






































RF courses

RF Component Modeling
July 15-17, 1991, Los Angeles, CA
Adaptive Signal Processing
August 12-16, 1991, Los Angeles, CA
Analog MOS Integrated Circuits
September 16-20, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Radar Reflectivity Measurement: Techniques and
Applications

July 15-18, 1991, Atlanta, GA
Modern Electronic Defense

August 21-23, 1991, Atlanta, GA
Infrared/Visible Signature Suppression

October 22-25, 1991, Atlanta, GA
Radar Cross Section Reduction

October 29-November 1, 1991, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Synchronization in Spread-Spectrum Systems
July 15-19, 1991, Washington, DC
Global Positioning System: Principles and Practice
August 12-14, 1991, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
August 13-16, 1991, Washington, DC
December 10-13, 1991, San Diego, CA
Digital Cellular Telephony for Mobile Applications
August 26-30, 1991, Washington, DC
Microwave Radio Systems
September 4-6, 1991, Washington, DC
Introduction to Radar ECM and ECCM Systems
September 4-6, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Satellite Communication Systems

July 22-26, 1991, Guildford, United Kingdom
New Broadcast Standards and Systems

July 21-26, 1991, Southampton, United Kingdom
Electromagnetic Compatibility

September 15-20, 1991, Canterbury, United Kingdom
Microwave Measurements

September 22-27, 1991, Canterbury, United Kingdom
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, UK.

DSP Without Tears

July 22-24, 1991, San Jose, CA

July 29-31, 1991, Northbrook, IL

August 5-7, 1991, Arlington, VA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 967-1672.

Seminar on the High Intensity Electromagnetic Radiated
Fields (HIRF)

July 23-25, 1991, Mariposa, CA

October 23-24, 1991, Mariposa, CA
Seminar in EMI Software (EMCAD1)

August 21-22, 1991, Mariposa, CA

December 4-5, 1991, Mariposa, CA
Advanced HIRF Seminar for Commercial Flight
Applications
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September 24-26, 1991, Mariposa, CA
Information: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

Fiber Optical Communication Technology and Systems
August 26-30, Switzerland
Combined Digital Coding and Modulation Techniques
October 14-18, 1991, Spain
Fast Algorithms for Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Information: CEl-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46
(0) 122-14347.

Modern Power Conversion Design Techniques

July 15-19, 1991, Chicago, IL

October 21-25, 1991, San Francisco, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

Electromagnetic Propagation
August 20-22, 1991, Syracuse, NY
ELINT Analysis
September 10-12, 1991, Syracuse, NY
ELINT Interception
September 17-19, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
September 17-19, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Basic Network Measurements Using the 8510B Network
Analyzer
July 29-31, 1991, Los Angeles, CA
July 29-31, 1991, Boston, MA
August 5-7, 1991, San Francisco, CA
Microwave Fundamentals
July 15-18, 1991, Los Angeles, CA
Designing for EMC
July 11-12, 1991, Atlanta, GA
August 22-23, 1991, New York, NY
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

Digital Signal Processing Workshop

July 16-18, 1991, Campbell, CA

September 11-13, 1991, Norwood, MA
information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Introduction to Telecommunications
July 16-19, 1991 Los Angeles, CA
July 23-26, 1991, Boston, MA
Introduction to Datacomm and Networks
July 16-19, 1991, Los Angeles, CA
July 23-26, 1991, Boston, MA
Hands-On Datacomm Troubleshooting
July 23-26, 1991, Boston, MA
July 30-August 2, 1991, San Diego, CA
Digital Signal Processing: Techniques & Applications
July 23-26, 1991, Washington, DC
July 23-26, 1991, Toronto, Canada
Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417-8888.
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RF industry insight

Contract Services in the RF Industry

By Liane G. Pomfret
Associate Editor

his report looks at three kinds of

outside services: EMC test labs,
calibration labs and design consultants.
The rising popularity of consultants and
outside laboratories offers many compa-
nies the possibility of reducing costs,
while at the same time getting the
services they need. it is not an industry
without its problems, however. The rapid
approach of EC92 has many in the EMC
testing community worried. Additional
standards and regulations are making it
tougher for the calibration business. And
as always, consultants are faced with
the problems of running their own
business.

Consultants don’t appear to be suffer-
ing from the current economic situation,
provided they are established, have
their own equipment and offer excellent
knowledge of their chosen field. Other-
wise, it can be tough. Engineers who are
new to the consulting field are often at
a disadvantage — they lack equipment,
experience and the ability to market
themselves effectively. For those that
can overcome these, business can be
overwhelming. ‘| was told that if you can
survive the first year, you can make it. |
now work twelve hours a day and am
just overwhelmed,” says Al Helfrick of
Helfrick and Associates. He is currently
involved in developing consumer prod-
ucts for a company that wants to build
in the United States, and he has had to
turn down jobs from other companies
in the past.

Other consultants offer their expertise
for the training of a company’s person-
nel. Neal Silence, an Engineering
Consultant tries to sell his experience
as a training tool - teaching others how
to do their job quickly and efficiently.
‘““Getting through to the division man-
ager, that | can save them money, is
tough’ says Silence. Convincing people
that in order to save money they must
first spend money is never an easy task,
especially when every dollar must be
accounted for. When a consultant is
hired, a company doesn’t have to pay
any benefits such as insurance or
retirement funds, instead they are buy-
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ing a ‘‘known cost for a known task,”
says Silence. Consultants are called on
to do everything from research and
development to design, testing, person-
nel training and even serving as an
expert witness in a trial.

When a consultant is hired . . .
they are buying a “known
cost for a known task.”

In much the same way, calibration
laboratories are also seeing more busi-
ness. The companies mentioned in this
article only calibrate products they sell
or manufacture, but are probably repre-
sentative of the industry as a whole.
There are essentially two types of cali-
bration. Calibration to factory specifica-
tions and certified calibration which is
traceable to NIST or MilL-specs. The
latter is much more stringent and must
be done more frequently in order to
retain certification. ““With the introduc-
tion of MIL-45662 requirements, it has
forced equipment to be reviewed and
calibrated on a regular basis,” notes
Leon Kuklinski, Product Service Man-
ager at Bird Electronics.

Along with the increase in MlL-spec
requirements, which has meant more
business for some calibration labs, com-
panies are finding that it is less expen-
sive to have an older piece of equipment
repaired and recalibrated than it is to
buy a new one. Craig Leong, Lab
Manager at Tucker Electronics notes
that, ‘‘People are trying to get more
mileage out of their equipment rather
than spending money on new equip-
ment.”’ At the same time, much of the
newer equipment is built so well that it
does not need to be recalibrated as
often. Despite these trends, the calibra-
tion laboratories continue to do well
because of the very nature of their
services.

EMC Laboratories
EMC testing laboratories are also
doing relatively well, for the moment.

New specifications and requirements
have caused an increase in business
for EMC labs, but they are about to
run into some serious problems
because of the unification of the
European Common Market in 1992. In
the meantime, new technologies such
as spread spectrum, are requiring that
closer attention be paid to EMV/RFI
problems and EMC test labs are reaping
the benefits.

Despite the increased testing and
development for EMI, the changes in
trade agreements for EC92, will virtually
stop all American testing of products
bound for the European market. Accord-
ing to a report in the July/August issue
of EMC Test & Design, “‘Currently, U.S.
EMC laboratories cannot attain Notified
Body status which is the accreditation
for the European community. Only mem-
ber countries to the EC can attain this
accreditation.” Clearly, this poses
problems not only for the independent
testing labs but also for manufacturers
of equipment destined for the Euro-
pean market. The same report also
notes that ‘“‘there is no unified U.S.
voice addressing European concerns,”
and this should be a major concern
for all EMC testing labs in the United
States. While steps are being taken to
negotiate a trade agreement between
the EC and the U.S., there is much to .
be sorted out before a final solution is
agreed upon.

The reasons for choosing an outside
contractor vary. Instead of building
an in house test or calibration lab
which is ‘a costly undertaking, send the
equipment out to be tested or cali-
brated. Instead of hiring an engineer for
one project at $40,000 a year plus
benefits, hire a consultant for much less.
Outside contractors have a lot to offer
the RF industry and their success is
assured despite the problems they now
face. RF

For reprints of this report, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation De-
partment.
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RF design awards

A Comprehensive Filter
Design Program

By Michael Ellis
Mississippi State University and
U.S. Army Corps of Engineers

Here is the winner of the first RF
Design Awards PC Software Contest!
This computer program, made up of
numerous computation modules, syn-
thesizes and analyzes the basic filter
configurations (lowpass, highpass, band-
pass, bandstop) using elliptic, Butter-
worth, Chebyshev rolloff models as well
as image parameter designs. A number
of related computation functions further
enhance the utility of the program.

he programs that make up this filter
design package were written as a
result of studies throughout the author’s
academic career. The justification for
writing them is to help understand and
remember the principles taught in
school, with regard to the design of
electronic filters.
For convenience, the program runs from
a main menu which calls the various
program modules. File transfer between

modules is performed automatically. Be-
cause of the complexity of the program,
a comprehensive description of each
section is not practical, and the reader
is referred to the list of references.

Hardware Requirements

The program runs on an IBM PC/XT/
AT or compatible unit with graphics
capability. Actually, numerical data can
be obtained using any available display
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Figure 1. Input ‘data (a), circuit design (b) and
magnitude response plot (c) of a 5th order elliptic
lowpass filter designed with this program package.
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MAGNITUDE AND PHASE RESPONSE
TEST

IF DATA IS CONTAINED IN A FILE, PRINT FILENAME ELSE RETURN TEST
ANALOG(O) OR DIGITAL(1) BODEPLOT? O

INPUT HIGHEST DEGREE OF NUMERATOR Q
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S*xx O 1

S*x 1 2
S*xx 2 2
Sxx 3 1

BODEPLOT(0) OR LINEAR PLOT(1)? 1
HZ(0) OR RADIANS(1)? 0

INPUT LOW FREQUENCY END 600000
INPUT HIGH FREQUENCY END 2000000 (a)
INPUT FREQUENCY INCREMENT 100000
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1600000 .2371748 167.7306 .15817

1700000 199452 162.436 .1367206

1800000 .1690014 157.839 .1192673

1900000 .1442686 1563.812 .1049227

2000000 .1240347 150.2551 9.304442E-02
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Figure 2. Phase and delay data (a) and a delay plot
(b) of a 3rd order Butterworth lowpass filter.
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RF design awards

Low Frequency Circulator/Isolator
Uses No Ferrite or Magnet

By Charles Wenzel
Wenzel Associates, Inc.

This is the Grand Prize winner in the
Design category of the 1991 RF Design
Awards Contest. For his achievement, the
author was awarded an HP 8591A portable
spectrum analyzer from Hewlett Packard.

he ferrite circulator/isolator is an

amazing and important tool for the
microwave engineer. Unfortunately, for
frequencies below several hundred mega-
hertz, the size of the magnets and ferrite
becomes unworkable and the cost sky-
rockets. With the advent of remarkably
fast op-amps, it has become practical
to construct a low power equivalent to
the circulator that works all the way
down to DC and exhibits superb reverse
isolation and impedance characteristics
to frequencies above 100 MHz.

Suitable for small signal applications,
the active circulator is excellent for match-
ing and tuning antennas, amplifiers, and
oscillators. Figure 1 shows a schematic
of the circuit. Figure 2 is a photo of the
prototype of the device. The isolated 50
ohm resistance presented at each port
makes experiments with non-linear or
reactive devices such as detectors,
mixers, frequency multipliers, and filters
straightforward since both the signal
source and the analyzer are isolated
from the device under test. Engineers
working with lower RF frequencies will
find the active circulator to be a welcome
addition to the test bench.

The purpose of the circulator is to
absorb all energy entering a port and to
pass that energy on to the next port.
High reverse isolation ensures that the
energy flows in one direction around the
circulator and that the impedance of one
port is not affected by the other ports.
The microwave circulator uses the non-
linear properties of ferrite immersed in
a magnetic field whereas this circuit
uses high speed operational amplifiers.

For the circulator to work properly,
each port must exhibit the characteris-
tics of a Thevenin equivalent consisting
of a 50 ohm resistor and a voltage
source with a voltage twice as large as
the voltage arriving at the previous port.

RF Design

Note that this voltage source ignores
signals leaving the previous port as well
as any signals on any other ports. The
factor of two makes up for the drop
across the Thevenin resistance when a
50 ohm load is connected.

First, the 50 ohm resistance results
from the two, 100 ohm resistors leading
to virtual grounds — that is points that
are held at a fixed voltage regardiess of
the current.

The Thevenin voltage source is a little
less obvious since the two 100 ohm
resistors are connected to two different
voltages that average to the desired
factor of two. Each op-amp amplifies its
input signal by 3.236 which is applied
to one of the resistors. A voltage divider

drops this voltage down to 0.764 which
is applied to the positive input of the
next op-amp. Since the other resistor is
connected to the feedback node of this
op-amp, it sees the same 0.764 size
signal. The average of 3.236 and 0.764
gives the desired factor of two. Figure 3
shows the forward gain versus fre-
quency for different supply voltages.
The differential gain is set so that signals
leaving a port terminated with 50 ohms
will generate no output at the following
port. A load impedance other than 50
ohms generates a ‘‘reflection” which is
passed on to the next port. The op-amps
provide inherent reverse isolation as
shown in Figure 5 and the power
handling capability is shown in Figure 4.
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Figure 1. Schematic of low frequency circulator/isolator.
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RF emc corner

1992 European EMC Requirements
for Susceptibility

By Gary A. Breed
Editor

Much has been written about the
European Economic Community’s Di-
rective 89/336/EEC, but continued at-
tention to EC92 is required because of
its far-reaching economic implications.
For those readers who are primarily
design engineers, not EMC specialists,
this report will offer some insight into
susceptibility regulations that will af-
fect their design tasks in the near future.

asically, the 1992 European Com-

munity directive requires minimum
standards for emissions, and immunity
(susceptibility) to both RF fields and
electrostatic discharge (ESD). The an-
ticipated standards represent tougher
EMC requirements for manufacturers to
meet, and in the case of immunity,
completely new requirements for nearly
all consumer electronics sold in Europe.

CENELEC Committee TC110 has the
responsibility for establishing standards
for immunity to both electromagnetic
fields and electrostatic discharge. Early
in the process, it was made very clear
that immunity to RF fields was an impor-
tant issue to the drafters of EMC policy.
In the proposed standard, the regulated
frequency range is 9 kHz to 400 GHz,
with specifications drawn from existing
IEC 801-3 and 801-6, including modifica-
tions currently proposed by the IEC.

Since immunity standards represent
an entirely new set of mandated per-
formance requirements, they are receiv-
ing much attention. Test laboratories,
military equipment manufacturers, and
only a few others have been working
with immunity performance and meas-
urement techniques readily adaptable
to new EC requirements. Many commer-
cial and consumer equipment manufac-
turers do not have experience in design-
ing to meet immunity standards. This
group will have the difficult task of
rapidly acquiring immunity control engi-
neering skills. Table 1 is a brief summary
of the immunity requirements.

The proposed standard for immunity
to radiated fields, EN 55 101-3, estab-
lishes test methods and limits. Again,
the scope of the regulation is 9 kHz to
400 GHz, with standards currently ap-
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plied only to 80-1000 MHz. Over this
range, the field intensity that the EUT
must be exposed to is 3 V/m, amplitude
modulated (80 percent modulation
depth) with a 1 kHz sine wave.

The performance limits of the EUT
under these conditions are of two types.
First, the function of the EUT must not
be impaired; i.e. no malfunction or data
loss in digital equipment, and no change
in operation of analog-based equipment.
The second standard applies to the level
of the demodulated 1 kHz tone in analog
equipment, which must be 40 dB below
normal signal levels in the EUT. It is
prudent to note that this —40 dB require-
ment might be acceptable for power
supplies and telephone equipment, but
it is not sufficient to avoid affecting the
performance of most data acquisition,
instrumentation and audio equipment.

The field generated must be a minimum
of 3 V/m over the plane which includes
the front, or nearest surface, of the EUT,
using both vertical and horizontal polari-
zations. This differs from previous work
by CISPR which requires a 3 dB field uni-
formity within the volume containing the
EUT. Under the proposed standard, cali-
bration of the field intensity levels is re-
quired at 10 MHz intervals between 80
and 200 MHz, every 25 MHz from 200 to
500 MHz, and at 50 MHz intervals between
500 and 1000 MHz. The test setup calls

for testing inside a TEM cell, or in a
shielded chamber with absorber lining.

These new standards will increase the
cost and time of development of elec-
tronic equipment. However, industry
and consumer groups are beginning to
realize that the still-growing use of
electronic devices in the home and
office requires attention to immunity.
Much of the electronics used for every-
day communications, convenience and
entertainment can be easily disrupted
in RF fields that are modest compared
to the 3 V/m proposed in EN 55 101-3.
For this reason, realistic immunity per-
formance standards would be welcome.

Another issue that will eventually be
addressed is the frequency range pro-
posed, particularly at the lower frequen-
cies. Outside the 80 MHz lowest test
frequency lie many European radio
services, including medium-wave and
short-wave broadcast, aviation and mari-
time communications and navigation,
amateur radio, and various mobile com-
munications. Most discussions have sug-
gested that 30 MHz be considered a
more realistic lower limit, the same as
for radiated emissions.

ESD Immunity Requirements
Preliminary standard EN 55 101-2

covers ESD performance, based on IEC

801-2. The basic human body model is the

cycle. Not final.

A) 50 Hz power frequency magnetic field.

B) RF electromagnetic field, AM modulated: 80-1000 MHz, 3 V/m unmodulated
field intensity, 80 percent modulation depth. Reference IEC 801-3 Draft 3.

C) RF electromagnetic field, pulse modulated: 2.45 GHz, 10 V/m, 1 percent duty
D) Electrostatic discharge: 4 kV peak (Contact Discharge), 8 kV peak (Air
Discharge). Reference IEC 801-2 Dratft.

E) Electrostatic Discharge: 2 kV peak (Contact Discharge), 5 kV peak (Air
Discharge). Reference IEC 801-2 Draft.

(Two ESD standards exist for differing performance levels.)

Table 1. Immunity to radiated interference — types of fields and basic
performance requirements. Note that some standards are still under

development.
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RF coupilers

Broadband RF Transformer
Directional Couplers

By Mark McWhorter
Lorch Electronics

Directional couplers play an essential
role in the design of radio communica-
tion systems. A directional coupler sepa-
rates and samples signals based on the
direction of signal propagation. The
engineer uses these devices to un-
equally split the signal flowing in the
mainline and to fully pass the signal
flowing in the opposite direction. Well-
known published articles describe cou-
pler theory and applications.

imple and inexpensive to fabricate,

VHF- and UHF-band directional cou-
plers are packaged as off-the-shelf items
by numerous vendors. Directional cou-
plers, however, can be built from mate-
rial typically costing one-tenth the price
of commercial packages. This article
intends to provide theoretical and
practical design information to aid the
engineer in the expedient and inexpen-
sive fabrication of broadband RF trans-
former directional couplers for system
requirements.

Theoretical Equivalent Circuit
Model Analysis

The broadband RF directional cou-
pler shown in Figure 1 depicts two
identical transformers wound on mag-
netically isolated cores represented by
primary inductance L, and secondary
inductance L,. Port A is driven by
voltage V, with a source impedance of
Z, ohms. Ports B, C and D are termi-
nated in Z,, Z_ and Z, respectively
(typically 50 ohms each), resuiting in the
equivalent circuit of Figure 2. The main-

u T

AO——— U OB

Figure 2. Directional coupler equivalent circuit.

line energy path is Port A to Port B.
Power from the mainline is coupled to
Port D as a function of primary and
secondary inductance. Port C is isolated
from Port A. Because the coupler exhib-
its reciprocity, power on the mainline
flowing from Port B to Port A will be
coupled to Port C, isolating Port D.

Loop analysis of the equivalent circuit

for this four-port device reveals the
following set of equations derived from
Kirchhoff’s Voltage Law, resulting in the
matrix equation in the form [Z][l] = [V].

Loop 1: -V, + I,(Z, + Z, + joL,)

_ (1)
+1,Z, + LjoM = 0

Figure 1. Broadband RF direc-
tional coupler.
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N L,/L, z/z, P,.(dB) P,.(dB) Input VSWR
1 1 0.500 -3.01 -3.01 2.00:1
2 4 0.800 -0.97 —6.99 1.25:1
3 9 0.900 —0.46 -10.00 1.11:1
4 16 0.940 —0.26 -12.30 1.06:1
5 25 0.960 —-0.17 -14.10 1.04:1
6 36 0.973 -0.12 -15.70 1.03:1
8 64 0.984 ~0.07 -18.30 1.02:1
10 100 0.990 -0.04 —-20.00 1.011
12 144 0.993 -0.03 —21.60 1.01:1
15 225 0.996 -0.02 —23.50 1.00:1
Table 1. Theoretical coupler performance.
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Loop 2: -V, + L.Z, + 1,(Z, + jwl,)

~ ljoM = 0

Loop 3: ljoM + 1,Z, + jwL,)

+1,Z. =0

2

Loop 4: —LjwM + 1.Z,
(4)
+ 1,2y + 2, +jwl)=0

Inductive coupling between the primary
and secondary is related by M = k\/L1L2‘
where k is defined as the coupling coeffi-
cient, possessing a value approaching
unity for a well-designed transformer.
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Loop currents are found by solving for
the matrix [l], and the actual input,
output, coupled and isolated port cur-
rents are derived from the following
relationships:

=4+,

(Input Port Current) (5)

il

(Output Port Current) (6)

I

—=(I, + 1,) (Coupled Port Current) (7)
=1, (Coupled Port Current) (8)
If the coupler is designed to operate at
frequencies such that wl, is orders of
magnitude greater than Z , k is set to
equal1l,and Z, =Z =Z,=Z , then the

solution for the port currents is reduced
to:

| = Vm L1 + L2 9
= \Z,/ \L +2L, ®)
| = Vln L2

b \Z, ) \L, +aL, (19

I =0 (1)

(V. M
o = Z, )\ L, +2L, (12)

Voltage at each port can now be ex-
pressed as follows:

v, - ke 13
a7 L, + 2L, (13)
_ VlnL2
Ve = L, +2L, (14)
V. =0 (15)
Vv, = Vi 16
a7 L+ 2L, (16)
Impedance looking into each port:
Va L2
Z, = T Z, <f1‘+ L2> (17)
Vb
Z,=-2=7 (18)
lb
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