






































RF courses

Analyzing Communications Systems Performance
October 15-17, 1990, Washington, DC
Modern Receiver Design
October 15-19, 1990, London, England
Electronic Warfare Systems
October 15-19, 1990, Washington, DC
Electromagnetic Interference and Control
November 5-9, 1990, Washington, DC
Frequency-Hopping Signals and Systems
November 5-7, 1990, Washington, DC
Cyclostationary Signal Processing
November 7-9, 1990, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
November 12-15, 1990, Orlando, FL
Satellite Communications Engineering Principles
November 19-21, 1990, Washington, DC
lonospheric Radio Propagation for System Planners
November 27-30, 1990, Washington, DC
Spread Spectrum Communications Systems
December 3-7, 1990 Washington, DC
Electronic Countermeasures
December 3-7, 1990, San Diego, CA
New HF Communications Technology: Advanced Tech-
niques
December 3-7, 1990, San Diego, CA
Information: George Washington University, Merril Ferber.
Tel: (800) 424-9773; (202) 994-6106. Fax: (202) 872-0645.

Basic Telephony

October 22-24, 1990, Madison, WI
Digital Switching

October 25-26, 1990, Madison, Wi
Information: University of Wisconsin-Madison, College of
Engineering. Tel: (800) 222-3623; (414) 227-3200. Fax: (414)
227-3119.

Infrared/Visible Signature Suppression
October 23-26, 1990, Atlanta, GA
Polarimetric Radar Technology
October 30-November 2, 1990, Atlanta, GA
Principles of Modern Radar
November 5-9, 1990, Atlanta, GA
Far-Field, Anechoic Chamber, Compact and Near-Field
Antenna Measurements
November 27-30, 1990, Atlanta, GA
Phased-Array Antennas: Theory, Design and Technology
November 27-29, 1990, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Management of Electromagnetic Energy Hazards

October 24-26, 1990, New Brunswick, NJ
information: Office of Continuing Professional Education, Cook
College, Rutgers University. Tel: (201) 932-9271.

Anomalous Microwave & RF Propagation
October 18-19, 1990, College Park, MD
Digital Satellite Communications
November 3-5, 1990, College Park, MD
Modern Frequency-Time & Spatial-Time Signal Processing
December 3-6, 1990, College Park, MD
Information: Applied Technology Institute, Jim Jenkins. (301)
997-6814.

14

Troubleshooting Microprocessor-Based Equipment and
Digital Devices

October 23-26, 1990, Chicago, IL

October 30-November 2, 1990, Nashville, TN

November 26-29, 1990, Houston, TX

December 3-6, 1990, Phoenix, AZ
Information: Micro Systems Institute, Janet McHenry. Tel: (913)
898-4695.

DSP Without Tears™ for Engineers

October 24-26, 1990, Atlanta, GA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 252-4122,

Introduction to EMI/TEMPEST Theory
October 15, 1990, San Diego, CA
How to Meet EMI/TEMPEST Shielding Requirements for
Rooms and Facilities
October 16-18, 1990, San Diego, CA
Physical Security for Sensitive Compartmented Informa-
tion Facilities
October 19, 1990, San Diego, CA
EMP Hardening Design and Test for Facilities
October 23-24, 1990, Washington, DC
EMP Hardening Design and Test for Electrical Equipment
October 25-26, 1990, Washington, DC
November 14-16, 1990, Washington, DC
Information: Praxis International, Inc.. Tel: (215) 524-0304.
Fax: (215) 524-0438.

EMC for Digital Designers
October 23, 1990, Bloomington, Minnesota
ESD immunity for Electronic Equipment
October 24, 1990, Bloomington, Minnesota
Information: Amador Corporation, Diane Swenson, Tel: (612)
465-3911.

Microwave Circuit Design: Linear and Nonlinear
October 24-26, 1990, Dallas, TX
October 29-31, 1990, Boston, MA

Information: Vendelin Engineering. Tel: (408) 867-2291.

Transient Voltage Suppression Design Seminar
October 30, 1990, Fairfield, NJ
November 1, 1990, Rochester, NY
November 6, 1990, Atlanta, GA
November 8, 1990, Baltimore, MD
Information: GSI Educational Services. Tel: (800) 776-8358.

Academy (Schematic)

October 22-23, 1990, Westlake Village, CA
Academy (Layout)

October 24-25, 1990, Westlake Village, CA
Information: EEsof, Ginger Craft. Tel: (818) 991-7530.

Basic Network Measurements Using the HP8510B Network
Analyzer

October 22-24, 1990, Los Angeles, CA

October 23-25, 1990, Atlanta, GA

November 13-15, 1990, Dallas, TX
Microwave Fundamentals

October 29-November 1, 1990, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (800) 472-5277.

October 1990





































































RF featured technology

Microstrip CAD Program

By Thomas V. Cefalo, Jr.
MITRE Corporation

Engineering time is a major contribu-
tor to the development cost of RF
products. In order to reduce design time,
engineers are making greater use of
software design tools. This article pre-
sents an easy-to-use program to synthe-
size microstrip lines and other related
parameters, based on closed-form equa-
tions which take into account the pres-
ence of a cover over a microstrip line.

o begin, it’s important to review the

fundamental principles of microstrip
theory (1). Microstrip is just another form
of transmission line which is used to
carry electromagnetic waves between
two points. As seen from Figure 1, the
geometry of a microstrip transmission
line consists of a thin conducting strip
and a solid conducting ground plane
separated by a dielectric substrate.
Many different types of conducting and
dielectric materials have been investi-
gated but the most common are copper
conductors and teflon or fiberglass sub-
strates.

Shown in Figure 2 are the electric
(solid lines) and magnetic (dash lines)
fields of some familiar transmission
lines. The mode of propagation is said
to be in a transverse electromagnetic
mode (TEM) for the coaxial and stripline
transmission lines. In the TEM mode,
both the fields are in a plane 90 degrees
to each other and to the direction of
propagation. Unlike the first two trans-
mission lines, the field topology for
microstrip shown in Figure 2c, is asym-
metric. The fields pass through both the
substrate and the air. Since the fields
are passing through two different medi-
ums, the relative dielectric constant ¢,
no longer remains a constant but be-
comes a function of the W/H ratio. This
results in a new parameter called the
effective dielectric constant ¢, which
takes into account the distribution of the
fields between the air and the substrate.
The effective dielectric constant will
always be lower than the relative dielec-
tric constant.

The consequence of the electromag-
netic field distribution is that the mode
of propagation along the microstrip is
no longer purely TEM but one that
resembles it called quasi-TEM. Because
of the quasi-TEM mode, microstrip the-
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ory is not an exact science, therefore
microstrip equations are also not exact
but instead are very accurate approxi-
mations. If one assumes that the funda-
mental mode of propagation is quasi-
TEM, then the phase velocity of the
microstrip is given in equation 1, where
¢ is the velocity of light (3 x 108 m/s).

V= (1)

The wavelength within the microstrip
line is given in equation 2.

A
Ay = =2 p=2 @)

[+
Eott f

The characteristic impedance of a mi-
crostrip line is given in equation 3 where
C is the capacitance per unit length.

z =__1__ (3)

A

An important factor often overlooked in
designing a microstrip circuit is a cover
over the microstrip. In most applications,
a microstrip circuit is placed in an
enclosure. Again, since the fields are
not completely within the substrate, a
cover would have to be positioned at a
height that would not cause interference
to the fields. When this is not possible,
the cover prematurely terminates the
fields which in turn increases the density
of field lines in the air. As a result, the
line capacitance increases, which effec-
tively lowers the characteristic imped-
ance and the effective dielectric con-
stant.

Microstrip Impedance Equations

The closed-formed equations for mi-
crostrip were taken from the articles
written by March (2) and Bahi (3). The
most accurate equations are those by
March which are used in the microstrip
program. The dimensions for covered
microstrip are shown in Figure 3. It
should be noted that the equations do
not take into account the presence of
side walls. The distance between the
side wall and the microstrip line must
be a minimum of five times the strip
width W, otherwise the impedance and
dielectric constant will be affected. Also,
the X" dimension of the enclosure
should be chosen such that the
waveguide modes are below cutoff.

The following equations are used in
the program to generate the microstrip
transmission line impedance. The equa-

conducting strip
substrate

[ groundplane

Figure 1. Geometry of microstrip.

Figure 2. Field configurations. (a)
coaxial, (b) stripline, (¢) micros-
trip.

tions are corrected for the effects of a
finite conductor strip thickness (4). Z___
is the characteristic impedance of open
microstrip (no cover). (3a)

2
_ fWH) . [ . (2H
zoaw—som[ivmb 1+(W> ]

(3b)

{OWIH) = 6 + (2n — B)axp [_ (30.666>o.7528]

W/H
W =W + AW (3c)

_t
AW—;I‘ 1+In4

ey o) @
-05In|{=) (=
() 6 T)
The characteristic impedance Z,. is
given in equation 5, as the distance
between the cover and substrate is
decreased. Z _ is a correction factor due
to the presence of the cover. It should

be noted that the correction factor is
valid only for an air dielectric, ¢, = 1.

(5
where AZ . = PQ
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FUNCTION
: EFFECTIVE DIELECTRIC CONSTANT
: WIDTH OF MICROSTRIP LINE
: CHARACTERISTIC IMPEDANCE
¢ MICROSTRIP INDUCTOR
: MICROSRTIP CAPACITOR
: LOSS FACTORS
: DISPERSION EFFECT
: QUALITY FACTOR (Q)
: PROPAGATION DELAY
: EXIT PROGRAM

CVBIOO S WM

[

SELECT A FUNCTION? 2

SELECT A SUBSTRATE MATERIAL? G

ENTER CONDUCTOR THICKNESS (mils)? 1.4
ENTER SUBSTRATE THICKNESS (mils)? 62.5
ENTER COVER HEIGHT (inches)? 1

ENTER MICROSTRIP IMPEDANCE? 50

* MICROSTRIP DESIGN PROGRAM *

SUBSTRATE MATERIAL
A: ALUMINA

COHTHOQW

% ERROR=

MICROSTRIP LINE WIDTH

BOARD MATERIAL IS GLASS EPOXY G-10
PHASE VELOCITY= 1.590405E+08 m/s

1.4 mils

: BERYLLIA

: EPOXY~GLASS G10

: DUROID 5780

: DUROID 6006 o=

} DUROID 6008 CONDUCTOR THICKNESS= ]
TEFLON FIBERGLASS SUBSTRATE THICKNESS= 62.5 mils

: g}r’ggng FUSED COVER HEIGHT= 1 inches

RELATIVE DIELECTRIC CONSTANT= 4.8
EFFECTIVE DIELECTRIC CONSTANT= 3.558172

CALCULATED LINE WIDTH= 109.7 mils
IMPEDANCE FOR THIS LINE WIDTH= 50.00065 chms
0.00129

Figure 5. Menu window of the program.

& T Egy

eill) =& — =2 (18)
off 1+ G(f/fp)2
Where
G = 0.6 + 0.009Z,
and
=0
fp BrHiom) (GHz) (18b)

The frequency is in GHz, H is in cm and
f is the cutoff frequency of the next
higher order propagation mode. Note
thatif f, >>fthene (f) = e,

The frequency dependent impedance
and effective line width due to dispersion
are given in the following equations.
Parameters which are a function of (0)
are the static or DC value of that
parameter.

S 120nH (19)
Woilf) V ggq(f)
W_ (o) — W
Weff(f) = W + ——%ﬁ-}(-—()fﬁ;)-é-‘ (20)
W, (0) = 120nH 1)

Z,(0)  £4(0)

The effects of dispersion usually have a
minimal effect on the impedance and
effective dielectric constant. As a guide,
the effects of dispersion (1,2) can be
neglected below the frequency given in
equation 22, where F is in GHz and H
isincm.

F,=03 Z
p .
H \Je — 1
Quality Factor
The quality factor Q (8,9,13), is an
important parameter when designing
circuits such as quarter and halfwave
resonators. The Q of a microstrip line is
less than that of a coaxial or waveguide
transmission line.
The unloaded Q, Q,, is influenced by
three loss factors; conductor, dielectric,

(22)

S50.N. 3.978 mH

AA
Vv

3.978 aH
faaa

7

3.183 pF A S50

and radiation. To obtain high-Q micros-
trip circuits, one would think to use a
thick substrate and low impedance lines.
This, however, is not the case, espe-
cially at higher frequencies because
high radiation losses are encountered
which degrade the unloaded Q. As a
general rule of thumb, Q is inversely
proportional to the thickness of the
substrate. The following equations re-
late to the Q of the conductor, Q,
substrate dielectric, Q,, and the radia-
tion, Q.. Notice that these equations
include the effects of dispersion.

273 e (M
Q. = Tkﬁ (29)
o, - 27.:1 d\/feﬁ(f) o
2
Q, = 2, Ve (o), / [4801:(/\&)
S

£(f) 2eqy()¥2

< In £qq(f) 4+ 1
Eelf) ~ 1

The total unloaded Q, Q,, and circuit
quality factor, Q_, are given in the
following equations.
1 1 1 1

X<£eff(f) +1 _ <(£eff(f) - 1)2

e,"a"a,"a o
1 1 1

— =t 27
Qo Qc+Qd ( )

Propagation Delay

When a signal is propagated along a
transmission line having a dielectric
constant other than air, the signal is
delayed. The propagation delay (1,4) for

L=160r 17.9
C=12r 27.5

10.59 mits —)i 292.72 mils }(—-
—

20 8 1.065" [« Zo

supn & [ B —
ﬂ

Figure 6. Results of microstrip width calculations.

microstrip is given by equation 28. It is
interesting to note that the propagation
delay is only a function of the substrate
dielectric constant.

Tpd = (0.475¢_+ 0.67) 1.017(ns/ft)

Examples

In this first example, the width of a
microstrip line is calculated for a 50 ohm
transmission line on a 1/16" thick G10
board, 1 ounce copper cladding and a
cover height of 1 inch. The thickness of
1 ounce copper cladding is 1.4 mils.
Shown in Figure 5 is the menu window
of the program. Function 2 has been
selected and the user prompted for the
required parameters. Upon completing
the calculation, the screen is cleared
and the information in Figure 6 is
displayed to the user. The calculated
microstrip line width is 109.7 mils for an
impedance of 50.00064 ohms. From this
screen, press any key to return to the
main menu.

As a second example, a lowpass
microstrip filter has been designed. The
lumped-constant element values and
topology of the filter shown in Figure 7
are determined using standard filter
theory. The filter, designed to operate
in a 50 ohm system is a 3-pole Butter-
worth with a cutoff frequency of 2 GHz.
A problem in designing a filter at high
frequencies is that the component val-
ues become too small to be practical.

The substrate material is 1/16 inch
thick teflon fiberglass with 1 ounce
copper cladding and a cover height of 4
inches. The equivalent lowpass micros-
trip filter is shown in Figure 8. The
transmission line sections are deter-
mined using functions 4 and 5 at a
frequency of 2 GHz using an impedance

(28)

@« v o r
o

T~

5 1.5 25 3.5 45 5.5
Frequency GHz
Figure 9. Lowpass Micrstrip Filter Response

Figure 7. 2 GHz lumped-constant
lowpass filter.

42

Figure 8. 2 GHz microstrip equiva-
lent lowpass filter.

Figure 9. Lowpass microstrip filter
response,.
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RF emc corner

Superimposing Low-Phase Noise,
Low-Drift Instrumentation Techniques
on RF Design

By C.M. Felton
National Institute of Standards
and Technology

The information required to do good
low-phase noise design is, for the most
part, already in the literature under
different titles. Low-noise audio design
is concerned with optimizing amplitude
signal-to-noise ratio. Instrumentation am-
plifier design isolates the desired signal
using bridge configurations, (control of
common mode rejection ratio (CMRR)
and power supply rejection ratio (PSRR))
from interfering noise and line harmon-
ics (1,2,3). Concerns with operating
point stability at the microvolt level lead
to awareness of dielectric quality, ther-
mal stability, and bias balance require-
ments. At a large laboratory there are
numerous sources of electromagnetic
interference. Switching power supplies,
clock and computer radiation, motor
start-up surges, and fluorescent light
spikes are as hostile an electromagnetic
environment as a power utility substa-
tion. Critical applications require that
such interference be considered in the
basic circuit design. A balanced circuit
resembles (or can be successfully en-
couraged to do so by the designer) a
parallel, two wire transmission line,
providing for rejection of external elec-
tromagnetic noise.

he focus of this paper is integrating

these considerations into basic de-
signs. A radio frequency (RF) isolation
amplifier will be used to illustrate the
concepts. | will discuss component se-
fection and circuit details of the com-
pleted device and show how these affect
both AM and phase noise (PM) perform-
ance.

RF Design in a Phase Noise
Context

it is important to have full-time access
to a relatively low-noise source (crystal
oscillator), and equipment to measure
amplitude and phase noise. Good low-
amplitude noise design is not the same
as low phase noise design, although the
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two are related. To aid my own visualiza-
tion, | think of phase modulation occur-
ring in series and shunt modes (Figure
1).
To the extent that a circuit element
or stage is nonlinear with frequency,
that stage forces a phase shift in
whatever signal passes through it. Base-
band noise and thermal drift, present
with the desired signal, will act as
variables in the modulators (Figure 1)
and therefore modulate the desired
signal.

Standard microwave radio frequency
(RF) amplifier designs, (as presented
by computers — variation on the micros-
trip matched, grounded emitter, capaci-
tance coupled, single ended (class A or
C configuration), present their basic
characteristics as reasons for me to
suspect them of being poor phase noise
performers.

High-Q (> 1) resonant circuitry is
unaesirable because a major mecha-
nism of phase modulation is the reactive
slope at any one point. The steeper the
slope is, the higher the modulation
efficiency and the higher the tempera-
ture coefficient.

Some form of emitter or source de-
generation is crucial to obtaining low
phase-noise performance. Resistance,
emitter to ground, improves operating
point or baseband stability and improves
signal linearity. Thermal instability is a
major contributor to low frequency noise,
below a few hertz, and amplitude non-
linearity reduces power supply rejection
as well as introducing an unstable
element into the modulators (Figure 1).

Bipolar transistors have more gain at
low frequencies than at radio frequen-
cies. Capacitively coupled bipolar ampli-
fiers can accumulate baseband noise
faster than desired signal, with each
succeeding stage affecting amplitude
modulations (AM) to phase modulation
(PM) conversion of the amplified base-
band noise.

The single-ended amplifier stage has
no low frequency power supply noise
rejection, and no common mode noise
rejection (Figure 5). This is because
signal currents share the ground return

SHUNT

Circuit
Resistance

Cor L
Reactance

Phase Modulator
(Some AM)

SERIES

CorlL
Reactance

N
LAY

Circuit
Resistance

Phase Modulator
(Some AM)

M
Circuit
. —z
Resistance

U

o N =t
ki =

Amplitude Modulator

Figure 1. This is an aid to visuali-
zation. In a practical circuit, all
three of these will be occurring
simultaneously to one degree or
another.

with operating (B+) currents and input-to-
output signal-ground currents (assum-
ing capacitor coupling).

Transmission line transformers are a
good solution for interstage coupling at
radio frequencies. When impedance
matched and compensated, these de-
vices can give a flat reactive slope
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is not a problem, a simple resistor/
capacitor (R/C) filter will reduce rail AM
noise below where it will be a major
contributor to circuit phase noise per-
formance (Figure 2).

When output shunt capacitance ap-
proaches some fraction of input capaci-
tance or there is reactance on one of the
legs, three-terminal regulators can oscil-
late. They are, after all, gain blocks. This
oscillation may not be obvious or even
visible with an oscilloscope. But it will
get into sensitive circuitry and cause
increased noise, instability, and even
intermittent thermal shut-down of the
regulator. if phase noise is a major
consideration, a better solution is to
build a discrete regulator using a preci-
sion reference, low-noise operational
amplifier, and a pass device. This can
produce a power supply noise floor of
approximately 160 dBV/Hz, but even
here, the most critical situations will
require some kind of postfiltering (Fig-
ures 3, 4).

Simple additional active low-pass fil-
tering can be added after the regulator
when current or close-in noise specifica-
tions require. This circuit also isolates
the regulator from any large shunt
capacitor required for a single-ended
stage (Figure 4).

Baseband resonances in the B decou-
pling networks can generate noise
peaks. Common-mode or bias currents
circulate equally in the active device,
decoupling circuitry, power supply, and
ground path. These are all in series for
low-frequency noise. Capacitors used
as high frequency ground returns and
fiters will be completely transparent at
very low frequencies (Figure 5).

Figure 6 is a representation of a noise
fioor peak initially observed during phase
noise testing of a circuit. The same peak
was observed on the power supply rail.
Eliminating an accidental resonance in
decoupling circuitry removed both
peaks.

RF Isolation Amplifier

Here is an isolation amplifier for the
lower clock frequencies (1 to 10 MHz)
using readily available commercial com-
ponents (Figure 7).

Input and output need not be ground
referred; this allows very high input-to-
output common-mode isolation.

Substituting optimized custom trans-
formers for the commercial units can
substantially expand the bandwidth.

Considerations
e Gain: +8dB, 1 to 12 MHz (—-1dB, 80
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kHz to 15 MHz; —3dB, 50 kHz to 26
MHz)

* Reverse Isolation: > 34dB, 10 kHz to
670 MHz

» PSRR: for drain volts, +1V, (at output
18 dBm) <+1MV

s Input level for compression at 10
MHz: +11 dBm/0.1dB, +16 dBm/dB

» Phase change with temperature at
10 MHz: < 0.1 degrees/10 degrees C to
60 degrees C

* Phase noise: see Table 1.

¢ Linearity: see Table 1.

Testing Notes

At the lower signal levels, accidental
common-mode ground noise, both co-
herent line harmonics and broadband
noise, will probably be the biggest
obstacle to a repeatable test setup. Also,
slow line variations will disturb long
sweep time measurements. In my own
laboratory, | run all equipment involved
in a particular test off one line-condition-
ing ferro-resonant transformer. Then, in
addition to signal grounds, | run chassis-
to-chassis ground straps.

After a carrier has been phase-
detected, the resultant information is
amplitude noise, equivalent to the phase
noise. The relationship between the two
is the phase-detector sensitivity (6,7).
Almost any indicating device can be
used after a low-noise preamplifier.
Values indicated by various analyzers
or even a single frequency (for example
1 Hz center frequency) operational am-
plifier filter (8) can be normalized to a 1
Hz bandwidth to provide interchange-
ability of numbers. There is a limitation
in that filter bandwidth must be equal to
or less than one tenth of the filter’s
center frequency (9). Resuitant calibra-
tion can be verified using the precision
noise source described in NIST paper,
“Accuracy Model for Phase Noise
Measurements.” (10) This and some
other papers relevant to phase noise
analysis are listed in the references.

To observe the AM-to-PM conversion
of an RF amplifier, amplitude modulate
the RF signal at some low level (—80
dBc) with a high quality modulator, then
measure the resultant phase noise side
bands at the amplifier output. This can
give real-time feedback on the effects
of circuit changes (6) (Figure 8).

Figure 9 is a block diagram of the test
setup used to evaluate the FET iso-
amplifier. | used two iso-amplifiers to get
the same conditions at both inputs of the
phase detector. The resultant figure is
the sum of the noise of the two amps.
Phase noise coherent to the two ampilifi-

ers under test, such as phase noise
induced by common power supply noise,
will cancel in the phase detector. This
has been known to give painfully mis-
leading test results.

Figure 10 shows a block diagram of
a common form of quadrature phase
noise measurement system. Measuring
original oscillator phase noise is some-
what compilicated in that at least two
identical oscillators that can be phase
locked to each other are required (6, 10)
A single oscillator and —~3dB coupler will
provide the two coherent signals for
other tests. However, a second, non-
critical oscillator will be required for
calibration (7,10).

The amplitude noise test results re-
ported for Figures 2, 3, and 4, have a
repeatability range of + 1 to 2 dB. The
phase noise figures quoted for the
amplifier in Figure 7 are + 2 to 3 dB.
More time with the same equipment will
yield better accuracy.

Low-Amplitude-Noise Preampli-
fier

Figure 11 is a low-noise video pream-
plifier using standard parts which can
be used in front of a standard or fast
Fourier transform (FFT) spectrum ana-
lyzer to evaluate amplitude noise. It can
also be used after a phase detector for
the evaluation of phase noise.

All amplitude measurements in this
paper used this pre amp. It is the limiting
factor on some of them. An “M” by a
figure means measurement limited.

Conclusion

When signal considerations extend
160 dB or more below the carrier,
calculated incremental design solutions
can reach a point of diminishing returns.
Attempting to optimize as many design
parameters. as possible right from the
start will save a lot of time. Since
amplitude noise is a major source of
phase noise, a good beginning is to
design the lowest amplitude noise circuit
possible. Then make the reactive slopes
of that circuit as flat as possible, and
aliow some form of emitter/source de-
generation.

Use of phase-noise measurement
equipment to obtain real-time empirical
feedback, as regards the effects of
design changes, is important in this area
of design that is not yet fully understood.
Using this paper and the reference
publications, fabrication of a basic phase-
noise measuring system capable of
producing verifiable documentation can
be accomplished in the average analog
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RF design awards

Constant Reactance Voltage
Controlled Oscillator

By Raymond T. Page
Wenzel Associates, Inc.

A need exists for a very wide range
voltage controlled oscillator that exhibits
good frequency and amplitude stability
over its entire frequency span without
complex band switching. Applications
include wide pull phase locked loops
which incorporate a single continuously
tuned VCO, broadband sweep genera-
tors with good stability at the high end
of the frequency range and network
analyzer oscillators with extremely flat
output levei over frequency.

raditional wide-range VCOs vary only

the capacitance in an oscillating
tank. The reactance of this varactor and
an inductor increase with frequency
since the operating frequency is in-
versely proportional to the square root
of the capacitance. Consequently, these
VCOs have been limited to a tuning ratio
of about 3 to 1 and the loaded Q and
resulting circuit stability become de-
graded at the end of the frequency
range. Some designs have incorporated
complex switching circuits to select a
more appropriate inductor as the fre-
quency increases. Such circuits do not
tune continuously from one end to the
other. Varactors combined with satura-
ble core inductors have also been used
to obtain better than 3 to 1 tuning
ranges, however, these circuits have
been found to be hopelessly unstable,
noisy and exhibit substantial hysteresis
due to core magnetization.

A new approach in VCO design, a
Constant Reactance VCO, (CRVCO)
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can be realized which exhibits the
stability of a varactor-only tuned VCO
while providing the wide continuous
tuning range (7.5 to 1) of a varactor/
saturable core reactor VCO. By actively
holding the inductor’s reactance con-
stant in a feedback system that tracks
the tuning varactor, high Q and excep-
tionally constant output power are main-
tained over frequency.

The saturable core reactor consists
of a ferrite toroidal inductor placed in the
field of an ordinary electro-magnet. As
the magnetic flux increases, the 4C4
core loses permeability without signifi-
cant changes in Q (Figure 1). This
CRVCO employs a modified Wabash
reed relay (P/N: 208-31-1) with a soft iron
rod replacing the switch to direct the
saturating magnetic field to the VCO
coil, which uses seven turns of 30 gauge
wire on a Ferroxcube core (P/N:
135T050-4C4). This combination re-
quires less than 100 mA to fully saturate
the inductor.

The MC 1648 is selected as the VCO
because it contains an automatic gain
control which precisely sets the voltage
across the tank, allowing the inductor’s
reactance to be determined by measur-
ing its current. This current is metered
by connecting the ground end of the
coil to the synthetic ground at the
collector of a grounded base stage. A
voltage proportional to the emitter cur-
rent appears at the collector which is
amplified and detected. The low imped-
ance collector resistor and MMIC ampli-
fier provide very flat wide-band re-
sponse.

Volts
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Output Level
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Figure 1. Q and inductance of a
ferrite inductor in a magnetic field.
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Figure 2. CRVCO’s frequency and
amplitude characteristics.
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Figure 3. Transresistance ampli-
fier frequency response.

Once detected, the inductor current
results in a DC voltage which is scaled
by a 50 kilo-ohm pot before it is applied
to the reference pin of a TL431 shunt
regulator. In this unique application the
TL431 modulates the current into its
cathode in an attempt to keep the
reference pin at 2.5 volts DC.

As an increasing voltage is applied to
the varactors, the VCO’s frequency
begins to rise which makes the inductor
current start to drop. Since this drop in
inductor current shows up as a propor-
tionate drop in RF voltage at the detec-
tor, the voltage at the reference pin of
the TL431 will attempt to increase
causing the cathode to sink more cur-
rent. More current through the electro-
magnet increases the saturation of the
saturable core reactor which lowers its
inductance bringing the current back
up to its preset level thereby satisfying
the feedback loop. The compensation
network consisting of a 620 ohm resistor
in series with a 0.001 uF capacitor
assures that the frequency response of
the TL431 is slower than the frequency
response of the electromagnet for good
loop stability.

Performance Data

With a tuning voltage of 1 volt to 24
volts, the CRVCO tunes from 20 MHz to
150 MHz - an incredible 7.5 to 1 tuning
ratio (Figure 2)! Nearly as impressive
is the output flatness, a barely detect-
able + 0.04 dBm from end to end (Figure
2).

The combined performance of the
grounded base stage and MMIC stage
play a crucial role in just how well the
saturable core reactor’s reactance can
be regulated. Figure 3 testifies to the
transresistance amplifier's capability of
being used out to 400 MHz.
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RF expo

RF Expo East Features an
Outstanding Technical Program

RF Expo East will be held November
13-15, 1990 at Marriott’s Orlando World
Center in Orlando, Florida. This year’s
Program Chairman, Dr. Frederick H.
Raab of Green Mountain Radio Re-
search Co., has organized an outstand-
ing program, covering both traditional
and advanced RF topics. Overall partici-
pation is at an ali-time high, including
more international speakers than any
previous Expo. With these papers, and
the addition of a fifth day-long short
course (see facing page), attending
engineers will find RF Expo East 1990
to be a stimulating and rewarding expe-
rience.

Tuesday, November 13 —
8:30 to 11:30 a.m.

Session A-1: Receivers | (Tutorial)
Chair: Peter Chadwick, Plessey
Semiconductor

Design of Receivers for Electronic Wartare
Sherman R. Vincent, Raytheon

This tutorial provides a review of the charac-
teristics of the five basic EW receiver archi-
tectures and a review of the basic analysis
equations and calculations used by the EW
receiver designer.

Session A-2: Power Amplifiers
Chair: Steven J. Samay, Trontech

VSWR Performance of Transistor RF Power
Amplifiers

Richard W. Brounley, RF Engineering Con-
sultant

The ability of an RF power amplifier to
operate into a SWR depends upon a number
of factors including the reflection coefficient,
magnitude and phase, transistor power dissi-
pation, and amplifier stability. These factors,
along with protection methods, will be dis-
cussed with emphasis on applications which
have severe VSWR requirements.

A Novel Technique for Analyzing High-
Efficiency Switched-Mode Amplifiers
Kazimierz Siwiak, Motorola

A novel circuit analysis technique was devel-
oped for investigating the performance of
high efficiency amplifiers operating in the
switched mode. The analysis gives insight
into the practical implementations of high
efficiency RF amplifiers, particularly at high
frequencies.

RF Design

RF Power Transistors for 200 W Multicar-
rier Cellular Base Station

Korne Vennema, Philips Components

The new generation of cellular systems
requires muiti-channel amplifiers with a high
peak power capability. This paper describes
the design and application of new common-
emitter class-AB transistors with output power
levels up to 200 W for 860-960 MHz base-
station transmitters.

Session A-3: PLLs and Synthesiz-
ersl
Chair: Rob Gilmore, Qualcomm

The ‘‘Approximation Method”’ of Fre-
quency Synthesis

Albert D. Helfrick, Tel-Instrument Electron-
ics Corp.

There is a method of frequency synthesis
which uses a phase locked loop with a
reference frequency significantly greater than
the minimum frequency resolution. The im-
provement in resolution is achieved using a
unique method of direct digital synthesis to
vary the reference frequency of the phase
locked loop by minute amounts.

A Comparison of Techniques for Phase-
Stability Measurement

Lisa M. Moder, Erbtec Engineering

Phase shift across a pulse in an amplifier
offers a measurement challenge. This paper
compares three techniques for making such
a measurement.

Ten-Bit 350 MHz DAC for Direct Digital
Synthesis

Perry Jordan, Analog Devices

A ten bit 300 MHz DAC has been tailored to
the Direct Digital Synthesis (DDS) Market.
This DAC combined with a 300 MHz phase
accumulator and the appropriate RAM will
yield a complete DDS system.

Session A-4: Microwaves
Chair: R.W. Livingston, Rockwell
International

System Design Considerations for Line-of-
Sight Microwave Radio Transmission

G.M. Kizer, Rockwell (Dallas)

This tutorial will focus on four major areas:
System performance objectives, both na-
tional and international; Analog and digital
radio transmitter/receiver performance char-
acteristics; Site location considerations such
as frequency planning and antenna charac-
teristics; and Path Considerations.

Phase Shifter Based Upon Reflectively

Terminated Multiport Coupler

M.H. Kori, Centre for Development of
Telematics (India)

A reflection phase shifter, which is comprised
of a reflection circuit and coupler, convention-
ally has the two parts designed separately. A
comprehensive analysis which takes both
units together reveals that the coupler aiso
introduces phase error, making the design
of a reflection phase shifter a delicate task
of balancing the various parameters to obtain
optimal performance.

Reflectivity Measurement Instrumentation
D.J. Kozakoff, C.W. Sirles, D.A. Thompson
and R.S. Banks, Millimeter Wave Technol-
ogy

This paper focuses on the design criteria
implemented to develop a portable reflec-
tometer instrument.

Tuesday, November 13 —
1:30 to 4:30 p.m.

Session B-1: Receivers I
Chair: David Krautheimer, RHG
Electronics

Spread Spectrum with Digital Signal Proc-
essing

Robert J. Zavrel, Jr., Stanford Telecom
This paper will explain how several existing
custom ASIC devices perform in spread
spectrum systems. Although several SS
technigues will be discussed, the direct
sequence method is the most applicable to
this design solution.

GLONASS: The Soviet L-band Spread Spec-
trum Navigation System

James Danaher, Structured Systems &
Software

The operation of GLONASS, details of the
GLONASS spread spectrum signal structure,
comparison between GLONASS and GPS,
and results of using GLONASS/GPS signals
from satellites currently in orbit will be
discussed.

Detection and Sorting of Frequency-
Hopped Signals

J. Eric Dunn and Steve F. Russell, lowa
State University

Advances in high speed digitizers and proc-
essors make feasible a digital system de-
signed to detect and dehop or ‘‘sort’” fre-
quency hopping signals. A theoretical system
is developed where signal detection is ac-
complished using a combination of wide and
narrowband FFTs.






Chair: Alan Victor, Monicor Elec-
tronics

Large Loop Antenna Variations

Robert P. Haviland, Mini Lab Instruments
This paper examines loop antennas of large
size using various geometries and feed
methods. Larger loops, arrays, and non-
planar configurations are also discussed.

VHF Multipath Propagation Causes and
Cures

D.R. Dorsey, Jr., DocSoft Enterprises

This paper will explore the phenomenon of
MuttiPath Propagation at VHF frequencies
and above. It will attempt to define the basic
physical causes of multipath propagation and
some of the means that may be used to
overcome it on line-of-sight radio links.

Radio Frequency ldentification Systems
for Commercial and Industrial Applications
James Eagleson, Allen-Bradley Company
RF systems can avoid problems that can
prevent proper operation of other methods
of ID ““tagging,” such as bar codes: obstruc-
tions, distance, or environmental effects.
Methods currently used to implement RFID
systems are presented, including perform-
ance characteristics, advantages, and diffi-
culties.

Wednesday, November 14 —
8:30 to 11:30 a.m.

Session C-1: Receivers Il
Chair: M.A. Belkerdid, Univ. of
Central Florida

IF Frequency-Response Considerations for
the Digital Radio

Environment

Richard Roberts and M.A. Webster, Harris
This presentation includes a review of Nyquist
filtering, eye patterns, and SER curves and
their use in digital radio systems. Following
this introduction, the relationships between
IF bandpass performance and intersymbol
interference are discussed, including effects
of phase and amplitude, group delay, impulse
response, and symmetry.

Signal Digitization for Radio Receivers
Steve Russell and J. Eric Dunn, lowa State
University

Digital radio theory and techniques are
becoming increasingly important. The basic
design issues involved in choosing a digitiza-
tion method will be presented and an impor-
tant new technique called sigma-deita analog-
to-digital converters will be described.

A DSP PSK Modem for Satcom SCPC
Voice/Data

Y.S. Rao, R. Asokan, K. Reeta, C-DOT
(India)

A hybrid approach is presented for implemen-
tation of a DSP modulator directly at 45 MHz
and brought to the 52-88 MHz range and the

RF Design

demodulator through a DSP at 20 kHz (Base-
band frequency) after a single down
conversion.

Session C-2: Transmitters
Chair: Paul Finman, LCF Enter-
prises

Architecture of HF-VHF Radio Transmit-
ters

M.A. Sivers and S.V. Tomashevitch, Lenin-
grad Electrotechnical

Institute of Communications (USSR)

Digital-Feedback Techniques for a Pulse-
Width-Modulated RF Power Amplifier
Harry Direen, Erhorn Technological Opera-
tions

The output of an RF power supply will vary
with load variations, AC line variations, duty
cycle of pulse width modulation, temperature,
and other factors. This paper presents a
microprocessor based feedback loop that
stabilizes the RF power output at any given
level.

Increasing the Efficiency of SSB Transmit-
ters by Envelope-Tracking RF Power Am-
plifier

Leonid Voronov, Leningrad Electrotechni-
cal Institute of Communications (USSR)
The method of envelope-tracking improves
the efficiency of a linear RF power amplifier.
This paper is concerned with the problem of
achieving potential efficiency of envelope-
tracking RF PA with the required IMD level.

Session C-3: SAW Tutorial
Chair: James Yolda, U.S. Army
Center for Signals Warfare

Surface Acoustic Wave (SAW) Technology
C.A. Erikson, Jr., Oakmont

This 3-hour tutorial provides an overview of
the fascinating technology of surface acous-
tic wave devices. It is geared to a practical
understanding of all aspects of SAW device
design, fabrication and testing.

Session C-4: RF Systems for Re-
search in Particle Physics

Chair: Otward Mueller, General
Electric Co.

RF Systems for the Advanced Photon
Source

James F. Bridges, Argonne National Labo-
ratory

The Advanced Photon Source (APS) is a
positron storage ring from which x-ray beams
of energies up to hundreds of keV are
emitted. The RF system will be described as
well as several lower-power systems at
frequencies of 9.8 MHz, 117 MHz and 2.8
GHz.

RF Applications in Particle Accelerators
C. Hovater, Continuous Electron Beam
Accelerator Facility

Most particle accelerators, either for physics
research or medical applications, use RF
fields to accelerate the charged particles.
This paper discusses RF control systems and
the RF circuits employed by the various types
of particle accelerators.

A Fully Digital RF Synthesis and Phase
Control for Acceleration in COSY

Hermann Meuth, Forschungszentrum KFA
Julich

For carrier frequencies up to 2 MHz and
maximum clock and sampling rates of about
40 MSPS, a fully digital real time RF signal
synthesis, phase control and processing
system is being designed for use on the new
cooler synchrotron accelerator ring, COSY.

Wednesday, November 14 —
1:30 to 4:30 p.m.

Session D-1: Receivers IV
Chair: Mahesh Kumar, AEL

Dynamic Evaluation of High-Speed, High-
Resolution D/A Converters

James Colotti, CSD/Telephonics

Although most manufacturers provide a
comprehensive set of data, often devices will
not be specified under the conditions called
for in the application. However, dynamic D/A
evaluation can uncover the necessary perform-
ance information under the appropriate con-
ditions.

TV Demodulator to Evaluate TV Transmis-
sion Quality

P.R.M. Correa, (Brasil)

This work is based on the development of a
synchronous demodulator for use in televi-
sion service. Its main purpose is to obtain a
demodulation of TV signals, which could
assure all measurements, or the utilization
of that signal in any other service.

Digital Signal Processing Based Spectrum
Monitoring System for the European Broad-
casting Area

Istvan Novak, Design Automation, Techni-
cal University of Budapest

This paper describes a spectrum monitoring
system for the 0.1 to 30 MHz frequency
range. The system is based on a high-
performance, synthesizer tuned receiver and
the digital signal processing (FFT) of its IF
output signal.

Session D-2: Components
Chair: Sam M. Richie, Univ. of
Central Florida

Impedance-Matching Transformers for RF
Power Amplifiers

David N. Haupt, Erbtec Engineering
Impedance matching transformers are attrac-
tive for many applications. Unfortunately,
transformer behavior at RF, and especially
transmission line transformers, are poorly
understood topics to many designers.
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Temperature Compensating Attenuators
Perry F. Hamlyn, ANZAC

This paper will describe the use of passive
positive and negative coefficient thermistors
in simple resistive networks to compensate
for signal levei variations over temperature.

Useful Network Transformations in Filter
Design

William B. Lurie, Consultant

To get practical element values in filters,
exact or approximate transformations, or
equivalences, can be used to achieve realiz-
able designs.

Session D-3: Quartz Crystals and
Appiications

Chair: Murat Eron, Compact Soft-
ware

Vibrational Sensitivity and Phase Noise in
Crystal Oscillators

G. Kurzenknabe, Piezo Crystal

A growing concern in the radar, ECM and
communications community is the effect of
vibration on the phase noise of crystal
oscillators as it degrades systems perform-
ance. This paper will review what phase noise
is and why it is degraded with vibration.

Quartz-Crystal Filters: A Review of Current
Issues

M.D. Howard and R.C. Smythe

This paper discusses some of the issues
facing both users and manufacturers of
crystal filters, including performance re-
quired for new applications, requirements for
wide bandwidths, monolithic dual resonators,
plus phase and amplitude matching.

Frequency Correlation of Quartz-Crystal
Resonators

Bruce Long, Piezo Crystal

Quartz Crystal resonators for oscillator appli-
cations must be specified for oscillator load
capacitance. Otherwise a considerable differ-
ence between the crystal frequency and the
frequency of oscillation can occur.

Session D-4: Modulation
Chair: Brian D. May, NASA LeRC

New Method of Linear Amplitude Modula-
tion

M. Lee, L. Gan and S. Zhang, Wuhan
University (PRC)

Deriving from the conventional non-linear
modulation method, this paper suggests a
linear amplitude modulation method with
mini-signals. The analysis and the experi-
ments show that the method can be applied
to any oscillator.

4-Ghz Multiplied Source for Digital Modula-
tion

D. Balusek, Rockwell (Dallas)

This paper describes a multiplied 4 GHz
source with very low microphonic susceptibil-
ity. This source is suitable for use in Digital
Radio Systems using 64 Quadrature Ampli-
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tude Modulation.

Techniques in Voice Compression and
Synthesis

Paul G. Beaty, Erbtec Engineering

There are several methods for compressing
and synthesizing voice. The quality of speech
varies from being suitable for children’s toys
to being suitable for a telephone conversa-
tion. This paper discusses the implementa-
tion details of such methods.

Thursday, November 15 —
8:30 to 11:30 a.m.

Session E-1: Noise Tutoriai
Chair: Michael J. Willis, Georgia
Tech Research Institute

Noise Fundamentals

Frank Perkins and Albert J. Ward lll, RF
Monolithics/Avantek

This tutorial paper discusses the nature of
RF noise and reviews the concepts of noise
power, noise bandwidth, noise factor, noise
figure, and noise temperature. Noise calcula-
tions for cascaded RF stages are reviewed
in the context of RF system design. Noise
measurement techniques are discussed along
with facts that affect measurement accuracy.

Session E-2: CAD and Simulation
Chair: M. Abdollahain, GTE Labo-
ratories

Spice Modeling and Simulation of an 800
MHz, Class-AB Push-Pull Ampilifier

R.Y. Lal au, Mobile Data

A design example of a Class-AB amplifier is
used to iliustrate the methodology and results
of modeling RF amplifiers using SPICE and
SPICE-based computer tools.

Computer Programs Design and Optimize
High-Efficiency Switching-Mode RF Power
Amplifiers

Nathan Sokal and Istvan Novak, Design
Automation

Single-ended switching-mode RF power am-
plifiers are difficult to design accurately for
wideband operation or when using non-ideal
components. Complicated interactions
among the component parameters and de-
sign variables yield a set of nonlinear implicit
design equations which can be solved only
by computer.

A Quasi-linear Determination of UHF Power
Device Operation From a Spice Simulated
Nonlinear BJT Model

P.E. D’Anna, MMD

Session E-3: PLLs and Synthesiz-
ersli

Chair: W.A. Davis, Virginia Poly-
technic Institute

Designing With Direct Digital Frequency
Synthesizers

F. Cercas, A. Albuquerque and M. Tomlinson,
Institute Superior Tecnico (Portugal) and
Plymouth Polytechnic (England)

A complete characterization of Direct Digital
Frequency Synthesizers is made in both the
time and frequency domain. As an application
example of the derived expression for the
power spectrum density with phase quantiza-
tion, an extremely simple algorithm is de-
scribed that sequentially computes the fre-
quency and magnitude of each component
and gives exactly the same result as an FFT.

Direct Digital Waveform Generation Using
Advanced Multi-Mode Digital Medulation
B.G. Goldberg, Sciteq

This presentation defines an optimum wave-
form generation device, the performance of
which has just been validated. In one square
inch, it is a complete DDS (with DAC), that
covers up to 10 MHz with -65dBc spurs, yet
provides true digital AM, PM and FSK - while
consuming a bit over one watt.

Optimum PLL Design for Low Phase Noise
Performance

Stan Goldman, E-Systems

In designing a PLL, the general practice has
been to select damping factor and loop
bandwidth for switching time. But, switching
time design goals are different from low
phase noise level design goals. Optimum
damping factor and bandwidth goals for low
phase noise PLL design will be determined.

Session E-4: Test and Measure-
ment
Chair: Sara Mussman, Wavetek

Design and Development of an RF Data
Acquisition System

Thomas H. Jones and Madjid A Belkerdid,
University of Central Florida

Accurate measurements of scattering pa-
rameters using an automatic network ana-
lyzer and S-parameter test set is a viable tool.
There are several limitations to using a
network analyzer however. These problems
can be solved by developing a completely
computer controlled data acquisition system.

Handheld Probing Techniques for RF PCB
and Hybrid Circuit Characterization

Young Dae Kim, Hewlett-Packard

This paper will address the issues related to
handheld probing in RF network analysis
such as source of error, calibration, and
practical performance limitations.

Using the VXIbus for RF Test Equipment
M. Levy, Racal-Dana

New ATE standards such as the VXlbus are
ideal for RF test systems as they allow the
measurement devices, switches and inter-
faces to sit in one small compact unit. VXibus
RF chassis performance, RF modules for use
in the chassis and interfaces suitable for test
systems up to 18 GHz will be discussed.
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RF engineering opportunities

Design Engineer
Ericsson Radio Systems, Inc., a world leader in advanced cellular

system technology, is currently looking for a Cellular System
Design Engineer.

You'll prepare cellular system design analyses, verify cellular
designs, and perform various intermodulation and other field
testing based on customer needs. In addition, you'll analyze,
develop and document test procedures, as well as compile
technical documentation for cellular customers and systems data
in relation to FCC Carey analysis, radio propogation, and C/1
predictions.

You must have a BSEE or equivalent and at least 3 years' telecom-
munications engineering experience, preferably in RF system
design of cellular systems. Previous field testing experience and a
willingness to travel (35-40%) is also required. Knowledge of RF
test equipment coupled with a software background is
preferred.

Ericsson offers challenging opportunities on the cutting edge of
cellular technology. Send your confidential resume with salary
history to: Ericsson Radio Systems, Inc., Dept. TB, 709 N. Glenville
Dr., Richardson, Texas 75081.

ERICSSON 2

Radio Systems, Inc.

An Equal Opportunity Employer m/f/v/h.
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1owA EBMIDWEST
« ENGINEERS \-\\/"'& « DESIGN

- MANAGERS « SYSTEMS

PROFESSIONAL ENGINEERING RECRUITING
TOP COMPANIES — RADIO « COMMUNICATIONS » AVIONICS
DON GALLAGHER, MSEE, PRESIDENT
Gallagher & Associates
1145 LINN RIDGE RD. MT. VERNON, 1A 52314
(319) 895-8042 (319) B95-6455 FAX
35 Years Engineering Exper. — Co. Paid Fees

RF ENGINEER

Are you an experienced EE with a solid
mechanical background who gets satisfaction
from quickly turning creative ideas into products?

Then join Centurion, the leading manufacturer
of antennas, batteries and earcom. Our rapid
growth has created a position with opportunity for
advancement for a results-oriented engineer.

BSEE, 2 years experience designing or
building antennas, mechanical background.
Salary commensurate with ability and ex-
perience. As a member of Centurion, you will en-
joy a full benefit package, wages based on work
performance, and excellent working conditions at
an ideal Midwestern location.

Send resume and salary requirements to:

\/
HCENTURION _ ==
P.O. Box 82846
Lincoln, NE 68501

EOE/AA

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 applications throughout the world.

If you're an adventurous professional who's ready to ex-
plore 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 distortion RF
circuits and components for fiber optic based communica-
tion systems. A BSEE with 8+ years' experience in RF and
analog circuit design are necessary. Component level RF
design in the UHF frequency band is desirable. 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 analyze data to de-
termine overall performance. Interface with Marketing/
customers in system definition will be involved. You must
be familiar with electro-optic systems, communications
theory, modulation techniques, and systems distortion
mechanisms. A BSEE (MSEE desirable) and 4-6 years'
directly related experience are required. Please respond to

Job Code: VSE.

We offer an excellent compensation and benefits pack-
age, including a bonus plan for all our employees. Please
send your resume (indicating job code on envelope) to
Raynet, Human Resources, Dept. RFD/DL-31, 181
Constitution Dr., Menlo Park, CA 94025-1164. PRINCIL-
PALS ONLY.NO PHONE CALLS, PLEASE. We are an
equal opportunity employer.

Raynet

N

Telecommunications

In A Whole New Light
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