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Figure 3. Modulation vs. output
power (SSB); LO=2 GHz, -5 dBm.

er frequency. This method of evaluating
modulator performance is inexpensive
and fast for manufacturers and simple
for end users to utilize.

A typical SSB output spectrum is
shown in Figure 2. Proceeding from
right to left, the frequency spikes repre-
sent the upper sideband, the carrier, the
lower sideband, and harmonic distortion.
The upper sideband is, of course, the
desired output and the other responses
are all unwanted. The power level of the
upper sideband, measured using spec-
trum analyzer, is defined as the SSB
output power. Raising and lowering the
amplitudes of the | and Q signals will
raise and lower the output power. The
LO level should be kept constant and
not used to change output power. Figure
3 shows a graph of I/Q amplitude versus
output power with an LO level of -5
dBm at 2 GHz.

The frequency spike immediately left
of the upper sideband is the carrier. The
difference in power between the upper
sideband and the carrier (in dB) is the
carrier suppression. Carrier suppression
is determined by the DC voltage match-
ing between the ISIG, IREF, QSIG, and
QREF pins, and by the amount of LO
leakage to the output. The DC voltages
at the | and Q input pins control the DC
currents in the | and Q mixers. In order
for the carrier to be suppressed, these
currents must be identical. If the user
provides DC voltages at the four | and Q
input pins that are identical, then the
RF2422 exhibits excellent carrier sup-
oression. This is due to the superior
matching of thin-film resistors in TRW’s
orocess. As mentioned before, suppres-
sion is also affected by LO leakage
‘hrough the package and PC board. The
nigher the carrier frequency, the worse
his problem becomes. Even with leak-
age, carrier suppression can be opti-
nized by adjusting DC voltages at the |
and Q inputs relative to each other.
3enerally, adjustments of just a few mil-
ivolts will allow the user to null the carri-
ar. It is important to note that carrier
suppression is a relative measurement
n that it is dependent on SSB output
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Figure 4. Carrier suppression vs.
frequency.

power. As | and Q modulation levels are
decreased, the SSB output power will
decrease, but the carrier will not, thus
yielding less carrier suppression. It fol-
lows that users must be sure of what
modulation levels are being used when-
ever reading a manufacturer’s carrier
suppression data. Figure 4 illustrates
that carrier suppression in the RF2422
is typically below -30 dBc across the
operating frequency range, without any
adjustment. Note: The | and Q ports
were each driven with 500 mV_,

The next frequency spike is the lower
sideband. The difference in power
between the upper sideband and the
lower sideband (in dB) is the image sup-
pression. Image suppression is an indi-
cator of phase and amplitude error. The
more the phase and amplitude error, the
worse the image suppression. These
errors are caused by such things as
package parasitics, nonlinear transistor
operation, and layout asymmetry,
Although these problems are addressed
in design, they can never be completely
eradicated. Amplitude and phase errors
are largely frequency dependent, but
they can also depend in a lesser extent
on LO power level and power supply
voltage. It is very important to evaluate
the modulator under system operating
conditions. Image suppression can be
adjusted externally by changing the
phases and amplitudes of | and Q rela-
tive to each other. Phase error in the
RF2422 is very minimal. As shown in
Figure 5a, phase error is typicaily within
a few degrees at any given frequency.
Amplitude error (Figure 5b) is only a few
tenths of a dB at the frequency
extremes. These small phase and ampli-
tude errors combine to yield image sup-
pression numbers that typically range in
the mid 30s, as shown in Figure 5c.

The two frequency spikes furthest to
the left are harmonic distortion. Although
there are other spurious products that
can be viewed if the spectrum is
spanned at higher frequencies, these
specific products are the closest to the
carrier with the most power, and there-
fore the most difficult to filter. In addition,

RFdesign
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Figure 5a. Phase error vs. fre-
quency.

manufacturers usually only specify the
suppression of the distortion spike fur-
thest to the left since it is stronger than
the one that is closer in. As the ampli-
tudes of the 1 and Q signals are
increased, the power of this harmonic
will increase, much like an IM5 product.
Like the carrier and the lower sideband,
system designers prefer harmonic dis-
tortion to be kept to a minimum to pre-
vent saturation of the power amplifier or
any components in the receiver.

Description of Design

The LO connection to the RF2422 is a
single-ended, 50 ohm termination so
that no transformer or balun is needed.

Figure 5b. Amplitude error vs. fre-
quency.

The port is DC blocked internaily so that
no external blocking capacitor is need-
ed. Having entered the part, the LO sig-
nal immediately travels through an R-C
network that acts a phase splitter. The
R-C network consists of a high-pass and
a low-pass filter which each shift the LO
signal 45 degrees, but in opposite direc-
tions. The result is that the LO signal is
split into two signals of equal frequency
but 90 degrees out of phase. The output
of one filter will propagate to the | mixer
while the output of the other filter will go
to the Q mixer. The R-C network is
designed around a 2 GHz center fre-
quency so that when the LO signal is
below 2 GHz, the high-pass filter attenu-

Figure 5c. Image suppression vs.
frequency.

ates the amplitude of its signal; likewise
for the low-pass filter when the LO is
above 2 GHz. In order to equalize the
two filter outputs, limiters must be used
after the R-C network.

Each of the two limiter stages consists
of a high-gain differential amplifier. The
limiters’ function is to amplify the two
quadrature signals to the point where
the waveforms are clipping. The clipping
effectively equalizes the two signals
since both limiters are designed identi-
cally and will clip at the same time.
Obviously, if the LO signal is low
enough in power or far enough in fre-
quency from 2 GHz, the limiters will not
be able to equalize the two signals,

High Power RF

Amplifiers and Power Generators

ur specialty is producing quality CNC machinery.
high power RF amplifiers, power Whether you need one or OEM
if%erators and transmitters 1n the uantities, you'll get the lowest prices and

uency range of 1 MHz to 250 MHz  the fastest delivery in the industry.
and at power levels up to 5000 watts. For more information, call toll-free
We can deliver amplifiers from 800-647-1801 and ask for Steven Pan.

stock, custom build your design or <
Free Information

desia} a product to your specifications.
e manufacture from start to Write or call Steven Pan ... . 800-647-1801

finish using modern CAD tools and

The rugged Eimac® 3CX1500A7 tube in this HF
amplifier delivers over 750 watts of continuous
power or up to 4 KW of pulsed ouput power.

We sell Eimac® tubes
Call toll-free 800-647-1801

AMERITRON:.. .
... the high power RF specialists
921 Louisville Road * Starkville, MS 39759
(601) 323-821 1 » FAX: (601) 323-6551

8 a.m. - 4:30 p.m. CST, Monday-Friday
Prices and Specifications subject to change © 1994 Ameritron, Inc.

This FET linear amplifier covers VLF 10
VHF with 200 watts continuous power output
or 1500 watts output in pulse applications.

200 Watt FET Linear Amplifier Module is
ready-to-use. Can )

be combined to
produce several
kilowatts.

Modules available

for 2-30 MHz;
30-120 MHz;
120-250 MHz
Evaluate one today!

INFO/CARD 39

56

RELIABILITY
&ACGURAGY.

Precision Quartz
CRYSTALS
70 KHz to 200MHz.
ICM is a major supplier
to the commercial,
communications, industrial,
and O.E.M. crystal markets.

1=

INTERNATIONAL CRYSTAL MFG. CO., INC.
10 N. Lee » P. O. Box 26330

®

Oklahoma City, OK 73126-0330
Phone (405) 236-3741 - FAX (405) 235-1904
Toll Free Phone 1-800 725-1426
24 Hour Toll Free FAX 1-800 322-9426

INFO/CARD 40
August 1994










































Just Because
Somebody’s
In Business
Doesn’t Put
Them On The
A-List

<

Tem @ﬂade
1w

No part-timers, no pretenders,
no padding. Mailing lists from
Argus deliver targeted, audited
decision makers to maximize
your marketing investment.
Direct from our blue chip lineup
of niche publications, covering
everything from adhesives to
waste disposal. Don’t just get a list.
Get the A-List from Argus.
For our complete catalog call
Renae or Diane at 404-618-0154
or fax 404-618-0347.

ARGUS

Home of the A-List

70

nite) functions is that broadband match-
ing is thus reduced to a classical prob-
lem in numerical optimization. That is
also true if some matching network
topology is chosen and its LC values
are adjusted by an optimizer. But the
Brune function method only requires a
choice of the number of network ele-
ments, n, and the number of zeros of
transmission at DC, without any other
prior knowledge of the ladder network

topology.

Network Synthesis

Most practical matching networks
have a simple ladder topology with
zeros of transmission only at DC and
infinity, produced by parallel L’'s and
series C’s, and by series L’s and paral-
lel C’s, respectively. (Bandpass net-
works are those having at least one
zero of transmission at both DC and
infinity). There are 24 classes of low-
pass, highpass, and bandpass ladder
networks classified according to their
port impedance behavior at DC and
infinity [11], and each class represents
literally dozens of permutations of L’s
and C’s in networks that each realize a
particular Z,(s) function {12]. There are
excellent network synthesis computer
programs to generate all possible
topologies for your inspection [13], but
it will be necessary to examine many
candidate solutions.

Each of the 24 classes of lowpass
and bandpass networks ends in an
ideal transformer with a dependent
turns ratio. Since there is no such
physical transformer, it is important to
know that the Norton transformation
may eliminate an ideal transformer at
the price of one additional L or C. Fig-
ure 5 shows two subnetworks that are
exactly equivalent at all frequencies,
and a similar equivalent pair exists
using all L’s instead of all C’s. There is
no possibility of finding two adjacent
C’s or two adjacent L’s in a lowpass
network, so the source r in Figure 2
cannot be modified. Some permuta-
tions of L’s and C’s in synthesized
bandpass networks may allow an inde-
pendent source resistance by adding
one more like element to eliminate the
ideal transformer.

Graphical Methods

The Smith chart was introduced in
1939 and has served ever since as a
manual design aid for matching net-
works composed of lumped and/or dis-
tributed elements. Techniques for using
the Smith chart for matching have been

described in numerous sources, e.g.
[14]. Lately, an excellent computer pro-
gram that displays the impedance
transformations versus frequency in
color has been made available at no
cost [15]. A degree of skill is required to
produce efficient matching networks
using graphical aids, especially for the
double match case.

Intelligent Systematic Search
Methods

Abrie {16] has described and pro-
grammed a broadband impedance
matching method based on the so-
called “1+Q?2” method for impedance
matching at a single frequency. The Q
employed at each element’s interface
in the network is that defined by equa-
tion 6. Abrie observed that the value of
the Q factor seldom exceeds four, and
that the frequency selectivity of the
matching circuit can be approximately
related to Q (as in Figure 4). Each trial
is a set of Q values which are used to
design a matching network. His pro-
gram MultiMatch exhaustively searches
over a grid in N dimensions (N<6) for
-4 < Q < 4 in steps of 0.5. Thus there
can be 17N trials, e.g., N=4 results in
83,521 trials. His program avoids some
trials of values for input elements by
enforcing a 1+Q? impedance match to
within a Ip,! circle. Also, finer search
grids may be applied about solution
points. Average run times on 25 MHz
PC’s with a numeric coprocessor are
between 2.5 and 5.5 minutes.

The labor of manual matching
design, the complexity of the real-fre-
quency methods, and the skill level
required for both methods demand a
way to design matching networks that
is fast and simple, especially for the
double match case. A future article will
describe a computer program called
GRABIM which quickly and simply finds
optimal network topologies and ele-
ment values for matching networks. RF
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RF system design

Program Calculates Cascaded
System Parameters

by Raymond P. Meixner

An algorithm is presented which
analyzes a chain of RF components
similar to those in receivers and
exciters of radar systems. It uses the
component’s four major parameters:
noise figure, gain or loss, noise band-
width, and 1 dB compression point to
calculate the dynamic range, noise fig-
ure, noise output, and system gain of
the chain. An example of the power of
the algorithm is given by analyzing a
simple five element chain. A print out
of the results and a listing of the code
is given in the appendix.

ith the advent 20 years ago of the
modular broad band microwave
integrated circuit (MIC) amplifier, the
ground rules for designing microwave
subsystems have changed. System
design became one of ganging a chain
of components in a line with the appro-
priate placement of filters to satisfy the
system requirements. What this did
was to increase the number of building
blocks in the system from a few to
many. During system tradeoff studies it
is difficult and a little complicated to
move or change these blocks, compute
the new results, and analyze and com-
pare these designs. The algorithm
CHAIN GANG, see Appendix A, eases
some of this frustration and work load,
since it is a simple routine that uses
the four major components parame-
ters; noise figure, gain or loss, noise
frequency bandwidth, and the one dB
compression point. The concept of
“noise figure” (NF) in this paper will fol-
low the defined figure of merit for an
RF system as Friis did in his classic
paper [4], but will not refer to noise fac-
tor. When “NF” or “noise figure” is used
it will be so stated as to what is used,
i.e whether a numerical ratio or a log in
dB of that ratio. After initial designs
using CHAIN GANG more sophisticat-
ed and powerful CAD routines are
commercially available that can ana-
lyze these designs in greater detail [1].
CHAIN GANG is especially helpful in
verifying the design of low power RF
receiver and exciter chains for radar

72

Amplifier Amplifier Filter Amplifier Amplifier

Input
Output

Parameter Units
Element Number 1 2 3 4 5
Gain Ratio/dB | 4/6 5/7 0.5/-3 | 5/7 6/7.78
Noise Ratio/dB | 2/3 3/4.77 | 2/3 3/4.77 | 3/4.77
Figure
Noise Ghz 0.5 2.0 1.0 2.0 3.0
Bandwidth
1dB dBm +10 +20 +5 +20 +20
Compression Point

Figure 1. Five element cascaded chain with system noise bandwidth of

10 MHz

systems. These chains usually involve
a string of cascaded custom compo-
nents, such as filters, amplifiers, mix-
ers, switches, attenuators, etc., many
of them digitaily controllted. This last
requirement for digital control is what
makes this program highly useful. The
system design, which is usually laid
out by hand, can quickly be analyzed
through most of the digital modes with
this algorithm. Reconfigured designs
can quickly be analyzed as well.

The author is indebted to two pub-
lished articles by Bertsche [2] and
Sorger [3] that helped improve the
crude routines the author had been
using for years. Bertsche picks up the
effects of the various noise bandwidths
in the system and their impact on the
output signal to noise ratio (SNR).
Sorger does a similar analysis by final-
izing the system 1 dB compression
level after summing up the contribution
of each element in the chain. Refer-
ence [S] gives a more detailed analysis
of the compression distortion using the
third order data for each component.

Significant features of this program
are that it can pinpoint in the compo-
nent chain where the excessive noise
figure loading occurs and where the

input level for 1 dB compression dra-
matically changes. It lists the SNRs
and determines dynamic range using
the criteria of the noise floor and gain
compression.

To simplify matters the five element
chain of Bertsche [2], as shown in fig-
ure one, is used as a demonstration
circuit along with some typical values
of for 1 dB compression points.

A print out of the calculated data,
shown in Figure 2, includes system
noise figure, system gain, output signal
to noise ratio after each chain element,
input signal level for 1 dB compression
gain, and dynamic range.

Figure one shows a typical RF chain
containing five elements. Once system
and component parameters are
entered, several DO LOOPs sift this
data and calculate all you would want
to know about this chain. What follows
in an explanation of the printed data
for each LOOP as shown in Appendix
B which contains the print out for a run
of CHAIN GANG.

A note is in order here about how
CHAIN GANG works with up and down
converters. The algorithm handles
them in the same way as any compo-
nent by using a slightly higher value of
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RF software

3D EM Simulator

Compact Software is demonstrating ver-
sion 3.0 of its Microwave Explorer 3D Electro-
magnetic simulator. The new version features
antenna analysis capabilities, ability to simu-
late circuits in either an open or packaged
environment, and speed improvements
based on advances in the gridding algorithm.
Explorer 3.0 computes antenna radiation
losses and surface wave losses. Microwave
Explorer 3.0 is slated for release in 3Q94.
Explorer runs on Sun SPARCstation and HP
700/800 series engineering workstations.
Compact Software
INFO/CARD #207

System Design Software
SysCad 6, from Webb Laboratories, fea-
tures compatibility with the HP/EEsof
OmniSys® block description standard; swept
power; swept frequency, unequal two-tone,
and intra-system excitation and analysis
modes. The updated block-level simulator
also includes the all-new UniSpur spurious
analysis engine. UniSpur solves for and clas-
sifies all 2N families of spurs, including all
2N-1 classes of coincident products.
Webb Laboratories
INFO/CARD #208

Linear Analysis Worksheet
An Excel spreadsheet from Engineering
Solutions performs frequency and transient
response analysis of linear system models
such as PLLs, AGC loops and autotracking
servo control loops. The worksheet also
draws the system’s block diagram and
includes on-line help. The software requires
Excel 3.0 or later. Available for the IBM or
Macintosh, the software costs $129.
Engineering Solutions
INFO/CARD #209

Bundled EM Analysis

Software

Hewlett-Packard has bundled the Series IV
Electromagnetic Test Bench with its stand-
alone version of the HP Momentum planar
electromagnetic simulator. This step contin-
ues HP's strategy to develop a merged
design software product based on the best
features of HP's and EEsof's high-frequency
design products. HP offers the stand-alone
version of HP Momentum with links to the
Electromagnetics Test Bench at $32,000.
HP-EEsof
INFO/CARD #210

Oscillator Design

Crystal Oscillator Design and Analysis
(CODA) version 3.0 is now available. This lat-
est version adds varicap control design and
also allows the use of MIC and other pack-
aged amplifiers in VHF/UHF designs. The
cost for this IBM-compatible program has
been reduced to $200 for new users and
$100 for qualified updates.
Albert Benjaminson
INFO/CARD #211
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RF literature

Integrated Module Brochure
A brochure from Technical Research and
Marketing describes their RF and microwave
signal processing ASIMs (Application Specific
Integrated Modules). A broad range of active
and passive components including power
amplifiers, beamformer networks, image
reject mixers, phase comparators, vector
modulators and specialized custom products
are offered.
Technical Research and Manufacturing, Inc.
INFO/CARD #196

Capabilities Brochure

An eight-page, full-color brochure from RF
Monolithics gives an overview of the compa-
ny's SAW and RF technical expertise, prod-
uct lines, manufacturing facilities, qualities
standards and customer support programs.
RF Monolithics, Inc.
INFO/CARD #197

RF Component Brochure

A six-page, fold out brochure from Lucas
Weinschel describes their lines of attenua-
tors, directional couplers, power
splitters/dividers, terminations and loads. For
each product category, a table describes the
specifications for each model and provides a
picture of each individual model.
Lucas Weinschel
INFO/CARD #198

DSP Data Book

A 532-page data book describing high
sample rate hardwired DSP chips for commu-
nications, video and imaging applications, is
now available from Harris Semiconductor.
Digital Signal Processing Databook 1994 pro-
vides long-form data sheets, applications
notes, and general information. To order,
contact Harris Semiconductor at 1-800-442-
7747 and ask for extension 7250, or FAX 1-
407-724-3937.

Harris Semiconductor
INFO/CARD #199

High Voltage and RF Relays
Kilovac now offers specifiers and pur-
chasers of electronic components a free 12-
page catalog featuring its high voltage and
RF vacuum sealed power "S" series reed
relays. The "S" series currently comprises 20
standard models with low contact resistance
(as low as 50 milliohms), high isolation resis-
tance, low power consumption and low leak-
age current.
Kilovac Corp.
INFO/CARD #200

Magnetic Products Brochure

Arnold Engineering offers a six-page
brochure Describing their line of cores for
inductive products, along with their precision
rolling capabilities and permanent magnet
shapes and assemblies. Arnold offers tape
wound cores of various high permeability
materials, bobbin cores, molybdenum-
permalloy powder cores, Hi-Flux™ cores and

high electrical resistivity cores.
Arnold Engineering Co.
INFO/CARD #201

RF and Microwave Courses
Courses in RF circuit engineering,
microwave circuit engineering, wireless com-
munications systems and statistical tech-
niques are described in a six-page brochure
from Besser Associates. In addition to course
descriptions, the brochure contains a list of
instructors and a description of the format of
the courses.
Besser Associates
INFO/CARD #202

NIST Electronics Report

A report titled Electronics and Electrical Engi-
neering Laboratory: 1993 Technical Accom-
plishments (NISTIR 5355) is available from the
National Institute of Standards and Technology
(NIST). The report outlines research projects
in microwaves, electronic compatibility, light-
waves, superconductors, magnetics, and semi-
conductors. The report is available for $17.50
prepaid from the National Technical Informa-
tion Service, Springfield, VA 22161, (800) 553-
6847. Order by PB 94-136777.
NIST
INFO/CARD #203

Circuit Board Design Guide
A microwave circuit design guide is avail-
able without charge from the Soladyne Divi-
sion of Rogers Corp. The 40-page literature
item gives generally accepted fabrication
guidelines for multilayer, microstrip, and
stripline circuits. Topics covered include
material selection, machined features, pat-
terning, PTFE activation, metalization, band-
ing, design for manufacturability, and quality
assurance.
Rogers Corp., Soladyne Div.
INFO/CARD #204

Coils, Inductors and Chokes
Standex Electronics has released a catalog
of coils, chokes and inductors for RF applica-
tions, as well as power supply and EMI/RF!
filter assemblies. The catalog offers many
types of low inductance, insert molded, vari-
able and fixed, through-hole and surface
mount RF inductors. Toroidal inductors and
common-mode chokes meet many switching
power supply and EMI/RFI filter require-
ments.
Standex Electronics
INFO/CARD #205

Inductor Catalog

Delevan/SMD Divisions of American Preci-
sion Industries offer a 42-page catalog on
their extensive line of inductors, with com-
plete specifications and technical notes. The
catalog details the company's molded, shield-
ed and unshielded RF coils; variable RF
coils; shielded and unshielded surface mount
inductors and more.
Delevan/SMD Divisions
INFO/CARD #206

August 1994






RF Design
Software

Programs from RF Design
provided on disk for your convenience

August Program Disk — RFD-0894
“Program Calculates Cascaded Sys-
tem Parameters” by Raymond
Meixner. CHAIN GANG program
analyzes a chain of RF components
by gain, NF, noise bandwidth, 1 dB
compression point. (FORTRAN,
compiled, directly executable).

(Note: There is no July disk)

June Program Disk — RFD-0694
“Phase-Locked Loop Parameters and
Filters” by Jack Porter. Program pro-
vides design and analysis of PLL
active loop filters. (True Basic, com-
piled version and source code).

PRICES:

Monthly program disks:
$25.00 (U.S)
$30.00 (foreign)

Yearly disk sets:
Available for 1989 through 1993
Order #RFD-(year)-SET
$120.00 (U.S))
$135.00 (foreign)

Special! All five years’ sets (1989-
1993) at a package price:
$500.00 (U.S))
$575.00 (foreign)

Annual Subscriptions —
get every program for a year:
$170.00 (U.S.)
$220.00 (foreign)

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

Prices include shipping.

For more information on available
software, please call or write.

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

Atlanta, GA 30339-2941

Tel: (404) 618-0219

Fax: (404) 618-0347
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Silicon Valley Power Amps ...
Sokol Crystal......ccovvrerne.
Sonnet Software.........cccccevveene.

Sprague Goodman Electronics.....

Surcom Associates..........ccovvene

SYNergy MICTOWAVE .......ovuvvevirieicirci i
TEMEX. .ooveevveeeceeeeiei e
Tesoft, INC..oovvveveen
Trak Microwave.....
TTE, InC. oovvveens
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