


















































RF news

Reports Predicts $10
Billion Phone, Pager
Sales by 1999

Frost & Sullivan, a subsidiary of Mar-
ket Intelligence, is an international high-
technology research firm that released a
study in January 1994 forecasting a 21
percent compounded annual rate
increase in sales for the wireless com-
munications industry. The report, U.S.
Cellular and PCS Telephone, Pager and
Accessory Markets: Time to focus on
Applications, states that sales are
expected to increase from $2.5 billion in
1992 to $9.5 billion in 1999. The sub-
sidiary of Market Intelligence said the
increase in demand will be coming from
healthcare, security and blue-collar busi-
nesses, and retail consumers. Though
primarily used in business, sales, and
service industries up to this point the
market is expected to expand in
response to declining prices and the
motivation for safety and convenience.
This will enable families access to the
services. Pagers are the biggest growth
from the family standpoint. Numeric
pagers will keep pace while tone-only
pagers will become obsolete. Handheld
phones that can be taken out of cars will
show the fastest growth. New handsets
will offer dispatch and two-way calling
capabilities, providing increasingly inte-
grated communications and eliminating
the need to subscribe to multiple ser-
vices. The report said that as individual
consumers enter the market retail sales
will rise from 22 percent of the total
sales in 1992 to 34 percent of the total
by 1999.

Raytheon Developing Zenith Chip -
Raytheon Semiconductor is designing
the circuitry for the digital cable trans-
mission system developed by Zenith
Electronics Corporation. Raytheon will
provide the IF amplifier/demodulation
integrated circuit (IC) for digital set-top
decoders based on Zenith’s 16-level
vistigial sideband (16-VSB) transmission
system. The system increases the data
that can be transmitted on a single cable
channel without additional videoc com-
pression—expanding the expected 500
channels to 1,000.

U.S., Canada Renew Accreditation —
The U.S. Department of Commerce’s
National Institute of Standards and
Technology and the Standards Council
of Canada renewed an agreement on
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Feb. 22, 1994, that facilitates trade
between the world’s two largest trading
partners. The agreement provides mutu-
al recognition of testing laboratories. For
the U.S. that means accreditation by the
NIST National Voluntary Laboratory
Accreditation Program and for Canada
approval by SCC’s Program for Accredi-
tation of Laboratories. NIST and SCC
base decisions to accredit testing labo-
ratories on similar but not always identi-
cal criteria. Both programs meet the
requirements of international standards
for accrediting laboratories under
ISO/IEC Guide 25: 1990—General
Requirements for the Competence of
Calibration and Testing Laboratories.
The operation of accrediting programs
under ISP/IEC Guide 58: 1993 —Cali-
bration and Testing Laboratory Accredi-
tation Systems-General Requirements
for Operation and Recognition, also
meets these requirements.

New ITU Members — The International
Telecommunication Union has brought
its membership up to 182 by adding
nine new members during 1993. They
are: Czech Republic, Georgia, Slovakia,
Kazakhstan, Micronesia, The Former
Yugoslav Republic of Macedonia, Turk-
menistan, Eritrea, and Andorra.

Microwave Non-destructive Testing —
Flam & Russell, Inc. of Horsham, PA,
has received a contract from the U.S.
Naval Air Systems Command, Washing-
ton, DC. This will aliow the transfer of
high-resolution microwave imaging tech-
nology developed for military use to be
investigated for civilian applications.
Flam & Russell are manufacturers of
custom microwave components, radar,
communications and surveillance sys-
tems, and specializes in antenna and
radar cross-section measurements.

Middle East GSM Contract — Motoro-
la’s International Celiular Infrastructure
Division has signed a $32 million con-
tract with Kuwait’'s Mobile Telephone
Systems (MTSC). The nationwide Giob-
al System for Mobile Communications
(GSM) system was designed as an
open architecture system. This enables
network operators to combine equip-
ment from a variety of suppliers. The
Kuwait system will consist of Motorola
base stations and Siemens EWSD®
switches.

Acquisition of Canadian Company -
Polyflon Company, New Rochelle, NY,
acquired Shawinigan Research & Tech-

nology Ltd., Nepean, Ontario, Canada
lines of Polyguide low-loss clad lami-
nates and SRT bonding film. This gives
Polyflon, a manufacturer/processor of
components and materials for
microwave and RF applications, an ideal
material for the commercial antenna
market.

Commercial GPS Sold - Leica, Inc.,
Buffalo, NY, has purchased the com-
mercial GPS positioning and navigation
systems from Magnavox Electronic Sys-
tems Company. According to the Leica
Geodesy Business Unit in Switzerland,
40 Magnavox employees will become
Leica employees and will work in a
newly established facility in Torrance,
California. This transaction includes
Magnavox's marine and land-based
GPS products as well as the company’s
high-accuracy differential GPS systems,
including the ACC-Q-POINT FM-broad-
cast DGPS network. The sale will not
affect the commercial satellite communi-
cations business group and in fact will
allow Magnavox to focus on its tradition-
al Inmarsat market.

Tektronix Has Canadian Agreement —
Tektronix Inc. has broadened the
alliance, with Rohde & Schwarz GmbH
& Co. KG., Munich, Germany, that was
announced August, 1993. Tektronix
Canada Inc. will assume exclusive mar-
keting, distribution and support respon-
sibility for Rohde & Schwarz’ test and
measurement, and RF/microwave com-
munications products.

Superconducting Energy Storage
Device — A three-year $8.6 million fed-
eral government subcontract has been
signed with Superconductivity, Inc.,
Madison, WI, for up to five commercial
superconducting magnetic energy stor-
age devices (SSD®S). They will improve
the quality of power at various military
installations. The contract is managed
by the United States Air Force (USAF)
at McClellan Air Force Base, Sacramen-
to, CA. and is funded by the Defense
Nuclear Agency. The SSD® protects
sensitive electronic equipment from
power disruptions by using a patented
superconducting coil that can store elec-
tricity without resistance or voltage loss,
and can quickly discharge and recharge.

New Office and a Correction — John-
stech International moved at the end of
1993 into a new facility but unfortunately
they were given the wrong street
address which, in turn, was passed on

April 1994












RF industry insight

Dealing with Signal Degradation

By Andy Kellett
Technical Editor

perfect signal launched into the

proverbial “channel” of information
theory is always less than perfect when
it emerges from the other end. Often the
degradation, and its cure, are apparent.
Other times, more experimentation is
required to find the cause. For example,
given a good receiver and a good trans-
mitter, what could be causing third-
order audio distortion in an FM broad-
cast? (The answer to this real-life prob-
lem can be found at the end of this
report.) This report looks at some of the
phenomena that affect particular sys-
tems, the tools that allow designers to
predict or track down signal degradation
problems, and what can be done to
directly combat these problems.

The phenomena that affect RF trans-
missions are as varied as the transmis-
sions themselves.

“Literally thousands of factories in the
U.S. are using wireless data communi-
cations,” says Dr. Theodore Rappaport,
Associate Professor and Director of the
Mobile and Portable Radio Research
group at Virginia Polytechnic Institute
and State University (Virginia Tech). RF
data communications in factories and
offices are most prone to impulsive
noise and large dynamic fluctuations in
signal strength caused by objects mov-
ing in and out of the propagation path,
says Rappaport. Fan-blade-modulation
and reflection-induced polarization
changes are also problems in factory
and office RF communication systems
says Eric Creviston, a product manager
at Teledyne Electronic Technologies.

The phenomena that affect cellular
radio transmissions depend on the envi-
ronment says Scott Kushino, an RF
Design Engineer at Cellular One in
Denver. “Your concerns in an urban
environment tend to be completely dif-
ferent than those in a rural environ-
ment, which are different than those in
a mountainous environment,” says
Kushino, “Co-channel and adjacent
channel interference are uppermost in
our minds when looking at coverage
and frequency planning in city areas.”

Cable television has its own set of
signal degradation phenomena which it
must deal with. Micro-reflections origi-
nate at every discontinuity in a cable
system, and signal leaking into a cable,
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(called ingress), is also something to be
dealt with.

Modeling and Simulation

Software which simulates RF systems
and their transmission paths at various
levels is available. Propagation analysis
software, like the Terrain Analysis
Package (TAP) from SoftWright, inte-
grates geographical information with
propagation calculations. Topography
information with resolutions as great as
30 meters are available with TAP and it
can be used in calculations ranging
from line-of-sight calculations to signal
strength calculations.

RF systems and their sensitivity to
signal degradation can be modeled at
the link-budget level with programs
such as MIL 3's OPNET Modeler
/Radio™ . In this program, models of
antenna gain, propagation effects,
background and interference noise, and
transmitter/receiver characteristics can
be used to simuiate their impact on sys-
tems and network performance.

Tesoft's block diagram simulation pro-
gram, Tesla, simulates circuits in the
time domain at the level of filters,
VCOs, splitters, etc. Individual blocks
can be assembled to form PLLs,
modems and complete receivers. "Sys-
tem level design can be quite useful at
the debug stage of design because
often a difficult problem will have many
different potential causes," says Steve
Lafferty, president of Tesoft, Inc.

Hardware which helps simulate signal
degradation is also available. Arbitrary
waveform generators such as
Wavetek's Model 395 can simulate
baseband or first IF signals undergoing
almost any process. "l think the RF
market's application for the 395 will be
its noise capability. It produces exact,
repeatable Guassian white noise," says
Bob Ottinger, Design Engineer at
Wavetek. Noise-Com's UFX-BER for bit
error rate applications is another instru-
ment which capitalizes on Gaussian
white noise production capability. By
adding white noise to an ordinarily low-
noise transmission channel, the UFX-
BER allows engineers to measure sta-
tistically significant numbers of errors in
a short time. The BER calculated at the
higher noise level can then be extrapo-

lated to the noise level at which the sys-
tem normally operates.

Another phenomena which afflicts RF
transmission is multipath, and here too,
equipment is available which can simu-
late this effect on the benchtop. Noise-
Com's MP2400 can split an actual
transmitter signal into12 independently
delayed and attenuated signals, which
are then recombined at an output port.
The amounts of the delays and attenua-
tions can be directly specified, or auto-
matically specified by dynamic simula-
tion of a vehicle's path among a set of
reflectors.

Directly Combatting Degradation

Finally, once the degradation has
been identified and quantified, what can
be done?

Some techniques attack the source of
degradation itself — downtilting cellular
base station antennas to avoid transmit-
ting into adjacent cells, for example.
Other techniques accept the degrada-
tion and work to minimize its effects.
There are many different ways of doing
adaptive equalization to compensate for
micro-reflections, says Doug Greene,
Senior Satellite Video Engineer at
Jones Intercable. "The equalization we
use depends on the modulation we
use," says Greene, "This is all cutting
edge and we're trying to find out what
works best in our environment."

Signal degradation effects every RF
transmission system built, but it effects
each system in its own specific way.
Engineers have tools with which to
attack even the most unique problems.

How was the third order audio distor-
tion problem dealt with? Tesoft’s Laffer-
ty reports that Bob Plonka of Harris
Broadcast suspected standing waves
on the transmitting antenna system. A
TESLA simulation showed that direct
and delayed signals transmitted by dif-
ferent parts of the antenna system
caused a phase shift which varied
sharply with carrier frequency. As the
audio modulated the broadcast signal,
the resulting phase shifts were also
broadcast: At the receiver the phase
shifts were demodulated as FM distor-
tion. The solution was to improve the
SWR on the transmission line leading to
the antenna. RF
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RF featured technology

Use Emitter Coupled Logic in Your
RF Applications

By R.N. Mutagi
Space Applications Centre

Emitter Coupled Logic (ECL) is the
fastest logic device family currently avail-
able. It is used in high speed digital logic
circuits employed in computers, test
instruments and high speed digital com-
munication systems. High speed is
achieved in ECL by its non-saturated
mode of operation and the low RC time
constants maintained in the circuit by the
use of smaller resistor values. Due to
this, the ECL devices draw high, but con-
stant, currents, eliminating the switching
spikes characteristic of TTL. This
reduces the system noise. Typical delay
for a 10,000 series ECL gate is 2
nanoseconds and the toggle rate for a
flip-flop is more than 125 MHz. Because
of its non-saturated operation, the ECL
can also be used in linear applications.
This article shows how a number of com-
munications circuits, which are conven-
tionally built with discrete devices and
analog integrated circuits, can be imple-
mented with the ECL devices.

ommunications systems are using

more and more digital techniques
and technology. These systems invari-
ably employ ECL devices in their imple-
mentation. Naturally, if the RF circuits
used the same devices as the digital cir-
cuits, the system would have many
advantages. The number of power sup-
ply voltages required is reduced because
the linear devices which need a variety
of voltages are replaced by ECL devices
to achieve the the same functions. The
multiple gates within a chip minimize the

circuit size and cost. Finally, the circuits
built with ECL devices are easily repeat-
able, are more stable, and can interface
with the baseband circuits directly.

Major building blocks of a typical com-
munication system that can be realized
with ECL devices are: oscillators, ampli-
fiers, limiters, different types of modula-
tors and demodulators, phase detectors,
and frequency multipliers and dividers.

Gates Work as Amplifiers

ECL OR/NOR gates' switching transfer
characteristics have a small input voltage
range V during which the output varies
linearly. The upper end of this range for
which the output just starts limiting its
amplitude is about 370 mV. Of this
range, about 300 mV is quite linear and
has a slope that provides a voltage gain
of approximately 3.6. This gain remains
constant over a wide range of tempera-
ture, (-30°C to 85° C), but the threshold
value varies by as much as 50 mV. By
biasing the input to the threshold value
and applying the signal at this point an
amplified signal is obtained at the output.

To obtain a stable bias the threshold
voltage can be derived from a gate with
complementary outputs [see Biasing
ECL for Linear Operation). In the case of
line receivers, where both the differential
inputs are biased from a single reference
source, the temperature variation does
not affect the operation.

Figure 1 shows an amplifier built with
quad OR gates (MC10103) for wideband
operation at 70 MHz. Three gates are

used as amplifier stages and the
OR/NOR gate is used to bias them. This
circuit provides a minimum gain of 20 dB
and a maximum undistorted output (with
no current limiting) of about 0 dBm
across a load impedance of 50 ohms. A
four stage amplifier, shown in Figure 2, is
built with the line receivers MC10115
and provides a gain of 30 dB with 0 dBm
output across 50 ohms load impedance.

Amplitude Limiters

Since emitter coupled logic gates oper-
ate in a current-limited mode they can be
employed in demodulators, such as FM,
PM, FSK and PSK, that require constant
carrier amplitude. From a single ECL
gate, a current-limited output is obtained
with a minimum input voltage swing of
350 mV. When the available input volt-
age level is low, a number of gates can
be cascaded to obtain additional gain.

The output voltage swing is limited to
the ECL values of -0.9 V and -1.75 V
which corresponds to about 0.8 dBm
across 75 ohms and 2.6 dBm across 50
ohms. Since each gate has a gain of
about 7 dB, addition of each gate in cas-
cade improves the dynamic range of the
limiter by 7 dB on the lower end. A three
stage limiter starts limiting the signal at
—20 dBm. On the upper side, the input
can go up to 0.8 dBm, limited only by the
device ratings. Thus, a large dynamic
range of nearly 21 dB is obtained with a
single chip limiter employing three gates.

The transfer characteristics for NOR
output shows a droop for increasing

INPUT

MC10103
510

OUTPUT

0.1uf

ralip) Ereva. l

MC10103 50

Figure 1. A 20 dB amplifier implemented with four
OR gates. Three provide gain, one is used to bias

the other three.
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Figure 2. A limiter built with four line receivers with
differential outputs provides about 28 dB gain as an

amplifier and has 30 dB dynamic range as a limiter.
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Figure 3. Transfer characteristic
of a typical OR/NOR gate.
amplitude beyond the linear range (Fig-
ure 3). In the limiter applications where
the gates are over-driven the input
exceeds the linear range and the nega-
tive amplitude keeps increasing with
increasing input. The transfer character-
istics for the OR gate, on the other hand,
shows a good limiting characteristics
and, hence, is preferred to a NOR gate
in limiter applications. The amplifier cir-
cuit shown in Figure 2 provides limiting
to the signals whose power level
exceeds —28 dBm.

Oscillators

Oscillators are widely used in commu-
nication systems for generating the carri-
er and clock signals, both at the transmit-
ter and the receiver. Crystal oscillators
are used for better frequency stability.
Voltage controlled oscillators are used in
phase locked loops, AFC applications
and frequency modulators. In all these
applications the ECL 10,000 series gates
can be employed for generating frequen-
cies well above 100 MHz. For still higher
frequencies the ECL 1600 series or ECL
100,000 series gates can be used. Fig-
ure 4 shows a crystal oscillator built with
a single OR/NOR gate. The crystal is
connected in the feedback path between
the NOR output to input which is biased
for threshold voltage. The input tank cir-
cuit is tuned to the crystal frequency. A
second gate is used as a buffer.

Digital and Analog Modulators
Three types of modulators are used

with digital signals: amplitude shift keying

(ASK), frequency shift keying (FSK) and

xc
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phase shift keying (PSK). These are
easily implemented with ECL devices.
Figure 5 shows an ASK modulator (also
known as on-off keyed or OOK modula-
tion). Basically it is an RF switch operat-
ed with data. The carrier is switched on
and off with the data. Although a single
gate could do this switching job, addition-
al gates U1B and U1C are used to elimi-
nate the DC bias in the output waveform
(waveforms in Figure 5). The gates U1A
and U1B are switching the same carrier,
but the output of U1B is wire ORed with
the complementary data and hence the
outputs at A and B have complementary
DC levels on which the carrier burst is
superimposed. When these signals are
combined at C a DC level equal to the
ECL threshold voltage is obtained over
which the carrier bursts are superim-
posed. The output blocking capacitor
eliminates the DC and provides a pulsed
RF carrier. A single chip OOK modulator
provides carrier isolation in excess of 30
dB in the off state.

An FSK modulator shown in Figure 6
employs two oscillators built with NOR
gates U1A and U1C. The NOR gates
U1B and U1D, with wire ORed outputs,
function as a muitiplexer, selecting one
of the frequencies. The OR/NOR gate
(U2A) acts as a buffer to the data and
provides complementary outputs which
are used as select inputs to the multi-
plexer.

A biphase shift keying (BPSK) modula-
tor is implemented with a single
XOR/NOR gate (MC10107) with one
input biased at threshold voltage and the
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Figure 4. An OR/NOR gate used
as an oscillator. The second gate
acts as a buffer.
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Figure 5. An AND gate used to
provide on-off keying, along with
input and ouput signals.
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INPUT
Figure 6. An FSK modulator
implemented with two NOR gate
oscillators and a NOR gate 2:1
muitiplexer.

carrier capacitively coupled to it. The
data is applied to the other input as
shown in Figure 7. A QPSK modulator
for 70 MHz operation for TDMA applica-
tion, implemented with a phase shifter,
two D flip-flops and a 4:1 data multipiex-
er, is described in Reference 2. An
extension of this technique is used in the
8-PSK modulator shown in Figure 8.

The advantage of this circuit over the
conventional circuit employing balanced
modulators, drivers and adders etc. is
quite obvious. This modulator employs
only three phase shifters and three ECL
ICs to get 8PSK modulation.

The basic oscillator at 2f,, where fy is
the carrier frequency, is also built with an
ECL gate as explained earlier. The first
phase shifter provides two quadrature
outputs which are separately divided by
two, with two D flip-flops FF-1 and FF-2.
The outputs of the flip-flops are at carrier
frequency f,,. The first flip-flop is connect-
ed in toggle mode with its Q output fed
back to the D1 input. The second D flip-
flop has its D2 input obtained from the
Q1 output of the first flip-flop. This con-
nection ensures that Q2 always lags
behind Q1 with phase of 45°.

The Q1 and Q2 outputs are applied to
two quadrature phase shifters to obtain
0°, 90°, 45° and 135°. Each of these sig-
nals are applied to OR/NOR gates to get
180° phase shift for each input. Thus,
eight phases of the carrier at 45° separa-
tion are available from the gates which
are applied to a 8:1 multiplexer. The out-
put is a carrier with its phase chosen
according to the data bits applied to the
multiplexer. This circuit can operate at 70
MHz, a widely used IF frequency, and
accept the data at rates in the ECL
range.

Besides digital, the ECL devices can
be used in analog modulators too. For
example, the ECL voltage controlied
oscillator, MC1648, can be used for FM

April 1994




























































RF tutorial

A First Introduction to Direct
Sequence Spread-Spectrum

By Gary A. Breed
Editor

Spread Spectrum (S§S) communica-
tions is growing in popularity, especially
in the unlicensed frequency bands allo-
cated for Industrial, Scientific and Med-
ical (ISM) applications. With its roots in
military secure and anti-jamming trans-
mission techniques, SS has been thor-
oughly analyzed and developed, and
much of the reference material is based
on such high-performance applications.
This tutorial reviews the basic concepts
of one type of SS, direct sequence.

irect sequence spread spectrum can

be characterized as a single carrier,
with modulation applied that creates an
RF signal with a bandwidth that is much
wider than the bandwidth of the informa-
tion it is carrying. This characteristic is
what gives SS its name — the signal is
spread across a part of the spectrum.

The modulation applied is designed
to create an RF signal with properties
much like random noise. The resulting
signal looks like noise, yet it is determin-
istic since the modulation is mathemati-
cally generated using a pseudo-noise
(PN) code.

The noise-like properties make the
signal difficult to detect and demodulate,
yet its deterministic nature makes it pos-
sible for a receiver to “unspread” the sig-
nal using the same PN code.

The above combination of properties
demonstrate the attractiveness of direct
sequence SS:

It is difficult to demodulate without
knowing the PN code.

* Multiple channels with different PN
codes can occupy the same band.

|t causes low interference, since the
energy is spread over a wide band-
width.

* [t has low susceptibility to interference
because modulation and demodulation
are synchronous, not responding to
other signals.

The most significant disadvantage to
direct sequence SS is that it requires a
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Figure 1. The basic configuration of a direct sequence spread spectrum

generator/transmitter.

total energy that is above the level of
noise and other signals within the same
bandwidth. It is neither a “below the
noise” system, nor is it as robust in the
presence of interference as some peo-
ple believe [1]. However, it offers high-
reliability transmission with relatively
small signal-to-noise ratios, a big advan-
tage over narrowband modulation.

Generating Direct Sequence SS

There are four contributors to the final
8S signal, as shown in Figure 1 — the
digital data stream being transmitted,
i(t); the PN code in the form of “chips,”
u(t), with a phase that varies rapidly
compared to the data rate; the modula-
tion type, which may be any type of
phase modulation, but is typically
QPSK; and the operating frequency,
usually involving one or more upconver-
sion stages.

The high rate of phase change creat-
ed by the chipping sequence results in a
very wide bandwidth. The signal con-
tains several chips per bit of data, which
a correlated receiver will see as redun-
dant information, but which an uncorre-
lated receiver will see as a rapid series
of bits that approximate noise. The num-
ber of chips per bit of input data typically
is in the range of hundreds to a few
thousand.

The PN code may also be applied
directly to the digital data stream, rather

than multiplying the modulated base-
band signal. In this case, the PN
sequence is considered to be a voltage
waveform which multiplies the data
stream by either +1 or —1. If the data
stream is considered to be return-to-
zero (the digital states are 1 and 0), then
the resulting encoded waveform has
three-states, —1, 0, and +1. If the data
stream is considered to be non-return-
to-zero (the digital states are +1 and
—1), the resulting encoded waveform will
have two states, +1 and -1.

A more complex method generating a
direct sequence SS signal takes advan-
tage of the quadrature signals neces-
sary for QPSK. In this method (Figure
2), the in-phase (l) and quadrature (Q)
paths are each phase modulated with
different chipping sequences, u,(t) and
u,(t). The resulting complex, wideband
signal is more difficult to intercept, since
it requires two PN codes.

There is not sufficient opportunity to
analyze these methods in detail in this
short tutorial. They are presented to
make the reader aware of the configura-
tions he or she may find when pursuing
further research on this subject.

Receiving Direct Sequence SS

A spread spectrum receiver is essen-
tially the reverse of the generator/trans-
mitter. However, a few additional circuit
elements are often added to compen-
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RF design awards

NPOLE Helps Design Phase-Shift

Networks

By R. Dehoney
Consultant

This article gives the theory for the
design of one, two, three and four pole
RC active and passive allpass net-
works. With suitable choice of pole fre-
quencies, these networks can be used
to form wideband constant phase differ-
ence circuits. The programs discussed
in this article continue the work started
in reference 1. They calculate the ele-
ment values for some active and pas-
sive RC one-, two-, three-, and four-
pole allpass networks, given pole fre-
quencies, which may be calculated
using the program described in [1] or
some other program. The work is based
on the work of Albersheim and Shirley
[2] and Toffer [3].

he passive and active versions of the
circuit are shown in Figures 1 and 2.
For either circuit,

&:(22_21) (1)
Vi (Zp+Zy)

For the circuit to be allpass, IV /V;| must
be constant, therefore,

Vo _g P @)
Vi f2(p)
where

f1(p) = (P1—pP)P2 —PNP3 —P)---  (3a)
f2(p) = (p1 +P)(P2 +P)p3 +p)---  (3b)
p = j2nf (3c)
and the constant output is IV [=G-V,.

Single pole circuits are simple enough
to analyze directly. Figure 3 shows a

Z4 l 4]
+

VO
o T_ +

Figure 1. Passive allpass net-
work.
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one-pole circuit which has resistors on
the input and output. This makes it use-
ful in the real world where finite source
and load resistance is inevitable.

For this circuit,

ﬁ —A (p—o4) (4)

\ (p+ws)

where:

Ao (R2—R1) (5a)

(R1(1+ R2J+R2j

RL

oy = ((R2-R1C) (5b)
(1 + REJ

Wy = AL (5¢)

C1 R1(1+@)+R2
RL

To be allpass, w,=w,=p,, the pole fre-
quency. Given p, and choosing the val-
ues of C1 and RL, the equations can be
solved.

The first of the programs to be
described here, 1tPOLE, does the
drudgery. You are asked to enter the
pole frequency and C1 after which a list
of gain vs. RL is printed out. When you
choose RL, R1 and R2 are calculated
and all of the values are displayed,
along with V_ /V;.. You then have the
option of choosing new values or a new
pole frequency.

R R
A
Z4q -
+ +
+

® [&] "

Multipole circuits are too complicated
for this approach to be practical.
Instead, Z,/Z, (or Y,/Y,) is expressed in
terms of both circuit elements and pole
frequencies. Knowing the pole frequen-
cies, a comparison gives the circuit val-
ues.

Two-Pole Circuits

Program operation can best be under-
stood by considering the two-pole cir-
cuit. For this circuit to be allpass,

f1(P) = (P1—p)- (P2 —P) (6a)
fa(p)=(P1+p) (P2 +p) (6b)
From (1),
1— Yo
4 _ Vi
Zy 1+ !Q, @)
Vi
=k g1(p)
gz(p)
where
g1(p) = p? +b1E+bo (8a)
92(p)=p? +by-p-k+bg (8b)
_ (1+G) (8c)
(1-G)
bi=p1+p2 (8d)
by =p1-P2 (8e)

For Z, and Z, to have realizable val-
ues, g,(p) and g,(p) must have real
roots. If we choose k to make the two of
roots of g,(p) merge, then the roots will
be real and the circuit will have the least

Ry c, R,
AA I . A
+ \AJ L} \J -
+
RL Vout

Figure 2. Active allpass network.

Figure 3. Single pole circuit.
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Rz C3 - -
+ +
Figure 4. Two-pole circuit. Figure 5. Two-pole circuit with load resistor.
loss. Letting k, represent that value of 1 (12d)
k, the resulting expression is: Ci= PR Ry Re
2 Ra
Zi __ Kke(p+pa) © oz (12e) R C1j— = AN
Zz (P +paM)p +paN) PaM-R3
where the double root, A useful modification to the circuit of Z4 Z1 equivalent
Figure 4 is to include a load resistance,
Pa =+/bo (10a) R, . The resulting circuit is shown in Fig- Ry Rp
ure 5. Rc
p,-M and p_-N are the two denominator The new circuit values are: Ry C = Co
roots and, 1 1 1
_ by (10b) R2a - @ - 2-RL (13a) Zp Z2 equivalent
- and Figure 6. Equivalent imped
_ 2, T (10c) igure 6. Equivalent impedances
M= 2ke™ + 4k -4 LI I (13b)  with and without a series resis-
N=2k.? -4k, — 4 (1od)y R4a R4 2-RL tance.

A two-pole circuit is shown in Figure 4.
For this circuit:

(p+w1)(p+ “;2)

4 _R2 a (11)
Z, R4 b ®

2 (p+w2)(p+ﬁ]
where

__1 __ 1 (10a,b)
“1=Rict’ ®2 " R2.c2

R4 R3 (11a,b)
=—+1, b=—+1
TR " R1

By comparing the two Z1/Z2 equa-
tions, the circuit values can be

obtained.
Choose R1, then
(12a)
R3=1
kC
RO _ R1 (12b)
=
&
R4 = R2 (12¢)

P

C
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Equivalent forms of Z, and Z, are
shown in Fig. 6.

For the Z, network, the conversion
equations are:

R1-R2

= 7 (14a)
(R1+R2)
RB = (R2—RA) (14b)
CB = C1(R2 +R1) (14c)
RB

and similarly for the Z,, network.

By taking advantage of this conver-
sion it is possible to design a circuit that
accommodates both a source and a
load resistance. Such a circuit is shown
in Figure 7.

2POLE solves for the element values
of this circuit. The program asks for the
two pole frequencies and the desired
load resistance. It then finds the value
of CB which makes RB infinite. With
that value or any larger value entered,
the program determines the other circuit
values. A new value of CB can be
entered if the values are not suitable.

The active version of the circuit is
shown in Figure 8. It differs from the cir-
cuit of Figure 2 by including R, and R,.
This allows the gain to be set by the
designer.

Ra

Figure 7. Two-pole allpass net-
work with source and load resis-
tances.

Figure 8. Active allpass network
with source and load resistances.
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Figure 9. Three-pole network.

3- and 4-Pole Circuits

The design of three- and four-pole cir-
cuits follows the same steps as outlined
above: The equations for Z,/Z, are
developed from V /V;. The value of k
giving confluent roots is found and the
equations expressed in terms of those
roots. The equation for Z,/Z, is found in
terms of circuit elements, and the two
equations are compared to obtain the
element relations.

3POLE and 4POLE automate this pro-
cedure. Given the pole frequencies and
an element value, the programs calcu-
late and display the other element val-
ues. If the values are not suitable, new
values can be obtained. Active and pas-
sive three- and four-pole circuits can be
chosen.

Figure 9 shows the passive circuit
used in 3POLE.

The RC load is optional. If it is includ-
ed, the element values are changed as
follows:

1 1 1

R2a R2 2-RL (15a)
11 (15b)
R4a R4 2-RL

15¢
CZa:CZ—g ( )
C4a:C4—% (15d)

An alternate three-pole network is
included in 3POLE. This network
includes resistors on input and output.
The circuit is shown in Figure 10.

4POLE analyzes one active and two
passive circuits. The basic four-pole cir-
cuit is shown in Figure 11.

It can be modified to include a resis-
tive load by changing values as shown
below:

1 1
R3a R3 2-RL
1 1 1
R6a R4 2.RL

A version with input and output resis-
tors is included in the program. The cir-

(16a)

(16b)
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Figure 10. Three-pole network
using resistors on the input and
output.

cuit is shown in Figure 12.

The program asks for the four-pole
frequencies and a value for RS. It then
calculates a minimum RL and asks for
an RL input. It then calculates and dis-
plays all element values.

Push-Pull Sources

The passive circuits can be imple-
mented in various ways. All that is
required is a push-pull source. Figure 13
shows one convenient way using the so-
called long-tailed pair.

Choose a network having source
resistors and modify the calculated val-
ues to account for the resistance looking
back into the FET circuit.

Other techniques include the use of a
180 degree hybrid, unity gain inverter, or
one of the new transconductance ampli-
fiers with differential output such as the
Maxim MAX435.

Conclusion

It is my hope that these circuits will
usefully augment the circuits presented
in Reference 1, (which presented the
constant phase difference network
design program PHASEDIF), and that
this work will encourage others to ana-
lyze and describe other allpass circuits.

The programs are all unsophisticated
BASIC programs and should run on any
PC. Please call or write me if you come
across errors or if you have questions.

The program, NPOLE, is available
through the RF Design Software Ser-
vice. For ordering information, see page
64. RF
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Figure 12. Four-pole network with
input and output resistors.

Figure 13. Push-pull source using
a long-tail pair
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RF product report

Shielding Products Makers Wait for
Electronic Industry to Focus

By Ann Marie Trudeau
Assistant Editor

Shielding products, the items that are
needed if engineers can’t design out
radio frequency interference (RFI), are
in a market that seems to be unfocused
for the future. The market itself is grow-
ing for a number of reasons but what is
unstable is the wait to see how U.S.
electronic manufacturers are going to
respond to the various market choices
and forces that are now in motion. What
may be the largest force for the immedi-
ate future is the European Community’s
tightening of their RFI regulations which
unlike the U.S. regulations includes sus-
ceptibility requirements for electronic
equipment.

As the only American observer on the
European EMC Information Technology
committee (EMCIT) for the last four
years Gary Fenical has developed
strong opinions. Fenical is Manager of
EMC at Instruments Specialties Co., Inc.
and is the informal liasion between the
committee and the registered test labs
in the United States.

Fenical pointed out that some in the
industry are taking a wait and see atti-
tude while others are acting as if the
Europeans are not going to actually
impliment stronger requirements. “Well,
it’s too late already,” Fenical said,
“because at the first of January 1996 all
electronic or electrical equipment must
comply, no ifs, ands or buts; no grandfa-
thering. The ones that have not done
anything or are just starting are in trou-
ble.” He also pointed out that if you sel
new piece of equipment in Europe and
there Europe has a requirement change
the manufacturer will be given time to
comply. You don't have to retrofit but
there’s no grandfathering now or in the
future. That isn’'t how it happens in the
U.S. But, however the industry responds
the FCC has responded to the Euro-
pean rules. Fenical said that it’s now off-
ical that ay equipment complient with
the Euripean reles and regulations will
be honored here in the U.S. But, he also
observed that the reverse wasn't true.

In addition to concerns about how
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Europe may affect the industry some
companies are also dealing with enter-
ing the commercial market after having
been heavily involved with the military.

James L. Pean, Corporate Communi-
cation Manager of Tecknit said that the
military followed TEMPEST regulations.
These are the standards where elec-
tronic equipment would survive the elec-
tronic pulse from an atomic bomb. So
now the industry is also having to deal
with requirements that are not as strict
to get into the commerical markets. He
also sees the choices that are available
to the market for expansion are the third
world countries that are literally rewiring
their communications systems; coun-
tries like Vietnam and Russia.

...some in the
industry are
taking a wait and
see attitude

The part of the market that doesn’t
seem to be worried about the time frame
to meet changing regulations is the
injection molding part of the shielding
industry. Ralph Starkey, Sales Manager
of Windsor Plastics, said that they could
respond in about six to nine months to
stricter regulations. He also sees that
even though engineers eventually
design out the need for shielding the
increase in clock speeds are ahead of
those efforts so shielding needs will be
driven by the delayed response of
designers to the market demand. Biil
Stratton, Marketing Manager for Elec-
tronics for Adhesives Research, said
that design problems do show up
because of customer expectations. The
person in an airplane who is using a
notebook computer and a cellular phone
at the same time has the computer
wiped out. “You have to make sure one

system doesn’t affect the others,” Strat-
ton said.

Instrument Specialties is gearing to
use finite element analysis (FEA), a
computer technique, to evaluate designs
before building a prototype. “You can
test drive it without taking it out of the
showroom,” Tony Sosnowski, Product
Line Manager said. He said that their
Ulira-Flex™ was a result of just such a
product analaysis and now it's patented.

But also the market seems to be
growing even without focusing on the
changes in Europe. “We believe the
market for EMI pressure sensitive tapes
is probably about $10 million for just the
U.S. market,” Stratton, said. “That’s not
for the future, that’s now.”

He said that the ability of Adhesives
Research to come up with their
Flexshield™ helped them in the space
satellite market. In the satellite business
weight is a major factor because for
every one pound over the design weight
it costs an extra $18,000 and that is why
their product was used to replace alu-
minum foil tape shielding.

Some people in the industry may not
have to respond with an either/or
approach. Bob Barlow, Business Direc-
tor for the Matalized Mterials Business
of Monsanto Chemicals, said that the
European changes may give Europe a
marketing advantage, but that there may
be enough differences between the mar-
kets in other areas that would make it
feasible for a U.S. company to make a
separate product for each market.

Summary

The shielding products manufactur-
ersis are in a good place. The drive for
faster clock speeds to meet demands
and the inability of engineers to keep up
with designing out all RF| before the
products hit the market, the growing
third world markets, and traditional mar-
kets keep them in business. The big
gussing game is how the electronic
industry is going to respond the Euro-
pean changes. RF
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RF Design
Software

Programs from RF Design provided on
disk for your convenience

April Program — RFD-0494
“NPOLE Helps Design Phase-Shift
Networks” by R. Dehoney. Pro-
gram aids in design of single- and
multi-pole allpass networks that
make up constant phase difference
networks. (Programs are in BASIC,
should run on any MS-DOS PC)

March Program — RFD-0394

“Program Uses Two-Port Models
for Design of Small-Signal Ampli-
fiers” by Christopher Buckingham.
Program is a Spice accessory, to
assist in the study and design of of
small-signal amplifiers prior to a
full analysis in Berkeley Spice.
(Requires VGA, will run on
80286/386/486 class MS-DOS PCs)

NOTE! New Pricing (as of March 1):

Monthly program disks:
$25.00 (US/Canada)
$30.00 (foreign)

Yearly disk sets, available for 1989
through 1993: Order #RFD-(year)-SET
$120.00 (US/Canada)
$135.00 (foreign)

Special!

All five years’ sets (1989-1993)
at a package price:
$500.00 (US/Canada)
$575.00 (foreign)

Annual Subscriptions are offered —
get every program for a year:
$170.00 (US/Canada)
$220.00 (foreign)

All prices include shipping

All orders must be pre-paid by check,
money order, or major charge card.
All checks must be in US dollars and
payable to a bank located in the U.S.

RF Design Software
Argus Direct Marketing Dept.
6151 Powers Ferry Rd., NW

Atlanta, GA 30339-2941

Tel: (404) 618-0219
Fax: (404) 618-0347
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RF literature

Test, Measurement Catalog
Tektronix’s 1994 catalog provides compre-
hensive test and measurement product speci-
fication information for electronic users in dig-
ital design, general purpose, telecommunica-
tions, television , industrial, and semiconduc-
tor markets. Also listed are Advantest RF
microwave and telecommunications products
and Rohde & Schwarz test and measurement
instruments as Tektronix is their sole distribu-
tor in North America.

Textronix

INFO/CARD #200

Capabilities Brochure

This brochure features Taconic Plastics, Ltd.
copper clad, PTFEwoven glass substrates.
They also offer TLY, TLT, TLX, TLC, and TLE
laminated lines. Their products are used by
various commercial and military microwave
systems including phased array antennas,
mobile communication, radar systems,
microwave test equipment and transmission
devices and RF components.

Taconic Plastics, Ltd.

INFO/CARD #201

SPICE Newsletter

Intusoft’'s free February newsletter covers
SPICE circuit simulation programs that model
photodiodes and vacum tubes. The tubes’
subcircuits include vacuum triode and pen-
tode models and provides models for the
12AU7A and EL9000. Two models of photo-
diodes are presented; one for a specific part
(Siemens BPW34).

Intusoft

INFO/CARD #202

Cellular Filter Data Sheet

K & L Microwave Incorporated offers a two
page data sheet featuring specifications,
plots and mechanical drawings for the K & L
model #9FVSP-836.5/25 cellular bandpass
filter.

K & L Incorporated

INFO/CARD #203

Low Noise Oscillators

A six page brochure gives detailed specifica-
tions on Vari-L Company, Inc.’s new VCO-
190 series of 5 volt 10 mA surface mount low
noise voltage controlled oscillators. Noise,
power and modulation sensitivity plots are
provided as well as detailed pachage and
installlation information. Thirty-five robotically
assembled models are described for wireless
designs spannning 45 to 3000 MHz. Devices
with separate modulation ports are also
described.

Vari-L Company

INFO/CARD #204

RF Product Catalog

Microelectronics’s free 78-page catalog lists
all their RF and Microwave capacitors.
Microelectronics Ltd.

INFO/CARD #205

Passive Components

Catalog

Trilithic’s new 93 page 1994 catalog details
specifications and outline drawings on a vari-
ety of passive components in the frequency
range of DC to 18 GHz.Components in clud-
ed are fixed and tunable filters; fixed, high-
power, programmable, and variable attenua-
tors; high-power loads; SPDT, SP4T, and
SP8T programmable switches; and built-to
order switching and control rack-mountable
subsystems.

Trilithic

INFO/CARD #206

Filter Application Note

Webb Laboratories’ four page application
note demonstrates advanced capabilities of
the AFDPLUS active filter design software. A
Multi-octave 90 degree phase splitting net-
work is designed and analyzed taking advan-
tage of the user-defined pole/zero location
files, transfer function math, macro and
graphics capabilities incorporated with the
AFDPLUS environment.

Webb Laboratories

INFO/CARD #207

EMC Accessories Catalog

A new 24-page free catalog from Hewlett-
Packard describes transducers, antennas,
preamplifiers and other electromgnetic com-
patibility (EMC) accessories that design engi-
neers and test technicians need to evaluate
their product design, or to equip a lab for con-
ducted and radiated emissions compliance
testing. It also includes an application guide
for commercial and military measurements.
Hewlett-Packard Company

INFO/CARD #208

HP Microwave Test Catalog
An updated version of Hewlett-Packard’s
Microwave Test Accessories Catalog
includes 1000 products for testing and char-
acterizing components. The 88-page catalog
is free

Hewlett-Packard Company

INFO/CARD #209

Pulse Generator Catalog

Avtech Electrosystems has introduced a new
16-page Update Catalog No. 852 which
describes recently introduced hig-speed
pulse generators and laser diode drivers.
Attention is given to DC to 10 MHz laser
diode drivers, 10 MHz to 1.5 GHz laser diode
bias tee modulation heads, 100 volt, 1MHz
lab pulse generators.

Avtech Electrosystems Ltd.

INFO/CARD #210

Electronic Control Brochure
Eaton Corporation highlights is offering a
capabilities brochure which includes products
for space vehicles, weapon systems, commu-
nications, and computer equipment.

Eaton Corporation

INFO/CARD #195
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