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Figure 2. Functional Block Diagram of XR-210 High-
Frequency FSK Modulator/Demodulator

Figure 1. The op amp is used as a high-gain voltage comparator
which converts the differential voltage level changes at the
multiplier outputs into logic level output signals.
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Figure 4. Timing Diagram of VCO Output Waveforms
Available from XR-210 or XR-215 High-Frequency
PLL Circuits
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Figure 3. Functional Block Diagram of XR-215 High-
Frequency Phase-Locked Loop

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

XR-2228 MULTIPLIER/DETECTOR CIRCUIT

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

CIRCUIT OPERATION

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

The input signal is AC coupled, with separate coupling capaci-
tors, both to the input of the particular PLL circuit to be used.

and to the X-input terminal (pin 2) of the XR-2228.
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The Y-inputs (pins 4 and 5) are driven differentially from the
VCO timing capacitor signal (available at pins 13 and 14 of
the PLL IC) which is AC coupled to pins 4 and 5 of the
XR-2228 multiplier input. The multiplier input stage “'slices™
this signal to produce the quadrature frequency waveform
shown in Figure 4(c).

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

The filter capacitor, C A, connected across pins 1 and 16 of the
multiplier outputs, serves as the post-detection low-pass filter
(Block 5 of Figure 1). The time constant of this filter is equal
to (CA Rp) where RB ( = 8Kk§2) is the internal resistance of
the IC at pins 1 and 16. The value of C4 is chosen to provide
a compromise between the response time and the spurious
noise rejection characteristics of the circuit: increasing CA
improves the noise rejection characteristics of the circuit, but
slows down the response time.

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

nal amplitude) varies inversely with the multiplier gain-setting
resistor RX. Figure 7 shows the typical detectable signal level,
as a function of R, with the output offset resistor, RA, equal
to 10 k£2. Note that the minimum detectable input signal,
with Rx = 0, is approximately 100 mV, rms.
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Application Note AN-13

Frequency-Selective AM Detection Using
Monolithic Phase -Locked Loops

INTRODUCTION

This application note describes the use of monolithic phase-locked loop (PLL) circuits in detection of amplitude-modulated (AM)
signals. The detection capabilities of a PLL system, which is a frequency-selective FM demodulator. can be extended to cover AM
signals simply by the addition of an analog multiplier (or mixer) and a low-pass filter to the basic phase-locked loop. This tech-
nique of AM demodulation, which is called “synchronous AM detection™. offers significant performance advantages over conven-
tional “‘peak-detector™ type AM demodulators. in terms of its dynamic range and noise characteristics.

This application note outlines some of the fundamental principles of synchronous AM detectors, and gives design examples using

the XR-2228 multiplier/detector IC in conjunction with the XR-215 and the XR-2212 monolithic PLL circuits.

PRINCIPLE OF OPERATION

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

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

Input Signal = Vij(t) cos wpt

where V(1) is the modulated amplitude of the input signal
and wg is the input signal frequency expressed in radians.
If this signal is linearly multiplied with an unmodudated signal
which has the same frequency and phase as the input signal,
then the output of the multiplier, Vg(t), is a composite signal
of the form:

VU{IJ: K(}V]n“} |] + Ccos (: wol) ]

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

Vout = Output Signal = Ko Vi (1)
which corresponds to the detected AM information.

The phase-locked loop AM detectors also operate on a simi-
lar principle: the PLL is made to “lock™ on the carrier fre-
quency of the input AM signal; then the VCO output of the
PLL will regenerate the unmodulated coherent carrier signal
necessary for detection. When this signal is mixed with the
input AM signal and the resulting composite signal is passed
through a low-pass filter, one obtains the demodulated output.
Figure 2, gives a block diagram of such an AM detector sys-
tem. Compared to the basic synchronous AM detector system

www.SteamPoweredRadio.Com

of Figure 1, the phase-locked loop AM detector of Figure 2,
also has one added feature: the output of the PLL control
voltage (i.e., output of the PLL low-pass filter) can be used
as an FM detector or a frequency discriminator. Thus, such a
system is capable of simultaneous AM and FM detection. In
other words, the frequency and the amplitude modulation
information present on the input signal can be separately and
simultaneously demodulated. The particular design and
application examples given in this application note fall into
this category.

AM SIGNAL
INFUT Vgl

Vin (11 608 gt

= Vout DEMODULATED
ouTPuY
‘UVHIHI

LOW PASS
FILTER

MULTIFLIER

UNMODULATED
CARRIER SIGNAL
Eg con gt

Figure 1. Block Diagram of a Synchronous AM Detector
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Figure 2. The Basic Phase-Locked Loop AM Detector
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XR-2212 AND XR-2228 MONOLITHIC CIRCUITS

The XR-2212 monolithic PLL is made up of an input pre-
amplifier, a phase-detector, a high-gain differential ampli-
fier and a stable voltage-controlled oscillator (VCO) as shown
in Figure 3. The key feature of the XR-2212 PLL is the tem-
perature stability and the frequency accuracy of its VCO
section: it offers 20 ppm/°C typical temperature stability
and a frequency accuracy of 1% for an external RC setting.
The oscillator section of the XR-2212 contains a separate
*quadrature output™ terminal (pin 15) which is particularly
intended for interfacing with a synchronous AM detector
such as the XR-2228.

The XR-2228 multiplier/detector IC is specifically intended
as a basic building block for synchronous AM detection. It
contains a four-quadrant analog multiplier and a high-gain
op amp on the same chip, as shown in the functional block
diagram of Figure 4,

PHASE DL T FHASE OF T OF AMP  OF Ay
Pt ouTPUT WPUTS  CoMe
3

NS

— >_ b g
INTERNAL “O Vil

VoD
oL At O—d
MLFERENCE

ouTEyt

FHASE DET

T
vEO 1 1 14 (¥ k3 '}
CURRENT Q (o) Q anoun
LTl
S o TIMING Ve i)

CUADHATURE ar

OUTPIT TIMING

AESISTOR

Figure 3. Functional Block Diagram of XR-2212 Precision
Phase-Locked Loop

XR-215 HIGH FREQUENCY PHASE-LOCKED
LOOP

The XR-215 is a high frequency phase-locked loop circuit
capable of operating with input signal frequencies up to
35 MHz. It is comprised of a high frequency VCO. a phase-
detector and an op amp section, as shown in the block diagram
of Figure 5.

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

AM/FM DETECTION USING THE XR-2212 PLL

Figure 7. shows a generalized circuit connection diagram for a
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Figure 4. Functional Block Diagram of XR-2228 Multiplier/
Detector IC

two-chip AM and FM detection system, utilizing the XR-2212
PLL and the XR-2228 multiplier/detector. The XR-2212 sec-
tion serves as the basic FM detector. The quadrature output
of its VCO (pin 15) is AC coupled to the Y-input of the
XR-2228.

The Y-input of the XR-2228 is operated in its switching mode,
with the Y-gain terminals (pins 6 and 7) shorted together. The
AM and/or FM signal is simultaneously applied to both circuits
through coupling capacitors; and all the multiplier inputs are
DC biased from the internal reference output of the XR-2212
(pin 11). The output of the multiplier, at pin 16, is AC cou-
pled to the op amp section of the XR-2228, which serves as
the post-detection amplifier for the demodulated AM signal.
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Figure 5. Functional Diagram of XR-215 High-Frequency
Phase-Locked Loop

The circuit configuration shown in Figure 7, can operate with
a single power supply. over the supply voltage range, of 10V
to 20V. Its operation or performance can be tailered for any
particular AM and FM detection application by the choice
of external components shown in the figure, over a carrier
frequency band of 1 kHz to 300 kHz. The functions of these
external components are as follows:
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Figure 6. Timing Diagrams of VCO Output Waveforms from
XR-215 Monolithic Phase-Locked Loop

a) Rgand Cp set the VCO center frequency for the XR-2212

PLL circuit. The center frequency, f( is given as:

o

07 RoCo
The VCO frequency fq is chosen to be equal to the carrier
frequency of the input signal. Rg is normally chosen to be
in the range of 10 k€2 to 100 k€2. This choice is arbitrary.
For most applications Rg = 20 k€2 is recommended. Once
fo is given and Rq is chosen, then Cg can be calculated
from the above equation.

b) Ry determines the tracking bandwidth of the PLL. For
a required tracking bandwidth, Af (see Figure 9 of
XR-2212 data sheet) and fg. Ry can be calculated as:

o
R = R{)("A—I

This tracking bandwidth, Af, is the band of frequencies in
the vicinity of f(, over which the PLL can maintain lock.

¢)

d)

e)

g)

For

C| sets the loop-damping factor for the PLL. For most
applications. Cy is chosen to be equal to one-half of Cg.

R> and C) form a low-pass filter for the detected FM sig-
nal. The 3-dB frequencing. . of this low-pass filter is:
5 |
M= —o—
= 2mRY(C)H
Nommally, f3 is chosen to be equal to the demodulated
FM information bandwidth.

Rc and REj set the gain of the op amp section of the

XR-2212 as:
Av =1 + R_ll
Ay R(

This op amp section serves as the post-detection amplities
for the demodulated FM signals.

Rx sets the multiplier gain for the X-input and Rg> sets
the gain of the op amp section of the XR-2228. Thus.
the demodulated AM signal output swing. V. for
given input signal of peak amplitude of Vy¢ and modu-
lation index of m (0 < m < 1) can be approximated us:

(1)

Vl.'ll.ll 4 Rk

Thus. for example. a 100 mV peak input signal with 307
AM modulation (m = 0.3) will give a demodulated output
of 150 mV peak. with REx = 100 k€2 and Rx = 5 k€2, at
pin 11 of the XR-2228,

(3. in conjunction with the 5 K§2 internal impedunce of
the multiplier output (pin 16) serves us the low-pass post-
detection filter for the demodulated AM signal.

further explanation and description of the system design

equations, the reader is referred to the XR-2212 und the
XR-2228 data sheets.
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Design Example: Design an AM demodulator for 100 kHz
carrier frequency with a detection (tracking) bandwidth of
+4%. The demodulated information bandwidth is 3 kHz and
an output level of 1 volt peak is required for a 1 volt peak
input with 30% modulation.

Using the circuit of Figure 7, one proceeds as follows: Since
FM detection is not required in this example, components
R, €2, Rc and RE| are not essential to circuit operation.
R> and R( can be short<ircuited, C2 and RF| can be left
open-circuited. The rest of the component values are calcu-
lated as follows:

AM DETECTION USING THE XR-215 PLL

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

The VCO section of XR-215 does not have a separate “quad-
rature” output. However, this problem can be overcome by
driving the XR-2228 multiplier directly from the timing capa-

Step 1) Set fo = 100 kHz by choosing Ro =20 kS2and cal- ¢jtor terminals (pins 13 and 14) of XR-215. The Y-input of
culating Cq from paragraph (a) above: the XR-2228 is operated with maximum gain, since the
o 1 _5000F Y-gain control terminals (pins 6 and 7) are shorted together.
0= Rofo ~ p This causes the triangular waveform across Cg to be con-
_ ) ) verted to an effective “quadrature™ drive as indicated by the
Step2) Deterinine Bj fo .set tiackmg bandwidth to £4%, timing diagram of Figure 6. The modulated input signal
from paragraph (b): Ry = 500 k2 is simultaneously applied to both circuits through coupling
3 i 5 capacitors. The phase-detector inputs of the XR-215, as well
Step3) atculieC) ) MLof2 * 2000k as the multiplier X-inputs of the XR-2228. are biased at
Step4) From paragraph (f), calculate the value of Rx and ‘:E::;:::;Tﬁ:ﬂi one-half of Ve, by means of an external
Rf2. For a typical choice of Rx = 5 k. and &
m = 0.3 (30% modulation) with 1 volt input carrier : : 5
level, “.w v;]ue of 7RF3 to get 1 volt demodulated ‘I__gsglg:#e gﬁcgeﬁlgﬁ;ﬁ,:&o erelql:::;{,?fs;}::exaR;“ ::é Ir;;l:-
gutputist RE =61k detection filter for the detected FM signal and Rfq sets the
Step 5) Calculate C3 to get 3 kHz bandwidth for post- gain of the FM post-detection amplifer.
detecti ilter: = 0. 2 -
ebea o bibweit (G300 b 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).
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' Figure 8. Circuit Connection for a High-Frequency AM and FM Detector Using the XR-215 and the XR-2228
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Application Note AN-14

A High Quality Function Generator System ¢
Using 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 laboratory instrumentation. This application note describes the design, construction and the perform-
ance of such a complete function generator system suitable for laboratory 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 highly versatile laboratory instrument for waveform generation at a very small fraction of the

cost of conventional function generators available today.

GENERAL DESCRIPTION

The basic circuit configuration and the external components
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 12V single power supply, or with a
+6V split supplies. For most applications, split-supply opera-
tion is preferred since it results in an output DC level which
is nearly at ground potential.

The circuit configuration of Figure 1 provides three basic
waveforms: sine, 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 6V
(peak to peak) from a 600 ohm source at the output terminal,

A squarewave output is available at the sync output terminal
for oscilloscope synchronizing or driving logic circuits.

TYPICAL PERFORMANCE CHARACTERISTICS

The performance characteristics listed below are not guar-
anteed or warranted by Exar. However, they represent the
typical performance characteristics measured by Exar’s appli-
cation 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 assembly instructions and adjustment pro-
cedures are followed:

(a) Frequency Ranges: The function generator system is
designed to operate over four overlapping frequency
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 different tim-
ing capacitors.
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(b) Frequency Setting: At any range setting, frequency can be
varied over a 100:1 tuning range with a potentiometer
(see Rj3 of Figure 1).

(c) Frequency Accuracy: Frequency accuracy of the XR-
22006 is set by the timing resistor R and the timing capac-
itor C, and is given as:

f=1/RC

The above expression is accurate to within +5% at any
range setting. The timing resistor R is the series combina-
tion of resistors R4 and R;3 of Figure 1. The timing
capacitor C is any one of the capacitors C3 through Cg,
shown in the figure.

(d) Sine and Triangle Output: The sine and triangle output
amplitudes are variable from OV to 6 V. The amplitude
is set by an external potentiometer, Ry> of Figure 1. At
any given amplitude setting, the triangle ontput ampli-
tude is approximately twice as high as the sinewave out-
put. The internal impedance of the output is 60052,

(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. S».

(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 out-
put terminals on the printed circuit board (see Figure 1).

(g) Frequency Modulation (External Sweep): Frequency can
be modulated or swept by applying an external control
voltage to sweep terminal (Terminal I of Figure 1). When
not used, this terminal should be left open-circuited. The
open circuit voltage at this terminal is approximately 3V
above the negative supply voltage and its impedance is
approximately 1000 ohms.
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AMPLITUDE
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NOTE:
1. For single supply operation lift GND connection keeping R12 across terminals R and B intact, and connect terminal A to GND.
2. For maximum output, Ry may be open. Ry = 68 Ki is recommended for external amplitude modulation.

Figure 1. Circuit Connection Diagram for Function Generator. (See Note 1 for single supply operation.)

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

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

EXPLANATION OF CIRCUIT CONTROLS:
Switches

Range Select Switch, S1: Selects the frequency range of opera-
tion for the function generator. The frequency is inversely
proportional to the timing capacitor connected across Pins 5
and 6 of the XR-2206 circuit. Nominal capacitance vilues and
frequency ranges corresponding to switch positions of S1 are
as follows:

63

www.SteamPoweredRadio.Com

Position Nominal Range Timing Capacitance
1 1 Hz to 100 Hz 1 uF
2 10 Hz to | kHz 0.1 uF
3 100 Hz to 10 kHz 0.01 uF
4 1 kHz to 100 kHz 0.001 uF

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 ad-
justing the DC offset level of the triangle or sine output wave-
form.

Sinewave Distortion Adjustment, R10: Adjusted to minimize
the harmonic content of sinewave output.

Sinewave Symmetry Adjustment, R11: Adjusted to optimize
the symmetry of the sinewave output.

Amplitude Control, R12: Sets the amplitude of the triangle or
sinewave output.
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Frequency Adjust, R13: Sets the oscillator frequency for any
range setting of S1. Thus, R13 serves as a frequency dial on a
conventional waveform generator and varies the frequency of
the oscillator over an approximate 100 to 1 range.

Terminals

. Negative Supply —6V

. Ground

. Positive Supply +6V

. Range 1, timing capacitor terminal

. Range 2, timing capacitor terminal

. Range 3, timing capacitor terminal

. Range 4, timing capacitor terminal

. Timing capacitor common terminal
Sweep Input
Frequency adjust potentiometer terminal

. Frequency adjust potentiometer negative
terminal

. Sync output (1/2 swing)

.Sync output (full swing)

. Triangle/sine waveform switch terminals

. Triangle/sine waveform switch terminals
Triangle or sinewave output

. AM input

. Amplitude control terminal

PARTS LIST

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

AEfTomMmooOwe

supply

mOovoZZ -

Capacitors:

C1,C2,C7 Electrolytic, 10 uF, 10V
C3 Mylar, 1 uF, nonpolar, 10%
C4 Mylar, 0.1 uF, 10%

Cs Mylar, 0.01 uF, 10%

C6 Mylar, 1000 pF, 10%
Resistors:

R1 30 K2, 1/4W, 10%

R2 100 KS2, 1/4W, 10%

R3, R7 1 KQ, 1/4W, 10%

R4 9K, 1/4W, 10%

RS, R6 5 KQ, 1/4W, 10%

R8 30092, 1/4W, 10%

RX 62 KS2, 1/4 W, 10% (RX can be eliminated

for maximum output)
Potentiometers:

R9 Trim, 1 M§2, 1/4W
R10 Trim, 1 K2, 1/4W
R11 Trim, 25 KS2, 1/4W

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

Potentiometers:

R12 Amplitude control, linear, 50 KQ
R13 Frequency control, audio taper, 1 MQ2
Switches:

S1 Rotary switch, 1-pole, 4 pos.

S2 Toggle or slide, SPST
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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 6V or single +12V
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.

R13 51

c5
C6

R4
R3
Cc3
ca

R12

(a) Split Supply PC Board Layout

R13 s1
L K J 1 H'OrEiFla

LG
RS

c3
=
c5
C6

aefer—

|

lgls

P

s °
M

(b) Single Supply PC Board Layout

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

RECOMMENDED ASSEMBLY PROCEDURE

The following instructions and recommendations for the as-
sembly of the function generator assume that the basic PC
board layout of Figures 2(a) or 2(b) is used in the circuit
assembly.
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All the parts of the generator, with the exception of frequency
adjust potentiometer, amplitude control potentiometer,
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 C1, C2 and C7. The timing capacitors C3, C4, C5
and C6 must be non-polar type. Now install IC1 on the board.
We recommend the use of an IC socket to prevent possible
damage to the IC during soldering and to provide for easy
replacement in case of a malfunction.

The entire generator board along with power supply or batter-
ies 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 frequency sweep inputs.

Install the frequency adjust pot, the frequency range select
switch, the output amplitude control pot, the power switch,
and the triangle/swine switch on the case. Next, install the PC
board in the case, along with a power supply.

Any simple power supply having reasonable regulation may be

used. Figure 3 gives some recommended power supply config-
uration.

12 6V
T AMS

(a) Zener Regulated Supply

I——w— —||'—-o BV
rOGND

== ———0 v
&Y

(b) Battery Power Supply

T1: Filament transformer
Primary 115V/Secondary 12.6 VCT, 0.5A

D1—-D4: IN4001 or similar

D5, D6: IN4735 or similar

C1, C2: Electrolytic, 500 uF/12 VDC
R1, R2: 5181, 1/2W, 10%

Figure 3. Recommended Power Supply Configurations.
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Precaution: Keep the lead lengths small for the range selector
switch,

Figure 4 gives an example of the fully assembled version of the
function generator system described above.

m‘ ' e .!.l.'gf.i—n mm. aw &{

Figure 4. Typical Example of a Fully Assembled Function
Generator.

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 R10
and R11 alternately for minimum 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 trim-
mers. The minimum 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.
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Application Note

AN-15

An Electronic Music Synthesizer
Using the XR-2207 and the XR-2240

INTRODUCTION

This application note describes a simple, low-cost “music 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,

PRINCIPLE 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 square-
wave outputs. The internal current switches transfer the
oscillator current to any of four external timing resistors
to produce four discrete frequencies which are selected accord-
ing to the binary logic levels at the keying terminals (pins 8
and 9).

The XR-2240 programmable counter/timer is comprised of an
internal time-base oscillator, a control flip-flop and a pro-
gramnrable 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.

b

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 C, and the resistors
R, through R, connected to Pins 4 through 17. These resis-
tors set the frequency 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 R, through R, of the oscil-
lator IC, which converts the binary pulse ‘patterns to tones.
The time-base oscillator frequency of the counter/timer sets
the “beat” or the tempo of the music. This setting is done
through Cy and R, 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 programming 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 al 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 resets to zero when the device
is turned on; thus, the music, or the tone sequence, always
starts from the same point when the synthesizer is turned on.
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Figure 1. Functional Block Diagram of XR-2207 Oscillator
Circuit,
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Figure 2. Functional Block Diagram of XR-2240 Counter/
Timer.
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Figure 3. Circuit Connection Diagram for the Music Synthesizer.
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Application Note AN-16

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 patterns. This technique greatly reduces the design and tooling cost and the prototype fabrication cycle
associated with the conventional full-custom IC development cycle; and thus makes custom IC’s economically feasible even at low
production volumes.

Until recently, the application of semi-custom design technology to complex digital systems has been somewhat 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 attributes of semi-custom IC design. This is achieved by making use of unique layout
and interconnection properties of 12L gates, and by extending the mask-programming to additional mask layers besides the metal
interconnection.

FEATURES OF I2L TECHNOLOGY

Integrated Injection Logic (12L) is one of the most significant
recent advances in the area of monolithic LSI technology.
Compared to other monolithic LSI technologies, 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 capa-
bilities of various logic families, including I12L. Since I2L
technology is a direct extension of the conventional bipolar
IC technology, it readily lends itself to combining high-
density digital functions on the same chip along with conven-
tional Schottky-bipolar circuitry. The availability of bipolar
input-output interface on the same chip along with the high-
density 1<L logic makes it very convenient to retrofit custom
I2L designs into many existing logic systems.

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 I2L 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 compact device structure, and results in very high packing
density in monolithic device fabrication. Figure 3 illustrates
the basic device structure and the cross-section for a bipolar-
compatible 12L gate. Since the individual I2L gates do not
require separate P-type isolation diffusions, 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
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separate isolation pockets for individual gates. With conven-
tional photo-masking and diffusion tolerances, gate densities
of greater than 200 gates/mm? can be readily achieved in full-
custom layout. Using the semi-custom approach which is out-
lined in this paper, one can maintain a packing density of
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Figure 1. Comparison of Speed and Power Capabilities of
Various Logic Families.

greater than 120 gates/mm? even with random metallization
or interconnection requirements. This offers at least a factor
of four improvement over conventional bipolar master-slice
technology and approximately a factor of two improvement
over MOS master-slice approach in terms of gate-density and
chip area utilization.
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Figure 2. Equivalent Circuit (a), and a recommended symbol
(b) for an I2L Gate.
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Figure 3. Basic Device Structure for Bipolar Compatible 1%L,
DESIGNING WITH I2L GATE ARRAYS

A number of I2L gate arrays have been developed at Exar
utilizing bipolar-compatible integrated injection logic tech-
nology. The most recent additions to this family of products
are the XR-300 and the XR-500 gate array chips which are
specifically intended for semi-custom IC 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 addi-
tion, the bipolar 1/O section contains two identical sets of
resistor arrays, located at opposite ends of the chip, which are
used for biasing the injectors of the 2L gates. The basic features
of each of the sections of the gate array chips are outlined
below:
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TABLE 1
List of Components on XR-300 and XR-500 Semi-Custom Chips

COMPONENT TYPE Chip Type
XR-300 XR-500
Multiple Output 12L Gates 288 520
Input/Output Buffers 28 40
Schottky — NPN Transistors 56 1]
Resistors 168 240
Bonding Pads 34 42
Chip Size (mils) 104x140 122x185
S el & rikiy =
S i L O
BEET oo s e e e oy

“12L GATE MATRIX = -
i
RIS R TA g | | 1|

i I i

E7 % i BIPOLAR 1/0 SECTION, &
SO Defal s DsleiC ] ListaCT

Figure 4, Basic Architecture of XR-300 and XR-500 1%L Gate
Arrays.

a) The I12L Gate Matrix:

This section of the I2L gate array is made up of 8-gate
“cells.” These cells contain eight multiple-output 2L
inverters which share a common set of four injectors,
Figure 5 shows a basic 8-gate cell section within the 12L
gate seclinn._*)riur to customization, The basic 8-gate cells
forming the I-L gate matrix are made up of P-type injectors
and gate fingers which serve as the base regions of the I2L
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 locations of outputs, and a custom con-
tact mask which opens the appropriate input and output
contact. Finally, a third custom mask is applied to form the
metal interconnections between the gates, and the gate
cells. The custom N-type diffusion step. which determines
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 accomodate two or three
parallel underpasses 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 requirement. This method
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provides the designer with virtually all the advantages and function of the injector current per gate. As indicated in

capabilities of multi-layer interconnection paths on the Figure 8, the average power-delay product for a four-output
surface of the chip: and allows approximately 80% of the gate is approximately 0.5 pJ at low currents; and the
gates on the chip to be utilized in a typical random-logic typical propagation delay, t;,, at injector currents in excess
layout. of 100 pA/gate is approximately 50 nsec for the output
furthest from the injector. Figure 9 shows the two com-

_] l N l ponents of the total propagation delay, namely the turn-on
T and turn-off delay, as a function of the injector bias. Atlow

| . DIFPUSION FON. injector currents (i.e., I; < 10 pA), turn-on delay is the

— > A dominqpt factor. For higL-speed operation with Ij = 50 uA,

10 turn-off delay becomes the dominant limitation in speed.

L Typical toggle rate of a D-type flip-flop as a function of

ol ADJACENT injector current is shown in Figure 10. As indicated in the

o 1 o ackons figure, toggle rates of 3 MHz are obtained at injector

current levels of approximately 100 pA per gate.

R
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Figure 5. Basic 8-Gate Cell Before Customization.

NECTOR
The custom logic interconnections can be easily laid out in e
pencil on a layout sheet by simply interconnecting the
desired gate “sites” with a pencil line and appropriately o ] s
defining the function of the site as an input, output, injec- ol L) =] le]] *
tor contact or an underpass. Figure 6 shows a typical - —

example of such a logic layout. The corresponding symbols ]
defining the function of the sites on the layout are also _] [_
identified in the figure. For convenience, an underpass is
indicated with a resistor symbol, connecting two triangles Figure 6. Sample Pencil Layout on a Logic Cell.
corresponding to the terminal points of the underpass.

Figure 7 shows the sample layout of the same 8-gate cell, | I 1
after its customization with a selective N-type collector

P o i i GATE INPUT GATE QUTPUT
diffusion, contact-window cut and the metal intercon- \ '3
nection patterns.

METAL

Typical electrical characteristics of the 12L gates within the NPT 7 AITRBRIRNEGTION

gate matrix are listed in Table 2. Typical operating charac-

teristics of the gates are given in Figures 8, 9 and 10, as a |~ Unoenpass
TABLE 2 e
Typical Characteristics of 2L Gates 8US
Typical Characteristics at Vanous Injector Currents
Parameter -

=100 nA | 1= 1A | 1= 10 0A 11 = 100 2A a,
Output Sink Current, I 100 nA B uA RO uA 600 uA
Output Sat. Voluge, VO imV ImV 4 mV 1my —
Input Threshold 048 mV | 054 mV | 0.60mV | 0.66 mV
Pwr. - Delay Product (VF = 1v) 0.6 pl 0.6 pl 1.0 p) 3pl j |_—
Average Prop. Delay 6 psec 0.6 usec 200 nsec 50 nsec
Max. Toggle Freq. (D F/F) 6 kHz 60 kHz 400 kHz IMHz Figl.lre 7 Sample Layout of 8-Gate Cell After Customizing it
L OEY Clersat O 1) R | g Sabon with N+ Collector Diffusion, Contact Mask and Metal Inter- “
QOutput Breakdown Voltage v v v v connection Pattern.
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Figure 8. Propagation Delay Characteristics of ’L Gates as a
Function of Injector Current.
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can be set to any value between 1 uA to 100 pA per gate.
For operating with current levels below 1 pA/gate, 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 1/O interface
celt 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 10mA of output current,
with typically a saturation voltage of 0.5V. The breakdown
voltage of the bipolar output transistors is 6V; however.
modified versions of the XR-300 and XR-500 12L gate
arrays are also available with output breakdown voltage in
excess of 15V, Figure 12 shows some of the most com-
monly used input and output interface circuit configura-
tions available from the basic bipolar 1/0 cell.
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50082 BONDING
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i e
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Figure 11. Typical Schottky-Bipolar Input/Output Interface
Cell.

Figure 10. Maximum Toggle Rate of D-Type Flip-Flop as a
Function of Injector Current.

b) Schottky-Bipolar 1/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 arrays, located at opposite ends
of the chip (see Figure 4) for ngmlmmng or setting the
injector current levels for the I-L gates. By proper tapping
of these resistor arrays, the injector currents of the gates

A

www.SteamPoweredRadio.Com

2
10K TO 1L GATES
INPUT

LA} INPUT INTERFACE CIRCLIT

20K 11

ouTPUT
FROM 12L GATE

(8] OUTPUT INTERFACE CIRCUNT

Figure 12. Typical Bipolar 1/O Interface Circuits.
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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:

(1) Feasibility Review
and
Logic Conversion to 12L Gates

Y
(2)

Pencil Layout on Gate Array Worksheets

v

(3) Computerized Mask Artwork
Generation

Y

(4) Mask Fabrication
N+/Contact/Metal Masks

v

(3) Customizing Pre-Fab Wafers:
Collector Diff,/Contact and Metal

\

(6) Assembly [Test and
Prototype Delivery

Figure 13. Sequence of 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 detailed review of
the system requirements with regards to the overall gate

count, 1/O 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
121 gates. At this state, a computer simulation of the logic
diagram may also be performed, if deemed necessary.

Step 2. Pencil Layout on Gate Array Worksheets:

Once the logic diagram is converted to I2L gates, the next step
will be to make a pencil layout of the circuit on the appropriate
array worksheet. This pencil layout is done on a blank work-
sheet 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

www.SteamPoweredRadio.Com

defined in the layout example of Figure 6. In this layout, the
bipolar 1/O cells do not need to be internally interconnected.
Since these cells are standardized. it is only necessary for
the designer to specify if a particular 1/O cell is to be used as
an input or an output.

Step 3. Computerized Mask Artwork Generation:

Using a specially developed computerized mask generation
technique, the three layers of necessary custom IC tooling
(i.e., for custom N-type diffusion, contact window cut; and
the metal interconnections) can be automatically generated by
a single “digitizing™ step from the pencil layout. This simul-
taneous and automated generation of the three custom mask
layers greatly reduces the tooling cost and turnaround time,
and avoids mask errors.

Step 4. Mask Fabrication:

The photographic tooling plates, or “masks,” are fabricated by
a pattern-generation technique from the digitized 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 customized
into completed monolithic LSI chips using the custom IC
tooling generated in Steps 3 and 4.

Step 6. Assembly/Test and Prototype Delivery:

The completed monolithic chips are first evaluated on the’
finished 1C 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 by the customer, in consultation
with Exar, using Exar’s I2L Design Kit and the design instruc-
tion manual. Whenever possible, such an approach is recom-
mended, since it greatly reduces the development costs and the
turnaround time.

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

Figure 14 shows the photo-micrograph of a typical semi-
custom 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 layout and utilization
of the available active devices within the 12L gate array.
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Figure 14. Photo-Micrograph of a Typical Semi-Custom I’L
LSI Chip.

ECONOMICS OF SEMI-CUSTOM DESIGN

In developing custom LSI circuits, one is confronted by the
following key question: for a given production requirement, is
it cheaper to develop a full or semi-custom IC? Since the
performance and functional requirements of custom IC’s vary
greatly, there is no general answer to the above question. How-
ever, based on the overall production requirements it is possible
to establish 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 production
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 quanti-
ties. Figure 15 gives such a comparison for a “typical™ custom
LSI chip, as a function of total production requirement. The
total amortized 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 extremely high
development costs (typically in the range of $50,000 to
$100.,000) associated with full custom designs 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
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approach more economical for high production volumes.
Typical cross-over point 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 illustra-
tion of Figure 15. However, it should be noted that Figure 15
is only a typical *‘case study.” and that the actual cross-over
point for a given program will depend on the circuit com-
plexity, performance and test requirements, and the type of IC
package used.

FULL CUSTOM
s DESIGN

TOTAL AMORTIZED COST PER UNIT

SEMI CUSTOM
DESIGN

1

|

10K

T
100K

T
000K

TOTAL QUANTITY OF UNITS PURCHASED

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

CONVERTING SEMI-CUSTOM TO FULL CUSTOM

It is often possible to start a development program using the
semi-custom technology, such as the I2L 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 technologies. For example, the initial development
can be done in a semi-custom manner, using Exar’s 121 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 signifi-
cant advantage 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 completely 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 with-
out interrupting the user’s production line.
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Application Note AN-17

XR-C409 Monolithic I2L Test Circuit

INTRODUCTION

The XR-C409 monolithic IC is a test circuit for evaluation of speed and performance capabilities of Exar’s Integrated Injection
Logic (I12L) technology. It is intended to familiarize the I2L user and the digital system designer with some of the performance
features of I2L, such as its high-frequency capability and power-speed tradeofTfs.

Figure 1 shows the package diagram of the XR-C409 I2L test circuit. It is comprised of five separate evaluation blocks as shown in
the figure. Blocks 1 and 2 are D-type flip-flops which are internally connected as frequency dividers. Each of these dividers provide
buffered open-collector outputs. Blocks 3, 4, and 5 are 8-stage ring-oscillators with buffered outputs to be used for measuring gate
propagation delays at different injector current levels.

FREQUENCY DIVIDER SECTION
The frequency divider sections of XR-C409 test circuits are

made up of two D-type flip-flops internally connected in the XR-C409 N
(+2) mode. These frequency dividers are operated with serial INJECTORAN § ¥ 3 FE CLOCK INpPu
clocking and parallel reset controls.

2 2
°2| 2 | (2 (1 15 | ReseT
The internal interconnections of these D-type flip-flop sections 4AUNPUYS | I_E P
=3

are shown in Figure 2. The corresponding package terminals

‘4 ay 21
are also identified in the figure. The flip-flops operate on the
negative-transitions of the clock input, and reset with the reset '"’“"’“'4 =3 i g E L2
at a “high” logic state. When the circuit is reset, all the out- —
T p T Sy LLATOR I s L1 12| ~¢
puts go to a “low"” state. The logic polarities and the timing ouUTPUT
sequence of the circuit waveforms are given in Figure 3.
'NJEC“}“CE'—-‘ RING RING E NC
0sc 0OSsC
Evaluating the Frequency Divider Section gzc;:;:mn E_ o - _E OscILLATOR
Figure 4 shows the circuit connection for the frequency o 1
divider section of the XR-C409. The recommended clock 'suas,mre.la Emucmna

input level is OV and +1V for the “low” and “high™ levels.
For optimizing high frequency performance, a square wave
clock input is recommended with a source impedance <100£2.

Biasing of Injectors Figure 1. Package Terminals for XR-C409 Test IC.

All of the 16 I2L gates forming the frequency divider sections
are biased by the total injector current, IT, applied to the
injector terminal (Pin 1) as shown in Figure 4. The total

injector current, IT, applied to the flip-flop sections of
XR-C4009 is set by the external bias resistor, Rg, as:
+ INJECTOR O #20UTPUT
V™ — Vpe Q
D a D a 2
where Vpe (=0.7V) is the transistor base-emitter voltage drop. cmeumeor | m g ) i2) ) _]—-O}HOUW?S
e R « g b——o
The total injector current I, is shared amoung 16 individual o T ) a
12L gates forming the frequency-divider sections. Thus, the Ear e
operating current of each gate, Ij. is equal to 1/16 of the total
injector bias, or:
Ij = I1/16 (2) Figure 2. Block Diagram of Frequency Divider Section.
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CLOCK INPUT
[PIN 18]
RESET
(PIN 15)
+ 20UTPUT
IPIN 14)

Figure 3. Timing Diagram for Frequency Divider Section.

+ 4 QUTPUTS
(PINS 2 AND 31

V' 5V
AL BRg
1< Ra
[}
v 1 g M
0 | I_! L 300! 16
CLK INPUT O—AAA—O— OUTPUT 0V
XR Ca09 l l
1S4 !
o DISABLE 300! 15 PIN2 3 s
O—AAN——CO— OR 14)
o Dy
ENABLE
8
D1 = LOW CAPACITANCE =
CLAMP DIODE -

Figure 4. Test 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 constant due to the
load resistance, Ry, and the parasitic and/or load capacitance,
CL.

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

RL

ouTPUT

I

Dy « CLAMP DIODE

PINS 2. 3
OR 14)

Ci

o

Figure 5. Recommended External Connections to Measure
Output Waveforms.
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The value of the load resistor, R, is determined by the cur-
rent sinking capability of the output transistor, T,, internal to
the chip. Since T, is the output of an I12L gate, its worst
case sinking current is limited to the individual gate current,
1.€.°

IT
IL<lj=1g 3)

This currentsinking capability in turn limits the minimum
value of load resistance R to:

R = 16 Rp (4)

The peak output swing is limited to approximately 3 volts
due to the collector-base breakdown of the I2L gate output,
i.e., transistor T, of Figure §.

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

10MH

MAXIMUM TOGGLE FREQUENCY

L A N i L I
100.A TmA 10mA

10kH s " i i
oA Tuh 10.A

TOTAL INJECTOR CURRENT, IT, APPLIED TOPIN 1116 GATES!

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

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

linearly with increasing injector current. Typical maximum
toggle frequency vs. injector 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 approximately 60uA to 120uA per gate.

RING-OSCILLATOR SECTIONS

The ring-oscillator sections of XR-C409 test circuit are in-
tended for measurement of propagation delays associated with
I2L gates. Each of these oscillators are made up of a cascade
of 8 four-output I2L gates. Figure 7(a) shows the basic
electrical equivalent circuit of a four-output I2L gate. Its
corresponding logic symbol is shown in Figure 7(b). The basic
gate operates as an inverter with single input and four outputs.
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INJECTOR

= 1
2
3 OUTPUTS
4

INPUTS o—@

LOGIC SYMBOL

[

INPUTS
(COMMON)

L

EQUIVALENT CIRCUIT

} OUTPUTS

b -

Figure 7. Four-Output 1L Gate.

The propagation delay through an I2L 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 increases
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.,

= 100uA /gate, gates with fewer outputs left unused
S{'IOW lower delays. This is due to excess storage-time
effects due to open-circuited gate outputs. See Fig-
ure 10.)

Figure 8 shows the basic seven-stage ring-oscillator circuits
included on the XR-C409 chip to evaluate the propagation
delay characteristics of 12L gates. Since the delay character-
istics depend on the choice and the number of gate outputs
used, the test IC includes three separate ring oscillator sec-
tions. The ring oscillator of Figure 8(a) corresponds to section
(3) in the package diagram of XR-C409 shown in Figure 1.
This oscillator uses 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 in-
jectors, but share a common ground (pin 8). Each oscillator
also has a separate output buffer stage.

Figure 9 shows a recommended test circuit for evaluating
gate delay vs. gate current characteristics using the ring oscilla-
tor sections of XR-C409. Since each ring-oscillator section is
comprised of 8 gates, the actual injector current per gate, Ij, is
1/8 of the total injector current, IT,:

IT
Ij = injector current/gate = g (5)

The total injector current, IT, is determined by the external
bias resistor, R, as given by equation (1).

If You Didn't Get This From My Site,
Then It Was Stolen From...
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|PIN 4

INJECHJH

PIN 51

OSCILLATOR
PINB

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

:I'IN 9
INJEC TOR

IPIN 10)
OSCILLATOR
0 ourtpur

PIN B
bl

Ring Oscillator Using Two Gate-Outputs per Stage
(Section §)

tPiN (1]

INJ[ CTOR

PINT)
OSCILLATOR
—0 ourtpurt

PINB
(1]

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

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

"

*.k
f ’
— R
- nL ‘.
INJECTOR o '
(PINS 4.6.OR 9)
PINS S 7 gz‘:}',"t}:m“
on 101
XR C409 | | I |
|
- D
GROUND I
PIN B) = Dy = LOW CAPACITANCE

= CLAMP DIODE

Figure 9. Recommended Test Circuit for Evaluating Power-
Delay Characteristics of I2L Gates Using Ring Oscillator Sec-
tions of XR-C409.
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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 require 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, Ry, and the parasitic load capacitance,
Cp. In the test circuit of Figure 9, a low-capacitance clamp
diode, D, is used to limit the output swing and thus minimize
the slow rise-time effects.

The minimum value of load resistance, R, is determined by
the current sinking capability of the output 12L gate. For
proper operation of the ring-oscillator circuits, the load cur-
rent, I, should be limited to:

|
IL< _} (6)
which limits the output load resistance, R, for ring-oscillator
sections to:
RL.=24Rp (7

Calculating Propagation Delays

The average propagation delay 7d per gate can be calculated
from the ring oscillator frequency, f, as:

1

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, 74 can be calculated from equation (8) by setting
N=7.

Figure 10 shows the typical gate-delay vs. injector current
characteristics measured from the three ring-oscillator sec-
tions 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,

. SECTION S
12 OUTPUTS/GATE)

AVERAGE PROPAGATION DELAY, rg

SECTION 3

200 (ONE OUTPUT/GATE]
100ms [ 4'» — =

so b

20} SECTION 4

14 OUTPUTSI/GATE]
10m 1 . ! L " i | L .
WA WA 10uA 1000 A TmA

INJECTOR CURRENT PER GATE_ |,

Figure 10. Typical Propagation Delay vs. Injector Current
Characteristics as Measured from 7-Stage Ring Oscillator Sec-
tion of XR-C409.
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Quality Assurance Standards

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

WAFER FABRICATION/QA FLOW
Polished Silicon Shices Masks Materials
Per Apphicable

Procurement Specif
wcaton. MOCI's

Per Applicable
MQacCi’s

Legend

O Operation

A Surveillance
D 100% inspection

Qc Quality Cantrol

Visual Inspection for Durt,
Contamination, etc

Verity layer thickness
and resistivity inspect
tor stacking faults etc

M Manutacturing

Visual inspection to verily
proper mask, check align
ment undercutting, proper
oxde rems vl eIc

Aluminum Evaporation

SEM Analysis ol
@ r Metallizanion Lots

Individual water S E M
analysis loptional for

tigh reliatulity mulitary
progeams only |

Glassivation

Statwlization Bake

Waler probe 100% probe
AC DC. and Functional testing

‘ Die sort yield analysis
iOpuonal or gh relatulity

Move 10 Assembly military progeams onlyl

*

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

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

HIGH RELIABILITY ASSEMBLY/QA FLOW

Initiate seralized ot traveler
to maintain traceabidity back
to sihcon mig

Waler saw

Break /Plate dice

Per Mil Std 883
Method 20108

Monitor temperature settngs,
mck up tools, operator audit Die/Frame attach
Exar QCI1 100

Pes Mil Std 883,

Method 20108
Monitor bond pulls,
Power settings, Operator audit Wire Bond
Exar QCI 101

Per Mil Std BB3.
Method 20108
(Precap Visual Inspection)

Seal

Furnace Cefnilcatlaﬂ&
Seal strength, Monitor
per Exar QCI 101

Tin plate leads
150 micro inch minimum

Lead trim

Statuhization Bake,
Mil Std BB3,
Method 1008C

Temperature cycle.
Mil Std BB3,
Method 1010C

Constant Acceleration,
Mil Std B83
Method 2001E. Y1 axis

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

Gross Leak,
Mil-Std B83,
Method 1014C. Step 1

AC. DC and Functional

Tests to data sheet Production electrical test,
parameters 1 0% AQL & AC, DC, Funcuional Tests.
To further environmental <l
preconditioning/ screéening,
burn in per indwidual

hosuttin M
customer requirements Mark with suttix

Lot Acceptance, venity product
type, count package completion
of all process requirements
Verity required documentation

SHIP
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CERDIP ASSEMBLY/QA FLOW

1.0% AQL

Exar QCI 100& n

Monitor Temperature
Setung, Bond Pull,
Machine cert

Monitor Seal Strength
Per Exar QCI 102

AC, DC functional test
Data sheet parameter
1 0% AQL

. Scribe/Break /Plate

Opucal inspection, Exar QCI 100
(Mil-Std B83, Method 2010 1B modified)

Wire bond

Optical inspection, Exar QCI 100
(Mi1-Std 883, Method 2010 18 modifed)

Tram

Fine Leak. 5 x 1077 ceisec

Stabihization Bake, 150 C
24 hrs. min

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

Marking

Lot Acceptance

PLASTIC ASSEMBLY/QA FLOW

10% AL

Exar OCI mop&

Visual Monmitor

Temperature Setning
Bond Pull Machine

Fart . Wire Bond
1 0% A0L
Exar QCI 100P

Optical inspection per Exar OCI 100P
(Ml Std BB3 Method 2010 1B modified)

Opuical inspection, per Exar OCI1 100P
IMil Std 883 Method 2010 1B modified)

Detiash. Trim_ Form leads
Solder dip

Stabilization Bake 125 C
24 hrs mun

Monitor Marking
permanency Mark

Hot open testing
at +85 C

AC. DC functional test
Data sheet parameters
10% AOL

100% Production Test
AC DC. and Funcuonal
testar 25 C

Lot Acceptance

Product Ordering Information

PART IDENTIFICATION:

XR
Manufacturer’s Prefix
Grade
M = Military
N = Prime

Electrical

P = Prime

Electrical
C = Commercl
K = Kit

XXXXX
Basic Type (5 spaces)
Package Type
N = Ceramic Dual-in-line
P = Plastic Dual-in-line
T = Metal can
D = Chip (Dice)
A :}Kll variations
B =

W = Wafer

Example

XR-2216 CN

M;llmlllclurcr\/ Basic Package Type

Prelix

Type
Grade
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Definition of Symbols:

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

N = Prime Grade Part, Ceramic Package,

P = Prime Grade Part, Plastic Package.

CN = Commercial Grade Part, Ceramic Package.

CP = Commercial Grade Part. Plastic Package.

N. P. CN and CP parts are electrically identical and guaran-
teed 1o operate over 0°C to +757C range unless otherwise
stuted. In addition, N and P parts generally have operating
parameters more tightly controlled than the CN or CP parts,

For details, consult Exar Sales Headquarters or Sales/Tech-
nical Representatives.
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Zenith Electronics

541 Panchratna

Mama Parmanand Marg

Bombay 400004

Phone: 38 42 14

Telex: (953) 11 3152 (ZNTH IN)

ISRAEL

CVS Technologies 1974 Lid.

9 Jabolinsky

P.O.B. 946, Bnei-Brak

Phone: 25 55 06/25 92 41

Telex: (922) 341109 (SHOEL IL)

ITALY

Eledra 3S S.p.A.

Viale Elvezia, 18

20154 Milano

Phone: 34.93.041

Telex: (843) 332332 (ELEDRA D)

JAPAN

Tokyo Electron Ltd.

Panetron Division

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

Phone: 03-3434411

Telex: (781) 2322240 (LABTEL 1)

LIECHTENSTEIN
(See Switzerland)

LUXEMBOURG
(See Germany)

NETHERLANDS
Tekelec/Airtronic B. V.

Stork Staat 7

2722 NN Zoetermeer

Phone: 079-310100

Telex: (844) 33332 (TKLEC NL)

NEW ZEALAND

Professional Electronics Ltd.
126 Kitchener Road

Milford, Auckland 9

Phone: 46 94 50

Telex: (791) 21084 (PROTON)

NORWAY

Hefro Teknisk A/S
Trondheimsveier 80

Oslo §

Phone: 38 02 86

Telex: (856) 16205 (HEFRO N)

SINGAPORE

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

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

Phone: 2834327

Telex: (786) 26648 (ROHM S)

SOUTH AFRICA

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

Phone: 48 05 15

Telex: (960) 8-3324 (SA)

SPAIN

Elico Fastronix S, A,
Constancia 43

Madrid 2

Phone: 415 66 54

Telex: (831) 23606 (ELICO E)

SWEDEN

Lagercrantz Electronix AB
Kanalvagen §

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

Telex: (854) 11275 (LAGER S)

SWITZERLAND

Amera Electronics AG
Lerchenhaldenstrasse 73

CH-8046 Zurich

Phone: (01) 57 11 12

Telex: (845) 59837 (AMERA CH)

TAIWAN
(See Hong Kong)

UNITED KINGDOM

Memec Ltd.

Thame Park Ind. Estate

Thame, Oxon OX9 3RS

Phone: (084 421) 3146

Telex: (851) 837508 (MEMEC G)

LATIN AMERICA

Intectra

2349 Charleston Road

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

Phone: (415) 967-8818

Telex: 345545 (INTECTRA MNTV)

ALL OTHER COUNTRIES
(Call Exar Direct)
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AUTHORIZED STOCKING DISTRIBUTORS

ALABAMA
Resisticap, Inc.
Huntsville
(205) 881-9270

ARIZONA

Sterling Electronics
Phoenix

(602) 258-4531

ARKANSAS
(See Oklahoma)

CALIFORNIA

Diplomat Electronics, Inc.
Sunnyvale

(408) 734-1900

Emitter Electronics
Santa Ana
(213) 299-7600

Anthem Electronics
San Diego
(714) 279-5200

Anthem Electronics
Tustin
(714) 730-8000

Anthem Electronics
Sunnyvale
(408) 738-1111

JACO
Chatsworth
(213) 998-2200

Western Micro Technology

Cupertino
(408) 725-1660

COLORADO
Bell Industries
Wheatridge
(303) 424-1985

Diplomat Electronics, Inc.
Denver
(303) 427-5544

CONNECTICUT
Diplomat Electronics, Inc.
Danbury

(203) 7979674

DELAWARE
(See Pennsylvania)

FLORIDA
Diplomat Southland
Clearwater
(813)443-4514

Diplomat Southland
Ft. Lauderdale
(305)971-7160

Diplomat Southland
Palm Bay
(305) 7254520

GEORGIA
(See Florida)

IDAHO
tSee Washington)

ILLINOIS

Diplomat Electronics, Inc.
Bensenville

(312) 595-1000

R. M. Electronics
Lombard
(312)932-5150

INDIANA

Graham Electronics
Indianapolis

(317) 634-8202

R. M. Electronics
Indianapolis
(317) 2479701

I0WA

DEECO, Incorporated
Cedar Rapids

(319) 365-7551

lowa Technical Supply
Cedar Rapids
(319) 377-5795

KANSAS
Radio Supply
Wichita

(316) 267-5216

KENTUCKY
{See Indiana)

LOUISIANA
(See Texas)

MAINE
(See New Hampshire)

MARY LAND

Diplomat Electronics, Inc.
Columbia

(301) 995-1226

Pioneer Electronics
Gaithersburg
(301) 948-0710

MASSACHUSETTS
Diplomat Electronics, Inc.
Holliston

(617)429-4121

Gerber Electronics
Dedham
(617) 329-2400

RC Components
Wilmington
(617)657-4310

MICHIGAN

Camelot Electronics, Inc.
Livonia

(313)591-0055

MICHIGAN (Continued)
Diplomat Electronics, Inc.
Farmington
(313)477-3200

R, M. Electronics
Grand Rapids
(616) 5319300

MINNESOTA

Diplomat Electronics, Inc.
Minneapolis

(612) 788-8601

MISSISSIPPI
(See Alabama)

MISSOURI

Olive Industrial Electronics
St. Louis

(314) 4264500

MONTANA
(Call Exar Direct)

NEVADA
(See California)

NEW HAMPSHIRE
Yankee Electric Supply
Manchester

(603) 625-9746

NEW JERSEY

Diplomat Electronics, Inc.
Mount Laurel

(609) 234-8080

Diplomat Electronics, Inc.
Totowa
(201) 785-1830

NEW MEXICO
Bell Industries
Albuquerque
(505) 292-2700

NEW YORK
Components Plus
Hauppauge
(516) 231-9200

Diplomat Electronics, Inc.
Melville
(516) 454-6400

JACO
Hauppauge
(516) 273-5500

Zeus Components, Inc.
Elmstord
(914) 592-4120

NEW YORK (UPSTATE)
Diplomat Electronics, Inc.
L. Syracuse
(315)437-9900

NORTH CAROLINA
(See Maryland)

NORTH DAKOTA
(Call Exar Direct)

OHIO

Graham Electronics
Cincinnati
(513)772-1661

OKLAHOMA

Component Specialties, Inc.
Tulsa

(918) 664-2820

Radio, Inc.
Tulsa
(918) 587-9123

OREGON

Radar Electric Co., Inc.
Portland

(503) 233-3691

PENNSYLVANIA
Advacom

Erie
(814)476-7774

Pioneer Electronics
Horsham
(215) 674-4000

RHODE ISLAND
(See Massachusetts)

SOUTH CAROLINA
(See Maryland)

SOUTH DAKOTA
(Call Exar Direct)

TENNESSEE
(See Alabama)

TEXAS

Component Specialties, Inc.
Austin

(512) 837-8922

Component Specialties, Inc.
Dallas
(214) 357-6511

Component Specialties, Inc.
Houston
(713)771-7237

Quality Components, Inc.
Austin
(512) 838-0551

Quality Components, Inc.
Dallas
(214) 387-4949

Quality Components, Inc.
Houston
(713)772-7100

UTAH

Bell Industries
Salt Lake City
(801)972-6969

Diplomat Electronics, Inc.
Salt Lake City
(801)486-4134

VERMONT
(See New Hampshire)

VIRGINIA
(See Maryland)

WASHINGTON

Radar Electric Co., Inc.
Seattle

(206) 282-2511

Sterling Electronics
Seattle
(206) 575-1910

WISCONSIN

Taylor Electric Company
Mequon

(414) 241-4321

WYOMING
(See Colorado)

CANADA

Future Electronics
Montreal, Quebec
(514) 731-7441

Intek Flectronics Ltd.
Vancouver, B.C.
(604) 324-6831

R-A-F Industrial Elect. Lid.
Burnaby, B.C.
(604) 291-8866

PAAR Ind. Electronics Ltd.
Calgary, Alberta
(403) 287-2841

PAAR Ind. Electronics Ltd.
Edmonton, Alberta
(403) 436-4445

W. E. S. Limited
Winnepeg, Manitoba
(204) 632-1260

Cam Gard Supply Ltd.
Calgary, Alberta
(403) 287-0520

Cam Gard Supply Ltd.
Saskatoon, Saskatchewan
(306) 652-6424

Cam Gard Supply Lid.
Toronto, Ontario
(416) 252-5031

Cam Gard Supply Lid,
Vancouver, B. C.
(604) 291-1441

Cam Gard Supply Ltd.
Winnipeg, Manitoba
(204) 786-8401
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AUTHORIZED REPRESENTATIVES

ALABAMA

Rep, Incorporated

11527 S. Memorial Pkwy.
Huntsville, AL 35803
(205) 881-9270

TWX 810-726-2102

ALASKA
(Call Exar Direct)

ARIZONA

Summit Sales

7336 E. Shoeman Lane
Suite 116E

Scottsdale, AZ 85251
(602) 9944587

TWX 910-950-1283

ARKANSAS
(See Oklahoma)

CALIFORNIA (NORTH)
Trident Associates, Inc.
556 Weddell Dr.,Suite 9
Sunnyvale, CA 94086
(408)734-5900

TWX 910-339-9352

CALIFORNIA (SOUTH)
Varigon Associates

137 Eucalyptus Drive

El Segundo, CA 90245
(213) 322-1120

TWX 910-348-7141

Varigon/ARC

2356 Moore St., Suite 102
San Diego, CA 92110
(714) 2995413

COLORADO

SK Component Sales, Inc.
5925 E. Evans Avenue
Suite 204B

Denver, CO 80222

(303) 759-1666

TWX 910-931-2644

CONNECTICUT
Phoenix Salgs

389 Main Street
Ridgefield, CT 06877
(203) 438-9644
TWX 7104670662

DELAWARE
(See Maryland)

FLORIDA

EIR, Incorporated

701 E. Semoran Blvd.

Suite 112

Altamonte Springs, FL
32701

(305) 830-9600

TWX 810-853-9213

HAWAII
(Call Exar Direct)

IDAHO
(See Washington)

ILLINOIS (NORTH)
Janus, Incorporated
3166 Des Plaines Ave.
Suite 14

Des Plaines, IL 60018
(312) 298-9330

ILLINOIS (SOUTH)
(See Missouri)

INDIANA
(See Ohio)

IOWA

Dytronix, Inc.

23 Twixt Town Road, NE
Suite 201

Cedar Rapids, 1A 52402
(319) 377-8275

KANSAS
(See Missouri)

KENTUCKY
(See Ohio)

LOUISIANA
(See Texas)

MAINE
(See Massachusetts)

MARYLAND
Component Sales, Inc.
3701 Old Court Rd.
Suite 14

Baltimore, MD 21208
(301) 484-3647

TWX 710-862-0852

MASSACHUSETTS
Contact Sales, Inc.
101 Cambridge Street
Burlington, MA 01803
(617) 273-1520

TWX 710-332-6569

MICHIGAN
(See Ohio)

MINNESOTA

Dan’l Engineering
12350 W. 175th St.
Lakeville, MN 55044
(612) 435-6000

MISSISSIPPI
(See Alabama)

MISSOURI
Dy-Tronix, Inc.
11190 Natural Bridge
Bridgeton, MO 63044
(314) 731-5799
TWX 910-762-0651

Dy-Tronix, Inc.

13700 E. 42nd Terrace
Suite 202

Independence, MO 64055
(816) 3736600

MONTANA
(See Colorado)

NEBRASKA
(See Missouri)

NEVADA
(See California North)

NEW HAMPSHIRE
(See Massachusetts)

NEW MEXICO
Tri-Tronix

302C San Pablo S.E.
Albuquerque, NM 87108
(505) 266-7951

TWX 910-989-1680

NEW JERSEY (NORTH)
(See New York City)

NEW JERSEY (SOUTH)
(See Pennsylvania)

NEW YORK (UPSTATE)
Quality Components, Inc.
2095 Kensington Avenue
Buffalo, NY 14226

(716) 8394170

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

TWX 710-545-0663

NEW YORK (CITY)
ERA, Incorporated

1 Dupont Street
Plainview, NY 11803
(516) 349-1190
TWX 510-221-1849

NORTH CAROLINA
Component Sales, Inc.
P.O. Box 18821
Raleigh, NC 27619
(919) 782-8433

TWX 510-928-0513

NORTH DAKOTA
(See Minnesota)

OHIO

McFadden Sales
4645 Executive Drive
Columbus, OH 43220
(614) 459-1280

TWX 810-482-1623

OKLAHOMA

Technical Marketing, Inc.
9717 East 42nd St.

Suite 210

Tulsa, OK 74145

(918) 622-5984

OREGON
(See Washington)

PENNSYLVANIA (WEST)
(See Ohio)

PENNSYLVANIA (EAST)
Knowles Assoc., Inc.

1 Fairway Plaza,Suite 311
Huntington Vly.,PA 19006
(215) 947-5641

TWX 510-665-5303

RHODE ISLAND
(See Massachusetts)

SOUTH CAROLINA
(See North Carolina)

SOUTH DAKOTA
(See Minnesota)

TENNESSEE

Rep, Incorporated

113 S. Branner Ave.
Jefferson City, TN 37760
(615)4754105

TWX 810-570-4203

TEXAS

Technical Marketing, Inc.
3320 Wiley Post Road
Carrollton, TX 75006
(214) 387-3601

TWX 910-860-5158

TEXAS (Continued)
Technical Marketing, Inc.
6430 Hillcroft,Suite 104
Houston, TX 77081
(713) 7779228

UTAH

SK Component Sales, Inc.
2520 8. State

Salt Lake City, UT 84115
(801) 4844222

VERMONT
(See Massachusetts)

VIRGINIA
(See Maryland)

WASHINGTON

SD-R2 Products & Sales
14042 NE 8th Street
Suite 201

Bellevue, WA 98007
(206) 747-9424

TWX 910-443-2483

WASHINGTON, D.C.
(See Maryland)

WEST VIRGINIA
(See Ohio)

WISCONSIN (S. EAST)
(See Illinois)

WISCONSIN (WEST)
(See Minnesota)

WYOMING
(See Colorado)

CANADA (EAST)
R.F.Q. Limited
385 The West Mall
Suite 209
Etobicoke, Ontario
M9C 1E7

(416) 626-1445
TWX 610-492-2540

R.F.Q. Limited

P.O. Box 213
Dollard Des Ormeaux
Montreal, Quebec
H9G 2H8

(514) 694-5724

TLX 05-821762

R.F.Q. Limited

3 Starwood Avenue
Ottawa, Ontario K2G 1X7
(613) 226-6610

P
/
EXAR

EXAR INTEGRATED SYSTEMS, INC., P.O. Box 62229, Sunnyvale, California 94088 « Phone (408) 732-7970
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