












































RF courses

Fundamentals of Radar Cross Section

May 20-24, 1991, San Diego, CA
Information: Kelly Brown, SCEEE, 1101 Massachusetts Ave.,
St. Cloud, FL 34769. Tel: (407) 892-6146.

Cellular Radio

March 25-28, 1991, Madison, WI
ESD - Electrostatic Discharge

April 17-19, 1991, Madison, WI
Information: University of Wisconsin - Madison, Department
of Engineering Professional Development. Tel: (608) 262-2061.
Fax: (608) 263-3160.

Radar Operation and Design: The Fundamentals
March 25-28, 1991, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
April 8-11, 1991, Orlando, FL
Spread Spectrum Communications Systems
April 8-12, 1991, London, England
June 10-14, 1991, Washington, DC
Lightning Protection
April 11-12, 1991, Orlando, FL
Analog/RF Fiber-Optic Communications
April 24-26, 1991, Washington, DC
Microwave Systems Engineering
April 29-May 3, 1991, Washington, DC
Vulnerability of Spread Spectrum AJ and LPE
Communications Systems
May 6-9, 1991, Washington, DC
Electromagnetic Interference and Control
May 6-10, 1991, Washington, DC
Nonlinear Digital Signal Processing and Applications
May 6-10, 1991, Washington, DC
Electromagnetic Interference and Control
May 6-10, 1991, Washington, DC
Cordless and Microcellular Business Telephony
May 13-15, 1991, Washington, DC
Frequency Hopping Signals and Systems
May 20-22, 1991, Washington, DC
Principles of High Frequency Radio Communications:
Applications for Operators and Managers
May 20-23, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Digital Signal Processing Workshop

April 10-12, 1991, Norwood, MA

June 12-14, 1991, Norwood, MA
Information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Digital Signal Processing: Filtering and Estimation
March 18-21, 1991, United Kingdom

Broadband Telecommunications
March 18-22, 1991, United Kingdom

Modern Digital Communications for Space, Satellite and

Radio
April 15-18, 1991, italy

RF and Microwave Circuit Design I: Linear Circuits
April 15-19, 1991, Pisa, Haly

RF and Microwave Design Il: Non-Linear Circuits
April 22-26, 1991, Pisa, ltaly

Digital Microwave Systems: Theory and Applications
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April 22-25, 1991, Pisa, ltaly
Satellite Communication and Broadcasting

April 22-26, 1991, Rtaly
Information: CE|-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46 (0)
122-14347.

DSP Without Tears™

March 20-22, 1991, San Jose, CA
Information: Right Brain Technologies. Tel: (404) 664-6738.
Fax: (404) 420-3834.

RF/MW Linear/Nonlinear Circuits and Applications
March 14-20, 1991, Palo Alto, CA
RF Component Modeling: CAE and Measurements
March 25-27, 1991, Santa Clara, CA
Information: Besser Associates. Tel: (415) 949-3300, Fax: (415)
949-4400.

Modern Power Conversion Design Techniques

April 29-May 3, 1991, Phoenix, AZ

May 20-21, 1991, San Rafael, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

EW Receivers
May 7-9, 1991, Syracuse, NY
ELINT Analysis
May 7-9, 1991, Syracuse, NY
ELINT Interception
May 14-16, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
May 14-16, 1991, Syracuse, NY
Integrated EW
May 21-22, 1991, Syracuse, NY
ELINT/EW Data Bases
May 21-23, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Introduction to EMi
April 15-16, 1991, Philadelphia, PA
Understanding and Applying MIL-STD-461C
April 17-19, 1991, Philadelphia, PA
Design for EMC
April 22-23, 1991, Philadelphia, PA
Practical EMC Retrofits
April 24-26, 1991, Philadelphia, PA
Information: R&B Enterprises. Tel: (215) 825-1960.

Introduction to EMI/RFI/EMC
March 19-21, 1991, Anaheim, CA
Grounding and Shielding
April 2-5, 1991, Washington, DC
Practical EMI Fixes
April 22-26, 1991, Boston, MA
High Speed Digital Design for EMC
April 9-12, 1991, Seattle, WA
EMI Control Methodology and Procedures
March 19-22, 1991, San Francisco, CA
System Integration and Design for EMC
April 16-19, 1991, Boston, MA
Information: Interference Control Technologies, Registrar. Tel:
(703) 347-0030.
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RF featured technology

SWOP Amps Simplify RF

Signal Processing

By Tom Anderson
Burr Brown Corporation

If you design systems for RF and
video applications requiring amplifiers,
multiplexers, or complex functions like
high performance programmable gain
amplifiers, you have probably noticed
that finding the right components to do
the job is not simple. Using operational
amplifiers and switches is fine for slow
signals, but as signal frequencies in-
crease, so do the problems that must
be addressed.

pair of new SWOPR Amps from Burr
Brown, the OPA675 and OPA676,
open the door to high speed, high
accuracy applications without the head-
aches. These devices are true opera-
tional amplifiers with a built-in switch-
able front end (hence the name SWOP
Amp, for SWitchabie input OP amp).
The SWOP Amp has two identical
input stages that share an active load
and output stage. One input stage at a
time is active and controls the output of
the amplifier. The unselected output
stage has a very high input impedance

and very little crosstalk to the active
input stage. The resulting integrated
circuit functions as an operational ampli-
fier with a DPDT switch on the two input
pins (see block diagram and specifica-
tions in Figure 1). Not only is the SWOP
Amp an ideal component for simplifying
the design of an analog signal process-
ing system, the performance is out-
standing. With gain-bandwidth product
greater than 2 GHz, channel select time
less than 5 nS, low distortion, and
operational amplifier flexibility, the
SWOP Amp can improve the dynamic
and DC characteristics of many high
speed analog systems while reducing
complexity and cost. These devices
have been optimized for driving flash
convertors, and will handle 75 and 50
ohm cables as well.

Fast Switching Multiplexer With
Gain

One of the most widely used circuits
for modern systems is the input signal
multiplexer, and muitiplexing RF or

video signals requires special attention.
Using a SWOP Amp makes it easy to
switch from one input signal to the other
in just a few nanoseconds, and even
include signal gain in the bargain.

Figure 2 shows two of the many
possible multiplexer configurations. The
OPA676 provides two input channels
that are multiplexed into the single
output. The gain for each channel is set
by external feedback resistors accord-
ing to standard operational design tech-
niques. In Figure 2a, R1 and R2 set the
voltage gain:

A, =1+(R2/R1) =8

The inverting inputs for both input
stages are connected to the same
feedback network, guaranteeing that the
gains will be identical for both channels
without requiring precision matched re-
sistors. This principle can be especially
useful when designing active filters,
since the bandwidths of both channels
may be made identical by design without

Channel switching delay

Slew Rate comp cap =0
comp cap = 5pF
Settling time 1.25 V step, Gain=10 1% 9 nS

Small signal bandwidth
A, =50, comp cap =0
aur A, = 10, comp cap = 5pF
A = 2, comp cap = 35pF

456 nS (ECL select, OPA675)
60 nS (TTL select, OPA676)
1000 V/uS

400 Vius

1% 15 nS
01% 25 nS

50 MHz
185 MHz
100 MHz

Noise fb = 10 Hz to 10 MHz

Vos, each channel

Input bias current

CMRR Vem +1.25V to —1.25V

Output swing 150 ohm load

50 ohm LOAD

Open loop gain 150 ohm load

PSRR +V = +55 to +4.5,
-V = -571t0 ~45

Power dissipation

8 uV rms

500 uV typical, 2 mV max
20 uA

100 dB

+1.25V to —1.25V min
+1V to -1V typ

70 dB

86 dB

200 mW typical

Figure 1. Simplified circuit diagram of the OPA675 and measured performance statistics.
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Figure 2. Two input multiplexer
circuits, (a) both channels have
identical gains of 8 without preci-
sion resistors, (b) separate feed-
back networks give different gains
for each channel. Gain is +10 for
channel A and —10 for channel B,
with bandwidth greater than 100
MHz.

precision components or manual adjust-
ment. Filtering may be added to any of
the circuits shown here using standard
operational amplifier filter designs.

R3 and R4 are used to balance the
impedance for the two non-inverting
inputs, canceling the contribution to
offset error from input bias current
flowing in R1 and R2. The value for R3
and R4 is selected to be equal to the
parallel combination of R1 and R2. R3
and R4 could be deleted, but this will
add an extra term to the offset equal to

(25 ohms x 20uA) = 500 uV.

For many RF systems offset is unimpor-
tant, and the values for R3 and R4 are
selected to correctly terminate the
source impedance. If different gains are
desired for the two channels, separate
feedback networks may be used as
shown in Figure 3. Now channel B has
a separate feedback network, and is
configured for an inverting gain of 10:

A, = —(R6/R5) = —10.

28

CHANNEL A 1IN R3

150

CHANNEL SELECT BIT 1

i

CHANNEL SELECT 8IT 2

R4 7

FHANNEL B IN 150

CHANNEL C IN

CHANNEL D IN

180

R12 vour

c3
33

o
-

Ll

CHANNEL BIT:

[SIRT -1
—lol—io

Figure 3. A fast four input MUX using three SWOP Amps V_, = 4v,_ for
the selected channel. Bandwidth is 70 MHz.

R4 is connected between the non-
inverting input for channe! B and ground
to cancel Ib x R errors as described
above, but may be deleted if offset is
not critical.

Note that the compensation capacitor
is connected to a node that is common
to both channels. The capacitor must
be large enough to make the channel
with the lowest gain stable.

These multiplexer circuits allow chan-
nel selection in less than 5 nS, with
settling to 0.1 percent accuracy only
requiring about 9 nS. Small signal
bandwidth is over 60 MHz in either of the
configurations shown above.

Besides providing two input channels
for a signal processor, these multiplexer
or selectable input channel circuits have
many other applications. The selectable
input amplifier can also function as a
gated ampilifier, where one input is
connected to the signal and the other is
connected to ground. During ‘‘normal’’
operation, the signal is processed by the
amplifier circuit, but the output may be
driven to ground by selecting the

grounded input channel. This technique
can be used for noise blanking with RF
signals, or in other applications to
prevent overload of circuits following the
amplifier. The same idea can be used
to make a fast settling return to zero
deglitcher for high speed digital to
analog convertors, where the grounded
channel can be selected while the DAC
is glitching and settling.

Pulse Generator/Pin Driver

The ability of the SWOP Amp to
drive 50 ohm cables with speed and
precision, combined with fast switching
between signals and fast, smooth set-
tling make the selectable input circuits
shown in Figure 2 work well as pulse
generators for test systems. The SWOP
Amp is configured as described in
Figure 2a, 2b or with both channels
inverting. DC volitages are applied to the
two inputs via voitage dividers, a DAC,
or any other source. When the channei
select is driven with a square wave
between high and low logic levels, the
output will switch between the two
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Figure 4a. Using different gains
for each channel and connecting
both multiplexer inputs together
makes a simple high performance
programmable gain amplifier.

output levels determined by the DC
input voltages and the gain of each
channel. With the inherent 50 ohm drive
capability, this circuit could also be
described as a precision programmable
pin driver.

A Four Channel Multiplexer

Figure 3 shows a four channel MUX
made with three SWOP Amps. The
circuit for each amplifier is as shown in
Figure 2a, with SWOP Amps A1 and A2
used to MUX the four channels into two,
and A3 performing the final multiplexing
down to one output channel. The circuit
use two bits for channel select, as shown
in the chart in Figure 4. The first bit
selects channel A or B on amplifiers A1
and A2, and the second bit selects
channel A or channel B on amplifier A3
(which selects the output of amplifier
A1 or amplifier A2). Channel selection
still requires less than 5 nS, while
settling time to 0.1 percent at the output
increases to approximately the RMS
sum of the settling time for each stage.
In this example, all amplifiers are config-

Figure 4b. This PGA circuit gives
both channels optimum band-
width when gains are not similar
in magnitude.

ured for a gain of +10, giving a net gain
of 100 for each of the four channels
(settling time is 12 nS to 1 percent, 21
nS to 0.1 percent, 35 nS to 0.01

percent). Gains could be different for
any of the stages, giving each channel
a different gain.

Programmable Gain Amplifiers

A simple way to construct a program-
mable gain amplifier is to take the Figure
2b circuit and connect the two inputs
together, as shown in Figure 4a. Now
the channel select functions as a gain
select pin. Both inputs are connected to
the signal source, and the channel
select signal now determines which
input stage is active. The feedback
attenuator to the active input stage sets
the gain. The feedback attenuator for
the unselected output is simply one
component of the load resistance and
is driven by the output.

This particular configuration may be
used as a gain of 10 absolute value
circuit, by driving the gain/channel se-
lect pin with a fast comparator that

1¥ 1K

CH1/CHZ

ouT

Figure 5. Two channel programmable gain amplifier with gains of 6, 12

and 18 dB.

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF AMPLIFIERS per MOTOROLA BULLETINS

Complete Parts List for HF Amplifiers Described AMPLIFIER — SSBFMATV
in the MOTOROLA Bulletins

ANT758 300W $160.70
ANTE2 140W § 93.25
ANT7791 20W ¢ 83.79
ANT7OH 20W $ 93.19
AR313 300W $403.00

N
‘l EB 27A

2 METER VHF AMPLIFIERS
35 Watt Model 335A.
75 Watt Model 87EA.
Available in kit or wire

£B63 140W § 88.65
EB27A 300W $139.20
EB104 600W $448.15  We also .mk w-m-u-:
AR305 300W $383.52

MINI--CIRCUIT M‘XEﬁs
% NEWI 1K WATT 2-50 MHz Ampiifier SBL_1 (1-500Mz]
$BL—1X (10—1000Mz).
POWER SPLITTERS and COMBINERS ARCO TRIMMER

2--30MH

it 600 Watt PEP 2-Port.
1000 Watt PEP 2-—-Port ...
1200 Watt  PEP 4--Port.

For dm-hd information and prices, call or write for our free catalog.

mumcatlon
:;'"n - ncepts Inc.
ide. 508 Milistone Drive * Xenia, Ohio 45385 * (513) 4268600

FAX [513) 429-381%

100 WATT 420-450 MHz PUSH-PULL. LINEAR

KEB6T—PK {i KIIL. ........
KEBG’I—PCB (P de)

.. §159.85
18.00
KEBET—1 {Manual)............ e § 5,00

CHIP CAPS-Kemet/ATC
METALCLAD MICA cns —Uneico/Semco
RF POWER TRANSISTO

VK200--20/4B RF Choke...
56--590--65--3B Ferrite Baad
Broudband HF Transformars

Add § 3.50 for shipping and handling.

INFO/CARD 23
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compares the input signal with ground.
This circuit can select a positive gain for
one input signal polarity, and a negative
gain for the other input signal polarity,
resulting in a unipolar output for bipolar
inputs. Since the SWOP Amp changes
channels when the output is at ground,
the glitches around zero will be small if
a fast, high resolution comparator is
used because no slewing is required
when channel switching occurs.

Yet another application of the Figure
4a circuit is in the field of communica-
tions. Driving the channel select pin with
a carrier frequency square wave pro-
duces an amplitude modulated output.
Reversing the gain polarity on every half
cycle of the carrier yields a balanced
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PGA Spectral Response

0
PGA Frequency Response -10
0dB -20
-5 —
m
-10 .% 30
@ -15 B -40
i =
£ 20 g -s0
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-30 -60
-35 70 [
-40
X 1 p-1 6l 1 3.6l 3 P} & i 3l & 1! 6l 1 3 6 —Bo
10Hz 100 1k 10k 100k M 10M  100M
Frequency [Hz] -90
-100
0 1

Frequency [MHz]

Figure 6. PGA frequency response performance plot

for Figure 5 circuit.

modulator, and various filters can be
used at the output to produce single
sideband, double sideband, or sup-
pressed carrier modulation.

Optimizing Bandwidth for Two
Different Gains

Since the compensation capacitor is
connected to the circuitry driven by both
amplifiers, the programmable gain am-
plifier must be compensated for the
lower of the two gain settings. For large
differences in the closed loop gain, the
bandwidth for the higher gain channel
will be less optimum. This is not a
problem in every application, but a
second way to build a programmable
gain amplifier easily eliminates this
limitation.

Figure 4b shows a programmable
gain amplifier with optimized bandwidth
for both channels. A common feedback
network is shared by both channels, like
the muitiplexed input amplifier from
Figure 2a, so both channels have the
same loop gain. The input signal drives
a voltage divider, so the channel A
amplifies the full input signal, while the
input signal to channei B is attenuated.
In Figure 4b the gain from input to output
is 8 when channel A is selected, and 1
when channel B is selected. Since the
feedback factor for each amplifier chan-
nel is the same, the compensation may
be optimized to take advantage of the
full gain bandwidth product available
from the amplifier. Since the SWOP
Amp is optimized for the best AC
performance in higher gains, this ap-
proach is especially useful when one or
more channels must operate at a gain
of unity.
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Figure 7. PGA spectral response performance plot

for Figure 5 circuit.

Putting It All Together

Figure 5 shows 3 SWOP Amps used
to make a two channel multiplexer with
selectable gains of 6 dB, 12 dB, or 18
dB. The channel 1 or channel 2 input
signal is selected by the channel select
signal to A1, which has a gain of 2.
Amplifiers A2 and A3 provide selectable
gains of 1 or 2 in the following manner.
Each amplifier has a gain of 2, set by the
two feedback attenuator resistors being
equal, but channel A picks off the output
of the previous stage directly, while
channel B picks off the output of the
previous stage at the midpoint of an
equal valued resistor voltage divider.
Thus the gain set resistors for A1 also
provide the ‘‘selectable’” attenuator for
A2 to use. A3 uses the gain set resistors
for channel B of A2 (R11 and R10) for its
selectable input attenuator.

Even though there are 3 ampiifiers
cascaded, the dynamic performance is
outstanding as shown by the spectral
(Figure 6) and frequency (Figure 7)

VING

Figure 8. Multiplexer with two
differential inputs and a gain of 1.
Bandwidth is 100 MHz. CMRR is
80 dB at 50 MHz.

analysis plots. Since there are always
three amplifiers in the signal path,
bandwidth and distortion are virtually
constant for all gains. The plot shows the
measured distortion for this circuit, with
the 2F harmonic less than 65 dB.

This circuit can be simplified consid-
erably by deleting the top row of 1kohm
resistors (R1/R2, R7/R8, and R12/R13)
and then connecting the inverting input
for channel A of each amplifier to the
channel B inverting input. This lets both
channels for each stage share a com-
mon feedback network, an idea that was
mentioned earlier. There is a trade-off;
when this simpler circuit is used, har-
monic distortion increases a few dB due
to the extra capacitance at each sum-
ming node. One additional benefit of the
simpler circuit is that gains for the two
channels are absolutely identical.

Differential Circuits

Since each channel of the SWOP
Amp is a true operational amplifier with
outstanding high frequency common
mode rejection characteristics, any of
the above circuits can be implemented
as differential amplifier circuits. This
allows the system designer to separate
signals from noise even when both are
in the RF range. Figure 8 shows a simple
differential MUX with a gain of 1 for the
differential input, 100 MHz band-
width,and CMRR of 80 dB at 10 MHz.

About the Author
Tom Anderson is ‘a Design Project
Manager at Burr-Brown Corporation.
He may be reached at P.O. Box
11400, Tucson, AZ 85734. Tel: (602)
746-7611,
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Multi-Stage Amplifier Bandwidths

By Marlin Greer, Associate Professor,
Murray State University

This article examines the technique
of determining the bandwidth of a sys-
tem of amplifiers when the individual
stage bandwidths are known. The exact
method is developed and then three
special cases are defined which permit
simplified calculations for most situ-
ations.

An otherwise ideal amplifier with a
single lag network (either internal
or external) can be represented as an
ideal amplifier driving an RC network
(Figure 1). A ., represents the gain at
low frequency where the response is
flat, that is, not dependant on frequency.

Mathematically, the voltage gain as a
function of frequency for the above
model can be expressed as a complex
algebra expression. The frequency of
interest, {, is the frequency at which the
gain is to be determined. The critical
frequency, f,, is also called the break
point or 3 dB frequency. The letter “j”
is the imaginary number designator
used in engineering for which “i’’ is
used in mathematics.

A
= v(mid)
A (+jf+f) M
1
= 2
' = 2mRC @
When f =1
A A
= v(r.md) = v(mrfj) 3
W) (1 +jf Jf) a1+t )
therefore:

A,
[A ()] = -\}—‘2’"—1'_‘1: Av(mid)(dB) -3dB (4)
That is, when f = f , there is a 3 dB loss
of gain.

Since the gain is fairly flat (within 3
dB) from zero Hertz to f., the frequency
distance from the origin to the corner is
called the 3 dB bandwidth (Figure 2).
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Figure 1. An ideal amplifier driving
an RC network.

This bandwidth is the usable frequency
range.

Multistage Systems

This concept can be extended to
multistage systems of the type shown
in Figures 3a and 3b. The amplifier
symbol represents an ideal, that is,
infinite bandwidth, infinite input imped-
ance, zero output impedance amplifier.
Therefore it assumes no interaction
between the RC stages.

The voltage gain of the system is just
the product of the gain of the individual
stages:

®)

A A
= v(midt) v(imid2)
A <(1 + jf/fm)> <(1 + jf/fc2)>

A
— v{mid)
A (1 + i )0 + ) ©)

where:

Av(mid) = Av(mid1)

Av(mid2) (7)
Since no low frequency losses are
assumed because of the absence of
lead networks, the 3 dB bandwidth is
equal to the frequency distance from
zero Hertz to the upper 3 dB point.
Because 3 _dB corresponds in magni-
tude to 1¥2, the composite or system
corner (f ) can be described as occurring
as follows: (8)
]A (f )l — Av(mid) — . Av(mid) i

vio V2 0+t A0+ AN

A (dB)

.......

~3dB | —— e - *

1, t

| <<~ BW —>> |

Figure 2. The usable frequency
range.

or in simplifying to the essentials by

leaving out the common Av(mid)

Mo+, N+, =V2 ©)

(10)
(VI + (/)7 ) (\/h + (folfcz)z]) =v2

[+ ()0 + /)7 =2 )

This formula can be used to solve for the
composite 3 dB corner (f ) for any f_, and
f.,. However, special cases can be
defined that simplify calculations for
most situations.

Equal Corner Frequencies (Case )

When the two corner frequencies are
equal in an amplifier system, egquation
11 leads to a simplification since the two
bracketed terms become equal to each
other.

f=f,="f (12)

c1 c2 c
[+ (/)22 =2 (13)
1+ ()2 =V2 (14)
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RF emc corner

EMI Signal Analysis

By Roger Southwick
EMC Consulting

Although descriptions of methods for
measuring EMI signals abound in the
literature and in various regulations,
methods for analyzing EMI signal data
have received far less attention. This
may be because the regulations specify
only that such data be reported in some
specific format. The rationale for analyz-
ing EMI signal data is based on the
needs of prequalification testing to de-
termine the causes of noncompliance.
Prequalification test methodology is not
defined by the regulations, but it is a
fundamental requirement for product
development. The causes of possible
noncompliance found as a result of
prequalification testing must be reme-
died. This requires first that the offend-
ing signals internal to the item under
test, EUT, be identified, and second that
there be methods to evaluate modifica-
tions to the EUT. Other analyses include
methods for combining sets of data so
that the maximum signals of several
data sets can be determined.

he most effective way to implement
EMI signal analysis is to have the
necessary data in some format that can
be loaded into a computer. The EMI
signal analysis to be discussed here is
a part of the EMI Commercial Measure-
ment Program (1). This program meas-
ures the EMI signals, which can then
be stored on a disk and can then be
retrieved for future analysis.
The type of data included in a data
set depends on options selected during
the actual measurement. The complete,

all-option data set consists of a number
of identifying parameters, a comment
string, the trace data and a data array
containing the peak, average and Q-P
amplitudes plus the frequency of each
individual signal. Most of the analysis is
performed on the data contained in the
data array. The data analysis menu of
the program is shown in Figure 1.

Each data analysis subprogram of the
Data Analysis Menu has options to
select types of data: peak, average or
Q-P. Measurements are made in either
of three measurement subprograms: E
Field, H Field or Conducted. Each
measurement subprogram is divided
into measurement bands: E Field has
three bands covering 30 to 1000 MHz,
H Field has two bands covering .01 to
30 MHz and Conducted has a number
of bands that are used in pairs and cover
from .01, .15, .45 to 30 MHz. Provision
is included to prevent the mixing of data
from different measurement subpro-
grams. Also included, when appropriate,
are options to select data sets of a
specific measurement subprogram
taken on a specific phase, for conducted
or for mixed or specific polarization for
E Field measurements.

The first selection from Figure 1 to
be described is “Printout; List & File’’.
This option has two parts: a file listing
and a file printout. The file listing will
print out the identifying parameters of
the files, but no data. A sample of a
listing of three files is shown in Figure
2. The file listings are in the order the
files were recorded. This option is a

convenient way to obtain the file num-
bers, which must be used to retrieve files
for analysis by other analysis subpro-
grams. The file comment is included in
the file listing to heip identify files. An
option to list either all the files on a data
disk or only those files from a specific
measurement subprogram is provided.
The file printout will print out any
individual files selected.

As previously mentioned, it is neces-
sary to identify the source of any signals
that are in noncompliance. Such signals
are mainly the result of intermodulation
products of clocks; local oscillators or
reference signals internal to the EUT.
An intermodulation product is the sum
of or difference between the harmonics
of these internal signals. The sum of the
absolute value of the harmonic numbers
is the order of the intermodulation
product. Since the level of the harmonic
decreases as the harmonic number
increases, the level of intermodulation
products decreases as the order in-
creases. Third-and fifth-order intermodu-
lation products usually have higher
levels.

The Intermodulation subprogram,
which is selectable from the Data Analy-
sis Menu of Figure 1, is responsible for
identifying the fundamental components
of the intermodulation product. A single
data set is selected for analysis. The
analysis is performed on the frequency
data from the data array. The operator
then enters into the program the fre-
quency of the internal signals of the
EUT, selects the highest intermodula-

Statistical Analysis

intermodulation
Composite Plot

RETURN

Enter Selection

#»+» DATA ANALYSIS MENU =*»+

Composite Printout

Printout; List & File

File 52
Horizontal
Antenna Zero
Trial 28/5/90

File 53
Horizontal
Antenna Zero

Statistics Composite Prt

Composite Plot Return

File 54

Horizontal
Intermod Antenna Zero
Printout Testing E Field

Demo of E Field

E Field 30 to 200 MHz
Azimuth 0 9: 29: 28: May 30, 1990
Limit Level 53

E Fieid 30 to 200 MHz
Azimuth 0 21: 42: 49: May 31, 1990
Limit FCC Class A

E Field 30 to 200 MHz
Azimuth 0 9: 34: 29: June 2, 1990
limit FCC Class A

Figure 1. Data analysis menu.

RF Design

Figure 2. Data disk file list printout.
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Swept Spectrum Bandpass Filter

By Dr. Roy H. Propst
University of North Carolina, Chapel Hill

As demands have increased many-
fold over the past few years for more
spectrum availability, we have either
gone to higher frequencies or to better
utilization of present allocations. New
communications modes have arisen,
such as spread spectrum systems (1)
which transmit voice or data over a
swept-frequency carrier and thus time-
distribute as well as frequency-distribute
spectrum use. This idea has motivated
the present work to further develop
spread/swept spectrum ideas useful to
communications. In the following, we
frequency-sweep the center frequency
of a bandpass filter in order to achieve
two advantages: time multiplexed spec-
trum for shared use and improved filter
bandpass shape characteristics.

LS| technology has permitted the

fabrication of many devices which
have changed the outlook of ‘“circuit
design”, as well as the concept of circuit
design itself. We can now think in terms
of building blocks rather than single
devices, and then assemble these blocks
into new structures. One such block is
the switched-capacitor-filter (SCF). This

device, as usually fabricated, gives
lowpass, highpass, or bandpass charac-
teristics at will and the capability to
reconfigure externally. This device is
based on the ‘‘switched-capacitor-
resistor’”’, which can be viewed as the
simulation of a resistor by a switch and
a capacitor in series. An external clock
generator controis the opening and
closing rate of the switch and therefore
the “average’’ current flow through the
switch and into the capacitor, which
stores the pulses. Hence, the current
flow or “‘circuit resistance’’ depends on
the switching speed (2). There exists
several implementations of the SCF in
DIP packages, for example the National
MF10 (3). One of the most useful
properties of the SCF is the ability to
change the center frequency of a band-
pass filter implementation by changing
the external switching-clock-rate of the
filter. This, of course, is quite reasonable
since it just changes the equivalent
resistance values of the switched-
capacitor-resistors in the filter.

In order to achieve the desired results
for the swept spectrum bandpass filter,
we use a SCF as a narrow-bandpass

filter, and sweep this narrow passband
over a wide range of frequencies and
thereby pass them all - as a function of
time. In this manner, we obtain a wider
bandwidth than the original SCF, but at
the same time keep the original siope
at the upper and lower three-dB-break-
points, that is the same ‘‘ultimate attenu-
ation’”” as the SCF. This means that we
can obtain a high-Q bandpass filter
which has a ‘‘flatter’” passband than
normally expected for the same value
of Q.

Figure 1 shows the basic design. The
*“clock’ for the SCF is a voltage controlled
square-wave oscillator (VCO), this deter-
mines the center frequency for the SCF.
It should be noted that the center
frequency of the SCF is not equal to the
frequency of the VCO, but proportional
to it by some scale factor -for example
in many cases 1/100-th. We now use a
sawtooth generator to control the VCO.
The output of the VCO is therefore a
constant-amplitude variable frequency
square wave - a frequency modulated
square wave whose frequency varies
periodically and linearly with time. The
frequency span-range of the VCO thus

TWO POLE SCF
WITH A Q-VALUE OF 10

THREE POLE SCF
WITH A Q-VALUE OF 10

Lower Lower
Bandwidth Points
(Hz) (Hz)
3 dB points 31.6 300.0,
331.6
6 dB points 141.9 252.3,
394.3
60dBpoints 8810.9 1.3,
8822.2

SCF SHAPE FACTOR (SF1) = 62.0
SWEPT FILTER (SF2) = 24.3

IMPROVEMENT: RATIO SF1/SF2 = 2.6

Upper Upper Lower Lower Upper Upper
Points Bandwidth Bandwidth Points Points Bandwidth
(Hz) (Hz) (H2) (H2) (Hz) (Hz)
24429, 2571 3 dB points 31.6 300.0, 2442.9, 2571
2700.0 331.6 2700.0

2054.6, 1155.8 6 dB points 104.9 267.3, 2176.3, 854.3
3210.3 372.2 3030.7

91.8, 71745.4 60dBpoints 29215 33.7, 2741, 23789.2
71837.3 2955.2 24063.3

SCF SHAPE FACTOR (SF1) = 27.8
SWEPT FILTER (SF1) = 8.7
IMPROVEMENT: RATIO SF1/SF2 = 3.2

Table 1. Shape Factor improvement using swept
spectrum filter for a two pole SCF implementation.

RF Design

Table 2. Shape Factor improvement using swept
spectrum filter for a three pole SCF implementation.
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INPUT BANDPASS
SWITCHED
CAPACITOR

FILTER

OUTPUT

VOLTAGE
CONTROLLED
OSCILLATOR

SAWTOOTH
GENERATOR

CLOCK

Figure 1. Basic components of the
swept spectrum bandpass filter.

sets the bandwidth of the resuitant
swept spectrum filter. There is, as can
be seen in the figure, one more thing
needed. A clock is needed to run things,
i.e. set the frequency of the sawtooth
and thus the period of the frequency
sweep of the filter.

Programmable Spectrum

A simple modification of the basic
design is given in Figure 2. Here, we add
a gate in the output of the filter. We
control this gate with a pulse derived
from and synchronous with the clock.
We generate a control puise of variable
length and delay from the clock output
pulse. This control puise determines the
‘‘on”’ time for the gate, as a percentage
of the total sweep cycle. Thus, we switch
the output on (or off) for some portion
of the sweep cycle. If for example, we
use this puise as a *‘turn off’’ pulse and
we are sweeping frequency with time,

INPUT BANDPASS QUTPUT
SWITCHED
CAPACITOR GATE
FILTER
VOLTAGE DURATION
CONTROLLED AND
OSCILLATOR DELAY
SAWTOOTH IN ouT
GENERATOR
CLOCK

Figure 2. Modification of swept
spectrum filter to include notch.
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this pulse occurs at some passband
frequency and thus means that some
part of the frequency spectrum through
which we sweep is missing from the filter
output signal, i.e. we have created a
notch in the filter output. We can use
more sophistication and have the output
switched off and on for any part of the
frequency sweep and have a ‘‘fully
programmable’’ output spectrum.

Filter Bandpass Shape

The advantage offered for improve-
ment in the shape of the passband at the
upper and lower 3-dB points can be
seen by comparison to an ‘“‘ordinary”’
bandpass filter. For an ordinary band-
pass design with a Q of 10 and two
poles, for example. We get a slope of
12 dB per octave or 40 dB per decade
at the “ends’”. Here, we can get a
measure for the improvement by com-
paring the shape factors of the fiiters.
The shape factor (SF) is defined as the
ratio:

SF = (Bandwidth at 60 dB down)/
(Bandwidth at 6 dB down).

This number is a constant and will be
determined by the original SCF filter
design. For example, we can choose a
two pole SCF and design the overall
swept fiiter for “‘communications qual-
ity’’ speech, via a 3-dB bandwidth of 2.4
kHz, swept from 300 Hz to 2.7 kHz. For
an SCF with a Q of 10, at the lower end
of the spectrum, 300 Hz, it has center
frequency of 315.79 and 3-dB points of
300 Hz and 331.48 Hz; at the upper end
of the spectrum, 2.7 kHz, a center
frequency of 2571.43 Hz and upper and
lower 3-dB points of 2700 Hz and
2442.86 Hz. Table 1 shows the 6 dB and
60 dB down frequency bandwidth values
at the upper (2.7 kHz end) and the lower
(300 Hz) end of the swept filter design,
as well as the shape factor of the SCF
at these points, and the resultant overall
shape factor of the swept filter. You can
see a 2.6:1 improvement in shape factor
for this two-pole filter. Similarly in Table
2 we give the results for a three pole
filter, things get better with an improve-
ment of 3.2:1. Thus, for the design, we
have independently adjustable: shape
factor, center frequency, and band-
width. The shape factor is determined
in hardware, but the center frequency
and bandwidth voltage-variable are ad-
justable parameters.

Results
The swept spectrum filter was imple-

mented using the National MF10; vari-
able, external, sawtooth and clock gen-
erators were used to allow maximum
fiexibility during evaluation. System op-
erating parameters were chosen for
communications guality speech, defined
above. The SCF Q-value was chosen to
be ten, this is a constant fixed by the
ratio of two resistor values. Since this
has a fixed constant value, it means that
the “‘instantaneous bandwidth” of the
filter changes as the center frequency
is swept from 300 Hz to 2.7 kHz. A Q of
ten is not an extremely “‘high” Q-value
and is easily implemented without any
associated ringing problems. Measure-
ments were made with a spectrum
analyzer to confirm the performance and
the results are in Figures 3 and 4. Figure
3 shows the response of the SCF at the
lower and upper ends of the swept filter
range, in this case one and four kilo-
hertz. The constant Q-value of the SCF
imposes the exhibited different band-
widths of the responses. Now, if the SCF
is swept between lower and upper
frequency limits, the overall response
can be seen in figure 4. The ‘‘wiggles”
in the response curves are produced by
the “sampling” of the spectrum ana-
lyzer. The tracking generator of the
analyzer was swept across the fre-
quency range at a very low (seconds)
rate; whereas the sawtooth swept the
filter at a much higher (milliseconds)
rate. This method produces an ‘‘aver-
age spectrum’’ display; which is, in fact,
the result obtained in normal operation
of the swept filter.

As a final test for comparison, an
audio subjective evaluation of the filter
was made with speech and music. The
bandpass character was clearly appar-
ent as the minimum and maximum
sweep frequency values were changed
for several values of sweep rate. Sweep
rates are clearly related to the Nyquist
sampling rate. However, here we are
continuously sampling, at the sweep
rate, in the frequency domain rather
than digitally sampling in the time do-
main, as is usually the case. Fidelity was
found to be good for a sweep rate equal
to the upper passband frequency, and
very good for twice this vaiue, which
corresponds to the Nyquist rate.

Conclusions

For this design, as is usually the case,
a tradeoff is required between added
complexity and improved filter charac-
teristics. Although many filter applica-
tions may not warrant the described
level of sophistication, the increased
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Using SAW Double-Mode Resonators
for First IF in Cellular Radios

By Sean Broderick
Goldstar Products Company

As cellular technology progresses, engi-
neers are constantly researching and
developing new components to improve
reliability, decrease cost and make prod-
ucts easier to manufacture. Surface
acoustic wave (SAW) devices have been
utilized in many diverse electronic appli-
cations since their discovery by Lord

23T Plezoelectric substrate
Surtace acoustic wave output
at the synchronous frequency

Figure 1. Surface acoustic wave
propagating through substrate at
desired center frequency.

sinX 1 o

xf/

BT e e ey g

Figure 2. Sin X/X characteristics
of SAW filter.

Piezoelectric

RN RO
substrote )

Figure 3. Simple diagram of SAW
filter with input/output IDTs.
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Rayleigh in 1885. The most common
application using SAW devices . has
been for intermediate frequency (IF) for
modern television receivers. Initial SAW
filters were of little interest to cellular
receiver designers due to their high
insertion loss. Now, SAW technology
has progressed to allow realization of
filters with much lower insertion losses
(<5 dB), and circuit Q’s that approach
15,000. This opens new doors for appli-
cations in cellular telephone products.
This paper will discuss the application
of a double mode SAW resonator for first
IF in cellular radio, and will describe
performance results of the receivers
tested.

SAW device utilizes a single piezo-

electric substrate and two voltage
excited interdigital transducers (IDTs)
to propagate signals. When an impui-
sive voltage is applied on the interdigital
electrodes, strains with opposite phases
are generated between adjacent elec-
trodes due to the piezoelectric effect,
resulting in the excitation of surface
acoustic waves. The interdigital
transducer is made up of a photolithogra-
phic pattern whose wavelength (1) is
that of the desired center frequency (F ).
The center frequency is given by the
expression:

o= S/

The bandwidth (6f) of the filter is a
function of the proportional relationship
of:

offF, 1IN where N is the number of
electrode pairs.

The maximum output at the center
frequency (F,) coincides with the surface
acoustic wave output excited at the
spaces between the IDTs, and inversely,
the output becomes minimum when the
frequencies do not coincide (Figure 1).
The frequency selectivity of the surface
acoustic wave has characteristics pro-
portional to Sin X/X and therefore can
be used as a filter (Figure 2).

o

Y- ;:Ct Ba TGa
o

Figure 4. Equivalent circuit for IDT
in terms of radiation conductance
G,, susceptance B,, and trans-
ducer capacitance C.
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Figure 5. Detailed structural dia-
gram of double mode resonator
filter used in test.
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Figure 6. Equivalent circuit of
double-mode resonator filter.

An elementary SAW filter with input/
output IDTs on a single-crystal piezo-
electric substrate is shown in Figure 3,
while Figure 4 gives an equivalent circuit
for each IDT in terms of radiation
conductance G_, radiation susceptance
B,, and transducer capacitance C,. it
should be noted that the position of the
IDTs inside the resonant cavity of the
SAW device is critical. This position
directly affects the response of the filter
by changing the efficiency of the IDTs
to launch and receive SAW motion. The
insertion loss of a SAW device is a

ra
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Limiter
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Audio
Buffer

Demodulated
Audio
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Figure 7. Typical cellular receiver block diagram.

function of the impedance match be-
tween the two IDTs and the source/load
impedances presented to it.

Until recently, surface acoustic wave
resonators were used primarily in oscil-
lator design and not in filter applications.
Multimode operation of resonators is
achieved by increasing the resonant
distance between the IDTs. These high-
Q surface wave resonators allow for the
realization of cellular first IF filters that
would traditionally require multiple crys-
tal filter elements. The most efficient
SAW filter architectures for application
in cellular IF are double-mode resona-
tors. This newly developed process
utilizes laterally-coupled double-mode
resonators to achieve circuit Q’s of up
to 15,000. This high circuit Q is 150
percent greater than conventional SAW
filter design technologies. Figure 5
shows a more detailed structure exam-

ple of a double-mode SAW resonator
filter, and its equivalent circuit is shown
in Figure 6.

Design Considerations

A block diagram of a typical cellular
receiver is shown in Figure 7. A tradi-
tional double conversion approach is
shown using an IF system integrated
chip. The front end of the approach
consists of a duplex filter for transmit
and receive sections. A bipolar low noise
amplifier with 12 dB of gain follows the
fiter. This design utilized a passible
double balanced mixer to reduce har-
monics and improve isolation. An active
mixer approach could have been used
in this design, but would have required
extra filtering. Because a passive mixer
was used, a first IF ampilifier at 83.16
MHz was necessary to overcome the
losses incurred. The output of the IF

amplifier was impedance matched using
a resistive network. Although this is a
very lossy way of presenting 50 ohms,
it ensures that the SAW device will see
a good match even out of its bandwidth.
An impedance matching network was
also used on the output of the SAW to
match to the input of the IF system. The
second mixer utilizes a butler overtone
crystal oscillator for conversion down to
455 kHz. The signal is then filtered using
a two pole ladder filter before it is input
to the second IF amplifier. This amplifier
has approximately 40 dB of gain and
an AC bandwidth of 41 MHz. A second
ladder filter is used before the signal is
input to the limiter amplifier. The limiter
amplifier has approximately 62 dB of
gain and an AC bandwidth of 28 MHz.
The output of the limiter amplifier is then
buffered to an internal quadrature detec-
tor. An audio buffer is then used to

CH1 Sp4 log MAG 10 dB/ REF O dB

BBSAW S21 RESPONSE

%% IMARKER |1 /

83.16 MHE / \

1, ~3.44685 dB CH1 S44 log MAG 5 dB/ REF 0 dB AL -287.531 dB
83.160 000 Mkz BASAW S11 RESPONSE . 83.160 0dJ0 MHz
ca
MARKER (1
83.16 MHgz

CENTER B83.160 000 MHz SPAN

1.000 000 MH2z CENTER

83.160 000 MHz

SPAN 1.000 000 MHz

Figure 8. Double-mode resonator S,, response.
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Figure 9. Double-mode resonater S, response.
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RF Design Software Service

Computer programs from RF Design, provided on disk far your convenience.
All disks are MS-DOSPC-DOS compatible, unless otherwise noted.

Disk RFD-0391: March 1991
This month's disk contains “NOVA" by Robert Stanton, a noted circuit analysis
program which can do AC, time domain, and S-parameter analysis. Numerous
models are included, and operating instructions are included in a README
file. This is offered by the author as shareware; a co-processor version, addi-
tional documentation, and future updates are provided to users who wish to
pay for registration.

Disk RFD-0291: February 1991
““Cable Equalizer Design,” by Frederick Radler of Trilithic. For the design of
equalizers to flatten frequency response of cable runs. {Compiled, executable)

Now Available — RFD-1990-SET — A set of ail 1990 Disks
All 12 disks from 1990 are available as a set. Price: $74.00 for 54", $82.00
for 3V2". Foreign orders [other than Canada) add $8.00 shipping charges

Send for a compiete listing of available programs, or circle Info/Card below.

Disks are $9.00 each (5% in.) or $10.00 (32 in). Outside U.S and Canada, add $8.00
per order. Foreign checks must be in US. funds, and must be payable through the US.
banking system. Prices include postage and handling.

Annual subscriptions are available, providing 13 disks for $90.00 {5V in.} or $100.00
(3V2 in.). Specify starting date. For subscribers outside the U.S. and Canada: add $50.00.

Payment must accompany order...specify disks wanted...send check or money
order to:

RF Design Software Service
PO. Box 3702
Littleton, Colorado 80161-3702

Questions and comments should be directed to RF Design magazine
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RF software

Power Amplifier Design
Release 1.03 of the HEPA series of
program modules for high efficiency RF
power amplifiers (as well as linear amplifiers
driven into saturation). The simulation is
approximately 1000 times faster than SPICE,
and other program modules provide functions
not available in SPICE. The programs run on
IBM-PC compatible computers with 384 kB
or more of RAM. Module prices start at $345
in North America, $520 elsewhere. The
complete set of modules sells for $1150 to
$1950 in North America, $1770 to $3000
elsewhere.
Design Automation, inc.
INFO/CARD #234

Circuit Reference Database
Circuit Search announces Version 1.08 of
their database of reference articles contain-
ing practical electronic circuits. Nearly 12,000
articles and papers from over 250 technical
and scientific journals and magazines are
contained in the database. These sources
cover disciplines where electronics are ap-
plied. The database is installed on a hard
disk, using an IBM-PC compatible computer,
and can use either its own menu-driven
front-end to locate circuits using keywords,
or it can be used with a dBase® lll/dBase |11+
compatible database management program.
Pricing is $375.00, including one semi-annual
update. Additional updates are $40.00 for
one, $65.00 for two.
Circuit Search
INFO/CARD #1233

IC Product Database

With the Integrated Circuit Technology
Database from Cypress Information Re-
sources, users can access the offerings of
over 350 IC companies. A few of the
classifications included in the database are
ASIC, VMEbus, VXlbus, PSK and FSK mo-
dems, linear, HDTV, audio, DSP, op amps,
oscillators, DDS, satellite, cellular and others
using ECL, GaAs, CMOS, TTL or other
fabrication technologies. The license for the
database is available for $250, which in-
cludes the data diskettes, a printed version
of ““The Integrated Circuit Product & Market
Guide’’ and an instruction manual.
Cypress Information Resources
INFO/CARD #232

EMI Modeling

GEMS (Graphical EMI Modeling Spread-
sheet) is a software tool which allows engi-
neers to lay out the elements of most
frequency domain EMI situations as graphic
elements in a spreadsheet format. The
software contains a library of common EMI
sources, coupling paths, victims, and transfer
functions. Results are exportable as bitmaps
to most word processors and graphics pro-
grams. The program requires the Microsoft
Windows 3.0 operating system. List price is
$3900.
Atkinson Engineering
INFO/CARD #231
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FAX FAX FAX FAX FAX (303) 773-9716 FAX FAX FAX FAX FAX

Reader Survey: Direct Digital Synthesis

Please take a few minutes to complete the following survey.
This information will help us determine what you want and need to know
about products for Direct Digital Synthesis (DDS).

1) On a scale of 1 through 10 (1=low, 10=high), please rate your knowledge of DDS products and
techniques

2) Using the same scale, how much do you enjoy reading articles in RF Design about applications
of DDS?

3) Which suppliers do you think of for DDS products?

A) B) C)
D) E) F)

4) What types of Direct Digital Synthesis products do you use?
Integrated Circuits Board-Level Subsystems
Modular Synthesizers Quadrature Outputs
Modulated Waveforms Other (specify)

5) What are your primary applications?
Consumer Military
Consumer/industrial

6) How much does your company spend annually on these products?
Less than $1k $1k-$25k
$25k-$100k More than $100k

7) When considering DDS products, do you have the authority to:
Evaluate Recommend Specify

8) Using a 1 through 10 scale (1=low, 10=high), please rate the following qualities in DDS products for
your RF applications:

Price Delivery Performance
Technical Support Other (specify)
9) In what frequency range is your primary work?
Below 50 MHz 50-450 MHz
450 MHz1 GHz 1-2.5 GHz

Above 2.5 GHz

10) What new features would you like to see in DDS products?

11) If you would like to be contacted by the manufacturers of DDS products who advertised in this issue,
please complete the following:

Name Company :

Address MS
City State Zip
Telephone FAX

THANK YOU FOR YOUR ASSISTANCE!
FAX FAX FAX FAX FAX (303) 773-9716 FAX FAX FAX FAX FAX
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RF engineering opportunities

PROMOTE

CELLULAR ENGINEERS YOUR

RF System Design Engineers
U S WEST Cellular, a progressive leader in the cellular communications in- P R D U CTS

dustry, has immediate openings for domestic and intemational RF System
Design Engineers with expertise in the following areas:

« RF system design experience (450, 800, 1800 Mhz preferred)

« RF propagation modeling R

« Interconnect network design

+ Engineering economic analysis ON LY

+ BSEE or equivalent education

Headquartered in Bellevue, Washington, a suburb of Seattle, U S WEST Cel-

lular currently operates 28 cellular markets in the 14 state U S WEST region

and San Diego, California. In addition, U S WEST Cellular is actively in-

volved in the design and implementation of international cellular systems in Mo °

Eastern Europe and Russia. In the rapidly growing cellular industry, these
positions will play an integral role in the long-term planning and design of
U S WEST Cellular’s existing and proposed cellular systems.

If a fast-paced, creative work environment with challenging opportunities
meets your career objectives, please send a resume to: Sandee Sebring,

U S WEST NewVector Group, Engineering Dept., P.O. Box 7329,

Bellevue, WA 98008-1329. Any offer of employment is contingent upon .

passing a pre-employment drug test. EOE m/f/h/v. Women and minorities

are encouraged to apply. Principals only.

\SWEST Todoy
NEW VECTOR GROUP 503"220"0@00
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Challenge...

The Future

For over four decades, Los Alamos National
Laboratory has challenged the frontiers of
science, researching an exciting range of
phenomena. Pioneering men and women
of science have accomplished breakthrough
discoveries in many areas, combining basic
sciences with engineering disciplines and
technological advances. As one of the
largest multiprogram national laboratories in
the United States, we are also internation-
ally recognized as one of the most presti-
gious scientific institutions in the world.

Electrical Engineers

Responsibilities include working with
engineers and technicians on maintenance,
development and operation of rf systems at
Los Alamos Meson Physics Facility
(LAMPF). Systems include gridded tubes,
klystron and solid state devices at frequen-
cies from 10 MHz - 800 MHz and megawait
power levels, as well as modulation, analog
closed loop control, signal conditioning and
protection. Additional responsibilities may
include engineering support of experiments
and new projects.

To qualify, you must have professional
experience in high power rf or pulse
systems and hands-on experience with high
power large scale electrical/mechanical or
electronic systems. In addition, you should
have formal training in E/M theory, rf/
microwave techniques, high frequency
amplifier design or analog closed loop.
Excellent interpersonal skills are required;
supervisory experience is desired.

Positions require a Bachelor’'s or Master’s
degree in Electrical Engineering or the
equivalent combination of education and
experience.

To formally apply for these positions, you
must reference Job Number 00572 on your
resume. Interested candidates should
forward a resume to Molly Birely

(MS P280), Personnel Services Division
00572-A, Los Alamos National Laboratory,
Los Alamos, NM 87545.

Affirmative Action/Equal Opportunity
Employer. Must be able to obtain a Depart-
ment of Energy Security Clearance.

Los Alamos

NATIONAL LABORATORY
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