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Disclaimer

Exar reserves the right to make changes in the products contained in this book in order to improve design or perform-
ance and to supply the best possible products. Exar also assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representations that the circuits are
free from patent infringement. Applications for any integrated circuits contained in this publication are for illustration
purposes only and Exar makes no representation or warranty that such applications will be suitable for the use speci-
fied without further testing or modification. Reproduction of any portion hereof without the prior written consent of
Exar is prohibited.
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This Data Book contains a complete summary of tech-
nical information covering Exar’s full line of standard,
semi-custom, and custom IC products. Each of the
products presented covers a wide range of applica-
tions, greatly simplifying most system designs. To help
the designer find the right device for his application,
the products are grouped by function, and a convenient
cross-reference chart is provided to show Exar’s direct
replacement for a number of popular industry products.

EXPERIENCE AND PRODUCTS

Exar’s innovativeness, product quality, and responsive-
ness to customer need, has been the key to its suc-
cess. Exar offers a broad line of linear and interface cir-
cuits. In the field of standard linear IC products, Exar
has extended its circuit technological leadership into
the areas of communications and control circuits. To-
day, Exar has one of the most complete lines of oscil-
lators, timing circuits and phase-locked loop ICs in the
industry. Exar also manufactures a large family of
telecommunication circuits, such as tone decoders,
compandors, modulators, PCM repeaters, and FSK and
PSK modem circuits. In the field of industrial control cir-
cuits, Exar manufactures a broad line of quad and dual
operational amplifiers, voltage regulators, radio-control
and servo driver ICs, and power control circuits.

Exar’s experience and expertise in the area of bipolar,
CMOS and I2L IC technology extends into both custom
and standard IC products. In the area of custom ICs,
Exar has designed, developed, and manufactured a
wide range of full custom monolithic circuits, particu-
larly for applications in the areas of telecommunica-
tions, consumer electronics, and industrial controls.

In addition to the full custom capability, Exar also offers
a unique semi-custom IC development capability, for
low to medium volume requirements. This semi-custom
program is intended for those customers seeking cost-
effective solutions; reducing component count and
board size in order to compete more effectively in a
changing marketplace. The program allows a custom-
ized 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
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programs using Exar’s bipolar and 2L Master Chips; (2)
Full custom IC design, and (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 telecommunica-
tion, electronic fuel-injection, anti-skid braking sys-
tems, and voltage regulators for automotive electron-
ics, digital voltmeter circuits, 40-MHz frequency syn-
thesizers, high-current, high-voltage display and relay
driver ICs, and many others.

NEW TECHNOLOGIES

Through company sponsored research and develop-
ment activities, Exar constantly stays abreast of all
technology areas related to changing customer needs
and requirements. Exar has a complete design engi-
neering group dedicated to new technology.

FIRST IN QUALITY

From incoming inspection of all materials, to the final
test of 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 in-
spected or tested in accordance with its own stringent
Quality Assurance Program, which is in compliance
with MIL-1-45208. Additional special screening and test-
ing can be negotiated to meet individual customer
requirements.

Throughout the wafer fab and assembly process, the
latest scientific instruments, such as scanning electron
microscopes, are used for inspection, and modern au-
tomated 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 en-
vironmental or high-reliability burn-in tests, outside test-
ing laboratories are used to complement Exar’s own ex-
tensive in-house facilities.

FIRST IN SERVICE

Exar has the ability and flexibility to serve the customer
in a variety of ways, from wafer fabrication to full para-
metric selection of assembled units for individual cus-
tomer requirements. Special marking, special packag-
ing, and military screening, are only a few of the service
options available from Exar. We are certain that Exar’s
service is flexible enough to satisfy 99% of your needs.
The company has a large staff of Applications Engi-
neers to assist the customer in the use of the product,
and to handle any request, large or small.
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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 induc-
tors. As shown in Figure 1, the PLL in its most basic
form is a feedback system comprised of three basic
functional blocks: a phase comparator, low-pass filter
and voltage controlled oscillator (VCO).

The basic principle of operation of a PLL can briefly be
explained as follows: With no input signal applied to the
system, the error voltage Vq 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, Veg(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,
fs, is sufficiently close to fo, 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 dif-
ference.

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 fg,
over which the PLL can maintain lock with an input sig-
nal. It is also known as the tracking or holding range.
Lock range increases as the over-all gain of the PLL is
increased.

Capture range: 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 decreases as the filter
bandwidth is reduced.

The lock and the capture ranges of a PLL can be illus-
trated with reference to Figure 2, which shows the typi-
cal 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 be-
ing gradually increased. The loop does not respond to
the signal until it reaches a frequency f{, correspond-
ing 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, Vg4 varies with
frequency with a slope equal to the reciprocal of the
VCO voltage-to-frequency conversion gain, and goes
through zero as fg = fo. The loop tracks the input until
the input frequency reaches fo, 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 cy-
cle repeats itself as shown in the lower part of Figure 2.
The loop recaptures the signal at f3 and traces it down
to f4. The frequency spread between (f4, f3) and (fo, f4)
corresponds to the total capture and lock ranges of the
system; that is, f3 — f{ = capture range and fo — f4 =
lock range. The PLL responds only to those input sig-
nals sufficiently close to the VCO frequency, fo, to fall
within the “lock” or “capture” range of the system. Its
performance characteristics, therefore, offer a high de-
gree of frequency selectivity, with the selectivity char-
acteristics centered about fg.
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Figure 1. The basic phase locked loop consists of three func-
tional blocks: a phase comparator, a low pass filter
and a voltage-controlled oscillator.

Figure 2. Typical PLL frequency-to-voltage transfer character-

istics 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. However, before the advent of mono-
lithic integration, cost and complexity considerations
limited its use to precision measurements requiring
very narrow bandwidths. In the past few years, the ad-
vantages 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 monolith-
ic operational amplifier, which, until less than a decade
ago, was an expensive building block. Today, with the
advent of monolithic technology, it has become a basic
building block in nearly every system design. The
monolithic phase locked loop also offers a similar po-
tential. In fact, many of the applications of the PLL out-
lined in this article become economically feasible only
because the PLL is now available as a low-cost IC build-
ing 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 multitude of uses; others are intended or
optimized for special applications such as tone detec-
tion, stereo decoding and frequency synthesis. This ar-
ticle is intended as a brief survey of the expanding field
of monolithic phase locked loops. Its purpose is to fa-
miliarize the reader with their individual characteristics,
capabilities and applications.
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Figure 3. A frequency multiplier/divider can be constructed
using a phase locked loop.
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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 is 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 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 de-
gree of frequency selectivity. In most applications the
quality of the demodulated 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, V((t), converts the fre-
quency shifts back to binary logic pulses.

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

Frequency synthesis: The PLL can be used to generate
new frequencies from a stable reference source by ei-
ther frequency multiplication and division, or by fre-
quency 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 com-
parator and effectively divides the VCO frequency by
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Figure 4. Frequency translation can be accomplished with a
phase locked loop by adding a multiplier and an ad-
ditional low-pass filter to the basic PLL.



the counter’s modulus N. When the system is in lock,
the VCO output is related to the reference frequency,
fR, by the counter moduli M and N as:

N
fo=(—=)f
[¢] (M)R

By adding a multiplier and an additional low-pass filter
to a PLL (Figure 4), one can form a frequency transla-
tion loop. In this application, the VCO output is shifted
from the reference frequency, fR, by an amount equal
to the offset frequency, 1, i.e., fg = (fR + f1).

Data synchronization: The PLL can be used to extract syn-
chronization from a composite signal, or can be used to
synchronize two data streams or system clocks to the
same frequency reference. Such applications are use-
ful in PCM data transmission, regenerative repeaters,
CRT scanning and or drum memory read-write synchro-
nization.

AM detection: The PLL can be converted to a synchro-
nous AM detector with the addition of a non-critical
phase-shift network, an analog multiplier and a low-
pass filter. The system block diagram for this applica-
tion is shown in Figure 5.

In this application, as the PLL tracks the carrier of the
input signal, the VCO regenerates the unmodulated car-
rier and feeds it to the reference input of the multiplier
section. In this manner, the system functions as a syn-
chronous demodulator with the filtered output of the
multiplier representing the demodulated audio informa-
tion.

Tone detection: In this application, the PLL is again con-
nected as shown in Figure 5. When a signal tone is
present at the input, within a frequency band corre-
sponding 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
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Figure 5. AM and tone detection are possible by adding three
functional blocks to the basic phase locked loop.

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 volt-
age controlled reference frequency, fg. The motor shaft
and the tachometer output provide the second signal,
frequency f)q, which is compared to the reference fre-
quency. The controller is a power amplifier which drives
the speed-control windings of the motor. Thus, the mo-
tor and tachometer combination essentially functions
as a VCO which is phase locked to the voltage con-
trolled reference frequency, fR.

Stereo decoding: In commercial FM broadcasting, sup-
pressed carrier AM modulation is used to superimpose
the stereo information on the FM signal. To demodulate
the complex stereo signal, low-level pilot tone is trans-
mitted at 19 kHz (1/2 of actual carrier frequency). The
PLL can be used to lock onto this pilot tone, and regen-
erate a coherent 38 kHz carrier which is then used to
demodulate the complete stereo signal. A number of
highly specialized monolithic circuits have been devel-
oped for this application. A typical example of monolith-
ic stereo decoder circuits using the PLL principle is the
XR-1310 stereo demodulator IC.
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Figure 6. Very precise motor speed contral is possible with a phase locked loop system of this type.




Choosing the Right PLL Circuit

At the onset of his design, the user of monolithic PLL
products is faced with the key guestion 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 per-
formance requirements, from an applications 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 associated with each application are also
listed below.

FM demedulation: 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 cir-
cuits, 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 carri-
er frequency. VCO frequency 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 tempera-
ture varies.

[0 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 desir-
able to control the amplitude of the demodulated out-
put. 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 contained on the chip.

For low-frequency FM detection (below 300 kHz carrier
frequency) the XR-2212 is recommended because of its
versatility and temperature stability. For FM demodula-
tion at frequencies above 300 kHz, the XR-2215 offers
the best performance because of its high frequency ca-
pability.

FSK decoding: Frequency-shift keying used in digital
communications is very similar to analog FM modula-
tion. Therefore, any PLL IC can be used for FSK decod-
ing, 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 operating 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 conver-
sion gain allows the circuit to be used for both iarge de-
viation 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 ca-
pability. For FSK detection at higher frequencies (up to
10 MHz) the XR-210 is the recommended circuit.

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

For frequency synthesis at low frequencies (i.e., with
maximum 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 frequen-
cy synthesis; however the XR-215 offers the highest fre-
quency 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 cir-
cuits which allow active filers 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 ac-
tive filtering. For low frequencies (i.e. below 300 kHz)
the XR-2212 is the best suited circuit because of its ad-
justable tracking bandwidth and excellent frequency
stability. For higher frequencies the XR-S200 is the rec-
ommended 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 high-
est frequency stability, and independent control of sys-
tem bandwidth and response time, among the three cir-
cuits. The XR-567 has a relatively high input threshold
(=20 mV, rms) and may require input preamplification;
however it requires fewer external components that the
XR-2211. The XR-2567, which contains two indepen-
dent 567-type tone decoders on the same chip may be
more economical to use in multiple-tone detection sys-
tems.
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XR-210

FSK Modulator/Demodulator

GENERAL DESCRIPTION

The XR-210 is a highly versatile monolithic phase-
locked loop system, especially designed for data com-
munications. It is particularly well suited for FSK
modulation/demodulation (MODEM) applications, fre-
quency synthesis, tracking filters, and tone decoding.
The XR-210 operates over a power supply range of 5V
to 26V, and over a frequency band of 0.5 Hz to 20 MHz.
The circuit can accommodate analog signals between
300 uV and 3V, and can interface with conventional
DTL, TTL, and ECL logic families.

FEATURES

Wide Frequency Range 0.5 Hz to 20 MHz

Wide Supply Voltage Range 5V to 26V
Digital Programming Capability

RS-232C Compatible Demodulator Output

DTL, TTL and ECL Logic Compatibility

Wide Dynamic Range 300 uV to 3V

ON-OFF Keying & Sweep Capability

Wide Tracking Range

Good Temperature Stability

High-Current Logic Output

Independent “Mark” and “Space”
Frequency Adjustment

VCO Duty Cycle Control

+1% to £50%
200 ppm/°C
50 mA

APPLICATIONS

Data Synchronization
Signal Conditioning

FSK Generation

Tone Decoding

Frequency Synthesis

FSK Demodulation
Tracking Filter

FM Detection

FM and Sweep Generation
Wideband Discrimination

ABSOLUTE MAXIMUM RATINGS

Power Supply

Power Dissipation
Derate Above +25°C

Storage Temperature

26 Volts

750 mW

6.0 mw/°C
—65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-210M Ceramic —55°C to +125°C
XR-210CN Ceramic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-210 is made up of a stable wide-range voltage-
controlled oscillator (VCO), exclusive OR gate type
phase detector, and an analog voltage comparator. The
VCO, which produces a square wave as an output, is ei-
ther used in conjunction with the phase detector to
form a phase-locked loop (PLL) for FSK demodulation
and tone detection or as a generator in FSK modulation
schemes. The phase detector when used in the PLL
configuration produces a differentional output voltage
with a 6 K output impedance, which when capacitively
loaded forms a single pole loop filter. The voltage com-
parator is used to sense the phase detector output and
produces the output in the FSK demodulation connec-
tion.
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ELECTRICAL CHARACTERISTICS

Test Conditions: V*+ = 12V (single supply), TA = +25°C, Test circuit of Figure 1 with Cy = 0.02 uF, S1, Sp, Sg closed, Sz, Sy,

Se, S7 open, unless otherwise specified.

SYMBOL PARAMETERS I MIN—I TYP | MAX | UNIT | CONDITIONS
GENERAL CHARACTERISTICS
Veo Supply Voltage
Single Supply 5 26 Vdc See Figure 1
Split Supply +25 +13 Vdc See Figure 2
Icc Supply Current 9 12 16 mA See Figure 1, Sp open
fuL Upper Frequency Limit 15 20 MHz See Figure 1, Sq open, Sy closed
fLL Lowest Practical Operating 0.5 Hz Co = 500 uF
Frequency
VCO SECTION
Stability
Tc Temperature 200 500 ppm/°C f=10kHz, V¥ = 10V, 0 < Tp < 75°C
PSR Power Supply 0.05 0.5 %IV 10V < Vt < 24v
fsw Sweep Range 5:1 8:1 S3 closed, S4 open, 0 < Vg < 6V
See Figure 5, Vt = 12V
Vo Output Voltage Swing 1.5 25 Vp-p S5 open
DC Duty Cycle Asymmetry +1 +3 % S5 open
TR Rise Time 20 ns 10 pF to ground at Pin 15, S5 open
TE Fall Time 40 ns 10 pF to ground at Pin 15, S5 open
PHASE DETECTOR SECTION
Kp Conversion Gain 2 Virad Vin > 50 mV rms, see Figure 8
Z0 Output Impedance 6 kQ Measured looking into Pin 2 or 3
Voos Output Offset Voltage 35 150 mV Measured across Pin 1 and 3, Vi, = 0,
S5 open
VOLTAGE COMPARATOR SECTION
AvoL Open Loop Voltage Gain 66 80 dB f =20 Hz
ZIN Input Impedance 0.5 2 MQ Measured looking into Pin 1
Vos Input Offset Voltage 1 mV
B Input Bias Current 80 nA
CMRR Common Mode Rejection 90 dB
LOGIC OUTPUT SECTION
SR Slew Rate 15 Viusec R = 3kQ, C_ = 10 pF, Sp closed
loL “1" Output Leakage Current 0.02 10 pA Vo = +24V
VoL “0” Output Voltage 0.2 0.4 \% I = 10 mA
ISINK Current Sink Capability 30 50 mA Vo =1V

PRINCIPLES OF OPERATION
Description of Controls

Phase-Detector Inputs (Pin 4 and 6):

One input to the phase detector is used as the signal in-
put; the remaining input should be ac coupled to the
VCO output (Pin 15), to complete the PLL (see Figure 1).
For split supply operation, these inputs are biased from
ground as shown in Figure 2.

Phase-Detector Bias (Pin 5):
This terminal should be dc biased as shown in Figures
1 and 2, and ac grounded with a bypass capacitor. The
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bias resistor in series with this pin should be half as
large as those in series with Pin 4 and 6.

Phase-Detector Outputs (Pin 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 (Pin 4 and 6).
These differential phase-detector outputs are internally
connected to the VCO control terminals. Pin 3 is also in-
ternally connected to the reference input of the voltage
comparator section.

In normal use, the low-pass loop-filter capacitor, C+, is
connected between Pin 2 and 3. The 6 kQ impedances
of the two outputs add to 12 k@ 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.

Frequency-Keying Input (Pin 10):

The VCO frequency can be varied between two discrete
frequencies, f1 and fo, by connecting an external resis-
tor, Ry, to this terminal. Referring to Figure 6, the VCO
frequency is proportional to the sum of currents, 11 and
I, through the transistors, Ty and T2, on the monolithic
chip. These transistors are biased from a fixed internal
reference. The current, |4, is set internally, and is parti-
ally controllable by the fine-tune adjustment, Ry. The
current, o, is set by the external resistor, R, connect-
ed between Pin 10 and Pin 7. For any Cq setting, the
VCO frequency, fo, with Ry connected to Pin 10, can be

expressed as:
fo =1ty (1+23) Hz
Rx

where f1 is the frequency with Pin 10 open-circuited,
and Ry is in kQ2. Note that fo can be fine-tuned to a de-
sired value by the proper choice of Ry.

VCO Sweep Input (Pin 12):

The VCO frequency can be swept over a broad range
by applying an analog sweep voltage, Vg to Pin 12 (see
Figure 5). The impedance level looking into the sweep
input is approximately 50Q. Therefore, for sweep appli-
cations, a current limiting resistor, Rg, should be con-
nected in series with this terminal. Typical sweep char-
acteristics of the circuit are shown in Figure 5. The VCO
temperature dependence is minimal when the sweep
input is not used, and should be left open-circuited.

CAUTION: For safe operation of the circuit, the maxi-
mum current, |g, drawn from the sweep terminal should
be limited to 5 mA or less, under all operating condi-
tions.

VCO Conversion Gain (Pin 11):

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

~ XR-210

For a given choice of timing capacitor, C, the VCO fre-
quency can be further fine-adjusted to a desired fre-
quency, f4, by means of a trimmer resistor, Ry, connect-
ed from Pin 9 to Pin 7, as shown in Figure 6. The fine
tuned VCO frequency, f1, is related to Ry as:

f1=@1+ﬁ> Hz
Co RT

where Cq is in pF, and Ry is in k.

VCO Timing Capacitor (Pin 13 and 14):
The VCO free-running frequency, fo, is inversely propor-
tional to the timing capacitor, Co, connected between
Pin 13 and 14. With Pin 9 and 10 open-circuited, the
VCO frequency is related to Cq as:

220
fo = =—Hz
0 Co

where Co is in uF.

VCO Output (Pin 15):

The VCO produces approximately a 2.5V p-p square
wave output signal at this pin. The dc output level is ap-
proximately 2 volts below Vcg. This pin should be con-
nected to Pin 7 through a 10 kQ resistor to increase the
output current drive capability. For high-voltage opera-
tion (Voc > 20V), a 20 kQ resistor is recommended. It
is also advisable to connect a 5009 resistor in series
with this output, for short-circuit protection.

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 6. For high-
level logic inputs, the transistor, To, is turned off, Ry is
effectively switched out of the circuit, and the VCO fre-
quency is shifted from fo to fy.

Voltage Comparator Input (Pin 1):

This pin provides the signal input to the voltage compar-
ator section. The comparator section is normally used
for post-demodulation slicing and pulse shaping. Nor-
mally, Pin 1 is connected to Pin 2 through a 15K exter-
nal resistor, as shown in Figures 1 and 2. The input im-
pedance level at this pin is approximately 2 MQ.

Logic Driver Output (Pin 8):

This pin provides a binary logic output corresponding to
the polarity of the input signal, at the voltage compara-
tor inputs. It is a bare-collector type stage with high-
current sinking capability.

Definition of Terms

Phase-Detector Gain, Kg:

K is the output voltage from the phase detector per ra-
dian of phase difference at the phase-detector inputs
(Pin 4 and 6). Kq is proportional to the input signal for
low-level inputs (<25 mV rms), and is constant at high-
input levels (see Figure 8).
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Figure 1. Test Circuits for Single Supply Operation

VCO Conversion Gain, Kq:
Ko = 100 (radians/sec)/volt
CoRo

where Cq is in uF and Rg is in kQ. For most applica-
tions, recommended values for Rp range from 1 kQ to
10 k.

When the XR-210 is connected as a PLL, its lock range
can be controlled by varying the VCO gain control resis-
tor, RQ, across Pin 11 and 12. For input signals greater
than 30 mV rms, the PLL loop-gain is independent of
signal amplitude, but is inversely proportional to Ro.
Figure 7 shows the dependence of lock range, +Af|,
on RQ.

Lock Range (Awl):

The range of frequencies in the vicinity of fo over which
the PLL can maintain lock with an input signal. If satura-
tion or limiting does not occur, the lock range is equal to
the loop gain; i.e., Aw| = KT = KgKo.

Capture Range (Awg):

The band of frequencies in the vicinity of o 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 para-
metric equation of the form:

AwC = Aw| |F(jAwg)|

where |F(jAwg)| is the low-pass filter magnitude re-
sponse at w = Awg. For a simple lag filter, it can be ex-

pressed as:
Aw|
Awg = /———
T

APPLICATIONS INFORMATION
FSK Demodulation

Figure 3 shows a generalized circuit connection for
FSK demodulation. The circuit is connected as a PLL
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Figure 5. Frequency Sweep Characteristics as a Function of
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Figure 6. VCO Fine-Tune (Pin 9) and Frequency-Keying
(Pin 10) Controls

system, by ac coupling the VCO output (Pin 15) to Pin 6.
The FSK input is applied to Pin 4. When the input fre-
quency is shifted, corresponding to a data bit, the polar-
ity of the dc voltage across the phase-detector outputs
(Pin 2 and 3) is reversed. The voltage comparator and
the logic driver section convert this dc level shift to a bi-
nary pulse. The capacitor, C1, serves as the PLL loop
filter, and Co and C3 as post-detection filters. The tim-
ing capacitor, Cp, and fine-tune adjustments are used
to set the VCO frequency, fo, midway between the mark
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and space frequencies of the input signal. Typical com-
ponent values for 300 baud (103-type) and 1200 baud
(202-type) MODEM applications are listed below:

OPERATING TYPICAL COMPONENT
CONDITIONS VALUES
300 Baud
Low Band: f{ = 1070 Hz | Rg = 5.1kQ, Cg = 0.22 uF
fo = 1270 Hz | Cq = Co = 0.047 uF,
Cg = 0.033 uF
High Band: f4 = 2025 Hz | Rg = 8.2k®, g = 0.1 uF
fo = 2225 Hz | Cq = Cg = C3 = 0.033 uF
1200 Baud
fy = 1200 Hz | Cq = 0.033 pF,
Cg = 0.02 uF
fp = 2200 Hz | Cp = 0.01 uF




22 EXAR

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 de-
modulation, frequency synthesis and tracking filter ap-
plications. The XR-215 can operate over a large choice
of power supply voltages ranging from 5V to 26 V and a
wide frequency band of 0.5 Hz to 35 MHz. It can ac-
commodate 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 35 MHz

Wide Supply Voltage Range: 5V 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

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

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

FUNCTIONAL BLOCK DIAGRAM
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SYSTEM DESCRIPTION

The XR-215 monolithic PLL system consists of a bal-
anced phase comparator, a highly stable voltage-
controlled oscillator (VCO) and a high speed operation
amplifier. Figure 1 depicts the functional block diagram
of the circuit. The phase comparator outputs are inter-
nally connected to the VCO inputs and to the non-
inverting input of the operational amplifier. A self-
contained PLL System is formed by simple AC coupling
the VCO output to either of the phase comparator in-
puts and adding a low-pass filter to the phase compara-
tor output terminals.

The VCO section has frequency sweep, on-off keying,
sync, and digital programming capabilities. Its frequen-
cy is highly stable and is determined by a single exernal
capacitor. The operational amplifier can be used to for
audio preamplification in FM detector applications or
as a high speed sense amplifier (or comparator) in FSK
demodulation.



XR-215
ELECTRICAL CHARACTERISTICS

Test Conditions: V+ = 12V (single supply), Tao = 25°C, Test Circuit of Figure 2 with Cg = 100 pF, (silver-mica) Sy,
So, Ss, closed, S3, S4 open unless otherwise specified.

LIMITS
PARAMETERS MIN [ TYP l MAX UNITS CONDITIONS
|—GENERAL CHARACTERISTICS
SUPPLY VOLTAGE
Single Supply 5 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 < Ta< 75°C
Power Supply 0.1 %IV vt > 10v
Sweep Range 5:1 8:1 S3 closed, S4 open,
0 < Vg <8V
See Figure 9, Cy = 2000 pF
Output Voltage Swing 1.5 25 Vop S5 open
Rise Time 20 ns 10 oF t d at Pin 15
Fall Time 20 ns PF to ground at Fin
PHASE COMPARATOR SECTION:
Conversion Gain 2 Virad Vin > 50 mV rms (See
. characteristic curves)
Output Impedance 6 kQ 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 80 dB Sy open
Slew Rate 25 Viu sec Ay =1
Input Impedance 0.5 2 MQ
Output Impedance 2 kQ
Output Swing 7 10 Vp. RL = 30 k@ from Pin 8 to ground
Input Offset Voltage 1 m\P
Input Bias Current 80 nA
Common Mode Rejection 90 dB
11—SPECIAL APPLICATIONS
A) FM Demodulation
Test Conditions: Test circuit of Figure 4, V* = 12V, input signal = 10.7 MHz FM with Af = 75 kHz, fjoq = 1 kHz.
Detection Threshold 0.8 3 mV rms 500 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, {5 = 1 MHz, Vi, = 100 mV rms, 50€ source.
Tracking Range (% of f) +30 +50 See Figures 5 and 25
Discriminator Output
AVout 50 mV/% Adjustable — See applications
Aflfy information

L
P
11_

"4
e - e

: S94d 44 b o)

EQUIVALENT SCHEMATIC DIAGRAM
1-15

L.

.'["
o~

Ta

T;




XR-215

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
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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 opera-
tion, a resistive bias string similar to that shown in
Figure 2 should be used to set the bias level at approxi-
mately Voc/2. The dc bias current at these terminals is
nominally 8 pA.

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.

BRIV
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Figure 5. Test Circuit For Tracking Filter
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PHASE COMPARATOR 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 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 outputs as shown in Figure 14.

VCO TIMING CAPACITOR (PINS 13 AND 14)

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

VCO OUTPUT (PIN 15)

The VCO produces approximately a 2.5 Vp.p output sig-
nal at this pin. The dc output level is approximately
2 volts below Vcc. This pin should be connected to pin
9 through a 10 k© resistor to increase the output cur-
rent drive capability. For high voltage operation (Vo >
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Figure 8. Phase Comparator Conversion Gain, Kg, versus
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Figure 10. XR-215 Op Amp Frequency Response

20V), a 20 kQ resistor is recommended. It is also advis-
able to connect a 5009 resistor in series with this out-
put for short circuit protection.

VCO SWEEP INPUT (PIN 12)

The VCO Frequency can be swept over a broad range
by applying an analog sweep voltage, Vg, to pin 12 (see
Figure 9). The impedance level looking into the sweep
input is approximately 50Q. Therefore, for sweep appli-
cations, a current limiting resistor, Rg, should be con-
nected in series with this terminal. Typical sweep char-
acteristics of the circuit are shown in Figure 9. The VCO
temperature dependence is minimum when the sweep
input is not used.

CAUTION: For safe operation of the circuit, the maxi-
mum current, |g, drawn from the sweep terminal should
be limited to 5 mA or less under all operating condi-
tions.

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 kQ, 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.
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RANGE-SELECT (PIN 10)

The frequency range of the XR-215 can be extended by
connecting an external resistor, Ry, between pins 9 and
10. With reference to Figure 11, the operation of the
range-select terminal can be explained as follows: The
VCO frequency is proportional to the sum of currents |4
and lp through transistors T and To on the monolithic
chip. These transistors are biased from a fixed internal
reference. The current |4 is set internally, whereas Io is
set by the external resistor Ry. Thus, at any Cq setting,
the VCO frequency can be expressed as:

0.6
fo=11 (1 +=2
° 1( Rx)

where f1 is the frequency with pin 10 open circuited
and Ry is in kQ. External resistor Rx (= 750Q) is recom-
mended for operation at frequencies in excess of
5 MHz.

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

DIGITAL PROGRAMMING

Using the range select control, the VCO frequency can
be stepped in a binary manner, by applying a logic sig-
nal to pin 10, as shown in Figure 11. For high level lcgic
inputs, transistor T is turned off, and Ry is effectively
switched out of the circuit. Using the digital program-
ming capability, the XR-215 can be time-multiplexed be-
tween two separate input frequencies, as shown in
Figures 18 and 19.

AMPLIFIER INPUT (PIN 1)

This pin provides the inverting input for the operational
amplifier section. Normally it is connected to pin 2
through a 10 k2 external resistor (see Figure 2 or 3).

AMPLIFIER QUTPUT (PIN 8)

This pin is used as the output terminal for FM or FSK
demodulation. The amplifier gain is determined by the
external feedback resistor, RE, connected between pins
1 and 8. Frequency response characteristics of the am-
plifier section are shown in Figure 10.

AMPLIFIER COMPENSATION (PIN 7)

The operational amplifier can be compensated by a sin-
gle 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 technigue which provides frequency selective

tuning and filtering without the need for coils or induc-
tors. As shown in Figure 12, the PLL is a feedback sys-

tem comprised of three basic functional blocks: phase
comparator, low-pass filter and voltage-controlled oscil-
lator (VCO). The basic principle of operation of a PLL
can be briefly explained 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, fo, which is
known as the “free-running” frequency. If an input sig-
nal 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 differ-
ence between the two signals. This error voltage is then
filtered and applied to the control terminal of the VCO. If
the input frequency, fg, is sufficiently close to fg, the
feedback nature of the PLL causes the VCO to synchro-
nize or “lock” with the incoming signal. Once in lock,
the VCO frequency is identical to the input signal, ex-
cept for a finite phase difference.

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 ¢q
are the respective phase angles associated with the in-
put signal and the VCO output, F(s) is the low-pass filter
response in frequency domain, and Kq and Kq are the
conversion gains associated with the phase compara-
tor and VCO sections of the PLL.

DEFINITION OF XR-215 PARAMETERS FOR
PLL APPLICATIONS

VCO FREE-RUNNING FREQUENCY, f,

The VCO frequency with no input signal. It is deter-
mined by selection of Cg across pins 13 and 14 and can
be increased by connecting an external resistor Ry be-
tween pins 9 and 10. It can be approximated as:

f0=20ﬂ(l +O—-6)
0 Rx

where Cq is in uF and Ry is in kQ. (See Figure 7).

eyt Vst PHASE Velt) LOW PASS v
SIGNAL X COMPARATOR FILTER | O Vg

Vi

‘o Vylth

Figure 12. Block Diagram of a Phase-Locked Loop

o Ky Fls)

)

Figure 13. Linearized Model of a PLL as a Negative
Feedback System



PHASE COMPARATOR GAIN Kg

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

VCO CONVERSION GAIN Ko

The VCO voltage-to-frequency conversion gain is deter-
mined by the choice of timing capacitor Cg and gain
control resistor, Rg connected externally across pins 11
and 12. It can be expressed as

=~ 190 (radians/sec)/volt
CoRo

where Cq is in uF and Rg is in kQ. For most applica-
tions, recommended values for Rg range from 1 kQ to
10 kQ.

LOCK RANGE (Awl)

The range of frequencies in the vicinity of fg, 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. Aw| = KT = Kq Ko.

CAPTURE RANGE (Acwg)

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 para-
metric equation of the form:

AwC = Aw| |F(jAwC)|

where |F(jAwc| is the low-pass filter magnitude re-
sponse at w = Awg. For a simple lag filter, it can be ex-
pressed as:

Aw|

AwC =
C T

where T+ is the filter time constant.
AMPLIFIER GAIN Ay
The voltage gain of the amplifier section is determined
by feedback resistors RF and Rp between pins (8,1)
and 2,1) respectively. (See Figures 2 and 3). It is given
by:
-R
V = ——L
R1 + Rp

where R4 is the 6 kQ 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
external capacitor or RC network across terminals 2
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LAG-LEAD FILTER

L]

1+ RCys
TV Ry v 2R))

LAG-FILTER

L

1
FW TR G Fls) =

g 1 ".cl‘n.z 5
Figure 14.

and 3. The low-pass filter components can be connect-
ed either between pins 2 and 3 or, from each pin to
ground. Typical filter configurations and corresponding
filter transfer functions are shown in Figure 14 where
R4 (6 kQ) is the internal impedance at pins 2 and 3.

APPLICATIONS INFORMATION
FM DEMODULATION

Figure 15 shows the external circuit connections to the
XR-215 for frequency-selective FM demodulation. The
choice of Cq is determined by the FM carrier frequency
(see Figure 7). The low-pass filter capacitor C4 is deter-
mined by the selectivity requirements. For carrier fre-
quencies of 1 to 10 MHz, C4 is in the range of 10 Cg to
30 Cp. The feedback resistor RF can be used as a
“volume-control” adjustment to set the amplitude of
the demodulated output. The demodulated output am-
plitude is proportional to the FM deviation and to resis-
tors Rp and RE. For +1% FM deviation it can be ap-
proximated as:

VouTt = RoRF (1 + g—)f) mV, rms

01 uF

VOLUME

CONTROL
DEMODULATED

75K QUTPUT

001 4F
I (DE-EMPHASIS)

}

I?OODF

Cg COUPLING CAPACITOR
Cg BYPASS CAPACITOR

Figure 15. Circuit Connection for FM Demodulation
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where all resistors are in k@ and Ry is the range exten-
sion resistor connected across pins 9 and 10. For cir-
cuit operation below 5 MHz, Ry can be open circuited.
For operation above 5 MHz, Rx = 750Q is recom-
mended.

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

MULTI-CHANNEL DEMODULATION

The ac digital programming capability of the XR-215 al-
lows a single circuit be time-shared or multiplexed be-
tween two information channels, and thereby selective-
ly demodulate two separate 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 channel-select
logic signal is applied to pin 10, as shown in Figure 18
with both input channels simultaneously present at the
PLL input (pin 4). Figure 19 shows the demodulated out-
put as a function of the channel-select pulse where the
two inputs have sinusoidal and tnengular FM modula-
tion respectively.

g

fo = 10MHz

fmog = 1 kHz
Vin T 20mV rms

(TEST CIRCUIT OF FIGURE 4)

@
S
T

@
S
T

»
S

1 Il !
*001% ‘0 1% 1 0% “10% 100,
FREQUENCY DEVIATION, f 1,

DEMODULATED OUTPUT SIGNAL/NOISE (dB)

Figure 16. Output Signal/Noise Ratio as a Function of FM

Deviation

9“ 10 MK,

|".ud 1 hHs

Vin 20mV ims

Vour CONSTANT w2V,
(TEST CIRCUIT OF FIGURE 4;

05—

DISTORTION (THD)

0 1 1 Il
001w 01 10 10 100
FREQUENCY DEVIATION =t 1,

Figure 17. Output Distortion as a Function of FM Deviation

FSK DEMODULATION

Figure 20 contains a typical circuit connection for FSK
demodulation. When the input frequency is shifted, cor-
responding to a data bit, the dc voltage at the phase
comparator outputs (pins 2 and 3) also reverses polari-
ty. The operational amplifier section is connected as a
comparator, and converts the dc level shift to a binary
output pulse. One of the phase comparator outputs (pin
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CHANNEL 1
1y = IMH2

Y
4000 a0 =
v W

01t

CHANNEL 2
f2% 1.0 MHz

0.01uF

10

AN

= 220 pF

-0
Ry * 6K forf2

Figure 18. Time-Multiplexing XR-215 Between Two
Simultaneous FM Channels

Figure 19. Demodulated Output Waveforms for
Time-Multiplexed Operation

Top: Demodulated Output
Sinewave - Channel 1
Triangle Wave - Channel 2

Bottom: Channel Select
Pulse

3) is ac grounded and serves as the bias reference for
the operational amplifier section. Capacitor Cq serves
as the PLL loop filter, and Co and C3 as post-detection
filters. Range select resistor, Ry, can be used as a fine-
tune adjustment to set the VCO frequency.

Typical component values for 300 baud and 1200 baud
operation are listed below:

OPERATING TYPICAL COMPONENT
CONDITIONS VALUES
300 Baud

Low Band: fy = 1070 Hz | Rp = 5kQ, Cp = 0.17 uF

fp = 1270 Hz | C4 = Cp = 0.047 uF,
Cg = 0.033 uF
High Band: f{ = 20256 Hz | Rg = 8 k@, Cg =-0.1 uF
fo = 2225 Hz | Cq = Cp = C3 = 0.033 uF
1200 Baud Rp = 2kQ,Cg = 0.12 uF

f{ = 1200 Hz | Cy = Cg = 0.003 4F,
fp = 2200 Hz Cp = 0.01 uF




Note that for 300 Baud operation the circuit can be
time-multiplexed between high and low bands by
switching the external resistor Ry in and out of the cir-
cuit 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 connec-
tion for this application is shown in Figure 21. The VCO
frequency can be shifted between the mark (fp) and
space (f1) frequencies by applying a logic pulse to pin
10. The circuit can provide two 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%.

01,k

s e rou roun IO

-
%u..I %’
b %l 2
o o
o0
.

51|

IS (RR AN 1o fo

W

x Ry = 5K
Lo "o x

aov

Figure 20. Circuit Connection for FSK Demodulation
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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 in-
puts (pins 4 or 6), as shown in Figure 22. The principle
of operation of the circuit can be briefly explained as

"

121

1 LCO
O ouTPUT
0

CeE
s Lo o 2 i e
-5V dn ~] 75K o
® v Co -IV
iy

BINARY
RANGE SELECT
(OPTIONALY

= * SN74930R EQUIVALENT

Figure 22. Circuit Connection For Frequency Synthesis

follows: The counter divides down the oscillator fre-
quency 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 frequency. The low-pass filter capacitor Cy 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
available monolithic programmable counter circuits us-
ing 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 frequen-
cies of the system, for a given setting of the timing ca-
pacitor Cg.

Typical input and output waveforms for N = 16 opera-
tion with fg = 100 kHz and fo = 1.6 MHz are shown in
Figure 23.

TRACKING FILTER/DISCRIMINATOR

The wide tracking range of the XR-215 allows the sys-
tem to track an input signal over a 3:1 frequency range,

ceciwmbiulublububliay

Figure 23. Typical Input/Output Waveforms For N = 16
Top: Input (100 kHz)
Bottom: VCO Output (1.6 MHz)

Vertical Scale 1 V/cm




OISCRIMINATOR
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veo
ouTPUT

Cc COUPLING CAPACITOR
Cg BYPASS CAPACITOR

Figure 24. Circuit Connection For Tracking Filter Applications

centered about the VCO free running frequency. The
tracking range is maximum when the binary range-
select (pin 10) is open circuited. The circuit connec-
tions 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 kQ < Rg < 4kQand30Cp < C1 <
300 Cg where the timing capacitor Cq is determined by
the center frequency requirements (see Figure 7).

The phase-comparator output voltage is a linear mea-
sure 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, fq,
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 dis-
criminator gain can be adjusted by proper choice of Rg
or RE. For the test circuit of Figure 24, the discriminator
output is approximately (0.7 RgRf) mV per % of fre-
quency deviation where Rg and R are in kQ. Output
non-linearity is typically less than 1% for frequency de-
viations up to +15%. Figure 27 shows the normalized
output characteristics as a function of input frequency,
with Rg = 2 k@ and RF = 36 kQ.

GRYSTAL-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 capaci-
tor (= 30 pF) is required in series with the crystal to set

Rg= 2K
B :
£
> - TRACKING
™ RANGE
=
5
2
z
2 of
z
)
@
1.0 1

NORMALIZED TRACKING RANGE, (15}

Figure 25. Tracking Range vs Input Amplitude (Pin 10
Open Circuited)

T
SLOPE - 50 mV PER % CHANGE
2 OF FREQUENCY

Ry 2k
Re 36k
V.n 50mV, ims

NORMALIZED OUTPUT (VOLTS)
o

3 1 Il | 1
04 06 o8 10 12 14 16

NORMALIZED FREQUENCY. {1,

Figure 26. Typical Discriminator Output Characteristics For
Tracking Filter Applications

014F

50§ 5000 =

DEMODULATED
1ok OUTPUT

FUNDAMENTAL l
MODE) L

Figure 27. Typical Circuit Connection For Crystal-Controlled
FM Detection

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.
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XR-2211

FSK Demodulator/Tone Decoder

GENERAL DESCRIPTION

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

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

FEATURES

0.01 Hz to 300 kHz
45Vto20V

Wide Frequency Range

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility
FSK Demodulation, with Carrier Detection

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

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection
Carrier Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply 20V
Input Signal Level 3V rms
Power Dissipation
Ceramic Package 750 mW
Derate Above Tp = +25°C 6 mv/°C
Plastic Package
Derate Above Tp = +25°C 5.0 mwW/°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2211M Ceramic -55°C to +125°C
XR-2211CN Ceramic 0°C to +70°C
XR-2211CP Plastic 0°C to +70°C
XR-2211N Ceramic —40°C to +85°C
XR-2211P Plastic —40°C to +85°C

SYSTEM DESCRIPTION

The main PLL within the XR-2211 is constructed from
an input preamplifier, analog multiplier used as a phase
detector, and a precision voltage controlled oscillator
(VCO). The preamplifier is used as a limiter such that in-
put signals above typically 2MV RMS are amplified to a
constant high level signal. The multiplying-type phase
detector acts as a digital exclusive or gate. Its output
(unfiltered) produces sum and difference frequencies of
the input and the VCO output, f input + finput (2f input)
and f input - f input (0 Hz) when the phase detector out-
put to remove the “sum” frequency component while
passing the difference (DC) component to drive the
VCO. The VCO is actually a current controlled oscillator
with its nominal input current (fg) set by a resistor (Rg)
to ground and its driving current with a resistor (R1)
from the phase detector.

The other sections of the XR-2211 act to: determine if
the VCO is driven above or below the center frequency
(FSK comparator); produced both active high and active
low outputs to indicate when the main PLL is in lock
(quadrature phase detector and lock detector compara-
tor).
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1,V+ = V= = 6V, Tp = +25°C, C = 5000 pF, R4 = Ry = R3 = Rg = 20 k@,
RL = 4.7 kQ. Binary Inputs grounded, S1 and Sa closed, unless otherwise specified.

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

GENERAL
Supply Voltage 45 20 4.5 20 Vv
Supply Current 4 7 5 9 mA Ro = 10 kQ. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy +1 +3 +1 % Deviation from fg = 1/RgCp
Frequency Stability Ry =12

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

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

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

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

Operating Frequency 0.01 0.01 Hz Ro = 2MQ, Cp = 50 pF
Timing Resistor, Rg See Fig. 5.

Operating Range 5 2000 5 2000 kQ

Recommended Range | 15 100 15 100 kQ See Figs. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current +150| +£200| £300| +100|+200| +300 uA Measured at Pin 11.
Output Offset Current +1 +2 uA
Output Impedance 1 1 MQ
Maximum Swing S x4 +5 +4 +5 Vv Referenced to Pin 10.
QUADRATURE PHASE DETECTOR Measured at Pin 3.
Peak Output Current 100 | 150 150 pA
Output Impedance 1 1 MQ
Maximum Swing 11 11 V pp
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 k2
Input Signal

Voltage Required to

Cause Limiting 2 10 2 mV

ms

VOLTAGE COMPARATOR SECTIONS
Input Impedance 2 2 MQ Measured at Pins 3 and 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 dB RL = 5.1 k@
Output Voltage Low 300 300 mV Ic =3mA
Qutput Leakage Current 0.01 0.01 pA Vo = 12V
INTERNAL REFERENCE
Voltage Level 4.9 5.3 57 | 475 |53 |585 ' Measured at Pin 10.
Output Impedance 100 100 Q
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Reference Voltage, VR (Pin 10): This pin is internally biased
at the reference voltage level, VR: VR = V+/2 - 650
mV. The dc voltage level at this pin forms an internal
reference for the voltage levels at Pins 5, 8, 11 and 12.
Pin 10 must be bypassed to ground with a 0.1 uF ca-
pacitor for proper operation of the circuit.

Loor DATA

FILTER FILTER FSK
ouTPUT
F=Hah{=

FSK
COMP.

vco
INPUT

&1

PREAMP

‘-5 DET.

LOCK DETECT
OUTPUTS

LOCK DETECT LOCK DETECT
FILTER COMP.

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

Loop Phase Detector Output (Pin 11): This terminal provides
a high impedance output for the loop phase detector.
The PLL loop filter is formed by R1 and C4 connected
to Pin 11 (see Figure 2). With no input signal, or with no
phase error within the PLL, the dc level at Pin 11 is very
nearly equal to VR. The peak voltage swing available at
the phase detector output is equal to +VR.

510K Rg Ry 1

FSK
Fsk  OUTPUT

COMP.

LOCK DETECY
OUTPUTS

Figure 2. Generalized Circuit Connection for FSK and Tone
Detection

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

1 Hz
RoCo
where Cg is the timing capacitor across Pins 13 and 14.

For optimum temperature stability, Rg must be in the
range of 10 KQ to 100 KQ see Figure 8).

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

VCO Timing Capacitor (Pins 13 and 14): VCO frequency is
inversely proportional to the external timing capacitor,
Co, connected across these terminals (see Figure 5).
Cp must be nonpolar, and in the range of 200 pF to 10
uF.

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

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

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

1. VCO Center Frequency, fq:
fo = 1/RgCo Hz

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

VR = V+/2 - 650 mV
3. Loop Low-Pass Filter Time Constant, 7:
7 = R1C4

4. Loop Damping, ¢:

Co
=14 / X0
¢ / o

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

BANDWIDTH ‘,
.ﬂ—t——u
e 1'1 li 1:3 t.,:n
6. FSK Data Filter Time Constant, 7F:
7F = RECF

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

K¢ = 02VR/= volts/radian

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

Kg = —1/VRCoR1{ Hz/volt
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9. Total Loop Gain, KT:

KT = 27K¢Kg = 4/CoR1 rad/sec/volt
10. Peak Phase Detector Current IA:

IA = VR (volts)/25 mA

APPLICATIONS INFORMATION
FSK DECODING:

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

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

Design Instructions:

The circuit of Figure 9 can be tailored for any FSK de-
coding application by the choice of five key circuit com-
ponents: Rg, R1, Cp, C1 and Cg. For a given set of FSK
mark and space frequencies, f1 and fo, these parame-
ters can be calculated as follows:

a) Calculate PLL center frequency, fo:

_f1+ 1

f
© 2

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

v+

?Ru
AA
VAA-
I “:l'—|
VREF AAA
(= VvH2) 20K

AA
VWA~

TO PHASE
DETECTOR

VIN MINIMUM = V+

[ 10K
(PEAK)

x + ZOK] + 28 mV

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

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

Co = 1/Rofo

d) Calculate R1 to give a Af equal to the mark space
deviation:

Ry = Rolfo/(f1=12)]

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

Normally, ¢ = 1/2 is recommended.
Then: Cq = Cpl4 for ¢ = 1/2
f) Calculate Data Filter Capacitance, Cf:

For RF = 100 K@, Rg = 510 KQ, the recommended
value of CF is:

Cg = 3/(Baud Rate) uF

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

20
15
i P
g R = § Kil
H / // Ro = 10K
s
S
0
4 6 8 10 12 14 16 18 20 2 2

SUPPLY VOLTAGE, V+ (VOLTS)

Figure 4. Typical Supply Current vs V+ (Logic Outputs
Open Circuited)
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Figure 9. Circuit Connection for FSK Decoding
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Design Example:

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

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

Step 2: Choose Rg - 20 K@ (18 KQ fixed resistor in
series with 5 K@ potentiometer)

Step 3: Calculate Cg from Figure 6: Cg = 0.044 uF
Rg (2240/60) = 380 KQ

Step 4: Calculate Rq: Ry
Step 5: Calculate C1: C1 = Cp/4 = 0.011 pF

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

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

FSK BAND COMPONENT VALUES

300 Baud Co = 0.039 yF CF = 0.005 uF
fy = 1070 Hz |C{ = 0.01 gF Rp = 18 KQ
Fo = 1270 Hz [ Ry = 100 KQ

300 Baud Co = 0.022 yF CF = 0.005 uF
f1 = 2025 Hz | Cq{ = 0.0047 uF Rp = 18 KQ

fp = 2225 Hz | Ry = 200 K@

1200 Baud Co = 0.027 yF Cf = 0.0022 i4F
fy = 1200 Hz | C{ = 0.01 4F Rp = 18 KQ

fp = 2200 Hz | Ry = 30 KQ

FSK DECODING WITH CARRIER DETECT:

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

0.1 uF O V+
inl <
S
To.1 uF 1 1w b veo
FSK = FINE-TUNE
eyt © ”_C
XR-2211
co 540K
O 0 0.1 uF
= c
51K 7 [] ! =
+V Rg 100 K}

+ 510K}

A |
DATA OUTPUT VWV |
1 “

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

Note: Data Output is ‘“‘Low’”” When No Carrier is Present.

will be disabled at “low” state, until there is a carrier
within the detection band of the PPL, and the Pin 6 out-
put goes “high,” to enable the data output.

The minimum value of the lock detect filter capacitance
Cp is inversely proportional to the capture range, +
Afe. This is the range of incoming frequencies over
which the loop can acquire lock and is always less than
the tracking range. It is further limited by C4. For most
applications, Afg > Af/2. For Rp = 470 K, the approx-
imate minimum value of Cp can be determined by:

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

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

TONE DETECTION:

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

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

vco
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LT oureur © Loaic

e G outeur I L

Figure 11. Circuit Connection for Tone Detection

With reference to Figures 2 and 11, the functions of the
external circuit components can be explained as fol-
lows: Rg and C set VCO center frequency; R1 sets the
detection bandwidth; C4 sets the low pass-loop filter
time constant and the loop damping factor. R 1 and
R 2 are the respective pull-up resistors for the Q and
Q logic outputs.

Design Instructions:
The circuit of Figure 11 can be optimized for any tone

detection application by the choice of the 5 key circuit
components: Rg, R1, Cg, C1 and Cp. For a given input,



the tone frequency, fg, these parameters are calcu-
lated as follows:

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

b) Calculate Cq to set center frequency, fg equal to fg
(see Figure 6): Cg = 1/Rpfg

c) Calculate Ry to set bandwidth +Af (see design
equation No. 5):

Rq = Ro(fp/af)

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

d) Calculate value of C4 for a given loop damping
factor;

Ci1 =Cpl16¢2

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

Increasing C1 improves the out-of-band signal rejec-
tion, but increases the PLL capture time.

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

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

Increasing Cp slows down the logic output response
time.

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

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

b) Choose Cq for fo = 1 kHz (from Figure 6): Cg =
0.05 uF.

c) Calculate R1: Ry = (Rg) (1000/20) = 1 MQ.

d) Calculate Cq: for { = 1/2,Cq = 0.25,Cqg =
0.013 pF.

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

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

LINEAR FM DETECTION:

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

0.1 4F

13
‘L—o—‘ xA-2211

™
INPUT

p—C DEMOO.
ouTPUT

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

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

Vout = R1 VR/100 Rq Volts/% deviation

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

PRINCIPLES OF OPERATION

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

Quadrature Phase Detector Output (Pin 3): This is the high
impedance output of quadrature phase detector and is
internally connected to the input of lock detect voltage
comparator. In tone detection applications, Pin 3 is con-
nected to ground through a parallel combination of Rp
and Cp (see Figure 2) to eliminate the chatter at lock
detect outputs. If the tone detect section is not used,
Pin 3 can be left open circuited.

Lock Detect Output, Q (Pin 5): The output at Pin 5 is at
“high” state when the PLL is out of lock and goes to
“low” or conducting state when the PLL is locked. It is
an open collector type output and requires a pull-up re-
sistor, 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 5 mA of load current at low or “on” state.
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FSK Data Output (Pin 7): This output is an open collector
logic stage which requires a pull-up resistor, R, to V+
for proper operation. It can sink 5 mA of load current.
When decoding FSK signals, FSK data output is at
“high” or “‘off”” state for low input frequency, and at
“low” or “‘on’’ state for high input frequency. If no input
signal is present, the logic state at Pin 7 is indetermi-
nate.

FSK Comparitor Input (Pin 8): This is the high impedance
input to the FSK voltage comparator. Normally, an FSK
post-detection or data filter is connected between this
terminal and the PLL phase detector output (Pin 11).
This data filter is formed by RF and CF of Figure 2. The
threshold voltage of the comparator is set by the inter-
nal reference voltage, VR, available at Pin 10.
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XR-2212

Precision Phase-Locked Loop

GENERAL DESCRIPTION

The XR-2212 is an ultra-stable monolithic phase-locked
loop (PLL) system especially designed for data commu-
nications and control system applications. Its on board
reference and uncommitted operational amplifier, to-
gether with a typical temperature stability of better
than 20 ppm/°C, make it ideally suited for frequency
synthesis, FM detection, and tracking filter applica-
tions. The wide input dynamic range, large operating
voltage range, large frequency range, and ECL, DTL,
and TTL compatibility contribute to the usefulness and
wide applicability of this device.

FEATURES

Quadrature VCO Outputs

Wide Frequency Range

Wide Supply Voltage Range
DTL/TTL/ECL Logic Compatibility
Wide Dynamic Range 2mVto 3 Vrms
Adjustable Tracking Range (+1% to +80%)
Excellent Temp. Stability 20 ppm/°C, Typ.

0.01 Hz to 300 kHz
4.5V to 20V

APPLICATIONS

Frequency Synthesis
Data Synchronization
FM Detection
Tracking Filters

FSK Demodulation

ABSOLUTE MAXIMUM RATINGS

Power Supply 18V

Input Signal Level 3 Vrms

Power Dissipation

Ceramic Package: 750 mW
Derate Above Tp = +25°C 6 mW/°C

Plastic Package: 625 mW
Derate Above Tp = +25°C 5 mW/°C
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FUNCTIONAL BLOCK DIAGRAM
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Part Number Package Operating Temperature
XR-2212M Ceramic —55°C to +125°C
XR2212CN Ceramic 0°C to +70°C
XR-2212CP Plastic 0°C to +70°C
XR-2212N Ceramic —40°C to +85°C
XR-2212P Plastic —40°C to +85°C

SYSTEM DESCRIPTION

The XR-2212 is a complete PLL system with buffered
inputs and outputs, an internal reference, and an un-
commited op amp. Two VCO outputs are pinned out;
one sources current, the other sources voltage. This
enables operation as a frequency synthesizer using an
external programmable divider. The op amp 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 tracking range of the PLL are controlled indepen-
dantly by external components. The PLL output is di-
rectly compatible with MOS, DTL, ECL, and TTL logic
families as well as microprocessor peripheral systems.

The precision PLL system operates over a supply volt-
age range of 4.5 V to 20 V, a frequency range of 0.01
Hz to 300 kHz, and accepts input signals in the range of
2 mV to 3 Vrms. Temperature stability of the VCO is typi-
cally better than 20 ppm/°C.
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ELECTRICAL CHARACTERISTICS
Test Conditions: V+ = +12V, Ty = +25°C, Rg = 30k, Cp = 0.033 uF, uniess otherwise specified. See Figure 2 for
component designation.

PARAMETERS XR-2212/2212M XR-2212C
MIN | TYP | MAX | MIN | TYP | MAX | UNITS CONDITIONS
GENERAL
Supply Voltage 4.5 15 4.5 15 \
Supply Current 6 10 6 12 mA |Rp = 10 KQ. See Fig. 4
OSCILLATOR SECTION
Frequency Accuracy +1 +3 +1 % Deviation from fg = 1/RgCp
Frequency Stability Ri =
Temperature +20 [ £50 +20 ppm/°C | See Fig. 8.
Power Supply 0.05| 0.5 0.05 %N |VY =12 +1V. See Fig. 7.
2 2 %N [Vt =5 +05V.
See Fig. 7.
Upper Frequency Limit 100 | 300 300 kHz |Rp = 8.2 KQ, Cg = 400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz |Rg = 2 MQ, Cg = 50 uF
Timing Resistor, Rg See Fig. 5.
Operating Range 5 2000 5 2000 KQ
Recommended Range 15 100 15 100 KQ |See Fig. 7 and 8.
OSCILLATOR OUTPUTS
Voltage Output Measured at Pin 5.
Positive Swing, VoH 11 11 v
Negative Swing, VoL .8 4 .5 v
Current Sink Capability 1 1 mA
Current Output Measured at Pin 3.
Peak Current Swing 100 | 150 150 pA
Output Impedance 1 1 MQ
Quadrature Output Measured at Pin 15.
Output Swing 0.6 0.6
DC Level 0.3 0.3 \ Referenced to Pin 11.
Output Impedance 3 3 KQ
LOOP PHASE DETECTOR SECTION Measured at Pin 10.
Peak Output Current +150|+£200| 300 +£100| £200| +300| uA
Output Offset Current +1 +2 uA
Output Impedance 1 1 MQ
Maximum Swing +4 +5 +4 +5 \" Referenced to Pin 11.
INPUT PREAMP SECTION Measured at Pin 2.
Input Impedance 20 20 KQ
Input Signal to Cause Limiting 2 10 2 mvrms
0P AMP SECTION
Voltage Gain 55 70 55 70 dB |R_ =51KQ RF =
Input Bias Current 0.1 1 0.1 1 uA
Offset Voltage +5 | £20 +5 | £20 mV
Slew Rate 2 2 Viusec
INTERNAL REFERENCE Measured at Pin 11.
Voltage Level 4.9 53 57 | 475 | 53 | 585 \
Output Impedance 100 100 Q
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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 KQ. Recom-
mended 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 (MQ)
current output terminal which can provide +100 pA
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 (= 509) buffered output for the VCO. It can
directly interface with low-power Schottley TTL. For in-
terfacing with standard TTL circuits, a 7509 pull-down
resistor from pin 5 to ground is required. For operation
of the PLL without an external divider, pin 5 can be dc
coupled to pin 16.

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

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 (V+ — 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,
RL, to V+ for proper operation. For most applications,
the recommended value of R|_is in 5 k@ to 10 kQ 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 Rq and C4 connected to Pin
10 (see Figure 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 +VR.

Reference Voltage, VR (Pin 11): This pin is internally bi-
ased at the reference voltage level, VR:IVR = V+/2—
650 mV. The dc voltage level at this pin forms an inter-
nal reference for the voltage levels at pins 10, 12 and
16. Pin 1 must be bypassed to ground with a 0.1 uF ca-
pacitor, for proper operation of the circuit.

VCO Control Input (Pin 12): VCO free-running frequency is
determined by external timing resistor, Rp, connected
from this terminal to ground. For optimum temperature
stability, Rg must be in the range of 10 K@ to 100 KQ
(see Figure 8).

VCO Frequency Adjustment: VCO can be fine-tuned by
connecting a potentiometer, Ry, in series with Rq at Pin
12 (see Figure 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 Figure 5).
Cp must be nonpolar, 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
multiplier as a “lock detect” circuit. In order not to de-
grade 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.

Phase Detector Input (Pin 16): Voltage output of the VCO
(pin 5) or the output of an external frequency divider is
connected to this pin. The dc level of the sensing
threshold for the phase detector is referenced to VR. If
the signal is capacitively coupled to pin 16, then this pin
must be biased from pin 11, through an external resis-
tor, RB (RB = 10 KQ). 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 charac-
teristics of XR-2212. With no input signal present, fil-
tered 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 fT|_
and fTH represent the lower and the upper edge of the
tracking range, fg represents the VCO center frequency.

TRACKING
K_'amomorﬁ
& 6 Al : At ; 1

Vg

PHASE DETECTOR OUTPUT (Pin 10}

° ' ' y
1o o (') Frequency
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 Reference Voltage
VR at Pin 11

Design Equations:

(See Figure 2 and Figure 9 for definition of compo-
nents.)

1. VCO Center Frequency, fg: fg = 1/RgCq Hz



2. Internal Reference Voltage, VR (measured at Pin 11)
VR = V+/2 — 650 mV
3. Loop Low-Pass Filter Time Constant, 7: 7 = R1Cq

NC,
4. Loop Damping, {1 ¢ = 1/4 C_O

1

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

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

6. Phase Detector Conversion Gain, Kg: (Kg is the dif-
ferential dc voltage across Pins 10 and ?1, per unit
of phase error at phase-detector input) Kg =
—2VR/~ volts/radian

7. VCO Conversion Gain, Kg: (Ko 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). Kg
= —1/VRCpR1 Hz/volt

8. Total Loop Gain, KT:
KT = 27KgKp = 4/CoR1 rad/sec/volt

9. Peak Phase-Detector Current, |a; 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 gen-
eralized circuit connection for this application is shown
in Figure 10, where the VCO output (pin 5) is directly
connected to the phase detector input (pin 16). The de-
modulated signal is obtained at phase detector output
(pin 10). In the circuit connection of Figure 10, the op
amp section of XR-2212 is used as a buffer amplifier to
provide both additional voltage amplification as well as
current drive capability. Thus, the demodulated output
signal available at the op amp output (pin 8) is fully buf-
fered from the rest of the circuit.

In the circuit of Figure 10, RgCq set the VCO center fre-
quency, Ry sets the tracking bandwidth, Cq sets the
low-pass filter time constant. Op amp feedback resis-
tors RF and Rg set the voltage gain of the amplifier sec-
tion.

Design Instructions:

The circuit of Figure 10 can be tailored to any FM de-
modulation application by a choice of the external com-
ponents Rg, Ry, Rc, RE Co and Cq. For a given FM
center frequency and frequency deviation, the choice
of these components can be calculated as follows,
using the design equations and definitions given on
page 1-34, 1-35 and 1-36.
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Figure 10. Circuit Connection for FM Demodulation

a) Choose VCO center frequency fg to be the same as
FM carrier frequency.

b) Choose value of timing resistor Rg, to be in the
range of 10 KQ to 100 KQ. This choice is arbitrary.
The recommended value is Rg = 20 KQ. The final
value of Rg is normally fine-tuned with the series po-
tentiometer, Ry.

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

Cp = 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, Afgp. Assuming the
tracking bandwidth to be “N” times larger than
Afgp, one can re-unite design equation 5 as:

at _Ro _  Afsm
fo Ri fo

Table | lists recommended values of N, for various
values of the maximum deviation of the input FM
signal.

Recommended value of
% Deviation of FM Bandwidth Ratio, N
Signal (Atgm/fg) (N = Af/Afgm)
1% or less 10
11t03% 5
1105% 4
510 10% 3
10 to 30% 2
30 to 50% 1.5
TABLE |

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, Afgpny).
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e) Calculate C1 to set loop damping (see design equa-
tion 4). Normally, ¢ = 1/2 is recommended. Then, Cq
= Cpl/4 for { = 1/2.

f) Calculate Rc and RF to set peak output signal ampli-
tude. Output signal amplitude, Vgut, is given as:

) () 6o "]

In most applications, RF = 100 K 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 Rg (i.e., Rg = ).

Vout =

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

Design Example:

. Demodulator for FM signal with 67 kHz carrier frequen-
cy with +5 kHz frequency deviation. Supply voltage is
+12V and required peak output swing is +4 volts.
Step a) fg is chosen as 67 kHz.

Step b) Choose Rg = 20 KQ (18 KQ fixed resistor in se-
ries with 5 KQ potentiometer).

Step c) Calculate Cp; from design Eq. (1).
Co = 746 pF

Step d) Calculate R4. For given FM deviation, Afgp/fo
= 0.0746, and N = 3 from Table I.

Then:
Ro/R1 = (3)(0.0746) = 0.224
or:
Ry = 89.3 KQ.
Step e) Calculate C1 = (Cp/4) = 186 pF.

Step f) Calculate Rg and Rf to get +4 volts peak out-
put swing: Let R = 100 KQ. Then,

Rc = 80.6 K.

Note: All values except Rg can be rounded-off to near-
est standard value.

FREQUENCY SYNTHESIS

Figure 11 shows the generalized circuit connection for
frequency synthesis. In this application an external fre-
quency 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
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N is the modulus of the external frequency divider. Con-
versely, the VCO output frequency, f{ is equal to N¢g.

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

i

XR 2212

OUTPUT 1, = Ny,

745190 OR SIMILAR

Figure 11. Circuit Connection for Frequency Synthesizer

The total tracking range of the PLL (see Figure 9),
should be chosen to accommodate the lowest and the
highest frequency, fmax and fmin, to be synthesized.
A recommended choice for most applications is to
choose a tracking half-bandwidth Af, such that:

Af = fmax — fmin-

If a fixed output frequency is desired, i.e. N and fg are
fixed, then a +10% tracking bandwidth is recom-
mended. Excessively large tracking bandwidth may
cause the PLL to lock on the harmonics of the input sig-
nals; and the small tracking range increases the “lock-
up” or acquisition time.

If a variable input frequency and a variable counter
modulus N is used, then the maximum and the mini-
mum 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
Figure 11 can be optimized as follows:

a) Choose center frequency, fg, to be equal to the out-
put frequency to be synthesized. If a range of output
frequencies is desired, set fg to be at mid-point of
the desired range.

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

¢) Choose timing capacitor, Cg from Figure 6 or Equa-
tion 1.



d) Calculate R4 to set tracking bandwidth (see Figure
9, and design equation 5). If a range of output fre-
quencies are desired, set R{ to get:

Af = fmax — fmin-
If a single fixed output frequency is desired, set R4

to get:
= 0.1 fp.

XR-2212

e) Calculate Cq to obtain desired loop damping. (See
design equation 4). For most applications, ¢{ = 1/2 is
recommended, thus:

Cy = NCo/4

Note: All component values except Rg can be rounded-
off to nearest standard value.
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XR-2213

Precision Phase-Locked Loop/Tone Decoder

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The XR-2213 is a highly stable phase-locked loop (PLL)
system designed for control systems and tone detec-
tion applications. It combines the features of the XR-
2211 and XR-2212 into a single monolithic IC. The cir-
cuit consists of a high stability VCO, input preampilifier,
phase detector, quadrature phase detector, and high
gain voltage comparator. Initial VCO frequency accu-
racy and supply rejection are an order of magnitude
better than industry standards like the 567 decoder. An
on board reference contributes to reliable operation
and complementary outputs aid applicability.

FEATURES

0.01 Hz to 300 kHz
45Vto15V

Wide Frequency Range
Wide Supply Voltage Range
Uncommitted Voo Q and Q Outputs

Wide Dynamic Input Voltage Range 2MV to 3 V RMS
Excellent Vg Stability 20 PPM/°C Typ.

APPLICATIONS

Tone Detection
Frequency Synthesis
FM Detection
Tracking Filters

ABSOLUTE MAXIMUM RATINGS

Power Supply 15V
Input Signal Level 3V RMS
Power Dissipation
Ceramic Package: 750 MW
Derate Above Tp = +25°C 6 MW/°C
Plastic Package: 625 MW
Derate Above Tp = +25°C 5 MW/°C

Storage Temperature -55°C to +150°C

1-38

XR-2213
\J

F_E__—_].. nerenence vourace

13 | Veo TIMING RESISTOR

o]
o <

+ PoweR sunul 3 Jvee -2|
TIMING CAPACITOR
SIGNAL INPUT | . " I
Loop
LooP PHASE DETECTOR Es o t:]'° 5
DETECTOR
LOCK DETECT OUTPUTS
LOOP PHASE DETECTOR
outPur I s b I °
«

0CK
PHASE
OETECTOR

[I—

3 LOCK DETECT FILTER

) Ej—

ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2213M Ceramic —-55°C to +125°C
XR-2213CN Ceramic 0°Cto + 70°C
XR-2213CP Plastic 0°Cto + 70°C
XR-2213N Ceramic —-40°Cto + 85°C
XR-2213P Plastic —40°Cto + 85°C

SYSTEM DESCRIPTION

The XR-2213 is a complete PLL system including cir-
cuitry enabling dedicated tone detection capability
over a frequency range of 0.01 Hz to 300 kHz. Supply
voltage may range from 4.5V to 15 V.

The input preamplifier has a dynamic range of 2 mV to
3 Vrms. The high stability VCO, with buffered comple-
mentary outputs, typically features better than 20 ppm/
°C temperature drift and 0.05%/V supply rejection. An
on board voltage reference is provided, and can sink 2
mA. The complementary lock detect outputs are each
capable of sinking more than 7 mA. All system parame-
ters are independantly determined by external compo-
nents.



ELECTRICAL CHARACTERISTICS

XR-2213

Test Conditions: Voo = +12V, Tp = +25°C, Rg = 10 kQ, Cg = 0.1 uF, unless otherwise specified. See Figure 2 for

component designation.

XR-2213/2213M XR-2213C
PARAMETERS MIN TYP | MAX | MIN TYP | MAX | UNITS CONDITIONS
GENERAL
Supply voltage 45 15 45 15 Vv
Supply current 9 11 9 12 mA Ro = 10KQ
OSCILLATOR SECTION
Frequency accuracy +1 +3 +1 % Deviation from
1
fo =
° "~ RoCo
Ry = x
Frequency stability
Temperature 20 50 20 PPM/°C
Power supply 0.05 0.5 0.05 %IV V+ =12V = 1V
Upper frequency limit 100 300 300 kHz Ro = 8.2KQ,
Co = 400pF
Timing resistor Rg
operating range 5 2000 KQ
Recommended range 10 100 KQ
OSCILLATOR OUTPUT
Voltage output
Positive swing 95 11.5 2.5 4.5 \ I = 100pA
Negative swing 0.4 0.8 0.4 0.8 Vv IL = 2mA
LOOP PHASE DETECTOR SECTION
Peak output current +150 | =200 +100 | +200 pA
Output offset current +1 +2 puA
Output impedance 1 1 MQ
Maximum swing +4 +5 +4 +5 \% Referenced to
VREF
INPUT PREAMP SECTION
Input impedance 20 20 KQ
Input signal to cause limiting 2 10 2 MVRMS
Internal Reference
Voltage level 4.9 5.3 57 4.75 5.3 5.85 Vv
Output impedance 100 100 Q

PRINCIPLES OF OPERATION

Figure 2 shows the standard connection for tone detec-
tion. The input signal at Pin 4 is amplified and squared-
up by the preamp before it is fed to the loop phase de-
tector. The Voo Q output provides the other loop phase
detector input. The Vg provided in the XR-2213 is ac-
tually a current controlled oscillator, ICO. The input to
the ICO, Pin 13, is internally biased at VRgF, with the
current drawn from this pin controlling the frequency of
operation of the ICO. The resistor Rg from Pin 13 to
ground will provide a constant current which will be
made up of the current from Pin 13 and the current
from R4 or the phase detector output. The phase detec-
tor output, filtered by Cq, will provide a voltage to Ry,
which is proportional to the phase difference between
the input frequency and the ICO frequency. The rela-
tionship between this voltage and phase difference is
shown in Figure 3. If the phase difference is 90°, Pin 6
will be at VREF, and therefore there will be no current
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flow in R1 with all of the current in Rg coming from Pin
13. This point is defined as the center frequency, fg, of
the PLL and is calculated by:

If the input frequency is increased, the phase shift will
decrease causing the voltage at Pin 6 to decrease. Cur-
rent will now flow from Pin 13 to both Rg and R+, caus-
ing an increase in ICO input current and thus an output
frequency increase. If the phase detector swings all the
way to 0 volts, the current in R1, will be:

_ VREF

|R1 Ry

*This condition will also occur if no input signal is ap-
plied to Pin 4.




XR-2213

Loop
PHASE
DETECTOR

fi ‘ 1uF

INPUT
PRE AMP

PHASE
DETECTOR
INPUT

vco
OUTPUTS

i

QUAD
PHASE
DETECTOR

LOCK DETECT
OUTPUTS

Co

INTERNAL
VOLTAGE vee
REFERENCE
AuF

GND

Figure 2. Generalized Circuit Connection for Tone Detection

PHASE SHIFT veD
BETWEEN
1o AND 1)

180"~ ~2 VRer

r——- VREF
|
|
|

1y = 1o+

1 1
=1t -t ="ty

Figure 3. PLL Input/Output Relationships

At 1o, the current from Pin 13 was:

VREF
l13 = ~BEF
Ro

If the ratio of Pin 13 current at fg and the change, A,

from fg is written, the tracking range can be deter-
mined:

VREF
A_f"_l__g rAfL=_0
fo VREF Ry

Ro

If the input frequency was decreased, Af will have the
same magnitude in the opposite direction. The tracking
range of the PLL will then be:
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fo = Af

The capture range of the PLL, which is always less than
the tracking range, is described by:

AW

T

AWC = 21I'Afc =

R1C1loop time constant
capture range

, Af
Afc = L
27R1Cq

The internal voltage reference provides a voltage equal
to:

Vi
VREF =% -7V

This reference can sink up to 2 mA, but source only 100
pA.

The quadrature phase detector will provide a high level,
~Vce, at Pin 8 whenever a frequency within the PLL
capture range is present at Pin 4. This will drive the
lock-detect outputs for a tone-detection indication. The
response of the lock-detect section can be controlled
by the capacitor, Cp, from Pin 8 to ground.. The mini-
mum value of Cp is calculated by the formula:

Cp (vF) = 1—6 fc = capture range in Hz
c



Rp = 470 Kq is suitable for most applications.

The input to the phase detector may be directly con-
nected to the Voo output in the stand-alone connec-
tion. If the Vg0 is not connected to the phase detector,
the signal driving this pin must have sufficient ampli-
tude to drive the pin above and below a voltage equal to
VREF. For low level signals, Pin 5 should be connected
to VREF through a 10 KQ resistor and the signal capaci-
tively coupled to Pin 5. The impedance into Pin 5 is ap-
proximately 100 KQ and this pin is clamped for swings
above VR +2 V.

DESIGN EQUATIONS
Refer to Figure 2 for component definitions.

1. Vo center frequency, fo:

1
fo = Hz
0 RoCo

2. Internal voltage reference, VRgF:

V
VREF = fec_ NAAN

2
3. Loop tracking range, *Af|:

Ro
Af| = fg— Hz
L=fog

1
4. Loop low-pass filter time constant, 7:
7 = R1Cq sec.

5. Loop damping, ¢{:

C
(=1 [®
4N Cq

6. Loop phase detector conversion gain, Ko:

2 VREF volts

Ko = -
0 «  radian
7. Vg conversion gain, Kg:

Ky= —— 1 Hz
VRef CoR1 volt

8. Total loop gain, KT:

KT = KoKg = Hz

CoR1
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9. Loop capture range, +Afg:

Af]
Afg = / L hz
27R1C

10. Lock detect filter capacitor:

Cp = J-Q[,LF
fe

APPLICATIONS INFORMATION

Figure 2 shows the XR-C453 connected for tone detec-
tion. The input signal is capacitively coupled to Pin 4
and may range from 2 mV to 3 V RMS. The Vo Q out-
put is directly connected to the phase detector input,
Pin 5. The detection bandwidth is set by the ratio of Rg
and R1 and the loop time constant, 7. This corresponds
to the capture range of the PLL. The lock-detect output,
Pins 9 and 10, will give an active high and low indica-
tion when a tone in the detection bandwidth is present.

DESIGN EXAMPLE:
20 kHz tone detector with a +1 kHz detection band.

A. Choose Rg = 15 K@, 12 KQ resistor plus 5Q potenti-
ometer.

B. Calculate Cg = —— .0033 uF
foRo

C. Calculate C1 = % = .001 uF

R
D. Calculate Ry = fg—2 = 300 KQ

E. Calculate Cp = 1—6 = 0.01 uF
c

F. Fine tune fg with Ry, 5 K potentiometer.
The complete circuit is shown in Figure 4.

Figure 5 shows the connection for a frequency synthe-
sizer. Here an input frequency of 10 kHz produces an
output frequency of 40 kHz. The Vg center frequency,
fo, is set for 40 kHz. The divide by four will then provide
the phase detector input with 10 kHz. The lock range is
set to approximately 10% of fg. For larger divider ra-
tios, Cq should be increased to minimize phase jitter.
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XR-567

Monolithic Tone Decoder

GENERAL DESCRIPTION

The XR-567 is a monolithic phase-locked loop system
designed for general purpose tone and frequency de-
coding. The circuit operates over a wide frequency
band of 0.01 Hz to 500 kHz and contains a logic com-
patible output which can sink up to 100 milliamps of
load current. The bandwidth, center frequency, and out-
put delay are independently determined by the selec-
tion 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 detec-
tor that enable the system to distinguish between the
presence or absence of an input signal at the center
frequency.

FEATURES

Bandwidth adjustable from 0 to 14%

Logic compatible output with 100 mA current sinking
capability

High 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 adjustable over 20:1 range by exter-
nal resistor

APPLICATIONS

Touch-Tone® Decoding
Sequential Tone Decoding
Communications Paging
Ultrasonic Remote-Control
Telemetry Decoding

ABSOLUTE MAXIMUM RATINGS

Power Supply 10 volts
Power Dissipation (package limitation)
Ceramic Package 385 mW
Plastic Package 300 mW
Derate Above +25°C 2.5 mW/°C
Temperature
Operating
XR-567M —55°C to +125°C
XR-567CN/567CP 0°C to +70°C
Storage —65°C to +150°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-567M Ceramic —55°C to +125°C
XR-567CN Ceramic 0°C to +70°C
XR-567CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-567 monolithic tone decoder 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 detec-
tor enabling detection on in-band signals. The device
has a normally high open collector output capable of
sinking 100 mA.

The input signal is applied to Pin 3 (20 k@ nominal input
resistance). Free running frequency is controlled by an
RC network at Pins 5 and 6 and can typically reach 500
kHz. A capacitor on Pin 1 serves as the output filter and
eliminates out-of-band triggering. PLL filtering is ac-
complished with a capacitor on Pin 2; bandwidth and
skew are also dependant upon the circuitry here. Band-
width is adjustable from 0% to 14% of the center fre-
quency. Pin 4 is +Vcc (4.75 to 9V nominal, 10V maxi-
mum); Pin 7 is ground; and Pin 8 is open collector out-
put, pulling low when an in-band signal triggers the
device.

In applications requiring two or more 567-type devices,
consider the XR-2567 dual tone decoder. Where center
frequency accuracy and drift are critical, compare the
XR-567A. Investigate employing the XR-L567 in low
power circuits.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Vo = +5V. Tp = 25°C, unless otherwise specified. Test circuit of Figure 2.

LIMITS
PARAMETERS MIN | TYP MAX UNITS CONDITIONS
GENERAL
Supply Voltage Range 4.75 9.0 Vdc
Supply Current
Quiescent XR-567M 6 8 mA RL = 20kQ
XR-567C 7 10 mA RL = 20 k@
Activated XR-567M 11 13 mA RL = 20 kQ
XR-567C 12 15 mA RL = 20 k@
Output Voltage 15 \
Negative Voltage at Input -10 \"
Positive Voltage at Input Voo + 0.5 \
CENTER FREQUENCY
Highest Center Frequency 100 | 500 kHz
Center Frequency Stability
Temperature Tp = 25°C 35 ppm/°C | See Figure 9
0 < Tpa < 70°C +60 ppm/°C | See Figure 9
-55 < Tp < +125°C +140 ppm/°C | See Figure 9
Supply Voltage
XR-567M 0.5 1.0 %IV |fo = 100 kHz
XR-567C 0.7 2.0 %IV |fo = 100 kHz
DETECTION BANDWIDTH
Largest Detection Bandwidth
XR-567M 12 14 16 % of fg | fo = 100 kHz
XR-567C 10 14 18 % of fg | fo = 100 kHz
Largest Detection Bandwidth Skew
XR-567M 1 2 % of fo
XR-567C 2 3 % of fo
Largest Detection Bandwidth Variation
Temperature +0.1 %1°C | Vin = 300 mV rms
Supply Voltage +2 %I | Vijn = 300 mV rms
INPUT
Input Resistance 20 kQ
Smallest Detectable Input Voltage 20 25 mV rms |1 = 100 mA, fj = fg
Largest No-Output Input Voltage 10 15 mV rms | I = 100 mA, fj = fg
Greatest Simultaneous Outband
Signal to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 daB Bp = 140 kHz
OUTPUT
Output Saturation Voltage 0.2 0.4 \' IL = 30 mA, Vin = 25 mV rms
0.6 1.0 \' IL = 100 mA, Vin = 25 mV rms
Output Leakage Current 0.01 25 uA
Fastest ON-OFF Cycling Rate fol20
Output Rise Time 150 ns RL = 509
Output Fall Time 30 ns RL = 509
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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 deter-
mined by resistor R1 between pins 5 and 6, and capaci-
tor C4 from pin 6 to ground fg can be approximated by

o~ 1
R1Cq

where Ry is in ohms and C1 is in farads.
DETECTION BANDWIDTH (BW)

The detection bandwidth is the frequency range cen-
tered about fg, 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 capture range of the PLL and is de-
termined by the low-pass bandwidth filter. The band-
width of the filter, as a percent of f, can be determined
by the approximation

Vi

foCo

BW = 1070

where Vj is the input signal in volts, rms, and Co is the
capacitance at pin 2 in uF.

LARGEST DETECTION BANDWIDTH

The largest detection bandwidth is the largest frequen-
cy range within which an input signal above the thresh-
old voltage will cause a logical zero state at the output.
The maximum detection bandwidth corresponds to the
lock range of the PLL.

DETECTION BAND SKEW

The detection band skew is a measure of how accu-
rately the largest detection band is centered about the
center frequency, fo. It is defined as (fmax + fmin — 2
fo)fo, where fmax and fmin are the frequencies corre-
sponding to the edges of the detection band. If neces-
sary, 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 spuri-
ous outputs due to out-of-band signals. The time con-
stant of the filter can be expressed as T3 = R3Cg,
where R3 (4.7 kQ) is the internal impedance at pin 1.

The precise value of C3 is not critical for most applica-
tions. To eliminate the possibility of false triggering by
spurious signals, it is recommended that C3 be = 2 Cp,
where Co is the loop filter capacitance at pin 2.
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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 volt-
age. In certain applications, the delay may be desirable
as a means of suppressing spurious outputs. Con-
versely, 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 is a function
of the inband input amplitude in accordance with the
given transfer characteristic.

Vee
15V
1 uF
Y
L " 4
0014F 5 RL
2
XR 567
8
1
ooosI 002%—
- - 5 6 }j
24K =

*Adjust for f, - 100 kH2z
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c
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Figure 2. XR-567 Test Circuit
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TYPICAL CHARACTERISTIC CURVES

25 15
NO LOAD “ON" CURRENT
=3 \
20 :
<
€ 3 \
|
10
- pd i
5 1 e z N
x o
E / E
o a
F4
3 o ~ g
a 5 5
a / QUIESCENT CURRENT g
3
° s
o 0
4 5 L4 7 8 9 10 100 Hz 1 KHz 10KHz  100KHz  1MHz
SUPPLY VOLTAGE — VOLTS CENTER FREQUENCY
Figure 4. Supply Current Versus Supply Figure 5. Largest Detection Bandwidth
Voltage Versus Operating Frequency
-3
00 15 7
<
0 BT R R R R R 28 z
H i s T R e o
sl el J] Sf &) 2 7=
>E 200 5 10
‘ . 3 8
w
I} < x
150 . 75
E / / / ~ 5 6
5 / / RY E f—
= 100 g o 2 50
) / / / / S g 4
z / / / |
50 / o { 25 2
/ (_.‘ _OP_Y IONAL SENSITIVITY T——
._)‘é ADJUSTMENT REQUIRED| BANDWIDTH AT 25°C
° L = I~ =1 =n~ooureut 0 1 1 1
0 2 a4 6 s 10 12 14 16 =75 -50 -25 0 +25 +50 +75 +100 +125
BANDWIDTH — % OF fg TEMPERATURE - °C
Figure 7. Bandwidth Versus Input Signal Figure 8. Bandwidth Variation with
Amplitude (Cg in uF) Temperature
S 100 1.0
3 B
g M~ T4
) ™ ~ 09
o T ~ \
o ~N O™ 08
g 0 /
H NN £ oo
: ~ g /
§ N g 06 /
g -100 108
S N 3 04
w )
«< < 03
E -200
o« 0.2
g
H 0.1
[ L4
-300 0 1
45 5.0 55 6.0 65 7.0 h 2 3 45 10 20 304050 100

SUPPLY VOLTAGE - VOLTS CENTER FREQUENCY - kHz

Figure 10. Temperature Coefficient of
Center Frequency (Mean and S.D.)

Figure 11. Power Supply Dependence of
Center Frequency

1-46

16C3 - (Hz - uF)

16C3 - (Hz - uF)

&1, (%) CHANGE IN FREE-RUNNING FREQUENCY

CYCLES

i

C2

NN
103 \jdt C3

0 2 4 6 8 10 1

BANDWIDTH — % OF f

Figure 6. Detection Bandwidth as a
Function of C2 and C3

20 L !
Veg = 4.75V
1.0
— —
o =
B N
”:/ \ ~N
-1.0 7
41 Veg = 575V
-2.0 —t
Vg = 7.0V \
-3.0 N
-4.0
-5.0
-75 -50 -25 0 25 50 75 100 125

TEMPERATURE T("C)

Figure 9. Frequency Drift with
Temperature

1000

500 [\

300 [—N\

N BANDWIDTH LIMITED

BY Cy
100
50 N \
40 A
N
30 A
N
20 \BANDWIDTH LIMITED BY,
EXTERNAL RESISTOR
(MINIMUM Cy)
0 L1l
1 2 345 10 20 304050 100

BANDWIDTH (% of fg)

Figure 12. Greatest Number of Cycles
Before Output



LOOP FILTER — C3 (Pin 2)

Capacitor Co 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 To = RoCo,
where Ro (10 k@) is the impedance at pin 2.

The selection of Cp is determined by the detection
bandwidth requirements, as shown in Figure 6. For ad-
ditional information see section on “Definition of
XR-567 Parameters”.

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

INPUT (Pin 3)

The input signal is applied to pin 3 through a coupling
capacitor. This terminal is internally biased at a dc level
2 volts above ground, and has an input impedance level
of approximately 20 kQ.

TIMING RESISTOR Ry AND CAPACITOR C4 (Pins 5 and 6)

The center frequency of the decoder is set by resistor
R1 between pins 5 and 6, and capacitor Cq from pin 6
to ground, as shown in Figure 3.

Pin 5 is the oscillator squarewave output which has a
magnitude of approximately Vo — 1.4V and an aver-
age dc level of Voc/2. A 1 kQ load may be driven from
this point. The voltage 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.

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 output is an uncommitted, “base-collector”
power transistor capable of switching high current
loads. The current level at the output is determined by
an external load resistor, Ry, connected 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 con-
nected to a supply voltage, V+, higher than the V¢
supply. For safe operation, V+ =< 20 volts.

OPERATING INSTRUCTIONS

SELECTION OF EXTERNAL COMPONENTS

A typical connection diagram for the XR-567 is shown
in Figure 3. For most applications, the following proce-

dure will be sufficient for determination of the external
components R1, Cq, Co, and C3.
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INPUT

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

UTPUT

Response to same input tone burst with wideband noise.

R = 100 ohms

Noise Bandwidth = 140 Hz
Figure 13. Typical Response

1. R4 and Cq should be selected for the desired center
frequency by the expression fo = 1/R{1C4. For opti-
mum temperature stability, R4y should be selected
such that 2k@ < Rq < 20 kQ, and the R1C1 product
should have sufficient stability over the projected
operating temperature range.

2. Low-pass capacitor, Cp, can be determined from the
Bandwidth versus Input Signal Amplitude graph of
Figure 7. One approach is to select an area of oper-
ation from the graph, and then adjust the input level
and value of Co accordingly. Or, if the input ampli-
tude variation is known, the required foCo product
can be found to give the desired bandwidth. Con-
stant bandwidth operation requires Vi > 200 mV
rms. Then, as noted on the graph, bandwidth will be
controlled solely by the foCo product.

3. Capacitor C3 sets the band edge of the low-pass filt-
er which attenuates frequencies outside of the de-
tection band and thereby eliminates spurious out-
puts. If Cg is too small, 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. A typical mini-
mum value of C3 is 2 Co.
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Conversely, if C3 is too large, turn-on and turn-off of
the output stage will be delayed until the voltage
across Cg passes the threshold value.

PRINCIPLE OF OPERATION

The XR-567 is a frequency selective tone decoder sys-
tem 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. The four sections are internally inter-
connected 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 in-
put signal. The quadrature detector serves as a lock in-
dicator: 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 de-
coder 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, fo, is determined
by the selection of R1 and C{ connected to pins 5 and
6, as shown in Figure 3. The detection bandwidth is de-
termined by the size of the PLL filter capacitor, Co; and
the output response speed is controlled by the output
filter capacitor, C3.

OPTIONAL CONTROLS
PROGRAMMING

Varying the value of resistor R4 and/or capacitor Cq will
change the center frequency. The value of Ry can be
changed either mechanically or by solid state switches.
Additional Cq 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 low-
ered, the turn-on transient becomes greater. Thus maxi-
mum operating speed is obtained when the value of ca-
pacitor Co 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 situa-
tion, and the minimum theoretical lock-up time will not
be achievable.

The following expressions yield the values of Co and
Cg, in microfarads, which allow the maximum operating
speeds for various center frequencies. The minimum
rate that digital information may be detected without
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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.

Cp =120, 03 - 20,
o o

In situations where minimum turn-off time is of less im-
portance than fast turn-on, the optional sensitivity ad-
justment 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.

v
R
! xR-567 |
C3
I )

XR-567

INCREASE
SENSITIVITY

DECREASE
SENSITIVITY

+V

DECREASE
SENSITIVITY
Rg

25K |

INCREASE
SENSITIVITY

XR-567

SILICON
OIODES FOR
TEMPERATURE
COMPENSATION
(OPTIONAL)

Figure 14. Optional Sensitivity Connections

CHATTER

When the value of Cg is small, the lock transient and ac
components 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 se-
ries 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. Gener-
ally, it is only necessary to assure that the feedback
time constant does not get so large that it prevents op-
eration at the highest anticipated speed.

SKEW ADJUSTMENT

The circuits shown in Figure 16 can be used to change
the position of the detection band (capture range) with-
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Figure 16. Connections to Reposition Detection Band

in the largest detection band (or lock range). By moving
the detection band to either edge of the lock range, in-
put 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 oscil-
lator.

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.

BANDWIDTH REDUCTION

The bandwidth of the XR-567 can be reduced by either
increasing capacitor Co or reducing the loop gain. In-
creasing Co may be an undesirable solution since this
will also reduce the damping of the loop and thus slow
the circuit response time.

XR-567

Figure 18 shows ttie proper method of reducing the
loop gain for reduced bandwidth. This technique will im-
prove damping and permit faster performance under
narrow band operation. The reduced impedance level
at pin 2 will require a larger value of Co for a given cut-
off frequency.
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Figure 17. Output Latching
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Figure 18. Bandwidth Reduction
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PRECAUTIONS

1. The XR-567 will lock on signals near (2n + 1) fo and
produce an output for signals near (4n + 1) fo, forn
= 0,1,2 - etc. Signals at 5 fg and 9 fg can cause an
unwanted output and should, therefore, be attenu-
ated 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. Decreased 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 ap-
parent bandwidth reduction as the in-band signal is
suppressed. In addition, the limited input stage will
create in-band components from subharmonic sig-
nals so that the circuit components from subhar-
monic signals so that the circuit becomes sensitive
to signals at fp/3, 1o/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 un-
desirable voltage variations. In addition, circuits re-
quiring 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 de-
coder 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, Co and C’ . With no
input signal present, the output at pin 8 is high, transis-
tor Q1 is off, and C’ 2 is switched out of the circuit. Thus
the loop low-pass filter is comprised of Co, 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, Q4 will turn on, and capacitor C'o will be
switched in parallel with capacitor Co. The low-pass filt-
er capacitance will then be Co + C'2. The value of C'o
can be quite large in order to achieve narrow band-
width. Notice that during the time that no input signal is
being received, the bandwidth is determined by capaci-
tor Co.

NARROW BAND FM DEMODULATOR WITH
CARRIER DETECT

For FM demodulation applications where the bandwidth
is less than 10% of the carrier frequency, an XR-567
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Q, = 2N2906
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Figure 19. Dual Time Constant Tone Decoder

can be used to detect the presence of the carrier sig-
nal. 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 demodu-
lator is used because of its wide dynamic range, high
signal/noise ratio and low distortion. The XR-567 will
detect the presence of a carrier at frequencies up to
500 kHz.
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Figure 20. Narrow Band FM Demodulator with Carrier Detect



DUAL TONE DECODER

In dual tone communication systems, information is
transmitted by the simultaneous presence of two sepa-
rate tones at the input. In such applications two XR-567
units can be connected in parallel, as shown in Figure
21 to form a dual tone decoder. The resistor and capaci-
tor values of each decoder are selected to provide the
desired center frequencies and bandwidth require-
ments.

Vee
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f1 XR-567
3 UNIT 1 5
s J6 |2 |t

NOR
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CHANNEL O—) Vo
RECEIVER :DO—O
I T 1/4 SN7402

.

O
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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 waveforms 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 appli-
cations:

1. High-Current Oscillator

The oscillator output of the XR-567 can be amplified
using the output amplifier and high-current logic out-
put available at pin 8. In this manner, the circuit can
switch 100 mA load currents without sacrificing os-
cillator stability. A recommended circuit connection
for this application is shown in Figure 23. The oscil-
lator frequency can be modulated over 6% in fre-
quency 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 oscillator with two sepa-
rate squarewave outputs (at pins 5 and 8, respec-
tively) that are at nearly quadrature phase with each
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other. Due to the internal biasing arrangement the
actual phase shift between the two outputs is typi-
cally 80°.

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

2 6 5 }
vCO
TERMINAL O—dt
[N SSeN]

v.
}RL
XR 567 8 TouT

Figure 23. Precision Oscillator to Switch 100 mA Loads

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 detector functions as a frequency
doubler and produces an output of 2 fy at pin 8.

FSK DECODING

XR-567 can be used as a low speed FSK demodulator.
In this application the center frequency is set to one of
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the input frequencies, and the bandwidth is adjusted to
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 (fo = 3 f{) and the demodulated output sig-
nals, with fg = fo = 1 kHz. The circuit can handle data
rates up to fo/10 baud.

V+ Ve

[

4

RL
_E—-fj XR 567 8 L—-EI:—BO
- 2 6 5 | | |

CONNECT PIN 3
TO 28V TO
INVERT QUTPUT

R R 1000

Ul

Figure 24. Oscillator with Quadrature Output

XR 567 8

Figure 26. Input and Output Waveforms for FSK Decoding
Top: Input FSK Signal (f2 = 3f4)
Bottom: Demodulated Output
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XR-567A

Precision Tone Decoder

GENERAL DESCRIPTION

The XR-567A provides all the necessary circuitry for
constructing a variety of tone detector and frequency
decoder applications. Phase-locked loop circuit tech-
niques are used to provide operation from 0.01 Hz to
500 kHz. The circuit also features an input preamp, a
high-current logic output, and programmable output de-
lay.

The XR-567A, available in an 8-Pin DIL package, is de-
signed to offer improved frequency accuracy and drift
characteristics over the standard industry 567. These
changes offer improved overall circuit performance,
while reducing initial circuit adjustments.

FEATURES

0% to 14%
100 mA

Programmable Detection Bandwidth
Logic Output
Wide Center

Frequency Range
High Rejection

of Out-of-Band Signals and Noise
Direct Replacement for standard 567
Inherent immunity to

out-of-band signals & noise

0.01 Hz to 500 kHz

APPLICATIONS

Tone Detection

Touch-Tone® Decoding
Communications Paging
Ultrasonic Remote Control
Precision Oscillator

Wireless Intercom

Carrier-Tone Transceiver

FSK Demodulation

Dual Time Constant Tone Detector

ABSOLUTE MAXIMUM RATINGS

Power Supply 10 volts
Power Dissipation
Ceramic Package 385 mW
Plastic Package 300 mW
Derate above 25°C 2.5 mw/°C

Operating Temperature Range
XR-567AM
XR-567ACN/ACP

Storage Temperature Range

—55°C to +125°C
0°Cto +70°C
-65°C to +150°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-567AM Ceramic -55°C to +125°C
XR-567ACN Ceramic 0°Cto +70°C
XR-567ACP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-567A is an improved version of the popular 567
tone decoder. Center frequency accuracy is guaran-
teed by design modifications and testing to 5%, and is
typically better than 2%. Temperature drift of the cen-
ter frequency is also improved. Thus, in most applica-
tions, no trimming is required.

The XR-567A monolithic tone decoder 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 detec-
tor enabling detection of in-band signals. The device
has a normally high open collector output capable of
sinking 100 mA.

The input signal is applied to Pin 3 (20 k@ nominal input
resistance). Free running frequency is controlled by an
RC network at Pins 5 and 6 and can typically reach 500
kHz. A capacitor on Pin 1 serves as the output filter and
eliminates out-of-band triggering. PLL filtering is ac-
complished with a capacitor on Pin 2; bandwidth and
skew are also dependant upon the circuitry here. Band-
width is adjustable from 0% to 14% of the center fre-
quency. Pin 4 is + Vg (4.75 to 9V nominal, 10V maxi-
mum); Pin 7 is ground; and Pin 8 is open collector out-
put, pulling low when an in band signal triggers the
device.




XR-567A

ELECTRICAL CHARACTERISTICS
Test Conditions: Vo = +5V. TA = 25° C, unless otherwise specified.

LIMITS
PARAMETL. MIN TYP MAX UNITS CONDITIONS
GENERAL
Supply Voltage Range 4.75 9.0 Vdc
Supply Current
Quiescent XR-567AM 6 8 mA R = 20 k@
Quiescent XR-567AC 7 10 mA RL = 20 k@
Activated XR-567AM 11 13 mA RL = 20 k@
Activated XR-567AC 12 15 mA RL = 20 k@
Qutput Voltage 15 \
Negative Voltage at Input -10 Vv
Positive Voltage at Input Vee +0.5 v
CENTER FREQUENCY
Highest Center Frequency 100 500 kHz
Center Frequency Stability
Temperature Tp = 25°C 35 ppm/°C
0 < Tp < 70°C +60 ppm/°C
-55 < Tp < +125°C +120 ppm/°C
Supply Voltage
XR-567AM 0.5 1.0 %IV fo = 100 kHz
XR-567AC 0.7 20 %IV fo = 100 kHz
Initial Accuracy +2.0 +5.0 % fo = 100 kHz
DETECTION BANDWIDTH
Largest Detection Bandwidth
XR-567AM 12 14 16 % of fg | fo = 100 kHz
XR-567AC 10 14 18 % of fo | fo = 100 kHz
Largest Detection Bandwidth Skew
XR-567AM 1 2 % of fo
XR-567AC 2 3 % of fo
Largest Detection Bandwidth Variation
Temperature +0.1 %1°C Vijn = 300 mV rms
Supply Voltage +1 +2 %N Vijn = 300 mV rms
INPUT
Input Resistance 20 kQ
Smallest Detectable Input Voltage 20 25 mVrms | I = 100 mA, fj = fy
Largest No-Output Input Voltage 10 15 mVrms | I = 100 mA, f
Greatest Simultaneous Outband
Signal to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband .
Noise Ratio -6 dB By = 140 kHz
OUTPUT
Output Saturation Voltage 0.2 0.4 \ IL = 80 mA, Vi, = 25 mV rms
0.6 1.0 \' I = 100 mA, Vijn = 25 mV rms
Output Leakage Current 0.01 25 pA
Fastest ON/OFF Cycling Rate fo/20
Output Rise Time 150 ns RL = 50Q
Output Fall Time 30 ns RL = 500
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XR-L567

Micropower Tone Decoder

GENERAL DESCRIPTION

The XR-L567 is a micropower phase-locked loop (PLL)
circuit designed for general purpose tone and frequen-
cy decoding. In applications requiring very low power
dissipation, the XR-L567 can replace the popular 567-
type decoder with only minor component value
changes. The XR-L567 offers approximately 1/10th the
power dissipation of the conventional 567-type tone de-
coder, without sacrificing its key features such as the
oscillator stability, frequency selectivity, and detection
threshold. Typical quiescent power dissipation is less
than 4 mW at 5 volts. It operates over a wide frequency
band of 0.01 Hz to 60 kHz and contains a logic compati-
ble output 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.

FEATURES

Very Low Power Dissipation (=4 mW at 5V).

Bandwidth Adjustable from 0 to 14%. )

Logic Compatible Output with 10 mA Current Sinking
Capability.

Highly Stable Center Frequency.

Center Frequency Adjustable from 0.01 Hz to 60 kHz.

Inherent Immunity to False Signals.

High Rejection of Out-of-Band Signals and Noise.

Frequency Range Adjustable Over 20:1 Range by Ex-
ternal Resistor.

APPLICATIONS

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

ABSOLUTE MAXIMUM RATINGS

Power Supply 10 volts
Power Dissipation (package limitation)
Ceramic Package 385 mW
Plastic Package 300 mW
Derate Above +25°C 2.5 mW/°C

0°Cto +70°C
—65°C to +150°C

Operating Temperature
Storage Temperature

1-65

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-L567CN Ceramic 0°C to +70°C
XR-L567CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-L567 monolithic circuit consists of a phase de-
tector, low pass filter, and current controlled oscillator
which comprise the basic phase-locked loop, plus an
additional low pass filter and quadrature detector ena-
bling detection of in-band signals. The device has a nor-
mally high open collector output.

The input signal is applied to Pin 3 (100 kQ nominal in-
put resistance). Free running frequency is controlled by
an RC network at Pins 5 and 6. A capacitor on Pin 1
serves as the output filter and eliminates out-of-band
triggering. PLL filtering is accomplished with a capaci-
tor on Pin 2; band-width and skew are also dependant
upon the circuitry here. Pin 4is + V¢ (4.75 to 8V nomi-
nal, 10V maximum); Pin 7 is ground; and Pin 8 is the
open collector output, pulling low when an in-band sig-
nal triggers the device.

The XR-L567 is pin-for-pin compatible with the standard
XR-567-type decoder. Internal resistors have been
scaled up by a factor of ten, thereby reducing power
dissipation and allowing use of smaller capacitors for
the same applications compared to the standard part.
This scaling also lowers maximum device center fre-
quency and load current sinking capabilities.
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ELECTRICAL CHARACTERISTICS
Test Conditions: Voo = +5V. To = 25°C, unless otherwise specified. Test Circuit of Figure 1.

LIMITS
PARAMETERS MIN | TYP | MAX | UNITS CONDITIONS
General
Supply Voltage Range 4.75 8.0 "
Supply Current
Quiescent 0.6 1.0 mA RL = 20 k@
Activated 0.8 1.4 mA RL = 20 k@
Center Frequency
Highest Center Frequency 10 60 kHz
Center Frequency Drift
Temperature Tp = 25°C -35 ppm/°C | See Figures 10 and 11
0 < Tpa < 70°C -150 ppm/°C | See Figures 10 and 11
Supply Voltage 0.5 3.0 %IV fo = 10 kHz, Vo = 5.25 + 0.5V
Detection Bandwidth
Largest Detection Bandwidth 10 14 18 | % of fg | fo = 10 kHz
Largest Detection Bandwidth Skew 2 3 % of fg | See Figure 13 for Definition
Largest Detection Bandwidth Variation
Temperature +0.1 %I°C | Vin = 300 mV rms
Supply Voltage +2 %IN Vin = 300 mV rms
Inputs
Input Resistance 100 kQ
Smallest Detectable Input Voltage 20 25 [mVrms | I = 10mA, fj = fg
Largest No-Output Input Voltage 10 15 mvVrms [ I = 10mA, fj = fg
Greatest Simultaneous Outband
Signal to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 dB B = 140 kHz
Outputs
Output Saturation Voltage 0.2 0.4 \ IL = 2mA, Vijh = 25 mV rms
0.3 0.6 \ IL = 10 mA, Viq = 25 mV rms
Output Leakage Current 0.01 25 uA
Fastest On/Off Cycling Rate fol20
Output Rise Time 150 ns RL = 1kQ
Output Fall Time 30 ns RL = 1kQ

EQUIVALENT SCHEMATIC DIAGRAM

e
e

INPUT

?

GROUND
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PRINCIPLES OF OPERATION

The XR-L567 is a frequency selective tone decoder sys-
tem 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 circuit, the PLL synchronizes or “locks” on the in-
put signal. The quadrature detector serves as a lock in-
dicator: 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 de-
coder 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 3 shows the typical output response of the cir-
cuit for a tone-burst applied to the input, within the de-
tection 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 Ry and Cq connected to Pins 5 and
6, as shown in Figure 2. The detection bandwidth is de-
termined by the size of the PLL filter capacitor, Co (see
Figure 10); and the output response speed is controlled
by the output filter capacitor, C3.

DEFINITION OF DEVICE PARAMETERS
Center Frequency fg

fo is the free-running frequency of the current-
controlled oscillator with no input signal. It is deter-
mined by resistor R between Pins 5 and 6, and capaci-
tor Cq from Pin 6 to ground. fo can be approximated by

1
fa = —— Hz
° R1Cq

where Ry is in ohms and C1 is in farads.
Detection Bandwidth (BW)

The largest detection bandwidth is the frequency range
centered about fg, 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 capture range of the PLL
and is determined by the low-pass loop filter at Pin 2.
Typical dependence of detection bandwidth on the filt-
er capacitance and the input signal amplitude is shown
in Figures 10 and 11, or may be calculated by the ap-
proximation

BW (%) ~ 338 /_Vlﬁ&
Fo(Hz)-C2 (uF)

vVee
1uF +5V

001 ,F 5

weut O—)-0—
2

20 k!

XR-LS67
1 8

otos | a0l | 9
"TT s
o = . &6 i,

= C3
C1
I 0.00224F

output

ana
Ry

“Adjust for fo = 10 kHz
1i = 10 kHz, +5V

Figure 1. XR-L567 Test Circuit
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Figure 2. XR-L567 Generalized Connection Diagram

Largest Detection Bandwidth

The largest detection bandwidth is the largest frequen-
cy range within which an input signal above the thresh-
old voltage will cause a logical zero stage at the output.
The maximum detection bandwidth corresponds to the
lock range of the PLL.

Detection Band Skew

The detection band skew is a measure of how accu-
rately the largest detection band is centered about the
center frequency, fo. This parameter is graphically illus-
trated in Figure 4. In the figure, fmin and fmax corre-
spond to the lower and the upper ends of the largest de-
tection band, and f{ corresponds to the apparent cen-
ter of the detection band, and is defined as the
arithmetic average of fmin and fmax and fq is the free-
running frequency of the XR-L567 oscillator section.
The bandwidth skew, Afy, is the difference between
these frequencies. Normalized to fo, this bandwidth
skew can be expressed as:

f
Bandwidth Skew = Af—’ﬁ =

o 2fo

(fmax + fmin — 2fo)

INPUT

OUTPUT

Response to 100 mV rms tone burst.
RL = 1K ohms

Figure 3. Typical Output Response ta 100 mV Input
Tone-Burst
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If necessary, the detection band skew can be reduced
to zero by an optional centering adjustment. (See Op-
tional Controls.)

LARGEST DETECTION
BAND
ouTPUT I >
LOGIC LEVEL
— ——
Aty
I INCREASING
L FREQUENCY
4% L
min fo 11 fmax
1o = PLL free-running frequency

fmax + fmin
1y = Center freq. of detection band = ——————

Figure 4. Definition of Bandwidth Skew

DESCRIPTION OF CIRCUIT CONTROLS
Input (Pin 3)

The input signal is applied to Pin 3 through a coupling
capacitor. This terminal is internally biased at a dc level
2 volts above ground, and has an input impedance level
of approximately 100 k.

Timing Resistor R1 and Capacitor Cq (Pins 5 and 6)

The center frequency of the decoder is set by resistor
R between Pins 5 and 6, and capacitor C4 from Pin 6
to ground, as shown in Figure 2.

Pin 5 is the oscillator squarewave output which has a
magnitude of approximately Voc — 1.4V and an aver-
age dc level of Voc/2. A 5 kQ load may be driven from
this point. The voltage at Pin 6 is an exponential triangle
waveform with a peak-to-peak amplitude of = (Voo —
1.3)/3.5 volts and an average dc level of Vgc/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—Cg2 (Pin 2)

Capacitor Co 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 Tp =
RoCo, where Ry (100 k@) is the impedance at Pin 2.

The selection of Co is determined by the detection
bandwidth requirements, as shown in Figure 10. For
additional information see section.on “Definition of De-
vice Parameters.”

The voltage at Pin 2, the phase detector output, is a lin-
ear function of frequency over the range of 0.95 fy to
1.05 fo, with a slope of approximately 20 mV/% fre-
quency deviation.

Output Filter—C3 (Pin 1)
Capacitor C3 connected from Pin 1 to ground forms a

simple low-pass post detection filter to eliminate spuri-
ous outputs due to out-of-band signals. The time con-
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stant of the filter can be expressed as T3 = R3Cgs,
where R3 (47 kQ) 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 volt-
age. In certain applications, the delay may be desirable
as a means of suppressing spurious outputs. Con-
versely, if the value of Cg 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 in-band 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 output is an uncommitted, open-collector
power transistor capable of switching high current
loads. The current level at the output is determined by
an external load resistor, R, connected 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 of less than
0.6V at full rated output current of 10 mA. If large out-
put voltage swings are needed, R|_can be connected to
a supply voltage, V +, higher than the Vgg supply. For
safe operation, V+ <15 volts.

OPERATING INSTRUCTIONS
Selection of External Components

A typical connection diagram for the XR-L567 is shown
in Figure 2. For most applications, the following proce-
dure will be sufficient for determination of the external
components Rq, Cq, Co, and C3.

1. Ry and C1 should be selected for the desired center
frequency by the expression fo = 1/R1C1. For opti-
mum temperature stability, R1 should be selected
such that 20 k@ < Ry < 200 k@, and the R1C+ pro-
duct should have sufficient stability over the project-
ed operating temperature range.

2. Low-pass capacitor, Co, can be determined from the
Bandwidth versus Input Signal Amplitude graph of
Figure 10. One approach is to select an area of op-
eration from the graph, and then adjust the input lev-
el and value of Co accordingly. Or, if the input ampli-
tude variation is known, the required foC2 product
can be found to give the desired bandwidth. Con-
stant bandwidth operation requires V; > 200 mV
rms. Then, as noted on the graph, bandwidth will be
controlled solely by the foCo product.

3. Capacitor C3 sets the band edge of the low-pass fil-
ter which attenuates frequencies outside of the de-
tection band and thereby eliminates spurious out-
puts. If C3 is too small, 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. A typical mini-
mum value for C3 is 2 Co.

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

Precautions

1. The XR-L567 will lock on signals near (2n + 1) fg
and produce an output for signals near (4n + 1) fo,
for n = 0,1,2—etc. Signals at 5 fy and 9 fg 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. Decreased loop damping, however,
causes the worst-case lock-up time to increase, as
shown by the graph of Figure 13.

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 ap-
parent bandwidth reduction as the in-band signal is
suppressed. In addition, the limited input stage will
create in-band components from subharmonic sig-
nals so that the circuit becomes sensitive to signals
at 1o/3, 1o/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 un-
desirable voltage variations. In addition, circuits re-
quiring 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 C4 will
change the center frequency. The value of Ry can be
changed either mechanically or by solid state switches.
Additional Cq 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 low-
ered, the turn-on transients becomes greater. Thus
maximum operating speed is obtained when the value
of capacitor Co is minimum. At the instant an input sig-
nal is applied, its phase may drive the oscillator away
from the incoming frequency rather than toward it. Un-
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der 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 Co and
Cg, in microfarads, which allow the maximum operating
speeds for various center frequencies where fg is Hz.

Co =13 c3=%B,
fo fo

The minimum rate that digital information may be de-
tected without losing information due to turn-on tran-
sient or output chatter is about 10 cycles/bit, which cor-
responds to an information transfer rate of fo/10 baud.
In situations where minimum turn-off is of less impor-
tance than fast turn-on, the optional sensitivity adjust-
ment circuit of Figure 5 can be used to bring the qui-
escent C3 voltage closer to the threshold voltage. Sen-
sitivity to beat frequencies, noise, and extraneous
signals, however, will be increased.

XR-L567 XR-L567 !

DECREASE
SENSITIVITY

C32R
INCREASE I
SENSITIVITY e
DECREASE
SENSITIVITY

Rp
/5K

INCREASE
SENSITIVITY

XR-L567

DIODES FOR
TEMPERATURE
COMPENSATION

} SILICON
(OPTIONAL)

Figure 5. Adjustable Sensitivity Connections

Chatter

When the value of C3 is small, the lock transient and ac
components 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 se-
ries 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 6. Generally,
it is only necessary to assure that the feedback time
constant does not get so large that it prevents opera-
tion at the highest anticipated speed.
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Figure 6. Methods of Reducing Chatter

Skew Adjustment

The circuits shown in Figure 7 can be used to change
the position of the detection band (capture range) with-
in the largest detection band (lock range). By moving
the detection band to either edge of the lock range, in-
put 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 oscil-
lator.

+V

2
XR-L567 XR-L567
C2 C22R
LOWERS fo I RAISES to I

+V

LOWERS fo

R2
5K

AAISES 1o

XR-L567

C2
RAISES 1o I

SILICON
DIODES FOR
TEMPERATURE
COMPENSATION
(OPTIONAL)

Figure 7. Detection Band Skew Adjustment
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XR-2567

Dual Monolithic Tone Decoder

GENERAL DESCRIPTION

The XR-2567 is a dual monolithic tone decoder of the
567-type that is ideally suited for tone or frequency de-
coding in multiple-tone communication systems. Each
decoder of the XR-2567 can be used independently or
both sections can be interconnected for dual opera-
tion. The matching and temperature tracking charac-
teristics between decoders on this monolithic chip are
superior to those available from two separate tone de-
coder 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 sup-
plies between 7V and 12V. Each decoder consists of a
phase-locked loop (PLL), a quadrature AM detector, a
voltage comparator, and a logic compatible output that
can sink more than 100 mA of load current.

The center frequency of each decoder is set by an ex-
ternal 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

Seguential Tone Decoding

Dual-Tone Decoding/
Encoding

Full-Duplex Carrier-Tone
Transceiver

Wireless Intercom

Dual Precision

Communications Paging Oscillator
Ultrasonic Remote- FSK Generation and
Control and Monitoring Detection

ABSOLUTE MAXIMUM RATINGS

Power Supply
With Internal Regulator 14V
Without Regulator (Pins 12 and 13 shorted) 10V
Power Dissipation

Ceramic Package 750 mW
Derate Above +25°C 6 mW/°C
Plastic Package 525 mW/°C
Derate Above +25°C 5.5 mwW/°C
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FUNCTIONAL BLOCK DIAGRAM

TIMING XR-2567 TIMING
CAPACITOR 1 16 RESISTOR

1 [
2::?;%*[ [15] 100,
.
_,_1_7]

DECODER I LooP
B 10 FILTER
TIMING 8 9 TIMING
CAPACITOR RESISTOR

Operating Temperature
XR-2567M
XR-2567C

Storage Temperature

ORDERING INFORMATION

DECODER
A

H IIP
=
(5]

@® XD
<m

>

8

OUTPUT

OUTPUT I

FILTER

—55°C to +125°C
0°C to +70°C
—65°C to +150°C

Part Number Package Temperature Range
XR-2567M Ceramic —-55°Cto +125°C
XR-2567CN Ceramic 0°Cto +70°C
XR-2567CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-2567 dual monolithic tone decoder consists of
two independant 567-type circuits and an on board volt-
age regulator. Each decoder has a phase detector, low
pass filter, and current controlled oscillator which com-
prise the basic phase locked loop, plus an additional
low pass filter and quadrature detector enabling detec-
tion of in-band signals. Both devices have normally high
open collector outputs capable of sinking 100 mA.

The input signal is applied to Pin 14 (device A) or Pin 11
(device B), both with 20 k@ nominal input resistance.
Free running frequency is controlled by an RC network
at Pins 1 and 16 (device A) or Pins 8 and 9 (device B). A
capacitor on Pin 2 (A), or Pin 7 (B) serves as the output
filter and eliminates out-of-band triggering. PLL filtering
is accomplished with a capacitor on Pin 15 (A), or Pin
10 (B); bandwidth and skew are also dependant upon
the circuitry here. Bandwidth is adjustable from 0% to
14% of the center frequency. Pin 13 is + Vg (4.75 to
12V nominal, 14V maximum); Pin 7 is ground; and Pin 3
(A) or Pin 6 (B) is the open collector output, pulling low
when an in-band signal triggers the device.

Voltage supplies below 7V necessitate bypassing the
internal regulator. This is accomplished by shorting Pin
12 to V¢, for supplies over 7V, a bypass capacitor of
at least 1 uF should AC ground Pin 12.
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Test Conditions: Voo = +5V, T = 25° C, unless otherwise specified.Test circuit of Figure 2, Sy closed unless
otherwise specified.

LIMITS
PARAMETERS MIN TYP MAX UNITS CONDITIONS
GENERAL
Supply Voltage Range
Without Regulator 4.75 7 Vdc See Figure 5, Sq closed.
With Internal Regulator 6.5 12 Vdc See Figure 5, S1 open.
Supply Current (both decoders) See Figure 7, 8
Quiescent XR-2567M 12 16 mA RL = 20 kQ
XR-2567C 14 20 mA RL = 20 k@
Activated XR-2567M 22 26 mA RL = 20 k@
XR-2567C 24 30 mA Ry = 20 k@
Output Voltage 15 \
Negative Voltage at Input -10 \
Positive Voltage at Input Vcc+0.5 \
CENTER FREQUENCY (each decoder section)
Highest Center Frequency 100 500 kHz
Center Frequency Stability
Temperature Tp = 25°C 35 ppm/°C See Figure 14
0°<Tp< +70°C +60 ppm/°C See Figure 14
-55°<Tp< +125°C +140 ppm/°C See Figure 14
Supply Voltage
Without Regulator
XR-2567M 0.5 1.0 %IV fo = 100 kHz
XR-2567C 0.7 2.0 %NV fo = 100 kHz
With Internal Regulator
XR-2567M 0.05 %IV fo = 100 kHz, Voc = 9V
XR-2567C 0.1 %IV fo = 100 kHz, Voo = 9V
DETECTION BANDWIDTH
(each decoder section)
Largest Detection Bandwidth
XR-2567M 12 14 16 % of fo fo = 100 kHz
XR-2567C 10 14 18 % offg | fo = 100 kHz
Largest Detection Bandwidth Skew
XR-2567M 1 2 % of fo
XR-2567C 1 3 % of iy
Largest Detection Bandwidth Variation
Temperature +0.1 %1°C Vin = 300 mV rms
Supply Voltage +2 %N Vin = 300 mV rms
INPUT (each decoder section)
Input Resistance 20 kQ
Smallest Detectable Input Voltage 20 25 mV rms IL = 100 mA, f; = fq
Largest No-Output Input Voltage 10 15 mV rms IL = 100 mA, f; = fo
Greatest Simultaneous Outband
Signal to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio -6 dB Noise Bw = 140 kHz
OUTPUT (each decoder section)
Output Saturation Voltage 0.2 0.4 \ IL = 30 mA, Vip = 25 mV rms
0.6 1.0 \ I = 100 mA, Vip = 25 mV rms
Output Leakage Current ) 0.01 25 pA
Fastest ON-OFF Cycling Rate 1o/20
Output Rise Time 150 ns R = 500
Output Fall Time 30 ns RL = 500
MATCHING CHARACTERISTICS
Center Frequency Matching 1 % fo = 10 kHz
Temperature Drift Matching +20 ppm/°C 0°C<Tp<70°C
+50 ppm/°C —55°C<Tp<125°C
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Figure 2. Test Circuit

INPUT

OuUTPUT

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 oscillator of the PLL with no input signal. It is
determined by resistor Ry and capacitor Cq; fp can be
approximated by

1
R4Cq

fo = Hz

where Rq is in ohms and C1 is in farads.

The detection bandwidth is the frequency range cen-
tered about fg, 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 band-
width 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 fg, can be deter-
mined by the approximation

Vi
BW = 1070 [—
foC2

where Vj is the input signal in volts, rms, and Co is the
capacitance in uF at Pins 10 or 15.

OuTPUT
8
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The largest detection bandwidth is the largest frequen-
cy range within which an input signal above the thresh-
old voltage will cause a logical zero state at the output.
The maximum detection bandwidth corresponds to the
lock range of the PLL.

The detection band skew is a measure of how accu-
rately the largest detection band is centered about the
center frequency, fo. It is defined as (fmax + fmin —
2fp)/fo., where fmax and fmin are the frequencies corre-
sponding to the edges of the detection band. If neces-
sary, the detection band skew can be 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 impedance level of approximately 20 kQ.

TIMING RESISTOR R1 AND CAPACITOR Cq (Pins 1, 8, 9,
and 16)

The center frequency, fo, of each decoder section is set
by a resistor R4 and a capacitor Cq. Ry is connected
between Pins 1 and 16 in decoder section A, and R1B
between Pins 8 and 9 of decoder section B. C1p is con-
nected from Pin 1 to ground, and C1g from Pin 8 to
ground, as shown in Figure 4. Ry and Cq should be se-
lected for the desired center frequency by the expres-
sion fo = 1/R1C4. For optimum temperature stability,
R4 should be selected such that 2 k@ = R1 = 20 kQ,
and the R1C4 product should have sufficient stability
over the projected operating temperature range.

|NPuTAo-——n—?J é—/ ];‘;‘EE_”_—O INPUT B

Con Cog
v A "1 SRERTC
[y UNIT (VLT3 g S R
FLag =+ ¢y ] A 8 C;?__ Rip
. 6
i B ouTPuT
8
i |s 1 éﬂ é 9 -1-
U Juur
“fon Ria: c, A Rig f=fop
AN Wo—I _[:-l L A MV

Cc COUPLING CAPACITOR
Cg BYPASS CAPACITOR

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

Figure 4. Circuit Connection Diagram

For decoder section A, the oscillator output can be ob-
tained at either Pin 1 or 16. Pin 16 is the oscillator
squarewave output which has a magnitude of approxi-
mately Vcc — 1.4V and an average dc level of Voo/2. A
1 kQ load may be driven from this point. The voltage at
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pin 1 is an exponential triangle waveform with a peak-
to-peak amplitude of 1 volt and an average dc level of
Vce/2. Only high impedance loads should be connect-
ed to Pin 1 to avoid disturbing the temperature stability
or duty cycle of the oscillator. For section B, Pin 9 is the
squarewave output and Pin 8 the exponential triangle
waveform output.

LOOP FILTER, C2 (Pins 10 and 15)

Capacitors Cop and Cop 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 To = RoCo, where Ro (10 kQ) is the
impedance at Pins 10 or 15. The selection of Co is de-
termined 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 Co
accordingly. Or, if the input amplitude variation is
known, the required foCo product can be found to give
the desired bandwidth. Constant bandwidth operation
requires Vj >-200 mV rms. Then, as noted in Figure 10,
bandwidth will be controlled solely by the foCo product.
(For additional information, see Optional Controls Sec-
tion, “Speed of Response” and “Bandwidth Reduc-
tion”.)

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 fg, with a slope of approxi-
mately 20 mV/% frequency deviation.

OUTPUT FILTER, C3 (Pins 2 and 7)

Capacitors C3pa and C3p connected from Pins 2 and 7
to ground form low-pass post detection filters for sec-
tions A and B respectively. The function of the post de-
tection 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 in-
ternal impedance at Pins 2 or 7.

The precise value of C3 is not critical for most applica-
tions. To eliminate the possibility of false triggering by
spurious signals, a minimum value for Cg is 2Co, where
Co is the loop filter capacitance for the corresponding
decoder section. If C3 is smaller than 2Co, then fre-
quencies 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 volt-
age. In certain applications, this delay may be desirable
as a means of suppressing spurious outputs. (For addi-
tional information, see Optional Controls Section,
“Speed of Response” and “Chatter”.)
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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 uncommitted “bare-collector”
power transistors capable of switching high current
loads. The current level at the output is determined by
an external load resistor, R|, connected from Vg 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 (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
Vg supply. For safe operation, V+ =< 15 volts.

REGULATOR BY-PASS (Pin 12)

This pin corresponds to the output of the voltage regu-
lator 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

Vce-
GROUND TERMINALS (Pins 4 and 5)

To eliminate parasitic interaction, each decoder section
has a separate ground terminal. The internal regula-
tor shares a common 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 14 should not exceed 15 volts.

v “FOR OPERATION WITH V* < 7V,
SHORT PINS 12 AND 13

S
12 13 v
6 outeur _I—-
GROUND

GROUND

14
I

XR-2567
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V' OR GROUND
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A I

T‘ v
(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
Between 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 low-
ered, the turn-on transient becomes greater. Thus, max-
imum operating speed is obtained when the value of ca-
pacitor Co 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 Cp and
Cag, 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.

Cp = 180 ¢y = 260
fo fo

In situations where minimum turn-off time is of less im-
portance than fast turn-on, the optional sensitivity ad-
justment circuit of Figure 17 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.

Of Cae Ast
SENSITIVITY

Rg
25K

INCREASE
R sEnsITVITY
1ok

XR-2567

20R7 2087

B} %
XR-2567 XR-2567

DECREASE
SENSITIVITY

lCJ

Figure 17. Optional Connections for Sensitivity Control

CHATTER

When the value of C3 is small, the lock transient and ac
components 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 or, by
increasing the size of capacitor C3. Generally, the feed-
back method is preferred since keeping C3 small will
enable faster operation. Three alternate schemes for
chatter prevention are shown in Figure 18. Generally, it
is only necessary to assure that the feedback time con-
stant does not get so large that it prevents operation at
the highest anticipated speed.
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Figure 18. Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 19 can be used to change
the position of the detection band (capture range) with-
in the largest detection band (or lock range). By moving
the detection band to either edge of the lock range, in-
put 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 oscil-
lator.
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OUTPUT LATCHING

After a signal is received, the output of either decoder
section can be latched “on” by connecting a 20 kQ re-
sistor and diode from the “output” terminal to the “out-
put filter” terminal as shown in Figure 20. The output
stage can be unlatched by raising the voltage level at
the output filter terminal.

v vt vt

3 SR 3 3R
on on
6 UNLATCH w s
XR-2567
fa 2087
10k
L r
= M
20v 3 ] 20k

CA PREVENTS LATCH UP
WHEN POWER SUPPLY IS

UNLATCH TURNED ON.

Figure 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 F with appropriate subscripts re-
fer to the low and the high band-edge frequencies for
decoder sections A and B, and fq is the center frequen-
cy.

DETECTION BAND
OF
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(c) Subtraction of Bandwidths for Narrow-Band Detection

Figure 21. Positioning of Detection Bands

The two sections can be interconnected to form a sin-
gle 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 ex-
ample, if the individual decoder sections are intercon-
nected 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 Figure 23, then the overall detection band would be
equal to the difference, or the overlap, between the re-
spective bandwidths as shown in Figure 21(c).

BANDWIDTH REDUCTION

The bandwidth of each decoder can be reduced by ei-
ther increasing the loop filter capacitor Co or reducing
the loop gain. Increasing Co may be an undesirable so-
lution 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 im-
prove damping and permit faster performance under
narrow band operation. Bandwidth reduction can also
be obtained by subtracting overlapping bandwidths of
the two decoder sections (see Figures 21(c) and 23).
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APPLICATIONS
DUAL-TONE DETECTION

In most dual-tone detection systems, the decoder out-
put is required to change state only when both input
tones are present simultaneously. This can be imple-
mented by setting the detection bandwidth of each of
the XR-2567 decoder sections 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.

vt

DUAL TONE O——g—] |-
ENCODED INPUT ﬁ cc I . l.BVPASS
1 13 |12 I

4 n

XR-2667

UNIT UNIT
A B

i
I II

I

10K
v O
1/4 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 Dy. If no
input tone is present within the detection-band of Unit
A, then its output (pin 3) is “high”, which keeps diode
D1 conducting and “disables” Unit B by keeping its out-
put (pin 6) “high”. If an input tone is present within the
detection-band of Unit A, Pin 3 is low, diode D1 is re-
verse 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 simultaneously.

The dual-tone decoder circuit of Figure 24(b) makes
use of the split-ground feature of the XR-2567. The out-
put 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 resistance between Pin 3 and ground
when Unit B is activated, the output current sink capa-
bility is limited to < 10 mA.
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Figure 24. Additional Dual-Tone Decoding Circuits
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Dual-tone decoder circuits can also be used for se-
quential 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, Cg,
of one of the sections large with respect to the other.
For example, in the circuits of Figures 24(a) and 24(b), if
C3a is chosen to be much larger than Cag (C3a =
C3p), 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.

SEQUENTIAL TONE DECODING

The circuit of Figure 24(a) can also be modified for se-
quential tone decoding by addition of a diode, Do, be-
tween pins 3 and 6. Once activated by Unit A, Unit B
will stay “on” as long as tone B is present, even though
tone A may terminate. Once tone B disappears, the cir-
cuit 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 response within the pass-band, the
input signal amplitude should be = 80 mV rms. For
minimum response time, PPL filter capacitors Cop and
Cop should be:

130
fo (H2)

Coa =CoB = uF

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

The practical matching and tracking tolerances of indi-
vidual units limit the minimum bandwidth to =4% of fg.

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 adja-
cent 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 band-
widths. In this manner, the total detection bandwidth
can be increased to 24 % of center frequency. To main-
tain uniform response throughout the pass band, the in-
put signal level should be =80 mV, rms, and the re-
spective pass-bands of each section should have
=3% overlap at center frequency.

TONE TRANSCEIVER

The XR-2567 can be used as a full-duplex tone trans-
ceiver by using one section of the unit as a tone detec-
tor and the remaining section as a tone generator.
Since both sections operate independently, the circuit
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Figure 25. Wide-Band Tone Detection

can transmit and receive simultaneously. A recom-
mended 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. The
transmitter section can be keyed “on” and “off” by ap-
plying a pulse to pin 8 through a disconnect diode D1.
The oscillator section of Unit B will be keyed “off” when
the keying logic level at pin 8 is at a “low” state.

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 recommended circuit connection for this ap-
plication 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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XR-1000-1008

General Purpose Low Pass Filter

GENERAL DESCRIPTION

The XR-1000 is a general purpose 4th order low pass
filter utilizing switched capacitor (SCF) circuit tech-
nigues. XR-1000 is available in several options provid-
ing Butterworth or Chebyshev filter responses. The
Chebyshev option is also available with passband ripple
specifications of 0.01, 0.1, or 1.0 dB specifications.

The SCF techniques used provide a clock tunable cut-
off frequency, with either 50:1 or 100:1 clock to cutoff
frequency ratios available. The clock may be externally
generated or an on-board Schmitt trigger is supplied for
providing an internal clock with an external resistor/
capacitor combination.

The XR-1000, utilizing CMOS technology, is available in
either a 14-Pin or 8-Pin DIL package.

FEATURES

Switched Capacitor Circuit Techniques

Single 5 Volt Operation

Low External Parts Count

No Precision Components Necessary

Low Power Operation

50:1/100:1 Clock to Cutoff Frequency Options
8-Pin/14-Pin Package Options

0.1 to 20 kHZ Cutoff Frequency Range
Internal/External Clock Operation

APPLICATIONS

General Purpose Low Pass Filters
Telecom Filtering

Medical Systems

Audio Applications

Data Acquisition Systems

ORDERING INFORMATION

Part Number Package Pins
XR-1000CP/CN Plastic/Ceramic 14
XR-1001CP/CN Plastic/Ceramic 8
XR-1002CP/CN Plastic/Ceramic 8
XR-1003CP/CN Plastic/Ceramic 8
XR-1004CP/CN Plastic/Ceramic 8
XR-1005CP/CN Plastic/Ceramic 8
XR-1006CP/CN Plastic/Ceramic 8
XR-1007CP/CN Plastic/Ceramic 8
XR-1008CP/CN Plastic/Ceramic 8

FUNCTIONA
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foLk/te

50/100
100
50
100
50
100
50
100
50

Operating Temperature Range

0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
0°C to 70°C
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ABSOLUTE MAXIMUM RATINGS

Power Supply V+ + |V—| 14 Volts
Power Dissipation
14-Pin 750 mW
8-Pin 500 mW
Derate Above 25°
14-Pin 6 mW/°C
8-Pin 2.5 mW/°C

Storage Temperature Range —-65°C to +150°C

PIN DESCRIPTIONS

V+, V—,—The power supplies are applied to these
pins. The XR-1000 series will operate over a range of
5V to 14V with a single supply, or £2.5V to + 7V for du-
al supplies.

Filter in—The raw signal, biased to mid-supply or capac-
itively coupled, is applied to this pin.

Clock Input (CLK IN)—A dual purpose Schmitt trigger, ac-
cessed at this pin, aids system flexibility by allowing ei-
ther an external CMOS level clock or generation of an
internal clock signal (self clocking) with an external re-
sistor and capacitor. See CLK R for further information.

Clock Resistor (CLK R)—A TTL level clock may be applied
here. Alternately, a resistor connected between CLK R
and CLK IN and a capacitor from CLK IN to ground, al-
lows self clocking operation with the internal Schmitt
trigger.

Leve! Shift (L.SH)—The level shift pin provides clock se-
lection and switching thresholds. The voltage at L.SH
determines the threshold of the clock level shift stage,
which converts either external TTL, external CMOS, or
the internally generated clock signal to full V+ to V—
excursions. Comparison threshold voltage level is two
volts above the voltage on L.SH. For TTL clocks, L.SH
should be held at power supply ground and dual sup-
plies of +5V or greater must be employed. For CMOS
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or internal clocking, connect L.SH to V— (or ground,
with single supplies). Forcing L.SH to V+ disables the
filter.

Analog Ground (AGND)—The analog, or signal ground
should be directly connected to system power supply
ground for dual supply operation. This pin is internally
biased to (Vt + V—)2, and should be heavily by-
passed with capacitors to power supply ground for sin-
gle supply operation. In noisy environments, perform-
ance may be improved with an additional bypass ca-
pacitor to V+.

Filter Out—The filter output will typically source 3 mA
and sink 0.9 mA. With a 5kQ or larger load resistance,
the output will typically swing to within 1V of either sup-
ply.

Frequency Ratio Select (50/100)—(XR-1000 only) The
clock to center frequency ratio is determined by this
pin. When tied to V*+, the ratio is 50:1, when tied to
V—, 100:1 operation is selected.

Filter Response Select (RLO and RL1)—(XR-1000 only) The
desired filter response is selected by programming
these pins. Logic 1is V+, logic 0 is V. Table 1 depicts
the programming necessary to select the various op-
tions available from the XR-1000.

Table 1. XR-1000 Programming

RLO | RL1 | 50/100 | RESPONSE | RIPPLE | fork/fc
0 0 0 Butterworth X 50:1
0 0 1 Butterworth X 100:1
0 1 0 Chebyshev | 0.01 dB 50:1
0 1 1 Chebyshev | 0.01 dB | 100:1
1 0 0 Chebyshev | 0.1 dB 50:1
1 0 1 Chebyshev | 0.1dB | 100:1
1 1 0 Chebyshev | 0.5dB 50:1
1 1 1 Chebyshev | 0.5dB | 100:1




722 EXAR

ADVANCE INFORMATION

XR-2103

FSK Modem Filter

GENERAL DESCRIPTION

The XR-2103 is a Monolithic Switched-Capacitor Filter
designed to perform the complete filtering function
necessary for a Bell 103 Compatible Modem. The XR-
2103 is specifically intended for use with the XR-14412
Modulator/Demodulator to form a complete stand
alone two-chip modem. In addition to complete high
and low bandpass filters, the XR-2103 contains internal
mode switching, auto-zeroing limiter and dedicated du-
plexer op amp. An on board carrier detect circuit is al-
so0 included to complete the overall system. Designed
for crystal-controlled operation, the XR-2103 may oper-
ate from a 1.0 MHz or 4.0 MHz crystal or external
clock. A 1 MHz buffered clock output is provided for the
XR-14412. A seli-test circuit is included.

The XR-2103, available in a 20 pin package, utilizes
CMOS technology for low power operation with a sup-
ply voltage range from 4.75V to 15V.

FEATURES

Single 5 Volt Operation

4.0 MHz/1 MHz Clock Input—Siaveable
Complete On Board Output Active Filters
Low Supply Current

Internal Answer/Originate Mode Switching
Programmable Input Receive Gain
Carrier Detect Output

Active Duplexer

APPLICATIONS
Bell 103 Transmit/Receive Filtering

Complement to XR-14412 or other Modulator/
Demodulators

ABSOLUTE MAXIMUM RATINGS

Power Supply 16V
Power Dissipation 1.0W

Derate Above 25°C 5.0 mW/°C
Operating Temperature 0°C to 70°C

Storage Temperature
Any Input Voltage

-65°C to 150°C
(VDD + 0.5V) to (Vg —0.5V)
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2103CP Plastic 0°C to 70°C
XR-2103CN Ceramic 0°C to 70°C

SYSTEM DESCRIPTION

The XR-2103 internally consists of four main signal
blocks. They are: input and output multiplexers to route
the transmit and receive signals to the proper filter and
output, according to the mode input; high and low band
filters, 6 poles each, to perform precise bandpass filter-
ing; output RC active filters to perform output recon-
struction and filtering; carrier detection circuit for sys-
tem interfacing.

An input amplifier with programmable gain is provided
for the receive signals. The XR-2103 contains an inter-
nal clock oscillator which accepts either a crystal or an
external oscillator of 1 MHz or 4 MHz.
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ELECTRICAL CHARACTERISTICS

Test Conditions: Vpp = 5V, Vgg = OV, X|N =

4.0 MHz, Xgg| = VDD, Ty = 25°C, unless otherwise specified.

SYMBOL PARAMETERS MIN TYP MAX UNIT CONDITIONS
Vbp Power Supply Voltage Range 4.75 15 V' Vgs = 0
IDD Power Supply Current 8 10 mA Vpp = 5V
35 Vpp = 15V
ANALOG SECTION RECEIVE AMPLIFIER
Vos Offset Voltage -50 50 mV
AoL Open Loop Gain 66 dB RL = 100k
B Input Bias Current 1 pA
SR Slew Rate 2 Vius
Output Swing 3 45 Vp-p RL = 100k to GND (Pin 2)
DUPLEXER
Isolation 20 dB Ro = Line Resistance = 600
Output Swing 3 45 Vp-p
Vos Offset Voltage —-100 100 mv
LIMITER
Output Symmetry Error +15 +2.0 % Cc = 1 pf Deviation from 50%
Output Swing 4 Vp-p RL = 1 meg Duty Cycle
Output Current 100 uA RL = 1k
CARRIER DETECT
Vih Threshold Voltage —-48 dBM Receive Amplifier Gain = 14 dB
Hysteresis 2 4 6 dB
ton Turn On Time =100 msec | Cgg = 0.1 uF, Vih = —48 dBM
toff Turn Off Time <100 msec
LOW BAND FILTER
fo Center Frequency 1160 1170 1180 Hz
BW Bandwidth 500 Hz
Vis Full Scale Input 2.5 Vp-p
r Pass Band Gain 3 4 5 dB
DR Dynamic Range 50 dB
PSRR Power Supply Rej. 15 dB f=2KHz
Pass Band Ripple 2 dB p-p 1070 Hz-1270 Hz
High Band Rejection 40 dB 2025 Hz-2225 Hz
GD Differential (Group) Delay 200 500 us
Clock Feedthrough -60 dBvV
HIGH BAND FILTER
fo Center Frequency 2105 2125 2145 Hz
BW Bandwidth 500 Hz
Vis Full Scale Input 25 Vp-p
r Pass Band Gain 3 4 5 dB
DR Dynamic Range 50 dB
PSRR Power Supply Re;j. 18 dB f=1kHz
Pass Band Ripple 2 dB p-p 2025 Hz-2225 Hz
Rejection 40 dB 1070 Hz-1270 Hz
GD Differential Delay (Grp.) 200 500 us 2025 Hz-2225 Hz
Clock Feedthrough —-60 dBv 62.5 kHz
TRANSMIT
Vos DC Offset Voltage 100 mV
QOutput Swing 2.2 Vp-p Ro = Line Resistance = 600Q
Output Current 1.2 mA
DIGITAL CMOS LOGIC LEVELS (Vpp = 5V, Vgg = 0V)
Vih Input Voltage 2.75 3.5 \ ‘1’ Level
Vi Input Voltage 1.5 2.25 v ‘0" Level
loh Output Current 500 pA ‘1" Level CLK OUT
lol Output Current 1000 kA ‘0’ Level CLK OUT
loh Output Current 100 A ‘1" Level X OUT
lol Output Current 200 pA ‘0’ Level X OUT
fo Clock Frequency 1.0 4.0 MHz
fx Crystal Frequency 1.0 4.0 MHz
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OPERATING PRINCIPLES

The XR-2103 contains all the filtering and multiplexing
functions necessary for a Bell 103 type (300 baud) FSK
modem. A complete modem requires only the XR-2103,
the XR-14412, and telephone line interfacing hardware.
A description of the main functional blocks follows.

Bandpass Filtering: Two six pole, 500 Hz bandwidth
switched capacitor filters, designed for Bell 103 stan-
dard center frequencies of 1170 Hz (low band) and
2125 Hz (high band), constitute the main portion of the
device. Both filters feature +4 dB passband gain,
50 dB dynamic range, and more than 40 dB opposite
band rejection. Filter response curves are depicted in
Figure 3. On board multiplexing allows using these filt-
ers for both transmitting and receiving. Active low pass
filters reconstruct the time sampled output signals,
characteristic of switched capacitor filters, and attenu-
ate the unwanted energy above 15 kHz.

Duplexer: An operational amplifier is employed as an
active two to four wire converter (duplexer). The two
phone wires are “split” into transmit and receive com-
ponents for proper processing; the transmit output
from Pin 8 is applied to the lines through a resistor and
the received signal is drawn from the line and routed in-
to a preamplifier. Transmit energy appears as a com-
mon mode signal, hence does not appear on the du-
plexer output. The received signal, meanwhile, is ampli-
fied by two. Isolation is maximized when the transmit
injection resistor (between Pins 6 and 8) is equal in
magnitude to the phone line impedance (600 2 nomi-
nal). Transmit signal levels are typically —9 dBm. Re-
ceived signals can vary over a 50 dB dynamic range.

Received Carrier Amplifier: An operational amplifier, with
its inverting input on Pin 20 and output on Pin 3, serves
as a received carrier amplifier. Duplexer output (Pin 7)
is routed to Pin 20 through a 100 kQ or larger resistor.
Gain, typically 5 (14 dB), equals the ratio of the feed-
back resistor (Pin 3 to Pin 20) to the input resistor (Pin 7
to Pin 20)The non-inverting input is internally biased to

XR-2103

one half supply. The amplifier features open loop gain
of 66 dB, output swings of 4.5 Vp-p, and a slew rate of
2Vlus. This pin-out allows flexible signal processing ca-
pabilities: for example, an input low pass filter for elimi-
nating aliasing is easily achieved.

Auto-Zeroing Limiter: An automatic offset zeroing com-
parator (limiter) compensates for errors caused by sys-
tem offset voltages and currents, and converts the re-
ceived carrier into an accurate 50% duty cycle wave-
form. The resultant square wave on Pin 16 is at digital
logic levels and can interface directly with the modu-
lator/demodulator circuit.

Carrier Detector: An on board carrier detection circuit
simplifies total system interfacting. Carrier detect out-
put (Pin18) pulls low when a suitable signal is received.
With 14 dB of gain in the receiver preamplifier, the
threshold level is —48 dBm and has 4 dB of hysteresis.
Turn on/off delay time is externally programmable by a
capacitor from Pin 19 to ground. A 0.1 uF unit yields
100 ms; delay is directly proportional to capacitance.

Clocking: Filter frequency accuracy is directly related to
the clock frequency. The device operates within specifi-
cations with a 1 MHz clock, provided by either a 1 MHz
or 4 MHz crystal (divided down internally) or by sharing
the 1 MHz clock signal from the XR-14412. The device
will operate at other clock frequencies, but the filter
center frequencies will differ. The crystal and a parallel
10 MQ resistor are attached between Pins 11 and 12.
The crystal should be series resonant with a shunt ca-
pacitance less than 9 pF. Pin 13, when high, divides the
input frequency by 4; when low, the internal prescaler
is bypassed. Pin 10 is the clock output for interconnec-
tion with other devices.

Self Test: An on board self test diagnostic activates an
analog loop-back mode: the transmit carrier is routed
through the proper filter and back through the receive
carrier preamplifier and filters, allowing performance
verification of all systems.
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APPLICATIONS

The Bell 103 compatible modem of Figure 4 consists of
the XR-2103 FSK modem filter and the XR-14412 FSK
modulator/demodulator. Designed for full duplex 300
baud operation, the circuit requires only telephone line
and computer interfacing. The entire system uses a
single 5V supply, and performs both answer and origi-
nate functions. Answer/Originate selection is controlled
by the mode input; low inputs select answer, high se-
lects originate.

The telephone line is connected via an isolation trans-
former to the duplexer input (Pin 6) of the XR-2103. A
resistor, equal to the line resistance, attaches from Pin
6 to the transmit output (Pin 8) and couples the transmit
signal to the line. The received signal is removed from
the line via the duplexer (also called a “two to four wire
converter” or “hybrid”). Duplexer output is coupled
through the receive carrier preamplifier into the multi-
plexer, where the proper band pass filter is selected.
Transmit energy is seen as a common mode signal and
does not appear on the duplexer output.

If the system is in the originate mode (mode pin pulled
high), the received signal passes through the low band
filter. Then, the sampled signal is reconstructed by an
on board RC active low pass filter and is fed into the

AAA-
VW

100K

AAA.

510K

XR-2103

limiter and carrier detect circuit. Carrier detect output
(Pin 18) pulls low after a 100 ms delay, controlled by the
0.1 uF capacitor on the Ccp pin (Pin 19). The limiter cir-
cuit compensates for circuit imperfections (offset volt-
ages, etc.), and outputs a 50% duty cycle waveform to
the demodulator input (Pin 1) of the XR-14412. The de-
modulated data appears on Pin 7 of the XR-14412.

Transmit data is applied to the modulator input (Pin 11)
of the XR-14412. Depending on mode, originate or an-
swer, the data modulates either the high or low band.
The modulated signal exits Pin 9 and is applied to the
transmit multiplexer input (Pin 5) of the XR-2103; is fil-
tered, reconstructed, and sent into the duplexer and
the phone line.

One shared time base is employed: here, the oscillator
of the XR-2103 serves both devices. Buffered output is
routed from Pin 10 of the XR-2103 into Pin 4 of the
XR-14412. With a 1 MHz crystal, the oscillator divide by
four prescaler is bypassed—Pin 13 is held low. With
Pin 13 high, a 4 MHz crystal is used.

This circuit requires no adjustments. With suitable tele-
phone line coupling and data system interfacing, this
modem realizes its goals of high performance and reli-
ability at low cost.
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XR-2120

PSK Modem Filter

GENERAL DESCRIPTION

The XR-2120 is a self-contained bandpass filter set de-
signed for realization of Bell 212A compatible 1200 bits/
sec PSK. Modems. The XR-2120 utilizes CMOS tech-
nology and switched capacitor circuit techniques to
minimize external components to a single crystal or fre-
quency source. Contained in the device are two com-
plete bandpass filters centered around the Bell stan-
dard 1200 Hz and 2400 Hz send and receive frequen-
cies. These filters also provide compromise line
equalization. Additional features included are digitally
programmable transmit and receive gains as well as in-
put anti-aliasing and complete output smoothing filters.
Separate Vgg pins for transmit, receive, and digital sec-
tions are provided to minimize crosstalk.

The XR-2120, available in a 22-Pin package (0.4 inch
wide), is designed to operate from a single 12 volt or
dual 6 volt supplies.

FEATURES

On-board Crystal Oscillator With Buffered Output
Internal Anti-aliasing Filters
Complete On-board Output Active Filters
Digitally Programmable Transmit and Receive Gains
MODE Input Internally Switches Filters

for Answer/Originate
Single or Split Supply Operation
Center Frequencies Movable with Input Clock
High-Impedance Inputs (100 kw min)
Low Supply Current
1% Center Frequency Accuracy
Separate CLK IN and CLK OUT Pins

APPLICATIONS
Bell 212A Transmit/Receive Filtering

Answer Back Signal Filtering

ABSOLUTE MAXIMUM RATINGS

Power Supply 16V
Power Dissipation 1.0W

Derate above 25°C 5 mWi/°C
Operating Temperature 0°C to 70°C

Storage Temperature —65°C to 150°C
Any Input Voltage (VDD + 0.5V) to (Vgg —0.5V)
DC Current Into Any Input +1 mA

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2120CN Ceramic 0°C to +70°C
XR-2120CP Plastic 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-2120 is comprised of four main signal blocks:
The digitally programmable gain amplifier, an input anti-
aliasing switched capacitor filter, switched capacitor
bandpass filters at 1200 Hz and 2400 Hz, and output
RC active filters. These sections serve to: (1) Amplify
and condition incoming signals, (2) remove noise which
can cause aliasing problems in the bandpass filters, (3)
provide very precise bandpass filtering and phase com-
pensation, and (4) perform output reconstruction and
filtering. To perform these necessary filtering and phase
compensation functions, a total of 48 poles are used in
the XR-2120.

The programmable gain stages provide 4 selectable
gains for transmit or receive. Separate clock output and
input pins are provided for flexibility.



XR-2120
ELECTRICAL CHARACTERISTICS

Test Conditions: Vpp = 6V, Vgg = —6V, X|N = 4.032 MHz (CLK IN = 1.008 MHz), Ty = 25°C, unless otherwise

specified.
SYMBOL | PARAMETERS | mn [ e wax | uwir | CONDITIONS
DIGITAL SECTION
CLK OUT | CLK OUT Drive Capability 50 pF
Iy Digital Input Current 1.0 wA DC
ViL Digital Input Voltage Vss Vss+2 v For “0” Level
ViH Vdd—-2 Vad Y For “0” Level

ANALOG SECTION

foL Filter Center 1190 1200 1210 Hz Low Band
foH Frequencies 2380 2400 2420 Hz High Band
BW 3 dB Bandwidth 960 Hz Either Band
Ry Input Impedance 100K Ohms
C Input Capacitance 10 pF
fg Anti-Aliasing Filter

Sampling Frequency 504 kHz
fsB High/Low Band

Sampling Frequency 126 kHz

Tran/Recv Output 10K Ohms
Drive Capability 50 pF
Output Clock Feedthrough 2 mV rms | at 126 kHz
€0100 Output Noise 160 pV rms | In Passbands (100 Hz BW)
€01000 Output Noise 700 pVrms | In Passbands (1 kHz BW)
€irange Dynamic Range of Filters 85 dB Note 1
Vogw Output Voltage Swing 7.2 8.2 V pp Note 2
2ndHarm | 2nd Harmonic Content —-60 dB fiIN = 1200 Hz
Referenced to Fundamental
Tsw Mode Switching 10 ms
IpD Supply Current 18 27 mA
Vsup Supply Voltage Range +4.75 +6 +7.5 v Vqd Reference to Vgg
9.5 12 15.0 \Y

Note 1: Dynamic range is defined as: eirgnge = 20 Log (Vogw/€o).
Note 2: Vog,y is the maximum output swinggbefore output clipping occurs.
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PRINCIPLES OF OPERATION

Figure 1 shows the typical connection for the XR-2120
in a split supply configuration. In this mode, Pins 4, 10,
and 13, are simply tied to ground. For single supply op-
eration, Pins 10 and 13 internally bias to half supply and
should be externally bypassed with 2.2 uF capacitors.
Pin 4 does not internally dc bias, however, Pin 10 or 13
can provide it with a half supply bias point. In this con-
nection, a 10 k2 resistor should be used between Pin 4,
and Pin 10 or 13, with Pin 4 bypassed with a 2.2 uF ca-
pacitor.

Signal flow is illustrated as shown in Figure 2. The
transmit or receive signal will follow a path through four
internal blocks. First it passes through a digitally pro-
grammable gain stage. The gain, as a function of a 2-Bit
digital input, is shown in Figure 3. Next, the signal
passes through a two-pole anti-aliasing low-pass filter
at 12 kHz. This is used to remove noise around the
main filter switching frequency of 126 kHz. The anti-
aliasing filter is also a sampled-data filter, but is switch-
ed at a much higher rate of 504 kHz. It is necessary,
therefore, to ensure that wideband noise above 252 kHz
is not present at the inputs. In noisy environments a sin-

gle noise pole RC filter at 30 kHz is usually sufficient for
filtering input noise. The third signal block is the main
bandpass filtering section at 1200 Hz or 2400 Hz, de-
pending on the mode selected. The last section is the
output smoothing filter; a two-pole RC active filter used
to reconstruct the signal from its sampled data form.

The mode input pin is used to direct the transmit and re-
ceive signals to the appropriate filter section. Figure 4
shows mode selection logic convention.

The XR-2120 is designed to be operated with a 4.032
MHz crystal between the Xy and XoyTt pins. The
4.032 MHz is divided by four and output on the CLK
OUT pin, Pin 22. For normal operation, the CLK OUT is
tied to the CLK IN pin, Pin 21; however, the bandpass
center frequencies can be decreased by providing a di-
vider between these two pins. An external CLK can be
used by inputing a 1.008 MHz clock into the CLK IN pin,
or a 4,032 MHz clock into the XN pin.

Figure 5 shows circuitry suitable for translating TTL sig-
nals to the CMOS levels required by all XR-2120 digital
inputs. The amplitude and group delay characteristics
of the XR-2120 are shown in Figures 6 through 8.

EQUIVALENT SCHEMATIC DIAGRAM
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Figure 3. Gain Prraramming (Nominal Gain as shown in Fig. 6)
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MODE PIN TRANSMIT RECEIVE TERMINOLOGY
1 Low Band High Band Originate
0 High Band Low Band Answer

Figure 4. Mode Selection Logic

+5V 0O O +6V
XR-2120
- XR-2120
TTL OR EQV. L TTL l =
DEVICE -L- = DpeEviCEL A 0 -6V

(A) SINGLE SUPPLY (B) SPLIT SUPPLY

Figure 5. TTL Interfacing of Digital Inputs

10 FREQUENCY ¢+ 1Hz RELATIVE GAIN (dB) NOTE 1
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800 450 + 030
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1300 45514050
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-50 2100 347080
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 2600 PSS
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4000 <30

NOTE 1: BO- B3 = LOGIC 0

Figure 6. High and Low Band Amplitude Response
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XR-2120A

212A/V.22 Modem Filter

GENERAL DESCRIPTION

The XR-2120A is a filter system for performing the com-
plete filter function for Bell 212A or CCITT V.22 type
modems. The XR-2120A supplies both transmit and re-
ceive filtering functions for the standard 1200 Hz and
2400 Hz 212A/V.22 carrier frequencies. Also supplied
are mode switching, internal clock generators, input
anti-aliasing filters, output reconstruction filters, and
digitally controlled transmit and receive gains. Addition-
al features included are CCITT notch filters, additional
pin selectable equalization for worst case phone lines
and complete analog loopback function.

The XR-2120A utilizes silicon gate CMOS technology
and switched-capacitor circuit techniques to minimize
external components and enhance overall perform-
ance.

The XR-2120A, available in a 24-Pin Package, is de-
signed to operate from dual 5 volt or a single 10 volt
power supply.

FEATURES

1200 Hz/2400 Hz Transmit and Receive Bandpass
Filters

Mode Switching for Answer/Originate

Internal Anti-Aliasing Filters

Complete On-Board Output Reconstruction Filters

Self-Contained Analog Loopback Function

Digitally Programmable Transmit and Receive Gains

Additional Pin-Selectable Equalization for Worst Case
Phone Lines

Single or Split Supply Operation

Low Supply Current

CCITT Notch Filter (1800 Hz)

Center Frequencies Movable with Clock Input

APPLICATIONS

Bell 212A/CCITT V.22 Transmit and Receive Filtering
Answer Back Signal Filtering

ABSOLUTE MAXIMUM RATINGS

Power Supply 11V
Power Dissipation 1.0W

Derate Above 25° C 5 mW/°C
Operating Temperature Range 0° C to 70°C

—65° C to 150°C
Vgg—0.3V to Vpp +0.3V

Storage Temperature Range
Any input Voltage
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ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2120ACN Ceramic 0°C to 70°C
XR-2120ACP Plastic 0°C to 70°C

SYSTEM DESCRIPTION

The XR-2120A is made up of five main signal blocks;
Digitally programmable gain transmit and receive am-
plifiers, input anti-aliasing filters, switched capacitor
bandpass filters centered at 1200 Hz and 2400 Hz, out-
put RC active filters, and 3600 Hz oscillator and mixer.
These blocks serve to (1) Amplify and condition incom-
ing signals, (2) Remove noise and signals which may
cause aliasing problems in the bandpass filters, (3) Pro-
vide precise bandpass filtering and phase equalization,
(4) Provide output reconstruction and filtering, and, (5)
Perform analog loop back functions.



ELECTRICAL CHARACTERISTICS
Test Conditions: Vpp = 5V, Vgg = —5V, X|N = 1,8432 MHz, Ty = 25°C, unless otherwise specified.

XR-2120A

SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS
VbD Power Supply 4.75 5.0 5.25 \
Vsg Voltage 475 -5.0 -5.25 v
IDD Power Supply 20 40 mA
Iss Current -20 —-40 mA
DIGITAL SECTION
CLK OUT CLK OUT Drive Capability 50 pF
Iy Digital Input Current 10 pA VIN = Vpp or GND
ViH Input High Voltage 2.4 v
ViL Input Low Voltage 0.8 \Y
VOH Output High Voltage 26 v IOH = 400 uA
VoL Output Low Voltage 0.5 v loL = 1.6 MA
ANALOG SECTION
fol Bandpass Center 1190 1200 1210 Hz See Note 1
fob Frequencies 2380 2400 2420 Hz See Note 1
BW 3 dB Bandwidth of Filters +480 Hz Either Band
‘ See Note 1
Avt Transmit Gain at 5 6 7 dB Ayt = HIGH
Avt Center Frequency 14 15 16 dB Ayt = LOW
Ayr Receive Gain at 10 11 12 dB Ayr = LOW
Ayr Center Frequency 19 20 21 dB Ayr = HIGH
Ri Input Impedance 100 Kohm
Gj Input Capacitance 10 pF
ej range Input Dynamic Range 80 dB RL = 600 ohm
Vo swing Output Voltage Swing 7.2 8.2 Vp-p
CHSEP Channel Separation 60 dB See Note 2

Note: 1. Filter Characteristics Shown in Figure
2. Test Circuit Shown in Figure
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722 EXAR

Modem Basics

GENERAL INFORMATION

The modem or medulator/demodulator serves as the inter-
connecting link for digital equipment to communicate
over telephone or cther wire media. As shown in Figure
1 the modem encodes (modulates) incoming binary da-
ta into signals suited for transmission over the available
media.

Conversely on the opposite end, the other modem de-
codes (demodulates) the received signals from the line.

MODULATION TECHNIQUES

Many types of encoding formats are used in modems,
with the speed of the modem and type of media usually
the determining factors. here the two most popular will
be discussed, FSK and PSK.

FSK or frequency shift keying, illustrated in Figure 2, en-
codes binary data into two discrete frequencies.

i fi : ~ ; ENCODING
In this figure, Rxdo (received data) would be identical to
that of Txd¢ and Rxdq equal to Txdp. That is a properly STANDARD SPEED OPERATION  TECHNIQUE
operating moqem receiving an encoded signal vyogld 103 0-300 BPS  Full-Duplex FSK
reproduce at its output exactly what the transmitting 201 1200 BPS Half-Duplex PSK
modem had at its Txd input. The modem initiating the 202 1200 BPS Half-Duplex ESK
“conversation” is termed the originate and the receive 212A 0-300 Full-Duplex FSK
modem the answer. Figure 1 illustrates modems which 1200 PSK
have the ability to communicate both directions, which ®)
when able to do simultaneously is known as full-duplex
operation. This same communication in both directions V.21 0-300 BPS Full-Duplex FSK
but only one direction at a time is half-duplex operation. V.22 1200 BPS Full-Duplex PSK
Communication in only one direction is simplex opera- V.23 1200 BPS Half-Duplex FSK
tion. These modes of operation can be likened to a tele- 75 BPS
vision for simplex, a CB which has to be keyed to talk for V.26 2400 BPS  Half-Duplex PSK
half duplex and a telephone for full duplex where both (B)

parties can talk at once.

Modem speeds of transmitting and receiving are speci-
fied in BPS (bits per second). This term describes the
number of binary data bits that can he transmitted per
second. For low speed modems, baud rate is inter-
changeably used in place of BPS. Low speed modems
are usually those with 0 to 1200 BPS, medium speed for
2400 to 9600 BPS, and those above 9600 BPS high
speed. Most modems are generally classified accord-
ing to which Bell (US) or CCITT (European) standard they
conform to. This standard indicates the modem speed,
operation and encoding technique used. Figure 2
shows the most popular low and medium speed stan-
dards used.

Figure 2. Popular Bell (A) and CCITT (B) Standards

BINARY I -0

DATA

'
1 Fuan Fseace |

Figure 3. FSK Encoding

BINARY DATA TO BE PHONE LINE OR

TRANSMITTED OTHER MEDIA
U mEgigh
DIGITAL T T DIGITAL
2

EQUIPMENT xD1 XD2 | PME

NO. 1 MODEM NO. 1 MODEM NO. 2 ng; NT

ueo, TERMINAL [~ o™ Ry D1 rww Rxp2 L e TERMINAL
RECEIVED BINARY DATA ENCODED

LINE SIGNAL

Figure 1. Modem System Block Diagram
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The pair of frequencies used in the FSK scheme are
chosen to be within the bandwidth of the media used.
For example; the telephone line has a bandpass char-
acteristic with the low frequency cutoff of about 300 Hz
and a high frequency cutoff of about 3 kHz. For the tele-
phone line the FSK frequencies would have to both fall
within its 300 Hz to 3 kHz frequency restriction. With
the FSK scheme the higher frequency is known as the
Mark frequency and the lower the Space.The placing of
the frequencies, as mentioned, strongly depends on
the media bandwidth, however, the spacing between
the mark and space frequencies also depends on the
demodulation techniques used. For PLL (Phase-Locked
Loop), demodulation, described in subsequent sec-
tions, the following relationships must be met:

A. For wide mark-space deviations (close to 2 to 1)
fmark-fspace = Af = baud rate (BPS) X .83

B. For narrow spacing
fmark - fspace = Af = baud rate (BPS) X .67

In full-duplex systems two mark/space frequency pairs
must be used, one for answer mode and another for
originate. This is necessary because of the simulta-
neous two way communication for full-duplex opera-
tion. The phase of the frequencies, one relative to the
next, of mark to space or space to mark transitions can
be either coherent or noncoherent. Coherent indicating
that the phase is continuous on frequency transitions or
the phase of the “new” frequency takes over where the
“old” left off. Noncoherent indicating the phase of the
new frequency has no relationship to that of the old.
Here again the demodulation technique used being the
determining factor of the necessity of phase coherency.
PLL demodulation is one popular scheme requiring
phase coherent FSK signals.

The other popular encoding scheme used is PSK or
phase shift keying. Here a constant carrier frequency is
used with the relative phase of it indicating the “value”
of the binary data bit. Because the relative and not ab-
solute phase of the carrier is important, most PSK
schemes are DPSK or dibit PSK. DPSK measures the
phase of the carrier in two successive bit frames in or-
der to determine the phase change. Figure 4 illustrates
PSK encoding, with Figure 5 listing the phase shifts and
dibit values of two popular PSK modems.

PSK operates in either SYNC (synchronous) or ASYN
(asynchronous) formats. Sync systems use a transmit
clock from the digital equipment to clock data out and
maintain synchronization. In this format the data
stream itself has no synchronizing information. In
ASYNC systems, there is no timing signal from the digi-
tal equipment to the modem. Here synchronization and
timing information is derived from start and stop bits
placed in the data stream bracketing each character.
Timing is maintained by the modem inserting or remov-
ing stop bits. Figure 6 illustrates a terminal connected
to a SYNC system in (A) and ASYNC system in (B). Dif-
ferent character lengths are used, with Bell 212A hav-
ing options for 9 or 10 bit lengths, or 7 or 8 data bits
each with one start and one stop bit.

o 17

e FAME . '
BINARY ] ]
DATA \ ]
H !
H |
MW
ENCODED
CARRIER
CONSTANT
ThrouENCY e o 190° 0 "

Figure 4. PSK Encoding

STANDARD  BELL 212A/V.22

Phase Shift 0° +90° —90° +180°
Dibit Value 01 00 1" 10

Figure 5. Popular Phase Shifts and Dibit Values

BELL 201/V.26

45° 135° 225° 315°
00 o1 11 10

TRANSMIT CLOCK.
Tx DATA
Tema P e—t
Rx oATA
oaoo
ooo -
ooo Pyl l '
v v h
oara — 1 L
ASYNC
TERMINAL Tx DATA Tore
synC
CONV.
sYNC ume
Px DATA SYNC MoDEM
TO
ASYNC
CONV.
ooo | H
ooo
agoo

START [
BT

" LXK

Figure 6. SYNC and ASYNC Formats
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Figure 7
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DEMODULATION TECHNIQUES

Once data has been encoded onto a carrier, Txcar, by
the modulator in either FSK or PSK formats, the receiv-
ing modem (answer mode) must decode or demodulate
this received carrier, Rxcar. For FSK encoding, analog
and digital techniques are used for demodulation. Popu-
lar analog schemes often employ PLL type demodula-
tion. Using this method, illustrated in Figure 7, a PLL
locks to the incoming FSK frequencies and produces
two different DC error voltages at the phase detector
output. These voltages are compared to a reference to
indicate whether the incoming frequencies lie above or
below a reference frequency, or whether they are mark
(high) or space (low) frequencies.

A second phase detector (quadrature) is often added
whose output, when filtered and sliced, produces a car-
rier detector (CD) output. This output is active only when
the PLL is in lock, allowing an indication when valid da-
ta is present at Rx data.

PSK demodulators typically employ one of two popular
schemes, differential digital or coherent demodulation
techniques. The differential scheme examines zero
crossings to determine carrier phase. With coherent
demodulators internal PLL's are used to lock and to de-
termine the phase of the incoming carrier. Coherent
schemes usually provide better overall performance,
but at the sacrifice of higher circuit complexity and
cost.

The demodulator affects and determines several key
parameters of the modem. The demodulation process
adds several degradations to the other originally trans-
mitted data. One, Bias distortion, illustrated in Figure 8, is
easiest seen in an alternating 0,1,0,1... data pattern.
This pattern should have equal times for each bit, high
(1) and low (0) (T4t = Top)-

TRANSMITTED f
DATA

Tx DATA
fo— Tirx —ode— Torx —e

RECIEVED
DATA

Px DATA

TIRX ——ete TORX =]

Figure 8. Bias Distortion

Bias distortion describes how far from equal the re-
ceived data, Rxqgata, high and low times are:

TIRX
5 T7px + ToRx | 1

Output jitter is another parameter describing the quality
of the demodulation process. lllustrated in Figure 9
again with an alternating 0,1,0,1... data pattern.

¥ [0
X DATA FRAME —=
|
|

T e

Bias distortion =
(%)

-t

e

Ax DATA

Figure 9
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The output jitter is usually specified in percent, indicat-
ing what percentage of the bit frame the peak to peak
jitter is.

Jitter =
(%)

FILTER REQUIREMENTS

Filters in modems serve two functions; to filter the mod-
ulator output for band limiting and filtering of the re-
ceived carrier (Rxcar) before the demodulator. Figure
10 illustrates these filter functions.

RECEIVED CARRIER WiTH NOISE “CLEAN"
AND “LOCAL OSC 13

AT WaYaVs IT,MTJ
e KON

oA :* Txcan__| vransmir
FILTER TxoAta

Sanuumiren uonuuuo
RANSMIT CARRIER CARRIER
1LOCAL 0%}

Tmaximum — Tminimum
100
To

. "xoara

Figure 10. Transmit/Receive Filtering

The transmit filter is typically a lowpass or bandpass
structure. As this filter is used to bandlimit the modulat-
ed carrier, it is usually of low order (low number of poles
to zeros). The complexity is defined by the frequency
spectrum generated by the modulator and how well this
has to be confined on the media. For example; tele-
phone lines have restrictions as to the amplitude of fre-
qguency even above its narrow 3 kHz band width (see
FCC requirements).

The receive filter serves two functions: remove noise
from the received signal and more importantly remove
any local modulator signal which gets mixed with the
receiver carrier. Figure 11 illustrates the function of the
receive filter.

An additional block (duplexer) must be considered
when specifying the receive filter. The duplexer acts to
channel the received carrier from the media to the de-
modulator, A, and channel the transmit carrier to the
media, B (four to two wire conversion). Imperfections in
the duplexer allow some of the Txcar to get into the Rx-
car, C. Therefore, to maintain a good 8/N (signal to
noise) ratio at the demodulator input, Rxcar, the receive
filter must remove this unwanted local Txcar. An exam-
ple illustrates the consideration in terminating the com-
plexity of the receive filter. In this case, an FSK, Bell
103 Type, modem is examined, as shown in Figure 11,
with the following requirements:

Demodulator: fmark = 2225 Hz; fspace = 2025 Hz,
2225 Hz - 2025 Hz
fc = ——— = 2125Hz
2

Rxcar dynamic range = —10 dBm to
—48 dBm
s/n at Rxcar = 15 dB

Modulator: fmark = 1270 Hz, fspace = 1070 Hz,
fc = 1170 Hz
Txcar (B) = —9 dBm




o "xoata

T DATA

Figure 11. Modem Signal Paths

Because of line impedance variations, 6002 + 1009 or
more (telephone lines), the duplexer may only be able to
maintain 10 dB of Txcar ejection to the receive filter in-
put. Rxcar will contain more than -19 dBm of Txcar and
at a minimum, Rxcar = 54 dB [Path (A) has a 6 dB loss
due to termination]. If the receive filter has 0 dB pass-
band gain, to achieve a 15 dB s/n ratio at Rxcar the Tx-
car “bleed through” (Path C) attenuation is calculated
as follows:

at Rxcar: Signal = 54 dBm

Txcar (C) = -54 dBm -15 dBm = -69 dBm
Attenuation =

50 dB

-10 dBm - (-69 dBm) =

The filter requirements are illustrated in Figure 12.

Other requirements to consider are filter bandwidth,
which optimally is set close to the FSK baud rate, or
here 300 Hz (small bandwidths can alter the transmit-
ted carrier’s spectrum). The phase response or specifi-
cally group delay within the passband can degrade the
quality of the Rx data in terms of jitter. The group delay
(GD) is a measure of the difference in time it takes for a
mark or space frequency to pass through the filter. It is
calculated by taking the first derivative of phase, with
respect to frequency:

dé
GD = —
df
'Q—'ASS.AND—J
Of = — e = — T = !
L PN 1
BAND 1 1N 1
a ,I | : : \ I | ! RECEIVE FILTER
g ' H \ ] ] : (HIGH BAND)
Z [} | ] | ! | |
] ] [ L
] [ L
o ] | | |
- i il Vo !
L Y R
| | | ]
/ ! v AT
e

1070 1170 1270 202 2128 2225
FREQUENCY {(KHz)

Figure 12. 103 FSK Receive Filter

Typical differential group delay values for the 103 exam-
ple are 50 - 300 us over the pass band.

For full or half-duplex modems the receive filter can be
used for transmit filtering of the opposite band, shown
in Figure 13 (mode switching).

An additional filtering requirement for many modems
must be considered. This is the second harmonic con-

1-90

: w our o,
i % T
LS o—t-

Figure 13. Mode Switching

tent of the transmitted local carrier. An example of prob-
lems caused by the term are seen in the FSK 103 type
modem. If the local modulator is transmitting 1070 Hz,
the second harmonic content (2140 Hz) falls right in the
receive filter's passband. Therefore, the transmit filter
must attenuate this harmonic content to an acceptable
level.

PHONE LINE INTERFACING

The phone line interfacing has to couple the Txcar onto
the line while removing the Rxcar and channeling it to
the receiver. Figure 14 shows a simple acoustical con-
nection which uses the telephone’s internal carbon mi-
crophone and speaker.

MICROPHONE

DEMOD 0 Rxcar

FILTER

TELEPHONE
HEADSET

SPEAKER

] TRANSMIT
Txcar FILTER

Figure 14. Acoustical Coupling

In this connection the telephone headset itself acts as
the duplexer or 2 to 4 wire converter. Attenuation of Tx-
car to Rxcar should be infinite, but mechanical trans-
mission or bleed through may occur and should be con-
sidered.

Typically acoustical coupling is only used for FSK type
modems with low data rates,. 1200 BPS and down. This
is because of the poor quality carbon microphones
found in most telephones.

The other coupling configuration is the direct connect,
typically design DAA (Direct Access Arrangements). The
DAA, shown in Figure 15, serves to:

1. Provide DC isolation between modem and telephone

line-T1.
i—Tl -
‘Eﬁ" AT

Figure 15



2. Provide a ring detect to control the on/off hook
switch—may be manual.

3. Provide a DC current path during off—hook to
“hold” the Line—L1. This current is monitored by
the telephone company to indicate when someone
is connected to the line.

4. Provide transient protection—R1/Z4.

A hybrid transformer is often used in place of the differ-
entially connected op amp to perform the duplexer
function, shown in Figure 16.

The hybrid transformer, T4, provides better Txcar bleed-
through attenuation (typically 20 dB) but at additional
expense over the op amp duplexer.

"

FILTER OEMOD

MEDIA A

TRANSMIT
FILTER

Txcar

Figure 16
COMPLETE MODEM SPECIFICATIONS

Line signals received by the modem are often greatly
changed by the media from the originally transmitted
signal at the originating modem. With telephone com-
munications Bell specifies five different lines which ap-
pear in standard dial-up lines as shown in Figure 17.
Since which line will appear is totally unknown, the
worst case line (Bell 3002) is generally used for modem
evaluation.

From Figure 17 it can be séen that severe amplitude
variations can occur on received line signals. Typically
modems should function with received line signals from

[0 Txdets

ations. The dotted line in Figure 18 illustrates a compro-
mise line equalization to flatten the effective group de-
lay variation.

Direct connection to the telephone line requires FCC approval
as specified in Part 68 of the FCC regulations. One of
the main requirements of this FCC regulation is the
maximum in-band power levels over frequency bands
not only within the 300 to 3000 Hz line bandwidth, but
also above it be restricted to given levels. Figure 19
shows the maximum power levels to be put on the line.

Because modems communicate over vast distances of-
ten automatically operated, test facilities are often add-
ed. These test facilities are used to test the local mo-
dem as well as the distant one. Figure 20 illustrates
these functions.

l FIXED COMPROMISE EQUALIZER

ACTUAL GROUP DELAY

GAOUP CELAY

FREQUENCY (K1)

Figure 18. Group Delay Characteristics

Frequency

(KHz) 3.995104.005 4to 10 10to 25 25to 40 Above 50
Maximum -18 -16 -24 -36 —-50
Power Level

(dBm)

Figure 19. FCC Phone Line Restrictions

0 to -45 dBm (2.2V to 12.3 mVp-p). nxcan O feceve oEMoD R DATA
. . ANALOG l lm-ug
Group delay also can experience large changes. Figure LoOPBACK LooPRACK
18 shows the general shape of the group delay charac- o-—? _r.‘?_o
teristics as a function of frequency. Medium to high TacAR FILTER woo Tx0ATA
speed modems (PSK encoding) generally use some
kind of equalization to compensate for group delay vari- Figure 20. Test Facilities
BELL SCHEDULE 3002 C1 C2 c4 DCS-S#
Attenuation Characteristic 300 to 3000 Hz 300 to 2700 Hz 300 to 3000 Hz 300 to 3200 Hz 300 to 3000 Hz
(referenced to 1000 Hz) -3to +12dB -2to +6dB -2to +6dB —-2to +6dB —-1to +3dB

800 to 2600 Hz
1750 usec

Envelope Delay Distortion
(max. psec)

1000 to 2400 Hz
1000 psec

800 to 2600 Hz
1750 psec

1000 to 2600 Hz
500 usec

1000 to 2600 Hz
300 psec

1000 to 2600 Hz
100 psec

800 to 2800 Hz
500 psec

600 to 2600 Hz
300 usec

600 to 2600 Hz
1500 psec

500 to 2800 Hz
3000 usec

600 to 3000 Hz
1500 usec

500 to 2800 Hz
600 usec

500 to 3000 Hz

3000 psec

Figure 17. Bell Dial-up Line Characteristics
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EXAR CROSS REFERENCE TO MODEM TYPE

STANDARD
XR PART NUMBER FUNCTION BELL CCITT
XR-210 FSK Mod or Demod 103, 212A (FSK), 202, NS V.21, V.23, NS
XR-2211 FSK Demod 103, 212A (FSK), 202, NS V.21, V.23, NS
XR-2206 FSK Mod 103, 212A (FSK), NS V.21, V.23, NS
XR-2207 FSK Mod 103, 212A (FSK), NS V.21, V.23, NS
XR-14412 FSK Mod/Demod 103 V.21
XR-2103 FSK Filter 103
XR-2104* FSK Filter V.21
XR-2120 PSK/FSK Filter 212A, 103 V.22 (needs 1800 Hz notch)
XR-2120A PSK/FSK Filter 212A, 103 V.22
XR-2121 PSK/FSK Modulator 212A V.22 (no guard tone generator)
XR-2122 PSK/FSK Demodulator 212A .
XR-2123 PSK Mod/Demod 212A (PSK), 201 V.22, V.26, NS
XR-2125 Data Buffer 212A

NS = Non Standard
* No Data Available at Time of Printing

EXAR MODEM SUPPORT CIRCUITS

XR PART NUMBER FUNCTION

LINE INTERFACE

XR-1488 Quad Line Driver
XR-1489 Quad Line Receiver
OPERATIONAL AMPLIFIERS
XR-082/083 Dual Bipolar JFET Operational Amplifier
XR-084 Quad Bipolar JFET Operational Amplifier
XR-094 Quad Programmable Bipolar JFET Operational Amplifier
XR-095 Quad Programmable Bipolar JFET Operational Amplifier
XR-096 Quad Programmable Bipolar JFET Operational Amplifier

XR-146/246/346
XR-1458/4558

Programmable Quad Operational Amplifier
Dual Operational Amplifier

XR-3403/3503 Quad Operational Amplifier
XR-4136 Quad Operational Amplifier
XR-4202 Programmable Quad Operational Amplifier
XR-4212 Quad Operational Amplifier
XR-4739 Dual Low-Noise Operational Amplifier
XR-4741 Quad Operational Amplifier
TONE DECODERS
XR-567/567A Monolithic Tone Decoder
XR-L567 Micropower Tone Decoder
XR-2567 Dual Monolithic Tone Decoder
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XR-14412

FSK Modem System

GENERAL DESCRIPTION

The XR-14412 contains all the necessary circuitry to
construct a complete FSK modulator/demodulator
(MODEM) system. Included is circuitry for pin-
programmable frequency bands, either U.S. or foreign
(CCITT) standards for low-speed MODEMS. The
XR-14412 provides T2L-compatible inputs and outputs.
Included in the XR-14412 are features for self-testing
and an echo suppression tone generator. The XR-14412
utilizes complementary MOS technology for low-power
operation.

FEATURES

Simplex, Half-Duplex, and Full-Duplex Operation
Crystal Controlled

Answer or Originate Modes

Single Supply Operation

Self-test Mode

Selectable Data Rates—300, or 600 bps

T2L- or CMOS-Compatible Inputs and Qutputs
Echo Suppressor Disable Tone Generator

U.S. or Foreign (CCITT) Compatible

APPLICATIONS
Stand-Alone MODEMS
Remote Terminals

Acoustical Couplers
Built-in MODEMS

ABSOLUTE MAXIMUM RATINGS
Power Supply

XR-14412F 15V
XR-14412V 6V
Any Input Voltage Vpp + .5V toVgg — .5V
Output Current from any Pin 10 mA
(Except Pins 7 or 8)
Output Current from Pin 7 or 8 35 mA

—40°C to +85°C
—-65°C to +150°C

Operating Temperature Range
Storage Temperature Range
Power Dissipation

Ceramic Package 1000 mW
Derate Above Tp = +25°C 8.0 mW/°C
Plastic Package 625 mW
Derate Above Tp = +25°C 5.0 mW/°C
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FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Operating

Part Number Package Voltage Range

XR-14412FP Plastic 4.75V to 15V

XR-14412VP Plastic 475V to0 6V

XR-14412FN Ceramic 4.75V to 15V

XR-14412VN Ceramic 475V to 6V

SYSTEM DESCRIPTION

The XR-14412 is basically comprised of two main com-
ponents; the FSK modulator and demodulator. The
modulator serves to convert or encode incoming binary
data into two discrete frequencies. The pair of frequen-
cies generated are determined by which standard (US
or CCITT), and mode (answer or originate), are select-
ed. These frequencies are within a range suitable for
transmission over the telephone lines. The demodulator
performs the opposite function by decoding the re-
ceived pairs of frequencies into binary data. It also re-
sponds to those frequencies selected by the standard
and mode selected. All functions within the XR-14412
are digital and controlled by a master clock. This clock
is generated by an external crystal connected between
the OSCjN and OSCoyT pins. As well as being used in-
ternally by the 14412, the clock may be used to clock
other circuitry by using the OSCoyT pin.




XR-14412

ELECTRICAL CHARACTERISTICS

—40°C +25°C +85°C
VDD**
SYMBOL PARAMETERS Vde MIN | MAX| MIN TYP | MAX | MIN | MAX|UNIT
VoL |[Output Voltage “0” Level| 5.0 — 10.06| — 0 0.05| — 10.05| vdc
VIN=Vpp or 0 10 — |0.05| — 0 005| — [0.05
15 — ]0.05| — 0 005| — |0.05
VOH “1” Level| 5.0 495 | — |4.95 5.0 — | 495 | — | Vdc
VIN=0or Vpp 10 995 | — |9.95 10 — 1995 | —
15 1495 — [14.95 15 — {1495 —
ViL |Input Voltage* “0” Level Vdc
(Vo=4.5 or 0.5 Vdc) 5.0 — |15 | — 2.25 15 | — |15
(Vo0 =9.0 or 1.0 Vdc) 10 — |30 — 4.50 30 | — |30
(Vo=13.5 or 1.5 Vdc) 15 — |40 | — 6.75 40 | — |40
VIH “1” Level Vdc
(Vo=0.5 or 4.5 Vdc) 5.0 35 | — |85 2.75 — | 35 | —
(Vo=1.0 or 9.0 Vdc) 10 70 | — |70 5.50 — |70 | —
(Vo=1.5 or 13.5 Vdc) 15 110 | — [11.0]| 825 — (110 ]| —
Pins 12, 15|5t0 15| 0.75 | — | 0.8 2.0 — [ 085 | —
loH |Output Drive Current mAdc
(VoH=2.5) (Pin 7) 5 -0.62| — |-05| =15 — |-0.35| —
(VOH=9.5) 10 | -062| — [-05( -1.0 — [-0.35| —
(VoH=13.5) 15 -18| — |-15| -36 — | -1 —
loL (VoL=0.4) 4.75 23 | — |20 4.0 — | 1.6 | — |mAdc
(VoL=0.5) 10 53 | — |45 10 — | 386 | —
(VoL=1.5) 15 15 | — | 18 35 — 10 | —
N |Input Current (Pin 15=Vpp) — — | — | — |+0.00001{+0.1| — [ — |pAdc
Ip Input Pull-up Resistor Source Current 5 285 | — [250 460 — [ 205 [ — {pAdc
(Pin 15=Vgg, V|N=2.4 Vdc)
Pin 1,2,5,6,10,11,12,13,14
CiN  |Input Capacitance —_ et e s 5.0 — — | — | PF
IT Total Supply Current 5 — |45 | — 1.1 4.0 — | 3.5 [mAdc
(Pin 15=Vpp) 10 — |13 | — 4.0 12 — |1
15 — |27 | — 8.0 25 | — |23
ACC |Modulator/Demodulator Frequency 5to15| — | — | — 0.5 — — | =1 %
Accuracy
(Excluding Crystal)
Voy |Transmit Carrier Output 5t010| — | — |-20 -26 — — | — | dB
2nd Harmonic 10to15| — [ — |-25 -32 — - | —
VouT [Transmit Carrier Output 5 — | — 102 0.30 — | — | — MRMs
Voltage (R =100 kQ) 10 — | — |05 0.85 — — | —
(Pin 9) 15 — | — |10 1.5 - = |—
tTLH, |Receive Carrier Rise and 5 — [ 156 | — — 15 | — |15 | ns
THL Fall Times (Pin 1) 10 — |50 | — — 50 | — |50
15 — |40 | — — 40 | — |40

*DC Noise Immunity (V],V)H) is defined as the maximum voitage change from an ideal “0" or “1” input level,
that the circuit will withstand before accepting an erroneous input.
**Note: Only 5-Volt specifications apply to XR-14412VP devices.
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XR-14412

PRINCIPLES OF OPERATION

Figure 1 shows the typical connection for the XR-14412
as a modem system. The system has four main compo-
nent blocks. They are FSK modulator and demodulator,
which are contained in the XR-14412, the bandpass fil-
ter, and the line hybrid. The function of each block is as
follows:

Line Hybrid: This block acts to direct received FSK infor-
mation to the bandpass filter and demodulator, while
the FSK modulated carrier is directed to the telephone
network.

Bandpass Filter and Limiter: Received FSK information is
filtered by this block to remove extraneous signals re-
ceived from the telephone network. The local transmit-
ter carrier is also filtered out. The limiter stage is used
to provide the XR-14412 with a TTL- or CMOS-
compatible signal.

Modulator: This block, contained in the XR-14412, con-
verts serial binary data into an FSK-encoded carrier sig-
nal. The carrier frequency is controlled by the mode
and type inputs. Input data must be TTL- or CMOS-
compatible. The output of the modulator is a digitally
synthesized sine wave (see Fig. 2), with its harmonic
content shown in Fig. 3.

Demodulator: This is used to convert an FSK-encoded
carrier signal into serial data. The rate at which data
can be received and decoded is controlled by the Ry
rate and type control inputs.

Description of Control Inputs—Refer to Figure 1 and Table 1.

Type (Pin 14): This input is used to select either U.S. or
CCITT operating frequencies.

Transmit Data (T pata, Pin 11): This is the input for binary
serial data.

Transmit Carrier (T cag, Pin 9): This output provides a
digitally synthesized sine wave derived from a 1 MHz
crystal oscillator. The carrier frequency is controlled by
the type and mode inputs.

Transmit Enable (Tx gNaBLE, Pin 12): This pin is used to
enable and disable the modulator, or Tx GAR, output.

Mode (Pin 10): In conjunction with the type input, the
carrier frequencies are selected with this input.

Echo (Pin 13): This input is used to program the modula-
tor to produce a 2100-Hz tone for disabling line echo
SUppPressors.

Receive Data (R pata, Pin 7): This is the binary data out-
put resulting from demodulating the FSK-encoded re-
ceive carrier.
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Receive Carrier (R cAR, Pin 1): The FSK-encoded receive
carrier is fed into this input. The input signal must have
either TTL or CMOS logic levels with a duty cycle of
50% =+ 4%.

Receive Data Rate (Ry RaTE, Pin 6): This input is used to
adjust the demodulator for the incoming data rate.

Self-Test (Pin 2): This input can be used for self-testing
the demodulator section. A square wave applied to this
pin will internally apply an FSK signal to the demodula-
tor input, thus causing the Ry data output, Pin 7, to fol-
low Pin 2.

Reset (Rg, Pin 5): This input can be used to disable the
demodulator. With reset at logic “1”, the demodulator
output is forced high, logic “1”. For normal operation,
reset is tied low, logic “0”.

Crystal (0SCyy, 0SCqut. Pin 4, Pin 3, respectively): A
1.0 MHz crystal is connected between these two pins
for utilizing the on-chip oscillator. An external oscillator
can also be used by feeding it into the OSCy, Pin 4, in-
put. In the crystal mode, external parasitic capaci-
tance, including crystal shunt capacitance, must be
less than 9 picofarads at Pin 4.

TTL Pull-Up Disable (TTLD, Pin 15): All of the inputs to the
XR-14412 have on-chip pull-up resistors. These pull-up
resistors may be disabled when interfacing to CMOS
logic by taking the TTLD input to a logic “1”. For TTL
logic interfacing, TTLD is tied to a logic “0".

APPLICATIONS

Figure 4 shows the XR-14412 connected as a 300-baud
FSK modem. Amplifiers Ay — Az are connected as
bandpass filters to remove extraneous signals picked
up from the phone line as well as local oscillator isola-
tion. A4 is connected as a comparator to provide limit-
ing to the received carrier and provide the necessary
square wave for Pin 1, Rx caR. input. Ag acts as a line
hybrid. It provides amplification to the received carrier
while attenuating the local oscillator, trying to go toward
the bandpass filter. Ag is simply used to buffer the Ty
CAR. Pin 9, output of the XR-14412.

The configuration as shown is for answer mode, as the
mode pin is at a logic “0”. This circuit will work over a
received carrier range of — 10 dBm to —40 dBm.

Figure 5 shows a connection using the two spare ampli-
fiers from the XR-346 to provide a carrier detect output.
Here A7 acts to amplify and peak detect the received
carrier from the output of the bandpass filter. This volt-
age is then fed to Ag, connected as a comparator, to
provide a logic output for carrier detect indication.



XR-14412

Table 1. Input/Output Controls

INPUTS OUTPUTS
Tx ENABLE | Rx RATE | MODE | TYPE | ECHO
(12) (6) (10) (14) (13) | STANDARD MODE Tx DATA | TX CARRIER | BAUD RATE

1 0 1 1 0 us ORIGINATE MARK 1 1270 Hz 600 bps
1 0 1 1 0 us ORIGINATE | SPACE O 1070 Hz 600 bps
1 0 0 1 0 us ANSWER MARK 1 2225 Hz 600 bps
1 0 0 1 0 us ANSWER SPACE 0 2025 Hz 600 bps
1 1 1 1 0 us ORIGINATE | MARK 1 1270 Hz 300 bps
1 1 1 1 0 us ORIGINATE | SPACE 0 1070 Hz 300 bps
1 1 0 1 0 us ANSWER MARK 1 2225 Hz 300 bps
1 1 0 1 0 us ANSWER SPACE 0 2025 Hz 300 bps
1 1 1 0 0 CCITT CHANNEL 1 [ MARK 1 980 Hz 300 bps
1 1 1 0 0 CCITT CHANNEL 1 | SPACE 0 1180 Hz 300 bps
1 1 0 0 0 CCITT CHANNEL 2 | MARK 1 1650 Hz 300 bps
1 1 0 0 0 ccr CHANNEL 2 | SPACE 0 1850 Hz 300 bps
1 X 0 0 1 cCcITr CHANNEL 2 - 1 2100 Hz —

0 X X X X — — — — | NOOUTPUT —

1 — Input or output is at a digital high, refer to Electrical Characteristics for exact value.
0 — Input or output is at a digital low, refer to Electrical Characteristics for exact value.
X — Can be eithera 1 ora 0.

001 uF 001 uF 001 uF
n n n .5V
270% 363K
- 220K
‘Wr‘l oy 001 XR14012
I ~ BOAK $ ~ 209K | uF ”"
D A2 1t i

160 K.
H—_ I B INPUT
P ., ¥ "A\: mn A Ax cAR [T 19 voo
" 680 121K DEMOD-

10K ST {2 ULATOR
5M ol .
N oscout 3
oorf 2 Sk 3 % %
T)uF| 22 {s00x oscw [}

ATuF T 2 uF 1 M

DATATO

Axaare (€] [ BE SENT
sookle$y axoata 7]
P
*% TO PHONE Vvss [&
i 3l
n
GND
Ay-Ag = - XR-346 T
As-Ag = - V2 XR-346 oATA
* CRYSTAL MODE — PARALLEL RECEIVED

FREQUENCY — IMHz = 0.1%
RS =540 () TYP,CQ = 7 pF TYP
SUGGESTED SUPPLIERS
TYCO, CTS KNIGHT, MOTOROLA CRYSTAL PRODUCTS
**FOR DIRECT CONNECT TO PHONE LINE, SYSTEM MUST BE APPROVED BY FCC
T1 = - MICROTRAN T1104 OR EQUIVALENT
Py = - ADJUSTED FOR 50% SQUARE WAVE AT RX CAR INPUT AT MINIMUM RECEIVED CARRIER

Figure 4. Complete 300 Baud, Answer Mode, FSK Modem

+5V

22M
VWV

22K
TO (+) INPUT Agq VA O IN914

TO (+)INPUT A3

A7-Ag = - %: XR-346 33uF
Dy = -LED.

Figure 5. Carrier Detect Circuit
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R25

O r2s B R24

R21

Table 2. Parts List for 300 Baud MODEM.

R18

R17

T

R2

R1

C2

C1,

R6

R5
C4

R15

R10
R11
c8

Cc7

€5

R7

RR

c9

RY

C6

C10

R12
R16

Figure 6. Complete FSK Modem Printed Circuit Board Layout
(Circuit Shown in Figure 4)

*1% tolerance; all other resistors are 1/4W, 10%; all capacitors are 10%.

Resistors are in ohms and capacitors are in uF.

GRND.
PHONE LINE
PHONE LINE

+5Vv

DATATO X MIT
DATA RECIEVED
GRND.

COMPONENT
SIDE
SHOWN

(SCALE 32:1)

ANSWER ORIGINATE ANSWER ORIGINATE

*R1 40.2K 47.5K R24 20K 20K
*R2 499 191 R26 500 500
*R3 270K 357K *R27 600 600
*R4 383K 270K

*R5 680 160 C1-Cé .01 .01
*R6 60.4K 39.4K c7 A A
*R7 160K 160K Cc8 22 22
*R8 24.9K 20K Cc9 .01 .01
*R9 1.21K 360 C10 4.7 4.7

R10-R11 1K 1K C11 3.3 3.3

R12 500K 500K

R13 500K Pot 500K Pot D1 IN914 IN914
R14 10K 10K D2 LED LED
R15 220K 220K

R16 15M 15M T1 Microtran Microtran

R17-R18 10K 10K T1104 T1104

*R19 600 600

R20 220K 220K CRYSTAL 1MHz £ 1% 1MHz £ 1%
R21 22K 22K

R22 2.2M 2.2M A1-A8 XR-346 XR-346
R23 3.0K 3.0K

R24 20K 20K MODEM IC+ XR-14412VP XR-14412VP
R25 30K 30K
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Z* EXAR  ootow XR-2121/2122

Bell 212A Modulator/Demodulator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAMS
The XR-2121 and XR-2122 are designed to provide the
complete modulator and demodulator functions for the (GRS "~
Bell Standard 212A PSK Modem. These devices, when w oo [ p— D o
used with the XR-2120 PSK Filter, offer a three-chip so- [—' AlIMING oKT
lution for realizing this 1200/300 bps Modem System. ves [l ROM ADDER 2] i e
The XR-2121 Modulator Provides either a 1200 bps PSK oo =
or 0 to 300 bps FSK output. Crystal controlied operation o [75] ek
offers extremely accurate and stable 1200/2400 Hz car- ol
riers for the PSK and 1170/2125 Hz carriers for the R E g ] o cux
FSK. An enable/disable pin is provided for blanking the 1200555 ] E (7] ne
modulator output. A transmit clock output, 1200 Hz, is S
also provided for synchronization of the terminal and voo [T ~<{ie] wooe
other facilities. An internal scrambler and an asyn- we 3] T__,/;; ] o
chronous to synchronous converter are also provided. < %-/I

Txcuk (9. 14] NC
The XR-2122 Demodulator provides the complete de- G a
modulation function for either 1200 bps PSK or 0 to 300 el 0875 £ ] scr e
bps FSK incoming carriers. Auto speed selection is pro- ne ] [ ne
vided for the answer mode. An internal descrambler

and an synchronous to asynchronous converter are al-
so provided.

xRa122 .

Both XR-2121 and XR-2122 utilize CMOS technology for ME -~
low power operation. They are designed to operate EI

N
2]
,
<
5

~
-
z
2

P
DEMODU!

from dual 6-volt power supplies, and provide CMOS or | 2 SK
T2L compatible inputs and outputs.

aout | 3

FEATURES S
rcvout | 5
Bell Standard 212A Compatible ~
XR-2121—Modulator com &

CsH

RT

EIISITE]

Q
Q

&
[
(]
] 23]
6-Bit Synthesized Sine Wave Output AonD E_. 22} eve our
Enable/Disable Input slre
1200 Hz Transmit Clock Output " E EIEE ‘_E oo
Internal Scrambler an[o=[|72] | £ 20] oe
Asynchronous to Synchronous Converter 005 [10 - E .
Crystal Controlled with Buffered Clock Output l L-T
External Clock Input MooE E-— ZI Ax i
CMOS/TTL Compatible Inputs s E ————LE coour
XR-2122—Demodulator 1
Automatic Speed Selection in Answer Mode CoeLaY E— I -—_1___| OELAY 1
36 dB (-9 to —45 dBm) Dynamic Input Range Vs E_. conTROL _I_] oELAY 2
On-Board Descrambler
Synchronous to Asynchronous Converter
Carrier Detect Output
APPLICATIONS ORDERING INFORMATION
Stand-Alone Modems Part Number Package Operating Temperature
Remote Terminals XR-2121/22CN Ceramic 0°C to +70°C
Built-In Modems XR-2121/22CP Plastic 0°C to +70°C
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XR-2121/2122

ELECTRICAL CHARACTERISTICS
Test Conditions: Vpp = 6V, Vgg = —6V, X|N = 1.8432 MHz, Ty = 25°C

SYMBOL PARAMETERS | mn | 1 [ max | umr | conpimions
DIGITAL SECTION
VOH Output High Voltage 3.5 v lo =1mA
VoL Output Low Voltage 05 \ lo = 1.5mA
VIH Input High Voltage 35 v
Vio Input Low Voltage 1.5 \
IIN Input Current 10 uA
IoH Output Drive Current -05 -15 mA VoH = 3.5V
loL Output Drive Current 2.0 4.0 mA VoL = 0.5V
CL CLK OUT Drive Capability 50 pF
ANALOG SECTION
ZIN Input Impedance — 50 kQ XR-2122
Ry CAR
Vo CAR Output Level — Tx CAR 0.3 0.4 Vrms XR-2121, R = 6009
VoH 2nd Harmonic Content — Referenced to Vg CAR
Tx CAR - —-40 dB
Vi CAR Dynamic Range — Ry CAR —45 -9 dBM XR-2122
IDD Power Supply Current 100 150 mA
Vsup Supply Voltage Range +6 v
!
! I
! I
Terminal : MODEM ol !
|
or — UART SIGNAL b :
CPU| PROCESSOR > | 1 Tetephone
O | orLeased
=3
o ; Line
c
-
RS — 232 m
HANDSHAKING CONTRO

ACU

L

Figure 1. Modem Block Diagram
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PRINCIPLES OF OPERATION

XIN. XguT: These are the crystal

Description of Control Inputs and Outputs

input pins.

used.

Figure 1 illustrates a general block diagram of a com-
plete modem system. These blocks are necessary for
the modem to be able to: (1) Interface to the telephone
network; (2) accept control signals and supply timing,
(3) process data, and (4) modulate and demodulate

The XR-2121 and XR-2122 provide the modulation and
demodulation function, and when used with the
XR-2120 filter, perform the complete modem signal
processor function.

CLK OUT: This provides a buffered crystal output for the
XR-2122 or other circuits.

TRANS CLK: A 1200 Hz square wave is available at this
output for a terminal or other circuits.

TRANS CLK IN/EXT: This selects whether an external
trans clock at the EXT TRANS CLK input is used for car-
rier timing or an internal clock is

EXT TRANS CLK: Provides an input for an external trans-
mit clock input.

Tx CAR: This output provides a digitally synthesized
sine wave output. The modulation on this carrier, either
FSK or PSK, is determined by the speed input.

Tx ENABLE: This input can be used to enable or disable
the Tx CAR output.

CTS: The clear-to-send signal is supplied by this pin.

MODE: Answer or originate mode of operation is select-

XR — 2125

TXD O——)

ASYNC

RXD O——

XR-2121/2122

SPEED SEL: 1200 bps PSK or 0 to 300 bps operation is
selected by this input.

ENABLE CONV/CONV LENGTH: These pins select the bit
length of input characters, and if the internal asyn-
chronous to synchronous converter is used or not. In-
put character length is either 9 or 10 bits.

Ty DATA: This is the input for data to be transmitted.

XR-2122

CLK IN: A 1.8432 MHz clock is fed into this pin from the
XR-2121 or other source.

RC CLK: A 1200 Hz signal is available at this output for
synchronization of other circuits.

Cp. Rcp. Cep: Cp provides a carrier detect output indi-
cating a valid carrier is present at the Ry CAR input.
The Rgp and Ccp input provide the carrier ON and car-

rier OFF times.

MODE SEL: Answer or originate mode is selected by this

pin.

Ry DATA: Demodulated Data is present at this output.

Ry CAR: Received modulated carriers are input to this

pin.

ATTACK TIME: These pins are used to set attack and de-
cay times of the input AGC circuit.

APPLICATIONS INFORMATION

Figure 2 shows the interconnections between the
XR-2121 and XR-2122 Modulator/Demodulator, and the
XR-2120 Filter. Here the XR-2121 supplies the XR-2122
with its clock input. The auto speed function of the
XR-2122 sets the speed of the XR-2121 automatically
through the speed indicator output of the XR-2122.

XR — 2120A

TxCAR

6002

CLK

DATA
BUFFER

N

K

TELEPHONE
NETWORK

RXCAR

FILTER

XR — 2121
1.8432 MHZ
XIN
CAR
= ADJ
XouTt
coMP ——)
I
D =
TXCAR
SYNC
™ CLK OUT
MODULATOR
DEMODULATOR | XR — 2122
cLK
IN
SYNC RXCAR
T |1 T
j— veo Aclsc
J —c—
J: L L
T T T

T

lDEMODULATOR

600 Q2

Figur: 2. Complete 1200/300 BPS Modem Signal Processor
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22 BEXAR

XR-2123

PSK Modulator/Demodulator

GENERAL DESCRIPTION

The XR-2123 provides the phase-shift keying (PSK)
Modulator and Demodulator Functions for implement-
ing a full-duplex 1200 bps or 2400 half-duplex Modem
System. Using fully digital circuit techniques allows the
XR-2123 to be externally programmed for operation for
Bell Standards 201B and C or 212A (1200 bps only),
and CCITT V.22 or V.26. Internal logic and timing func-
tions minimized external parts, while crystal controlled
operation provides stable and accurate operation.

The XR-2123 utilizes CMOS technology for low power
operation while providing single +5 volt operation,
packaged in a standard 28 pin DIL plastic or ceramic
package. The XR-2123 operates from 0°C to 70°C.

FEATURES

Single +5 Volt Operation

Low Power Consumption (Typ 10mw)
1200 bps Full-Duplex

2400 bps Half-Duplex

Programmable for US or European Standards
(CCITT)

Dibit PSK (DPSK) Operation

Crystal Controlled

Synthesized Sine Wave Modulator Output
Adjustable Modulator Output Amplitude
Input Protection

APPLICATIONS

Bell Standard 201 or 212A Modems
CCITT Standard V.22 or V.26 Modems

ABSOLUTE MAXIMUM RATINGS

Power Supply 5.5V
Power Dissipation 1.0W

Derate Above 25°C 5 mW/°C
Operating Temperature 0°C to 70°C

—65°C to 150°C
—0.5V to (Vpp to 0.5V)
+1 mA

Storage Temperature
All Input Voltage
DC Current Into Any Input

ORDERING INFORMATION

Part Number Package Operating Temperature
XR-2123CN Ceramic 0°C to +70°C
XR-2123CP Plastic 0°Cto +70°C
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FUNCTIONAL BLOCK DIAGRAM

voo 1] ~ 78 w50
cz2 [2] ﬁ 27) v
asa [4] 25] Bac
axo [5] 24) Axc
aua [€] 23] rev
Mo LI CONTROL 2z} e
cer [E] Lot 21) Txc
am [9] E V=
s [i0 19) coo
nw [0 78] e
wn [@ 7] ans
vss [14] {} E ATs

SYSTEM DESCRIPTION

The XR-2123 provides the complete demodulation,
modulation, and control functions for DPSK Modem
Systems. The Demodulation is a digital type using
Phase-Locked Loops (PLL). The Modulator provides a
synthesized sine wave output in a dibit Phase-Shift Key-
ing (DSPK) Format. The Phase Shifts and carrier fre-
quencies are programmable with logic inputs.




XR-2123

ELECTRICAL CHARACTERISTICS
Test Conditions: Vpp = +5V, Vgg = OV, Tj = 0°C to 70°C

Digital Inputs:

RXS, MOC, CCL, RTS, ANS, TDA, RTE, COD, V22, TXC, BAC, SYN, NSY, LSD
Digital Outputs: C22, RBA, RXD, QUA, TBA, 4CR, TTG, RBY, RXC

SYMBOL PARAMETERS MIN TYP MAX UNIT CONDITIONS
VoL Output Low Voltage 0.4 \ loL = 1.6 MA
VOH Output High Voltage 4.6 v loH = 1.0 MA
ViL Input Low Voltage 0.5 ia \

VIH Input High Voltage 3.5 5 Vv
L Input Leakage Current 100 PA
IDD Power Supply Current 25 4 MA
C Input Capacitance 5 pF
tR Low to High Logic Transition Time 20 nS CL = 10 pF
tp High to Low Logic Transition Time 20 nS CL = 10 pF
VTXS Transmitted Carrier Signal Level -9 dBm VPIN 11 = 0.8V
EQUIVALENT SCHEMATIC DIAGRAM
10 ¢ Txs
13 4CR
MODULATOR 12
RLD
2 TRM
-9 voo
14 o vss
(4.608 MH2) >|+10 or 20'l
moc g7 4 ?? ,

—2/150r 4/5

2I c22
224 e

>~ s L"[i—Gorﬂi}
25
BAC #—4
sYN @26 ] —I =32 h»{ s
YNClL gl
Lsp @28 !
NSY @2l
17
RXS @3
8 DEMODULATOR
ccL

\
(LO 24 AXC
19 RBA
234 RBY
Yvy
L 64 oua
5¢ RXD
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*Coding European/US$ Std. ANSI Std.
00 +90° +45°
01 0° 135°
10 180° 315°
11 —-90° 225°

ALTA ALT.B

RTE (Pin 18) controls the baud rate of the modem.
When RTE is LO the transmission rate is 1200 b/s, and
when RTE is Hl, the transmission rate is 2400 b/s. ANS
(Pin 16) controls the answering tone (2100 Hz) to the
transmission line. When ANS is LO and V22 is HI, the
answering tone (2100 Hz) is connected to the transmis-
sion line.

BAC (Pin 25) is the time base input which is 512 times
the normal receiver baud timing. In the case of a 1200
b/s, full duplex modem, BAC = 307.2 kHz or MOC/15
TXC (Pin 21) is the transmitter bit timing input. It may be
tied directly to TTG (Pin 22) which is the transmitter tim-
ming set by RTE.

RTE HI TTG = BAC/256
RTE LO TTG = BAC/512

Of course external timing signals may be applied for
nonstandard uses.

TLV (Pin 11) sets the transmitter amplitude by using a
resistive divider between +5V and ground. This signal
may be set between 1.0V and 5V. TRM (Pin 9) signals
that the modem is in the transmit mode. When TRM is
HI, the unit is transmitting, When TRM is LO, the unit is
not transmitting. The relationship between the voltage
at TLV and the amplitude of TXS is shown in the Electri-
cal Characteristics.

The data to be modulated and transmitted is applied at
TDA (Pin 17). The modulated signal is output at TXS (Pin
10).

DEMODULATION

There are two types of incoming signal processing
which will be discussed. The first concerns full duplex
reception. In this case, using the Bell 212A as our ex-
ample, the received signal will be centered on 1200 Hz.
The signal is passed through a 1200 Hz filter and ap-
plied to a peak detection circuit. This signal is then
passed through an amplification stage and applied to
Pin 3 (RXS). After the amplifier stage, the signal is si-
multaneously applied to a sync-generating circuit and
passed to Pin 26 (SYN). The output of the peak detector
is also applied to a level detector and provides the input

for Pin 28 (LSD) and Pin 27 (NSY).

The second type of modem to discuss is a half-duplex
system. Speeds of up to 3200 b/s are available for use
on leased lines. The received signal is coupled through
the line interface to a 1.8 kHz filter. The signal is then
sent to a peak-detector circuit and is then applied to a
narrow band filter. The signal is then applied to a syn-
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chronized digital phase-locked loop which maintaing
the basic timing and initiates all phase shift detection
operations.

This filtered signal is then applied to Pin 3 (RXS). The
phase-locked loop is synchronized by the signal avail-
able from Pin 13 (4CR). Synchronization is maintained
by generating a sync pulse from the phase-locked loop
and applying it to Pin 26 (SYN). RBA, Pin 4, provides the
output from the receiver’s synchronizer. This output
command the phase shift detector to start a single
measuring cycle.

Coherent demodulation technigues are used in the re-
ceiver section. The reference frequency used to detect
phase shifts in the carrier from the transmission line is
generated in an internal phase locked loop. In the case
of a 1200 bit/sec application, the reference frequency
is synchronized to the line carrier.

In applications requiring 2400 bits/sec and upwards,
the reference frequency is five (5) times the carrier.
This permits phase detection at much higher rates.

This phase shift detector subtracts the carrier from the
reference. The difference sets a “window” in which
standard pulses are counted. The following table shows
the correlation between angles and counts:

Phase Angles (°) Pulse Counts MSB (bit 8)
A B Reg. 1 Reg.2 Reg.1 Reg.2
0 45 64 64 0 0
90 135 192 64 1 0
180 225 192 192 1 1
270 315 64 192 0 1

The counting results should be identical to the table. If
not, the reference is either ahead or behind the ideal
phase. This information is decoded and the phase
locked loop is either accelerated or decelerated.

Once demodulation has been accomplished, the data is
available at Pin 5 (RXD). The data at RXD is changed to
“1” when Pin 28 (LSD) is “0” or Pin 27 (NSY) is “1".
LSD is a line signal detector which tells the system that
there is a signal present. The 1.8 kHz filter is applied to
a level detection circuit, which consists of a compara-
tor. NSY is a “new synchronizer” input. When it is “1”,
data is disabled; when ““0”’, date is enabled. However,
on the transition from “1” to “0”, the receiver clock,
Pin 24 (RXC), immediately synchronizes with the SYN
signal during the next symbol interval. RXC provides the
user with bit rate timing (baud timing) for synchronized
transmission to the receiving terminal. The following ta-
ble represents the above discussion.

LSD NXY RXD RXC
0 0 1 free running
0 1 1 free running
1 0 Data Synchronized
1 1 Data Synchronized
1 l — Fast Synchronization
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Pin 2 (C22/TBY) provides the carrier clock signal for
both reception and transmission. When V22 is “0”, C22
is defined as in the following table:

V22 ANS COD C22

0 0 0 1228.8 kHz (512 x 2400 Hz)
0 0 1 614.4 kHz (512 x 1200 Hz)
0 1 0 614.4 kHz

0 1 1 1228.8 kHz

C22 may be tied directly to Pin 8 (CCL). With V22 =
“1”, TBY provides transmitter byte timing which is 16
times the transmitter baud timing.
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Figure 5. Txg vs Vv

Pin 12 (RLD) provides a signal which indicates to the re-
ceiving terminal that a signal has been detected. RLD
= “1" when a received si