
(See Germany)

NETHERLANDS
Tekelec/Airtronic B. V.

Stork Staat 7

2722 NN Zoetermeer

Phone: 079-310100

Telex: (844) 33332 (TKLEC NL)

NEW ZEALAND

Professional Electronics Ltd.
126 Kitchener Road

Milford, Auckland 9

Phone: 46 94 50

Telex: (791) 21084 (PROTON)

NORWAY

Hefro Teknisk A/S
Trondheimsveier 80

Oslo 5

Phone: 38 02 86

Telex: (856) 16205 (HEFRO N)

SINGAPORE

R.Ohm Electronics Co. Pte. Ltd.
Unit G, Third Floor

Cheng Chwee Huat Ind. Bldg.
118-D, Paya Lebar Road
Singapore 1440

Phone: 2834327

Telex: (786) 26648 (ROHM S)

SOUTH AFRICA

South Continental Devices (Pty.) Ltd.
Suite 516, 5th Floor, Randover House
Cor. Hendrik Verwoerd, Dover Road
Randburg, Transvaal

Phone: 48 05 15

Telex: (960) 8-3324 (SA)

SPAIN

Elico Fastronix S. A.
Constancia 43

Madrid 2

Phone: 415 66 54

Telex: (831) 23606 (ELICO E)

SWEDEN

Lagercrantz Electronix AB
Kanalvagen §

S-194 01 Upplands Vasby
Phone: (0760) 86 120

Telex: (854) 11275 (LAGER S)

SWITZERLAND

Amera Electronics AG
Lerchenhaldenstrasse 73

CH-8046 Zurich

Phone: (01) 57 11 12

Telex: (845) 59837 (AMERA CH)

TAIWAN
(See Hong Kong)

UNITED KINGDOM

Memec Ltd.

Thame Park Ind. Estate

Thame, Oxon OX9 3RS

Phone: (084 421) 3146

Telex: (851) 837508 (MEMEC G)

LATIN AMERICA

Intectra

2349 Charleston Road

Mt. View, CA 94043 U.S.A.

Phone: (415) 967-8818

Telex: 345545 (INTECTRA MNTV)

ALL OTHER COUNTRIES
(Call Exar Direct)




