






























































RF news ..
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International
“emc-Mark”

Equipment that combines North Amer-
ican, European, and Japanese electro-
magnetic compatibility (EMC) can be
identified by the above logo. This logo
means acceptability by Underwriters

Laboratories Inc. (UL), TUV Product
Service (Munich, Germany), VDE Test-
ing and Certification Institute (Offen-
bach, Germany), the United States Fed-
eral Communications Commission. In
the European Union, the EMC directive
is midway through its transition period.
Even in Japan, where EMC compiiance
is voluntary, the demand for member-
ship in the Voluntary Control Council for
Interference continues to grow. With this
identification manufacturers can expect
comprehensive test reports and product
change test updates that cover all nec-
essary EMC requirements, changing
standards, and annual factory inspec-
tions Manufacturers who are issued the
International “emc-Mark” can combine
relevant inspections into other UL, TUV
Product Service, or VDE Testing and
Certification Institute audit programs.

are compatible with existing microelec-
tronics that have high current and low
voltages. The disadvantages are high
resistive losses and they are larger than
their electrostatic models (100 microns
up to one millimeter) and they use more
current. This research is sponsored by
the National Science Foundation and by
the Ford Motor Company.

Multichip Module Design — A Georgia
Tech Research Institute group cautions
that a shortage of established design
rules could create EMI in the new gener-
ation of multichip modules (MCM) that
involve high-density mixing of analog,
digital and microwave devices. Georgia
Tech analyzed the electromagnetic sus-
ceptibility of some modules. The find-
ings could be the basis for test proce-
dures, simulations and design guide-
lines to help minimize EMI problems and
the expensive network process used
when MCMs are not compatible. Their
test showed that standard circuit simula-
tion software could be used in analyzing
EMI protection and the most resistive
components. Supporting this effort, and
to see if these MCMs are cheaper to
manufacture and repair, is the Air force
Office of Scientific Research and the Air
Force Rome Laboratory System Tech-
nology and Integration Branch.

Digital Links Compliete Networks —
After testing initial digital radio installa-
tions Bell Atlantic Mobile (BAM) is offer-
ing digital cellular service in Philadelphia
and Pittsburgh, Pennsylvania that is
compatible with current analog phones.
The digital system paves the way for
future improvements in call quality, net-
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work accessibility, fraud protection,
enhanced voice services, static-free
calling,and increased privacy, Also new
services such as receiving cellular mes-
sages, message waiting indicator for
BAM Messenger ™ voice mail, caller ID
and battery sleep mode are available.

New Office — Component Distributors
Inc. who distribute RF/Microwave and
high-tech components has announced a
new office in Leesburg, VA. Contact per-
son is Betsy Williammee, Tel: (703) 779-
4995. Fax: (703) 779-4996.

New Division - Solid State Testing,
Inc., has formed a new division called
Burlington Microelectronics that will spe-
cialize in circuits that are no longer
available but need to be reverse-engi-
neered to meet required electrical
and/or mechanical parameters. New
devices that are not yet available from
normal sources can be custom
designed, assembled and tested. They
do this with monolithic circuits, hybrids,
and multi-chip modules. The parent
company started as a testing lab for dis-
crete components and integrated cir-
cuits 25 years ago then expanded as a
procurement and manufacturing partner
for its customers.

Subsidiary Purchased - Electro-Mag-
netic Processes, Inc., a subsidiary of
Ferranti International has been pur-
chased by an internal management
group. The maker of antenna tracking
systems will continue their operations at
20360 Plummer St., Chatsworth, CA
91311. Tel: (818) 882-6333. Fax: (818)
709-4668.

TELECOM 95 Call for Papers — TELE-
COM 95 will be in Geneva, Switzerland,
October 3-11, 1995, and will have an
Exhibition and Book Fair, Strategies
Summit, and Technology Summit.
Abstracts are due by August 15, 1994,
Contact: FORUM 95 Secretariat, Inter-
national Telecommunication Union,
Place des Nations, CH-1211 Geneve 20
(Switzerland). Tel: +41 22 730 56 80.
Fax: +41 22 730 64 44. Internet: forum-
cfp@itu.ch.

FCC Gives Type Acceptance of 220
MHz Linear Modulation — E.F. Johnson
Company has received approval for its
infrastructure and mobile subscriber
equipment using linear modulation at
220 MHz. This equipment utilizes 5 KHz
bandwidths, compared to 25 KHz for
current trunking systems. It provides five
radio channels in the same bandwidth
as one typical 800 MHz channel, with no
loss of voice quality. In 1987 the FCC
reallocated the 220-222 MHz frequen-
cies as a narrow band for private land
mobile use. The FCC has issued 3,900
licenses for 220 MHz systems.

High Speed Wireless LAN Proposal
Approved — The IEEE 802.11 Standard
Committee approved a high-speed
physical layer (PHY) option for frequen-
cy hopping spread spectrum wireless
LANs based on a proposal submitted by
Proxim, Inc. The proposal called for four
level Gaussian Frequency Shift Keying
(4GFSK) modulation to achieve high-
speed data transmission in frequency
hopping wireless LAN environments
with a fallback to two-level GSFK
(2GSFK) for communications with lower
speed frequency hopping systems. This
dual mode approach, which does not
cause interference between higher and
lower speed wireless environments, has
been implemented in Proxim's LAN2
product family and are FCC approved.
In evaluating potential high-speed PHY
layer implementations, the 802.11 Com-
mittee ratified a 2.0 Mbps/1.0 Mbps dual
data rate standard for both frequency
hopping and direct sequence spread
spectrum systems. This decision follows
the Carrier Sense Mulitiple Access with
Collision Avoidance Media Access Con-
trol layer foundation protocol approved
at the last plenary meeting in November
1993. With the specification of this new
high-speed PHY layer modulation and
data rate standard now decided, the
path is cleared for the 802.11 Commit-
tee to meet its target of completing a
Draft Standard document by late 1994.
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RF industry insight

RF Radiation Hazards

By Andy Kellett
Technical Editor

How hazardous is RF radiation? There
are probably more emergency room visits
due to toothpick mishaps than RF acci-
dents, and any link between RF and dis-
ease (mostly cancer) is many many times
weaker than, for instance, the link
between fat intake and heart disease. But
for RF engineers and others who are
exposed to more than typical ambient RF
fields, it is prudent to try to assess the
risks. This report will review some RF
exposure standards, examine the facts
surrounding the concern about links
between RF and cancer, and review
some of the situations that are most likely
to place someone in strong fields.

Current RF exposure standards
address the thermal effects of RF radia-
tion. The same losses that occur in circuit
elements at RF frequencies occur in
human tissue, and those losses eventual-
ly take the form of heat.

The latest ANSI standard for RF radia-
tion exposure, C95.1-1991, specifies
maximum power densities, electric and
magnetic field strengths, and contact cur-
rents. A new feature of C95.1-1991 is the
definition of separate limits for “controlled”
and “uncontrolled’ exposures. Situations
in which people intentionally expose
themselves to RF radiation, are consid-
ered controlled, whereas those situations
where a person unwittingly is exposed to
RF radiation are considered uncontrolled.

Taking the limits for power density as
an example, a person in a controlled envi-
ronment can be exposed to 10 W/m? from
100 to 300 MHz, while a person in an
uncontrolled environment can only be
exposed to 2 W/m2 in the same frequency
range. Above 300 MHz, both exposure
limits ramp up to 100 W/m?2, but the con-
trolled environment limit reaches that den-
sity at 3 GHz, while the uncoentrolled limit
does so only after reaching 15 GHz. After
15 GHz both controlled and uncontrolled
exposure must be no greater than 100
W/mZ2. Below 100 MHz, C95.1-1991 spec-
ifies exposure limits in terms of indepen-
dent electric and magnetic field strengths.

Whether it is due to the relatively new
ANSI standard or not, manufacturers of
field measurement equipment have
noticed some changes in what their cus-
tomers demand. Users of industrial RF
equipment such as induction heaters are
purchasing more monitoring equipment
says Bob Johnson, Manager of Instru-
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ment Applications at Narda Microwave
Corp. Other standards such as Sweden's
video display terminal emissions standard
are also driving sales says Burton Gran,
President of Holaday Industries.

RF and Cancer

Epidemiologist Dr. David Savitz of the
University of North Carolina School of
Public Medicine says that a link between
electromagnetic (EM) emissions and can-
cer is certainly not dismissable, but not
convincing either. Most of the epidemio-
logical research regarding links between
EM fields and cancer have been done for
very low frequency signals such as the 60
Hz radiation from power lines. To deter-
mine what link exists between cancer and
EM radiation at RF frequencies, the Sci-
entific Advisory Group on Cellular Tele-
phone Research has commissioned sev-
eral studies. Among them is an epidemiol-
ogy study under the direction of Dr. Ken-
neth Rothman and Dr. Nancy Dreyer of
Epidemiology Resources, Inc., that will
study cellular users in several parts of the
U.S. “This study is unique in that it is a
very large cohort study,” says Dr. Dreyer.

In cohort studies, a population of dis-
ease-free subjects is selected, and as
they naturally expose themselves to dif-
ferent circumstances they are monitored
for disease. Most prior studies were case
control studies, in which researchers
selected patients already stricken, and
grouped them according to similar expo-
sure circumstances. While cohort studies
avoid biases in selection of patient group-
ing, they also take much longer than case
control studies. “This study is being done
in the spirit of surveillance, which means it
will likely continue for long time,” says
Dreyer.

Assuming there is a link, by what
mechanism could RF cause cancer? RF
fields do not have enough energy to ion-
ize atoms, and by definition, athermal
fields produce minuscule heating.

A mechanism that casts RF radiation in
the role of a cancer promoter has been
suggested by Dr. W. Ross Adey. Adey
points to research that has shown
enhancement by RF and ELF fields of
chemical cancer promoters that act at cell
membranes. Based on studies in his
group and at Oxford University, Adey sug-
gests that RF radiation extends the life of
free radicals set free in the course of all

chemical reactions. This alters the rate
and products of chemical reaction at the
cell surface, interfering with intercellular
communication and allowing mutated
cells to begin uncontrolled growth.

Hot Spots

Whether in the thermal or athermal
regime, RF engineers are more likely to
encounter unusual RF radiation levels.
What are the “hot spots” around which
engineers should be careful? Jim Maginn
of Amplifier Research points out that
major sources of RF and microwave leak-
age are waveguide flanges and bad cable
connections. In a bad cable connection,
the most radiation emanates not from the
end of the cable, but from the cable, just
before the connector notes Maginn.

Another hot spot that RF engineers are
likely to encounter is high power
microstrip circuitry says Narda's John-
son. Working close to an energized
microstrip circuit, to inspect a transistor
for instance, can expose a person to
high field intensities.

Such seemingly obvious hot spots as
powered radar and broadcast transmitters
have been known to catch the unwary.
Randy Ridley, Technical Editor for RF
Desigr's sister publication Communica-
tions, tells the story of how he and his col-
leagues worked in jackets at the base of
one tower, while a tower maintenance
man climbed down from an adjacent FM
broadcast tower drenched in sweat and
complaining of the heat. It didn't take long
for the maintenance man to realize he
had climbed an energized tower.

Sometimes the largest danger in RF
equipment are phenomena that are one
step removed from RF phenomena. Elec-
trons accelerated across potentials
greater than a few thousand volts or more
emit ultraviolet and x-ray radiation when
they decelerate, as when electrons in a
high power tube hit an anode. Some haz-
ards are even twice removed, for
instance, Amplifier Research’s Maginn
described how a wrench was thrown into
a wall by a steam explosion caused by a
failed cooling system.

Whether you work in high intensity
fields or merely in the ambier: RF envi-
ronment, assesing the risks associated
with RF depends on individual circumsat-
nce. However, it seems that very few peo-
ple have much to fear from RF. RF
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Figure 2. Functional diagram of the W2020 transceiver IC.

Receiver Architecture

The first decision to be made was the
architecture of the receiver. There are
three accepted choices for a receiver
design — direct down conversion, single
IF solution and dual IF solution.

For direct down conversion to function
properly, the input signal must fall into a
relatively narrow range of amplitudes.
However, the GSM standard requires
the receiver to accept input signals of
much greater instantaneous dynamic
range than can be handled by direct
down conversion techniques. Also,
since in a direct conversion architecture
the mixer is driven by a local oscillator at
the received frequency, leakage from
the mixer to the antenna can be a prob-
lem. For these and other reasons, direct
down conversion is not a practical
choice for a GSM cellular telephone.
This limits the choice of receiver archi-
tecture to single and dual IF solutions.

Because of the many tradeoffs that
must be considered, choosing between
a single and a dual IF solution can be
very difficult and depends to a great
extent on the receiver's design goals.
For a battery powered cellular tele-
phone, cost and power consumption are
critical concerns. A dual IF solution
requires a second mixer and IF strip,
which adds to the cost of materials and
total receiver power consumption. Also,
a single IF solution generates fewer
spurious signals that can prove difficult
to contain in a single-chip transceiver
solution. Admittedly, the kind of high
performance SAW filter required in a
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single IF solution does cost more than
the lower performance filters that can be
used in a dual IF solution. However, it
still costs less than the pair of fiiters that
would be required for a dual IF solution.
These factors clearly point towards the
use of a single IF solution receiver archi-
tecture in a GSM cellular telephone.

With only a single intermediate fre-
quency, its choice plays a large part in
the ultimate success of the design. Its
selection depends, in part, on economic
concerns and, in part, on performance.
Choosing a relatively high IF implies dif-
ficulties with packaging and isolation
between circuits implemented in the
same substrate. These problems point
toward an |F of less than 100 MHz.

Another consideration is the cost of
the IF bandpass filter. This filter, which
must significantly attenuate blocking sig-
nals near the intermediate carrier, must
have steep-sided bandpass characteris-
tics. Only SAW filters can economically
provide the needed performance.
Choosing a non-standard intermediate
frequency implies the use of a custom
SAW filter, which means higher cost and
single sourcing. However, most major
SAW filter manufacturers offer 71 MHz
filters as standard models. Thus, by
choosing 71 MHz as the IF, packaging
and isolation problems are minimized
and high performance SAW filters can
be obtained from several sources,
ensuring lowest cost and highest avail-
ability.

Signals received by the GSM tele-
phone’s antenna flow into the receiver

circuits through a LNA and RF filter.
Consideration was given to including the
LNA in the W2020 transceiver to simpli-
fy the overall telephone design. Howev-
er, doing so would also require addition-
al 1/0 pins for connections to external
inductors, capacitors and ground con-
nections. It would also require an inter-
face to the RF filter between the amplifi-
er and RF mixer. Providing these I/O
pins would not be possible if the W2020
was to be packaged in the 64-pin TQFP
originally envisioned. The only practical
solution is to use a discrete LNA. Fortu-
nately, there are many low-cost discrete
devices that can be used very effectively
in a GSM telephone. The required RF
filtering can be achieved with a combi-
nation of dielectric and SAW filters.

Transceiver Design

Decisions made during the design
process were based on several factors,
but two of the more important were the
need to provideoptimum performance
and to operate well on a 2.7 V supply. A
block diagram of the resulting GSM
transceiver is provided in Figure 1.
Incoming signals received at the tele-
phone’s antenna are amplified by an
LNA and passed through a filter to the
RF mixer, which is a single balanced
design. Though a double-balanced
mixer might provide marginally better
performance, it cannot readily be imple-
mented in an integrated circuit intended
to operate at 2.7 V.

A UHF phase-locked loop synthesizer
drives the mixer at a frequency 71 MHz
above the received frequency. With the
exception of the varactor, resonator and
loop filter, the synthesizer is completely
integrated into the W2020 transceiver.
All of the counters used to set the chan-
nel frequency and to divide the refer-
ence frequency are realized using ECL
techniques. This reduces power supply
noise to levels low enough to permit the
synthesizer to be integrated into the
W2020 substrate. The varactor could
not be implemented on-chip because
the bipolar process used is not well suit-
ed for high-Q varactors. The loop filter
components and the resonator are pas-
sive and cannot economically be imple-
mented in the bipolar substrate.

Digital cellular telephony uses quadra-
ture modulation to carry the information
being transmitted. On receive, the base-
band circuits require an in-phase “I” and
a quadrature “Q” signal, which is phase
shifted precisely 90° from the | signal.
To provide the baseband circuits with
the | and Q signals they require, the
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RF featured technology

Designing a Low Cost GPS LNA
Using the NE68519

By Terry Cummings
California Eastern Labs

This article is intended fo demonstrate
the NE68519 in a low cost GPS LNA. The
NE685 is a low cost NEC silicon bipolar
transistor which has an f; of 12 GHz and
yields a typical NF of 1.5 dB at 2 GHz
when biased at 3V and 3mA. The pur-
pose of this note is to show how one can
design a simple L band LNA for low volt-
age power supply conditions. The design
approach will be discussed. While this
design may not yield the optimum design
solution for all GPS applications, it does
introduce the reader to a few important
RF and microwave techniques that can
be applied to GPS as well as other appli-
cations.

he amplifier is a single stage design

that yields a 1.8 to 1.9 dB NF and
10.5 dB gain at 1575 MHz. A second
LNA will be presented with a ceramic fil-
ter at the input resulting in a NF around
2.6 dB and 10 dB of gain. Bias conditions
are 3V and 3mA for power consumption
per dB that is one quarter that of com-
monly used GaAs MMICs for this applica-
tion. Low cost and small size are consid-
ered throughout this design using com-
monly available SMT components.

The entire design was initially done on
CAD, using EEsof’s non-ideal elements
section-by-section in the “Tune” mode.
This approach yielded a solution that was
extremely close to the desired solution.
Noise and gain circles are not considered
since a narrowband design approach
was used to achieve best noise maich to
the device. Stability circles are discussed
and studied through CAD and not
derived.

Distributed lines were used to avoid
costly SMT inductors. A 14 mil FR4 sub-
strate was chosen for cost considerations
and its ability to be laminated to a multi-
layer board as used in the DSP sections
of a typical GPS receiver. Minimum trace
width was set to 10 mils for easy PCB
processing and the entire amplifier occu-
pied a space which was less than a 1/2 x
1/2 inch. The single stage LNA used a
minimum number of 0603 SMT capaci-
tors and resistors for repeatability and
minimal size.
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Characteristics of LNAs

An LNA is a design that minimizes the
NF of the system by matching the device
to its noise matching impedance, or Gopt.
Gopt occurs at an impedance where the
noise of the device is terminated.

All devices exhibit noise energy. To
minimize this noise as seen from the out-
put port, one must match the input load to
the conjugate noise impedance of the
device. Otherwise the noise will be reflect-
ed back from the load to the device and
amplified.

While this gives a minimum noise fig-
ure, it often results in slightly reduced gain
as well as possibly increasing the poten-
tial for instabilities. Noise match often
comes close to S, conjugate (S;;*)
under non-feedback conditions. As a
result, the input impedance to the amplifi-
er will not be matched to 50 ohms.

T, @s presented in data sheets, is the
actual measured load at which the mini-
mum noise figure is found. The output
load is rarely given since it can be easily
derived through a simple equation. The
reduced form of this transform is given in
equation 1.

x S22-—roplA (M
= 22 optn

1- roptS11
A =S511825 —S1252

A further complication on LNA design is
that the input load of the amplifier is usu-
ally less than ideal. It is either connected
to an antenna, which can change its
impedance with its changing environment,
and/or to a filter which by the very physics
of a reflective network will have a horrible
match out of band. These mismatches
could cause the device to become unsta-
bie out of band and in some cases in
band. As the gain of the device increases,
the difficulties in yielding a stable design
become increasingly more challenging.

To avoid overloading the LNA, an input
filter is commonly used. Since the device
is not matched to S11*, the input of the
LNA will not be 50 ohms. This can cause
distortions in the pass band of a filter
when connected to the input of the LNA,

T
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Figure 2. Input stability circles for
NE68519 loaded in 50 ohms.

as filters are intended to operated in their
characteristic impedance, typically 50
ohms. Fortunately the NE685’s optimum
noise match and S11* are not too far
apart. As a result, the filter passband is
only slightly distorted.

Input structure

The LNA uses a simple input structure
that provides a noise match at 1575 MHz
at the expense of gain flatness and
improved stability. The first step of the
design is to plot the stability circles of the
device as a function of I' ;. While plotting
the circles, keep in mind the out-of-band
gain response of the device and its impact
onS,,.

In our case, a ceramic filter's imped-
ance plot is a cardioid rotated about 45
degrees clockwise when measured at the
leads of the filter. Note that the input
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impedance will start out high at low fre-
quency and then go to its terminated
impedance of 50 ohms during resonance
at 1575 MHz then continue to rotate
clockwise as frequency goes up. We plot-
ted just past 2 GHz since our initial stabili-
ty study showed that the problem areas
were below 2 GHz. Since these filters are
coaxial resonators, one would expect that
the locus would continue to rotate around
with a radius of near 1 until a weak sec-
ond resonance occurs at 3f,. This is well
above the device’s unstable region in our
configuration so we can assume an ideal
filter situation which in our case will be
worst case.

Next we considered the NE685’s stabil-
ity regions for the input. A stability plot of
the NE685 was made to determine what
impedances would potentially cause
instability. As you can see from Figure 2,
the circles enter the Smith Chart counter
clockwise from right to left as frequency
increases. At first it appears that the
unstable region starts out at high imped-
ances for low frequencies. Careful exami-
nation shows that the unstable region fol-
lows a relative low resistance contour.
These circles show that we want to avoid
an inductive reactance as frequency goes
down.

This is fortunate since the filter's input
impedance maps in the opposite direc-
tion. We must be careful with the input
matching topology since we do not want
to transform either the 50 ohm input or the
filter into this unstable region. With this in
mind we can choose a topology using
basic filter concepts that will provide the
desired matching as well as avoid trans-
forming out of band areas in the unstable
region.

If we were not so fortunate and were
forced to accept the filter's undesired out
of band impedance response, we could
approach the problem in several ways.
The most common method uses a resis-
tor to create a lossy network on the oppo-

site port to absorb the negative resistance
caused by the input match. However this
method will not only stabilize the design,
but can degrade the overall performance
of the amplifier.

A more seiective approach uses a
selective lossy filter: a simple LCR that
resonates at the conditionally unstable
region. This technique will only work if the
Q of the resonator relative to the pass-
band of the amplifier is appropriate.

Choosing a topology can be affected by
the bias network limitations. We know
already a shunt L could cause problems
since it becomes a low impedance at low
frequencies. Since the base bias current
is small, we can pretty much ignore the
reactive effects of the bias circuit by using
fairly large resistor values.

We can now consider the match for
the input. In this case we desire to obtain
a noise match and not S11*. We also
want to choose reactive elements that
transform out of band impedances away
from the stability circles. Many powerful
tools are useful for this process. For
example, using the “Tune mode” in popu-
lar software packages such as EEsof’s
Touchstone, one can watch what hap-
pens to the match by trying out various
element topologies and their values.

A bipolar transistor is naturally a low
pass element and therefore requires a DC
block at the input. To offset the high gain
at lower frequencies a high pass element
is needed. A capacitor can provide this
and at the same time will provide the nec-
essary DC blocking. Fortunately the value
of the required capacitor is in a practical
range. When using a capacitor under 10
pF, consider that its tolerance will be
around =0.5 pF. As a result, too small of a
capacitor might make this element too
sensitive relative to its tolerance. Howev-
er, a smaller value of capacitance has the
advantage of avoiding low impedance
transformations at lower frequencies. On
the other hand, too large of a capacitor

will cause undesired low frequency gain.
A compromise value of 5.6 pF was cho-
sen for this series element, which results
in a normalized impedance of 0.36j.

In order to show the result of our first
matching element, both on a Smith Chart
and mathematically, we also simplified the
network as a one port circuit. This one
port network was created by absorbing
the 50 ohm input load with a 5.6 pF
capacitor. The math of this process was
easily done on Mathcad using ideal ele-
ments and is given as follows:

i) Starting out with a 50 ohm load and a
5.6 pF capacitor in a 46.06 ohm system:
Z,=46.06 Q, f=1575 MHz, R=50 Q

Z1 = 41_.3 +R (2)
j2nfe5.6x10
=50-j18.056 Q
Zi_45 = A =1.086-j0.392 Q
Zy

Z,-2,

F1—46 = Z - 0 1 894 - 670450

1+ 40

The next element we chose was anoth-
er series element that would be charted to
provide a starting point for the next trans-
formation as well as lowering the imped-
ance of the network for minimizing pad
parasitics for resistive bias elements.

By first having a small, low impedance
transformation, one can minimize the
effects of component placement as well
as reduce the effects of relative high
impedance shunt element values which
supply bias at this point. Using CAD soft-
ware, it is easy to flip from one transmis-
sion line impedance to another.

The model we used for this method was
a one port network. By using a one port
network, one can attempt to choose ele-
ment values which result in an output
match that follows the desired noise
match of the transistor. After trying vari-

_

T~ J/\

80 ohms

_ -

60.05° T

z Z
2 3

ohms.
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Figure 3. Final mapping of Z1 to Z3 normalized to 50  Figure 4. Z trajectory on a Smith Chart for L and an

80 ohm transmission line.
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line. As shown, a high impedance trans-
mission line can replace an inductor to
some degree, but inductors and high
impedance transmission lines have a dif-
ferent trajectory on the Smith Chart as
shown in Figure 4. High impedance trans-
mission lines can be made to look more
like printed inductors in cases where the
backside of the PCB is suspended away
from a grounded chassis. This is accom-
plished by removing the backside ground
plane of the PCB directly under the print-
ed inductor. In our case, even though the
ground plane could be removed around
this element on a multi-laminate board,
we could not afford the risk of digital noise
coupling into the input of the LNA from cir-
cuitry on the opposite side.

Had we used an inductor instead, the
final result of Z; would be:

XL = ]lm(23 - 22) = ]65641 Q (8)

L= X =6.637 nH
2xf

23|_ = XL +22 =40.413+j50.015 Q

T3 _50 = Za =50 _ 4 493.71.9°
Z3L +50
Output Structure

The first problem in this circuit is the low
bias of 3V. Due to the 3 mA current, we
must use a resistor that is less than 200
Q. Unless the shunt resistor can be
placed in a low impedance point of the
network, undesirable loss in gain and RF
power as well as degraded NF will result.
The obvious element to use is either an
inductor or transmission line placed in
shunt with the collector which can be
appropriately terminated for RF yet still
allow for collector bias. This element also
has the added advantage of being a high
pass element to improve gain flatness
which was sacrificed at the input.

The next concern is what load imped-
ance to match. Remember matching to
the conjugate of S,, is only valid if the
input is conjugately matched. Since S, is
non-zero, whatever load is presented to
the input will cause the output load to
change. To predict this change, one can
use equation 9 and the following S-para-
meters, interpolated from the data sheet:

S,4=0.288 £ ~133.24",

S,,=3.305 £68.19",

8,,=0.137 £ 35.05",

S5, =0.526 £—62.475", along with
Topr= 049 £49.2°

S12S211g (9)
1-841T
=0.342£-79.53°

Soonew =S +
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Figure 5. Output stability circles
with input match to Topt

To match the output of the transistor,
we took the conjugate of this impedance.
The following is a comparison of the origi-
nal S,,, S,, prime, and EEsof’s opti-
mized result as well as the conjugate of
the previously calculated I', for an ideal
transmission line.

S,, of device: 0.526 £ —62.475
New S, caused by S,,: 0.342 £ —-79.563
Optimized result: 0.364 £ -81.534
| 0.386 £ -77.34

The next concern is stability, especially
if a filter is going to be used at the input.
In our case, the output port can potential-
ly give difficulties since the input is very
restricted by its match. Should we enter a
conditionally stable region at the input
port at any frequency, the output port will
see a reflection coefficient greater than 1.
Likewise we must consider the condition-
ally stable region for the output port
which may cause the input port to yield
negative resistance.

As shown in our stability analysis, we
have a little more freedom for the output
port. Our only concern is that there will be
areas of negative resistance presented at
the output port. Whether this poses a
problem or not will depend on how the
output load is terminated.

Our first element was again a 5.6 pF
capacitor. On the output section, bias is
not supplied by any SMT components, so
no intermediate transformation was used.

i) Starting out with a 50 chm load and a
5.6 pF capacitor in a 80 ohm system.

Z,=79.62 Q, {=1574 MHz, R=50 Q

= ——1 +R (10)
j2rn ¢6.5x107'2

=50 - j18.056 Q

Zy

Zgo = —;—1— =0.628 +j0.227 Q
0

Z1 + ZO
Since DC current is present on the out-
put matching section, a series element

=0.265.39.297°

I'y_go =

was used to match Z, to Z,. This element
consists of a high impedance transmis-
sion line that will transform Z1 to a point
where a shunt transmission line at Z, can
achieve the final match at Z,.

ii) After the 5.6 pF capacitor, a 79.62
ohm transmission line is added which is
electrically 55.54 degrees long.

Z1+jZO tan6 (11)
0 Zo + jZ1 tan6
=59.892 +j32.439 Q

22=Z

Z2—46 = ;—z = 0752 + 10407 Q

iii) Re-mapping this impedance in 50
ohms.

Zy 50 = i—é =1198+0.649 Q (12)

Z,-50

=0.296 £56.595°
22 +50

Iy 50 =

iv) Since shunt elements are best
described as admittances instead of
impedances on a Smith Chart we will
consider Y, instead of Z;. The next ele-
ment, Y, is a shunt, short circuit, 80 ohm
transmission line that is 70.54 electrical
degrees long. This admittance will even-
tually be in parallel with Z2 resulting in a
load, Z,, to the collector of the transistor.

Y5 =(Zojtan®)~" = —j4.438 mmohs (13)

Y3_go = i—E =Y3Zy =—j0.353 mmohs

iv) Next we take shunt element Y4 and
connect it in parallel with
Z, to find the load the collector will see.

1 (14)
1

— 4 Y3

Z,

=43.423 +(38.445 Q

Z4=

v) And finally re-mapping Z, to 50
ohms.

Zy50= % =0.868+j0.769 Q2  (15)

Z4-50
Z,+50

=0.386£77.34°

Ty 50 =

The one major drawback with using
shunt elements is that an additional DC
block series capacitor is required. This
drawback is associated with stray reso-
nances caused by either the capacitor
itself resonating with another elements in
the circuit or bias network, or insufficient
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o STABLE AREA

Figure 9. Measuring stability
using a sliding short.

dB. This extension effected the frequen-
cy response between 1.4 to 2 GHz
resulting in a high end flatness improve-
ment of 0.25 dB, close to our original
estimate of 0.283 dB.

Stability is our next concern. By plac-
ing a sliding short at the input of the LNA
one can easily see the regions of load
and frequency where S,, becomes
greater than 1. As estimated by our
Touchstone model, a potential problem
area could lie around 0.8 to 1.2 GHz.
This could be a problem with a ceramic
filter so our second iteration included a
lossy resonator to correct for this poten-
tial problem.

Through our sliding short measure-
ments, we found that a load with a return
loss greater than 2 dB at the input would
not cause S, to become greater than 1.
This was accomplished by inserting a 1
dB pad in between the sliding short and
the LNA and watching what happens to
the magnitude of S,,. With out a pad, a
return loss of near O dB will result in S,,
having a return gain of around 2 dB.
With the pad in place, the return loss
drops slightly below 0 dB. We can esti-
mate that a return loss of around 1 to 1.5
dB at some phase angles will cause S,,
to become greater than 1 around 0.8 to
1.2 GHz, agreeing with our CAD results.

Our next concern was the linearity of
the amplifier. Our measured P,y was
2.45 dBm which closely matched our fol-
lowing estimated result. We estimated
that the P, 4, and input intercept point
from the following rules of thumb:

Estimated P1dB:
Vee=2.5V, I=3mA, Typ. Efficiency=25%

NVcele (17)

P =10lo
1dB 971000

=2.73 dBm
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NF 25

2
1.4 ‘GHz 18

157

Figure 10. Gain and noise figure
response of LNA with ceramic fil-
ter.

Estimated input intercept point (IIP3):
P,4g=2.73 dBm Gain=10.5dB

”P3 = P1dB +10 - Gain (18)
=2.73 dBm

Second Iteration

Our next iteration involved the incorpo-
ration of a ceramic filter and the ability to
incorporate a series output LCR res-
onator for stability. The resulis of these
modifications without the LCR resonator
are shown in Figure 11.

The first step was to try to remove the
input capacitor, C1, and absorb this
capacitance by the parasitic capacitance
of the resonator. Even though these
capacitances are not equal, the degrada-
tion of NF due to the match vs. the loss
sustained by the capacitor will make this
a worthwhile compromise, even without
retuning the input. The filter (Toko: 4DFA-
1575B-12) in this case is expected to
have a typical loss of 0.7 dB and a maxi-
mum of 1.2 dB which will directly add to
the noise figure.

As mentioned before, there was a con-
cern of S,, becoming greater than one
below 1575 MHz with the input ceramic
filter. As one can see from the measured
data, this is in fact true around 800 MHz
and 1.4 GHz. Even though the reflection
coefficient is greater than 1 at these fre-
guencies, the device was stable in 50
ohms. Due to the application of this LNA,
our biggest concern was at 800 MHz
since the following stage will most likely
have a reasonable match at 1.4 GHz but
an unknown match at 800 MHz.

The simplest way to solve this problem
is with a resistive loss at the output which
will negate the effects of —R caused by
the active device. Resistive loss will also
reduce gain at 1575 MHz, which is unde-

sired. The obvious approach is to apply a
simple lossy filter which will only add loss
at 800 MHz. The problem with this
approach is the Q of the resonator.
Adding too much loss will deteriorate the
Q to the point were the pass band suf-
fers. Insufficient loss will not remove the
effects of negative resistance. This sim-
ple approach worked well at 800 MHz,
but would be difficult if not impossible at
1.4 GHz since it is hard to get enough
loss at high enough selectivity to avoid
severely degrading the passband perfor-
mance.

This selective resistor approach can be
implemented in two ways -either in shunt
or series. In our case, for simplicity and
minimum loss to the desired passband,
we chose a shunt LCR topology at the
output. A unique implementation of this
solution is a simple chip resistor that is
only connected on one end. An uncon-
nected chip resistor to a UHF amplifier is
usually just that; an unconnected resistor,
but at X band it makes a very nice lossy
shunt resonant transmission line.

The inductor was replaced with a vari-
able transmission line. The L/C ratio is
determine from the desired selectivity of
the resonator by trying different values on
CAD. The entire process can be initially
tried on CAD, but the final adjustment, L
& R, must be done empirically. The reso-
nance is adjusted by changing the trans-
mission line length while measuring the
dip in S,,. The resistance is chosen by
compromising the loss at 1575 MHz vers-
es the required resistance to make S,,
equal to zero at 800 MHz.

Qur final values were R=20 Q, C=1 pF
and a 10 mil wide transmission line
around 800 mils long. The goal was to
keep S,, below 0 dB at 800 MHz as well
as improve S,, at 1.4 GHz. The cost to
our performance was 0.5 dB loss in gain
at 1575 MHz. Though this is not very
much loss in general, 0.5 dB was not
insignificant at 10 dB gain. As it turned
out, the device was stable without our
stability resonator in 50 ohms as well as
in our desired load which had a S11 as
high as +3 dB at some frequencies.

Summary

We have discussed in detail one exam-
ple of how to design a simple narrow
band LNA as well as some of the con-
cerns one must have during the design
process. Effort was made to make the
design approach practical by using com-
mon CAD design tools in balance with
standard bench techniques as well as
considering real production concerns.
Each circuit element was analyzed using
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RF tutorial

Application Circuits for
MMIC Amplifiers

By Gary A. Breed
Editor

Here is small collection of circuits
using MMIC amplifiers. In addition to
amplification, these simple “building
blocks” can be also be used to make
simple, inexpensive oscillators, mixers
and multipliers.

n amplifier gain block impedance-

matched to 50 ohms at the input
and output is about as simple as an RF
component can get. Fabricated in silicon
or GaAs, these products are available
from several major manufacturers. The
circuits illustrated in this article show
biasing and internal descriptions for the
common Darlington amplifiers imple-
mented using silicon bipolar technology.
Most of these applications (but not all)
can be accomplished with GaAs
devices, as well. The information given
here is provided as a general reference
only — consult the manufacturer's data
for power supply and biasing information
for each model of MMIC amplifier,
whether silicon or GaAs.

Figure 1 shows a simplified internal
circuit diagram of a “garden variety” sili-
con MMIC amplifier. This Darlington
configuration is used in most of the
available versions. Linearity and imped-
ance matching are achieved using feed-
back. Rp provides parallel feedback,
while Ry controls series feedback. Ry,
and R, set the DC bias level for the two
transistor bases.

Variable specifications include fre-
quency range, power handling capabili-
ty, noise figure, and power consumption.
Some models are available with feed-
back optimized for highest gain or low-
est noise figure, and give up a well-
matched input in exchange. These
devices require input matching to obtain
specified performance, but usually the
network required is simpler than would
be needed for a discrete transistor.

Application Circuits

The simplest application is as an
amplifier in a 50 ohm system. Figure 2
shows how easily these components
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o Output
and Vec

Figure 1. basic diagram of a Dar-
lington amplifier, as used in most
silicon MMIC amplifiers.

can be applied. The MMIC amplifier,
input and output DC blocking capacitors,
and a decoupling choke to the power
supply represent the minimum number
of components.

If the available power supply voltage
is higher than the ratings of the MMIC
(typically in the 5 volt range), a voltage
dropping resistor may be added (R.,) to
establish the collector bias at the proper
voltage, as shown in Figure 3. In some
cases, where R, is much larger than 50
ohms or where some mismatch is
acceptable, the RF choke may be elimi-
nated as a cost saving measure.

Nearly all MMIC amplifiers are
designed for direct cascading (Figure 4).
For example, two amplifiers with 13 dB
gain can be cascaded to obtain 26 dB

Vee

RFC

S N

Figure 2. The simplest implemen-
tation of a MMIC amplifier.

Reb
V+

] » e

Figure 3. Addition of a series
dropping resistor allows opera-
tion at higher supply voltages.

gain, with little additional cost and com-
plexity. However, when cascading
amplifiers, layout becomes important, as
the system gain will create an oscillator
if adequate input to output isolation is
not maintained. Broadband gains to 60
dB can readily be achieved in this con-
figuration.

Vce
RFC

n—]

Vce
RFC
— ou

Figure 4. Most MMIC amplifiers can be cascaded, with DC blocking as
the only interstage connection requirement.
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Rcb

Figure 5. A simple mixer using a
MMIC amplifier.

Rcb

V+

Lowpass or Out
Bandpass ——
Filter

Figure 6. With sufficient drive, a
MMIC can be an efficient frequen-
cy multiplier.

Rcb

Feedback
Element
Optional
Limiter

Figure 7. Basic oscillator circuit
using a MMIC ampilifier.

Nonlinear Circuits

Mixers, multipliers and oscillators can
be constructed using MMIC amplifiers.
Figure 5 shows a mixer circuit, with both
the RF and local oscillator applied to the
MMIC input terminal. This configuration
provides no RF/LO isolation, of course,
relying on the preselector filter for RF
port isolation. Operation of this mixer is
similar to a simple single-transistor cir-
cuit often used (in the past) in inexpen-
sive consumer radios. Performance is
modest at best, but with unarguable
simplicity.

Figure 6 shows the simplicity of a
MMIC frequency multiplier. The drive
level must reach saturation of the input
transistor, or sufficient harmonic energy
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tnput

k%
}—}4
I—}—{

t—}ﬁ

Qutput
——-o0

Figure 8. Quadrature combining, practical in microstrip, can be used to
obtain a medium power output from several MMIC ampilifiers.

may not be generated. The gain of the
amplifier makes it possible to build low
loss 3x and 5x multipliers.

MMIC oscillators provide an interest-
ing design exercise. They provide the
necessary gain to maintain a gain of
greater than one, including circuit losses
and energy extracted at the output.
Amplitude control can be achieved in
either of two ways: saturation of the
amplifier, or an external limiter.

The simplest oscillator uses a trans-
mission line between the input and out-
put terminals, with oscillation occurring
at the frequency where the phase shift
of the amplifier and transmission line
combined is 360 degrees. At lower fre-
quencies, the transmission line can be
replaced with a LC network that pro-
vides the necessary phase shift.

At low frequencies (below 100 MHz or
s0), MMICs maintain close to 180
degree phase shift, but at higher fre-
guencies, the phase shift changes. Con-
sult the data sheets or obtain experi-
mental resulis to confirm the phase shift
at the desired frequency.

One more application not illustrated is
a squaring circuit to make digital-com-
patible signals from a sine wave input. If
the input is driven into hard saturation, a
pretty good square wave will be created.
The output can be DC-coupled with
selection of the proper dropping (pull-
up) resistor. Alternatively, the output can
be AC-coupled, with high-impedance
bias to hold the digital input at the mid-
point of the logic family’s voltage swing.

All nonlinear applications of MMICs
require attention to collector (or drain)

biasing. Since the circuit is driven into
saturation in most of these applications,
the specified current rating can be
exceeded. R, must be carefully chosen
to provide current limiting, or the power
supply must provide constant current.
Note that GaAs MMICs are more difficult
to use in nonlinear applications since
they have higher linearity and do not
saturate as easily as silicon devices.

Combined Amplifiers

MMIC amplifiers rarely provide more
than +13 dBm (20 mW) power output. A
few models offer higher power, but at
higher cost and sometimes at the
expense of bandwidth. Combining
amplifiers to obtain medium power (+20
dBm or more, combining amplifiers may
be an inexpensive design choice.

At low frequencies, MMICs may sim-
ply be connected in parallel to obtain
higher power. Broadband transformers
can restore the system to 50 ohms.
However, linearity usually suffers, since
the amplifiers are not precisely matched.

The quadrature combining scheme of
Figure 8 is another option, where the
low cost of microstrip can be utilized,
and relatively narrow bandwidth is
required. on G10 or FR-4 type p.c.
board material, the 1/4\ lines can be
very short. the characteristic impedance
of the lines can be adjusted to accom-
modate nearly any number of amplifiers,
with 2 to 4 being the most common.

This short note illustrates some of the
uses that “universal building block”
MMIC amplifiers can provide with sim-
plicity and economy. RF
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RF manufacturing

Using Design of Experiments to
Optimize Filter Tuning Steps

by Dan Pleasant
Hewilett-Packard Company

Computer-aided engineering (CAE)
software continues to reach new levels of
sophistication, enabling designers to
tackle new classes of design problems.
This article describes how two features of
CAE software can be used in a novel
fashion to solve an old problem — the
design of tunable high-Q filters for high
manufacturing yield — using Design of
Experiments and post-production tuning
yield analysis.

Design of Experiments (DOE) is a
capability that has only recently been
added to CAE software. Since most
high-frequency design engineers are not
familiar with DOE or its capabilities, a
brief introduction is in order.

DOE has been used for many years in
manufacturing to enhance the reliability
of processes in fields as diverse as auto-
motives and pharmaceuticals. For any
manufacturing process, there are para-
meters that can be controlled and others
that cannot. Any of these parameters can
affect the manufacturing yield. DOE is a
systematic technique for finding the para-
meters that have the greatest effect on
the process (and therefore the manufac-
turing yield), and finding ways to enhance
the process and the reliability of the prod-
uct. For high-frequency circuit designers,
the parameters of the manufacturing
process are usually circuit component
values, although other parameters such
as temperature are often also important.

A complete description of the DOE
technique would be quite lengthy and
well beyond the scope of a short article.
For high-frequency designers, though,
here is a brief description of DOE:

Imagine a simple circuit such as the
one shown in Figure 1. There are three
parameters in this circuit: two resistor val-
ues, and one capacitor value.

Suppose the values of the resistors can
vary in manufacturing from 24 to 26
ohms, and the value of the capacitor can
vary from 0.9 to 1.1 pF. Using the DOE
technique, this circuit can be simulated
by the computer using the high and low
values for each parameter for all possible
combinations of parameter values. This
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R1 R2

Figure 1. Simple lowpass filter
example.

circuit would then would be simulated a
total of eight times, with parameter values
as shown in the following table:

This table defines an “experiment” in
the terminology of DOE. Using the results
of these eight simulations, the circuit’s
sensitivity to each component value can
be seen. Furthermore, interactions
among the three components can be
estimated. All of this information is useful
to circuit designers, and can be used to
enhance manufacturing yields, as will be
demonstrated later.

Because it uses all possible combina-
tions of parameter values, the experiment
defined in this example is called a
“full-factorial” experiment. Often, the
designer knows that some interactions
are not important and do not significantly
affect the circuit’'s performance. Then,
some parts of the experiment (corre-
sponding to rows in the table above) can
be eliminated. This is important because
full-factorial experiments can become
computationally expensive for circuits
with many parameters.

Post-Production Tuning Yield

Post-production tuning yield is, quite
simply, a combination of circuit optimiza-
tion and Monte Carlo analysis for the
design of circuits that include tunable
components.

For circuits that do not use tunable
components, Monte Carlo analysis calcu-
lates manufacturing yields by simulating
the circuit many times (hundreds, or even
thousands of times), statistically varying
each parameter for each simulation.
Eventually, the computer will gather
enough information about the circuit to

Rt R2 C1
Simulation #1 24 24 0.9 pF
Simulation #2 24 24 1.1 pF
Simulation #3 24 26 0.9 pF
Simulation #4 24 26 1.1 pF
Simulation #5 26 24 0.9 pF
Simulation #6 26 24 1.1 pF
Simulation #7 26 26 0.9 pF
Simulation #8 26 26 1.1 pF

Table 1. Parameter values.

estimate its manufacturing yield (within a
user-specified uncertainty interval).
Post-production tuning yield extends
the concept of Monte Carlo analysis to
cover the case of circuits that contain tun-
able components. At each Monte Carlo
iteration, the computer statistically varies
the circuit parameters. Then it performs
an optimization on the circuit. In fact, the
computer may perform several optimiza-
tions on the circuit, with each optimization
tuning different components to mimic the
actions of manufacturing personnel. The
Monte Carlo iteration is not finished until
the optimization is finished, resulting in a
yield-after-tuning simulation.

Tunable Filter Design for
High Yield

Used together, DOE and post-produc-
tion tuning yield analysis can be used to
design high-Q, manually tuned filters. Fil-
ter tuning has always been considered
something of a black art, because of two
difficult-to-solve problems: determining
which filter components to tune, and in
what order to tune them. The following
example illustrates one way to solve both
problems.

Figure 2 shows a simple lumped-ele-
ment design for a Chebyshev lowpass fil-
ter of order 15. The component values for
this circuit were calculated in the classic
fashion, which means that they were
found in a filter cookbook and simply
typed into the computer.

The specifications for this filter are
straightforward. The filter must have less
than 3.6 dB of loss up to 4.75 MHz, and
must have at least 36 dB of loss at 5
MHz and above. To allow for some mar-
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RF phase-locked loops

Phase-Locked Loop Parameters

and Filters

By Jack Porter

Phase-locked loops are often required
to have specified values for closed-loop
parameters such as damping factor and
undamped natural frequency or noise
bandwidth. However, the parameters
used in loop filter design are open-loop
gain and corner frequencies; calculating
values for these is thus the first step in
designing such filters.

able 1 defines symbols used in Table

2, which contains formulas for open-
and closed-loop gain and equations
showing the relationships among the
parameters in these formulas. Figure 1 is
a typical open-loop gain plot with some of
these parameters noted on it.

A loop with a single corner frequency is
completely specified by choosing values
for any two of the parameters appearing
in the equations in Table 2; values for all
of the remaining ones can then be calcu-
lated.

An additional corner frequency, desig-
nated Fg in Figure 1, is often used to
attenuate noise outside the loop band-
width. This may represent a single-pole
filter used to attenuate phase detector
switching noise or an anti-aliasing filter
when a digital loop filter is used. With the
additional corner frequency the loop is no
longer second-order, thus parameters
such as { and o, are no longer defined.
However, closed-loop bandwidth can still
be calculated using the equations in the
last part of Table 2. Since the loop phase
margin has been reduced, the band-
widths calculated using these equations
are always greater than those of the

Wy Wo Wy Wg
100 } i
! [
80
=z
I 60
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o
g «
(@]
= 20 !
=4 - | !
a |
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' |
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0.1 1.0 10 100 1000
FREQUENCY (RADIANS /SEC)

Open loop gain:
K
Ag = gél(Tzs +1)

2L+ 2
&2

Closed loop gain

KaT25 +Kq
§2 +K,Tos +K,
_ 2os+o,’

T 82 + 20wps + 0,2

Ag =

wg =2rFg
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ot = (2+ K To? JKaon® —Ka2 =0

For loop with additional corner
frequency Fj:

K
A :@
0 (Tas+1)

w3 =2nF3 =1/T4

KaTos +K,
Ac=c—5_
T3s” +5° +K, Tos + Ky
1+ K, T2
By=——2=~
2(T2 - T3)

Ta20u® +(1- 2K, T,Tg oy

~(2+KaT2? JKaop? =Ka2 =0

Table 2. Open- and closed-loop gain formulas and related parameters .

basic loop.

The equations in Table 2 can be used
in designing any type of loop filter, digital,
active analog or, with some approxima-
tions, passive. The single-op amp active
filter, various forms of which are shown in
Figure 2, is simple and widely used.

Figure 2 also contains the equations

used in designing these filters. Definitions
of the symbols used in these equations
can be found in Table 1. Figure 2-1 is the
basic loop filter; the remaining three fil-
ters represent various ways of imple-
menting the corner at F;. When these fil-
ters are used, a value must be selected
for F5 or T, in addition to the two parame-

A(s) : Closed-loop gain

A(s) : Open-loop gain

By : Closed-loop half-power (-3 dB) BW (Hz)

B_ : Closed-loop noise BW (Hz)

By : Closed-loop 2-sided (equivalent i-f) noise

BW (Hz)

Fo  : Nominal open-loop unity-gain BW (Hz)

F, : 2nd-order loop filter corner frequency (Hz)

F; @ Optional additional corner frequency (Hz)

K, : Open-loop gain constant (sec“2), numeri-
cally equal to the open loop gain at w=1

: Phase detector sensitivity (volts/rad)

Kieo  VCO sensitivity (Hz/volt)

Nm  : Frequency multiplier ratio

Ny Frequency divider ratio

T; : Loop filter gain constant (sec), numerically
equal to the reciprocal of the loop filter gain
at o=1

4 : Closed-ioop damping factor

o, : Closed-loop undamped natural frequency
(rad/sec)

R,=T,/C,
C,=C T,/ (T,-T5)
R,=T; /(C,+C,)

R,=(T, - T,)/C, R.=C,
C,=T,/R, Ry= Rig + Ryp = T/C,
R;=T,/C, Co=T3/ Ry, + T3/Ryy

Figure 1. Typical PLL open-loop
gain plot.
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Table 1. Definitions of symbols
used in Table 2.

Figure 2. Various active PLL loop
filters.
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RF amplifiers

Power Amplifier Design Using
Quadrature Hybrids

By Povi Raskmark
Aalborg University

Cancer treatment using heat (hyper-
thermia) has been investigated for sev-
eral years; deep seated tumors may be
heated using RF power and a phased
array system. In the Danish Hyperther-
mia Foundation system, a four applica-
tor array (1) is used. The system is
phase locked near 70 MHz, with a four
channel power amplifier controlled by a
signal generator.

he most important design goals for

the RF power amplifiers were linear
operation at 70 MHz, output power of
350 watts, 50 ohm output impedance,
and good reliability and low cost.

The frequency and power design
goals are based primarily on theoretical
considerations and practical experience
with the applicator array. A low output
VSWR is an advantage when a given
array excitation voltage is desired since
the interaction between the applicators
will be less significant (2).

Design Considerations

Linear operation with low output
VSWR implies a class A amplifier, but
that would certainly not be a low cost
solution. A single class B amplifier
would not posses a low output VSWR
across the entire dynamic operating
range. A design which combines two
amplifiers using quadrature hybrids may
be a good choice because it offers linear
operation and good output match at a
low cost (3).

RF power field-effect transistors in the

|
R2 | cs
RI Pl

R3

ci ; R4

RS

| MC7812

Ti1 TP1940

28 VDC

e I e A

C3
ouT

L1

C4

T2

Figure 2. Circuit diagram for a 200 Watt push-pull power amplifier.

500-watt Gemini package intended for
push-pull operation are available from
various companies. The TP1940 from
Motorola (4) seems to have good perfor-
mance combined with low price. It is
around this transistor that the balanced
power amplifier and the block diagram
of Figure 1 are designed.

The input signal from the signal gener-
ator is amplified by a 10 watt class A-B
preamplifier. At the output, a 5th order
Cauer- Chebyshev lowpass filter is
added to attenuate the 2nd and 3rd har-
monics. A directional coupler follows the
filter. These three circuits will not be
described further.

The Quadrature Hybrid
A hybrid is a four-port passive sym-
metric device, which ideally splits an

Iso 0

50 Ohm

Inp 90

Pre Amp

Power Amps

90!

LP filter Dir.Coupl

Out

Iso

50 Ohm

Figure 1. Principle of a 350 Watt quadrature combined power amplifier.
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input signal at one port into two signals
with 90 degree phase shift when the
remaining isolation port is matched. If
the two output ports are connected to
loads with reflections T', and I',, the
input reflection coefficient I'; may be
found:

I = 12T, —T) (1)

To achieve input matching for the bal-
anced amplifier, it is therefore sufficient
if the two amplifiers are identical. Qutput
matching is achieved in exactly the
same way.

Quadrature hybrids in this frequency
and power range are commercially
available; however, branch line couplers
are easily fabricated using printed circuit
techniques (5). To achieve reasonable
dimensions, the coupler is made in
stripline using PTFE (Ultralam 2000) for
the 50 ohm lines, and epoxy glass (G-
10) for the 35.4 ohm lines. The two sets
of stripline are stacked and the ground
planes soldered together and then
mounted on a heat sink to avoid high
temperatures in the PCB. The input
hybrid could be made much smaller
using lumped elements, but the stripline
technique is very easy to make in large
quantities.
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AMP Dir.Coupl

HP 4195A Network and Spectrum

Tuner

Load

Phase

inp iso
3 dB Coupler
0 90

"parallel" turned

Magnitude 50 Ohm

Load
inp iso
3 dB Coupler
0 20

"anti" turned

Figure 5. Passive load pull measurements using

HP4195A.

put tuning capacitor is divided into two
capacitors, slightly improving the operat-
ing balance.

DC bias is made with a simple resis-
tive circuit without temperature compen-
sation, and the idle current is adjusted to
only 0.1 A. The complete push-pull
amplifier circuit is shown in Figure 2.
Two amplifiers, together with the
hybrids, etc., are mounted on a 10mm
thick copper bar, distributing the heat to
a forced-air-cooled heat sink as shown
in Figure 3. The isolation resistor is a
250 watt type PPT975-250-3 50N from
KDI, although a lower power type may
be used.

Experimental Results
Measurement of gain and phase
characteristics from the complete ampli-
fier (including preamplifier) is shown in
Figure 4. The gain decreases with high-
er power levels to approximately 2 dB
down at 350 watts. More surprising,
however, is the phase shift which is
more than 40 degrees over the power
dynamic range. At the output, harmonics
are more than 60 dB below the carrier.
Output impedance is measured using
the passive load pull technique (6) and
the test setup shown in Figure 5. The
combined network and spectrum analyz-
er HP4195A is programmed to shift
between measuring and displaying the
impedance and actual delivered power.
For a given power level, the tuner is

Power(W) 75 200 350
To 0.30211090.172210°]0.162150°

Table 2. Measured output refiec-
tion coefficient at three power
levels.

74

Figure 6. Tuner usi

adjusted to deliver maximum power, and
the output impedance is directly given
as the complex conjugate of the load
impedance in the reference plane.

The directional coupler must have a
high directivity in order to avoid errors.
When tuning manually, it is convenient
to have a tuner where reflection ampli-
tude and phase can be set easily. It is
common to use a quadrature hybrid as
a phase shifter, but it can also be used
as a tuner, with two different lossless
loads on two ports (0 and 90 degree
ports) and a load on a third (isolation
port). Equation 1 shows that the input-
reflection- coefficient's magnitude and
angle may be adjusted by changing
each output-reflection-coefficient’s
angle alone. This adjustment can be
tricky. In Figure 6, one hybrid shifts
magnitude only, using two variable
capacitors in antiparallel. If one capaci-
tor increases the reflection coefficient
angle, the other one must decrease it.
The angle range should be symmetric
around -90 degrees so only the magni-
tude is shifted. In the phase shifter, the
two variable capacitors are in paraliel.
The prototype tuner covers VSWR up to
1:3 at all angles. Table 2 shows the pro-
totype balanced amplifier's measured
output impedance as a function of
power level.

Conclusion

A power amplifier designed to oper-
ate at 70 MHz in a phased array hyper-
thermia system is described, which fea-
tures ruggedness and low cost. The
amplifier is tested for stability, and the
output impedance is measured using a
passive load pull technique, where an
easy-to-adjust tuner based on two

ng two quadrature hybrids.

quadrature hybrids is used. The overall
amplifier efficiency could be improved
using 40 volt supply and a 1:4 output
transformer in each push-pull amplifier.
Four complete amplifiers have been
built, and they have almost the same
gain and phase characteristics, primari-
ly due to the broadband matching
design. RF
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RF product report

RF CAD/CAE Companies

Try a Variety of Approaches

By Ann Marie Trudeau
Assistant Editor

The RF engineering field has
expressed its requirements for
CAD/CAE software by requesting soft-
ware that provides flexibility, speed,
accuracy, and easy to use interfacing. It
is critical that engineers have the soft-
ware reliability that allows them to speed
to market a product that will actually per-
form as designed, which can cut back
on the time-consuming task of building
prototypes. Some CAD/CAE software
companies have a narrow RF focus
while others feel that they can also
address many areas in the RF field.

Two antenna software design compa-
nies have seen the need for programs
that fit between those used by the ama-
teur radio community and expensive
software that costs in the tens of thou-
sands dollars. Their programs aid the
engineer who needs to design an anten-
na, build it and have it work the first time
according to design. Brian Beezely has
based two of his four antenna programs
on the mathematics of MININEC, a pub-
lic domain program he has refined for
easier use. Other programs use special-
ized models or are derived from the
Numerical Electromagnetics Code
(NEC). Paragon Technology, Inc,'s Vice
President Todd Erdley said that his
company has developed an intuitive
antenna design and analysis program
based on NEC, called NEC-OPT which
offers optimization to the designer who
is aware of basic concepts but is not
well versed in RF antenna design.

Simulation Methods and Models

SPICE is a well known and powerful
program that is preferred for some appli-
cations by the RF community. Its time-
domain basis is very useful, but vendors
don’t provide designers with enough RF
simulation models. "RF is a very
expanding market and very few SPICE
vendors are going after this market,"
Charles Hymowitz, Vice President of
Product Development for Intusoft, said.
Their SPICE program includes a special
RF device library.

The inter-relationship of simulator
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models and designing is paramount to
developing high performance products.
An engineer designs a product for lower
performance level if a model is not accu-
rate. With more accurate models the
designer has the option of producing a
higher performance product. This also
increases the likelihood that it will work
correctly in the first prototype, saving
time and money in development.

President David Kennedy of Optotek
also notes the importance of models,
pointing out that they have 172 tested
simulation models in their MMICAD pro-
gram.

Testing and Data

Manufacturers' data sheets don't
reflect the correct RF data at higher
power rates because most manufactur-
ers don't spend the time to do large-sig-
nal modeling testing of their devices. Dr.
Ulrich Rohde, President of Compact
Software, said. Compact provides a fully
tested model library which adds to man-
ufacturers’ data.

Another software company that is
committed to testing is Eagleware Cor-
poration. President Randy Rhea said
that they get involved with their users'
activities by building and testing the
product using feedback to evaluate their
algorithms and models for accuracy.

PC Use Increases

Nearly all the companies noted in this
report provide products for the PC plat-
fors, and some it is their primary focus.

Using the PC to address tasks basic
to RF, Les Besser of Besser Associates
has focused on narrow and broad band
low noise RF amplifiers with the EEZ-
Match and EZ-Chart programs. His self
explanatory programs allow designers
one key stroke or mouse operation
which eliminates having to read the
manuals. “I's a niche market but it's
very efficient and effective in that market
segment,” Besser said.

Using the PC to focus on layout for RF
circuits CAD Design Services has devel-
oped a program to be used within Auto-

CAD. The program is called Electronic
Packing Design and engineers have
access to automated systems which
provide a net list check, parts creation,
and produces a negative ground plane,
according to John Sovinsky, President.

New processors like Intel’s Pentium
chip gives PCs the power to handle very
complex RF programs. Because PCs
can now handie the wide range and var-
ious types of electronic systems that
HP-EEsof analyzes, Jeremy Bunting,
Product Manager System, Design Tools,
said that they will be releasing a pro-
gram using Microsoft’s upcoming Chica-
go (Windows 4). “We just haven't
released it yet,” Bunting said.

Dick Webb of Webb Laboratories said
that they are releasing SYSCAD-6
which is for frequency domain based
systems or receiver design. SYSCAD
supports DOS now and will soon be
available for Windows 4. Webb said that
they feel they are continuing the right
market approach and new releases
won’t change the company’s course.

James Rautio, founder and chief sci-
entist of Sonnet Software said that their
software technique is based on FFTs,
and has recently been ported from UNIX
to the PC. This previously has been best
applied to predominately rectangular cir-
cuits. Now the technique has been
extended to include arbitrary subsection
size and limitless circuit geometry. Sub-
sections of circuits can bend and fold to
match the outline of the circuit. This can
result in extremely fast electromagnetic
analysis of circuits with arbitrary angles
and curves. They just do analysis
because Rautio felt that in order to be
successful in the electromagnetic area
you have to be a small company and be
very focused on electromagnetics.

Summary

It seems that CAD/CAE software
providers are trying to put as much as
they can into their programs to give
engineers as much flexability and accu-
racy as is available, to design today’s
higher performance products. RF
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Make the move to

SYSCADG.

Receiver and system designers reap
immediate benefits from the unique

power and functionality of SYSCAD 6.

New features include compatibility
with the HP/EEsof OmniSys® block
description standard; swept power,
swept frequency, unequal two-tone
and intra-system excitation and
analysis modes; and the all-new
UNISPUR spurious analysis engine.
Amazingly affordable, SYSCAD 6
belongs in every engineering
department!
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UNISPUR

Available only via SYSCAD 6, UNISPUR
provides complete characterization of
frequency conversion systems with one,
two or three mixing processes. Unlike
other spurious analysis offerings,
UNISPUR performs comprehensive
analysis of exciting and receiving
systems. Typical spurious analysis
programs predict spurious outputs for
user specified inputs. UNISPUR adds the
unique ability to solve for problem
system input frequencies. For receiving
and transmitting systems with N mixing
processes, UNISPUR solves for and
classifies all 2" families of spurs,
including all 2™ classes of coincident
products.

UNISPUR incorporates the effects of
preselection, IF and output filtering, IF
gain, mixer characteristics and signal
level. SYSCAD with UNISPUR - the
singular analysis environment of choice!

INFO/CARD 60

SYSCAD Features

® Building Blocks

Lumped, distributed, active,
antenna and link elements;
small and large signal
s-parameter data,
consistent with HP/EEsof
0mniSys® block
description standards.

® Excitation Modes
Swept input frequency
Swept input power
Unequal two-tone

® Qutput Modes
Signal power, gain, phase,
delay, compression, C/N,
vs. frequency
Signal power, phase, delay,
compression, C/N, vs.
input power
Stage-by-stage signal
power, compression, C/N,

® Hardware Requirements
IBM-PC, VGA, hard drive
640k RAM, DOS 3.1 or later
PostScript, LaserJet or dot
matrix printer for
bit-mapped graphics
HP or Houston plotter optional

Still just $995!

WEBB LABORATORIES
13731 W. Capitol Drive ¢ Suite 260
Brookfield, Wi 53005
TEL: 41493676825 FAX: 414+3676824






RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad
copy for a rate quote to (404) 618-0342.

1owAERMIDWEST

RF/MICROWAVE b, S §

DON GALLAGHER MSEE

Phone: 319-895-8042
1145 LINN RIDGE RD.

Fax:

WIRELESS
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST!
My clients need top-notch RF Design Engineers and Managers,
3 to 10+ years experience, HF to 3.0 GHz, Receivers, Transmit-
ters, Power Amplifiers, Synthesizers, Spread Spectrum,
ASIC/MMIC Design, Modems, Communications DSP.

MT. VERNON, IA 52314
40 YEARS OF RF ENGINEERING, MANAGEMENT, AND PLACEMENT OF ENGINEERS

Request for Proposal

— Electronic Serial Number (ESN) Reader -
Spy Supply, Inc., a major supplier of surveillance and counter-
surveillance devices to the Federal Government, is soliciting proposals
for a cellular ESN reader. The device must be capable of intercepting
and storing ESN's, (Electronic Serial Numbers), MIN (Mobile ID
Number), Station Class Mark (SCM) and the number dialed.

319-895-6455

INFO/CARD 70

RF POWER CONSULTING
Engineer with over 20 years of experience in high power

HF-VHF designs is available for consultation.
(Recently retired from a major semiconductor manufacturer).

Specialties: MOSFETs, amplifiers (classes A-D), power combiners, RF
transformers, filters, PC lay-outs, directional couplers, ETC.
Modern RF lab is available at the premises.

H.0. Granberg
Phone: 602-943-0401 Fax: 602-944-5019

INFO/CARD 72

Leading Manufacturer of crystal filters/LC
filters/TCX0/VCX0/VCO/VCTCXO0/Clock
Oscillators and crystals looking for aggressive
representation So. California, Northwest, Mid-
west, So. Midwest and Mid-Atlantic states.

Call or Fax Kirti Shah at (602) 971-3301.
INFO/CARD 73

BIG SALES

small packages.

Ask about our special
advertising packages in
RF DEesiGN Marketplace.

Carmen Hughes
Phone: (800) 443-4969
Fax: (404) 618-0342

Interested firms may obtain a complete copy
of the proposal by calling (617) 327-7272.
SPY SUPPLY, INC.

1212 Boylston St., #120 « Chestnut Hill, MA 02167
Voice: (617) 327-7272 « Fax: (617) 928-1514

INFO/CARD 71

Learn DSP and
put your
knowledge to

thout} 5.5

Te ars IMMEDIATELY!

@M Z Domain Technologies, Inc.

COMING TO A

Ciry Nzar You E00-967-5034 § By taking this
404587 4812 3-Day Course

Boston San Jose

swiisoriy | FEISSTEE Tobu il really
RTHIRg BN R E. Our 2-Day Advanced- learn  DSP.
Toronto Austin Guaranteed!

Course is ready. Call for
Scottsdale, RZ more infe.

RF Design
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Philips Semiconductors is dedicated to the manufacture
of world-class IC products. We stand by our commit-
ment to continuous quality improvement and customer
satisfaction. Join us in the following opportunities.

PRODUCT MARKETING
MANAGER

In this key position, you will define new board level
wireless products and be responsible for their successful
promotion. You will be responsible for advertising,
tradeshows, field training, customer presentations, cus-
tomer interface, pricing, and forecasting. You should
have a BS/MSEE or equivalent, an MBA is preferred.
Your background should include 7+ years’ experience in
marketing OEM data communications products.

RF SYSTEM ENGINEER/
INTEGRATOR

You will oversee all aspects of this new program from
architectural definition through final product integration
to ensure full compliance with FCC and industry stan-
dards and with customer requirements. You must have a
BS/MSEE or equivalent with experience in technical
systems integration/program management of complex
system oriented products involving integration of hard-
ware and software. Knowledge of RF, LAN and CDPD
is important.

BASEBAND/MODEM
ENGINEER

Take responsibility for system design and debuggin% of
baseband modulator/demodulator and radio control cir-
cuitry on board level wireless data products in this chal-
lenging role. This will involve implementation of wireless
data modem circuits using Philips IC technology and
working with other Engineers in integration of a com-
plete solution. You need 5+ years' experience in modem
and digital modulator/demodulator design using state-
of-the-art components and design simulation tools.
Working knowledge of cellular or wireless LANs a plus.

RF SYSTEM DESIGNER

This challenging position will be responsible for system
design and debugging of RF circuitry on board level
wireless data products. This will involve implementation
of transmitter and receiver circuits using Philips RF IC
technology and working with other Engineers in the inte-
gration of a complete solution. A minimum of 5 years of
experience in UHF/microwave circuit design using state-
of-the-art components and design tools is required. A
background in cellular or wireless LAN design and FCC
type acceptance a plus.

In addition we are looking for:
® RF Product Marketing Engineer
e RF Applications Engineer

Philips Semiconductors offers competitive compensation
and a comprehensive benefits package. Please send your
resume to: Philips Semiconductors, Professional Staffing
Dept. RF, MS 07, 811 East Arques Ave., Sunnyvale, CA
94088-3409, or fax to (408) 991-2656. We believe in
maintaining a safe work environment for all employees
and require pre-employment drug and alcohol testing.
Philips Semiconductors is a division of Philips Electron-
ics North America Corporation, and an Equal Opportu-
nity Employer. Principals only, no phone calls, please.

;:e‘li'lri\?csonductors pH I I-I ps

RF BROADBAND DESIGN

Our rapidly growing RF Systems Divi-
sion requires a hands on project engi-
neer with 5 to 10 years broadband
amplifier experience. We offer an
excellent salary & benefit package and
great work location in Silicon Valley.
FAX or mail resumes to:
INTECH, 2270 Martin Ave., Santa
Clara, CA 95050; FAX: (408) 988-

-1702; Phone: (408) 727-0500. -

INFO/CARD 76

(o= Ram Jem ]
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e Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel-
OOQ lular systems. Requires minimum of 2 years experience in any of the following;
OO0 DSP, ASIC Design, Cae Development, Digital Medulation, Digital Mobile Com-

munications, Channel Equalizers, Transmitter-Receiver Synthesizer or Audio
D D Design, Digital Signal Processing.

...YOUR CAREER

——— | Cellular Amplifier Design: Design and development of HBT MMIC power ampli-
fiers for portable cellular phone applications. Experience in design and characteriza-

% tion of microwave GaAs integrated circuits using advanced solid-state devices such
as_heterojunction bipolar transistors {HBTs) and field-effect transistors (MESFETs,

\ceee? HEMTSs, HFETS).

Product Marketing Manager: Our client, a well known microwave firm, seeks an experienced profes-
sional to perform classical marketing functions for a product line: i.e., develop short and long term
business plan, determine marketplace, etc. Excellent compensation package along with executive
benefits.

MMIC Design Manager: of an i ing group responsible for the development
of li GaAs MMIC prodi : p i or the of both R&D projects for
standard components as well as writing, ing with S, ing design reviews,

g employ and bidding jobs to fixed prices.’ The group has successfully
completed contracts with products such as mixers, converters, oscillators and frequency multi-
pliers. These p range in i ies from 200 MHz to 18 GHz.

RF/Synthesizer Design: Positions available for candidates experienced in the design and develop-
ment of communication receiver/transmitter systems and subsystems. Experience in RF synthesizer
design, RF circuitry, low power circuit design and GaAs/Silicon MMIC design is desirable. At least a
BS degree in Engineering is required.

RFIC Design: MS or PhD in Electrical Engineering with minimum 5 years related experience pre-
ferred. The candidate should have a good knowledge and experience in Linear Bipolar High Fre-
quency IC design and measurement techniques in design IC’s like Amplifiers, Mixers, Oscillators,
VCO’s, Prescalers, Synthesizers, Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or BiC-
MOS technologies.

MMIC Design Engineer: Develop L/S band GaAs MMIC power amplifiers for
commercial wireless communications. Requires: M.S. or BSEE, +2 years expe-
rience with GaAs MMIC design, simulation, packaging and test.

RF Design E ] P for the design of analog and RF
systems and circuits for consumer and commercial digital wireless
products. Five to ten years experience in RF systems analysis and
design. Experience with | t i for freq y sy i
ers, power amplifiers, up/down converters and baseband circuits
for digital communications systems. Must be able to derive RF
y an requir to meet overall performance
and cost goals. Familiarity with time division duplex or COMA

REEEEX aplus.

COMMUNICATIONS
‘ EXECUTIVE SEARCH

800 Turnpike St. » North Andover, MA 08145
We specialize in the placement of communications both nationally and internationally.
FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627

INFO/CARD 77

NOLAN LABORATORIES, INC.

Consulting, Design, Test and Manufacture
FOR

RF, Microwave, Antennas,
Electromagnetics, EMI/RFI,
Bioelectromagnetic Sensors

Design and Support for Manufacturability

James A. Nolan, MSEE PO Box 567

President Conifer, GO 80433-0567
(303) 838-0057

INFO/CARD 78




PRODUCTS & SERVICES

L-C and transmission
line filter design and
analysis for your
PC compatible

PCFILT

* 7 years in development.

* Internal analysis and optimization.

* Pole placers or lowpass reference scaling.

* Practical and flexible.

ALK Engineering

1310 Emerson Ave.
Salisbury, Maryland 21801
(410) 546-5573 Fax (410) 860-9069

INFO/CARD 79

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323

INFO/CARD 80

DIGITAL C,L METERS
Precsion instruments 0.0001pF/0.0001uH resol.
0.2% basic accuracy. Display 4/ 4 1/2 dig. LED.
Freq. 1MHz / 10MHz. Prices start at $410.00.
DIGITAL PHASE METERS

20Hz to 20MHZ, any waveshapes,
(no adjustments) Resol. 0.01 deg. Price $550.00.

TBE ELECTRONICS ph (607) 659-3030 fax (607) 659-3650
INFO/CARD 81

autogain

G-10
SIGNAL GENERATOR

The $2495 profit generator
Quality crafted in the USA

Finally, a synthesized signal generator that’s .
designed to help you generate more than just signals. The Ramsey RS ignal gen-
erator you can afford, the signal generator that’s designed to do what a 51g‘nal generator is
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz.
For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable memory, for example, can store up to 20 of

COMTRONIX SYSTEMS, INC.
CUSTOMIZED
SOLID STATE*HIGH POWEREDSVHF/UHF

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UPTO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION  TEL413/785-1313 FAX 413/739-1352

by:

your most commonly used test set-ups. And unlike other units, just one touch of the memory
work done, easier and faster.
At $2495 the Ramsey RSG-10 is your profit generator.
793 CANNING PARKWAY, VICTOR, NY 14584
Fax: (716) 924-4555
ORDER DIRECT—CALL 1-800-446-2295 m
INFO/CARD 82
e Computerized * RF Systems
* Spread Spectrum Communications
* Harris and Hitachi Authorized Design Center
e Complete, Fulltime Professional Staff
1842 Hoffman St., Madison, W| 53704
TEL 608/244-0500 FAX 608/244-0528

INFO/CARD 83

NOVA Rrr Systems, Inc.

The Complete RF/Microwave Solution
— RF/Microwave Systems
— Custom Design/Consulting
— Simulation Software
— Synthesizers (PLL/DDS)
— Complete Lab/Machine Shop
— TDMA/CDMA/Spread Spectrum

International Inquiries Welcome
1740 Pine Valley Dr. Vienna, VA 22182
(703) 255-2353

exchange button is all it takes to quickly shift from one test set- -up to another. You get more
RAMSEY ELECTRONICS
TELEX: 466735 RAMSEY ClI
O.E.M. Electronic Products
» Custom, RF/Digital ASICs * 14 Year History
LOCUS, Inc
INFO/CARD 84

* STD. 5 AND 10 MHZ OCXO

* TCXO * VCXO * TC-VCXO

* VCO’s * CLOCK OSCILLATORS

* CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

* L/C FILTERS

* STANDARD IF FREQUENCYCRYSTALS

* SURFACE MOUNT AND LEADED
PACKAGE

UKTS ./

ELECT ONICB

| "Where your dreams -- rn into reality.” |

Call or Fax requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919

Phone & Fax (602) 971-3301

INFO/CARD 85

Need Clock Oscillators or Crystals? Call 1-800-333-9825 « 714-991-1580
Quartz Crystals 50Khz to 200Mhz

TTL Clock Oscillators 250Khz to 70Mhz

HCMOS Clock Oscillators 3.5Mhz to 50Mhz

Tri-State, Half Size and Surface Mount also available on request
Fast Service - 3 weeks or less
Special frequencies our specialty

FAX /14 491 98"5

. Gilbert, Anaheim, CA 92801

1142
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RF ' literature

Magazine’s Premiere Issue
M/A-COM has released a direct marketing
magazine on M/A-COM products called
LOUD & Clear which will come out in March,
June and October every year. It will include
feature columns with the RF engineer in
mind. They also are announcing a new Micro-
electronics Product Catalog which provides
specifications, application notes and outline
drawings for their complete line of standard,
active and passive devices, components and
assemblies.
M/A-COM
INFO/CARD #249

Gilbert Cell Mixer Note

Compact Software has an application note
covering the design of bipolar Gilbert cell mix-
ers using Compact's Microwave Harmonica
nonlinear analysis program. Gilbert cells
modulate or de-modulate RF signals and can
be designed to have low current consumption
while providing excellent conversion gain and
good distortion characteristics, especially
useful for battery operated equipment. This
note describes nonlinear analysis at all
stages of the design process, from the bias
circuit through multi-tone analysis.

Compact Software
INFO/CARD #248

Short-Form Catalog

Murata Electronics’ short form catalog
shows their complete line of passive electron-
ic components that include potentiometers,
piezo alarms, resistor networks, posistors,
piezoelectric ceramic filters and resonators,
oscillators, custom circuit modules and
micowave-related products.
Murata Electronics
INFO/CARD #247

Wireless Data Handbook
Philips Semiconductors’ new 1994
RF/Wireless Handbook incorporates specific
application information as well as design
shortcuts for engineers. The 1100 page
handbook provides technical information on
Philips’ RF wireless integrated circuits.
Philips Semiconductors
INFO/CARD #246

Low Power Components

RF Monolithics, inc. offers a 10-page guide
and catalog for low-power UHF components
based on quartz surface acoustic wave
(SAW) technology operating in the range of
224 to 928 MHz. The guide illustrates appli-
cations and worldwide frequency regulations.
RF Monolithics, Inc.
INFO/CARD #245
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RF software

Amplifier Design Tool
EZ-Chart™ is a low cost program to assist
amplifier designers, available from Besser
Associates. Without reading extensive manu-
als, the intuitive pull-down menus guide the
novice through the design process. The pro-
gram operates under DOS or as a non-Win-
dows application. (EZ-Chart is a trademark of
Aciran Software Systems).
Besser Associates
INFO/CARD #244

Filter CAD Package

PCFILT from ALK Engineering is a passive
L-C and transmission line filter design and
analysis package. Customers receive the
software and security key, a 100-page users
manual, 1 year support and updates. A demo
version is available.

ALK Engineering
INFO/CARD #243

RF Cell Library

The Semiconductor Products Center of
Hughes Aircraft Company has introduced its
first applications specific ASIC cell library for
RF communications components and sys-
tems designers. The library works with Hugh-
es’ Crescendo™ design system for integrated
design of RF identification tags, electronic lot
travelers, security systems and other RF
applications. Features include FM modulator,
PLL, class AB driver, RF amplifier, Gilbert
cell, Manchester encoder and pseudo-ran-
dom number generator designs.

Hughes Aircraft Company
INFO/CARD #242

DSP Software Adds Real-
Time DSP Board Support

Hyperception, Inc. announces an enhance-
ment to their Hypersignal for Windows Block
Diagram simulation software. These
enhancements allow DSP algorithms to be
run and tested in real-time on standard DSP
boards. Drivers are available for several
industry-standard products.

Hyperception, Inc.
INFO/CARD #241

Software Updates

Cedars Software has updated their STRAN
string analysis program to version 5.0, and
have released two new programs, CPN and
STAT, which provide solutions to phase noise
problems. CPN and STAT implement equa-
tions presented in the book, Phase Noise
Analysis in RADAR Systems Using Personal
Computers.
Cedars Software
INFO/CARD #240

Math Package

Scientist™ is a new package dedicated to
experimental data fitting and simulation, using
numeric and symbolic techniques.
MicroMath Scientific Software
INFO/CARD #239
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