






































RF letters

Letters should be addressed to: Edi-
tor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Published letters may be
edited for length or clarity.

ISO 9000: Barking up the
Wrong Tree?

Editor:

The time has come to sound an
alarm that alerts thousands of small
company owners and managers to the
latest boondoggle-regulation that is
about to be imposed on them. There is
still time to fight, but not much. You can
not open a trade magazine without
reading yet another story about the
blessings of ISO 9000. Don’t fool your-
selves, this will not just be for those
who export. The QC/QA establishment
will see to it that you will essentially be
forced to accept this costly, ineffective
system of regimentation which does
absolutely nothing to improve quality,
but adds new costs to your product or
service.

If you do not believe what | stated, |
urge you to get the ISO standards and
read them. Get one of the auditors’
outlines of pertinent questions and
read it. If you are in charge of any
company, and you see anything new
there, you are in the wrong job. You
have, of course, long ago seen to it
that all these measures have been
taken. How formally these procedures
need to be tied down, however, is a
decision only you can make. The last
one you want making your decisions is
some 36-hour “whiz kid.” All that is
required to become a provisional audi-
tor for ISO 9000 is 36 hours of training
time with a bachelor’s degree or lesser
education.

Apparently the dictum for this enter-
prise is thou shalt document ad nause-
am. The naive belief is that more is
always better, which is as far off the
mark as it can be. The detail of docu-
mentation and/or instruction must be
properly tailored to the user’s training,
experience and education. Excessive
detail is just as detrimental as a lack of
detail.

I challenge the QA establishment to
show that they have had any beneficial
effect on the quality or reliability of our
industrial products or services. For
many years the quality of US automo-
biles and electronic products was
demonstrably decreasing steadily. The
QC/QA establishment, well entrenched
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in all significant companies in both
industries, apparently watched in silent
amusement. What brought the rever-
sal? One word, Japan. Case closed. A
grain of salt needs to be added about
Mr. Deming teaching the Japanese. The
cultural differences between the two
peoples substantially overshadow any
such claim. Other spectacular achieve-
ments of the QA/QC establishment
include the Hubble Space Telescope,
and some of our weapon systems. |
include the Challenger with some hesi-
tation.

ISO 9000 and the Baldrige contest are
first cousins. They share their predilec-
tion for formalization; nothing left to
chance; a patent recipe designed by
generalists without any specified scien-
tific or engineering knowledge to ensure
the quality of anything you can think of.

By no means is this writer alone in his
assessment of 1ISO 9000. Management
expert and author Tom Peters says, ‘I
do know a bit about the 1ISO 9000 series
European quality standards, which | see
as substantially misguided.” This is a
direct quote from his periodical “On
Achieving Excellence,” December 1992.
As to the Baldrige Award, Peters states,
“Worse still, I've seen signs that their
‘passion’ for procedures is leading
Baldrige applicants to create excessive
bureaucracy in pursuit of the prize.” Sur-
prised? How could it lead to anything
else?

In the January/February 1992 issue of
the HBR, management consultants
Schaffer and Thomson summarize their
objection to activity-centered programs
such as TQM, etc. this way. “Most cor-
porate change programs mistake means
for ends, process for outcome. The solu-
tion is to focus on results, not activities.”
On April 18, 1992, an article in The
Economist, a noted British publication,
entitled “The Cracks in Quality” states,
“There is mounting evidence that the
quality programs of many Western com-
panies are failing dismally. . . TQM
focuses on processes rather than
results and products.”

Dismiss all this as the polemics of
unreconstructed pragmatists if you will,
but facts speak for themselves. in 1990,
the Wallace Company, Inc. was a
Baldrige winner. The buzzwords in the
official announcement were “quality mis-
sion statement,” “quality improvement
efforts,” and “truly worldwide.” The
March 92 issue of Fortune reports that
this very company, founded in 1942, is
now operating in Chapter 11 bankrupt-
cy. This was only two years after hav-

ing demonstrated to the Baldrige audi-
tors *. . .the company’s strategic plan-
ning process for the short term (1-2
years) and longer term (3 years or more)
for customer satisfaction, leadership and
overall operational performance
improvement.”

What is my motivation for this severe
censure of both Baldrige and 1SO 9000,
when my own company could most like-
ly successfully participate or implement
these “rain dance” schemes? It is the
solid conviction that our nation’s need to
get back its traditional competitive edge
is severely jeopardized by this empty
symbolism, which totally lacks the time-
honored problem-targeted pragmatic
approach.

It is a fair question to ask, what cre-
dentials the writer possesses regarding
quality products. | have a Dipl. Ing.
degree in E.E. and a half century of
international experience in the elec-
tronic industry. As founder and presi-
dent of PTS, | believe we have some-
thing to say about quality products and
service. We export 30% of our prod-
ucts to Europe, and all of these carry
UL, CSA and VDE certifications. We
have won blue-chip companies’ quality
awards several years running and long
ago polled all our major customers in
our own formal quality survey, again
earning only the highest marks. Qur
products have demonstrably met their
calculated MTBF (MIL 217) of 20-
40,000 hours for many years. We are
an employee-owned and employee-
motivated company, profitable man-
aged for each year of its 18-year histo-

ry.

George H. Lohrer
President
Programmed Test Sources, inc.

“Almond” Info Wanted

Editor:

I was recently looking at one of the
software programs offered in the early
days of RF Design called “Almond” by
Chris Trask. This is really an outstand-
ing program for designing high frequen-
cy circuits, but it will not run in Quick
Basic because of statements which
must be changed, and it has a few
bugs. Does anybody know Chris’
address or if he ever did any more work
with it?

Jon GrosJean
(203) 974-0677
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microwave circuit board materials,
recently announced that they have
expanded. The company opened a new
Taconic Custom Weaving Division locat-
ed in Presque Isle, Maine. The new
plant will provide materials for the
Advanced Composite industry, as well
as develop new reinforcements for
Taconic’s Electronic Laminates Division.
For more information contact Taconic

Plastics, Ltd. P.O. Box 69, Coonbrook
Road, Petersburgh, New York, 12138,
Tel: (800) 833-1805 or (518) 658-3202
Fax: (800) 272-2503 or (518) 658-3204.

Celeritek Relocates — Celeritek, Inc.
has relocated the company from San
Jose, California to larger facilities in
Santa Clara, California. The company
manufactures wireless communications

Relax! (hbit has solutions to your surface mount problems ...

Q-bit offers a broad line of surface mount amplifiers in a
variety of packages. The amplifier specifications shown
below represent some of our current products.
Please call Q-bit with your specific requirements.

- 7 0.625" Flatpack

Guaranteed Specs 25°C
Q-bit Frequency Gain  Compression VSWR NF Isolation 3rd/2nd  DC Power
Model MHz aB aBm Ratio aB aB dBm Volts/mA
QBH-210 5-500 15.0 9.0 1.5:1 3.0 250 23/33 15.0/29
QBH:215 10-500 123 260 16 7.8 250 35742 15.0/165
QBH-217 5-100 16.5 45 1.5:1 15 35.0 17/24 15.0/11
QBH-231 15:700 14.6 16.0 1743 6.5 270 29439 15,0144
QBH-233 5-500 10.5 15.0 1.5:1 4.2 250 29/45 15.0/61
QBH236 10-208 280 210 154 4.0 260 36/45 15.8/70
QBH-238 5-150 155 21.0 1.6:1 35 26.0 37/49 15.0/99
QBH-254 200-1200 128 80 204 26 230 2131 15,0723
QBH-261 10-150 13.3 27.0 2.0:1 35 16.0 45/55 15.0/175
QBH-271 2102180 I8B 210 1.5 6.5 270 39/45 15.0/165
QBH-277 10-300 16.0 12.0 151 2.6 30.0 22/32 5.0/26
QBH-280 5450 290 19.0 b 3.8 500 32142 150759
QBH-284 5-100 19.8 24.0 1.51 4.0 27.0 38/48 16.0/82
SBH-287 10:1500 13.5 200 181 6.0 135 32/42 150100
A 1]
. [ 0.450" SMD (SMTO-8)
Guaranteed Specs 25°C

Q-bit frequency Gain  Compression  VSWR NF Isolation 3rd/2nd  DC Power
Model Mtz aB aBm Ratio aB dB daBm Volts/mA
QBH-5119 10-500 15.0 12.0 1.5:1 3.0 220 26/36 15.0/33
QBH-5122 10-500 17.8 208 1811 42 220 30/38 150765
QBH-5147 20-1100 13.5 9.0 1.6:1 3.7 21.0 22/32 16.0/27
QBH-5237 10-200 127 220 187 4.5 160 38/50 15,0197
QBH-5255 5-250 14.8 220 1.6:1 5.5 16.0 37748 15.0/94
QBH-5271 19-158 13.2 260 174 &0 15.0 39748 16.0/148
QBH-5284 10-100 19.8 220 1.5:1 4.0 21.0 38/48 15.0/82
QBH-5407. 50:2000 10.0 270 2:0:1 6.0 2.0 39760, 151228
QBH-5804 10-100 200 24.0 1.5 40 27.0 38/48 15/82
QBH-5811-. - 200-1200 12.8 80 203 2.6 230 21731 180723
QBH-5817 10-1500 13.5 200 1.5:1 6.0 13.5 32/42 15.0/100
SBH-5819 21000 185 180 204 6.0 160 30/42 15.0/84
QBH-5857 10-200 8.1 110 2,01 2.0 10.0 25/38 15.0/15
SQBH-5870 10-200 70 200 1.8:1 29 100 36749 15.0/81

MIL-STD-1772 Qualified

Q-bit Corporation

2575 Pacific Avenue NE - Palm Bay, Florida - 32905

A
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e
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Main T2'407/727-1838 « Toll Free Sales T 800/226-1772 « FAX

% 407/727-3729
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products for commercial and military
applications. The new facility will provide
expanded capacity for research and
development, equipment manufacturing
and semiconductor operations. For
more information contact Robert Jones,
Vice President, Marketing, 3236 Scott
Boulevard, Santa Clara, Calif. 95051,
Tel: (408) 986-5060, Fax: (408) 986-
5095.

New Company Name — John Fluke
Mfg. Co., Inc. has changed its corporate
name to Fluke Corporation. In addition,
the company has changed its stock
exchange symbol from “FKM” to “FLK."
The stock, traded on the American and
Pacific Stock Exchanges, has been trad-
ing under the new symbol “FLK” since
August 13, 1993.

Expanded Facility — Hittite Microwave
Corporation has expanded its facility
and is now occupying the entire building
at its current location of 21 Cabot Road,
Woburn, Massachusetts. Hittite
Microwave Corporation is a supplier of
microwave monolithic integrated circuits
(MMIC) and multi-chip modules made of
MMIC chips.

ISO 9001 Certification — M-tron Indus-
tries and Densitron Microwave Ltd have
received certification registration to 1SO
9001, from The British Standards Institu-
tion/Quality Assurance. I1SO is the
abbreviation for the International Stan-
dards Organization.

The European Market For Radio Pag-
ing — According to a new report, “The
European Market for Radio Paging,” by
international market analyst Frost & Sul-
livan, the public services and private
systems (on-site and wide area) paging
markets are both under pressure from
other technologies that want a share of
the market. The report concludes that it
seems likely that the paging markets in
Europe will decline after 1997. Frost &
Sullivan predicts that in the late 1990s
the public services sector can expect
very low growth, with zero growth by the
year 2000. In the private systems sector
only marginal growth is expected, and
the wide-area market is anticipated to
decline. However, demand remains
strong for very low-cost systems for
small users requiring only 20 or 30
receivers in an on-site system, and in
those nations where other public ser-
vices and systems are less effective,
such as the former East Germany, Por-
tugal and Spain. For more information
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RF industry insight

Surface-Mount Technology
Reaches ‘Standard’ Status

By Gary A. Breed
Editor

The use of surface mount technology
was pioneered by RF engineers, who
were its first major users with chip
capacitors and strip-leaded semiconduc-
tors. High volume SMT manufacturing
has only become common in the past
few years. A look inside a pager, per-
sonal computer or television receiver
demonstrates the progress — in 1983,
SMT assembly would be hard to find; in
1988, SMT use was mixed with stan-
dard through-hole construction; and
today, you would be rarely find one of
these products without extensive (or
exclusive) use of SMT. This method of
electronic assembly has reached the
status of “standard operating practice.”

SMT acceptance has come, somewhat
surprisingly, in spite of the lack of stan-
dard package sizes and footprints.
There are numerous standards, but
each has many variations from one
manufacturer to another. For example,
clearance under the package and pack-
age height can vary widely for parts in
the “same” standard package.

Conversations with Bob Barron of
Stanford Telecom's MQA contract man-
ufacturing facility revealed additional
insight into the role of SMT: The density
of circuit boards, the positioning of com-
ponents with respect to one another,
and the mixing of digital and RF circuitry
within a small area are problems that
must be addressed by designers. it is
far too costly to deal with these prob-
lems after a design is completed and
supposedly ready for production. Bar-
ron's has put his emphasis on the impor-
tance of designing for SMT manufactur-
ing into writing in this issue‘s Cover
Story on page 65.

Dealing With Packaging

It is interesting to note that SMT manu-
facturers have worked around the prob-
lem of non-standard devices. Some
parts have varying package footprints,
some are not available in surface-mount
packages, and some are unusual com-
ponents that require hand placement
and soldering.
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In order to meet the demand for small-
er, high volume products, manufacturers
have simply learned to handle these dis-
parate components. Machine vision has
been employed to verify the placement
of parts. The camera/computer combi-
nation can recognize whether the com-
ponents are aligned with the circuit
board pads, and can adjust placement
as programmed by the operator.

Combination SMT and through-hole
mounting is routine, despite being con-
sidered a major problem area in the
early days of SMT manufacturing. SMT
mounting on both sides of p.c. boards is

SMT manufacturers
have worked around
the problem of
non-standard devices

also a technigue that has been devel-
oped to meet the needs of designers
who require specific parts placement to
meet design goals, as is the case with
many RF circuits.

Hand assembly and soldering has
been accepted as a necessity by RF
product manufacturers. Many RF com-
ponents are modular or have packages
dictated by the physical construction of
the devices themselves (e.g., inductors,
connectors, filters, isolators). In addition,
localized shielding covers are often
needed over circuits that are prone to
radiation or susceptible to external influ-
ences. Manufacturing facilities keep
assembly technicians on staff who are
trained in proper procedures for these
devices.

Of course, all hand operations add to
the cost of the finished product, and
work continues to provide more compo-
nents in SMT packages. Cost is one of
the primary goals that justifies manufac-
turing with SMT. Overall size and weight
reduction cuts the cost of an enclosure,

which can be the single most expensive
component in some products. Weight
reduction cuts shipping costs and stor-
age space requirements.

EM Fields In Small Spaces

A particular problem with miniaturiza-
tion of all kinds is coupling between cir-
cuit elements, whether SMT, chip-and-
wire hybrids or multi-chip modules
(MCMs). At first, one might think that
coupling, parasitic effects and radiation
from smaller circuits would be less than
their larger predecessors. While conduc-
tors may be shorter, they are also nar-
rower, which results in higher induc-
tance per unit length. Closer spacing
means that fields coupled from one part
of the circuit to another can be higher,
since field strength increases by R2
instead of geometrically, although this is
mediated somewhat by the generally
smaller power consumption and lower
circuit currents with newer components.

Jim Muccioli of JASTECH has
researched radiation from digital inte-
grated circuits using new small-geome-
try, high-speed processes. In comparing
a 1.95 micron microprocessor with its
1.5 micron version, he found that the
smaller geometry device had much
greater emission levels at high frequen-
cies. For example, above 200 MHz, the
1.5 micron process device had emis-
sions that were 10-15 dB greater than
the 1.95 micron device. The message
for engineers designing smaller circuits
is that some of the SMT components
rely on smaller device geometries to
minimize die size. They are inherently
faster devices which emit greater high-
frequency noise that their predecessors.

Dealing with problems like these are
among new requirements being placed
on design engineers. Designing for SMT
has a whole new set of mechanical con-
straints, as well. SMT circuits are rigid
structures. Board flexing, different tem-
perature coefficients, shock and vibra-
tion resistance are more important than
before. RF engineers have a significant
challenge before them. RF
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RF featured technology

Designing with Ultraminiature
SMT Semiconductor Packages

By Terry Cummings

California Eastern Laboratories
and Paul Edwards

ARXE, Inc.

The benefits of today's miniature
semiconductor devices cannot be
denied. Small plastic packages are inex-
pensive, easy to use, weigh less and
require less real estate; important con-
siderations in the design of portable
handheld products. A small package
size can also improve a device's
repeatability. As parts shrink, intercon-
nections are smaller and closer, and the
mechanical tolerances between leads
and solder pads are reduced, all of
which help to reduce device parasitics.
This article describes the problems engi-
neers will encounter when designing
with ultraminiature packages, and iden-
tifies the solutions.

older joint volume, often overlooked

by designers, plays a more important
role in circuit performance as frequen-
cies increase. Smaller parts mean small-
er pads, and that means smalier solder
volumes. When the variation in solder
volume as a percentage of wavelength
decreases, parasitics are reduced even
further. From a mechanical standpoint,
substrate choice is not as critical with
smaller parts; their smaller footprints
make their solder blocks less inclined to

NE680 Package Comparison vs Performance MAG

F MHz 19 Pkg 30 Pkg 33 Pkg
500 MHz 20.2 dB 20.1db 19.7 dB
800 18.0 17.7 17.0
1000 16.8 16.1 15.7
1500 14.4 13.4 12.7
2000 10.9 10.0 9.6
2500 8.9 8.2 8.0

Vce=2.5V lc=3mA

&

ng

%O

Table 1. NE685XX performance table and package outlines.

break if the board should warp or flex.
Electrically, smaller packages should
have less lead inductance and lower
package capacitance. So potentially,
more performance can be squeezed
from the encapsulated die. Ideally, as
package size is reduced, performance
should approach that of the chip itself. In
reality, gain and noise figures do

improve somewhat as the package size
is reduced — when specific package
configurations are compared. The
important point is that RF performance
is not compromised when choosing
these miniature parts. See Table 1.

On the other hand, heat dissipation
does suffer, but only to a degree. Small-
er packages have less surface area to

il

STENTIL

packages.
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Figure 1. NEC suggested pad geometry for various

Figure 2. Simplified example of a step down stencil.
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Advantages

Small size

System solution

Lower cost for high volume

Higher performance

Reduced package parasitics

Negligible interconnect
parasitics

Highly accurate device
matching

Predesigned cell library

Variable geometry devices

Combined IC and RF design
tools

Accurate statistical simulation

Post fayout simulation

Drawbacks

Lack of RF knowledge in IC
community

Lack of silicon knowledge in RF
community

New design paradigm

Restriction to one vendor

High absolute error tolerance

LLack of large passive elements

Passive element parasitics

Table 1: Comparison of RF
designs in silicon ASICs versus
discrete based designs.

select a transistor that meets proper the
low frequency and DC requirements.
Automated tools let the designers opti-
mize transistor size for specified DC
requirements such as, minimum geome-
try for non-saturation, specified values
for RC and RB etc. Other automated
tools can determine the optimum operat-
ing conditions. An example of such
automated tools are Device Design and
Device Test in Fastrack. On the other
hand, RF design tools are used to make
tradeoffs between transistor noise figure
and gain, to design impedance matching
networks, and to design for intermodula-
tion performance. Using separate RF
and IC design systems for selection of a
transistor would require many iterations
between RF and IC tools.

Statistical and parametric simulations
— After the initial selection of the topolo-
gy of the circuit and transistor sizes, sta-
tistical and parametric simulations are
required to verify the performance of the
circuit. Statistical simulations are need-
ed to investigate the effects of process
variations on the design objectives.
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Parametric simulations allow designers
to vary the device sizes and/or element
values and observe the corresponding
effects on design objectives. The design
objectives can be RF-specific design
goals as well as DC and low frequency
design goals. IC design systems provide
process dependent statistical models
and powerful statistical simulation capa-
bility. RF design systems, on the other
hand, support AC and S parameter
analyses but lack true statistical simula-
tion capability. They typically provide a
Monte Carlo simulation, but this may
lead to incorrect and misleading results
because the models are not process
dependent and the statistical correlation
between the device model parameters is
ignored. As a result, for cases like statis-
tical distribution of third-order intercept
point for a mixer, iterating back and forth
between the design tools will not provide
the required information.

Post-layout simulation — After the cir-
cuit layout is complete, the IC design
system can extract the layout parasitics
(resistors and capacitors) and back
annotate them into the schematic and
augment the netlist. This modified netlist
is the true representation of the circuit,
on which the final performance verifica-
tion must be based. If the IC design sys-
tem does not provide RF-specific simu-
lation tools, the designer has to port the
netlist to another system to perform an
RF-specific simulation. In such cases,
investigating the effects of layout para-
sitics on a circuit's performance criteria,
predicted by an RF-specific simulation
tool, requires switching between the IC
and RF design systems.

Device Models — RF designers often
use generic Spice model parameters
supplied by the component vendors.
This allows the use of many simulators
with the same device models. However,
IC foundries typically use process based
proprietary device models for the intri-
cate and often critical behavior of
devices at high frequency. If the ASIC
vendor does not supply all the RF tools
needed to complete the design, a trans-
fer of the design to another simulator is
necessary. The designers have to use a
simplified version of the vendor’s propri-
etary models and sacrifice accuracy. An
exception to this rule is when linear sim-
ulators are used, which can use S para-
meters to model nonlinear devices. The
S parameter models can either be sup-
plied by the vendor or generated from
the simulation.

Libraries — ASIC vendors typically
provide a large library of predesigned

cells including mixers, multipliers,
opamps, comparators, voltage refer-
ences, analog-to-digital, and digital-to-
analog converter, sample and hold cir-
cuits, and a full set of logic gates. These
predesigned cells are often customiz-
able to meet the user’s specific perfor-
mance criteria. Predesigned cells can
dramatically simplify and increase the
level of integration for RF designs, a
major factor that should be considered
by RF designers using discrete compo-
nents. However, using an ASIC vendor’s
predesigned cells increases the depen-
dency of the overall performance of the
RF system on the vendor’s cell library
and device models. For consistent
results and documentation, the entire
design should be completed on one sys-
tem.

RF Designs in Silicon ASICs —
The Drawbacks

Even though, the paradigm shift from
discrete based designs to silicon ASICs
offers many advantages, it is not without
restrictions and shortcomings. Some of
the advantages of discrete based
designs may not be available. In this
new paradigm, many traditional design
practices which were based on the mer-
its of discrete devices need to be aban-
doned.

Restriction to one vendor — Tradition-
ally, discrete designers have used pas-
sive and active devices from many dif-
ferent vendors. For example, a few low
noise devices from one vendor can be
combined with a few high power devices
from another vendor in an RF subsys-
tem to satisfy noise and power specs.
With silicon ASICs, the designer is
restricted to one vendor’s offerings.

Absolute error tolerance — Discrete
passive elements with absolute error tol-
erances of 1 percent or less are com-
monplace. In silicon ASICs, even though
the relative error tolerances (matching)
can be kept to about 1 percent, low
absolute error tolerances for passive
elements are hard to achieve. Toler-
ances of 10 percent or higher are not
uncommon for IC resistors, capacitors,
and inductors. High precision passive
elements can be achieved by laser trim-
ming after fabrication, but this increases
the price of the ASIC.

Large passive elements — The inabili-
ty of silicon ASICs to offer economical
high capacitance, resistance, and induc-
tance per unit area precludes the use of
on-chip large passive elements. The per
unit capacitance and resistance (NiCr)
are typically around 0.1 pF/mil and 125

October 1993






ohms/mil  respectively. Because of the
these restrictions and the high cost of
real estate on a die, large capacitors,
inductors, and resistors have to go off-
chip.

Passive element parasitics — ldeal
passive elements, although routinely
used in the conception phase of a
design, are impossible to produce. Real
passive elements contain parasitic resis-
tors, capacitors, and inductors. As the
frequency of operation increases, the
effect of the parasitic elements will be
more apparent and in many cases can
dominate the element itself. This effect
is drastically more prevalent in IC
devices than in discrete devices. For
example, on-chip inductors (spiral) can-
not be produced with high Q.

The above restrictions and shortcom-
ings necessitate new thinking. Instead of
trying to find IC solutions that can be
used to realize conventional discrete
design procedures, a new design
methodology has to be adopted. In the
new methodology, circuit topology has
to has to follow the device selection.
This is contrary to discrete design in
which the device selection follows the
circuit topology. Discrete based design-
ers typically conceive the topology,
determine the requirements for the pas-
sive and active elements and then
search for them in vendor’s data books.
Since this design practice is not possible
with silicon ASICs, the designers have
to determine the capabilities and perfor-
mance limits of the available devices
and then select a topology that can use
the given devices to meet the design
objectives.

RF Designs in Silicon ASICs —
The Advantages

System level advantages — The single
most important advantage of silicon
ASICs over discrete designs is reduced
size. As RF systems become more
sophisticated, the element count
increases and the physical size
becomes a critical issue. In many
portable wireless applications, this fact
alone can justify using ASICs. The other
important system level advantages are
reduced time-to-market and lower cost
for high volume products. The pre-
designed and parametric cells in an IC
vendor’s library can dramatically reduce
the overall design time. As the produc-
tion volume of an IC product increases,
the per unit price drops significantly, at a
rate much higher than for discretes.

Packaging and interconnects — Per-
formance is another important advan-
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tage of ASICs over discrete designs. By
eliminating most individual packages,
the performance degradation due to
package parasitics is minimized. Equally
important is the effect of interconnect
parasitics. The element-to-element inter-
connect in an IC is several orders of
magnitude shorter than in p.c. boards
(microns versus tenths of inches).

IC specific design advantages — Inte-
grated circuits offer specific design
advantages such as highly accurate
device matching and variable geometry
devices. {C fabrication technologies can
offer relative error tolerances of 0.1 per-
cent or lower for high performance dif-
ferential applications. Some IC
foundries, including Harris Semiconduc-
tor, offer variable geometry devices. RF
designers can capitalize on this feature
to select the appropriate size and geom-
etry for devices to optimize perfor-
mance.

Design tools — Another significant
advantage of ASIC based designs is the
robustness and completeness of the
design tools. Two powerful IC design
tools, typically unknown to RF design-
ers, are the statistical (with correlated
fab data) and post layout simulation
tools. Combining traditional IC tools with
embedded RF design tools provides a
complete front-to-back system design
environment and offers a powerful cir-
cuit performance prediction capability.

Conclusions

A major step in the evolution of RF
designs is emerging. The recent intro-
duction of IC technologies offering high
frequency transistors with f, in the vicini-
ty of 10 GHz has opened new opportuni-
ties for higher integration of wireless
communication systems. Fast silicon IC
devices make possible the integration of
many RF subsystems on a single die
and offer a total solution to mixed fre-
quency (low frequency and RF) and
mixed signal systems. Migrating from
discrete RF design to RF designs utiliz-
ing silicon ASICs reduces the overall
size of the system, minimizes the effect
of packaging, and can speed up the
design cycie. As more of the ASIC ven-
dor’s predesigned cells are used in the
RF system, the overall cost decreases
and the time-to market improves.

To realize this opportunity, IC design
systems have to be enhanced to accom-
modate RF-specific design tools. Reli-
able and accurate tools for predicting
the IC performance before fabrication is
essential. Since RF and iC designers
are forced to work in both domains, it is

essential to provide a unified design
system where each designer will find
their familiar environment as well as the
ability to traverse to the other domain.
In the years to come, we will see wide-
spread use of silicon ASICs for RF sys-
tems. This will encourage the IC ven-
dors to invest more heavily in the fabri-
cation process, simulation models, and
design tools. The performance of IC
devices are far from their physical limits
and many advancements in providing
higher ft, lower noise figure, and distor-
tion are forthcoming.

As the frequency of operation increas-
es, there is a need for more accurate
models in general, and physically based
models in particular, for active and pas-
sive devices and interconnects. At the
same time, as RF systems grow in com-
plexity, the simulation efficiency of the
models becomes a necessity. This
requires a modeling methodology that
can accurately translate physically
based models (which are typically very
complex) to efficient circuit simulator
compatible models. The growing market
for RF designs in silicon ASICs will also
motivate the traditionally separate RF
and {C CAD tool vendors to strive for a
combined system solution. RF
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RF tutorial

Notes on Power Supply Decoupling

By Gary A. Breed
Editor

To avoid unwanted oscillations, inter-
actions and radiation, RF circuits must
by properly isolated from power supply
circuitry. This short tutorial reviews the
reasons why various forms of decou-
pling are used, and the methods typical-
ly employed for their implementation.

Before specifically looking at RF, let's
go over the reasons for decoupling
at DC. Primarily, the goals are to pre-
vent centrally-located disturbances from
affecting individual circuit sections, and
preventing localized disturbances from
traveling through the power bus to other
circuit sections. Typically, these tasks
are accomplished three different ways
(Figure 1).

First and most common, is energy stor-
age using a large capacitor. Fluctuations
in the DC voltage are absorbed by the
“sink” effect of the capacitance. Excess
charge due to increased voltage is
stored, or charge can be released to
make up for a drop in supply voitage.
The second method is an extension of
this one; adding a resistor to increase
the time constant of the decoupling net-
work. This configuration introduces a
voltage drop across the resistor, but it
effectively smooths out variations from
the power supply.

The most effective DC decoupling is
distributed voltage regulation. A voltage
regulator is placed at each individual cir-
cuit section, rather than having one
large capacity regulator at the central
supply. These small sections can be
easily analyzed for localized interac-
tions, while remaining well isolated from
the main power bus.

RF Decoupling

At radio frequencies, the task of
decoupling has the same task of pre-
venting unwanted disturbances to and
from the power bus. The DC power sup-
ply still needs to be isolated from the
local circuit, as described above, but the
decoupling circuit needs to be effective
at high frequencies, not just DC. High
frequency noise that may be present on
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Figure 1. Three common methods for decoupling a power supply at DC.

the power bus must be kept out of the
RF circuit, and RF energy needs to be
kept from the power interconnections.
Finally, the power supply decoupling
must represent a low impedance at RF
in order to avoid becoming an unwanted
part of the circuit it is supposed to help.
This last requirement is often over-
looked until the circuit fails to operate
properly.

Several “rules of thumb” are commonly
used for RF bypassing/decoupling, pro-
viding adequate performance in most
cases. However, using simple rules
without understanding why they were
developed can get you into trouble when
you use them improperly.

Single bypass capacitor — The most
commonly used RF decoupling method
is a single capacitor located at the point
where the power supply is connected to
the active device. This is usually in a
transistor drain or collector circuit, on
the power supply side of any tuned cir-
cuits or impedance matching compo-
nents. See Figure 2(a). The purpose of
this capacitor is simply to look like a
short circuit at RF, while allowing DC to
pass unchanged. The rule of thumb is to
use a capacitor with only a couple ochms
reactance at the operating frequency,
while avoiding resonance due to the
inductance of the component leads and
circuit wiring. As an example, a .01 uF
capacitor has an impedance of 16 ohms
at 1 MHz and 0.53 ohms at 30 MHz; and
a 1000 pF capacitor is 5.3 ohms at 30
MHz and 1.6 ohms at 100 MHz.

Multiple bypass capacitors — In broad-
band circuits, and where extra DC or

low frequency decoupling is desired, it is
common to use two, three or more
capacitors for bypassing. A typical
example might be a 1 uF tantalum elec-
trolytic for low frequencies, 0.1 uF for
medium frequencies, and 0.01 uF for
high frequencies, as in Figure 2(b).
Although this is a common practice,
some engineers feel that the combina-
tion can actually result in unwanted res-
onances and reduced effectiveness.

Lowpass networks — RC and LC com-
binations are often employed to achieve
the additional isolation afforded by a
multi-pole network. In this case, the idea
is not just to create a short circuit, but to
build a filter which prevents the escape
(or entrance) of RF energy, as shown in
Figure 2(c). Engineers are cautioned to
observe one rule when using such a
configuration: start with a single bypass
capacitor that is of the proper value,
then use the additional components to
extend its effective decoupling to a
lower frequency. This method is primari-
ly used to reject noise at frequencies
lower than the circuit's normal operation,
not to increase bypassing effectiveness
at the operating frequency.

Ferrite beads — These products repre-
sent lossy inductors at RF, and can be
used to present a high impedance in
series with the power supply lead, rather
than a short circuit across it, like a
bypass capacitor. Used alone, they pre-
sent a high impedance to the RF side of
the circuit, which may be very undesir-
able. Most often, ferrite beads are used
as the inductive element in LC decou-
pling networks, as shown in Figure 2(d).
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Combless Generator Tests Radar
Warning Receivers

By H. Paul Shuch
Pennsylvania College of Technology

The conventional method for testing
wideband or multiband microwave
receivers is to utilize a combination of
stable VHF or UHF signal source and a
frequency multiplier or “comb generator”
to produce harmonics in the bands of
interest. The technique presented here
eliminates costly harmonic multiplier
components, employing nonlinearities in
the receiver under test itself to generate
the required test frequencies. Here is
the author’s account of this technique’s
development.

As a consulting engineer, | am fre-
quently employed by clients who have a
clear idea of how they want to imple-
ment a given RF or microwave function,
but require outside circuit design exper-
tise. Generally, | try to give my clients
exactly what they pay for. Every now
and then, however, an unconventional
solution presents itself which is so excit-
ing that an enlightened client will dis-
pense with his or her preconceived
notions and try something new.

My client [1] had already secured a
patent on RadaRanger™, a product for
testing multiband police radar detectors.
| was retained to finalize, perfect and
package the required microwave circuit-
ry. Three months into the project | had
one of those “Ahal” insights for which all
engineers pray: that the job can be done
better, cheaper and more elegantly in
the RF spectrum. My client was progres-
sive enough to embrace the break-
through. The results have been a new
patent application, a new product line,
and a new approach which other RF
designers may find appealing.

Prior Art

There’s nothing new about testing
microwave receivers with lower-frequen-
cy oscillators and harmonic generators; |
remember first seeing the technique in
the MIT RadLab Series, circa 1945. All
that's needed is a stable RF source and
a non-linear circuit to generate harmon-
ics, as depicted in Figure 1. If muitiple
microwave output frequencies are
required, then an unfiltered comb of fre-
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Figure 1. Basic comb generator block diagram.

quencies may be employed. The only
constraint is that all the bands tested
must share a common integer subhar-
monic.

Radio amateurs, whose original bands
were all harmonically related, once used
a 3.5 MHz crystal oscillator along with a
diode comb generator to produce test
signals in the 3.5, 7, 14, 21, 28, 56 and
112 MHz bands [2]. More recently,
microwave hams have found that one
“magic” frequency, 1152 MHz, is a sub-
harmonic of calling frequencies at 2304,
3456, 5760, 10368 and 24192 MHz. An
oscillator at 1152 MHz, followed by a
broadband comb generator is often
used as a “weak signal source” for test-
ing microwave receivers in all five
bands.

Now, how to generate the required
harmonics? Step recovery diodes have
been the traditional favorite [3,4], but at
a recent Microwave Update conference
two papers were presented which uti-
lized the nonlinearities on MMICs [7,8].
Ward [7] started with a 96 MHz crystal
controlled oscillator, then employed a
rather expensive silicon bipolar MMIC to
generate useful harmonics past 10 GHz.
Wade [8] instead started with an 80
MHz TTL oscillator. lIts harmonic-rich
square wave output drives a much less
costly MMIC to useful output in the 5
GHz region.

The original RadaRanger circuit, as
envisioned by designers Robert Brocia
and Marie Dagata, started with a sinu-
soidal oscillator at 1507 MHz, driving a
similar MMIC comb generator circuit.
The idea was for the oscillator’s sev-
enth, sixteenth and twenty-third harmon-
ics to fall nicely within the X, K and
wideband Ka-band police radar frequen-

cy allocations. The numbers all worked
out fine. But, there were problems in
generating adequate signal power at
such high integer multiples, which is
where | was called into the project.

A Conventional Solution

Bipolar MMICs are linear circuits,
designed to produce sinusoidal, undis-
torted outputs in normal use. What is
required for harmonic generation, how-
ever is a high degree of non-linearity.
Fortunately, an overdriven bipolar junc-
tion transistor can be readily forced into
saturation and cutoff, producing a first
order approximation of a square wave
whose Fourier series is rich in odd har-

" monics. This requires an input signal

power on par with the ampiifier’s satu-
rated output power. The output ampli-
tude at a given odd harmonic is approxi-
mated by:

Po = Pggr+n (1)

provided the desired frequency compo-
nent is an odd harmonic of the input fre-
quency, and is at or below the transis-
tor's transition frequency, that is:

But what if, as is the case in the pre-
sent application, even harmonics are
required as well as odd? Since MMICs
are typically biased for midpoint conduc-
tion, they tend to be driven symmetrical-
ly into saturation and cutoff on alternate
half-cycles. Such symmetrical clipping
produces a square wave, rich only in
odd harmonics. The key to even har-
monic generation is to clip the sinusoidal
waveform asymmetrically. This is
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Radar Band X ’

Allocation (GHz) 10.475-10.575

n (harmonic) x4
Oscillator Freq.

2625 MHz 10.5 [in]
2645 MHz 10.58 [high]
2675 MHz 10.7 [high]

K Ka
24.05-24.25 34.2-34.4

x9 x13
23.625 [low] 34.125 [low]
23.805 [low] 34.385 [in]
24.075 [in] 34.775 [high]

Table 1. RadaRanger™ frequency scheme.

nonexistent at Ka band! It turns out that
the package transconductance of the
SOT device is on the order of 2 uH [9],
making this package entirely unmatch-
able at the higher microwave frequen-
cies. The recommended solution: a bare
chip SRD, thin-film fabrication, and
attendant prohibitive fabrication costs,
which nearly scuttled the RadaRanger
project.

The Breakthrough

And then (just as depicted in the
famous Sidney Harris cartoon of mathe-
maticians at work), a miracle occurs.
While playing around with the oscillator
portion of the RadaRanger breadboard
(comb generator now sadly abandoned),
an X band radar detector which just
happened to be turned on, and just hap-
pened to be on the bench, beckoned
loudly. Curious, thought |, are there
police cruising the neighborhood? Are
they hot on the trail of some industrial
spy, out to steal all my secret circuits?
As | turned off the oscillator, the detector
silenced. A few flicks of the power sup-
ply switch convinced me that the radar
detector was somehow responding to
my RF oscillator. Was its output fre-
quency coincidentally on the superhetro-
dyne receiver’s intermediate frequency?
The spec sheet said it wasn't. Was my
oscillator somehow rich in harmonic

content? A quick check with the spec-
trum analyzer dispelled that possibility.
What in the blazes was going on?

It hit me like the proverbial ton of
bricks. The input circuit of this, and most
other, radar detectors consists of a
broadband, ridged waveguide horn
antenna, with an SRD harmonic mixer
diode mounted at its apex (Figure 5). An
RF local oscillator signal is generated
within the receiver; the mixer is sup-
posed to generate harmonics of the LO,
one of which will mix with the incoming
X, K or Ka band radar signal to produce
an IF output. But if the harmonic mixer
can produce multiples of the LO signal,
why can'’t it also product multiples of an
incoming 1.5 GHz test signal? It can,
and it did. Here was the serendipitous
solution to our design dilemma.

The Next Step

If a 1.5 GHz oscillator can generate
harmonics in the input diode of a police
radar detector, and if one of those har-
monics can trigger the X-band input of a
multiband radar detector, can higher
harmonics trigger the same detector’s K
and Ka band modes? Theory said yes,
but practice indicated otherwise. When
simultaneously excited at multiple
bands, most radar detectors either
default to indicating a single band threat
(typically X band), or respond to the

X-Band K-Band Ka-Band
|
Battery
h— % R>< % QK % QKa
Bl
; ( Sux /SuK ( SuKa
=
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e [ [S1¥]a
R s Sw—

|

Figure 6. The RadaRanger™ multiband radar detector tester.
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band with the strongest stimulus (which,
since P, varies as 1/n2, will also be X
band). In other words, as long as our
“magic number” produces harmonic
components in all three bands, the radar
detector will only be able to respond in
one of those bands.

Which poses something of a problem if
our objective is to test a multiband radar
detector in all of its operating bands.
What's really needed is not a single
oscillator frequency which is a subhar-
monic of all three bands, but rather
three separate oscillator frequencies,
each of which produces a harmonic in
only one of the bands of interest. Fur-
thermore, the three frequencies should
be close enough together to permit them
to be generated in the same oscillator
circuit, simply by retuning.

The solution chosen was a varactor-
tuned oscillator centered on 2650 MHz,
with +25 MHz of tuning range. This
oscillator produces three “magic fre-
guencies.” X-band is tested with an
oscillator frequency of 2625 MHz — the
fourth harmonic falls in X-band, the ninth
harmonic falls just below the K band
allocation, and the thirteenth harmonic is
just below the Ka band allocation. K-
band is tested by tuning the oscillator to
2675 MHz — the fourth harmonic is now
too high for X band, the ninth harmonic
falls within the K band allocation, and
the thirteenth harmonic is just above the
Ka band allocation. And, Ka band is
tested with an oscillator frequency of
2645 MHz — the fourth harmonic is too
high for X band, the ninth harmonic is
just below the K band allocation and the
thirteenth harmonic is just within the
police radar Ka band allocation. These
numbers are summarized in Table 1.

We now come to the problem of circuit
implementation. Figure 6 shows the final
schematic. Notice that the final product
has three push buttons, one to activate
each band. Tuning is accomplished by
adjusting a potentiometer to properly
bias a varactor for each of the three fre-
quencies. And since the etched
microstrip antenna need only radiate
signals in the rather narrow 2.625-2.675
GHz range, not their harmonics, its
bandwidth is not a problem.

Of course, the input circuit of the radar
receiver is a waveguide beyond cutoff,
as far as the test signal is concerned. Its
loss at 2.6 GHz can be predicted, and
compensated for in the link budget. Path
loss is fortunately minimal, since: 1) we
expect the RadaRanger to be held close
to the input of the receiver, and 2) it is
an S band signal, rather than X, K or Ka
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Program Calculates ECM

System Performance

By Ronald G. Day
ITT Avionics Division

ECMTOOLS was written to quickly cal-
culate and plot the pertinent factors
which define airborne ECM system per-
formance against airborne or ground
based radar-directed weapons systems.
The calculations involved with perfor-
mance predictions are well known and
are often folded into a more complex
program. However, such programs can
be tedious to set up and are unneces-
sarily complex for a simple “heads-up”
consideration of candidate designs dur-
ing the system conceptual phase. This
simple evaluation is the goal of the pro-
gram described here.

wo of the key factors in the design of

an airborne ECM system are the
radar RF signal level at the jammer
receiver, and the Jamming-to-Signal
(J/S) ratio at the threat radar receiver. In
general, the ECM system receiver must
be sensitive enough to see the threat
radar signal well beyond the lethal range
of the associated weapons system. In
addition, the jammer must have enough
power to provide a sufficiently high J/S
ratio 1o effectively disrupt the radar oper-
ation over the full lethal range of the
weapons system.

Using ECMTOOLS, nine separate
charts can be plotted in semi-log format
which show J/S for self-protect, escort,
and stand-off (transponder/saturated)
jammers, J/S for linear jammers, radar
signal level at the jammer receiver, jam-
mer signal level at the radar receiver,

reflected signal level from the aircraft at
the radar receiver, path attenuation, and
target gain.

All plots provide auto-ranging on both
the X and Y axes. Range units can be in
nautical miles, kilometers, kiloyards,
statute miles or kilofeet. Power units can
be either in dBW or dBm. Up to five vari-
able values can be selected. Context
specific help screens are provided for
each of the nine plots as well as an
introductory help screen and a graphics
help screen.

The Radar Range Equation

ECMTOOLS uses variations of the
familiar radar range equation [1]. First,
the jammer signal level at the radar
receiver is:

PjGjGt A2 . A2
J="Z2 2 _pigil 2~ |Gt
(47)°R (47)°R

where,

J= Jammer power at radar receiver
(watts)

Pj = Jammer power (watts)

Gj = Jammer transmit gain (ratio)

PjGj = Jammer ERP

A= wavelength (meters)

R = Range from jammer to radar
(meters)

)LZ
———| =Path Loss
(4m)°R
Gt = Radar antenna gain (ratio)

Converting to a log expression (with
dBm and nmi):

J(dBm) = PjGj(dBm) —20 logR(nmi)
~20 logF(GHz) + Gt(dB) — 97.801

Next, the reflected signal level at the
radar receiver is:

_ PtGt?RCS 42
(47)°R?

~ RCS.-4x] A2 22
_PtG{ 22 }{(4;:)2#}{(47:)2#}%

where,

S = Reflected signal level at radar
receiver (watts)

Pt = Radar power (watts)

Gt = Radar antenna gain (ratio)

RCS = Radar Cross Section of aircraft
(sq. meters)

RCS -4r
/12

A = wavelength {meters)

R = Range from jammer to radar

(meters)
Note two-way path loss

} = Target Gain

Expressed in log form:

S(dBm) = PtGt(dBm) + RCS(dBsm)
- 40 logR(nmi) —20 logF(GHz)
+ Gt(dB) — 174.146

ESCORT JAMMER
(PG

PROTECTED AIRCRAFT
(Pjaj, RCS)

STAND-OFF JAMMER

Press 'B’ for previous screen.

ECMTOOLS - GEOMETRY FOR SELF-PROTECT, ESCORT AND STAND-OFF JAMMERS

i ASSUNPTIONS - —
ESCORT JAMMER IS NEAR OR SLIGHTLY BEHIND PROTECTED AIRCRAFT
STAND-OFF JAMMER IS FIXED IN RANGE FROM RADAR
ESCORT AND STAND~OFF JAMMERS MAY BE IN RADAR ANTENNA SIDELOBES

Press any other key to continue . . .

THREAT RADAR
{PtGt, SLobe)

J/S CALCULATIONS
1. J/S (SELF PROTECT JAMMER)
2. J/S (ESCORT JAMMER)
e 3. J/S (STAND-OFF JAMMER)
o C% 4. J/S (LINEAR REPEATER)
RF LEVEL CALCULATIONS
5. JAMMER SIGNAL LEVEL AT RADAR (J)
6. A/C SKIN RETURN AT RADAR (S)
7. RADAR SIGNAL LEVEL AT JAMMER (Sr)
MISCELLANEOUS CALCULATIONS
8. PATH ATTENUATION
9. TARGET GAIN
ENTER SELECTION: ?

H=HELP

MAIN MENU -

B = BACK

Figure 1. Geometry for the various jammer types.
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Figure 2. Main menu screen.
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A Program for Design and Analysis

of Receivers

By John Donohue
Naval Research Laboratory

This article describes an easy to use
program written to assist engineers in
receiver design and analysis. It com-
putes noise figure, gain, gain compres-
sion problems, input and output third
and second order intercept points, spuri-
ous free dynamic range, minimum
detectable signal levels and signal to
noise ratio including temperature com-
pensation for small signal amplifiers.
The program’s intended use is to allow
the engineer to explore numerous com-
binations of components and see the
results before going beyond the initial
design and prototype stages.

ften, RF Engineers are faced with

the task of designing an RF system,
choosing the components, building the
design and finally testing what they've
conceived. In the design process, speci-
fication changes and component varia-
tions can yield a long and arduous itera-
tion process before finally arriving at an
acceptable solution. in the past, many of
the tedious, but necessary, computa-
tions associated with receiver design
would take many hours to complete.
This design program reduces time-con-
suming number crunching and takes vir-
tually no time to learn how to use, allow-
ing the engineer to focus his attention
on more important issues.

The ideal receiver would, of course,
have 0 dB noise figure, very high inter-
cept points (30 to 50 dBm), and no spu-
rious responses in excess of the thermal
noise level in the most narrow available
channel bandwidth in the receiver.
Physical reality dictates that this is not
attainable. In most applications, the
most important characteristics of a
receiver are sensitivity and dynamic
range. Other characteristics such as
noise figure, gain and second and third
order intercept points are good mea-
sures of whether the first two character-
istics are meeting specifications. Initial
selections of component parameters
closest to the front end are then com-
pared to specific RF goals. Stages fur-
ther into the secondary IF may be cho-
sen and evaluated at a later point. Once

RF Design

a baseline design has been chosen,
performance characteristics can be
evaluated, changed and re-analyzed
repeatedly. This RF receiver program
streamlines this task.

Theory

Several basic RF concepts are cov-
ered in the program. The following is a
basic tutorial of the theories behind the
equations.

Probably the most well known formula
addressing noise theory is Friis’ cascad-
ed noise figure formula:

n.f.= nf, o=t =1,
9 919,
9192 " Yoy
nf, = 10(FV/10) (2a)
g = 10(Gi110) (2b)
F=10log (n.f) dB 3)

In the program, up to 50 devices can
be entered in the chain. All values are
entered in terms of dB and then convert-
ed by the program using egs. (2a) and
(2b). Friis formula in eq. (1) is applied to
the cascade and then converted back
into decibels using eq. (3).

Temperature fluctuations can greatly
affect overall system performance.
Although nominal values at room tem-
perature may meet specifications, the
same may not be true at elevated tem-
peratures, which becomes important
when designing good safety margins
into the system’s worst case analysis.

The gain of a typical GaAs FET small
signal amplifier that does not inciude
special compensating circuitry decreas-
es as operating temperature is
increased. Over the temperature range
of -55C to +75C, the temperature coeffi-
cient of an uncompensated amplifier is
approximately —.015 dB/C/stage. The
program assumes .015 dB as a worst
case. Feedback stabilized GaAs FET
amplifiers typically have a temperature
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Figure 1. Gain vs. temperature for
amplifiers.

coefficient of approximately -.005 dB/C.
Bipolar amplifiers have a curve charac-
teristic in which gain increases and
noise figure decreases from 23C to
around -5C and then drops back off
again. Above 23C, its temperature coef-
ficient essentially follows the behavior of
a GaAs amplifier (see Figure 1).

Generally, the gain variation with tem-
perature works linearly in the other
direction as temperature drops below
23C. However, as the temperature
approaches —10C and beyond to —-55C,
noise figure improvement tends to reach
an absolute minimum. At the point the
program reaches this maximum
improvement, it no longer compensates
for any further decreases in tempera-
ture.

Sensitivity and Dynamic Range

For computing receiver sensitivity, the
MDS (minimum detectable signal) deter-
mines the signal level just above the
noise level.

MDS = —114 dBm +
10log (NBW/1MHz)+ NF  (4)

where,

NF = cascade’s noise figure
NBW = system noise bandwidth in MHz
-114 dBm = kT in 1 MHz BW

The spurious free or true dynamic

range of a system is usually defined as
the range of input signals over which
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spurious outputs are below the noise
level of the output (Figure 2). The follow-
ing equation computes the spurious free
dynamic range of the system at the out-
put:

TDF = (2/3) (IP3— GAIN-MDS)  (5)

where,

IP3 = third order output intercept point of
the system

GAIN = total gain of the cascade

MDS = minimum signal the cascade can
detect.

The typical measure of performance
for any order of intermodulation is the
intercept point for that order. If we
assume that a signal traversing the
amplifiers and other components,
encounters no phase shift, we may cal-
culate the composite IM performance by
assuming in-phase addition of the indi-
vidual contributions.

rder intercept point (IP3).

The equation for calculating the third
order intercept point for a cascade [3],
as referenced from the output, is :

N -
loc® = -10log 21[Ioc§3)gi+1 ~~gN] 1J (6a)

The formula for calculating the second
order intercept point is:

nN ]
loc® = -20log Z{Iocj@)gj+1 ~-~gN] 1/1 (6b)

i

Note that the superscript terms are not
exponents, but indicators of the order of
intercept point. Generally, intercept
points are given in dBm. All values of
intercept points in the program are
entered in terms of dBm. All compo-
nents must have an intercept point
entered for them including passive
devices in which case 100 dBm or more
would be appropriate. Calculations
assume a 50 ohm system.

The intercept point can also be calcu-

Volt. Gain v Gvl Gv2
P2 Pt Vi21 Vi22
IP3 Pt Vi3l Vi32

o D ® A2
Signal Gvl *V Gvl *Gv2 *V
2nd Order Vd21 Gv2 * Vd21 + vd22
IM Product
3rd Order vd31 Gv2 * Vd31 + Vd32
IM Product

Figure 3. Example of input intercept calculation.
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lated as referenced from the input of the
cascade. To illustrate this, suppose we
have two amplifiers in cascade shown in
Figure 3, with their critical parameters of
gain, 2nd order intercept point and third
order intercept point.

Amplifier A1 generates a 2nd order
product Vd21 which is present at the
input of A2. A2 subsequently generates
its own product of Vd22. Therefore if we
linearly sum the overall intermodulation
product at the output of A2, the total is
Gv2 * Vd21 + Vd22 as shown in Figure
3. We can then refer this signal to the
input by calculating it relative to the gain
of the entire cascade.

Gyp ®Vgoi + Vi
Gv1 d Gv2
_ Vo1 +
Gv1

Vg =
@)

Voo
G, *G,,

Equation (7) then yields what the sig-
nal voltage would be if an interfering sig-
nal were at the input at the cascade. At
the intercept point then, the interfering
signal is equal to the input voitage Vi2.
The procedure for finding the third order
intercept point is similar to that for the
second order except that Vyy = V3/V52.
After collecting terms as above we find
that the equation becomes:

v i3tot v i31 A i32

Now converting to decibels:

IP3\(dB) = 10 log(Visic1) 9)

Of course, the output intercept point
may also be related to the input simply
by:

OIP=IIP +G (10)

where,

OIP = Output intercept point of cascade
lIP = Input intercept point of cascade
G = Total gain of cascade

These equations show that the
greater the gain to the indicated point,
the more important it is to have a high
intercept point. To reduce problems due
to intermodulation products, selective fil-
tering should be used as near the front
end of the receiver as possible to
reduce or eliminate signals likely to
cause these products. Often times, how-
ever, the designer is restricted by how
much insertion loss he can allow while
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achieving the desired filter attenuation.
In this instance, both the insertion loss
and the first amplifier’s gain must be
kept to the desired minimum, to avoid
raising intermodulation products beyond
what can be tolerated by the system, but
without reducing the gain to where it
could compromise the noise figure.

In small signal amplifier design, these
two parameters are directly related and
a tradeoff must be made. Looking at the
cascaded intercept point equations, one
can see that the last stage in the chain
has the most influence on what is deter-
mined to be the final intercept point of
the cascade. Bearing this in mind, it can
be said that while choosing an ampilifi-
er's intercept point for the first stage is
fairly critical, it is also important to care-
fully select the later stage intercept
points. In some instances, 5th order or
even 7th order products can become
significant much later down the chain of
a receiver, depending on the designer’s
choice of amplifier and filter parameters.

1 dB Compression Point

All active devices as well as mixers
have what are called P4y, compression
points. This is defined as the point at
which the power gain is down 1 dB from
the ideal gain. In order to maintain lin-
earity, operation above the gain com-
pression point must be avoided. Since
only active devices and mixers have
actual compression points, choice of the
specification for passive devices is dic-
tated by how much power the device is
rated to withstand, or how much power
is realisitically expected to be put
through the system.

If a component is in compression, its
compression margin will be shown as
negative. If its below the compression
point, then it will be shown as a positive
margin at the program output. A nega-
tive compression margin message will
be printed if any device is operating in
its non-linear region. Before becoming
alarmed, be sure that the dynamic range
entered coincides with the automatic
gain control setting. If this is not the
problem, some components may need
to be re-evaluated.

Real-World Noise Performance
When performing system calculations
in receivers, the engineer must take
nature’s pratical limits into account. We
already know that the MDS is the smali-
est signal that a receiver can see after
adding external internally generated
noise. This is what forms the system’s
theoretical noise floor. Given that an
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IP3 =100 dbm IP3 = 34 dbm iP3 = 100 dbm IP3 = 15 dbm IP3 = 100 dbm
P2 = 100dbm IP2 = 42 dbm P2 = 100 dbm IP2 = 23 dbm IP2 = 100 dbm
P1dB = 50dbm P1dB = 24dbm p1dB =50 dbm P1dB = 7 dbm P1dB = 50 dbm

BPF 1 AMP 1 BPF 2 AMP 2 ISOLATOR

a7 ~ LT

=-1dB G=16dB =-3.5 dB G=21dB =-2 dB
NF=1dB NF=13dB NF=3.5dB NF=1.6dB NF=2dB

P1dB = 50 dbm P1dB = 4.5 dbm

< \/
L?PF 3 AMP 3 MIXER BPF 4 AMP 4

> L Nz
G=-3dB G=12dB G=-8dB G=-4dB G=29dB
NF = 3 dB NF = 4.5 dB NF= 8 dB NF = 4 dB NF = 4 dB
IP3 = 100 dom IP3 = 18 dbm IP3 = 9.5 dbm IP3 = 100 dbm IP3 = 10 dbm
IP2 = 100 dbm IP2 = 28 dbm IP2 = 28 dbm P2 = 100 dbm P2 = 14 dbm

P1dB = -1 dbm P1dB = 50 dbm P1dB = - 4dbm

Figure 4. Receiver design example

antenna external to the receiver is at
some noise temperature T,, we find that
the external noise per unit bandwidth is:

No = kT, (11)
where,

k = 1.38 x 10-23 J/K (Boltzman's con-
stant)

T, = antenna or source noise tempera-
ture

Noise power into the receiver then is set
by the input preselector bandwidth, B,

N = kT,B, (12)

The receiver adds to this noise, how-
ever, by the noise figure F. The noise
figure is the ratio of the signal to noise in
over the signal to noise out. For a single
component or a system with uniform
bandwidth from input to output, the sig-
nal to noise ratio can be found directly
from the following formula.

Fo (S/N), (13)
(S/N),
However, the noise floor will change
as a signal traverses the receiver
through narrower and narrower filtering
bandwidths.

Noise power cannot be attenuated by
a loss at the input such as the negative
gain in a filter. However, the signal to
noise ratio will be degraded. After the
noise figure has been set by the first
amplifier, the noise floor will be
improved or attenuated by passive

devices, but the signal to noise ratio will
not improve uniless the bandwidth is nar-
rowed. For an active device with gain,
the noise floor will worsen (i.e. rise) by
approximately the device’s gain while
the signal to noise should stay relatively
constant. In this case, the device noise
figure also degrades the noise floor by
its value. After, the first amplifier, the
effects of subsequent positive gain
stages becomes less significant.

One other aspect of computing signal
to noise ratio regards mixers. The pro-
gram assumes an ideal local oscillator,
so the mixer noise floor (output) will be
attenuated by the loss of the mixer. The
signal to noise ratio, however, will
remain constant.

Design Example

The following is an example of a
receiver front end cascaded with its first
IF stage. It will illustrate the program’s
design capabilities as well as the critical
design aspects.

In the program, the designer is prompt-
ed for each of the five parameters listed
below each component shown in Figure
4. In this example, the intercept point
will be calculated first relative to the out-
put. First, we wish to calculate the noise
figure using equations 1 thru 3. Table 1
gives the gain, noise figure, cumulative
noise figure and intercept point of each
component. The minimum detectable
signal and dynamic range are computed
using equations 4 and 5, respectively.
Potential gain compression is also indi-
cated. For simplicity assume a tempera-
ture of 23C to use each component’s
nominal value. Noise bandwidth will be
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the smallest filter bandwidth in the
chain, filter number 4 with a bandwidth
of 4 MHz. Filters 1,2 and 3 have band-
widths of 30 MHz. When computing
intercept point it is important to under-
stand where the truncation point shouid
be. In this case, amplifier 4 is our last
active device and would be the trunca-
tion point for determining the intercept
point for in-band products within the 4
MHz filter span. If we were interested in
what the intercept point is for the filter
prior to this, we would truncate the chain
at amplifier 3.

Note that 100 dbm has been entered
for all passive devices to eliminate their
influence in computing the output inter-
cept point.

The program contains a second
method of calculating the intercept point
except that it is referenced from the
input. In this case, the designer need
not enter intercept point values for the
four bandpass filters or the isolator in
the chain because this method compen-
sates for the passive device losses. Not
only does the program compute the
input intercept point for the entire cas-
cade, but also the input intercept point
for each device as the program moves
down the chain. The program computes
this by assuming that device is the first
one in the chain and continuing as
before down until the last stage.

With this option, the intercept points
are now referenced to the input of each
component and the input of the receiver
itself. For those stages that do not have
a meaningful intercept point (i.e. filters,
isolators), their intercept is listed as
zero.

The program also has a signal to noise
calculation. Antenna noise and sky
noise can be specified to obtain an
accurate performance characterization.

A tabulation of wide band data results
can be created as an added feature to
the program. Total SNR given is a com-
bination of wide and narrow band noise.
In computing narrowband noise, the
noise power is established by the nar-
rowest bandwidth seen by the system to
a selected point. If this narrow band-
width is equal to the current stage’s
bandwidth, then this bandwidth is also
used to compute the wideband noise as
it has been limited by the current com-
ponent. .

Conclusion

This article describes the critical
design parameters of a receiver, namely
noise figure, gain, intercept points,
dynamic range, minimum detectable sig-

RF Design

STAGE NAME NF MNGN MXGN TOTAL NF IP3 TOTIP3 GCOMP
dB dB dB dB dbm dbm dbm
1 filter1 1.00 -1.00 -1.00 1.00 100.00 100.00 50.00
2 amplifiert 1.30 16.00 17.00 2.30 34.00 34.00 26.00
3 filter2 3.50 -3.50 -3.5 2.40 100.00 30.50 50.00
4 amplifier2 1.60 21.00 22.00 2.48 15.00 15.00 7.00
5 isolator 2.00 -2.00 -2.00 2.48 100.00 13.00 50.00
6 filter3 3.00 -3.00 -3.00 2.48 100.00 10.00 50.00
7 amplifier3 4.50 12.00 14.00 2.49 18.00 16.54 4.50
8 mixer 8.00 -8.00 -7.00 2.48 9.50 5.99 -1.00
9 filter4 4.00 -4.00 -4.00 2.48 100.00 1.99 50.00
10 amplifierd 4.00 29.00 31.00 2.50 10.00 9.97 -4.00

GAIN COMP. MARGIN

NO POTENTIAL COMPRESSION PROBLEMS FOUND

COMPUTATION OF INTERCEPT POINTS REFERENCED TO QUTPUT

TOTAL MINGAIN

TEMP SYSTEM BW MHz

23.00 4.00 56.50
IP3OUT IP3IN IP2OUT IP2IN
dbm dbm dbm dbm
9.97 -46.53 19.07 -37.43

A NEGATIVE GAIN COMPRESSION MARGIN SHOWN BELOW INDICATES A POTENTIAL PROBLEM

SECOND ORDER INTERCEPT PT
P2

MXSIG MNSIG STAGE TOTIP2
dB dB dbm dbm
136.00 181.00 1 100.00 100.00
95.00 151.00 2 42.00 42.00
122,50 178.50 3 100.00 38.49
57.50 114.50 4 23.00 22.87
102.50 158.50 5 100.00 20.87
105.50 162.50 6 100.00 17.87
46.00 105.00 7 30.00 - 23.91
47.50 107.50 8 28.00 13.98
102.50 162.50 9 100.00 9.98
17.50 79.50 10 20.00 19.07

NOTE: THIS ONLY CALCULATES COMPRESSION OF IN BAND SIGNALS

TOTAL MAXGAIN

63.50
SFDYNRG MDS
dB dbm
39.30 -105.48

Table 1. Receiver program gain and intercept tabulated output.

nal, gain compression and signal to
noise ratio. The basic equations for
each parameter have been presented
and applied into the receiver program
for quick and easy use with an example
given. It is hoped that this program will
help the designer come relatively close
to the desired performance.

One special aspect of the program is
that the designer can see the affects of
the individual stages with respect to
intercept point, noise figure and signal to
noise ratio as the signal traverses the
system. Also, to help the engineer per-
form his tasks readily, stage parameters
can be individually altered and inserted
and/or deleted for quick “what-if” type
calculations. Designing RF hardware
has always been an iterative process
and this program will hopefully reduce
that iteration time. Suggestions for
enhancing the program are welcome.
Good luck!

This program is available on disk from
the RF Design Software Service; see
page 118 for ordering information. ~ RF
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A High Accuracy Phase Shifter
Based On A Vector Modulator

By Dominic J. Ciardullo

Brookhaven National Laboratory, AGS RF Group

Many systems operating at VHF fre-
quencies and below require a method of
varying the phase of an RF signal over a
full 360 degrees, often requiring broad-
band operation, as well. While a myriad
of phase shifters and modulators exist
for this purpose at UHF and microwave
frequencies, those available in the LF to
VHF range tend to lack range, linear
control and accuracy.

his paper will focus on the concept of

the vector modulator, which is capa-
ble of providing 360 degrees of unam-
biguous phase shift over a wide operat-
ing bandwidth. In addition, this type of
device can provide a linear relationship
between the control signal and resulting
differential phase shift, while maintaining
a constant output amplitude. Although
the vector modulator concept is not new,
advances in analog signal processing
ICs have enabled the RF engineer to
apply high speed linear techniques
toward construction of phase shifters
and modulators for use below UHF.

Basic Theory
In a linear system, a constant amplitude
sinusoidal signal can be represented as:

f(t) = Aest = Aelot (1)
where s is the Laplace transform vari-

able. Since f(t) is a complex function,
the amplitude may also be complex;

A = Ael® 2)
hence
f(t) = Agibeiot = Agi(wt+6) (3)

We will make use of two basic con-
cepts [1] during the analysis of the vec-
tor modulator. The first is that the output
of a linear circuit driven with a sinusoid
will preserve the frequency of the input
signal. The second is that the addition of
two equal frequency sinusoids will result
in another sinusoid of the same frequen-
cy. Combining these ideas, we see that
a linear RF circuit (such as the vector
modulator) will affect only the amplitude
and phase of a sinusoidal input signal;
the frequency at any point within the cir-
cuit will remain unchanged. In addition,
the phase relationship between two sig-
nals of equal periodicity remains fixed,
irrespective of when it is measured with-
in the RF cycle. Thus for the purpose of
analyzing the amplitude and phase of
signals within the circuitry of the vector
modulator, the eiet term in equation 3 is
somewhat redundant. This term can be
eliminated by choosing an arbitrary time
during the RF cycle with which to make
comparisons (say, at t=0). Setting t=0 in
equation 3 gives

f(t) = Ao 4)

Since the vector modulator is a linear
device, the analysis of its operation will

use the method of phasors.

The ideal device would provide pre-
dictable, unambiguous phase shift of
between 0° and 360° via an electrical
control signal. In addition, the output
amplitude should remain constant,
independent of the phase shift. Figure
1 is the block diagram of a device theo-
retically capable of achieving these
goals.

A 90° power splitter is used to decom-
pose the input signal into two equal
amplitude quadrature components, | and
Q. The amplitude of each component is
adjusted by multiplying it by some scal-
ing factor between +1 and -1. The
scaled | and Q components are then
combined vectorially, resulting in anoth-
er sinusoid of equal frequency, having,
generally, different amplitude and phase
characteristics. If the two scaling factors
are represented by «(6) and B(6), then
the vector sum is:

2 2
\/[Q@%} Joor 4]
_ A |2®) + B0 ®)
B \/ 2

PHASE: 6 = tan“‘&
a(6)

By independently adjusting the ampli-
tude of each component, it is possible to
obtain a resultant of any phase between
0" and 360°. Since the two signals are

PHASE CONTROL

A SInfw(tst, 3] 5 A sincwed
CRF Input) | CREF PHASED

o B cosgwtd

=TT~ comtrol Pnasor

;
L T —. Singwt])
.
\ 1Cos @,
N | ;| Phasor ampl ttudes A

. « i s are & function of 3
A osinfwedcey] “L_1.-7 desired prase angle
e e
cunie cireld

QUADRATURE RF SIGNALS

Phasor amplitudes
remain constant

A

3

-Cos(wt)

- G0

SInf8ced 3

ccontrol inputd Cos{B(Ct3 ]

VECTOR SUM OF PHASE CONTROL x RF
CMuitIply components separately, then vector sum)

TRIG
GENERATOR

FIAST QUADRANT
CONTROL PHASOR

SECOND GUADRANT
CONTROL PHASOR

THIRD QUADRANT
CONTROL PHASOR

FOURTH QUADRANT
CONTHOL PHASOR

Figure 1. Basic components of an ideal vector modu-
lator.
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Figure 2. Phasor representations showing
cos(0)sin(wt) - sin(0)cos(wt) = sin(wt — 6)
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FIGURE 3Ca)

PHAS ING ERROR

CCONSTANT AMPL ITUDED

FIGURE 3CbD

Figure 3. Phasor diagrams showing the effects of (a) scaling error and

(b) phasing error.

amplitude modulated then vector
summed, this phase shifting scheme is
often referred to as vector modulation.

To satisfy the requirements of pre-
dictable phase shift with constant output
amplitude, it is necessary to scale each
quadrature RF component in a specific
manner. We have effectively fulfilled the
first requirement simply by defining a
and B as functions of the desired phase
shift angle. The latter requirement, how-
ever, mandates the use of a quadrature
pair of scaling functions whose vector
sum is a constant magnitude (refer to
equation 5). A pair of functions satisfy-
ing these criteria may be found from the
definition of the unit circle: sin2(8) +
c0s?(0) = 1. These two functions are
orthogonal, and both depend on the
phase shift angle, 6. Substituting
a(6)=cos(6) and B(8)=sin(6) into equa-
tion 5 we obtain:

MAG. AV/Cos2(e)2+sm2(e): % ©)

indicating that the resultant amplitude is
independent of the phase shift angle.
Simultaneously scaling the amplitude of
sin(wt) [the | component] by cos(8), and
cos(mt) [the Q component] by sin(8) will
therefore result in a constant amplitude
sinusoid of predictable phase. Figure 2
illustrates how these scaling factors are
used to manipulate the phase of the RF
by solving the following trigonometric
identity:

Cos(8) Sin(mt) — Sin(8) Cos(wt)
= Sin(wt - 6)

The control phasor, which represents
the desired phase shift 6, is decom-
posed into its quadrature components
[sin(B), cos(B)]. These control compo-
nents can now be used to scale the |
and Q RF signals, which are also 90°
apart in phase. The top half of Figure 2
shows the components of both the
phase control signal and the RF input.

@)

RF Design

The quadrature components of both
signals are multiplied together, and the
resulting components vector-summed
to obtain a phase-shifted version of the
original RF input signal. Since both the
sine and the cosine of the phase shift
angle may take on negative values, the
output of the vector modulator may
have a resultant in any of the four
quadrants (0° to —360°). The bottom
half of Figure 2 is a sequence of four
phasor diagrams illustrating the resul-
tant output for four different phase shift
settings. The sequence is from left to

right with each diagram representative
of the control phasor in a different
quadrant. Note that for positive phase
shifts the control phasor moves coun-
terclockwise, while the output phasor
moves clockwise.

Practical Limitations

Each individual component shown in
Figure 1 makes some contribution to the
total amplitude and phase error of the
output signal. The trigonometric identity
in equation 7 may be used to analyze
the extent of these contributions. In
words, two quadrature RF signals are
scaled as the sine and cosine of the
desired phase shift angie, then vector
summed. Since we are using phasor
analysis, it is natural to separate the
total vector modulator output error into
two basic categories, scaling (ampli-
tude) inaccuracies and quadrature
phase error. We will define scaling error
as the cumulative effect of multiplier
inaccuracy, lack of trigonometric confor-
mance of the sine and cosine control
signals, and any amplitude imbalance
from the 90" divider or in-phase combin-

70KHz-200MHz
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Figure 4. Schematic of phase shifter prototype.

er. Quadrature error is primarily due to
the 90° power divider, but can also
include any phase imbalance of the 0°
combiner used to execute the
vector-sum. Both categories contribute
to the total phase and amplitude inaccu-
racy of the output signal.

Effect of Scaling Error — In principle,
the scaling factors of both quadrature
RF phasors shown in Figure 2 will vec-
tor-sum to a constant amplitude. Each of
the major components shown in Figure
1, however, can potentially affect the
amplitude of one or both RF signals.
The scale factors for each of the pha-
sors is shown in Figure 2:

Sin(mt) Scale Factor:

V2
A
V2

os[6(1)]

Cos(wt) Scale Factor:

Sin[6(t)]
(8)

At this point, the assumption is
made that we are predominantly inter-
ested in the constancy of the output
level and not its absolute amplitude.
To this end, Figure 3(a) illustrates a
general scaling error, where the ratio
of the two phasor amplitudes is given
as K. In this case, the two phasors are
of unequal amplitude but are assumed
to be in perfect quadrature. The
effects of cumulative scaling error on
the output signal can again be found
using vector addition:
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MAG: A,[6,tK]
A

? A o
\/[?:E Cos[e(t)]} J{Kﬁ Sm[ﬁ(t)]}
- %\/Cosﬁ[e(n] +K2 Sin2[e(t)]
PHASE: ®[6,t,K]=tan™' [K tan[6(t)]]
©

where: Ag is the actual output amplitude
¢ is the actual output phase shift
0 is the desired phase shift
resulting in an output signal A sin(mt+o),
where both Ay and ¢ are assumed to be
functions of the desired phase shift, time,
and the RF amplitude imbalance. The
time dependence is applicable only when

2

the device is used as a phase modulator;
For DC phase shifts there is no time
dependence, and 6(t) may be replaced
with 8 in the above relations.

If K is chosen to be always greater
than unity, then K(A~2) will represent
the larger amplitude axis (refer to Figure
3(a)). Equation 9 reveals that the maxi-
mum output amplitude error due to this
effect occurs at values of 6 which cause
the resultant to approach the larger
amplitude axis. For example, in the case
of Figure 3(a) the maximum error occurs
when 6 is either 90° or 270°, since the
vertical is the larger of the two axes. The
effect of amplitude balance on the out-
put phase error is not quite as obvious,
however. If the output phase error (¢—0)
is plotted against the requested phase

REF LEVEL
—3.000dB
-3.00008

DIV
0.500u8
©.500d8

i

100K
START 100 000 .000HZ

iM 10M

STOP 40 000 000.000Mz

LEVEL /OIV

.000deg 45.000deg
.000deg 45.000deg

L . e
START 100 000.000Hz STOP 40 000 000.000HZ

AMPTD 415, 0dBm

Figure 5. Amplitude and insertion-phase plots for a Merrimac QH-7-4.9

hybrid power divider.
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AEF LEVEL /DIV
45 . 000deg 1.000deg
-890.000deg 1.000deg

REF {EVEL /DIV
B80.000deg 1.00Cdeyg
- 90.000deg % .000dey

iM

START 300 GOOQ.000MZ STOP 7 000 00C.000HZ

Figure 9a. Output of phase shifter
at 45 degrees, normalized to the
insertion phase of the active split-
ter.

tions 9 and 10, illustrate how the phase
shifter output error is primarily a function
of the amplitude and phase balance
associated with the 90° hybrid (both
plots have been normalized to the inser-
tion phase of the QH-7-4.9).

The second group of plots result from
using active all-pass networks to obtain
the 90° phase split. The amplitude and
phase balance for this circuit (one output
normalized to the other) is presented in
Figure 8. The amplitude balance is seen
to be within 0.05 dB (much less than that
of the passive hybrid), and the deviation
from quadrature phase is approximately
+1° from 300 kHz to 7 MHz. Figure 9(a) is
a plot of the phase shifter output for a
requested shift of 45° (top trace), normal-
ized to the insertion phase of the active
90° all-pass network. For convenience,
the phase balance is presented on the
same plot (bottom trace). Notice that the
shape of the output phase is a scaled
version of the bottom trace; the relatively
tight amplitude balance of the quadrature
splitter contributes a negligible amount to
the total output phase error. Figure 9(b) is
a plot of the output for a requested shift
of 90° (top trace) and the phase balance

of the active splitter (bottom trace). Note
the almost one to one correspondence
between the shape factors of both traces.

Figure 10(a) shows the phase shifter
output normalized to the insertion phase
of the active splitter. The bottom trace in
Figure 10(b) is an expanded view
(2°/div) for a requested shift of 0°. This
plot shows the contribution that the main
body makes to the total phase non-lin-
earity of the vector modulator (a delay
has been added mathematically to “flat-
ten out” the linear phase portion of the
response for illustrative purposes).
Again, the rise at the low end of the
response results from being close to the
low frequency roll-off of the amplifier
used (100 kHz). The plot in Figure 10(b)
shows the insertion phase of the entire
vector modulator, including the active
splitter (top trace).

Conclusion

A design for a high accuracy broad-
band phase shifter based on the concept
of the vector modulator has been pre-
sented. The design is flexible enough to
allow either digital or analog phase shift
control, allowing the device to be used as
a high linearity phase modulator. Using
currently available analog processing
components, the design achieves its goal
of broadband, linear phase control for
shifts well in excess of 360" (digital con-
trol input option). The device is also
capable of being controlled via analog
input voltage (or modulating waveform),
resulting in phase excursions of up to +/-
500°. The accuracy of the phase shifter
has been shown to rely heavily on the
amplitude and phase imbalances associ-
ated with the 90° phase splitting device
used. In addition, the group delay of the
quadrature phase splitter directly affects
the delay characteristics of the phase

»

REF LEVEL  /DIV
0.0deg 45.000deg

START 300 000.000HZ STCP 7 000 C00.000HZ

AMPTD 15.0a8m

REF LEVEL /DIV
0.0deg 80 .000deg
0.0deg 2.000deg

™~

—

START 300 000 .000MzZ STOF 7 000 OO0.000HZ‘

AMPTD 1%5.0dBm

Figure 10a. Output of phase shifter
normalized to the insertion phase

of the active splitter.
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Figure 10b. Output of phase shifter
normalized to the insertion phase
of the entire vector modulator.

—

iM

START 300 000.000Hz STOP 7 000 DOO.000HZ

Figure 9b. Output of phase shifter
at 90 degrees and phase balance
of active splitter.

shifter. For linear-phase sensitive appli-
cations, the use of either DDS techniques
(successfully implemented, but not
shown here) or linear phase all-pass
structures may be employed to provide
the required | and Q inputs to the vector
modulator. For applications not requiring
flat group delay, many “off the shelf”’
quadrature power dividers are availabie
to serve the same purpose.
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RF product report
Subtle Changes for RF Brawn

By Andy Kellett
Technical Editor

any of the new developments in RF
Mtechnology are focused on the infor-
mation content of RF signals. However,
the power that carries that information
is still essential to many of the new infor-
mation-based systems, and RF power
components are changing to accommo-
date them. In addition, there are applica-
tions where RF power is used for its
own sake, and these applications
demand their share of attention from
manufacturers too.

Applications

Probably the largest market for RF
power components is the cellular base
station market. Cellular base stations for
analog systems are still being sold as
cell sizes shrink to accommodate more
users, and new digital cellular systems
being introduced will provide even more
sales. HDTV is still in developmental
stages, but many manufacturers expect
that market to become significant. RF
susceptibility testing is climbing to high-

er frequencies as standards become,

concerned with higher and higher har-
monics and high volume RF devices
begin to use higher frequencies. .
According to Bruce Murray, Executive
Vice-President of Erbtec Engineering,
the MRI market is tough in the U.S., but
new systems operating with higher mag-
netic fields, and upgrades to old sys-
tems will provide some business. While
defense and aerospace have taken a hit
in the last few years, they stili provide a
sizable portion of the business for high
power manufacturers. High power RF
has also found many narrow markets
where RF power is used for its own
sake. RF sources are used for metal
sputtering in the semiconductor industry,
and they find use in metal treating, plas-
tic welding, adhesive curing, lamp
exciters and particle accelerators.

Devices

“We’re in that good old continuous
improvement mode,” says Jerry Levine,
Sales and Marketing Manager for
MA/COM Power Hybrids. Transistor
power capacity, efficiency, linearity and
gain are all seeing steady improvement.
According to Levine, MA/COM has been
improving die especially to improve lin-
earity and gain. “Our devices’ high gain
is perhaps their best selling point,” notes

RF Design

Levine. For cellular applications, the
emphasis is increasingly on linearity and
gain says Dave Boylan, Product Manag-
er for RF and Microwave Transistors at
Philips Semiconductors. “The increasing
market demand for higher frequency per-
formance in the range of 1 to 2 GHz has
led to optimization of diffusion methods,
resulting in new power transistors fulfill-
ing these linearity and gain expecta-
tions,” noted Boylan.

However, for applications that inher-
ently need high power, power capacity
is still an important issue. “Certainly
combiner advances help, but ultimately
the answer lies in finding ways to get
more power per discrete transistor and
in combining several transistors into one
package,” says Carl Lump, Marketing
Manager for RF Products at SGS Thom-
son. In this area, conflicting design
goals make advances slow but steady.
There is a drive for lower cost packag-
ing, but packaging is important to heat
dissipation. Emitter peripheries can be
increased to increase power, but at the
expense of gain-bandwidth.

“Tubes are an old technology, but still
a high-tech technology,” notes Seymour
Paul, Manager of industrial and Scientif-
ic Markets for Varian. The market for
tubes is still strong in the highest pow-
ered applications and in the high power
applications where transistor/combiner
solutions are too costly. Some tube
capabilities are completely unmatched
by transistor’s. “You can pulse a tube
well beyond its normal power limit,”
notes Paul, a feature which makes
tubes attractive for high powered,
pulsed applications such as MRI and
radar. However, tubes do not enjoy the
inherent redundancy of combined tran-
sistor power modules. For example, if
the 20 kW tube in a television transmit-
ter fails, the signal is lost entirely.

For this reason, and because tubes
contain so many parts, tube buyers are
especially concerned with ruggedness
and reliability. “We kept the Eimac brand
name when we acquired it in the 1960’s
because it was so well known for its per-
formance and quality worldwide,” notes
Varian’s Paul. Reliability is also one of
the selling points for the tubes sold by
Svetlana, a Russian/American owned
company that sells Russian-made
tubes. “While our tubes have innovative

features ahead of anything marketed in
the West, there are no startling
advances over Western tubes, but
because the Russians depend on tubes
more, they place great emphasis on
tube reliability,” says George Badger,
Vice-President and Director of Market-
ing for Svetlana in the U.S.

Makers of passive devices for high
power RF are faced with small, narrow
markets, meaning they must be particu-
larly responsive to customer’s needs.
“The high power market is not that large,”
says Glen Werlau, president of Werla-
tone Incorporated, “and the market for
the broadband combiners and couplers
we make is even smaller.” “RF Power
Components was started to fill a niche.
For instance, our competitors were doing
fine with 400 to 1000 MHz couplers that
only went up to 400 W. We took it a little
further and made one that goes up to 800
W,” says Tom Passaro, Vice-President
and owner of RF Power Components.

Manufacturers of high power RF ampli-
fiers have a unique perspective on RF
power because of their position as both
buyer and seller of high power devices.
Amplifier Research (AR) has found a
large market for their products in the
automotive susceptibility and defense-
electronics susceptibility markets. Jim
Maginn, Manager of Product Operations
for AR, says their customers request
larger bandwidths, higher power, and
smaller cabinets, all while keeping price
at bay. AR tries to satisfy this demand
with amplifiers that require no band-
switching. According to Maginn, these
amplifier designs center around the tran-
sistor seiected. “Transistor advances are
made pretty continuously, but the devel-
opments seem agonizingly slow to us
sometimes,” says Maginn.

Summary

Manufacturers of high power RF com-
ponents and equipment steadily expand
their product’s capabilities. New, commer-
cial/consumer markets make their pres-
ence known, but their effects are felt more
subtly in the high power arena; no one
expects manufacturers to produce trans-
mitters on high volume production lines.
Smaller volume, more specialized appli-
cations are stili a good source of business
for high power RF manufacturers.
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WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600.
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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 speciality
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NOVA RF Systems, Inc.

The Complete RF/Microwave Solution
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— Custom Design/Consulting

— Simulation Software
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» Computerized * RF Systems

* Spread Spectrum Communications
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» Complete, Fulltime Professional Staff
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RF engineering opportunities

ENGINEERING
R & D STAFF ENGE

If You're
Really Good

...you may be perfect for an exciting opportunity with Jerrold
Communications. We are a primary developer of advanced
broadband technology for Cable TV equipment and seek to
enhance our research capabilities with a high-level R & D engi-
neer who possesses the ability to manage

development projects independently.

The selected professional will help establish an R & D group
which will develop RF technology for our products. The appli-
cants for this position will provide demonstrated expertise in
broadband RF circuit design for the 10 MHz to 1 GHz frequency
range. You should be familiar with RF CAE tools like HP MDS.
Familiarity with CATV would be a plus. You will also need an
MSEE or the equivalent. A PhD is preferred.

We offer a competitive salary, a full range of benefits and
career building assignments with a like-minded staff. Qualified
applicants should send their resume with salary history/
requirements, to: Ed Zakrzewski, Employment Manager, Jerrold
Communications, General Instrument Corp., P.0. Box 668,
Hatboro, PA 19040. Equal Opportunity Employer M/F/D/V.

Jerrold
@ General Instrument

Where Innovation Is A Tradition

... YOUR CAREER

Cellular Engineers: Designidevelop RF and analog circuits for high capacity cellular systems, Requires
minimum of 2 years experience in any of the following: DSP, ASIC Design, CAE Development, Digital
Modulation, Digital Mobile C: ions, Channel or
Audio Design, Digital Signal Processing.

Regi Sales : Responsible for sales, promotion and technical support
within a specified geographical region with the support of field sales representa-
tives. identities new opportunities and coordinates efforts to secure contracts.
Responsible for ensuring that field sales representatives are satislying the cus-
tomer's needs and providing technical training. This position requires a BS degree
in electrical engineering with 1-3 years experience in the RF components industry.
This person could be a design engineer with a desire to begin a sales career.

Analog Design EE « BSEE min., MSEE perf. » 5 to 7+ years design exp., professional maturity * Strong (85%
of project history) in analog board leve! design, DC to RF (500 MHz to 4 GHz) with module level exp., use of
RF and microwave test equip. at these frequencies. * Exp. in analog/digital interfacing and in design tradeotfs
in processing signals in analog and digital sections » Self-starter; able to pian, design, and prototype proof-of-
concepts, a hands-on person » Adaptable personality (a specialist in one or more application areas but wel-
coming any opportunity to dive into another) « Analog and digital circult breadboarding and debugging exp.

AF Design Engineer: Responsible for design of analog and RF systems and circuits for consumer and commercial digital wire-
fess products. Five to ten years experience in RF systems analysis and design. Experience with low-cost design techniques for
frequency synthesizers, power amplifiers, upidown converters and baseband circuits for digital communications systems. Must
be able to derive RF systems and module requi to meet overall and cost goals. Familiarity with time division
duplex or CDMA a plus.

Manager RF Ampiifiers: Provide technical leadership and management for a group of engineering
professionals designing low noise preampilifiers and RF power amplifiers. Amplifiers will operate in the
800-MHz to 2 GHz range for commercial communication equipment. Class C as well linear amplifiers
are needed up to capabilities of 100 Watts of composite power. BS/MSEE preferred.

RFIC Design: MS or PhD in Eiectrical Engmeeﬂng with minimum 5 years related experience is preferred. The candidate should
have a good knowledge and experience in Linear Bipolar High Frequency IC design and measurement techniques to design IC's
like Amplifiers, Mixers, Oscillators, VCO's, Prescalers, Synthesizers, Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or
BiCMOS technologies.

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

Design Engineer: ible for the design and 0f 800
MHz wireless consumer electronic products. Designed and developed —
AM/FMIFSK transmitters/receivers in 902-926 MHz fraquency mnge

Hands-on experience on HF/VHF/UNF systems and subsystems

which includes LNAs, medium power amplifiers, down converters,

saw and coaxial resonator oscillators, VCOs, AMIFM IF sys-

tems, RF modulatorsidemodulators, PLLs & audio video circuits, /-

COMMUNICATIONS
‘ EXECUTIVE SEARCH
871 Turnpike St. » North Andover, MA 08145
We specialize in the of p jonals both nationally and i ionally.

CALL COLLECT. TEL: 508-685-2272 FAX: 508-794-5627
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RF engineering opportunities

We're looking

for engineers who are
excited to the Core.

But you won't believe where we’re going.

MMIC Power Designer

Senior IC Designer (Mixed Signal)

Senior Systems Engineer

Senior Engineer/Project Manager

Senior Staff Engineer

interviews with interested candidates.

You already know Motorola as an acknowledged leader in wireless products technology.

Right now, we're scouting for key Core technologists to join our world class organization
as part of our Communications Semiconductor Products Division. If you’d like to work in
an environment where innovation is unparalleled...and live in an environment where scenic
beauty and recreation are boundless...look into our current opportunities in Phoenix. Positions
call for a minimum of 5-15 years experience and a BS/MS/PhD in a relevant discipline.

Manager of CAD and Design Methodology
Create a global CAD effort in support of developing mixed signal ICs, including RF analog and
digital circuits. Proven record in 1C design, characterization and simulation methodologies.

Develop integrated RF power amplifiers to service the personai communications market.
Experience in bipolar and GaAs technologies needed.

Develop mixed signal ICs (RF analog and digital) to service the personal communications
market. BICMOS technology experience preferred, plus direct design experience in active
filters, IF amplifiers, VCOs, synthesizers and/or modulators/demodulators.

Developing ICs to service the personal communications market, will work closely with cus-
tomers, marketing and IC designers to define new products. Must have experience in mod-
ulation/demodulation techniques, high frequency filtering and/or system level simulation.

Develop material and packages for improved product performance and cost of linear hybrids.
Statistical analysis tools will be utilized in evaluation of technical approaches which must
include interface to manufacturing processes.

Provide expert problem analysis for communication components relating to mechanical
systems, with emphasis on RF device package development. Study existing capping issues
along with researching alternative device covering material.

We will be in the Tampa area October 19-21 during the RF Expo East to conduct

If unable to attend the Expo, you may also send your resume to: Motorola SPS Sourcing,
Dennis Deakin, Dept. SP§-495, 1438 W. Broadway, Suite B-100, Tempe, AZ 85282. An
Equal Opportunity/Affirmative Action Employer.

MOTOROLA
Semiconductor Products Sector

RF Design
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