





































































































RF featured technology

Negative Gain-Single Pole

Oscillators

By Leonard L. Kleinberg
NASA Goddard Space Flight Center

There is a class of oscillators that may
be characterized as having a negative
gain and a single pole response (NG-
SP). The previously reported gate oscil-
lators (1) are members of this class.
These oscillators, while suitable for
some applications, require considerable
supply current for the higher frequen-
cies. The purpose of this article is to
continue the discussion on the tech-
nique of analyzing oscillator circuits and
to describe a very simple NG-SP bipolar
transistor oscillator that requires a small
(2.5 mA) supply current. Also included,
for purposes of demonstration, and
perhaps utility, are operational amplifier
oscillators.

An elementary mode! of a NG-SP
system is depicted in Figure 1. As
discussed in the August, 1989 edition
of RF Design, the driving point admit-
tance (DPA) of such a system is given

(1)

by:
DPA = |1 —(—i‘ﬁ> Y,=<1 + ﬁ)v,
S S

where s = jw and A is in radians/sec. If
Y, is equal to 1/jwl, the DPA becomes:

[o ]
LF |

DPA —>-—

Figure 1. Simple model of a nega-
tive gain-single pole oscillator.
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The DPA consists of two admittances,
an inductive admittance and a negative
conductance. In order to form an oscilla-
tor a capacitive admittance and a posi-
tive conductance must be added to the
DPA, as shown in Figure 2.
The equations of the oscillation are:
1 . 2 1
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Notice that if C is chosen to set the
frequency, where L might be the induc-
tance of a crystal, Y, will have to be
adjusted to maintain the equality ex-
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Figure 2. Driving point admittance
(DPA) oscillator.
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pressed in equation 4. This will be done
for the bipolar transistor implementation
of the fundamental system.

Figure 3a shows a possible, but
improbable, embodiment of a NG-SP
oscililator employing an operational am-
plifier as an integrator. Figures 3b and
3c demonstrate an improper and a
proper configuration for a feedback
analysis approach to the oscillator de-
sign. For the circuit of Figure 3a, the
total admittance at point A is:

Y, = jwC, + % + DPA )
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Figure 3a. Possible but improb-
able op amp NG-SP oscillator.
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Figure 3b. Improper configuration
for feedback analysis approach to
oscillator design.

Figure 3c. Proper configuration
for feedback analysis approach to
oscillator design.
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Figure 6a. Easiest possible ap-
proximation configuration.

This is somewhat different in that an
additional reactive is present. As in the
case of the gate oscillator, this configu-
ration will permit overtone operation by
properiy selecting R.

For these oscillators, the slew rate
must be compatible with the frequency
of oscillation. A stable, low frequency
oscillator, 250 kHz to 2 MHz, is obtained
by using the Motorola MC34001, having
a slew rate of 13 Vius and an Fj of 4
MHz. For a higher frequency oscillator,
Analog Devices AD847 is suitable, hav-
ing a 300 V/us slew rate and an F of
50 MHz.

The circuit of Figure 5 approximates
a NG-SP oscillator. The voltage gain
bandwidth product may be represented
by:

20V F
¢ B

‘ (16)

where F, is the transitional frequency of
the bipolar transistor (Q,) and B is the
low frequency f. V is the supply voltage
and the collector voltage is V/2. The
2N930 has an F, of 30 MHz at 0.5 mA
collector current and a 8 of 150, yielding
an F, of 40 MHz. The supply voltage V
is 10 volts. The 2N5088 provides a low
output impedance over a wide band-
width (400 MHz). The system takes 2.5
mA at 10 volts.

The circuit of Figure 6a, the easiest
possible configuration, did not perform
well. The input admittance of Q, does
not resemble that of an op amp or a
CMOS inverter. The input admittance is
primarily capacitance and must be con-
sidered when ordering the crystal. An
input conductance is still required.

The circuit of Figure 6b includes a
resistor R, across the crystal to provide
suitable conductance at the input termi-
nal and a favorable inductive admit-
tance. Refer to equation 13. This was
adjusted until an optimum value was
obtained. The stability improved to
where the short term stability was one
part in 108 (1 sec). The circuit of Figure
6b was also used with a third overtone
crystal at 35 MHz. The value of R, was
1.5 kohms. A larger value than 15
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Figure 6b. Much better approxi-
mation of a NG-SP oscillator.

kohms produced oscillations at the fun-
damental frequency — 11.7 MHz. The
mechanism by which the overtone was
extracted is explained in (1) and is
derived from equation 13. The inductive
admittance, -jwg/wR, dominates the par-
allel combination of itself with jwC at the
fundamental frequency, while at the
third overtone the converse is true, and
oscillations may take place.

Summary

Negative gain-single pole configura-
tions are useful in synthesizing a variety
of oscillators that are easily designed
and may be classified as medium preci-
sion circuits. Previously, CMOS inverters
were considered as the active device,
but now operational amplifiers and bipo-
lar transistors have been included. The
technigues of analyzing oscillators by
the driving point admittance method has
been employed, and is the preferred
technigue in that anomalies may be
avoided. Various embellishments of the
circuits are possible, and one need not
be confined to the circuits discussed.
These oscillators were operated near
the F of the system and experience has
shown the performance to be better at
about an octave below that. By re-
biasing the transistor so that 1 mA flows
through Q, (5kohm load resistor) the
oscillator at 30 MHz was more stable,
as was the 20 MHz oscillator at the same
operation conditions. RF
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Comments on MIL-STD-2000

By Robert Mouck and
Stanley Kaat
Bliley Electric Company

MIL-STD-2000 has replaced DOD-
STD-2000, WS6536, and several earlier
attempts to upgrade and control solder-
ing and workmanship in circuit assem-
blies. It is rapidly becoming the standard
for high-reliability assemblies in both
“military” and “civilian”’ applications.
We have demonstrated that a small
manufacturer can comply with MIL-STD-
2000, but compliance takes time for
preparations and can add significantly
to costs. We are presenting some com-
ments on our experiences with it. While
we are not presuming to critique MIL-
STD-2000, we recommend that it be
used only where it is actually needed.

IL-STD-2000, ‘‘General Require-

ments for Soldered Electrical and
Electronic Assemblies,”’ consists of six
sections. The Baseline portion defines
the general requirements; the five Tasks
prescribe the procedures which are to
be used. Task A = Training, B = Design,
C = General Processes, D = Hand
Soldering, and E = Machine Soldering.
Two additional Tasks, F and G are
combinations of the others; F = Every-
thing but Design and G = Everything.

Baseline Requirements

The “Baseline requirements’’ of MiL-
STD-2000 are not significantly different
from the old high reliability specifica-
tions MIL-S-45743 and MIL-S-46844,
and are very similar to WS6536 and
DOD-STD-2000. Even at the Baseline
level, MIL-STD-2000 is a very compre-
hensive document. Proving compliance
with its requirements can demand more
preparation, more monitoring, more writ-
ten procedures, and more record keep-
ing than is apparent from a casual
reading of the MIL-STD-2000 document.
Do not confuse this with “*high-quality
commercial’’ work; the Baseline is a
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definite program in itself. The various
Tasks add complexity, but the program
remains the same.

Tasks

Task A requires an on-staff Category
C expert be trained and certified at one
of a few special military schools. In our
case, our applicant waited seven months
from acceptance until actual enroliment.
Upon graduation, the *‘Cat C”’ conducts
training for operators and inspectors,
using the government supplied 400
page training manual. Tasks B, C, D,
and E define the design and process
requirements. in effect, they provide the
details of how the general requirements
are to be achieved; in only a few
instances do they add to or tighten the
actual requirements. But, of course,
they do demand tighter controls, more
documents, more tests, and more re-
cords.

Application

MIL-STD-2000 is intended to be ap-
plied in either of two versions, the
Baseline requirements portion only, or
the Full program (which itself has two
variations, differing only in whether or
not the Design Task is included.) The
Baseline is designed to be invoked
simply by reference to MIL-STD-2000.
The Full version is to be invoked as
either Task F or as Task G. Perhaps the
Baseline might be considered the ‘“‘civil-
ian” version and the Full program, the
“military”’ version. Both intend to
achieve almost the same goals, but the
“military’’ version prescribes procedures
as well as results.

Preparations

Much of what must be done to
prepare for compliance with MIL-STD-
2000 depends, in our experience, on two

factors. First, the experience base of the
organization and its people is critical,
because fitting MIL-STD-2000 into a
group already accustomed to military
requirements and procedures is difficult
enough; fitting it into a group in which
all the supplemental activities had to be
developed simultaneously would be a
monumental undertaking. Second,
much of what must be done to demon-
strate compliance with MIL-STD-2000 is
still subjective (even where require-
ments are clear there can be differences
of opinion as to what constitutes ade-
quate demonstrations of compliance.) A
thorough mutual understanding and
agreement with the administering offi-
cial needs to be made early in the
project.

Our Experience

In our case, we already had in place
a fully-documented quality system and
we were accustomed to doing similar
work. Even so, it took us a full year to
complete our preparations. This was
spent in determining the requirements,
reaching agreement on what would be
done to demonstrate compliance with
each, preparing documents, acquiring
equipment, and training people. We
believe this thorough preparatory phase
is crucial to success. We recommend
that everyone who plans to install MiL-
STD-2000 make adequate provisions for
this preparation.

Documents

The MIL-STD-2000 program demands
many documents and many records:
operator certifications (including visual
acuity and proficiency), detailed work
instructions, equipment calibration, a
documented ESDS program, environ-
mental controls (temperature, humidity,
illuminations, cleanliness), and ongoing
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Loading Conditions for High Speed
Logic Systems

By Alfred Dantas
Valpey-Fisher Corporation

Logic devices are now being devel-
oped to operate at microwave frequen-
cies exceeding 2.5 GHz. In order to
utilize high speed logic devices success-
fully, careful system timing design and
good circuit board layout are necessary,
especially when using multilayer boards.
Pitfalls and problems not encountered
when using logic devices at low frequen-
cies will be discussed here. This infor-
mation will be valuable to system de-
signers using clock oscillators in high
speed logic systems (clock frequency
typically > 25.000 MHz). Applicable
clock oscillator technologies include
TTL, HCMOS, ACMOS, ECL (10K and
100K devices).

clock oscillator used in a logic system
will be connected to the system
either by short lines on a printed circuit
board, coaxial lines, or longer lines on
a back plane. As the clock frequency is
increased, the interconnected media
must be treated as transmission lines
with a characteristic impedance and a
propagation constant. The transmission
lines store energy of a magnitude deter-
mined by the source impedance. The
stored energy must be dissipated by a
terminating device in order to reduce
reflections. The oscillator can be consid-
ered an RF source, and the effects of
improper line termination on the clock
oscillator will therefore be discussed in
terms of transmission line concepts.
When a source is mismatched with a
load, a reflected voltage will arrive back
at the source, or generator. The reflec-
tion coefficient at the source will deter-
mine the response of the generator to
the reflected voltage, V,. The reflection
coefficient at the source is determined
by the characteristic impedance of the
transmission line, Z , and the source
resistance, R,. The reflection coefficient
is given by the equation:
R, - 2,
0 = h_:? ()

A reflected voltage arriving at the source
will not be reflected back to the load if
the source impedance matches the line
impedance. Multiple reflections will oc-
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cur if neither the source impedance nor
the terminating impedance match the
transmission line impedance, Z,. The
reflected voltage at each end of the line
approaches a steady state value with
each succeeding reflection. if, however,
the source reflection coefficient and the
load reflection coefficient are of opposite
polarity, the reflections alternate in po-
larity causing the signal voltage to
oscillate about a steady state value. This
effect is often referred to as ‘‘ringing”’.
A distorted waveform will be observed if
the signal rise time is long compared to
the transmission line’s delay (Figures
12a,12b). There are five types of transmis-
sion lines and driving conditions for
each of the five types are discussed
here.

Short lengths of unterminated trans-
mission lines may be driven success-
fully. The length is defined by the

expression:
T

1= 57— 2
2T,

where T, is the rise time (ns) and T
the propagahon delay (ns/in).

The maximum current the active de-
vice has to deliver to the next circuit can
also be obtained in terms of the above
expression. For an example where T, =
3 ns, the maximum length is 10 inches
for a trace on a G—10 epoxy glass
printed circuit board. A voitage wave
propagating down the tine will have the
maximum amplitude which the source
can drive into Z_ (Figure 1). Reflections
may not present a serious problem if the

source current, |, is less than [ __ .
Reflections will occur if the line is longer
than the value defined by I . The

reflections will drive the input and output
signal voltages below the ground volt-
age level.

Series terminated lines have limited
uses due to voltage drops in the series
resistor values, R, of Figure 2, in the low
voltage state. The resistor also reduces
the noise margin in receivers.

For parailel terminated lines there are
four line terminating configurations that
may be used successfully:

Z, to V. This termination configura-

tion will draw current from V__ when the
output is Low (Figure 3).

Z, to Ground. The termination in this
configuration will draw current when the
output is High (Figure 4).

Thevenin Equivalent Termination.
This type of termination will draw current
from the RF source and from V__ when
the output is in either the ngh or Low
state (Figure 5). This configuration will
also reduce the noise margin. The

TEaT

Figure 1. An unterminated trans-
mission line.

T

Figure 2. Series terminated trans-
mission line.Typical R, values of
10 to 50 ohms may be used.

‘E>° 2, [l:>°_
-I; 1:

Figure 3. Z_toV_.

L

[ ™11

Flgure 4. Z to ground.
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These expressions can be simplified to:

L
Z, = / c. (12)

Ta= /LG (13)

assuming G, = R, = 0. Note that Z_is
real, not complex. The impedance
is resistive and is not a function of
length.

Loads and Terminations

Several more issues have to be taken
into consideration when designing high
speed logic systems. Some of the more
important ones are:

Propagation delay in low and medium
speed systems may be ignored, but
becomes important in high speed sys-
tems. For instance, ECL logic operating
at a speed of two nanoseconds intro-
duces one equivalent ‘‘gate delay’ into
the system for every foot of interconnect-
ing conductor trace.

Electrical noise generation,
“‘crosstalk’ between adjacent conduc-
tor traces, poor terminations and reflec-
tions are some of the agents which
produce distorted waveforms that could
lead to false triggering. Examples of a
typical waveform of an unterminated
transmission line (no ground used) and
a properly terminated transmission line
(ground plane used) are shown in Fig-
ures 12a,12b. The low impedance, emit-
ter-follower outputs of ECL logic facili-
tate the use of transmission line prac-
tices but require the use of two DC
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power supply voltages. The power sup-
ply voltage levels for ECL logic are V,,
V. and V__. The voltage levels for the
more commonly used negative logic are
V.. = 0 Volts (GND), V, = —2.0 Volts, V_,
= —5.2 Volts. The voltage levels for
positive logic are V_ = +5.2 Voits, V, =
+3.2 Volts, and V,, = 0 Volts (GND).
These voltage levels facilitate the use
of a 50 ohm (Z) transmission line
system with a terminating load of 50
ohms. However, logic systems utilizing
the transmission line concept but having
characteristic impedances other than
50 ohms have been used successfully.

As logic speeds increase, the driven
load appears to be more capacitive.
Each additional load added to the
transmission line causes a reflection
with a polarity opposite to that of the
incident wave. Reflections from adja-
cent loads would tend to overlap if the
time required for the incident wave to
travel from one load to the next is equal
to or less than the signal rise time. An
ECL oscillator would be capable of
driving several devices provided appro-
priate RF matching techniques were
used.

Design Considerations

The successful operation of high
speed logic systems depends upon the
correct implementation of RF tech-
niques. The rise and fall times of high
speed logic systems become a primary
concern in printed circuit layout. Poor
circuit layout technigues with insufficient
ground planes could result in crosstalk,

slower switching speed and noise prob-
lems. Ground related problems can be
subdivided into three categories:

V. drop will be observed with all high
speed digital systems. The drop is
caused by output devices driving ca-
pacitive loads. The remedy for this
problem is to provide more bypass
capacitance to ground.

Coupling via ground paths adjacent
to both signal source and loads, and
crosstalk caused by signal paths can
both be reduced by using correct RF
printed circuit board techniques.

Most high speed logic systems are
produced on double sided or multilayer
printed circuit boards without regard to
the physical placement of ground planes
relative to signal lines. This means that
signals or RF noise generated externally
or by one of the circuits on the board
could appear in other circuits on the
board even though there is no apparent
means of crosstalk between them. De-
coupling each logic package is therefore
necessary to reduce the effects of noise
and crosstalk. Two forms of crosstalk
may exist in a system, forward and
reverse. The causes of both types are
similar but their effects on the system
are significantly different. These correc-
tive measures may be used to reduce
the effects of crosstalk:

¢ Maximize the spacing between sig-
nal lines.

* Minimize the spacing between the
signal lines and ground.

* Use a ground strip between the
cross-talker or cross-listener.
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Figure 12. (a) Unterminated transmission line (no ground plane used).
(b) Properly terminated transmission line (ground plane added.)
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A Feedback Method for Reference
Spur Reduction in PLLs

By John W. MacConnell and
Dr. Richard W.D. Booth

This paper describes a circuit that is
extremely useful in reducing reference
sidebands in phase locked loops or
indirect frequency synthesizers which
are caused by reference leakage from
the active phase/frequency comparator.
In excess of 40 dB reduction in refer-
ence spurious signals is routinely
achieved without any impairment in loop
dynamics due to spur reduction filters.
The benefit of this circuit is that the
necessary filtering required to obtain a
given spurious signal level may be
considerably reduced, especially in
loops containing large division ratios
such as microwave phase locked loops
and microwave frequency synthesizers.
In some cases, it has been impossible
to achieve the desired spur level without
the use of this circuit.

One of the major sources of spurious
signals in a phase locked loop (or
indirect frequency synthesizer) is the
reference leakage signal that appears
at the output of the phase/frequency
detector. For active phase/frequency
comparators this leakage manifests it-
self as a narrow voltage spike at the Up
or Down outputs (see Figure 1). These
spikes are a result of DC offsets that
exist within the phase/frequency detec-
tor itself, and the operational amplifier
used in the loop filter. These voltage
spikes generally are passed through the
loop filter/integrator and in many cases
are not attenuated much at all by the
loop filter. The traditional method of
dealing with these spurious signals is to
use extensive filtering at the output of
the loop filter/integrator. The circuit
described in this paper does a great
deal to remove these voltage spikes
caused by DC offsets. It is simple and
easily adapted to various loops and
reference frequencies. It is not tempera-
ture sensitive and, because it is adap-
tive, does not require any adjustments.
Once a phase locked loop has
reached a steady state condition, the
differential input voltage to the opera-
tional amplifier used for the loop filter
must be zero. If there were a net voltage
at the input to the amplifier, its output
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Figure 1. Block diagram.

Figure 2. Schematic diagram of actual circuit.

would be ramping, up or down depend-
ing on the polarity of the input, indicating
the loop has not yet stabilized. There-
fore, if there is an offset, either within the
phase detector, or within the amplifier,
it must be nulled out. A normal phase
locked loop achieves this by operating
with a slight static phase offset within the

phase detector, resulting in a voltage at
its output which exactly nulls out the
various offset voltages present in the
circuit. Unfortunately, the way an active
phasef/frequency comparator achieves
this is by putting pulses out on one or
the other of its two outputs. The resuit
is that one or the other of the phase
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Split-Tee Power Divider

By Stanislaw Rosloniec and Piotr Lochowicz

Dept. of Electronic Engineering
Warsaw Technical University

Some methods of evaluating split-tee
power dividers have drawbacks which
limit their usefulness in the analysis.
This paper introduces an alternative
approach for analyzing split-tee power
dividers and uses a computer program
to simplify the math.

Figure 1 presents the electrical scheme
of the improved split-tee power di-
vider described by Parad and Moynihan
in their classical paper (1). Dividers
(combiners) of this type are used for
various applications, especially at RF
and microwave frequencies. Hence, it
is necessary to analyze their frequency
properties.

in the general case, the divider shown
in Figure 1 is asymmetric with respect
to the horizontal plane x - x’, and for this
reason its analysis cannot be done by
using the even- and odd- mode excita-
tion method (2,3,4). In addition, the
analysis technique suggested in (1) is
not suitable for this purpose since the
auxiliary terminating impedances Z,,
and Z, (see Figure 1) are complex and
dependent upon frequency. Therefore,
in the present contribution a new nu-
merical algorithm is presented which
allows us to analyze the divider under
consideration without difficulty. An ex-
ample of this algorithm is presented
below.

Circuit Transformations
At any electrical length, 6, the main
divider section (see Figure 2) may be

. Zos
l 6 | 3’ 3 0 3
zas
—

Split-tee power divider —M————»

Figure 1. Electrical scheme of the improved unequal split-tee power
divider.

treated as a linear three-port network Y= _Yﬁ- + _Y_93_ )
characterized by the following admit- tan6  tan6
/
I1 Y11’ Y12’ Y13 Ug
Y
/ = — = i 02
b= | Yo Yoz Yos U; M Yie =Yy =] sing 3
/
IS Y31’ Y32’ Y33 UC/i Y
b = | 03
Where Yig = Y1 =] sing )

[ABCD]

Figure 2. Definition of admittance parameters[Y]. Figure 3. Equivalent circuit for determiningS,,, S,.,S
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Coherent Synthesizer
Drives MOTR

By the Engineering Staff
Programmed Test Sources

The AN/MPS-39, a Multiple Object
Tracking Radar (MOTR) by General
Electric requires precise signals which
are switched rapidly to engage various
targets in real time. High-purity synthe-
sized frequencies covering bandwidths
of hundreds of megahertz are required.
These signals must have low spurious
and phase-noise content and be capa-
ble of being switched rapidly and phase-
coherently. Synthesizers employing di-
viders in their resolution sections will
not produce phase-coherent signals
when switched at arbitrary times. Figure
1 compares phase-continuous and
phase-coherent switching. DDS archi-
tecture, which exhibits phase continuity
during switching, can be made to be-
have phase-coherently at the expense
of elaborate timing circuitry; but be-
cause of spurious considerations, DDS
could not fit the bill for this application.

able 1 lists the specifications for the

frequency source required for this
MOTR system. The PTS design chosen
achieves these specifications with a
synthesizer comprised largely of stan-
dard modules and a minimum of custom
design. This resuited in a highly cost-
effective product with predictable MTBF
and minimum MTTR owing to the fully
modular design. The discussion which
follows will focus on aspects germane
to the frequency generation only and
dispense with ancillary circuitry.

AFTER PHASE
CONTINUOUS SWITCHING

AFTER PHASE
COHERENT SWITCHING

Figure 1. Comparison of phase-
continuous and phase-coherent
switching.

RF Design

Figure 2 shows the block diagram of
the unit. Twenty-five 10 MHz steps are
generated in the ‘10 MHz Step Sec-
tion.” In this portion a VCO, stepped in

10 MHz increments, operates in a
drift-cancelled loop which eliminates the
free-running oscillator’s frequency drift.
As can be seen, the VCO feeds both

10 MHz STEP SECTION

STANDARD FREQUENCY
SECTION

- = = = -
| I R
e I |
8 i l (A
= N A
yum | |
| A — ' ’
! L
________ __;

STANDARD OUTPUT

CRYSTAL
o OSCILL ATOR
10.000000

FREQUENCIES N UMz

sno

EXTERWAL STANDARD
FREQUENCY INPUT

Figure 2. Block diagram, PTS 250 (MOTR).
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Figure 3. SGA and SGB standard generators.
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O Dolby

DIGITAL RADIO DESIGN ENGINEER

Dolby Laboratories, Inc. seeks an innovative RF
design engineer with an interest in audio to develop
leading edge digital radio products for distribution
of high quality audio in professional, terrestrial and
satellite applications.

Primary responsibilities include designof frequency
agile, multiple conversion receivers and low power
linear power amplifiers operating in the 1-3 GHz
range.

Prerequisites include BSEE plus 5 years product
design experience, familiarity with s-parameter
design optimization, computer aided design
techniques, PSK, QAM ‘and QRS modem
technologies, and a demonstrated ability to get the
job done.

Dolby Laboratories is an EEO employer offering
competitive salary and benefits. Qualified
candidates seeking to work in a progressive,
challenging engineering environment should
forward resume and salary history to:

Dolby Laboratorties, Inc.
100 Potrero Avenue
San Francisco, CA 91403-4813

2
‘ 1owA EBMIDWEST
- ENGINEERS RSty + DESIGN

» MANAGERS - SYSTEMS

PROFESSIONAL ENGINEERING RECRUITING
TOP COMPANIES — RADIO « COMMUNICATIONS « AVIONICS
DON GALLAGHER, MSEE, PRESIDENT
Gallagher & Associates
1145 LINN RIDGE RD. MT. VERNON, IA 62314
(319) 895-8042 (319) 895-6455 FAX
35 Years Engineeting Exper. — Co. Paid Fees

Advertising Index

Advantest America, Inc. . 67 Lorel Microwave - FSI L2
Alan industries, Inc. JUN 17 M/A-COM Control Components Division 33
Amplifier Research . ... ... 89 McCoy Electronics Company .54
Andersen Laboratories .. ... .. L....90 Merrimac o Sooo13
Artwork Conversion Software, Inc. 72 Micro Crystal . R 80
Avantek .. ... .. 9 Murata Erie . ......68
Aydin-Vector ... ... .. R 80 Noise Com, Inc. . Y |
Ball Efratom Division ... .. PPN -1 Oscillatek . . L . .12
Bradford Electronics . . 72 Ovenaire . .. . L 72,7374
Cal Crystal Lab., Inc. .. . 43 PCB Tools, Inc. LT3
California Eastern Laboratories . ... .. .55, 57, 59 Penstock Engineering, Inc. 84
Coilcratt . R 7 Phillips Components-Signetics 1819
Communication Concepts, Inc. 27 Poiaris Electronics Corp. . 43
Comtran Integrated Software PRt | Q-Bit Corp. . . 27
Cougar Components. . . .26 QUALCOMM, INC. ... .. .. ....69
Croven Crystals Ltd. . . o 49 Quartztek .. ... . ]
Crystal Components, Inc. e 64 RF Design Software Service 64
Crystek Corporation . . 78 RF Monolithics, Inc. . 75
CTS Corp. . ... 44 Rockwell International L 45
DAICO Industries, Inc. . 4 Sawtek Incorporated . . . o 76
DGS Associates, Inc. o 14 SCITEQ Electronics, Inc. 78
Eagleware . ... o .79 Sprague Goodman . i 47
Electro Abrasives N .47 Stanford Telecommunications ... . . 39
Electro Dynamics Crystal Corp. 21 Statek Corporation . . . 77
Epson America, inc. o 70 STC Components, Inc. . 37
Frequency Electronics, Inc. .62 Surcom Associates, Inc. . 12
Frequency and Time Systems, Inc. . .64 Temex Electronics, Inc o 28
Henry Radio ... ... . . 82 Tesoft PR . 36
Hewlett-Packard Co. o ....51-83 Thomson - CSF .. RN 18
Hughes Aircraft Company/ Time & Frequency, Lid. S 15
Microwave Measurement Systems 24 Toyocom o 41
Hybrids International, Ltd. .. ... .. 26 Trak Microwave Corporation . 30-31
iFR Systems, Inc. . . .03 Trilithic, Inc. ... . . 25
Innovative Frequency Control TrimTronics Inc 73
Products, Inc. . ...38 Valpey-Fisher . 28
JFW industries, Inc. . 29 Vectron Laboratories, Inc. . 20
John Fluke Manufacturing Co., Inc 10-11 Voltronics Corporation 66
Kalmus Engineering Werlatone Inc. . . .6
International, Ltd. ... .. 22-23 Wide Band Engineering
KVG .. . 63 Company, inc . 58

WE'RE THROWING THE
TELECOMMUNICATIONS
WORLD FOR A LOOP.

At Raynet, we're launching a whole new industry.
We're developing, manufacturing, and selling high-
performance, cost-effective, resource sharing fiber
optic distribution systems for local loop applica-
tions throughout the world.

If you're an adventurous professional who's ready
to explore new opportunities in your field, join the
team that's turning the industry inside out! And
discover how at Raynet, we see telecommunications
in a whole new light.

RF DESIGN ENGINEERS

You will design and develop low noise, low distor-
tion RF circuits and components for fiber opticbased
communication systems. A BSEE with 5+ years'
experience in remote power systems, RF and analog
circuit design are necessary. Component level RF
design in the UHF frequency band isrequired. Please
respond to Job Code: RFE.

VIDEO
SYSTEMS ENGINEERS

You will define performance criteria for fiber optic
based video transmission. You will also perform lab
experiments and theoretical calculations as well as
analyzedata todetermine overall performance. Inter-
face with Marketing/customers in system defini-
tion will be involved. You must be familiar with
electro-opticsystems, communications theory, modu-
lation techniques, and systems distortion mecha-
nisms. A BSEE (MSEE desirable) and 4-6 years'
directly related experiencearerequired. Pleaserespond
to Job Code: VSE.

We offer an excellent compensation and benefits
package, including a bonus plan for all our employ-
ees. Please send your resume (indicating job code on
envelope) to Raynet, Human Resources, Dept. RFD/
DL-25, 181 Constitution Dr., Menlo Park, CA 94025-
1164. PRINCIPALS ONLY. NO PHONE CALLS,
PLEASE. We are an equal opportunity employer.

Raynet
~—

Telecommunications
in A Whole New Light

83












	05468347 199009.bmp
	05468348.bmp
	05468349.bmp
	05468350.bmp
	05468351.bmp
	05468352.bmp
	05468353.bmp
	05468354.bmp
	05468355.bmp
	05468356.bmp
	05468357.bmp
	05468358.bmp
	05468359.bmp
	05468360.bmp
	05468361.bmp
	05468362.bmp
	05468363.bmp
	05468364.bmp
	05468365.bmp
	05468366.bmp
	05468367.bmp
	05468368.bmp
	05468369.bmp
	05468370.bmp
	05468371.bmp
	05468372.bmp
	05468373.bmp
	05468374.bmp
	05468375.bmp
	05468376.bmp
	05468377.bmp
	05468378.bmp
	05468379.bmp
	05468380.bmp
	05468381.bmp
	05468382.bmp
	05468383.bmp
	05468384.bmp
	05468385.bmp
	05468386.bmp
	05468387.bmp
	05468388.bmp
	05468389.bmp
	05468390.bmp
	05468391.bmp
	05468392.bmp
	05468393.bmp
	05468394.bmp
	05468395.bmp
	05468396.bmp
	05468397.bmp
	05468398.bmp
	05468399.bmp
	05468400.bmp
	05468401.bmp
	05468402.bmp
	05468403.bmp
	05468404.bmp
	05468405.bmp
	05468406.bmp
	05468407.bmp
	05468408.bmp
	05468409.bmp
	05468410.bmp
	05468411.bmp
	05468412.bmp
	05468413.bmp
	05468414.bmp
	05468415.bmp
	05468416.bmp
	05468417.bmp
	05468418.bmp
	05468419.bmp
	05468420.bmp
	05468421.bmp
	05468422.bmp
	05468423.bmp
	05468424.bmp
	05468425.bmp
	05468426.bmp
	05468427.bmp
	05468428.bmp
	05468429.bmp
	05468430.bmp

