




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Thus, for example, a 100 mV peak input signal with 
30% AM modulation (m = 0.3) will give a demodu­
lated output of 150 mV peak, with RF2 = 100 kO and 
RX = 5 kO, at Pin 11 of the XR-2228. 

g) C3, in conjunction with the 5 kO internal impedance 
of the multiplier output (Pin 16) serves as the low­
pass post-detection filter for the demodulated AM 
signal. 

For further explanation and description for the system 
design equations, the reader is referred to the XR·2212 
and the XR-2228 data sheets. 

Design Example 
Design an AM demodulator for 100 kHz carrier frequen· 
cy with a detection (tracking) bandwidth of ±4%. The 
demodulated information bandwidth is 3 kHz and an 
output level of one volt peak is required for a one volt 
peak input with 30% modulation. 

Using the circuit of Figure 7, one proceeds as follows: 
Since FM detection is not required in this example, 
components R2, C2, RC and RFl are not essential to 
circuit operation. R2 and RC can be short-circuited, C2 
and RFl can be left open-circuited. The rest of the com­
ponent values are calculated as follows: 

Step 1) Set fO = 100 kHz by choosing RO = 20 kO and 
calculating Co from paragraph (a) above. 

1 
Co = --= 500 pF 

ROfO 

Step 2) Determine Rl to set tracking bandwidth to ± 
4%, from paragraph (b): Rl = 500 kO. 

Step 3) Calculate Cl :Cl .. CO/2 .. 250 pF. 

Step 4) From paragraph (f), calculate the value of RX 
and RF2. For a typical choice of RX = 5 kO, 
and m = 0.3 (30% modulation) with one volt 
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input carrier level, the value of RF2 to get one 
volt demodulated output is: RF2 = 67 kO. 

Step 5) Calculate C3 to get 3 kHz bandwidth for post-
detection filter: C3 .. 0.01 /-IF. 

AM DETECTION USING THE XR-215 PLL 
Figure 8 shows the circuit connection diagram for a 
two-chip AM and FM detection system, using the XR-
215 high-frequency PLL in conjunction with the XR-
2228 multiplier/detector. Because of the high-frequency 
capability of the XR-215, the circuit of Figure 81s useful 
as a phase·locked AM detector for carrier frequencies 
up to 20 MHz, and operates over a supply voltage range 
of 10V to 20V. 

The VCO section of XR-215 does not have a separate 
quadrature output. However, this problem can be over­
come by driving the XR-2228 multiplier directly from the 
timing capacitor terminals (Pins 13 and 14) of XR-215. 
The Y input of the XR-2228 is operated with maximum 
gain, since the Y gain control terminals (Pins 6 and 7) 
are shorted together. This causes the triangular wave­
form across Co to be converted to an effective quadra­
ture drive as indicated by the timing diagram of Figure 
6. The modulated input Signal is simultaneously applied 
to both circuits through coupling capacitors. The 
phase-detector inputs of the XR-215, as well as the mul­
tiplier X inputs of the XR-2228, are biased at approxi­
mately one-half of VCC, by means of an external resis­
tive divider. 

In Figure 8, Co sets the VCO frequency of the XR-215. 
In the case of FM demodulation, R1 and C1 serve as 
the post-detection filter for the detected FM Signal and 
RFl sets the gain of the FM post·detection amplifier. 

The mode of operation of the XR-2228 is virtually the 
same as that described in connection with Figure 7: RX 
sets the multiplier demodulation gain; C3 serves as the 
low-pass post-detection filter. The values of RX, RF2 
and C3 are calculated as given in paragraphs (f) and (g). 

�~�~�~�~�o�-�-�~� __ ----------------«w.----------------------, 
INPUT r 

2. 

4,SI'-F 

+vCC 

2. 

Cc 
O"I'-F 

" 
2' 

Cc == COUPLING CAPACITOR 

Figure 8. Circuit Connection for a High-Frequency AM and FM Detector Using the XR-215 and XR-2228. 
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High-Quality Function Generator System 
with the XR-2206 
INTRODUCTION 

Waveform or function generators capable of producing 
AM/FM modulated sine wave outputs find a wide range 
of applications in electrical measurement and labora­
tory instrumentation. This application note describes 
the design, construction and the performance of such a 
complete function generator system suitable for labora­
tory usage or hobbyist applications. The entire function 
generator is comprised of a single XR-2206 monolithic 
IC and a limited number of passive circuit components. 
It provides the engineer, student, ·or hobbyist with· a 
highly versatile laboratory instrument for waveform gen­
eration at a very small fraction of the cost of conven­
tional function generators available today. 

GENERAL DESCRIPTION 

The basic circuit configuration and the external compo­
nents necessary for the high-quality function generator 
system is shown in Figure 1. The circuit shown in the 
figure is designed to operate with either a 12 V single 
power supply, or with ± 6 V split supplies. For most ap­
plications, split-supply operation is preferred since it 
results in an output dc level which is nearly at ground 
potential. 

The circuit configuration of Figure 1 provides three ba­
sic waveforms: since, triangle and square wave. There 
are four overlapping frequency ranges which give an 
overall frequency range of 1 Hz to 100 kHz. In each 
range, the frequency may be varied over a 100:1 tuning 
range. 

The sine or triangle output can be varied from 0 to over 
6 V (peak to peak) from a 600 ohm source at the output 
terminal. 

A squarewave output is available at the sync output ter­
minal for oscilloscope synchronizing or driving logic cir­
cuits. 

TYPICAL PERFORMANCE CHARACTERISTICS 

The performance characteristics listed below are not 
guaranteed or warranted by Exar. However, they repre­
sent the typical performance characteristics measured 
by Exar's application engineers during the laboratory 
evaluation of the function generator system shown in 
Figure 1. The typical performance specifications listed 
below apply only when all of the recommended assem­
bly instructions and adjustment procedures are fol­
lowed: 
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(a) Frequency Ranges: The function generator system is 
designed to operate over four overlapping frequen­
cy ranges: 

1 Hz to 100 Hz 
10 Hz to 1 kHz 

100 Hz to 10 kHz 
1 kHz to 100 kHz 

The range selection is made by switching in differ­
ent timing capacitors. 

(b) Frequency Setting: At any range setting, frequency 
can be varied over a 100:1 tuning range with a po­
tentiometer (see R13 of Figure 1). 

(c) Frequency Accuracy: Frequency accuracy of the XR-
2206 is set by the timing resistor R and the timing 
capaCitor C, and is given as: 

f = I/RC 

The above expression is accurate to within ± 5 % at 
any range setting. The timing resistor R is the series 
combination of resistors R4 and R13 of Figure 1. 
The timing capacitor C is anyone of the capacitors 
C3 through C6, shown in the figure. 

(d) Sine and Triangle Output: The sine and triangle output 
amplitudes are variable from 0 V to 6 Vpp. The am­
plitude is set by an external potentiometer, R12 of 
Figure 1. At any given amplitude setting, the trian­
gle output amplitude is approximately twice as high 
as the sinewave output. The internal impedance of 
the output is 600 o. 

(e) Sinewave Distortion: The total harmonic distortion of 
sinewave is less than 1 % from 10 Hz to 10 kHz and 
less than 3% over the entire frequency range. The 
selection of a waveform is made by the triangle/sine 
selector switch, 82. 

(f) Sync Output: The sync output provides a 50% duty 
cycle pulse output with either full swing or upper 
half swing of the supply voltage depending on the 
choice of sync output terminals on the printed cir­
cuit board (see Figure 1). 

(g) Frequency Modulation (External Sweep): Frequency can 
be modulated or swept by applying an external con­
trol voltage to sweep terminal (Terminal I of Figure 
1). When not used, this terminal should be left open-
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1. For Single Supply Operation Lift GND Connection Keeping R12 Across Terminals Rand B Intact, and Connect 
Terminal A to GND. 

2. For Maximum Output, RX may be open. RX "" 68 KU is Recommended lor External Amplitude Modulation. 

Figure 1. Circuit Connection Diagram lor Function Generator. (See Note 1 for Single Supply Operation.) 

circuited. The open circuit voltage at this terminal is 
approximately 3V above the negative supply voltage 
and its impedance is approximately 1000 ohms. 

(h) Amplitude Modulation: The output amplitude varies lin­
early with modulation voltage applied to AM input 
(terminal Q of Figure 1). The output amplitude 
reaches its minimum as the AM control voltage ap­
proaches the half of the total power supply voltage. 
The phase of the output signal reverses as the am­
plitude goes through its minimum value. The total 
dynamic range is approximately 55 dB, with AM 
control voltage range of 4V referenced to the half of 
the total supply voltage. When not used, AM termi­
nal should be left open-circuited. 

(i) Power Source: Split supplies: ± 6 V, or single supply: + 
12 V. Supply Current 15 mA (see Figure 3). 

EXPLANATION OF CIRCUIT CONTROLS: 

Switches 

Range Select Switch, S1: Selects the frequency range 
of operation for the function generator. The frequency is 
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inversely proportional to the timing capacitor connect­
ed across Pins 5 and 6 of the XR-2206 circuit. Nominal 
capacitance values and frequency ranges correspond­
ing to switch positions of S1 are as follows: 

Position 

1 
2 
3 
4 

Nominal Range 

1 Hz to 100 Hz 
10 Hz to 1 kHz 

100 Hz to 10 kHz 
1 Hz to 100 kHz 

Timing Capacitance 

11'F 
0.11'F 

0.01 I'F 
0.001 I'F 

If additional frequency ranges are needed, they can be 
added by introducing additional switch positions. 

Triangle/Sine Waveform Switch, S2: Selects the triangle 
or sine output waveform. 

Trimmers and Potentiometers 

Dc Offset Adjustment, R9: The potentiometer used for 
adjusting the dc offset level of the triangle or sine out­
put waveform. 

Sinewave Distortion Adjustment, R10: Adjusted to mini­
mize the harmonic content of sinewave output. 
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Sinewave Symmetry Adjustment, R11: Adjusted to optI­
mize the symmetry of the sinewave output. 

Amplitude Control, R12: Sets the amplitude of the trian­
gle or slnewave output. 

Frequency Adjust, R13: Sets the oscillator frequency 
for any range setting of S1. Thus, R13 serves as a fre­
quency dial on a conventional waveform generator and 
varies the frequency of the oscillator over an approxi­
mate 100 to 1 range. 

Tarminals 

A. Negative Supply ·6V 
B. Ground 
C. Positive Supply + 6V 
D. Range 1, timing capacitor terminal 
E. Range 2, timing capaCitor terminal 
F. Range 3, timing capacitor terminal 
G. Range 4, timing capacitor terminal 
H. Timing capacitor common terminal 
I. Sweep Input 
J. Frequency adjust potentiometer terminal 
K. Frequency adjust potentiometer negative 

supply terminal 
L. Sync output (112 swing) 
M. Sync output (full swing) 
N. Triangle/sine waveform switch terminals 
O. Triangle/sine waveform switch terminals 
P. Triangle or sinewave output 
Q. AM input 
R. Amplitude control terminal 

PARTS LIST 

The following is a list of external circuit components 
necessary to provide the circuit interconnections 
shown in Figure 1. 

(a) Split Supply PC Board Layout 

Capacitors: 

C1, C2, C7 
C3 
C4 
C5 
C6 

Resistors: 

R1 
R2 
R3, R7 
R4 
R5, R6 
R8 
RX 

Electrolytic, 10 /-IF, 10V 
Mylar, 1 /-IF, nonpolar, 10% 
Mylar, 0.1 /-IF, 10% 
Mylar, 0.01 /-IF, 10% 
Mylar, 1000 pF, 10% 

30 KO, 1/4 W, 10% 
100 KO, 1/4 W, 10% 
1 KO, 1/4 W, 10% 
9 KO, 1/4 W, 10% 
5 KO, 1/4 W, 10% 
300 KO, 1/4 W, 10% 
62 KO, 1/4 W, 10% (RX can be eliminated 
for maximum output) 

Potentiometers: 

R9 Trim, 1 MO, 1/4 W 
R10 Trim, 1 KO, 1/4 W 
R11 Trim, 25 KO, 1/4 W 

The following additional items are recommended to 
convert the circuit of Figure 1 to a complete laboratory 
instrument: 

Potentiometers: 

R12 Amplitude control, linear, 50 KO 
R13 Frequency control, audio taper, 1 MO 

Switches: 

S1 
52 

Rotary switch, 1-pole, 4 positions 
Toggle or slide, SPST 

(b) Single Supply PC Board Layout 

Figure 2. Recommended PC Board Layout for Function Generator Circuit of Figure 1. 
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Case: 

7" x 4" x 4" (approx.) Metal or Plastic 
(See Figures 4(a) and 4(b).) 

Power Supply: 

Dual supplies ±6 V or single + 12 V 
Batteries or power supply unit 
(See Figures 3(a) and 3(b).) 

Miscellaneous: 

Knobs, solder, wires, terminals, etc. 

BOARD LAYOUT 

Figures 2(a) and 2(b) show the recommended printed­
circuit board layout for the function generator circuit of 
Figure 1. 

RECOMMENDED ASSEMBLY PROCEDURE 

The following instructions and recommendations for 
the assembly of the function generator assume that the 
basic PC board layout of Figure 2(a) or 2(b) is used in 
the circuit assembly. 

All the parts of the generator, with the exception of fre­
quency adjust potentiometer, amplitude control potenti­
ometer, triangle/sine switch and frequency range select 
switch, are mounted on the circuit board. 

Install and solder all resistors, capacitors and trimmer 
resistors on the PC board first. Be sure to observe the 
polarity of capacitors Cl, C2, C7. The timing capacitors 
C3, C4, C5 and C6 must be non-polar type. Now install 
ICl on the board. We recommend the use of an IC sock­
et to prevent possible damage to the IC during solder­
ing and to provide for easy replacement in case of a 
malfunction. 

The entire generator board along with power supply or 
batteries and several switches and potentiometers will 
fit into a case of the type readily available at electronic 
hobby shops. It will be necessary to obtain either output 
jacks or terminals for the outputs and am and frequen­
cy sweep inputs. 

Install the frequency adjust pot, the frequency range 
select switch, the output amplitude control pot, the 
power switch, and the triangle/sine switch on the case. 
Next, install the PC board in the case, along with a 
power supply. 
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Any simple power supply having reasonable regulation 
may be used. Figure 3 gives some recommended 
power supply configurations. 

Precaution: Keep the lead lengths small for the range 
selector switch. 

ADJUSTMENT PROCEDURE 

When assembly is completed and you are ready to put 
the function generator into operation, make sure that 
the polarity of power supply and the orientation of the 
IC unit are correct. Then apply the dc power to the unit. 

To adjust for minimum distortion, connect the scope 
probe to the triangle/sine output. Close S2 and adjust 
the amplitude control to give non-clipping maximum 
swing. Then adjust Rl0 and Rll alternately for mini­
mum distortion by observing the sinusoidal waveform. If 
a distortion meter is available, you may use it as a final 
check on the setting of sine-shaping trimmers. The min­
imum distortion obtained in this manner is typically less 
than 1 % from 1 Hz to 10 kHz and less than 3% over 
the entire frequency range. 

(a) Zener Regulated Supply 

rt:-~ -! ~ --i f!-------o+' " 
-.e-<'GND 

- + 1":" - f--- 1-----<>-'" '" -
(b) Battery Power Supply 

T1: Filament Transformer 
Primary 115VISacond,ry 12.6 VCT I a.SA 

01 - 04: IN4001 01 Similar 
CS, 06: IN4735 or similar 
Rl, R2: 5111, 1I2W, 10% 

51 R2 

Figure 3. Recommended Power Supply Configurations. 



AN·15 

An Electronic Music Synthesizer using the 
XR·2207 and the XR·2240 

INTRODUCTION 
This application note describes a simple, low-cost "mu­
sic synthesizer" system made up of two monolithic IC's 
and a minimum number of external components. The 
electronic music synthesizer is comprised of the XR-
2207 programmable tone generator IC which is driven 
by the pseudo-random binary pulse pattern generated 
by the XR-2240 monolithic counter/timer circuit. 

PRINCIPLES OF OPERATION 
All the active components necessary for the electronic 
music synthesizer system is contained in the two low­
cost monolithic IC's, the XR-2207 variable frequency 
oscillator and the XR-2240 programmable counter/ 
timer. Figure 1 shows the functional block diagram of 
the XR-2207 oscillator. This monolithic IC is comprised 
of four functional blocks: a variable-frequency oscillator 
which generates the basic periodiC waveforms; four 
current switches actuated by binary keying inputs; and 
buffer amplifiers for both the triangle and squarewave 
outputs. The internal current switches transfer the os­
cillator current to any of four external timing resistors to 
produce four discrete frequencies which are selected 
according to the binary logic levels at the keying termi­
nals (pins 8 and 9). 

The XR-2240 programmable counter/timer is comprised 
of an internal time-base oscillator, a control flip-flop and 
a programmable 8-bit binary counter. Its functional 
block diagram is shown in Figure 2, in terms of the 16-
pin IC package. The eight separate output terminals of 
the XR-2240 are "open-collector" type outputs which 
can either be used individually, or can be connected in 
a "wired-or" configuration. 

TIMING 
CAPACITOR 

TIMING 
RESISTORS 

L 

TRIANGL' WAVE 
OUT 

saUAREWAV[ 
QUT 

BiNARY 
KfYtNG 
INPUTS 

Figure 1. Functional Block Diagram of XR-2207 Oscillator 
Circuit. 
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Figure 3 shows the circuit connection for the electronic 
music or time synthesizer system using the XR-2207 
and the XR-2240. The XR-2207 produces a sequence of 
tones by oscillating at a frequency set by the external 
capacitor Cl and the resistors Rl through R6 connect­
ed to Pins 4 through 7. These resistors set the frequen­
cy or the "pitch" of the output tone sequence. The 
counter/timer IC generates the pseudo-random pulse 
patterns by selectively counting down the time-base 
frequency. The counter outputs of XR-2240 (Pins 1 
through 8) then activate the timing resistors Rl through 
R6 of the oscillator IC, which converts the binary pulse 
patterns to tones. The time-base oscillator frequency of 
the counterltimer sets the "beat" or the tempo of the 
music. This setting is done through C3 and RO of Figure 
3. 

The pulse sequence coming out of the counter/timer IC 
can be programmed by the choice of counter outputs 
(Pins 1 through 8 of XR-2240 connected to the program­
ming pins (Pins 4 through 7) of the XR-2207 VCO. The 
connection of Figure 3 is recommended since it gives a 
particularly melodic tone sequence at the output. 

The pseudo-random pulse pattern out of the counter­
timer repeats itself at 8-bit (or 256 count) intervals of 
the time-base period. Thus, the output tone sequence 
continues for about 1 to 2 minutes (depending on the 
"beat") and then repeats itself. The counter/timer re­
sets to zero when the device is. turned on; thus, the mu­
sic, or the tone sequence, always starts from the same 
point when the synthesizer is turned on. 

Figure 2. Functional Block Diagram of XR-2240 Counterl 
Timer. 
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Semi-Custom LSI Design with 12L 
Gate Arrays 

INTRODUCTION 

In designing semi-custom monolithic LSI, one uses a 
partially fabricated silicon wafer which is "customized" 
by the application of one or more special mask pat­
terns. This technique greatly reduces the design and 
tooling cost and the prototype fabrication cycle associ­
ated with the conventional full-custom IC development 
cycle; and thus makes custom IC's economically feasi­
ble even at low production volumes. 

Until recently, the application of semi-custom design 
technology to complex digital systems has been some­
what limited due to one key factor: to be economically 
feasible, a complex digital LSI chip must achieve a high 
functional density on the chip (I.e., high gate count per 
unit chip area). Traditionally, this requirement is not 
compatible with the random interconnection concept 
which is key to the semi-custom or master-slice design 
approach. This paper describes a new approach to the 
master-slice concept which overcomes this age-old 
problem. It achieves packing densities approaching 
those of full-custom digital LSI layout while still main­
taining the low-cost and the quick turn-around attrib­
utes of semi-custom IC design. This is achieved by 
making use of unique layout and interconnection prop­
erties of 12L gates, and by extending the mask­
programming to additional mask layers besides the 
metal interconnection. 

FEATURES OF 12L TECHNOLOGY 

Integrated Injection Logic (12L) is one of the most signif­
icant recent advances in the area of monolithic LSI 
technology. Compared to other monolithic LSI technolo­
gies, 12L offers the following unique advantages: 

High Packing Density 
Bipolar Compatible Processing 
Low Power and Low Voltage Operation 
Low (Power x Delay) Product 

Figure 1 gives a comparison of the speed and power 
capabilities of various logic families, including 12L. 
Since 12L technology is a direct extension of the con­
ventional bipolar IC technology, it readily lends itself to 
combining high-density digital functions on the same 
chip along with conventional Schottky-bipolar circuitry. 
The availability of bipolar input-output interface on the 
same chip along with the high-density 12L logic makes it 
very convenient to retrofit custom 12L designs into 
many existing logic systems. 
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The 12L logic technology is developed around the basic 
single-input, mUltiple-output inverter circuit shown in 
Figure 2. A recommended circuit symbol for this gate 
circuit is also defined in the figure. Most terminals of 
the 12L gate share the same semi-conductor region (for 
example, the collector of the PNP is the same as the 
base of the NPN; and the emitter of the NPN is the 
same as the base of the PNP). This leads to a very com­
pact device structure, and results in very high packing 
density in monolithic device fabrication. Figure 3 illus­
trates the basic device structure and the cross-section 
for a bipolar-compatible 12L gate. Since the individual 
12L gates do not require separate P-type isolation diffu­
sions, they can be placed in a common N-type tUb. This 
feature greatly enhances the packing density on the 
chip since it eliminates the need for separate isolation 
pockets for individual gates. With conventional photo­
masking and diffusion tolerances, gate densities of 
greater than 200 gates/mm2 can be readily achieved in 
full-custom layout. Using the semi-custom approach 
which is outlined in this paper, one can maintain a pack­
ing density of greater than 120 gates/mm2 even with 
random metallization or Interconnection requirements. 
This offers at least a factor of four improvement over 
conventional bipolar master-slice technology and ap­
proximately a factor of two improvement over MaS 
master-slice approach in terms of gate-density and chip 
area utilization. 

10~s .,---,----,----r---,-----, 

PMOS 

Eel 
", 

1 ns,L,w".---:",.:i,=-w --:-:, .. :"-,=-w ---:, "::mw::----:';;'. m:::w;---'~ •• :-:mw 
POWER/GATE 

Figure 1. Comparison of Speed and Power Capabilities of 
Various Logic Families. 
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Figure 3. Basic Device Structure lor Bipolar Compatible 12L. 

DESIGNING WITH 12L GATE ARRAYS 

A number of 12L gate arrays have been developed at 
Exar utilizing bipolar-compatible integrated injection 
logic technology. The most recent additions to this fami­
ly of products are the XR-300 and the XR-500 gate array 
chips which are specifically intended for semi-custom 
Ie designs involving complex digital systems. These 
chips contain a large number of mUltiple-output 12L 
gates along with Schottky-bipolar input/output buffers_ 
Table I gives a summary of the components available 
on each of these chips. 

Figure 4 shows the basic layout architecture of the XR-
300 and the XR-500 gate array chips. As indicated in 
the figure, each chip is made up of two sections: (a) the 
12L gate matrix; and (b) the Schottky-bipolar input/ 
output interface. In addition, the bipolar I/O section con­
tains two identical sets of resistor arrays, located at op­
posite ends of the chip, which are used for biaSing the 
injectors of the 12L gates_ The basic features of each of 
the sections of the gate array chips are outlined below: 
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Table 1 

List 01 Components on XR·300 and XR·500 
Seml·Custom Chips 

Chip Type 
Component Type XR·300 XR·500 

Multiple Output 12L Gates 288 520 
Input/Output Buffers 28 40 

. Schottky - NPN Transistors 56 80 
Resistors 168 240 
Bonding Pads 34 42 
Chip Size (mils) 104x140 122x 185 

-_. --------

Figure 4. Basic Architecture of XR·300 and XR·500 12L Gate 
Arrays. 

a) The 12L Gate Matrix: 

This section of the 12L gate array is made up of 8-
gate "cells." These cells contain eight mUltiple­
output 12L inverters which share a common set of 
four injectors. Figure 5 shows a basic 8-gate cell 
section within the 12L gate section, prior to customi­
zation. The basic 8-gate cells forming the 12L gate 
matrix are made up of P-type injectors and gate­
fingers which serve as the base regions of the 12L 
gates. The six dots on each gate area indicate the 
possible locations or sites for gate input or outputs. 
The particular use of these sites as an input or an 
output is determined by two custom masks: an N­
type collector diffusion mask which defines the loca­
tions of outputs, and a custom contact mask which 
opens the appropriate input and output contact. Fi­
nally, a third custom mask is applied to form the met­
al interconnections between the gates, and the gate 
cells. The custom N-type diffusion step, which deter­
mines the locations of gate outputs, is also used for 
forming low-resistivity underpasses between the 
gate-cells. The area between each of the gate cells 
can accommodate two or three parallel under­
passes in the horizontal and the vertical directions, 
respectively. Since the N-type diffusion which forms 
these underpasses is a part of the customizing step, 
the location and the length of each underpass can 
be chosen to fit a given interconnection require-
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ment. This method provides the designer with virtu­
ally all the advantages and capabilities of multi-layer 
interconnection paths on the surface of the chip; and 
allows approximately 80 % of the gates on the chip 
to be utilized in a typical random-logic layout. 
~l;[ I ' ,'-, P-TY""P-E-"F~'N-G-E-R'-'-

1:1" ~'~~~~rs FOR 

:If'~:I··· 
::.'.:'~":.! :~;::';~~ 

:l,llt' 

Ilf: 
I~I! 

ADJACENT 
CELL 

DOTS INDICATE LOCATION OF 
INPUT/OUTPUT SITES 

Figure 5. Basic B-Gate Cell Before Customization. 

The custom logic interconnections can be easily laid 
out in pencil on a layout sheet by simply intercon­
necting the desired gate "sites" with a pencil line 
and appropriately defining the function of the site as 
an input, output, injector contact or an underpass. 
Figure 6 shows a typical example of such a logic lay­
out. The corresponding symbols defining the func­
tion of the sites on the layout are also identified in 
the figure. For convenience, an underpass is indi­
cated with a resistor symbol, connecting two trian­
gles corresponding to the terminal points of the un­
derpass. 

Figure 7 shows the sample layout of the same 8-gate 
, cell, after its customization with a selective N-type 

collector diffusion, contact-window cut and the met­
al interconnection patterns. 

Typical electrical characteristics of the 12L gates 
within the gate matrix are listed in Table 2. Typical op­
erating characteristics of the gates are given in Fig-

Table 2 
Typical Characteristics of 12L Gates 

~pl,ol Chal8l:1.rllll" .1 Vorlou. In)acto' Currents 

Parameter ',=100 nA ',=1 ~A ',=10 ~A ',=100 ~A 

Output Sink CUrrent. '0 300 nA B~ BO~ 600~ 
Output Sat. VOltage. VOL 3 mV 3mV 4 mV 10 mV 
Input Threshold 0.48mV 0,54 mV 0,60 mV 0,66 mV 
Pwr,-Delay Product (V+ = IV) 0.6 pJ 0.6 pJ 1,0 pJ 3pJ 
Average Prop Delay 6 ,",sec 0.6 ,,5ec 200 nsec 50 nsec 
Max, Toggle Freq (0 F/F) 6 kHz 60 kHz 400 kHz 3 MHz 
Input OFF Current (V, N = 0) 150 nA 1,5~ 15~ 130~ 
Output Breakdown VOltage 3V 3V 3V 3V 
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ures 8, 9 and 10, as a function of the injector current 
per gate, As indicated in Figure 8, the average 
power-delay product for a four-output gate is approxi­
mately 0.5 pJ at low currents; and the typical propa­
gation delay, tpd, at injector currents in excess of 
100llAlgate is approximately 50 nsec for the output 
furthest from the injector. Figure 9 shows the two 
components of the total propagation delay, namely 
the turn-on and turn·off delay, as a functon of the in­
jector bias. At low injector currents (i.e., Ii S 10IlA), 
turn·on delay is the dominant factor. For high-speed 
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Figure 6. Sample Pencil Layout on a Logic Cell. 
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Figure 7. Sample Layout of 8-Gate Cell After Customizing it 
with N + Collector Diffusion, Contact Mask and 
Metal Interconnection Pattern. 



operation with Ij S 50 p.A, turn·off delay becomes the 
dominant limitation in speed. Typical toggle rate of a 
O·type flip·flop as a function of injector current is 
shown in Figure 10. As indicated in the figure, toggle 
rates of 3 MHz are obtained at injector current levels 
of approximately 100 p.A per gate. ._._--

I 

,." L........--_-----,--__ ~ 
IOnA IO.A 

INJ[tTOHCURRENTP[RGAT[ 

Figure 8. Propagation Delay Characteristics of 12L Gates as a 
Function of Injector Current. 

'""" ,--------

Figure 9. Average Turn-On and Turn-Oil Delay vs. Injector Cur­
rent. 
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Figure 10. Maximum Toggle Rate of D-Type Flip-Flop as a 
Function of Injector Current. 

b) Schottky-Bipolar I/O Section: 

The Schottky·bipolar input/output interface sections 
are located along the periphery of the XR·300 and 
the XR·500 gate array chips. In addition, this bipolar 
section of the chip contains two sets of resistor ar· 
rays located at opposite ends of the chip (see Figure 
4) for programming or setting the injector current 
levels for the 12L gates. By proper tapping of these 
resistor arrays, the injector currents of the gates can 
be set to any value between 1 p.A to 100 p.A per gate. 
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For operating with current levels below 1 p.Aigate, an 
external current setting resistor can also be used. 

The component layout of a typical bipolar input! 
output interface cell is shown in Figure 11. Such an 
I/O interface cell contains one bonding·pad, several 
diffused resistors of varying values, two Schottky· 
clamped NPN transistors and a clamp diode to the 
substrate. Each of the NPN bipolar transistors are 
capable of sinking 1 OmA of output current, with typi· 
cally a saturation voltage of 0.5V. The breakdown 
voltage of the bipolar output transistors is 6V; how· 
ever, modified versions of the XR·300 and XR·500 
12L gate arrays are also available with output break· 
down voltage in excess of 15V. Figure 12 shows 
some of the most commonly used input and output 

t:.=JIl 

R6= ~ 
500n 

d 
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~~-~-~~~~=a=-.:~i_= 2.5K =n 
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Figure 11. A Typical Schottky-Bipolar Input/Output Interface 
Cell. 
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Figure 1<1. Tyipcal Bipolar I/O Interface Circuits. 
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interface circuit configurations available from the 
basic bipolar I/O cell. 

SEMI-CUSTOM DESIGN CYCLE 

The semi-custom LSI design program utilizing the XR-
300 and XR-500, is devised for maximum versatility, to 
suit varying customer needs or capabilities. Figure 13 
gives an outline of the six basic steps associated with a 
typical 12L semi-custom program. The sequence of 
these steps are also outlined below: 

(I) Feasibility Review 
and 

Logic Conversion to 12 L Gates 

• (2) 
Pencil Layout on Gate Array Worksheets 

• (3) Computerized Mask Artwork 
Generation 

f 
(4) Mask Fabrication 

N+/ContactjMetal Masks 

t 
(5) Customizing Pre- Fab Wafers: 

Collector Diff.jContact and Metal 

• (6) Assembly jTest and 
Prototype Delivery 

Figure 13. Sequence 01 Steps Associated with a Semi­
Custom LSI Development Cycle. 

Step 1. Feasibility Review and Logic Conversion: 

Starting with the customer's logic diagram (preferably 
reduced to flip-flops and gates) the first step is a de­
tailed review of the system requirements with regards 
to the overall gate count, 1/0 requirements, operating 
speeds, etc., to assure feasibility of integration, and to 
choose the most economical gate array chip to be 
used. If the results of this review indicate feasibility, the 
next step is to convert the logic diagram into 12L gates. 
At this state, a computer simulation of the logic dia­
gram may also be performed, if deemed necessary. 

Step 2. Pencil Layout on Gate Array Worksheets: 

Once the logic diagram is converted to 12L gates, the 
next step will be to make a pencil layout of the circuit on 
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the appropriate array worksheet. This pencil layout is 
done on a blank worksheet where the gate input and 
output locations are shown as target dots (see Figure 
5). During the layout, an appropriate symbol is placed 
over the corresponding dot on the gate outline, and the 
interconnections and the underpasses between the 
gates are indicated by pencil lines and with the symbols 
defined in the layout example of Figure 6. In this layout, 
the bipolar 1/0 cells do not need to be internally inter­
connected. Since these cells are standardized, it is only 
necessary for the designer to specify if a particular I/O 
cell is to be used as an input or an output. 

Step 3_ Computerized Mask Artwork Generation: 

Using a specially developed computerized mask gener­
ation technique, the three layers of necessary custom 
Ie tooling (i.e., for custom N-type diffusion, contact win­
dow cut; and the metal Interconnections) can be auto­
matically generated by a single "digitizing" step from 
the pencil layout. This simultaneous and automated 
generation of the three custom mask layers greatly re­
duces the tooling cost and turnaround time, and avoids 
mask errors. 

Step 4_ Mask fabrication: 

The photographic tooling plates, or "masks," are fabri­
cated by a pattern-generation technique from the digi­
tized coordinate information stored in the computer. 

Step 5. Customizing Prefabricated Wafers: 

The prefabricated 12L wafers containing the P-type base 
diffusion and the gate "fingers" (see Figure 5) are cus­
tomized into completed monolithic LSI chips using the 
custom Ie tooling generated in Steps 3 and 4. 

Step 6. Assembly/Test and Prototype Delivery: 

The completed monolithic chips are first evaluated on 
the finished Ie wafer, and later assembled, electrically 
tested and delivered as the completed prototypes. 

In many cases, the first two steps indicated in the flow 
chart of Figure 13, can be done b~ the customer, in con­
sultation with Exar, using Exar's 12L Design Kit and the 
design instruction manual. Whenever possible, such an 
approach is recommended, since it greatly reduces the 
development costs and the turnaround time. 

Typical development cycle containing all the steps out­
lined in the flow chart of Figure 13, takes about 8 to 12 
weeks, depending on the circuit complexity, and wheth­
er the customer or Exar does the logic conversion and 
pencil layout. 

Figure 14 shows the photo-micrograph of a typical 
semicustom LSI chip, fabricated using the technology 
outlined in this paper. As indicated in the figure, the use 
of 3-mask customization step results in an efficient lay­
out and utilization of the available active devices within 
the 12L gate array. 



Figure 14. Photo-Micrograph of a Typical Semi-Custom 
12L LSI Chip. 

ECONOMICS OF SEMI-CUSTOM DESIGN 

In developing custom LSI circuits, one is confronted by 
the following key question: for a given production reo 
quirement, is it cheaper to develop a full or semi­
custom IC? Since the performance and functional reo 
quirements of custom IC's vary greatly, there is no gen· 
eral answer to the above question. However, based on 
the overall production requirements it is possible to es· 
tablish some economic guidelines for deciding which 
custom IC technology to use, and when. 

One of the main advantages of semi·custom LSI design 
over conventional full custom IC development is the 
greatly reduced development cost. This development 
cost generally amounts to 10% to 30% of that required 
for a complete custom IC design. However, since the 
semi·custom design technique tends to waste some of 
the IC chip area due to random interconnections, the 
unit price of a semi·custom LSI chip in volume produc· 
tion is slightly higher (approximately 10% to 30%) then 
a full or complete custom design. Therefore, to decide 
which is the most economical approach, it is best to 
compare the estimated amortized unit cost per device 
for various production quantities. Figure 15 gives such 
a comparison for a "typical" custom LSI chip, as a 
function of total production requirement. The total am· 
ortized cost per unit is defined as the total cost of the 
development plus the production purchase, divided by 
the total number or quantity of units purchased. The ex· 

3-83 

AN·16 
tremely high development costs (typically in the range 
of $50,000 to $100,000) associated with full custom de· 
signs make the amortized unit cost of full custom IC's 
far more expensive than semi·custom designs, at low 
production quantities. Similarly, for the lower chip cost 
of full custom IC's make this approach more economi· 
cal for high production volumes. Typical cross·over 
paint between the economics of the full or semi·custom 
technology comes about in the quantity range of 
50,000 pieces to 150,000 pieces, as implied by the iIIus· 
tration of Figure 15. However, it should be noted that 
Figure 15 is only a typical "case study," and that the ac· 
tual cross·over point for a given program will depend on 
the circuit complexity, performance and test require· 
ments, and the type of IC package used. 

o 
U 

~ ." :; 
E 
« 
;; 
(; 
f-

~FUlLCUSTOM 
/ DESJGN 

Total Quantity of Units Purchased 

Figure 15. A Comparison of Relative Cost Advantages of Seml­
Custom and Full Custom LSI Products. (NOTE: Am­
ortized cost per unit includes the development 
cost.) 

CONVERTING SEMI-CUSTOM TO FULL CUSTOM 
It is often possible to start a development program us· 
ing the semi·custom technology, such as the 12L gate 
arrays described in this paper, and later change to a full 
custom deSign when the production quantities increase 
beyond the cost cross·over point illustrated in Figure 
15. Such two·phase approach often combines the best 
advantages of each of the semi· and full custom tech· 
nologies. For example, the initial development can be 
done in a semi·custom manner, using Exar's 12L gate 
arrays, and thus take full advantage of the low tooling 
cost and the short development cycle. As a customer's 
product matures and its market expands, resulting in 
higher volume production run rates, Exar can convert 
the multiple semi·custom chip approach into a single 
custom IC, achieving a cost reduction and in many 
cases a performance improvement. The Significant ad· 
vantage of this type of program is that the risk associ· 
ated with a custom development is greatly reduced; the 
IC design approach has been proven, and the design 
"bugs" are removed at the semi-custom stage thus 
eliminating the need for lengthy re-design cycles at the 
full custom level. Once the semi-custom chip is com­
pletely characterized in the user's system, and is used 
for the initial production runs, it can be gradually 
"phased-out" by a full custom design without interrupt­
ing the user's production line. 
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XR·C409Monolithic 12L Test Circuit 
INTRODUCTION 

The XR-C409 monolithic IC is a test circuit for evalua­
tion of speed and performance capabilities of Exar's In­
tegrated Injection Logic (12L) technology. It is intended 
to familiarize the 12L user and the digital system design­
er with some of the performance features of 12L, such 
as its high-frequency capability and power-speed tra­
deoffs. 

Figure 1 shows the package diagram of the XR-C409 
12L test circuit. It is comprised of five separate evalua­
tion blocks as shown in the figure. Siocks 1 and 2 are 
D-type flip-fl9PS which are internally connected as fre­
quency dividers. Each of these dividers provide buf­
fered open-collector outputs. Siocks 3, 4, and 5 are 8-
stage ring-oscillators with buffered outputs to be used 
for measuring gate propagation delays at different in­
jector current levels. 

FREQUENCY DIVIDER SECTION 

The frequency divider sections of XR-C409 test circuits 
are made up of two D-type flip-flops internally connect­
ed in the (+ 2) mode. These frequency dividers are op­
erated with serial clocking and parallel reset controls. 

The internal interconnections of these D~type flip-flop 
sections are shown in Figure 2. The corresponding 
package terminals are also identified in the figure. The 
flip-flops operate on the negative-transitions of the 
clock input, and reset with the reset at a "high" logic 
state. When the circuit is reset, all the outputs go to a 
"low" state. The logic polarities and the timing se­
quence of the circuit waveforms are given in Figure 3. 

Evaluating the Frequency Divider Section 

Figure 4 shows the circuit connection for the frequency 
divider section of the XR-C409. The recommended 
clock input level is OV and + 1V for the "low" and 
"high" levels. For optimizing high frequency perform­
ance, a square wave clock input is recommended with 
a source impedance oS 1000. 

Biasing of Injectors 

All of the 16 12L gates forming the frequency divider 
sections are biased by the total injector current, IT, ap­
plied to the injector terminal (Pin 1) as shown in Figure 
4. The total injector current, ITo applied to the flip-flop 
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sections of XR-C409 is set by the external bias resistor, 
RS, as: 

V+ - Vbe 

RS 
(1) 

where Vbe ("" O.7V) is the transistor base-emitter volt­
age drop. 

The total injector current, IT, is shared among 16 indi­
vidual 12L gates forming the frequency-divider sections. 
Thus, the operating current of each gate, Ij, is equal to 
1/16 of the total injector bias, or: 

Ij = IT/16 (2) 

INJECTOR A CLOCK INPUT 

r RESET 

4 OUTPUTS 

03 
OUTPUT 
0, I· 2) 

INJECTOR B N.C. 

OSCILLATOR 
OUTPUT 

N.C. 

INJECTOR C N.C. 

OSCILLATOR OSCillATOR 
OUTPUT OUTPUT 

GROUND 
(SUBSTRATE) INJECTOR D 

Figure 1. Package Terminals for XR-C4D9 Test IC. 

INJECTOR ...---------0 ... 2 OUTPUT 

Figure 2. Block Diagram of Frequency Divider Section. 
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(PIN 161 
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!PIN 151 IL. ____________ --'I 

+ 2 OUTPUT 
!PIN 141 
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{PINS 2 AND 31 ___ ..J 

Figure 3. Timing Diagram for Frequency Divider Section. 
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Figure 4. Tesi Circuit for Frequency Divider Section. 

Measuring Output Waveforms 

Each of the output terminals of XR-C409 frequency­
divider are open-collector type terminals which require 
a pull-up resistor to positive supply voltage. Thus, the 
output rise-time is limited by the external RC time con­
stant due to the load reSistance, RL, and the parastic 
andlor load capacitance, CL. 

Figure 5 shows a recommended circuit connection to 
test the output swing at high frequencies, using a low­
capacitance clamp-diode, 01, to clamp the output 
swing to '" +0.7V above ground. 

v' 

OUTPUT 

0, = CLAMP DlOOE 

Figure 5. Recommended External Connections to Measure 
Output Waveforms. 
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The value of the load resistor, RL, is determined by the 
current sinking capability of the output transistor, T 1, in· 
ternal to the chip. Since Tl is the output of an 12L gate, 
its worst case sinking current is limited to the individual 
gate current, I.e.: 

(3) 

This current-sinking capability in turn limits the mini­
mum value of load resistance RL to: 

(4) 

The peak output swing is limited to approximately 3 
volts due to the collector-base breakdown of the 12L 
gate output, I.e., transistor Tl of Figure 5. 

High Frequency Capability 

The maximum operating frequency of 12L frequency­
divider circuits is a function of the total injector current. 
For low·current operation, the maximum toggle­
frequency of the flip-flops forming the frequency-divider 
section increases linearly with increasing injector cur­
rent. Typical maximum toggle frequency vs. injector 

lOMHz r----,----,-----,----r----, 

> u 
:; 
~ lMHz 

;: 500 

" g 200 

--+-~ , 
i 
I 

~ 100kHz f----+--:;;j~-+----+---+-----l 

~ 50 
< 
~ 

2D 

lmA lamA 

TOTAL LNJECTOR CURRENT, IT, APPLIED TO PLN 1116 GATESI 

Figure 6. Typical Maximum Toggle Frequency vs. Injector 
Current Characteristics for XR-C409 Frequency 
Divider Section 

(NOTE: Clock Input: 1 V p.p Square Wave) 

current characteristics are shown in Figure 6. Note that 
the maximum toggle-rate obtainable is in the range of 3 
to 5 MHz, at a total injector current level of 1 to 2 mA, 
which corresponds to individual injector currents of ap­
proximately 60 p.A to 120 p.A per gate. 

RING-OSCILLATOR SECTIONS 

The ring-oscillator sections of XR-C409 test circuit are 
intended for measurement of propagation delays asso­
ciated with 12L gates. Each of these oscillators are 
made up of a cascade of 8 four-output 12L gates. Figure 
7(a) shows the basic electrical equivalent circuit of a 
four-output 12L gate. Its corresponding logic symbol is 
shown in Figure 7(b). The basic gate operates as an in­
verter with single input and four outputs. 
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INJECTOR 

eeUIVALENT CIRCUIT 

Figure 7. Four-Output 12l Gate 

The propagation delay through an 12L gate depends on 
the following sets of parameters: 

1. Device design: (I.e., manufacturing methods and 
device layout used in fabrication process). 

2. Injector current level: (gate switching speed in· 
creases with increasing current, until a maximum 
is reached). 

3. Choice of outputs used: (the output closest to the 
injector has minimum propagation delay at high 
currents). 

4. Number of outputs used: (if fewer outputs are 
used and the unused outputs left open, the gate 
delay is Lower at low currents. However, at high 
currents, I.e., Ij ~ 100ILA/gate, gates with fewer 
outputs left unused show lower delays. This is due 
to excess storage-time effects due to open­
circuited gate outputs. See Figure 10.) 

Figure 8 shows the basic seven-stage ring·oscillator cir­
cuits included on the XR-C409 chip to evaluate the 
propagation delay characteristics of 12L gates. Since 
the delay characteristics depend on the choice and the 
number of gate outputs used, the test IC includes three 
separate ring oscillator sections. The ring oscillator of 
Figure 8(a) corresponds to section (3) in the package di­
agram of XR-C409 shown in Figure 1. This oscillator us­
es only one gate-output per gate. The output used is the 
one closest to the injector, with the remaining outputs 
left open-circuited. 

The ring·oscillator of Figure 8(b) uses two gate outputs 
per stage. The outputs used are the two closest to the 
injector. The ring oscillator of Figure 8(c) has all four 
outputs shorted together. 

All three oscillator sections of XR-C409 have separate 
injectors, but share a common ground (pin 8). Each os­
cillator also has a separate output buffer stage. 

Figure 9 shows a recommended test circuit for evaluat· 
ing gate delay vs. gate current characteristics using the 
ring oscillator sections of XR-C409. Since each ring­
oscillator section is comprised of 8 gates, the actual in­
jector current per gate, Ij, is 1/8 of the total injector cur­
rent, ITo: 

Ij = injector current/gate = .!!. (5) 
8 
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(PIN 41 

(PIN 5) 

OSCILLATOR 
n-~-o OUTPUT 

Ring Oscillator Using Single Gate Output per Stage 
(Section 3) 

{PIN 91 

PIN 8 

Ibl 

(PIN 10) 

OSCILLATOR 
n-~~ OUTPUT 

JLJL 

Ring Oscillator Using Two Gate·Outputs per Stage 
(Section 5) 

{PIN 61 

(PIN 7) 

n-~~ g~~lpl~:TO~ . 
...flJ 

Ring Oscillator Using Four Gate-Outputs per Stage 
(Section 4) 

Figure 8. Equivalent Circuits of the 7-Stage Ring Oscillator 
Section_ 

r 
RL IL t 

OSCILLATOR 
OUTPUT 

JUl 
01' LOW CAPACITANCE 

CLAMP DIODE 

Figure 9. Recommended Test Circuit for Evaluating Power­
Delay Characteristics of 12l Gates Using Ring 
Oscillator Sections of XR-C409. 



The total injector current, ITo is determined by the exter­
nal bias resistor, RBm as given by equation (1). 

Measuring Output Waveforms 

The output terminals of XR-C409 ring counter sections 
are open-collector type terminals, similar to the outputs 
of the frequency divider sections. Thus, the outputs re­
quire pull-up resistors to the positive supply voltage. 
The output rise-time is strongly affected by the external 
RC time constant due to the load resistance, RL, and 
the parasitic load capacitance, CL. In the test circuit of 
Figure 9, a low-capacitance clamp diode, D1 is used to 
limit the output swing and thus minimize the slow rise-

o time effects. 

The minimum value of load resistance, RL, is deter­
mined by the current sinking capability of the output 12L 
gate. For proper operation of the ring-oscillator circuits, 
the load current, IL, should be limited to: 

IT 
IL:S -

4 
(6) 

which limits the output load resistance, RL, for ring­
oscillator sections to: 

(7) 

Calculating Propagation Delays 

The average propagation delay Td per gate can be cal­
culated from the ring oscillator frequency, fo as: 

1 
Td = --sec 

2Nfo 
(8) 
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where N is the number of stages in the ring oscillator. 

For the case of the 7-stage oscillator circuits in the XR­
C409 test chip, Td can be calculated from equation (8) 
by setting N = 7. 

Figure 10 shows the typical gate-delay vs. injector cur­
rent characteristics measured from the three ring­
oscillator sections of XR-C409. In the figure, the gate 
delay is plotted as a function of the injector current per 
gate. The gate geometry layout of XR-C409 ring­
oscillator sections is not optimized for high frequency 
operation. 

10,..1 r-------;-------,,----,..-----, 

'" f-----'~~----f----+-----l 

500 

200 
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20 SECTION 4 
14 OUTPUTS/GA TEl 

10"'.,!-.A:-'--'----:".':-A ---L--'--==IO.'-::A---L---'--:'~OO:-'.A;-'----'-~'mA 
INJECTOR CURRENT PER GATE,lj 

Figure 10_ Typical Propagation Delay vs. Injector Current 
Characteristics as Measured from 7-Stage Ring 
Oscillator Section of XR-C409. 
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Designing Wide-Tracking 
Phase-Locked Loop Systems 
INTRODUCTION 

Phase locked-loops with their excellent frequency 
tracking characteristics have found their way into many 
applications where synchronizing or synthesizing of sig­
nals is required. Although they do have the ability to 
track an incoming signal very well, the actual tracking 
range is quite limited by the nature of PLL:s to less than 
2:1. This range of less than 2:1 must be observed if har­
monic locking, a plague to the designer, is to be avoided. 

This application note describes the design of tracking 
PLL with a tracking range of greater than 100:1, with 
no harmonic locking problems. This design uses the 
XR-2212 Precision Phase-Locked Loop in conjunction 
with the XR-320 Monolithic Timer and an XR-084 Quad 
BiFet Operational Amplifier to form a wide range PLL 
with automatic tuning. 

PRINCIPLES OF OPERATION 

Figure 1 shows the block diagram of the tracking PLL. 
The circuit is comprised of three blocks: the PLL, the 
Frequency to Voltage Converter, and Precision Clamp­
ing Circuit. The blocks operate as follows. The PLL 
locks onto the incoming frequency and produces an 
output frequency identical to that of the input, but 
phase shifted. The center of the lock range is controlled 
by V1. V1 is derived from the FN converter, which pro­
duces a voltage proportional to the incoming frequency. 
This voltage, V 1, thus provides an automatic PLL center 
frequency tuning Signal. The swing of the phase detec­
tors filtered voltage, V2, controls the amount the VCO 
can be moved about its center frequency. The precision 
clamp fixes the swing on V2 to a fixed percentage of V 1, 
keeping the tracking range of the PLL constant as its 
center frequency is varied. 

,;0--_-+-·1 
INCOMING 
SIGNAL 

,oo--+-...... +-----<V 
OUTPUT 

v, 

Figure 1. Tracking PLL Block Diagram. 
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The actual driving voltage for the VCO is now a voltage 
proportional to fi which can be varied a fixed percent­
age by the phase detector. 

CIRCUIT DESIGN 

The heart of the circuit is the XR-2212 Precision Phase­
Locked Loop. Figure 2 shows the XR-2212's internal 
blocks and necessary external components. The VCO 
in the XR-2212 is actually a current controlled oscillator. 

Pin 12 is fixed at the reference voltage, Vr = V; , and 

the current drawn from this terminal controls the fre­
quency of oscillation of the VCO, fO. With RO grounded, 
as shown, the VCO's free running or center frequency 
is: 

fO = _1_ 
ROCO 

RO and Co are calculated using this relationship at fO 
maximum. With the PLL locked on its center frequency, 
the phase detector's dc output, Pin 10, is also at Vr and 
the current flowing in RO is proportional to fO. If the bot­
tom end of RO is now raised above ground, the current 
in RO will change linearily with the voltage, as will fO 
thus providing the voltage control input for the VCO. If 
RO is left at zero volts and fi is moved, the dc voltage at 
Pin 10 will inversely follow fi, increasing fi decreases 
the voltage at Pin 10, modulating the current from Pin 
10 and thus fO. The maximum swing of Pin 10 is = ± Vr, 
giving the following relationship: 

±Vr 
':\f R1 RO (VrRO) RO 

±-=--=-±--= ±-
fO Vr R1 VrR1 R1 

RQ 
.:\f being the PLL:s tracking range. 

Figure 2. XR·2212 Internal Blocks 
with External Components. 



In our application a constant ~ is desired, so if the out­

put of the phase detector, Pin 10, is clamped to -VRO, 
the voltage across RO, a constant tracking range will be 
maintained. C1 serves as the loop, low pass filter, and is 

Co . 
made to equal 4" for a damping of V2. 

The voltage driving RO comes from the FlY converter 
which is formed by the XR·320 Monolithic Timer. The in­
ternal blocks and external components of the XR-320 
are shown in Figure 3. The input to the FlY is brought to 
the trigger input, Pin 6, which, when driven above the 
threshold, triggers the F/F and opens the internal 
switch transistor, S1. The voltage on CT will linearily 
rise, at a rate set by RT until Vr is reached at which time 
the comparator resets the F/F and closes S1, waiting 
now for the next rising edge on Pin 6. Once triggered 
the output, Pin 12, will go low for the timing period de· 
fined by the relationship: 

Since Pin 12 will now have a constant low time and a 
repetition rate equal to that of the incoming signal, fi, it 
can be filtered to provide a voltage proportional to fi. 

Figure 4 shows the complete tracking PLL circuit. The 
precision clamp is formed by A1-A3 which samples the 
voltage across RO and clamps the XR·2212's phase de­
tectors output to ± VRO. With the given values, the 
tracking range of the circuit is one kHz to 100 kHz, with 
the XR-2212's tracking range set at approximately ± 
0.33 fO. The input frequency voltage range is 10 mV 
RMS to 3 V RMS with the output producing a 10 V p.p 
square wave. Calibration is done by first applying 100 
kHz to the input and adjusting P1 for fO equal to fi in fre­
quency but shifted in phase by approximately 90 0 , then 
with fi = 1 kHz P2 is adjusted again for equal frequen­
cies with 90 0 of phase shift. 

XR-2212 

+12vo--------?"---------.!~_f 

foo-------~-----_4~~-+-~ 

5.BK 

'2K 

"r v+ 
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WIDE RANGE SYNTHESIZER USING RR-2212 PLL 

This same technique of automatic tuning can be used 
to form a wide range synthesizer as shown in the block 
diagram of Figure 5. Here a programmable frequency 
divider has been put into the loop between the VCO out­
put and the phase detector input. Since the PLL will 
drive the VCO until its two inputs are at the same fre­
quency, the VCO will be at: 

fVCO = Nfr where N in the binary number ap­
plied to the programmable divider 
(N ~ 1) 

The FlY converter used in the previous application to 
drive RO, or tune the PLL, is now replaced with a digital­
to-analog converter, DAC. Its digital inputs come from 
the same lines which control N. The DAC's output volt­
age, which drives RO, will now vary proportionally with 
N, or retuning the PLL with each new N. The same 
clamping network is used on the phase detectors out­
put as discussed earlier. 

24K 

INPUT FROM fi 

..r 

Figure 3. XR-320 Internal Blocks with 
External Components. 

4.3K 

Ro 

5K ., 
L-------~TR OUT·r--~~-~--~---------~~------------~ 

112) c,- GND 

c,-I~PF 

Figure 4. Wide Range Tracking PLl. 
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Figure 6 shows the complete wide range synthesizer 
circuit. The two 4-bit binary counters, 74161, and mag­
nitude comparator, 8130, form the programmable di­
vider. The output of the divider is a variable duty cycle 
pulse so that the flip-flop, 7474, was added so that 
phase detector was always presented with a square 
wave. Since the flip-flop also divides by two, the mini­
mum value for the divider will be 2 or the actual N of the 
overall divider will be the binary input times two, 2N. 
The DAC uses the reference voltage of the XR-2212 as 
its reference with amplifier A4 used to scale the voltage 
to RO correctly. C1 provides loop compensation and its 
value will determine not only the response of the circuit 
but the short term frequency stability of fO. A trade off 
must be made here as decreasing C1 will provide for a 
faster responding loop but decrease the short term sta­
bility of fO. It is probably most desirable to have a highly 
stable output frequency and slower responding loop, 
which the values in Figure 6 provide for. 

With the values shown, fo will be one kHz to 100 kHz 
with fref = 500 Hz and N = 1 to 100. The reference in-

24K lOOK 

put voltage range is 10 mV RMS to 3 V RMS with the 
output providing a T2L compatible square wave. 

loo--t--=====t--II 

FROM VAEF 
OF XR·2212 

Figure 5. Wide Range Synthesizer Block Diagram. 

+12 ... o--------------..... ---t---H 

'REF 0-----------------1 I--f----R 

loo-----t--~---~~--------. 

'5'~-rt==~~~l:n DIGITAL GND~ 
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10K 

LSB 

51K 

MSB 

-12'0-------.... -1" 
8 3 84 8s 8 6 8 7 8 8 i 
~ a 
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+12v 

20K 
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Figure 6. Wide Range Synthesizer. 
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Calibration is done by first adjusting Pl for a 100 kHz 
output with N = 100 and then adjusting P2 for a one 
kHz output with N = 1. 

AN·18 
Typical input and output waveforms for rref = 500 Hz, 
top trace, and fo, bottom trace, with N switching from 
40 to 8 are shown in Figure 7. 

Figure 7. Typical Input and Output Waveform. 
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Clock Recovery System 
INTRODUCTION 

Recovering encoded serial data from floppy disk sys­
tems poses a major design problem as the synchro­
nized clock used to encode data is embedded within 
the data stream. The clock cannot be readily extracted 
using common phase-locked loop techniques as the ac­
tual clock may appear for only short periods of time in a 
common encoding format such as NRZI. This clock is 
necessary to decode the serial data and retrieve the 
original data. 

This application note describes the design of a PLL 
(phase-locked loop) system which can be used to re­
cover the clock from a serial data stream using NRZI 
proto·col with very excellent stability. The design utilizes 
the XR-2212 Precision Phase-Locked Loop in conjunc­
tion with the XR-320 Monolithic Timer to form the heart 
of the system. The system also uses a 74123 Dual One­
Shot and 398/13333 for timing and sample and hold 
purposes. 

PRINCIPLES OF OPERATION 

Figure 1 shows a data stream and clock using a typical 
NRZI protocol. In this protocol changes in levels repre­
sents a binary zero, while no transitions a binary one. 
From the figure it can be seen that the data stream can 
have a maximum rate of change corresponding to a fre­
quency equal to one half the clock frequency with the 
actual data being a string of zeros. This format guaran­
tees that there will be no more than five ones in a row. 
The slowest rate of change will then be a frequency 
corresponding to one twelfth the clock. 

ACTUAL DATA 0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 0 0 0 1 

NAZI 
ENCODED 
DATA STREAM 

CLOCK 

" 
T, 

T2 I h I nL-__ .....J..--L 
H RETRIGGERED BEFORE 
1.2T IT TIMED OUT 

~'::!""::~~""~"";·N~C-Y -'-~-P-H-AS...J.*V;:\'-;E-C-TO-"--.J\~ 

,. 
REGENORATED 
CLOCK 

COMPONENT HELD BY SIH 

Figure 1. System Timing Diagram. 
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Figure 2 shows the block diagram of the clock recovery 
system. The XR-320 forms a bi-directional one-shot. It 
will produce a positive output pulse for both rising and 
falling edges on its input. The period of these output 
pulses is set equal to one half the total period of clock. 
This is used to provide a frequency component in the 
data stream equal to the clock even under worst case 
data conditions of five ones, zero, five ones, zero. (Seen 
in Figure 1.) This can also be seen to double the fre­
quency of the data stream which is desirable as the 
PLL will now be able to lock to the original clock. The 
XR-2212 forms the PLL which, when the actual clock 
appears in the data stream, locks to and produces a 
frequency at its veo output equal to and synchronized 
with the clock. The PLI':s phase detector output is con­
nected to the input of a sample and hold (S/H) as well 
as the S/H's output through a switch. This switch is held 
open by the 74123 as long as the clock appears in the 
data stream. Whenever a one is present the clock will 
not appear in the data stream and the 74123 places the 
sample and hold in the hold mode and closes the 
switch. This holds the voltage at the phase detector and 
keeps the proper driving voltage to the veo, thus main­
taining the frequency at the output of the veo equal to 
and synchronized with the clock. 

DUAL ONE-SHOT 

Figure 2. Clock Regenerator Block Diagram. 

When the clock reappears in the data stream the 74121 
drives the switch open and S/H to the sample mode 
with the PLL once again tracking the clock in the data 
stream. The length of T 1 is made equal to slightly less 
than the period of the clock so that the S/H is always 
ready in the event the clock is not in the data stream 
and any sample to hold glitches will not be transmitted 
to the phase detector's output. The length of T 2 is made 
slightly longer than the clock period which will cause 
the switch to close immediately after one clock pulse is 
missed. With a clock period T, these times, T1 and T2, 
are set equal to 0.8 T and 1.2 T, respectively. 



CIRCUIT DESIGN 

The heart of the circuit is the XR-2212 Precision Phase­
Locked Loop. Figure 3 shows the XR-2212's internal 
blocks and necessary external components. The phase 
detector output is a high impedance current source out­
put so it can be forced or held at a particular voltage 
easily, as by the S/H. The PLL:s center frequency is 
equal to: 

1 
fo=--

RoCO 

RO and Co are calculated using the data stream's clock 
frequency set equal to fo. The tracking range of PLL is 
given by the following relationship: 

R1 
af = fo - af => tracking range 

R1 

c. 

Figure 3. XR-2212 Internal Blocks with External 
Components. 

The phase relationship between the incoming Signal, fi' 
and the output signal, fo, will be 90· if fi is equal to fo 
and will vary up 90· or down 90· from this nominal if fi 
is at either end of the tracking range. The voltage at the 
output of the phase detector will also vary linearly with 
these phase relationships. These relationships are 
shown in Figure 4. The tracking range is made very 
large since a constant phase relationship between the 
recovered clock is desirable. Therefore, any errors in 
the S/H or drops through the switch will not significantly 
alter this phase relationship. at is made equal to ap­
proximately 0.8 fo, and R1 is calculated accordingly. C1 
is used to remove the double frequency component 
from the phase detectors output and also in conjunc­
tionwith Co controls the PLL transient response char­
acteristics, according to. the following relationship: 

~ = v....rco 
C1 

Co 
for a loop damping of Y2, C1 = 4" 
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Figure 4. PLL In/Out Phase Relationships. 

The XR-320 Monolithic Timer used for the bi-directional 
one-shot is shown in block form with its external com­
ponents in Figure 5. The control flip-flop can be trigger­
ed by either positive or negative edges on its inputs, 
which are tied together for this application to provide bi­
directional triggering. Once triggered, the output will 
provide a low level signal for a period defined by: 

TLOW = 2 RTCT 

These components are calculated with TLOW set equal 
to one half the clock period. 

Figure 5. XR-320 Internal Blocks with External Components_ 

Table 1 summarizes the previously described formulas 
as well as those for the 74121 Dual One-Shot. 

FOR XR-2212 

(1) ReCe = _1_ 
'ClK 

(2) R1 = 1.2 Re 

Table 1 

FOR XR-320 FOR 74123 

0.8 'elK In 2 

(6) REX2CEX2 = 

1.2 'ClK In 2 
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Figure 6. Complete Clock Regenerator. 

Figure 6 shows the complete clock recovery circuit 
with values designed for a clock of 122 kHZ. The input 
to the system will accept input low levels from 0 V to 
0.5 V levels and high levels from 1.5 V to 5 V. The output 
provides a 10 V P-P square-wave. Calibration is accom­
plished by adjusting P1 for the output of the XR-320 to 
equal exactly one half of the clock period and P2 for a 
90· phase shift between fi and fo with a constant string 
of zeros applied at fi. 

The oscilloscope photograph in Figure 7 shows the sys­
tem waveforms with the input data stream on top and fo 
on the bottom. 

The same circuit can be used to regenerate or clean up 
a clock with occasional missing cycles by applying it to 
the point labeled fi and eliminating the XR-320 from the 
circuit. 
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Figure 7. System Waveforms. 
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BuUding a Complete FSK Modem Using 
XR,,2211 arrnd XR .. 2206 
INTRODUCTION 

With the number of digital systems and equipment 
growing so rapidly, the need for a method of moving da­
ta has also become a fast growing field. This applica­
tion note describes the construction of a modem sys­
tem using frequency shift keying, FSK, for serial data 
transmission. The system utilizes the XR-2206 as a 
modulator, the XR-2211 as a demodulator, and an 
XR-084 op amp as a bandpass filter. These three IC's 
make up a complete working 300 baud, full duplex, FSK 
modem. 

GENERAL DESCRIPTION 

Figure 1 shows the block diagram of an FSK system. 
The complete system is comprised of an answer and 
originate modem. The answer modem will convert input 
data to either 1070 Hz or 1270 Hz and send it to the 

OAIGINA TE MODEM 

PHONE LINE 

phone line, while it will decode to "I 's" and "O's" 2025 
Hz and 2225 Hz received from the line. The originate 
modem simply reverses the frequencies for send and 
receive. The sinewave modulator will produce two dis­
crete frequencies at its output corresponding to a "1" 
or a "0" at its data input. The line hybrid will steer these 
frequencies to the phone line while causing received 
frequencies to go to the bandpass filter and demodulat­
or. This block will therefore provide isolation between 
modulator and demodulator at each end. The bandpass 
filter is used to remove unwanted signals and noise re­
ceived from the phone line before they reach the 
demodulator. 

The PLL demodulator will lock onto incoming frequen­
cies at its input and produce" 1 's" or "O's" at its output. 
The carrier detect output will produce a low, "0" signal 
out when valid data is being received. 

ANSWER MODEM 

1070,1270 Hz 

Figure 1_ Block Diagram of FSK Modem System. 

OPERATION AND CALIBRATION 

The circuit has been designed for + 12 volt operation. 
The data inputs accept TIL compatible signal levels, 
while the outputs provide OV to + 12V signal levels. 

Calibration is done by first adjusting the modulator. With 
a low signal on its input, R21 is adjusted for 1270 Hz or 
2225 Hz for originate and answer respectively. Then 
with a high signal in, R22 is adjusted for 1070 Hz or 
2025. 

The demodulator is easiest adjusted by feeding into the 
modem input an alternating 1070 Hz/1270 Hz or 2025 
Hz/2225 Hz signal in a square-wave fashion. The modu­
lating frequency should be 150 Hz, which is one-half 
the system baud rate of 300. The baud rate refers to the 
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number of bits per second which can be sent and re­
ceived. The answer can be used to drive the originate 
and vice-versa. R19 is then adjusted for a square-wave 
on the data received output. 

R20 is used to set the modulator output level. With the 
modulator output set at - 6 dBm, the system will oper­
ate with an input signal range of + 10 dBm to - 48 
dBm. 

CIRCUIT CONSTRUCTION 

Figures 2 and 3 show the circuit schematic and compo­
nent layout. One PC board is used for answer or origi­
nate and should use the appropriate components as 
listed in Table 1. 
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Figure 2. Complete FSK Modem Using XR-2211 and XR-2206. 
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Table 1. Modem Parts list 

IC1A-D XR-084 
IC2 XR-2211 
IC3 XR-2206 

ANSWER ORIGINATE 

R1* 40.2K 47.5K 
R2* 499 191 
R3* 270K 357K 
R4* 60AK 39AK 
R5* 680 160 
R6* 3S3K 270K 
R7* 24.9K 20K 
RS* 1.21K 360 
R9* 160K 160K 
R10 1K 1K 
Rn 1K 1K 
R12 5.1K 5.1K 
R13 5.1K 5.1K 
R14 510K 510K 
R15 510K 510K 
R16 100K 100K 
R17 47K 100K 
R18 7.5K 9.1K 
R19 2K 2K 
R20 50K 50K 
R21 2K 2K 
R22 2K 2K 
R23 3.9K 8.2K 
R24 3.6K 6.8K 
R25 200 200 
R26 1M 1M 
R27 1M 1M 
C1,C6* 0.01 0.01 
C7 0.1 0.1 
Cs 22 22 
C9 0.01 0.01 
C10 0.1 0.1 
Cn 0.022 0.01 
C12 0.1 0.047 
C13 1 1 
C14 0.1 0.1 
C15 0.1 0.1 
C16 1 1 
C17 1 1 

All resistors are 1/4 watt - 5 % tolerance. except as 
marked with (*) which are 1 % tolerance. Values given 
in (0). 

All capacitors are 5% tolerance. except as marked with 
(*) which are 1 % tolerance. Values given in p.F. 
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Precision Narrow-Band Tone Detector 
INTROOUCTION 

The Phase-Locked Loop (PLL) is a very versatile build­
ing block with a wide range of applications in signal pro­
cessing and communication systems. As a tone detec­
tor or tone discriminator, the PLL is accurate and stable 
enough for most applications not requiring very narrow 
bandwidths. The smallest, practical detection band is 
limited by the temperature stability of the PLL center 
frequency and accuracies of external components. For 
example, deSigning a tone detector using a single PLL 
to discriminate a 10Hz tone out of 100 kHz can present 
great difficulty. A PLL with center frequency of 100 kHz 
can drift by 2 Hz/oC given a typical center frequency 
drift of 20 ppm/oC. A slight change in ambient tempera­
ture can cause the PLL to unlock. On the other hand, 
there are various applications involving pressure trans­
ducers and crystal oscillators that require a very stable 
system capable of detecting a small change in frequen­
cy over a wide frequency spectrum. 

This application note describes the use of the XR-2213 
PLL in conjunction with the XR-2208 analog multiplier 
as a frequency mixer. It is capable of detecting a 1 Hz 
tone out of a frequency spectrum greater than 1 MHz. It 
can accept almost any periodic waveform including 
sine, square, and triangular waves. Error due to temper­
ature drift is typically 0.2 %/oC. The tone detector out­
put changes to a high state when the input is within the 
detection band. 

lIN 

Ie 

PRINCIPLES OF OPERATION 

Figure 1 shows the block diagram of the narrow-band 
tone detector using the XR-2208 and XR-2213. The 
XR-2208 is being operated as a balanced modulator or 
frequency mixer. It "mixes" the input frequency, fiN, 
with a stable frequency source, fC, to produce the sum 
and difference frequencies of fiN and fC. The low pass 
filter removes the higher frequency component (fiN + 
fC) and passes the difference frequency to the XR-221.3 
PLL. The input signal is "mixed-down" in frequency In 
this manner, allowing the PLL center frequency, fo, to 
be set at a much lower frequency than the input signal. 
With a lower fo, the PLL drift (Hz/oC) becomes less, 
making the tone detector less susceptible to ambient 
temperature changes. 

The input signal to the XR-2208 is a periodic waveform 
with frequency of: 

fiN ± AflN 

where AflN is the detection range. The range of fre­
quencies for detection is between fiN - AflN and fiN 
+ AfIN. It is necessary to band-limit the input frequen­
cy for proper operation of the tone detector. Since the 
XR-2208 takes the "absolute" difference in frequency 
between fiN and fC, it is possible to obtain the same 
output frequency with different values for fiN, .causing 
the tone detector to lock onto the "wrong" frequencies. 

2213 r------------, 
fiN - fC I 

I I 
I 
I 
I 
I 
I 
I 
I 

I-------t:>--t-<> VOUT 

L ___________ .J ,---"1 
---.llO 

Figure 1. Functional Diagram of Narrow Band Tone Decoder. 

3-98 



In order to band-limit the input frequencies, a low pass 
filter with very sharp roll-off (6th order or higher) with 
the corner frequency around fiN can be used. For high 
frequency applications (fiN> 100 kHz), a bandpass 
crystal filter can be used. Crystal filters have stable fre­
quency characteristics and very high Q's (Q > 1000) 
making very sharp bandpass filters. Crystal filters are 
commercially available through various manufacturers. 

The control frequency, fC, must come from a very sta­
ble and accurate source since any error in fC will di­
rectly affect the tone decoder. A crystal oscillator with a 
"divide-by-N" counter as shown in Figure 2 can gener­
ate a very stable frequency, with temperature stability 
in the range of 1 ppm/DC. 

The control frequency is given by: 

fC = fiN + fo 

where fo is the PLL center frequency in Hz. the Choice 
of fo is arbitrary, however the larger fo is, the more the 
PLL becomes susceptible to temperature variations but 
the better the acquisition time or "pull-in" time be­
comes. One the other hand, if fo is small, then tempera­
ture variation has less effect but acquisition time be­
comes worse. Table 1 shows the relative performances 
of the tone decoder with respect to the ratio of .:lfIN/fo. 

The output of the low pass filter is fed into the pre-amp 
of the XR-2213 PLL. When this frequency falls within 
the detection band or the PLL (fo ± .:lfC), the voltage 
comparator goes to a high state and remains there until 
the input frequency falls outside the detection band; 
the output voltage then goes to a low state. when there 
is no input signal applied to the XR-2208, the PLL out­
put remains low. 

'-------1 c, 

5 Mil - 10 Mil 

20 pF 

1 pG - 30 pF 

'c 

C1 Pulls the crystal down (lower frequency) 

C2 Pulls the crystal up (higher frequency) 

Figure 2. Crystal Oscillator. 
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Table 1. Tone Decoder Performance vs . .:lflNlfo 

±~IIN 

10 

0.1 % 
0.5 % 
1.0 % 
5.0 % 

10.0 % 
20.0 % 

TYPICAL NORMALIZED 
PLL 10 RELATIVE 

STABILITY ACQUISITION MAXIMUM liN 
(Hz/DC) TIME ALLOWED (Hz) 

0.02 x ~IIN 0.1 fiN + ~fIN(1999) 
0.004 x AfIN 0.5 fiN + ~fIN(399) 
0.002 x AfIN 1.0 fiN + ~fIN(199) 
0.0004 x ~IIN 5.0 fiN + ~fIN(39) 
0.0002 x ~flN 10.0 fiN + ~fIN(19) 
0.0001 x ~flN 20.0 fiN + ~fIN(9) 

fo = PLL center frequency 
fiN ± ~flN = input frequency range 

DESIGN EQUATIONS (All R's in ohms; all C's in farads) 

1. The XR-2208 control frequency, fC, is given by: 

fC = fiN + fo 

2. The maximum input frequency allowed is: 

fIN(max) s fiN + 2fo - ~fC 

Where ± .:lfC is the capture range of the PLL. 

3. The capture range, ±.:lfC, is set as: 

±.:lfC = ±.:lfIN 

Where ±.:lfIN is the input frequency variation. 

4. The lock range, ± .:lfL, is set equal to ± .:lfC: 

.:lfC RO 

fo R1 
(Hz) 

5. The loop damping factor, 0, is set to 0.63: 

0=1. @Q 
4~C; 

6. The PLL center frequency, fo, is given by: 

fo = _1_ (Hz) 
ROCo 

7. Loop detect filter capacitor, Cd, is given by: 

.:lfC in Hz 

RO is set to 470 k!l 
Increasing Cd slows down the logic output response 
time. 

8. The low pass filter time constants, CF and RF: 

RF CF = .1. 
fo 

Where fo is the PLL center frequency. 
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DESIGN EXAMPLE 

Consider the design of a narrow-band tone detector 
with frequency detection range of 111.7 kHz ± 10Hz 
(fiN ± afIN)· 

1. Choose the PLL center frequency to be 100 Hz. 

fC = 111.8 kHz 

fC can be produced by using a 3.58 MHz crystal (ad­
justed to 3.5776 MHz) and using a divide-bY-32 
counter in a crystal oscillator. 

2. Maximum input frequency allowed is: 

fIN(max) = 111,890 Hz 

3. Capture range, ±afC is: 

±afC = ±10 Hz 

4. PLL center frequency is 100 Hz (fa): 
Choose Ro = 10 KO (choice is arbitrarily set be­
tween 10 KO s Ro s 100 KO) 

Co = 1/foRo = 1.0 I'F 

+10V 

~O.'''F 

"pF c· - 3.571 MHz 

10pF 

+10Y 

5. ±afC = ±~fL = ±10 Hz 

Rl = RofolafC = 100 KO 

6. The damping factor is set to 0.63: 

Cl = Co (~)2 = 0.161'F 

7. Loop detect filter constants: 

Choose RD = 75 KO to prevent harmonic locking. 

Cd = 16/20 Hz = 0.8 I'F 

8. Low pass filter time constants, CF and RF: 

RF = 20 KO 

CF = 1/foRo = 0.5 I'F 

A circuit schematic for the above tone detector is 
shown in Figure 3. 

Typical acquisition time for this circuit is less than 100 
msec. 

~O.''''F 

+.v 

~'''F 

10K!! 

RO 8KO+5KOpot 

Co = 1.0 /LF (non-polar) 

Rl = 100 KO 

Cl = 0.16/LF 

RD 75 KO 

CD 0.8/LF 

RF 20 KO 

CF 0.5/LF 

Figure 3. Circuit Schematic of Narrow Band Tone Decoder_ 

3-100 



XfR{a2~ [))/){fR{a2~ 5/XfRaS200 
rPrtiJ[ffi$®al(Q)©~®(QJ l(Q)(Q)~s 

INTRODUCTION 

This Application Note discusses the various parameters 
and equations used in applying the XR·210, XR·215, 
and XR·S200 Phase Lock Loop (PLL) successfully. It de· 
scribes the operation of the phase detector and the 
voltage controlled oscillator as well as a discussion on 
phase comparator gain, VCO gain, lock range, capture 
range and free running frequency. A section on low 
pass filters contains most common RC filters and a dis· 
cussion on damping factor. Finally, a summary of PLL 
parameters and a design example are included. 

XR-210 

The functional diagram of the XR·210 Phase Locked 
Loop (PLL) is shown in Figure 1. The phase comparator 
produces a dc voltage which is directly proportional to 
the phase difference between the two input signals. 
This error voltage, VOUT, is then filtered and applied to 
the voltage controlled oscillator (VCO), which in turn 
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produces a periodic signal whose frequency is propor· 
tional to the error voltage. The VCO is actually a "cur· 
rent" controlled oscillator (ICO) in the sense that it is 
the current derived from VOUT that actually controls 
the frequency of oscillation. 

to 

PHASE 
COMPARATOR 

VOUT 
LOW PASS 

FIL TEA 

Figure 1. Phase Locked loop Functional Diagram. 

V+ o-----------~----------~--------------------------.., 

3.2 Ku • 6 K!! 6 K!! 

! VOUT 

1 mA 1 mA 

BtAS 

Figure 2. XR-21D/XR-215 Phase Comparator. 
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PHASE COMPARATOR 

The circuit diagram of the XR·210 phase comparator is 
shown in Figure 2. The input pins (4 and 6) and the bias 
pin (5) are externally biased to approximately Y2 V+ to 
Insure proper operation. The input signals must be ca· 
pacitively coupled to Pins 4 and 6. 

The output voltage on Pins 2 and 3, VOUT, depends on 
the relative phase, <p, of the iput signals. The change of 
VOUT with respect to the change in <p is defined as the 
phase comparator conversion gain and is given by: 

K<p = ~ VOUT VOLTS 
~<p RADIAN 

(1) 

To examine how VOUT changes with <p, consider the fol· 
lowing three cases. It is assumed that the input voltage 
is large enough (> 50 mVRMS) to cause limiting in the 
differential stage. All calculations are done at V + . = 12 
volts. 

Case 1: Input voltages are equal to the bias voltage. 

The operating current is shared equally between tran· 
sistors 022, 028, 039, and 040. This causes approxi· 
mately 0.5 rnA to flow through the output resistor (6 KG) 
and hence VOUT = 0 volts. The voltage on Pin 2 and 
Pin 3 is approximately equal to: 

V+ - (0.5 mAl (6KO) = 9 volts. 

Case 2: Input voltages are both greater than the bias. 

022 and 040 conduct 1 mA each, causing 038 to can· 
duct 1 mAo Therefore V2 == 6 volts, V3 == 12 volts and 
hence VOUT == -6 volts. 

The same output conditions are obtained if the input 
voltages were both less than the bias. 

Case 3. Input voltages are out of phase and VIN (Pin 6) 
is greater than the bias. 

022 and 039 conduct 1 mA each, causing 035 to can· 
duct 1 mA. Therefore, V3 == 6 volts, V2 == 12 volts and 
hence VOUT == +6 volts. 

The same output conditions are obtained if VIN (Pin 4) 
were greater than the bias. 

Figure 3 shows the output voltage wave form when the 
input signals are 90° and 45° out of phase. 

Notice that the duty cycle of the output waveform 
changes as the phase difference of the input signals 
change. For illustration purposes, square waves are 
shown as input signals, however, other periodic wave· 
forms would produce similar output waveforms. 
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VIN (41 

VIN (61 

VOUT 

VIN (41 

VIN (61 

YOUT 

OUTPUT 
VOLTAGE 

(VOUTI 

+6 V 

OV 

-6V 

Figure 3a. 90° Out of Phase. 

Figure 3b. 45° Out of Phase. 

I 
'1 

LOCK I 
RANGE I 

6fL I 

I 
I 

+V 

-v 

+6 V 

-6 V 

+V 

-v 

PHASE 
DIFFERENCE 

(·1>1 

180 

90 

Figure 4a. Phase Detector With No Saturation. 

OUTPUT 
VOLTAGE 

(YoUTI 

PHASE 
DIFFERENCE 

(,'·1 

+ T 180 

I 

+1.7 V ------ -~- ----~~~~ ~~ ± ': --------,- t 
OV 

-1.7 V 

I I 
fo + 

Figure 4b. Phase Detector With Saturation. 



The output of the phase detector is connected to a low 
pass filter which converts the square wave output to an 
approximate dc voltage. The relationship of this dc volt­
age, VOUr. with respect to the input phase difference, 
.p, Is shown graphically In Figure 4a. Assuming no satu­
ration occurs in the internal circuitry, a PLL can lock on­
to an input signal with maximum difference of 180· to 
o· with respect to the veo signal. 

Due to internal saturation of the output, the maximum 
phase difference the XR-210 can track is approximately 
50· or 90· ± 25·. This is because the output transistors 
of the phase detector saturate at approximately 8.3 
volts and the maximum output voltage, VOUr. obtain­
able is about ± 1.7 volts. Figure 4b shows the phase 
detector characteristic of the XR-210. 

c, c, 

ROUT'" 2.0 Kg 

AN·22 
It is possible to obtain a tracking range close to 90· ± 
90· by connecting an external resistor network to the 
phase detector output as shown in Figure 5. This cir­
cuitry limits the output swing to 10 ± 1 volt and pre­
vents the internal circuitry from saturating at extreme 
phase conditions. 

The phase comparator gain for the XR-210 is approxi­
mately given by: 

K.p == 4.0 VOLTS 
RADIAN 

With the external bias network, it is approximately: 

K.p == 
VOLTS 

RADIAN 

r-----------, 
U2Q 

~ -------:,~'- -l_-':~ 
f.JITERNAl 

BIAS 

(2) 

(3) 

Figure 5. External Resistor Bias Network. 

vOUT----l 

A, 

c, 

260 0 AT 

Figure 6. XR-210 Current Controlled Oscillator. 
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CURRENT CONTROLLED OSCILLATOR (ICO) 

The functional diagram of the ICO is shown in Figure 6. 
The output frequencY,fo, is directly proportional to the 
total timing current, ITo seen by the ICO. 

fo 0/ IT (4) 

Any change in output voltage of the phase comparator 
causes a change in fo as follows: 

~fo 0/ ~ VOUT 
RO 

(5) 

where RO is the external resistor between Pins 11 and 
12. It will be shown in the following section how RO sets 
the lock range of the PLL. 

Combining equations 4 and 5 yields: 

~=~ 
~ VOUT RO IT 

(6) 

where IT is the total timing current with VOUT = 0 volt. 
In this case, IT = IX :;; 1 mA. Substituting this into 
equation 6 yields the ICO conversion gain: 

KO = ~ :;; 2'11' fo RADIANS/SEC (7) 
~ VOUT RO VOLT 

where RO is in KO. 

The minimum value ofRO should be approximately 
1.7 KO. This is because the maximum current through 
RO must be limited to 1 mA and since VOUT has a maxi­
mum range of approximately ± 1.7 volts, RO must be 
limited to greater than 1.7 KO. 

The free running frequency of the PLL is given by: 

f 200C" F 0:;; - 0 IS Inp.. 
Co 

Substituting this into ICO gain equation 7 yields: 

KO:;; 1256 RADIANS/SEC 
ROCO VOLT 

where RO is in KO and Co is in p.F. 

Experimental data yields: 

KO :;; .J!.!Q.. RADIANS/SEC 
RO Co VOLT 

(8) 

(9) 

(10) 

The above equations were calculated without the ICO 
tuning resistor, RT, connected to Pin 9. Adding RT in­
creases the timing current and hence increases the 
free running frequency. fo: 
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The change in timing current with RT is given by: 

~ IT :;; 0.17 mA (11) 
RT 

The free running frequency can now be given by: 

fo :;; 200 (1 + 0.17 HZ) (12) 
Co RT 

where RT is in KO and Co is in p.F. 

The ICO gain is now: 

KO=~ 
~ VOUT 

2'11' (200 1 + 0.17) 
2'11' fo Co RT 

= - :;; -->--=:----<- (13) 
RO IT RO IT 

However, the timing current is now: 

IT:;; (IX + °R~) mA = (1 + °R~) mA (14) 

Substituting this into the ICO equation yields: 

KO:;; 200(2'11') = 1256 RADIANS/SEC (15) 
Co RO RO Co VOLT 

and remains unchanged with the addition of RT 

Note: The discrepancy between the calculated and 
measured KO can be attributed to tolerances of 
internal resistors and errors in approximating IX. 

LOCK RANGE 

The lock range of a PLL, ± ~wL' is given by: 

where 8E is the maximum phase difference at the de­
tector inputs in radians. 8E is approximately equal to 
0.43 radians (25°). 

Using measured values for K</> and KO yields: 

± IlwL:;; 1565 RADIANS 
RO Co SEC 

(17) 

where RO is in KO and Co is in p.F. 

XR-215 

The XR-215 PLL is basically the same as the XR-210. 
The major difference is in the ICO section which is de­
scribed below. 



PHASE COMPARATOR 

The phase comparator conversion gain is given by: 

K</> == 3.6 VOLTS 
RADIAN 

(18) 

Saturation of the internal circuitry occurs limiting the 
tracking range of the phase detector to about 90 0 ± 
25 0 • 

An external resistor network shown in Figure 5 can in­
crease the range to about 90 0 ± 90 0 • The correspond­
ing conversion gain becomes: 

ICO 

K</> == 1.3 VOLTS 
RADIAN 

(19) 

The current controlled oscillator of the XR-215 is shown 
in Figure 7. The ICO conversion gain is given by: 

KO = 2'/1' fo RADIANS/SEC 

RO IX VOLT 

Since IX = 1.1 mA and fo = 220, 
Co 

KO == 1256 RADIANS/SEC 
RO Co VOLT 

where RO is in KO and Co is in J.'F. 

Experimental data yields: 

KO == 1140 RADIANS/SEC 
RO Co VOLT 

(20) 

(21) 

(22) 
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With the ICO tuning resistor, RX, connected to Pin 10, 
the free running frequency is increased by a factor pro­
portional to the change in timing current: 

Llf ex Ll IT == 0.7 
RX 

The ICO free running frequency is given by: 

fo == 220 (1 + 0.7) 
Co RX 

where RX is in KO and Co is in J.'F. 

KO == 1140 RADIANS/SEC 
RO Co VOLT 

and remains unchanged with the addition of RX. 

LOCK RANGE 

The lock range of the XR-215, ±LlwL, is given by: 

(23) 

(24) 

(25) 

± LlwL = (K</» (KO) (OE) (26) 

where 0E is approximately equal to 0.43 radians (25 0 ). 

Using measured values for K</> and KO yields: 

±LlWL == 1765 RADIANS 
RO Co SEC 

(27) 

where RO is in KO and Co is in pF. 

Note: Using the external bias network (Figure 5) does 
not change KO' To calculate the lock range with 
this network, OE should be set to approximately 
'/1'/2 radians (90 0 ). 

I----VOUT 

RO 

r-----------.----~12r_-~·~-~ 

Co 1 mA 1 mA 

Rx 

..1 

Figure 7. XR·215 ICO. 
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XR-S2oo 

The XR-S200 PLL is basically. the same as the XR-210 
and 215 except that many of the interconnections are 
made external to the chip. These external connections 
can aid in the flexibility of the chip. 

PHASE COMPARATOR 

The phase comparator outputs are not tied internally to 
the ICO as the XR-210 and 215. The measured phase 
comparator gain is approximately: 

K,p == 4 VOLTS 
RADIAN 

(28) 

Saturation of the internal circuitry occurs limiting the 
tracking range to about 90 0 ± 250 • This range can be 
increased by using the bias network shown in Figure 5. 

ICo 

The current controlled oscillator of the XR-S200 is 
shown in Figure 8. The ICO gain is given by: 

KO = 211" fo RADIANS/SEC 
RO IT VOLT 

(29) 

where IT is the timing current when VOUT = 0 volts. 

The ICO free running frequency, fo, can be modified by 
applying a digital pulse on Pins 15 and 16 through a di­
ode and a 1 KO resistor. By changing the voltage states 
on these Pins, it is possible to obtain four discrete fre­
quencies for fo. By connecting a resistor from either Pin 
15 or 16 to ground, it is also possible to modify the cen­
ter frequency. 

" 

Co 

With Pins 15 and 16 open, fo is given by: 

fo == 200 (Ix + 11 + 12) = 500 Hz 
Co Co 

since IX == 1 mA, 11 == 0.5 mA, 12 == 1 mAo 

With Pins 15 and 16 tied high, fo is given by: 

fo == 200 (IX) = 200 Hz 
Co Co 

where Co is in /-IF. 

With Pins 15 and 16 open: 

KO= 211" fo ==~ 
RO IT RO Co IT 

where IT = IX + 11 + 12 == 2.5 mA, thus 

KO == 1256 RADIANS/SEC 
RO Co VOLT 

where RO is in KO and Co is in /-IF. 

With Pins 15 and 16 tied high: 

Ko==~ 
RO Co IT 

where IT = IX == 1 mAo Thus 

KO == 1256 RADIANS/SEC 
RO Co VOLT 

and remains unchanged. 

I IX 

I mA , mA 

0.71< 

" 

Figure 8, XR-S200 ICD. 
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(31) 

(32) 

(33) 

(34) 

(35) 



LAG FILTER 

1 
F(S) = 1 + T1 S 

W1/ = 

LAG-LEAD FILTER 

LJ 
R. 

1 + T2 S 
F(S) = 1 + S(2T1 + T2) 

W = j KV 
1/ (2T1 + T2) 

/)= ~ (1 +T2KV) 
2 2KV T1 

Figure 9. Low Pass Filters. 
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LAG FILTER 

1 
F(S) = 1 + 2 T1 S 

LAG-LEAD FILTER 

1 + T2 S 
F(S) = 1 + S(T1 + T2) 

/) = 1 j Kv (T2 + K1v) 
2 T1 + T2 

FOR T1 » T2 

il = __ 1_ (1 + T2 KV) 
2~ 
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Measured value for KO is approximately: 

KO;; 1262 RADIANS/SEC (36) 
RO Co VOLT 

LOCK RANGE 

Using measured values for K</> and KO yields: 

±awl;; 2170 RADIANS 
RO Co SEC 

where RO is in KO, and Co is in I'F. 

LOW PASS FILTER 

(37) 

The low pass filter section for the XR-210/215/S200 is 
formed by connecting an external capacitor or RC net­
work across the output of phase comparator section. 
Most common passive low pass filters are shown in 
Figure 9. R1 is the internal resistor with nominal value 
of 6 KO. If an external bias network as shown in Figure 
5 is used, R1 = 2 KO. Pin numbers shown in Figure 9 
apply to the XR-210 and XR-215. 

The term KV shown in the filters is the total forward gain 
of the Pll and is equal to the product of K</> and KO' 

CAPTURE RANGE 

The capture or acquisition range of the Pll, ± awC, 
can be approximated as: 

± awC ;; ± aWL I F(j awC) I (38) 

where I F(j awC) I is the magnitude of the low pass filter 
evaluated at w = awC. Since I F(j awcli is always less 
than unity, the capture range is always smaller than the 
lock range. 

There is no explicit relationship for calculating awC, 
however for a simple lag filter, it can be expressed as: 

±awC;; fKV RADIANS 
'\1-;; SEC 

(39) 

For lag-lead filters, capture range can be roughly esti­
mated by wfl' (See Figure 9.) Actual data indicates that 
capture range is larger than wfl and approaches the 
lock range. 

DAMPING FACTOR 

The advantage of using a lag-lead filter is that generally 
speaking, it gives better stability due to the extra zero. 
The damping factor can be adjusted without necessar­
ily changing the capture range. With a simple lag filter, 
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20 

/ 
V 

/ 
V 
10 20 26 

V+ (VOLTS) 

Figure 10. Maximum Input Voltage vs. Supply VoHage. 

however, by adjusting T, the damping factor as well as 
the capture range is changed. These two parameters 
can be individually controlled in a lag-lead filter. 

General systems and control theory indicates that for 
maximum stability the damping factor, 0, must be 
greater than 0.7. In many FSK demodulation circuits 
using Exar Plls, it was found that with Ii as low as 0.2, 
the circuit functions properly at high baud rates. 

DESIGN EXAMPLE 

Design an FSK demodulator using the XR-210 with the 
following specifications: 

Mark frequency: 1070 Hz 
Space frequency: 1270 Hz 

Vcc: + 12 volts 

1. fo = 1170 Hz 

Co = 200 ;; 0.2 I'F 
fo 

Adjust AT (Pin 9 to GND) for correct fo. 

2. aWL = 2"l1' (afLl = 2"l1' (200 Hz) = 1256 RAD/SEC 

RO = 1565 = 6.23 KO 
aWL Co 



3. Set capture range, AwC, equal to AWL. Using a lag­
lead filter, AwC can be approximated by: 

KV = KOKrJ> == 2921 

Let R2 = 50 O. Thus 71 » 72 

C1 = 0.15 JLF 

Co = 0.2 MF 

RO = 6.23 KH 

C1 = 0.15MF 

R2 = 50 H 
RT = 10 K!l 

4K 

4K 

f"' 
F5K IN 

5K 

5K 

2K 

01 .. F 
15 

3K 

10 K 

12 V 

16 

Co 

AN·22 
4. The damping factor is given by: 

li = 1. ~ (1 + 72 KV) == 0.22 
2 2 KV 71 

Even with critical damping (Il < 1.0), the XR-210 
functions properly as an FSK demodulator with baud 
rate of 300 BPS. 

5. For V + of 12 volts, the input voltage should be lim­
ited to 5 volts PK-PK to avoid internal saturation (see 
Figure 10). 

6. Schematic for the above example is shown in 
Figure 11. 

10 K 

12 V 

11 

RT 
RO 

Figure 11. XR·210 FSK Demodulation. 
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Table 1. Summary of PLL Parameters (1) 

PARAMETER XR-210 XR-215 XR-S20D 

Phase Comparator 4.0 VOLTS 3.6 VOLTS 4.0 VOLTS 
K</> RADIAN RADIAN RADIAN 

VCO KO 910 RAD/SEC 1140 RAD/SEC 1262 RAD/SEC 

RO Co VOLT ROCO VOLT ROCO VOLT 

Lock Range ± ~"'L 1565 RADIANS 1765 RADIANS 2170 RADIANS -- -- --
RO Co SEC RO Co SEC RO Co SEC 

Free Running 200 (1 + 0.17) Hz 200 (1 + 0.7) Hz 500 Hz (2) 
Frequency fa Co RT Co RT Co 

Capture Range ±~"'C ~KOK</> ~KOK</> ~KOK</> (Simple Lag) (3) 71 71 71 

Damping Factor 6 1~ 1~ 1~ (Simple Lag) 2 KOK</>71 2 KOK</>71 2 KOK</>71 

(1) RO, Rr. RX in KO 
Co in,.F 

(2) fa shown for Pins 15 and 16 open 

(3) For other filter configurations, refer to the filter section. 71 = R1 C1. 
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High-Performance Frequency-lo-Voltage 
Converter using the XR-2211 
INTRODUCTION 

A stable highly linear flv converter can be easily de­
signed using the XR-2211 phase locked loop. The flv 
can be used for a dynamic range from ± 1 % to ± 80 % 
over a frequency range of .01 Hz to 1 MHz. 

The block diagram of the flv is shown in Figure 1. The 
circuit will perform flv conversion according to the rela· 
tionship 

where K1 and K2 are set by the designer. 

The transfer function relating Va to fiN is shown in Fig­
ure 2. The carrier detect output, Q, (Pin 5) which goes 
high over the tracking range is shown in Figure 3. 

The basic circuit diagram is shown in Figure 4. The 
slope K1 is determined by the relationship 

K1 = _-_1_ 
VRCOR1 

where VR = VCcJ2 - VSE 

The x intercept or upper frequency, K2 is determined by 
the relationship 

DESIGN EXAMPLE 

Design a flv converter for the frequency range 100 Hz 
to 600 Hz. 

The first step is to calculate the center frequency fo, 
(Figure 2) in 

fo = fL + fH = 100 + 600 = 350 Hz 
2 2 

Supply voltage is directly proportional to the degree of 
resolution obtainable. 

In order to obtain a greater resolution a higher supply 
voltage is used. For this design an 18 V supply is used 
giving us a resolution of approximately 
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vo 

2 VREF 

VREF 

a 

Vcc 

Figure 1. F/V Block Diagram. 

X INTERCEPT = K2 
SLOPE = Kl 

10 

Figure 2. F/V Transfer Function. 

Figure 3. F/V Carrier Detect Output. 

liN 

resolution "" VCC - VSE 
fH - fL 

18 - 1.3 33.4 mV 
600 - 100 Hz 

forVCC=18V 

We can now calculate VREF 

VREF = VCcJ2 - VSE = 9 V - .65 V = 8.35 V 

The center frequency is given by 

fo = _1_ 
ROCO 
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'" l' t 1. " 

'a 

Figure 4. FlY Circuit Diagram. 

choosing RO = 20 K and rearranging 

Since 

1 1 
Co = ROFO = (20 KO) (350 Hz) 

= .143 J.lF 

RO = (fH - fL) 

R1 2 fo 

2 fO RO 

(fH - fLl 

2 (350 Hz) (20K) 
(600 - 100) Hz 

= 28 K 

The selection of C1 , the loop filter capacitor has a de­
gree of flexibility in its value. For a damping coefficient 
of .5. 

C1 "" Co = .143 J.lF = .035 J.lF 
4 4 

It should be noted that an increased value of C1 will in­
crease response time but reduce ripple, while a de­
creased value of C1 will reduce response time; in­
crease capture range, but increase ripple. 

The slope K1 can now be calculated 

K1 = ___ = 1 
VRCOR1 (8.35) (.143 J.lF) (28 K) 

= 29.91 Hz 
V 

and since K2 = fMAX = 600 Hz 

The transfer function is then given by 

fiN = -29.91 Vo + 600 

The filter RF CF forms a one-pole post detection filter, 
with a time constant 
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and a cut-off frequency 

fC=_1-
2J.1RFCF 

Selecting RF = 100, K, CF is then given by 

where 

for 

C "" _3_ F 
F AIIAt J.I 

~ = maximum expected rate of 
At change of input frequency 

~ = 300 cycles/sec 
At 

CF = 2.... /LF = .01 J.lF 
300 

giving T = 1 J.lsecs FC = 160 Hz 

A carrier detect output is available at Pins 5 and 6 (0 
and 0). The components Co and RO comprise the lock­
detect filter. For RO = 470 K, and a capture range ap­
proaching the lock range, a minimum value of CD is 
given by 

CO(J.lF) ~ _1_6 - = ...:!§.. = .032 J.lF 
fH - fL 500 

RO = 470 K 

TEMPERATURE STABILITY 

The XR-2211 is characterized by excellent temperature 
stability, in the order of 50 ppm/aC. The output voltage 
temperature coefficient can be calculated by 

:i. = ...!. x 50 ppm x (fH - fL) 
°C K1 ac 

substituting 

= 33.4 mV x 50 ppm x (600 - 100) Hz 
Hz 

.8mV 
ac 



INTRODUCTION 

Most phase-locked loops require manual potentiometer 
adjustment if the center frequency of the circuit is criti­
cal. Also, once adjusted, if ambient temperature 
changes cause the PLL's VCO or center frequency to 
shift, the potentiometer would have to be readjusted if 
the accurate center frequency was to be maintained. 
Readjustments are, of course, an impractical solution. 

This application note describes the design of a digitally 
programmable PLL. Being digitally controlled, a micro­
processor or other digital circuitry could easily tune or 
retune the VCO when necessary. The design uses the 
XR-215 monolithic PLL together with the XR-9201 D/A 
converter, which provides the tuning function. 

PRINCIPLES OF OPERATION 

Figure 1 shows the block diagram of the digitally pro­
grammable PLL. The circuit is comprised of two blocks: 
the PLL and the D/A converter. The PLL is used for FM 
demodulation, synchronizing signals, or frequency syn­
thesis. It processes these signals, which are centered 
around its free-running frequency, fo. This fo is set by 
the internal voltage-controlled oscillator, VCO, in the 
PLL. The VCO within the XR-215 is really a current­
controlled oscillator, ICO. This is, the frequency of oscil­
lation of the ICO is directly proportional to the timing 
current, IT- IT is made up of two components: an inter­
nal fixed current and an externally programmable cur­
rent, IplN 10. This IplN 10 control current is provided by 
a D/A converter with a current output. Since the D/A 
provides an output current that is directly set by an in­
put digital code, this code will actually control the cen­
ter frequency of the PLL's ICO, fo. 

Vo 

loo-f-4----< 

DATA INPUT 

Figure 1. Programmable Pll Block Diagram. 
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CIRCUIT DESIGN 

Figure 2 shows the XR-215 internal blocks and neces­
sary external components. The VCO center frequency, 
fo, is calculated by the formula: 

f = 200 (1 + 0.6) Co .in JLF (1) 
o Co RX RX In KO 

In this application it is desirable to have a variable cur­
rent drawn from Pin 10, and RX omitted. Equation 1 is 
then modified to equation 2 is a current instead of a re­
sistor is used at Pin 10. 

f = 200 (1 + I ) Co in JLF (2) 
o Co PIN 10 IplN 10 in mA 

Equation 2 can now be used to determine IplN 10 for a 
given fo adjustment range. Once the center frequency 
has been set, RO can be calculated to adjust the track­
ing range using the relationship: 

± /),.wL = 2"11".6.fL '" 1565 rad RO in KO (3) 
ROCO sec Co in JLF 

RO = 1565 RO in KO, Co in JLF 
2"11".6.fLCO 

or (4) 

Now with RO calculated for .6.fL, the capture range, .6.fC 
is set using the loop time constant capacitors C1: 

±.6.WC = JKoKq, = 2"11".6.FC (5) 
T1 

T1 = Loop Time Constant 
Ko = VCO Conversion Gain 
Kq, = Phase Detector Conversion Gain 

Substituting the values for KoKq, and solving for FC: 

.6.FC = .J..... 0.684 
2"11" ROCOC1 

(6) 

or 0.017 R in KO C in F 
.6.fC2ROCO 0 ' . 0 JL 

(7) 

The resistors RI and RF are used to set the gain of the 
op amp when used for FM demodulation. Cc is op amp 
compensation and is in the range of 300 pF for unity 
gain to 50 pF for a gain of 10 and up. The resistors go­
ing to Pins 4, 5, and 6 are used to dc-bias the phase de­
tector inputs at half supply, with their actual value not 
critical. The capacitors C2 and C1 are used for capaci­
tive coupling. 
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r-----------------~--~~C 

5K 
2K 

O.I.F ~-II,N'w--~~ 

fin 0--4 f-t-------..J 
C, 

2K 

5K 

fo o----+---------{"5i)----< 

10K 

Figure 2. XR-215 with External Components. 

R 

R 

Figure 3. XR-9201 D/A with External Components. 

Figure 3 shows the D/A converter internal blocks with 
external circuitry. Data is fed into the input latches, 
which will allow data to flow through to the current 
switches when CE is high and hold data when CE is low. 
The output currents are related to the digital inputs by: 

[ B7 B6 B5 B4 B3 B2 Bl BO] 
10=2 IREF -+-+-+-+-+-+-+- (8) 

2 4 8 16 32 64 128 256 

where BN = 1 if bit N is high 
BN = 0 if bit N is low 
B7 = MSB 
BO = LSB 
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DATA INPUT 
17 ----- -- -- - -- - 10 

LATCHES 

CURRENT 
SWITCHES 

-VCC GND 

Rf 

Also: 10 + TO = IFS = Full-scale Current 

IFS = 2IREF(255) 
256 

(9) 

(10) 

The full-scale current is set using R by the relationship: 

VREF 
R = -- VREF = 2 V 

IREF 
(11) 

The 10 KO potentiometer from Pin 3 to ground is used 
to fine-adjust the internal reference to exactly 2.00 V. 



DESIGN EXAMPLE 

Design a digitally programmable PLL with a center fre­
quency, fo, equal to 20 kHz. Provide for a 10% digital 
tuning range. The circuit shall also have the following 
lock and capture ranges: 

±AfL = 5 kHz, ±AfC = 4 kHz 

1. Using equation 2, first with IplN 10 = 0 (digital in­
puts all zeros) Co can be determined. 

fo = 200 
Co 

Co = 0.01 p.F 

2. This same equation is used to determine the maxi­
mum value of IplN 10 for a 10% change in fo. Rear­
ranging equation 2 yields: 

f Co IplN 10 = _0 __ 1 
(max) 200 

22 K (0.01) -1 = 0.1 mA 
200 

fo = 20 K + 2 K Adjustment Range 

3. RO is now calculated from equation 4: 

R = 1565 = 5 K!1 
o (211") (5 K) (0.01) 

+t2V O--r------, 

5. 

0.1,,' 

" 0--11-1---, 

O.I,.F 

" 

o.022~Fl 

PHASE 
DETECTOR 

'. o-+-+-v-tO-~-"f-< 
OUTPUT 

... 
O.OI"F SK 

.. 

I l 
O.022I'F 

I'P'NIO 

'0 

AN·24 
4. C1 is determined by equation 7: 

C = 0.017 = 0.022 F 
1 (4 K)2 (5) (0.01) p. 

5. The D/A components can now by specified, first us­
ing equation 10 and the previously calculated IplN 
10 maximum current: 

IplN 10 max = IFS 2 IREF(255) 
256 

IREF = 50 p.A 

6. The reference current setting resistor, R, is now de­
termined using equation 11: 

R = 2.00 = 40 K!1 
50 p.A 

7. Calibration of the system is accomplished by adjust­
ing potentiometer R3 for VREF on the XR-9201 to ex­
actly 2.00 V. 

Figure 4 shows the completed design example. 

·F 

XFl·215 

GNO 

DATA INPUT C, +5Y -7Y 

XA·9201 +Vcc "''''----+ 
-VEE 1-'---+-+ 

., 

Figure 4. Digitally Programmable PLL. 
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Full-Duplex 1200 BPS/300 BPS 
Modem System 

INTRODUCTION 

This application note describes the construction of a 
full-duplex modem system which operates at either 
1200 BPS with phase shift keying encoding (PSK) 
or 300 BPS with frequency shift keying (FSK). The 
1200 BPS is in a synchronous format or 300 BPS asyn­
chronous. 

This system is not intended to be directly connected to 
the telephone network as this requires FCC approval. 

PRINCIPLES OF OPERATION 

The heart of this system is three LSI integrated circuits. 
The XR-2120 is a switched-capacitor filter (SCF) to 
provide precise bandpass filtering at 1200 Hz and 
2400 Hz. The XR-2123 performs the 1200 BPS PSK 
modulation/demodulation and the XR-14412 the 300 BPS 
FSK modulation/demodulation. These three devices are 
shown with the necessary external functions to perform 
a 212A type synchronous modem in Figure 1. These 
other functions are described as follows: 

LINE INTERFACE. Provide DC isolation between mo­
dem and telephone network. This section, known as 
a direct-access arrangement, must be approved by 
the FCC for direct connection to the telephone net­
work. 

AGC. Automatic gain control to provide a constant 
signal level to other portions of the circuit. Its re-

ceived signal range can vary from about 0 dBm to 
-45 dBm. 

DEMUX. Demultiplexer to switch transmitted carrier 
(Txc) and received data (Rxd) between 300 BPS and 
1200 BPS. 

AUTO SPEED SELECT. Automatically senses whether 
300 BPS or 1200 BPS information is being received 
and controls the demux with this information. 

SLICER. A voltage comparator used to convert ana­
log receive carriers (Rxcar) into digital signals suit­
able for the XR-2123 and XR-14412 Rxcar inputs. 

CARRIER DETECT (CD). A level sensor with a digital 
output to indicate when a Rxcar is present. 

TIMING CIRCUIT. This circuit extracts a 600 Hz re­
ceive signal timing from the Rxcar for synchroniza­
tion purposes in the XR-2123. 

SCRAMBLER/DESCRAMBLER. These sections scram­
ble the data to be transmitted (Txd) while descram­
bling the received data (Rxd). 

DELAY CIRCUIT. To provide a delay between the re­
quest to send (RTS) data and clear to send (CTS) da­
ta commands. 

Figure 2 shows the complete circuit implementation of 
modem, with Table 1 listing the recommended circuit 
values. 

le,"o., 
t: 

Figure 1. 212A Type Modem System. 
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A. XR-4741 Quad Op Amp 
B. XR-4741 Quad Op Amp 
C. XR-1458 Dual Op Amp 
D. LM-339 Quad Comparator 
E. XR-14412 FSK ModlDemod 300 BPS 
F. XR-2120 Filter-Switched Cap 
G. XR-2123PSK Mod/Demod 1200 BPS 
H. CD-4049 Hex Inverter 
I. CD-4016 Quad B1-Lateral Switch 
J. CD-4030 Quad Exclusive-OR Gate 
K. CD-4013 Dual D Flip-Flop 
L. CD-4013 Dual D Flip-Flop 
M. Dual 4 Bit Static Register 4015 . 
N. Dual 4 Bit Static Register 4015 
O. Dual 4 Bit Static Register 4015 
P. Dual 4 Bit Static Register 4015 
Q. MM7404 Hex Inverter 
R. DM74193 Synchronous Up/Down Counter 
S. XR-1488 Quad Line Driver 
T. XR-1489 Quad Line Receiver 
U. XR-4194 Dual Tracking Regulator 

C1 82 pF C14 1 p.F 
C2 .033 p.F C15 .1 p.F 
C3 .022 p.F C16 .001 p.F 
C4 .1 p.F C17 .001 p.F 
C5 .033 p.F C18 4.7 p.F 
C6 _033 p.F C19 2.2 p.F 
C7 .033 p.F C20 4.7 p.F 
C8 .033 p.F C21 4.7 p.F 
C9 .033 p.F C22 .1 p.F 
C10 .033 p.F C23 .1 p.F 
C11 .1 p.F C24 4.7 p.F 
C12 0.22 p.F C25 4.7 p.F 
C13 4.7 p.F C26 4.7 p.F 

R1 2.2K R2 2.2K R3 
R4 2.2K R5 1.2K R6 
R7 10K R8 10K R9 
R10 10K R11 1K R12 
R13 100K R14 47K R15 
R16 10K R17 100K R18 
R19 100K R20 10K R21 
R22 62K R23 47K R24 
R25 18K R26 62K R27 
R28 4.7K R29 10K R30 
R31 120K R32 10K R33 
R34 68K R35 600 R36 
R37 600 R38 10K R39 
R40 10K R41 10K R42 
R43 39K" R44 180K" R45 
R46 39K" R47 180K" R48 
R49 39K" R50 464" R51 
R52 13K R53 71.5K R54 
R55 10K R56 10K R57 
R58 10K R59 1M R60 
R61 10K 

All resistor values are in ohms. 
" = > 1 % tolerance. 

Crystals 
CR1 - 4.032 MHz 
CR2 - 1,000 MHz 
CR3 - 4.608 MHz 

MTRON 
FOX 
X-TRON 

Transformer 
T1 - T2220 MICROTRAN 

Transistors 
Q1 - A854 
Q3 -C1741 
Q4 -C1741 

FEls 
Q2 - 2N4861 

ROHM 
ROHM 
ROHM 

Component Ust for 212A Type Modem System 
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2.2K 
1M 
1M 

62K 
62K 

470K 
10K 

100K 
1K 
1M 
1K 

300 
10K 
10K 
392" 
392" 

180K" 
10K 
10K 
10K 
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High-Speed FSK Modem Design 

INTRODUCTION 

As the need for transmitting data increases, some ap­
plications require data to be sent faster than the con­
ventional telephone line modems. This application note 
describes the design and construction of a high speed 
full-duplex, FSK modem using XR-2206 as a modulator 
and XR-21 0 as the demodulator transmitting data at the 
rate of 100 Kilobaud. 

PRINCIPLES OF OPERATION 

The block diagram in Figure 1 describes the basic 
building block in any FSK modem system. The major 
difference is that in high speed applications, data is 
transmitted over a twisted pair wire or coaxial cable in­
stead of the telephone line with its limited bandwidth. 
The complete system is comprised of an answer and 
originate modem. Simply stated, the modulator con­
verts the input data to two discrete frequencies corre­
sponding to its 1 's and O's and is then sent over a line or 
cable. The line hybrid steers these frequencies to the 
bandpass filter, where it will remove any unwanted sig­
nals that might have gotten through due to the line or 
cable before reaching the demodulator. The demodulat­
or, which is a phase locked loop, will lock onto the in­
coming frequencies and produce 1 's and O's on its out­
put. A detailed description on FSK techniques is given 
in the EXAR MODEM DESIGN HANDBOOK. 

ORIGINATE 

DATA PLL BANDPASS 
RECEIVED DEMODULATOR FILTER 

S60/640KHl 

lSO/24OKHZ 

DATA SINEWAVE LINE TO BE 
SENT MODULATOR HYBRID 

TWISTED 
PAIR WIRE OR 

COAXIAL CABLE 

DESIGN EQUATIONS - Refer to Figure 6 

1. The frequency of oscillation of the XR-2206 when 
used as a modulator, with the FSK input (Pin 9) is 
high is: 

R7A + R7B C3 

When the FSK input (Pin 9) is low the frequency 
equals 

R8A + R8B C3 

2. The filter best suited for modem applications is the 
butterworth filter due to its linear phase response 
within the passband. Table 1 shows the normalized 
capacitor values for butterworth filters up to fifth or­
der. 

Table 1 

ORDER NO Cl C2 C3 

2 1.414 .7071 
3 3.546 1.392 .2024 
4 1.082 .9241 

2.613 .3825 
5 1.753 1.354 .4214 

3.235 .3090 

ANSWER 

BANDPASS PLL DATA 
FILTER DEMOOULATOR RECEIVED 

16l)/240KHZ 

saO/640KHZ 

l.INE SINEWAVE 
OAT A 
lOBE 

HYBRID MODULATOR SENT 

Figure 1. Block Diagram of High Speed FSK Modem System 
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Figure 3 shows a third order active high pass filter. To 
solve for the. actual resistor values we use the formula: 

R = :-:-:--::-:-:--
WcCNC 

Where CN is the normalized capacitor and Wc = 211"Fc. 
In this equation, make all capacitors equal. 

Figure 3. 

After calculating Rx remember for single supply opera­
tion the op amp must be biased at 1/2 VCC; therefore 
take twice the calculated value for Rx and configure as 
shown in Figure 4. 

+V 

Figure 4. 

Figure 5 shows a third order active butterworth low 
pass filter. To convert from the normalized capacitor 
values to the actual capacitor values, we use the for­
mula: 

Where CN is the normalized capacitor value and Wc = 
211"Fc. In this equation, make all resistors equal. 

Figure 5. 
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The equations for using the XR-210 as an FSK demodu­
lator are as follows: 

AFL = (2)AF 

AF = Fmark - Fspace 

AFL = 2(Fmark - Fspace) 

FO = 

FO = 

Co = 

Fmark + Fspace 

2 

234 ( .1) - 1+-
CO, RT 

234 

FO 

Co is in I'f 

RTis in KIl 

AW =J AWL 
c 6KC1 

C1 = 
AWL 

6KAWc2 

RO = 
2(1565) 

RO is in KIl 
AWLCO 

C18 = 
10- 4 

211" (Baud Rate) 

C19 = 
10- 4 

311" (Baud Rate) 

DESIGN EXAMPLE 

Design a FSK Demodulator with the following specifica­
tion: 

FO = 200 kHz 

AFL = 160 kHz 

Baud Rate = 100 Kilobaud 

In this example, we musl know the mark and space fre­
quencies. If Fmark = 160 kHz and Fspace = 240 kHz, 
the free running frequency is equal to 

Fmark + Fspace 

2 

= 200 kHz 

In order to calculate the free running frequency, we use 
the formula: 

FO = 234 
Co 



In this example we will use a variable resistor (RT) in or­
der to fine tune FO to exactly 200 kHz, therefore: 

0-- +-F - 234 (1 .1) 
Co AT 

The lock range (AFU is equal to twice the difference of 
the mark and space frequencies, so 

AFL = 2(Fspace - Fmark) 

RO, which sets the lock range equals: 

R _ 2(1565) 
0- AWLCO 

AWL = 2"11"FL 

2(1565) 

1004800.0015 

= 2.0 KO 

6.28 (160 x 103) 
= 1004800 

Where Co is in p.f 
and RO is in KO 

The Capture Range (AFcl is equal to: 

AW _ r;;.wL 
c -Y6KC17 

AWc = 2"11"AFc 

AWL = 21rAFL 

In order to solve for C17 we rearrange the equation to 
read. 

C17 = 
(6K) Wc2 

1004800 = 300x10- 12 
(6K) 7536002 

therefore: 

AW _ / 1004800 
c -" (6X103)300X10- 12 

= 118.97 kHz 

It is important to note C17 and 6K set the loop time con­
stant. When used as an FSK Demodulator, the XR-210 
has post detection filtering on the output of the phase 
detector. In order to calculate the values for C18 and 
C19 we use the relationships: 

10- 4 
C18=--~--

2"11" (Baud Rate) 

10- 4 
----....,.- = 160x 10- 12 or 160 pf 
6.28 (100 x 103) 

C19 = 10-4 

9.42 (100 x 103) 
106x 10- 12 or 106 pf 
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For the filter, 18 dB of attenuation should be sufficient; 
therefore: 

Design a third order high pass butterworth filter with fc 
= 100 kHz. 

1) In order to solve for actual resistor values use Table 
1 and set all capacitors equal. The design example 
is shown below: 

R= __ 1_ 
WcCNC 

R15 = 1 = 4500 
(6.28 X 100x 103)3.546(1000X 10- 12) 

R14= 1 =1.1KO 
(6.28 X 100x 103)1.392(1000 X 10- 12) 

R = 1 = 7.8KO 
x (6.28 x 100 x 103).2024(1000 x 10 -12) 

After calculating Rx take twice the value and confi­
gure as shown below: 

+v 

jR16 = 15.6K 

Rx 

R17 - 15.6K 

Design a third order lowpass butterworth filter with Fc 
= 300 kHz. 

2) In order to solve the actual capacitances, use Table 
1 and set all resistors equal. The design example is 
shown below: 

C10 • 1660 pI 

Cg = 73Bpl I 
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" .. 

C = CN 
WcR 

C = 3.546 = 1880 f 
2'11'(300 x 103) 1 x 103 P 

C10 = 3.546 = 1880 pf 
1884000000 

C9 = __ 1._39_2_ 
1884000000 

C11 
.2024 

1884000000 

,. 

738 pf 

107 pf 

twlSTEO 'AUI WIRE 01'1 

~ALC.""":::"'--_--=--i 

Design an FSK modulator with Fmark = 560 kHz and 
Fspace = 640 kHz. The frequency of oscillation with 
the FSK input (Pin 9) is high is equal to: 

Fmark = ------=-­
R7A + R7B C3 

------ = 560 x 103 or 560 kHz 
1 K + 785(1.0011'f 

When FSK input (Pin 9) is low the frequency is equal to: 

1 
Fspace = R8A + R8BC3 

.... w 
INATI0t4AU 

-:--:-::---::-::-:-:--:-:-~ = 640 x 103 or 640 kHz 
1 K + 5620.0011'f 

Figure 6. Complete Schematic for 100 Kilobaud FSK Modem 
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PART NO. 

R1-R2 
R3 
R4 
R5 

R6-R7 
"R8 

R9-R10 
R11-R13 

R14 
R15 

R16-R17 
R18-R19 

R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
RO 
RT2 
R7A 
R7B 
R8A 
A8B 
RT1 

"Twisted Pair Wire 
""Pulse Engineering 
tNational 

ANSWER 

5.1K 
50KO Pot 
2000 
510 
1000 
750 
10 KO 
1 KO 
1.1 KO 
4500 
16 KO 
5 KO 
2 KO 
4 KO 
10 KO 
5 KO 
249 KO 
4 KO 
3 KO 
10 KO 
5 KO 
5620 
1.3 KO 
2.4 KO 
1 KO Pot 
1.4 KO 
1 KO Pot 
7500 
1 KO Pot 
500 

ORIGINATE PART NO. ANSWER ORIGINATE 

5.1K C1 47 ",f 47 ",f 
50KO Pot C2 4.7 ",f 4.7 ",f 
2000 C3 .OQ1 ",f .001 ",f 
510 C4 4.7 ",f 4.7 ",f 
1000 C5-C6 .1 ",f .1 ",f 
750 C7 4.7 ",f 4.7 ",f 
10 KO C8 1 ",f 1 ",f 
1 KO C9 738 pf 317 pf 
2280 C10 1800 pf 807 pf 
900 C11 107 pf 46 pf 
3 KO C12-C14 1000 pf 1000 pf 
5 KO C15 .22 ",f .22 ",f 
2 KO C16 1 ",f 1 ",f 
4 KO C17 300 pf 300 pf 
10 KO C18 150 pf 150 pf 
5 KO C19 106 pf 106 pf 
249 KO C20 10 pf 10 pf 
4 KO C21 .1 ",f .1 ",f 
3 KO C22-C25 4.7 ",f 4.7 ",f 
10 KO Q1 2N2222A 2N2222A 
5 KO T1 PE-5760"" PE-5760"" 
5620 Z1 1N5232 1N5232 
1.3 KO IC 1 XR-2206 XR-2206 
7.4 KO IC 2 LH0033t LH0033t 
1 KO Pot IC 3 XR-5532 XR-5532 
5620 IC4 XR-5533 XR-5533 
1 KO Pot IC 5 XR-210 XR-210 
3.3KO "1500 
1 KO Pot J1-J2 JUMPER JUMPER 
1000 WIRE WIRE 

Figure 8. Component List lor 100 Kilobaud FSIC Modem 
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IHUglh"ftreqlUJelri1cy TTL CompatDbie Output 
ffrcm ~[h1e XfR{,,215 Monolithic Pll Circuit 
INTRODUCTION 

With digital circuitry as common as it is, it is necessary 
to be able to interface analog signals to digital systems. 
This can be done by using the XR-215, a monolithic PLL 
circuit, and an additional buffer circuit. 

When an input signal is present within the capture 
range of the PLL system, the XR-215 will lock on the in­
put signal and the veo section of the PLL will synchro­
nize with the input frequency. The veo output can then 
be buffered in order to produce a TTL compatible out­
put. 

PRINCIPLES OF OPERATION 

Figure 1 shows a functional block diagram of the XR-
215 monolithic PLL system. The circuit contains a 
phase comparator, a voltage controlled oscillator (VeO), 
and an operational amplifier. A complete phase locked 
loop system can be made by simple ac coupling the 
veo output to either of the phase comparator inputs, 
and by adding a low pass filter to the phase comparator 
outputs. 

The veo output can be buffered in order to produce a 
TTL compatible output at high frequencies by the sim­
ple common emitter circuit shown in Figure 2. The am­
plitude of veo degrades as frequency increases and at 
21 MHz, the amplitude is reduced from approximately 
2.5 Vpp to 400 mVpp. The dc output level is 2 volts be­
low Vee so with Vee equal to ± 5 volts, the dc level is 

approximately 3 volts. The veo output is ac coupled in 
order to block this dc level. The input signal causes 01 
to be overdriven, where the amplitude is 400 mVpp of­
fselted at approximately 0.769 Vdc. When 01 is in the 
offstate, the collector voltage will be forced high and 
when this voltage exceeds 0.7 Vdc, 02 will turn on and 
the collector of 01 will be clamped at 0.7 Vdc. The out­
put of the veo at the TTL buffered output will be in 
phase. 

PHASE 
COMPARATOR 

INPUTS 

PHASE 

PHASE 
COMPARATOR 

+Vcc OUTPUTS 

veo 
RANGE TIMING 
SELECT CAPACITOR 

OUTPUT 
12 veo sweEP 

INPUT 

COMPARATOR o-"-t--~ 
L-_f-":O ~~~T~~'~ 

BIAS 

-Vee OP AMP OP AMP 
INPUT OUTPUT 

OP AMP 
COMPENSATION 

Figure 1. Functional Block Diagram of XR·215 Monolithic PLL 
Circuil. 

+5V~~------~~-------, 

FROM PIN =-15 
OF XR-215 

.1 uf 

~ 

11K n 

2K n 

Figure 2. Common Emitter Buffer Circuit. 
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TTL BUFFERED 
OUTPUT 

Q1 - Q2=92N2369 
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3-126 

veo OUTPUT (PIN 15) 
OF XR-215 

TTL BUFFERED OUTPUT 
AT 21 MHz MEASURED 
WITH X100 PROBE. 

PROPAGATION DELAY IS 
APPROXIMATELY 5 ns 



HIGH FREQUENCY SYNTHESIS 

An application where a high frequency TTL compatible 
output would be useful is in high frequency synthesis, 
as shown in Figure 3. The output of the buffer, which 
can produce a high frequency TTL compatible output, 
is divided down the divider modulus N. When the entire 

fo = N 

11 

+5V 

Cc 
INPUT o----cl ...... __ ..., 
f = fs 

+5V 
5 

SN7493 + N 
BINARY COUNTER 

12 

14 

CB 

AN·27 
system is synchronized to an input signal at frequency 
fs, the veo output (pin 15) is at frequency Nfs, where N 
is the divider modulus. This is useful because a large 
number of discrete frequencies can be synthesized 
from a given reference frequency. 

II I ~ 
C1 C1 

20K n 

>--+~8 

XR·215 

..r--+-015 VCO OUTPUT 
fo = Nfs 

14 

RT Ro Co 

-5V 

+5V~~-~~......., 

1Kn 

Q1 - Q2 2N2369 

Figure 3. High Frequency Synthesis Circuit. 
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XR·212AS Modem System 

INTRODUCTION 

This application note describes a four-chip modem set 
designed to perform the complete Bell 212A type mo­
dem function. Described are the functions of each de­
vice, the connection of the four together, and testing 
procedures with performance data. 

PRINCIPLES OF OPERATION 

The basic characteristics of the 212A type modem are 
listed In Figure 1. As seen, this type of system is basi­
cally a dual modem. It can communicate with either 
low speed FSK modems (Bell 100 Series) or at 1200 
BPS to PSK modems. 

Figure 2 illustrates the major components of most mo­
dem systems. The four sections are: 

1. Modem Signal Processor (MSP): This is the heart of 
the modem. It contains the modulator, demodulat­
or, and filtering functions. 

2. Data Coupler: This section in the 212A is a direct ac­
cess arraignment (DM). This type is directly con­
nected to the switched telephone network. The 
DM serves to protect the phone network from 
modem and vice versa. 

3. UART: Performs serial to parallel conversion and 
timing functions. 

4. Handshaking Controls: Timing functions for signals 
such as clear to send (CTS) and request to send 
(RTS). 

The XR-212A consists of the following four devices 
which perform the complete MSP function. 

TERMINAL 
OR CPU 

I 
I 
I 
I 
I 
I 
I 
I 

I UART I 
I I 

MODEM 
SIGNAL 

PROCESSOR 

HANDSHAKING 
CONTROLS 

(RS-232) 

XR-212DA 212A1V.22 Modem Filter: This is a switched ca­
pacitor type filter to perform precise filtering and equal­
ization for transmitted and received carrier frequencies 
of 1200 Hz and 2400 Hz. 

XR-2121 - PSK/FSK Modulator: Complete modulation 
functions are performed by this device for both 300 
BPS FSK and 1200 BPS PSK. 

XR-2122 - PSK/FSK Demodulator: Demodulation of FSK or 
PSK encoded carriers is performed by the XR-2122. 

XR-2125 - Data Bufter: Performs asynchronous to syn­
chronous and synchronous to asynchronous conver­
sion. 

MAJOR 212A TECHNICAL SPECIFICATIONS 

DATA RATES: 
Low Speed Mode: 
0-300 BPS Asynchronous Format 

High Speed Mode: 
1200 BPS Character-Asynchronous Format 
1200 BPS Synchronous Format 

ENCODING FORMATS: 
Low Speed Mode: 

FSK (Frequency Shift Keying) 
High Speed Mode: 

PSK (Phase Shift Keying) 

OPERATING MODE: 
Full-Duplex at all Speeds 

LINE REQUIREMENT: 
Two-Wire Switched Network 

Figure 1. Major 212A Technical Specifications 

DATA 
COUPLER 

(DAA) 

I 
I 
I 
I 

J 

i 
I 
I 
I 

TELEPHONE 
OR LEASED 
LINE 

Figure 2. Modem Architecture 
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COMPLETE SYSTEM 

Figure 3 is a simplified complete schematic intended to 
illustrate the complexity of the system. Detailed pin 
connections were not available at the time of printing 
this application note. 

A test set-up for bit error rate testing is shown in Figure 
4, with testing results as well. 

1.6432 MHz XR·2121 

XIN 
MODULATOR 

XR·2125 
XOUT XR·2120A 

TXD TXD :r: 
600Q 

TXD 0-- SYNC TXCAR TXCAR 
TXC TXC ClK OUT 

ASYNC ClKIN II( mE~HONE ClKIN NETWORK 
XR·2122 

RXD ClK IN ":' 

RXD SYNC RXCAR RXCAR 

RXC 
600Q 

DATA FilTER 
BUFFER 

":' 

DEMODULATOR 

Figure 3. Complete Modem Signal Processor 

TXCAR =-3dBm 

RXD RXD 

HP1645A Rxe MODEM BRADLEY RXe HP1645A 
DATA UNDER 2A/26 3002 212A DATA 

ERROR TEST LINE LINE MODEM TXD ERROR 
ANALYZER 

TXD 
XR·212AS IMPAIRMENT SIMULATOR ANALYZER 

SIMULATOR 
TXe TXe 

CONDITIONS: RXCAR = -40 dBM, NOISE LEVEL = -52 dBM (SIN 
(1200 BPS) 

12 dB), HIGH SPEED MODE 

RETURN LOSS = - 4 dB, 511 DATA PATIERN 

MODE FREQUENCY OFFSET BER 

ANSWER o Hz <1/10-6 
ANSWER ±S Hz <1110-6 

ORIGINATE o Hz <1110-6 
ORIGINATE ±S Hz <1/10-S 

·ORIGINATE ±S Hz <1/10-6 

·With additional equalizer selected on XR-2120A filter. 

Figure 4. 212AS Performance Testing 
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Quality Assurance 

4·1 



Quality Assurance Standards 
The quality assurance program at Exar Corporation de­
fines and establishes standards and controls on manu­
facturing, and audits product quality at critical pOints 
during manufacturing. The accompanying Manufact­
uring/QA process flow charts illustrate where quality 
assurance audits the manufacturing process, by in­
spection or test. The insertion of these quality assur­
ance pOints is designed to insure that the highest quali­
ty standards are maintained on Exar products during 
manufacturing. 

Wafer Fabrlcatlon/QA Flow 

Polished Siricon 
Shces Masks Materials 

-@MQCI'S 

VisuallnSp!!cUon for Conlamination. etc. 

Verily Layer Ttlickfll!SS ,nd Resistivity, 
Inspect lor Stackl'l9 Faults. etc. 

Visual Inspecllon to Ver.fy Proper Mask, 
Check Alignment. Undercutting. Proper 
a •• de Removal, etc 

S E.M Analysis 

Indivjdual Wafer S E.M. AnOlllysis loplional 
lor rug" reliability militarv program .. only) 

Wafer probe 100-. probe AC. DC, and Functlona' Testing 

High Reliability 
"' ... mbly 

I 

Die Son Yield Analysis (optional, lor 
high reliability military progr.ms only) 

C.rdip 
Assembly , 

PI •• tlc "' ... mbly 
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Realizing that these standard manufacturing/QA pro· 
cess flows do not meet the needs of every customer re­
quirements, Exar Quality Assurance will negotiate any 
additional screening needs, to meet any individual cus­
tomer's specific requirement. 

High Reliability Assembly/QA Flow 

""'enilor Temperature e-
Settings, Plck·up QA 
Tools, Operator Audit, 
Exar OCI 2007 
Die Shear Sampl. 

Manlier Bo"d Pulls, (2r-. 
Power Senings, 
Operalor Audit 
Ellar OCI 2006:2008 
Sond Pull Semple 

=Certlllcallon(2r­

Seal S1rf!l1gth. Monitor ~ 
pl'r Mil-Std-883. ~ 
Method 2024 

AC, DC and 
Funclioroal Testa ~ __ 
10 Dlita Sheet P,r.-~ 
meten ,01 AOL 

10 further en'o'ironmenlal __ _ 
preconditlonil'lg, 
acreening. burn· in per 
indIVIdual cuslomer 
requirements. 

Monitor Marking Permanency e 
Per MiI·Std·8B3. OA 
Method 2015 

Initialte Seriatlzl!'d lot 
Traveler to Mslntaln 
Traceability Back 
to Wafer Aun Numbe, 

Wal,r Saw 

Break/Plale Dice 

Per MII·Std·S83, 
Method 2010 D 
Latest Revision 

Die/Frame Attach 

Per Mil-Std·S83, 
Method 2010 
Latest Revision 

WI,. Bond 

PerMII-8ld-883, 
Method 2010 
(Precap Visual Inspection) 

Selll 

TIn PI .. te Leads 
150 Micro Inch Minimum 

Lead Trim 

Stab.il7.8llon'B,Ike. 
Mil-Sld·BU, Method lOO8e. 

T.mperatu,.~ Cycle 
MiI·Std·S83, Method tOtOe. 

Cuns! ... t Acceleration, 
"'iI-Std·On. Method 200lE, 
YI lXis. 

Firte LeAk. ""il·Std·BB3. 
Method 1014A or 8. 
51(10-·8 ATM cc/sec 

Gross Leak, MiI·Std-883. 
MfOthod tOHC. 

Produclion Eleclrical Test 
AC. DC, Functiona' Tests. 

~25"C. -55"C, and + 12S"C 
or per Indi"idu:1I cullomer 
requirements 

M.,k - Applicable 
Marking and Oale COdI!' 

-1_ Lol Accf!planc~. verily c;J product IVpe. count 
OA package, COrTlplelion of all 

proCI!.' requirement •. 
Verify required 

SHIP documenlalion. aCI3001 



Cerellp Assembly Q/A Flow 

100% Ell' aC12004 e--

100-'.E .. , ~ 
QCI2007,2008~ 

FurnaCeCeT1l1iCaIJOn@-

MonltorSealStl'llngth 
Per MiI·Std-883, 
Method 202-4 

OTI3ooo 
AC, DC FunClionl' 
Tesl Ol'a StiNt 
Pa'II,",I., 
.1 AQL 

G-

Ship 

Scribe'Orea1tlPlale 

Oplicallnspr.clion per 
E.IIIr QCI 2004 
(MiI-Sld·BU. Method 2010 
CondItion 0 mlJdlhedl 

Diell,lrI''' Ak1.3ch 

Opllullnlp~cllo" 
perEl'lIr OCI::IOO72OC13 
(MII·Std-1J1l Mel"od 21)10 
Conctllion B MOdlfledl 

-""' .... 

Fin! L .. k. 5.10-8 
A'rM cclnc 

OrossL ..... Hubble Tesl 

S .. b.liution elke, ISOC. 
24h". 1'1'"., ,00'. 

PrQr/uctlon TIlling. AC, DC. 
,,"d Functional fesIII12S C. 

"'/Irking-Applicable 
"""king and Dale Cod. 

PRODUCT ORDERING INFORMATION 

Part Identification 

XR 
Manufacturer's Prefix 
Grade 

XXXXX 
Basic Type 

Package Type 
M Hi-Rei 
N Prime 

Electrical 
P Prime 

Electrical 
C Commercial 
K Kit 

Manufacturer'S 
Prefix 

N Ceramic Dual-in-line 
P Plastic Dual-in-line 
MD Small Outline 

Example: 

XR-2120 eN 

I~ ~ 
Basic 
Type 

Grade Package Type 
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Plastic Assembly Q/A Flow 

100·,~ eur OCI 2004 e--
Vllu.1 Monitor 
Temp".!ur.5,ning e 
Ot12001'2005 QA 
Bond Pull M,chlnl 
CertmClUon 

'OO·.E •• rOCI~ 
2001'2008~ 

MonltorM"king~ 
Perm.nel'!cy ~-

OTI3000 
AC. DC Function.1 r .. , ~ _ 
C,I.ShI!'flIP,r.mel.r. ~ 
.1 AQL 

Ship 

Scribe Break/PI.le 

OpUc.llnspeclio" per 
E .. , QCI 2004 
(MlI·Sid·883, Melhod 2010 
Condlhon B Modllled) 

Die Bond 

Wi,eOond 

Optical Inlpectlon per 
ElI,OC12007!2ool 
IMil·Sld·IIl, ""!hod 20~D 
Co"dIIlO" B mOdllL,d) 

Tin Plale 

Delll$h,Trlm, Form II'dl 

SQlde, Dip 

SI.blllnlionB.1te 
150C, 24 hta. min. 

Mark_Applicable 
Ml'lklng and 0.11 Cod. 

100° .. Production T." 
AC. DC Inti Functlon,l 
TIII.I.t2SC 

Lot ACClpll/'IU an 3001 

Definition of Symbols: 

M 

N 
P 
CN 
CP 
MD 

HI-Rei Grade Part, Ceramic Package Only, 
and are guaranteed to operate over the 
temperature range of - 55 to + 125·C. 
Prime Grade Part, Ceramic Package. 
Prime Grade Part, Plastic Package. 
Commercial Grade Part, Ceramic Package. 
Commercial Grade Part, Plastic Package. 
Commercial Grade Part, Plastic Small Outline 
Package (Marking does not include MD letters) 

N, P. CN and CP parts are electrically identical and 
guaranteed to operate over O·C to + 70·C range unless 
otherwise stated. In addition, Nand P parts generally 
have operating parameters more tightly controlled than 
the CN or CP parts. 

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

Legend: 

o Operation 

o Surveillance 

o 100% inspection 

QC = Quality Control 
QA = Quality Assurance 
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Package Information 
(Plastic) 

012 

8 PIN MOLDED PLASTIC DIP 

300, 012 

---I 

[ -W.-l 
tr~' 047A~:::::: ~ 

1 

031 ~?7 
-.t. 153 Ri .. ·1' 

BOB ...... 

I--m-I 
~-~~d 142 ~_~~ 
rnl ~ .. hl1B 

100' 012 --J I- . ..Ik. ~ 
1 .. · __ 600' 012.--....:.1· Ole 

14 PIN MOLDED PLASTIC DIP 

300' 012 
_----_1 066 

l~1 ; 
370 ' 

-322'-' 

031 

134 rJ:·~ffiMKAfW§ 012 

lOCl {)12·_ I.. 019 004.'1f..- 126' 008 

'.. HOO 01'2 .. 

18 PIN MOLDED PLASTIC DIP 
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8 PIN MOLDED PLASTIC DIP (JAPAN) 

E:::t In n r"'I .0940 

047R-.. ~ 
~4 

1 

031 

:lJ... 
~r;;;~:;;;:;;;;~' .. ' I~-;;~ 012 

_~~ ~ ~ li li U ij ij ~~ 
126 II "III 126' 008 100' 012" - ~6 - .... -

-···700012--

16 PIN MOLDED PLASTIC DIP 

300 012 

&\1 ox. 
.-.- " 
012 ....... 

.... 008' "·118C 

098£1 a. 1035'012 .... 

047R C .. --.2!8 

)244 
. _--.1 

1 

031 

1·1···~··1 
*f~165."2 15;--··· I - . t 

126 , ___ .1 

20 PIN MOLDED PLASTIC DIP 



Package Information 
(Plastic) 

300' 012 '-7 
:--~ --* tr ,;, 
~I 066 ~~'W{FNlFMm-t ..... t',. 1 

012 ! I 1----
-- 008 11812) --

I EQ. i '00' 012 11-- --II- J '.15 
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1000' 012 ... 

22 PIN MOLDED PLASTIC DIP 
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24 PIN MOLDED PLASTIC DIP 
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~9::::::£l~ 
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010'002 

28 PIN MOLDED PLASTIC DIP 
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1-- 600 002=J 
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Package Information 
(Cerdip) 

8 PIN CERAMIC CAVITY DIP 

I" dJ.§ .. 

ffi' .300 I .,to 
.140 

• - .. -~ ; 

008 J \ __ 0°_15" 

767 
~I 754 

025R c::J'----. - I 
Typ '~ ~~ 

_1 
, 

~d ·030 . -, 
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.~~~--I- _I,J- -..IL :~~ 
Typ 

16 PIN CERAMIC CAVITY DIP 
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20 PIN CERAMIC CAVITY DIP 

t - .. 766----1 
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005_11_. J L-II- .023 
Min 100 015 

Typ - .-

14 PIN CERAMIC CAVITY DIP 
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~i:::::::::J~ , 

22 PIN CERAMIC CAVITY DIP 
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Package Information 
(Cerdip) 

~"f:::~:::::i1 , 

24 PIN CERAMIC CAVITY DIP 

28 PIN CERAMIC CAVITY DIP 

40 PIN CERAMIC CAVITY DIP 
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Package Information 
(Plastic Small Outline) 

.025 
.008±.004 -.1 

~~kf 
.o12Minf 

.059 ±.004 
.002 Min ~ 

t-~II..j~ 
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5-6 

.342±.012 
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Package Information 
(Plastic Small Outline) 
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Monolithic Chips for Hybrid Assemblies 
The major performance characteristics of Exar prod­
ucts are also available in chip form. All chips are 100% 
electrically tested for guaranteed dc parameters at 
25 DC, and 100% visually inspected at 30x to 100x 
magnification using Exar's standard visual inspection 
criteria or MIL-STO-883, Method 2010, depending on 
the individual customer requirements. Each chip is pro­
tected with an inert glass passivation layer over the 
metal interconnections. The chips are packaged in 
waffle-pack carriers with an anti-static shield and cush­
ioning strip placed over the active surface to assure 
protection during shipment. All chips are produced on 
the same well-proven production lines that produce 
Exar's standard encapsulated devices. The Quality As­
surance testing of dice is provided by normal produc­
tion testing of packaged devices. 

FEATURES 

Guaranteed dc Parameters at 25 DC 
100% Visual Inspection 
Care' in Packaging 
100% Stabilization Bake (Wafer Form) 

CHIPS IN WAFER FORM 

Probed and inked wafers are also available from Exar. 
The hybrid microcircuit designer can specify either 
scribed or unscribed wafers and receive a fully tested 
silicon wafer. Rejected die are clearly marked with an 
ink dot for easy identification in wafer form. 

ELECTRICAL PARAMETERS 

Probing the IC chips in die form limits the electrical 
testing to low-level dc parameters at 25 DC. These dc 
parameters are characteristic of those parameters con­
tained on the individual device data sheet and are guar­
anteed to an LTPO of 10%. 

The ac parameters, which are similar to those in the 
standard Exar device data sheets, have been correlated 
to selected dc probe parameters. 
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HANDLING PRECAUTIONS AND PACKAGING OPTIONS 

Extreme care must be used in the handling of unencap­
sulated semiconductor chips or dice, to avoid damage 
to the chip surface. Exar offers the following two han­
dling or packaging options for monolithic chips sup­
plied to the customer: 

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

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

Typical Cavity Pack 
(Waffle Pack) 



~DUSTRY-WIDE PRODUCT CROSS REFERENCE 

X8 SlIIcDn Taul 
Davlca. Fairchild Int.,.11 Motorota N.tlDnal Rlythaon Signalits G.ner.1 Sprague In.trumant. 

082 TL082 
083 TL083 
084 TL084 

146 LM146 LM146 
246 LM246 LM246 
346 LM346 LM346 
346-2 LM346-2 

494 TL494 
495 TL495 

555 UA555 NE555 MC1455 LM555 RC555 NE555 SG555 SN72555 
L555 
556 UA556 NE556 MC3456 LM556 RC556 NE556 S6556 
L556 
558 NE558 
559 NE559 
567 LM567 NE567 

1310 MC1310 LM1310 MC1310 ULN2110 SN76115N 
1468 MC1468 MC1488 SG1468 
1488 UA1488 MC1488 SG1488 MC1488 

SN75188 
1489 UA1489A MC1489A LM1489A 8C1489A MC1489A S61489A SN75189A 
1524 LM1524 801524 8G1524 S01524 
1525A SG1525A 
1527A SG1527A 
1543 SG1543 

2001 UA9665 MC1411 ULN2001 SG2001 ULN2001 
2002 UA9666 MC1412 SG2002 ULN2002 
2003 UA9667 MC1413 ULN2003 S02003 ULN2003 
2004 UA9668 MC1416 ULN2004 SG2004 ULN2004 
2011 SG2011 ULN2011 
2012 SG2012 ULN2012 
2013 SG2013 ULN2013 
2014 S02014 ULN2014 

2201 UA9665 MC1411 ULN2001 SG2001 ULN2001 ULN2001 
SN75466 

2202 UA9666 MC1412 ULN2002 S02002 ULN2002 ULN2002 
SN75467 

2203 UA9667 MC1413 ULN2003 S62003 ULN2003 ULN2003 
SN75468 

2204 UA9668 MC1416 ULN2004 ULN2004 ULN2004 
SN75469 

2207 RC2207 
2211 RC2211 
2240 UA2240 ICLB240 UA2240 

2524 LM2524 SG2524 S02524 
2525A S02525A 
2527A S02527A 
2543 SG2543 
2567 8C2567 

3403 UA3403 MC3403 RC3403 MC3403 

3470A MC3470A 

3503 UA3503 MC3503 RC3503 803503 MC3503 
3524 LM3524 S03524 S03524 SG3524 
3525A SG3525A 
3527A S03527A 
3543 S03543 

4136 UA4136 RC4136 RC4136 
4151 UA4151 RC4151 
4194 8C4194 804194 
4195 8C4195 

4558 UA4558 MC4558 LM1458 RC4558 MC1458 S01458 RC4558 
SN72558 

4739 UA739 8C4739 
4741 LM348 MC4741 LM348 HA4741-5 

5532 RC5532 NE5532 NE5532 
5533 8C5533 NE5533 NE5533 
5534 RC5534 NE5534 NE5534 

6118 NE594 ULN6118 
6128 ULN6128 

8038 ICLB038 

13600 LM13600 LM13600 NE5517 
14412 MC14412 
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AUTHORIZED REPRESENTATIVES 
ALABAMA FLORIDA KENTUCKY 
Rep. Incorporated Donato & Assoc., Inc. (See Ohio) 
11535 Gilleland Rd.! 2758 W. Oakland Park Blvd. 
P.O. Box 4889 Suite 210 LOUISIANA 
Huntsville, AL 35803/35815 P.O. Box 5848 (See Texas) 
(205) 881-9270 Ft. Lauderdale, FL 33310 
TWX 810-726-2102 (305) 522-2200 MAINE 

TWX 810-850-0244 (See Massachusetts) 
ALASKA 
(Call Exar Direct) Donato & Assoc., Inc. MARYLAND 

5401 Kirkman Rd., Ste. 785 Component Sales, Inc. 
ARIZONA Orlando, FL 32819 106 Old Court Rd. 
Summit Sales (305) 352-0727 Suite 204 
7825 E. Redfield Rd. TWX 810-850-0244 Baltimore, MD 21208 
Scottsdale, AZ 85260 (301) 484-3647 
(602) 998-4850 Donato & Assoc., Inc. TWX 710-862-0852 
TWX 920-950-1283 535 Hollow Ridge Rd. 

P.O. Box 1560 MASSACHUSETTS 
ARKANSAS Palm Harbor, FL 33563 Mass Tech Sales 
(See Oklahoma) (831) 785-3327 54 Hartford St., Ste. 102 

GEORGIA 
Westwood, MA 02090 

CALIFORNIA (North) (617) 329-8820 
Criterion Rep. Incorporated TWX 710-321-9335 
3350 Scott Blvd, Blvd. 44 1944 Cool edge Rd. 
Santa Clara, CA 95051 Tucker, GA 30084 MICHIGAN (Detro" Area) 
(408) 988-6300 (404) 938-4358 J. L. Montgomery Assoc., Inc. 
TWX 910-338-7352 TWX 810-766-0822 27200 Lahser Rd.!P.O. Box 244 

Southfield, MI 48037 
CALIFORNIA (South) HAWAII (313) 358-2616 
Harvey King, Inc. (Call Exar Direct) TWX 810-224-4981 
8124 Miramar Rd. 
San Diego, CA 92126 IDAHO (Western Michigan Area) 
(619) 566-5252 (See Washington) J. L. Montgomery Assoc., Inc. 

2214 Oak Industrial Dr., NE 
Landa/Minyard, Inc. ILLINOIS (North) Grand Rapids, MI 49505 
1618 Cotner Ave. Janus, Inc. (616) 774-9308 
Los Angeles, CA 90025 3166 Des Plaines Ave. 
(213) 879-0770 Suite 14 MINNESOTA 
TWX 910-342-6343 Des Plaines, IL 60018 Dan'l Engineering 

(312) 298-9330 1631 E. 79th Street, Ste. S145 
COLORADO TWX 910-692-4024 Minneapolis, MN 55420 
(Call EXAR Direct) 

ILLINOIS (South) 
(612) 854-7550 
TLX 291008 

(See Missouri) (DANL ENG BLTN) 

INDIANA MISSISSIPPI 
(See Ohio) (See Alabama) 

CONNECTICUT 
Phoenix Sales IOWA MISSOURI 
386 Main sl. (Call EXAR Direct) KKB and Company 
Ridgefield, .CT 06877 1610 S. Big Band Blvd. 
(203) 438-9644 St. Louis, MO 63117 
TWX 710-467-0662 (314) 647-2400 

DELAWARE 
TWX 910-761·1040 

(See Maryland) 
KANSAS 

KKB and Company 
104 North 12th 

(See Missouri) Blue Springs, MO 64015 
(816) 229·0001 
TWX 910-997-0718 
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MONTANA 
(See Colorado) 

NEBRASKA 
(See Missouri) 

NEVADA 
(See California No.) 

NEW HAMPSHIRE 
(See Massachusetts) 

NEW JERSEY (North) 
(See New York City) 

NEW JERSEY (South) 
Vantage Sales Co. 
6981 North Park Dr., Ste. 110 
Pennsauken, NJ 08109 
(609) 663-6660 

NEW MEXICO 
Syn Tech 
8016 A Zuni Rd., SE 
Albuquerque, NM 87108 
(505) 266-7951 

NEW YORK (Upstate) 
Quality Components 
3343 Harlem Rd. 
Buffalo, NY 14225 
(716) 837-5430 
TWX 910-997-1313 

Quality Components 
116 E. Fayette SI. 
Manlius, NY 13104 
(315) 682-8885 

NEW YORK (City) 
Trionic Assoc., Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
(516) 466-2300 
TWX 510-223-0834 

NORTH CAROLINA 
Zucker Assoc., Inc. 
P.O. Box 19868 
Raleigh, NC 27619 
(919) 782-8433 
TWX 510-928-0513 

NORTH DAKOTA 
(See Minnesota) 

OHIO 
McFadden Sales 
1093 Fishinger Rd. 
Columbus, OH 43221 
(614) 459-1280 
TWX 810-482-1623 

OKLAHOMA 
(See Texas) 

OREGON 
Components West, Inc. 
15255 S.w. 72nd Ave., Ste. A 
Tigard, OR 97223 
(503) 684-1671 
TWX 910-467-8740 

PENNSYLVANIA (West) 
(See Ohio) 

PENNSYLVANIA (East) 
(See New Jersey So.) 

RHODE ISLAND 
(See Massachusetts) 

SOUTH CAROLINA 
(See North Carolina) 

SOUTH DAKOTA 
(See Minnesota) 

TENNESSEE (West) 
Rep. Incorporated 
113 S. Branner Ave. 
Jefferson City, TN 37760 
(615) 475-4105 
TWX 810-570-4203 

TENNESSEE (East) 
(See North Carolina) 

TEXAS 
Technical Marketing 
9027 Northgate Blvd., Ste. 140 
Austin, TX 78758 
(512) 835-0064 

Technical Marketing 
3320 Wiley Post Rd. 
Carrollton, TX 75006 
(214) 387-3601 
TWX 910-860-5158 

Technical Marketing 
2901 Wilcrest Drive, Ste. 139 
Houston, TX 77042 
(713) 783-4497 
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UTAH 
(Cali EXAR Direct) 

VERMONT 
(See Massachusetts) 

VIRGINIA 
(See Maryland) 

WASHINGTON 
Components West 
8275 166th NE 
Redmond, WA 98052 
(206) 885-5880 

WASHINGTON, D.C. 
(See Maryland) 

WEST VIRGINIA 
(See Ohio) 

WISCONSIN (South East) 
Janus, Inc. 
11430 Bluemound Rd. 
Milwaukee, WI 53026 
(414) 476-9104 

WISCONSIN (West) 
(See Minnesota) 

WYOMING 
(See Colorado) 

CANADA 
Clark-Hurman Associates 
148 Colonnade Rd., Ste. 205 
Nepean, Ontario K2E 7J5 
(613) 727-5626, 727-5627 



AUTHORIZED DISTRIBUTORS 
ALABAMA 
Marshall Electronics 
3313 Office Center, Ste. 106 
Huntsville, AL 35801 
205881-9235 

Pioneer 
1207 Putnam Drive 
Huntsville, AL 35805 
205 837-9300 

Resisticap 
11547-B So. Memorial Parkway 
Huntsville, AL 35815-0889 
205 883-4270 

RM Electronics 
4702 Governors Drive 
Huntsville, AL 35805 
205 852-1550 

ARIZONA 
Bell Industries 
1705 W. 4th Street 
Tempe, AZ 85281 
602966-7800 
TWX: 910-950-0133 

Marshall Electronics 
835 West 22nd Street 
Tempe, AZ 85282 
602968-6181 

Sterling Electric 
3501 E. Broadway Road 
Phoenix, AZ 85040 
602268-2121 
TLX: 667317 "STERLING PHX" 

Western Micro 
7740 East Redfield Drive 
Scottsdale, AZ 85260 
602 948-4240 

ARKANSAS 
Carlton-Bates 
3600 West 69th Street 
Little Rock, AR 72219 
501 562-9100 

CALIFORNIA 
A.v.E.D 
1582 Parkway Loop, Unit G 
Tustin, CA 92680 
213770-0871 

Bell Industries 
1-830 Vernon St., Bldg. 1 
Roseville, CA 95678 
916969-3100 

Bell Industries 
1161 N. Fair Oaks Avenue 
Sunnyvale, CA 94086 
408 734-8570 
TWX: 910-339-9378 

Bell Industries 
7450 Ronson Road 
San Diego, CA 92111 
619268-1277 

Diplomat 
20151 Bahama Street 
Chatsworth, CA 91311 
213341-4411 

Diplomat 
7140 McCormick 
Costa Mesa, CA 92626 
714549-8401 

Diplomat 
9787 Aero Drive. Ste. E 
San Diego, CA 92123 
619-292-5693 

Diplomat 
1283 "F" Mtn. View/Alviso Rd. 
Sunnyvale, CA 94086 
408734-1900 
TWX: 910-379-0006 

I EC/JACO 
20600 Plummer Road 
Chatsworth, CA 91311 
213998-2200 
TWX: 910-494-1923 

IEC/JACO 
17062 Murphy 
Irvine, CA 92714 
714660-1055 

Marshall Electronics 
8015 Deering Avenue 
Canoga Park, CA 91304 
818999-5001 

Marshall Electronics 
9674 Telstar Avenue 
EI Monte, CA 91731-3004 
818 442-7204 

Marshall Electronics 
17321 Murphy Avenue 
Irvine, CA 92714 
714556-6400 
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Marshall Electronics 
10105 Carroll Canyon Road 
San Diego, CA 92131 
619478-9600 

Marshall Electronics 
788 Palomar Avenue 
Sunnyvale, CA 94086 
408 732-1100 

Western Microtechnology 
10040 Bubb Road 
Cupertino, CA 95104 
408 725-1664 

Zeus Components, Inc. 
1130 Hawk Circle 
Anaheim, CA 92807 
714632-6880 

COLORADO 
A.C.T. 
4016 Youngfield Street 
Wheat ridge, CO 80033 
303 422-9229 

Bell Industries 
8155 West 48th Avenue 
Wheatridge, CO 80033 
303 424-1985 
TWX: 910-938-0393 

Diplomat Electronics 
96 Inverness Drive, East 
Suite R 
Englewood, CO 80112 
303 740-8300 

Marshall Electronics 
7000 North Broadway 
Denver, CO 80221 
303427-1818 

CONNECTICUT 
Diplomat Electronics 
52 Federal Road 
Danbury, CT 06810 
203 797-9674 

J. V. Electronics 
690 Main Street 
East Haven, CT 06512 
203469-2321 



Marshall Electronics IDAHO IOWA 
Barnes Industrial Park (See Washington) Bell Industries 
33 Village Lane 1221 Park Place, N.E. 
P.O. Box 200 ILLINOIS Cedar Rapids, IA 52412 
Wallingford, CT 06492 Diplomat Electronics 319395-0730 
203 265-3822 1071 Judson Street 

Bensenville, IL 60160 Deeco Inc. 
DELAWARE 312595-1000 2600 16th Avenue, S.w. 
(See Pennsylvania) Cedar Rapids, IA 52406 

GBL·Gould 319365-7551 
FLORIDA 610 Bonnie Lane TWX: 910-525-1332 
Diplomat Electronics Elk Grove Village, IL 60007 
2120 Calumet Street 312490·0155 KANSAS 
Clearwater, FL 33515 (See Missouri) 
813443-4514 Marshall Electronics 

1261 Wiley Road, Unit F KENTUCKY 
Diplomat Electronics Schaumburg, IL 60195 (See Indiana) 
1300 N.W. 65th Place 312 490·0155 
Fort Lauderdale, FL 33309 LOUISIANA 
305974-8700 Intercomp (See Texas) 

Future Electronics 
2200 Stongton Ave., Ste. 210 

MAINE Hoffman Estates, IL 60695 
2073 Range Road 312843-2040 (See Massachusetts) 
Clearwater, FL 33575 
813596-8295 Reptron MARYLAND 

721 W. Algonquin Road Diplomat Electronics 
Hammond Electronics Arlington Heights, IL 60005 9150 Rumsey Rd., Ste. A-6 
6600 N.W. 21st Avenue 312593-7070 Columbia, MD 
Fort Lauderdale, FL 33309 301 995-1226 
305'973-7103 RM Electronics 

265 Eisenhower Lane, South Marshall Electronics 
Hammond Electronics Lombard, IL 60148 8445 Helgerman Court 
1230 W. Central Blvd. 312935-5150 Gaithersburg, MD 20877 
Orlando, FL 32805 TWX: 910-651-3245 301 840-9450 
305 849-6060 

INDIANA Pioneer 
Marshall Electronics Altex 9100 Gaither Road 
1101 N.w. 62nd Street 12774 N. Meridian Gaithersburg, MD 20760 
Suite 3060 Carmel, IN 46032 301 948-0710 
Fort Lauderdale, FL 33309 317 848-1323 TWX: 710-828-0545 
305928-0661 TWX: 810-341-2635 

MASSACHUSETTS 
Marshall Electronics Graham Electronics Alma Electronics 
4205 34th Street, S.w. 133 S. Pennsylvania Street 60 Shawmut Avenue 
Orlando, FL 32811 Indianapolis, IN 46204 Canton, MA 02021 
305841-1878 317634-8202 617 329-8810 

GEORGIA 
TWX: 810-341-3481 

Diplomat Electronics 
Diplomat Electronics Graham Electronics 28 Comming Park 
6659 Peachtree, Suite B 3606 E. Maunee Avenue Woburn, MA 01801 
Norcross, GA 30092 Ft. Wayne, IN 46803 617 935-6611 
404 449-4133 219423-3422 

Gerber 
Marshall Electronics RM Electronics 128 Carnegie Row 
4350 J International Blvd. 7031 Corporate Circle Norwood, MA 02062 
Norcross, GA 30093 Indianapolis, IN 46278 617 329-2400 
404 923-5750 317 291-7110 TWX: 710-336-1987 

Pan American Marshall Electronics 
889 Buford Road One Wilshire Road 
Comming, GA 30130 Burlington, MA 01803 
404 577-2144 617272-8200 
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Marshall Electronics NEVADA Marshall Electronics 
Corp. Support Ctr.lEast (See California) 275 Oser Avenue 
Five Wilshire Road Hauppauge, LI, NY 11788 
Burlington, MA 01803 NEW HAMPSHIRE 516273-2424 
617 272-8200 (See Massachusetts) 

Marshall Electronics 
RC Components NEW JERSEY 1280 Scottsville Road 
222 Andover Street Diplomat Electronics Rochester, NY 14624 
Wilmington, MA 01887 490 S. River View Drive 716235-7620 
617657-4310 Totowa, NJ 07512 
TWX: 710-347-1743 201 785-1830 SAL 

564 Smith Street 
MICHIGAN GCI Farmingdale, NY 11735 
Ambur Electronics Route 73 516293-2710 
1344 So. Commerce Berlin, NJ 08009 
Walled Lake, MI 48088 609 768-6767 Zeus Components Inc. 
3i3669-3710 100 Midland Avenue 

Marshall Electronics Portchester, NY 10573 
Marshall Electronics 101 Fairfield Road 914937-7400 
13760 Merriman Road Fairfield, NJ 07006 TWX: 710-567-1248 
Livonia, MI 48150 201 882-0320 
313 525-5850 NORTH CAROLINA 

Marshall Electronics Hammond 
RM Electronics 102 Gaither Drive 2923 Pacific Avenue 
4310 Roger B. Chaffee Mt. Laurel, NJ 08054 Greensboro, NC 27406 

Memorial Drive 609234-9100 (NJ) 919 275-6391 
Grand Rapids, MI 49508 215627-1920 (PA) 
616531-9300 NORTH DAKOTA 
TWX: 810-273-8779 NEW MEXICO (Call EXAR Direct) 

Bell Industries 
Reptrori Electronics 11728 Linn N.E. OHIO 
34404 Glendale Road Albuquerque, NM 87123 Graham 
Livonia, MI 48150 505 292-2700 239 Northland Blvd. 
313525-2700 TWX: 910-989-0625 Cincinnati, OH 45246 

513772-1661 
MINNESOTA Betatron TWX: 810-461-2896 
Marshall Electronics 2825 B. Broadbent Pkwy, NE 
13810 24th Avenue, N.S. No_ 460 Albuquerque, NM 87123 Marshall Electronics 
Plymouth, MN 55441 505344-2381 6212 Executive Blvd. 
612559-2211 Dayton, OH 45424 

NEW YORK 513 236-8088 
Merit Electronics Diplomat Electronics 
2525 Nevada Avenue 4610 Wetzel Road Marshall Electronics 
Warehouse Suite 210 Liverpool, NY 13088 5905B Harper Road 
Minneapolis, MN 55427 315 652-5000 Salon, OH 44139 
612 546-5383 216248-1788 

MISSISSIPPI 
Diplomat Electronics 
110 Marcus Drive Reptron Electronics 

(See Alabama) Melville, NY 11747 830 Busch Court 
516454-6400 Columbus, OH 43229 

MISSOURI 614436-6675 
Olive Electronics JACO 
9910 Page Blvd. 145 Oser Avenue OKLAHOMA 
SI. Louis, MO 63132 Hauppauge, NY 11787 Quality Components 
314426-4500 516273-5500 9934 E. 21 st Street, S. 
TWX: 910-763-0720 TWX: 510-227-6232 Tulsa, OK 94128 

918664-8812 
MONTANA Marshall Electronics 
(Call EXAR Direct) 10 Hooper Road Radio, Inc. 

Endwell, NY 13760 1000 S. Main Street 
NEBRASKA 607754-1570 Tulsa, OK 74119 
(See Missouri) 918587-9123 
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OREGON International Electronics I EC/JACO 
Bell Industries 10937 Pellicano Drive 1750 124th Avenue, Ste. J 
6024 SW. Jean Road EI Paso, TX 79935 Bellevue, WA 98005 
Lake Oswego, OR 97034 915 598-3406 206 455-2727 
503 241-4115 
TWX: 910-455-8177 Marshall Electronics Marshall Electronics 

8705 Shoal Creek Blvd. 14102 N.E. 21st Street 
Marshall Electronics Suite 202 Bellevue, WA 98007 
8230 S.w. Nimbus Avenue Austin, TX 78758 206747-9100 
Beaverton, OR 97005 512 458-5654 
503 644-5050 

Radar Electronic Co., Inc. 

Marshall Electronics 
168 Western Avenue, W. 

Radar Electric Co., Inc. 14205 Proton Road 
Seattle, WA 98119 

704 S.E. Washington Dallas, TX 75234 
206 282-2511 

Portland, OR 97214 214233-5200 
TWX: 910-444-2052 

503 232-3404 
TWX: 910-464-2386 Marshall Electronics 

Western Microtechnology 

3698 Westchase Drive 
14778 N.E. 95th Avenue 

Western Microtechnology Houston, TX 77042 
Redmond, WA 98052 

13770 S.w. 24th Street 713789-6600 
206881-6737 

Beaverton, OR 97005 
503641-9312 Quality Components 

WISCONSIN 

4257 Kellway Circle 
Bell Industries 

PENNSYLVANIA Addison, TX 75001 
W 227 N 913 W. Mound Ave. 

Advacom 214387-4949 
Waukesha, WI 53186 

5620 West Road TWX: 910-860-5459 
414547-8879 

McKean, PA 16426 
814476-7774 Quality Components 

RM Electronics 

2427 Rutland 
2626 S. 162nd Street 

Almo Electronics Austin, TX 78758 
Berlin, WI 53151 

9815 G. Roosevelt Blvd. 512835-0220 
414 784-4420 

Philadelphia, PA 19114 
215698-4000 Quality Components 

Taylor Electric Co. 

1005 Industrial Blvd. 
1000 W. Donges Bay Road 

Pioneer Sugarland, TX 77478 
Mequon, WI 53092 

261 Gilbralter Road 713491-2255 
414 241-4321 

Horsham, PA 19044 TWX: 910-880-4893 
TWX: 910-262-3414 

215674-4000 
TWX: 510-665-6778 UTAH WYOMING 

Bell Industries 
(See Colorado) 

RHODE ISLAND 3639 W_ 2150 So. 
(See Massachusetts) Salt Lake City, UT 84120 

CANADA 

801 972-6969 
Cam Guard Supply ltd. 

SOUTH CAROLINA TWX: 910-925-5686 
1777 Ellice Avenue 

Hammond Electronics 
Winnipeg, Manitobo R3H OW5 

1035 Lowndes Hill Road Diplomat 
504 786-8401 

Greenville, SC 29607 3007 S.w. Temple 
803 233-4121 Salt Lake City, UT 84115 

Cam Guard Supply ltd. 

801 486-4134 
2055 Boundary Road 

SOUTH DAKOTA Vancouver, British Columbia V5M 3L2 

(Call EXAR Direct) VERMONT 604291-1441 

TENNESSEE 
(See Massachusetts) Cam Guard Supply ltd. 

(See Alabama) VIRGINIA 162 - 36 116th Avenue 

(See Maryland) 
Edmonton, Alberta T5M 3V4 

TEXAS 403 453-6693 

ERA WASHINGTON 
1147-B Larry Mahan Bell Industries 

Cam Guard Supply ltd. 

EI Paso, TX 79925 1900 132nd Avenue. N.E_ 
1501 Ontario Avenue 

915 592-4126 Bellevue, WA 98005 
Sashatoon, Saskatchawan S7K 187 

206747-1515 
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Cam Guard Supply Ltd. 
500 Norfinch Drive 
Downsview, Ontario M34 1V4 
416736-1744 

Future Electronics 
237 Humus Blvd. 
PI. Claire, Montreal, 
Quebec H9R 5C7 
514694-7710 

Intek Electronics Ltd. 
10-8385 SI. George Street 
Vancouver, British Columbia V5X 4P3 
604324-6831 
TWX: 610-922-5032 

Intek Electronics Ltd.lAlberta 
4616 99th Street 
Edmonton, Alberta T6E 5H5 
403 437-2755 

RAE Industrial Electronics 
3455 Gardner Court 
Burnaby, British Columbia V5G 4J7 
604 291-8866 
TWX: 610-929-3065 
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INTERNATIONAL SALES OFFICES AND REPRESENTATIVES 
ARGENTINA GREECE LATIN AMERICA 
Rayo Electronics SRL General Electronics Ltd. Intectra 
Belgrando 990, Pisos 6Y2 209 Thivon Street 2629 Terminal Blvd. 
Buenos Aires Nikea, Piraeus 7 Mtn. View, CA 94043 (USA) 
Phone: 37 98 90 VGNUJVUY Phone: (415) 967·8818 
Telex: (390) 122153 (RAYOX AR) Phone: 49·13595 Telex: 3445 545 (INTECTRA MNTV) 

Telex: (863) 212949 (GELT GR) 0 

AUSTRALIA LIECHTENSTEIN 
Total Electronics HONG KONG (See Switzerland) 
9 Harker Street ROHM Electronics (H.K.) Co., Ltd. 
P.M.B. No. 250 Flat 13, 3/F Newport Centre LUXEMBOURG 
Burwood, 3125 Australia 116, Mataukok Road, Tokwawan (See Germany) 
Phone: 288 4044 Kowloon 
Telex: (790) 31261 (TOTELEC AA) Phone: 3·343481 NETHERLANDS 

Telex: (780) 37503 (REHCL HX) Nijerk Elektronika B.V. 
BELGIUM Drentestraat 71083 HK 
(See Germany) INDIA Amsterdam, Holland 

Zenith Electronics Phone: 020 462221 
BRAZIL 106, Mittal Chambers Telex: 11625 NESCO NL 
Intectra Do Brazil Nariman Point, Bombay 400021 
AV Paulista 807·S/415 Phone: 2024464 NEW ZEALAND 
Sao Paulo, Brazil 2027887 Professional Electronics Ltd. 
Phone: 285·6305 Telex: (953) 113152 (ZNTH IN) P.O. Box 31143 
Telex: 01139872 (BRCO BR) 22A Milford Road 

Fegu Milford, Auckland 9 
ROHM Do Brazil Industria 2584 Wyandotte Street Phone: 46 94 50 
Electronica Ltda. Mountain View, CA 94043 (USA) Telex: (791) 21084 (PROTON) 
AI. Reo Negro, 1356· Alphaville Phone: (415) 961·2380 
Cep 06400 . Barueri, Sp. Telex: 345·599 FEGU ELEC PLA NORWAY 
Phone: (011) 421·4577 Hefro Teknisk AJS 
Telex: (391) 1135275 (UIEL BR) ISRAEL P.O. Box 6596 

MLRN Electronics Rodezokken 80, Trondheimsuir 
DENMARK 15 Kineret S1. Bney·Brak Oslo 5 
Mer·el AJS P.O. Box 10205 Tel·Aviv Phone: 38 02 86 
Ved Klaedebo 18 Israel 61101 Telex: (856) 76205 (HEFRO N) 
DK·2970 Horsholm Phone: 03 796 927 or 
Phone: 571000 03807 174·5 SINGAPORE 
Telex: (855) 37360 (MEREL DK) Telex: 342107 RNIS ROHM Electronics Co. Pte., Ltd. 

ITALY 
Unit A, 3rd Floor 

FINLAND No. 12 Arumug AM Road No. 04.01 
Yleiselektroniikka/oy Eledra 33 S.P.A. Singapore 1440 
Luomannotko 6 Viale Elvezia, 18 Phone: 745 9342 
02200 Espoo 20 20154 Milano Telex: (786) 26648 (ROHMS) 
Phone: 90·452·1255 Phone: 34.93.041 
Telex: 123212 (YLEOYF) Telex: (843) 332332 (ELEDRA I) SOUTH AFRICA 

South Continental Devices (Pty.) Ltd. 
FRANCE JAPAN Suite 516, 5th Floor, Randover House 
Tekelec/Airtronic Tokyo Electron Ltd. Cor Hendrik Verwoerd, Dover Road 
Rue Carle Vernet No.2 Panetron Division Randburg, Transvaal 
Cite des Bruyeres 38 FL Shinjuku Nomura Blvd. Phone: 48 05 15 
F·92310 Sevres 1·26·2, Nishi·Shinjuku Telex: (960) H'4849 (SA) 
Phone: (1) 534 75 35 Shinjuku·ku, Tokyo 160 
Telex: (842) 204552 (TKLEC A) Phone: 03·343·4411 SPAIN 

Telex: (781) 2322240 (LABTEL J) Unitronics, SA 
GERMANY (WEST) Princesa, 1 
ROHM Electronics GmbH KOREA Madrid 8 
D·4051 Korschenbroich Spirox Holding, Inc. Phone: 242 52·04 
Muehlenstrasse 70 3537 Ryder Street Telex: (831) 46786 (UTRON E) 
Phone: (02161) 61010 Santa Clara, CA 95051 (USA) 
Telex: (841) 852330 (ROHM D) Phone: (408) 739·3334 
FAX: 02161·642102 Telex: 346369 (SUVL) 
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SWEDEN 
Lagercrantz Electronix AB 
Kanalvagen 5 
S-19401 Upplands Vasby 
Phone: (0760) 86 120 
Telex: (854) 11275 (LAGER S) 

SWITZERLAND 
Stolz AG 
Taefernstr .15 
CH-5405 
Baden-Daeltwill, Switzerland 
Phone: (05) 6480151 
Telex: 54070 (STLZ CH) 

TAIWAN 
Sea Union 
P.O. Box 45-95 TAl PEl 
Room 303, Hua-Nan Blvd. 
No. 162, Chang An East Rd., 
2nd Section 
Taipei, Taiwan, Rep. of China 
Phone: 751-2063 or 751-6856 
Telex: 24209 (SEAUNION TAIPEI) 

TURKEY 
Testas 
Karanfil Sakak No. 41 
Bankanliklar, Ankara 

UNITED KINGDOM 
Thame Components 
Thame Park Road 
Thame, Oxon OX9 3RS 
Phone: (084421) 3146 
Telex: (851) 837917 (MEMEC G) 

ALL OTHER· COUNTRIES 
(Call EXAR Direct) 
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Technical Literature 
APPLICATION DATA BOOK: 
This practical applications guide contains a complete 
and up-to-date set of application notes prepared by 
Exar's technical staff. These application notes cover a 
wide range of subjects, such as FSK MODEMS, active 
filters, telecommunication circuits, electronic music 
synthesis and many more. In each case, specific de­
sign examples are given to demonstrate the applica· 
tions discussed. 

FUNCTION GENERATOR DATA BOOK: 
This comprehensive data book contains a number of 
technical articles and application notes on monolithic 
voltage·controlled oscillators (VeO), and function gen­
erator IC products. In addition, the data sheets and 
technical specifications for Exar's monolithic veo's 
and function generators are included. 

MODEM DESIGN HANDBOOK: 
This publication includes all Exar Data Sheets and Ap­
plication Notes relating to Modem products as well as 
section on modem fundamentals. Subjects covered in 
this fundamentals section include: Modulation and De­
modulation techniques for both FSK and PSK systems, 
filter considerations, line interface, and test modes. The 
scope of this manual allows even the beginning modem 
designer to implement Exar's available integrated cir­
cuits into complete working modems. 

OPERATIDNAL AMPLIFIER DATA BOOK: 
A collection of technical articles on the fundamentals of 
monolithic Ie op amps is contained in this technical 
publication. Some of the basic op amp circuits are 
given, and the application of IC op amps in active filter 
design is discussed. A complete set of electrical speci­
fications on Exar's bipolar and bipolar JFET op amp 
products is included. 

TECHNICAL LITERATURE REQUEST: 

PHASE-LOCKED LOOP DATA BOOK: 
The fundamentals of design and application of mono­
lithic phase-locked loop (PLL) circuits are included in 
this data book. A long list of PLL applications are illus­
trated covering FM demodulation, frequency synthesis, 
FSK, and tone detection. Particular emphasis is given 
to the application of PLL circuits in data interface and 
communication systems such as FSK MODEMS. This 
book also contains the data sheets and electrical speci­
fications for all of Exar's PLL products. 

PRODUCT GUIDE: 
A complete short-form catalogue of all of Exar's stan­
dard and custom products, quality assurance programs 
and technical capabilities. Key features and applica­
tions of each of Exar's products are given, along with 
their functional block diagrams, package types and op­
erating temperature ranges. Products are grouped ac­
cording to their applications, and a complete industry­
wide cross reference chart is provided. 

SWITCHING REGULATOR DATA BOOK: 
Exar's entire line of switching regulator Ie products are 
specified in this technical data book. In addition, sev­
eral design and application articles are included, along 
with a review of the fundamentals of pulse-width modu­
lated regulator circuits. 

TIMER DATA BOOK: 
Provided in this publication is a collection of technical 
articles and application information on monolithic timer 
Ie products. Also included are the data sheets and de­
tailed electrical specifications for all of Exar's timer cir­
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