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A lot more than a varactor company

FSI semiconductors mean
buying made easy. '-

Just about every microwave or RF semicon-
ductor you need to manufacture commercial
or military components or sub-systems is
now available from FSL.

Not just tuning varactors, but PIN and NIP
diodes, limiters, multipliers, SRD’s, MNS -
capacitors and spiral inductors. In any of a
dozen or more packages including chip,
beam lead, glass, ceramic and surface mount
configurations. :

As an added benefit, every product is
available off the shelf or it’s in process of
replenishment. So we can give you a hard-
and-fast shipping date.

Beyond that, we’ve been
providing this kind

of quality service

for more than

20 years.

Typical switch with FSI semiconductors. (A) GC9002 Spiral
Inductor; (B) GC84020 MNS Chip Capacitor; (T) GC86001 MNS
Chip Capacitor; (D) GC4901 Beam Lead; (E) GC84030 MNS
Chip Capacitor; (F) GC4221 PIN Diode; (G) GC15004 Linear
Tuning Varactor; (H) GC84001 MNS Chip Capacitor.

- Sample requests filled promptly.
Comprehensive, 120-page catalog free
on request. For more information,
call or write Donna Langan,
Semiconductor Sales Manager,
Loral Microwave-FSI,
) 16 Maple Road,
Chelmsford, MA 01824.
Tel: (508) 256-4113.
Fax: (508) 937-3748.
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NARDA for stock switches

Overnight shipment.
How's that for a switch?

¢ Shipment within 24 hours.

e Over 30 SEM models stocked - SPST through
SP6T and transfer switches.

* Virtually unlimited manufacturing capacity in
Narda's state-of-the-art factory.

¢ Whatever you need. Narda offers a full range
from SPST through SP10T, and transfer switch-
es. All connector versions available - SMA,
Type N, SC, etc.

« Reliability and performance that set the industry
standard. Exceptional isolation, low insertion
loss and VSWR; contact resistance
at the end of 1,000,000 cycles
less than 200 milli-ohms.

narda
SviTcu, RF COAX'A
0C-18.0 GHZ
VOLTAGE 28M0¢
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SWITCH,RF COAXIAL
DC-18.0 GHz
MODEL SEMI23D
VOLTAGE 28VDC

SERNO

An answer for every need.

Narda offers exactly the right RF switch for your
needs - be it communications, land mobile sys-
tems, PCN, millimeter wave, MIL-S-3924 require-
ments, or advanced EW systems.

One call and you get it all, including SEM switches
shipped from stock. Order today, get it tomorrow.

Call or write: Loral Microwave-Narda,
435 Moreland Road, Hauppauge, NY 11788.
Tel: (516) 231-1700. Int’l: (1) (516) 231-1390.

Fax: (516) 231-1711.
Visa and MasterCard accepted. ﬁ ’

Microwave-Narda

”
»
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[ you're not using a spectrum analyzer...

B g

Spectrum analyzer display of cellular telephone transmissions

maybe it$ time to take a closer Jook.

A-7550—10<Hzto 1.0 GHz A-8000—10kHzto 2.6 GHz

PP e " |

You can't hear them or see them, but there are probably Optional built-in features including a rechargeable battery,
thousands of electromr agnetic signals being transmitted tracking generator, sensitive AM/FM/SSB receiver, IEEE-488
through the air around you at this very moment. interface, RS-232 interface, and quasi-peak detector allow

Many of these signals originate from radio and television ~ €ither instrument to be configured to your unique testing
transmission. However, many other signals are emitted requirements at a surprisingly affordable price.
from computers, CRT display terminals, and other electrical
devices. For more information or a demonstration of the

Each of these signals can be a potential source of harmful ~ A-7550 or the A-8000, contact your local IFR representative
interference to sensitive electrical equipment or critical systems or call IFR at (316) 522-4981
you are operating. 2

The IFR A-7550 and A-8000 Spectrum Analyzers $: ? 2 T, )
provide a full set of features to speed the identification and I R :;:og‘\::::xi'sl:r‘eg u=A
measurement of signels over a wide frequency range. Wichita, Kansas 672158935 USA.

FAX 316 /524-2623
INFO/CARD 2




ITTERS
COMENERS

the world's largest selection
2KHz to 10GHz from $2%

With over 300 standard models, from 2-way to 48-way, 0° 90° and 180°

50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s
largest selection of off-the-shelf power splitter/combiners. And, with rapid
turnaround time, we'll also supply “special” needs, such as wider band-
width, higher isolation, lower insertion loss and phase matched ports.

Available for use in military and commercial requirements, models
include plug-in, flat-pack, surface-mount, connectorized standard
and custom designs. New ultra-miniature surface mount units
provide excellent solutions in cellular communications, GPS
receivers, Satcom receivers, wireless communications, and
cable systems.

All units come with a one-year guarantee and unprecedented
“skinny” sigma unit-to-unit and production run-to-production run
repeatability. All catalog models guaranteed to ship in one week.
Mini-Circuits ... dedicated to exceed our customers’expectations.

finding new ways ...
sefting higher standards

- = - = Y
WE ACCEPT AMERICAN E (PRESS AND VISA

P.O.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 « 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 34-252-837010



For detailad specs on all Mini-Circuits products refer to
o THOMAS REGISTER Vol. 23 ® MICROWAVES PRODUCT DIRECTORY
e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.
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Gahs PAINS:
caiL pAICO

T LiKeD Tue
OL) VeRSioN
BeTr€R.... THeSe
AR€e So Smallk Yov

DAICO High Density MICS (HDMICS) are thin film ADVANTAGES:

hermetically sealed hybrids consisting of any one * Cost

of a number of switches, attenuators, phase » Component count

shifters, MMICS, threshold detectors, couplers or * Size

amplifiers. * (Customers) Reduced materials handling
DISADVANTAGE:

* Can't be used to keep lab door open on hot days.

2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220

i DAICO INDUSTRIES, INC.
Telephone 310/631-1143  FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD

SWITCHES ~ ATTENUATORS  PHASE SHIFTERS ~ MMICS  BIT DETECTORS
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Simple, Low-Cost UHF VTOs

Two variable capacitors and a transmission
line determine the frequency of this simple,
tunable oscil ator which can be used in a
narrow range PLL. —Andrzej Przedpelski

Eliminating Spurious
Responses in Phase Noise

Measurements

The mechanism that allows 60 Hz and other
baseband signals to muddy phase noise
measuremenis is explained. How shielding
and filtering can reduce the intrusion of these
signals into phase noise test systems is
demonstratec. — Bruce Long, P.E.
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Broadband Amplifier

The various methods used to produce Class-A, broadband, high power
amplifiers are reviewed. A 50 W, Class-A amplifier operating from 1 to 500
MHz is presented. — Charles Gentzler
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There are many programs available for RF calculations. This article discuss-
es three of tre less expensive and simpler options available.
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A Program for Impedance Format Conversion
This simple program, selected from the 1992 RF Design Awards Contest,
performs impedance format conversions. — Thomas Bavis

Continuously Variable Bandwidth Feedback

Demodulator for Home FM Stereo Reception

This entry in the 1992 RF Design Awards Contest was developed out of the

author’s need to optimize FM broadcast reception in the crowded Northeast.
—Jerry Pulice

High Dynamic Range Tunable Bandpass Filters

for Communications
Cascaded &ctive lowpass and highpass filters provide excellent bandpass
responses at varying bandwidths. —Richard Markell

Noise Generators Find Key Uses in VXI Based Systems

This article explains the advantages of VXlbus instruments, the applications for

noise sources and the uses of a new series of VXIbus based noise sources.
—Edward J. Garcia
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HIGH POWER
COUPLERS

wy g

MULTI-OCTAVE
BANDWIDTH

FREQ. RANGE 1-1000 MHz
POWER TO 100 Kw

TYPICAL SPECIFICATIONS
MODEL €2838
FREQUENCY RANGE.......30 - 100 MHz

COUPLING .....c..roverreennne 60 db NOM
FLATNESS ....ovvvvvnniines +0.5 db MAX
DIRECTIVITY ..covvrvrvrrnceeee 20 db MIN
VSWR (ML) ...oooovrrvennrrennnn. 1.15:1 MAX
POWER .......ooervvverrrerens 50 Kw MAX
CONNECTOR.........covvvvennrenns 3-1/8 EIA

Couplers within this series
are available in three stand-
ard EIA sizes: 1-5/8, 3-1/8
and 6-1/8 in.

Bandwidths are availale in
narrow band (to an octave)
or multi-octave units to suit
customer applications.

WERLATONE INC.

DECADES AHEAD
P.O. Box 47
Brewster, NY 10509
Tel. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

Announcing A
Special
Addition to RF
Expo East

By Gary A. Breed
Editor

e have held a lot of RF Expos!

RF Design and Cardiff’s trade
show department recently completed
the ninth (and again, very successful)
RF Expo West, and the eighth RF
Expo East is coming up. The value of
these engineering forums has been
confirmed over and over again by
thousands of engineers who attend
our courses and technical papers, and
pursue their product search agendas
in the exhibit hall.

RF Expo PLUS

For this October's RF Expo East, we
are announcing our new RF Expo
PLUS program — an extra technicat
track dedicated solely to Commercial
Space Applications. This special con-
ference covers an exciting major mar-
ket for new RF products and technolo-
gy. Nothing has been left out to make
room for RF Expo PLUS, either. It is
an added attraction on top of all the
activities we have at RF Expo. If you
want to take part, see our Call for
Papers on page 60.

Although RF Expo East has seen a bit
smaller attendance than its west coast
sibling, the attending engineers have
proven to be more serious. A high per-
centage of these engineers have taken
our short courses and listened to the
technical papers. RF Expo PLUS has
been created in response to this
demand for information. Note that Com-
mercial Space is only the first topic to be
featured, future Expos will highlight
other timely subjects in this special pro-
gram.

So, if you are already planning to
attend RF Expo East, it's going to be

o

everything you expected. If you are
working on a space application intended
for the commercial marketplace, it's
going to be even more — you'd better
not miss it!

Coming Events

RF Design will te on the road a lot in
June. First, the Frequency Control Sym-
posium is June 2-4 in Salt Lake City.
Technical Editor Andy Kellett will be
there, catching up on the latest develop-
ments in the technology of precision
timekeeping.

The following week, June 10 and 11,
is the Third Virginia Tech Conference
on Wireless Personal Communica-
tions. In 1991, this conference was the
first of its kind, covering engineering
for new wireless communications sys-
tems. Dr. Ted Rappaport’s Mobile and
Portable Radio Research Group has
pioneered educational and research
efforts in this important area of RF
technology. I'li see many of you in
Blacksburg.

The RF Design staff will be in Atlanta
for the MTT Symposium the week of
June 14. This is @ major gathering of
engineers who work at microwave fre-
quencies and the upper range of RF. If
you are attending MTT-S, look us up at
our exhibit booth.

May 1993



There’s Strength
in Numbers.

Avantek Isn't Just Here to Stay, We're Here to Win.

Bolstered by the worldwide strength and long-term
stability of Hewlett-Packard, Avantek is now far more than a defense
technology leader. We’re a world leader, prepared to do what it takes to help you win.
As partners, HP and Avantek are committed to serving the defense industry in a
whole new way. See our message next month for more details.
You'll find there’s strength in numbers.

Look for our booth (#938) at the MTT-S show in June.

/D AVANTEK

A Subsidiary of Hewlett-Packard

£ L
«

AVKOS30IT
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1,239,580
FILTERS

America’s Filter Specialist since 1956

TTE, Inc. Los Angeles, California
FAX: (800) 445-2791 (310) 445-2791

TEL: (800) 776-7614  (310) 478-8224
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Low Noise
Frequency Standards

¢ Ultra Low Phase
Noise

¢ | ow Aging

e Multiple Outputs

¢ Half Rack Mount

WIZARD | WIZARD II
Freq.: 1,5, and 10 MHz 10 and 100 MHz
Aging: 1x10-%pqy after 1 mo.  5x10-1%/y after 1 mo.

Phase Noise:
-110 + -110 + . !
¥ WIZARD | | g WIZARD If
i _
L -140 un -
-150 $
e .
170 10 MHz
5o | SMHZ
10 100 1K 10K
s J

Wenze_l
Associates

Quietly the best

14050 Summit Drive, Austin, Texas 78728 « 512-244-7741 « Fax 512-244-9338
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100MHz-20GHz With

20dB Directivity... In One Convenient Package!

CALL MERRIMAC
For The Ultimate In Wideband

hd Merrimac

41 Fairfield Place, West Caldwell, NJ 07006
Tel: (201) 575-1300 / FAX: (201) 575-0531
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(GIGA-TRONICS
8540

UNiveRsaL
Power
METER

UNIVERSAL POWER
MEASUREMENT

Incredible is credible when describing
the 8540 Series of Universal Power
Meters.

From Giga-tronics, the new power
in power meters.

For the very first time, you can make
CW and peak power

Incredibly Fast and Accurate

CW and Peak Power Measurements
At A Truly Incredible Price.

an exclusive Burst Mode capturing
more than 2,000 readings in the same
tick of a clock.

And because the 8540 Series uses
diode sensors, you can measure all the
way from —70 to +20 dBm with the
same sensor, and without range

changing delays.
If you're worried about

your computer controlled
testing, don’t be: The 8540 Series
uses the same GPIB command set as
HP’s 436A, 437B and 438A.
Think about what all this will do
for your ATE productivity as well
as for your company’s bottom line.

The two-line display also lets you set the desired resolution
and select either Lin or Log readout for each line.

measurements quickly and accurately
with a single meter—a Universal Power
Meter.

And all for about the same price
you'd pay for the competitor’s CW

only power meter.

POWER MEASUREMENTS
INSTANTLY

Imagine seeing display updates

instantly: measurement speeds over
the GPIB exceeding 200
readings per second and

© 1993 Giga-tronics Incorporated

having to write new code for

FAST, EASY PEAK POWER
MEASUREMENT

Now, an easy-to-use CW power meter
can also measure pulsed RF signals with
the simple addition of a peak power
sensor.

There are no time-consuming,
unreliable duty cycle corrections, and
you'll get the same accuracy and speed
you'd get with a much-more-
expensive dedicated peak power
meter.

View the pulsed signal’'s amplitude
profile on a scope and see the exact
power measurement point on the
pulse. Measure the overshoot.

Measure the droop.

e 8540 Series features intelligent design and sophisticated software.
a simplified front panel and extensive built-in capabilities that prevent many common
operational mistakes that typically lead to inaccurate measurements.

Wi

e result is




The Secret Is The Sensors. k4"

You’ll be confident of your peak
power readings, and still have all the
benefits of an incredibly fast CW
power meter.

ONE OR TRUE TWO CHANNEL
OPERATION

If a single-channel mezer is what you
need, the Model 8541 is the meter for
you. But if you need two-channel capa-
bility, the Model 8542 lets you see read-
ings from both channels simultaneously.
SIMPLE, INTELLIGENT
OPERATION

The 8540 Series has only half as
many controls as other power meters,

but don't let that foo you. Intelligent design

and sophisticated software give you easy

42 Power Meter

The peak sensor adds a
narker on @ monitor output
jor setting an exact measure-
ent point on pulsed signals.

. A two-line back lit LCD display
Srovides you more data in less time.

Surface Mount technology
assures greater sensor
accuracy and reliability. '

access to extensive built-in capabilities.

For example, you use the same key
to zero and calibrate the power
sensors. The meter automatically
determines the function you want by
detecting whether a sensor is
connected to the calibrator.

Imagine all this power and perfor-
mance. But why just imagine? Get the
truly incredible Giga-tronics 8540 Series

Universal Power Meter, and start
measuring CW and peak
power in a fraction
of the time.

Call us toll-free at
|1 800 726 GIGA.
Outside the U.S.
call your local
Giga-tronics
representative, or
call 001 408 734 5780. We’ll send you
more information or arrange for an
incredible hands-on demonstration.

INFO/CARD 10

N

ed you'll get with
onics’ diode sensors.

) Burst Mode :
§ Gige-tromcs Diode Sensors

ot LY

[Switt Mose
=1 Giga-ronics Diode Sensors

The Giga-tronics 8540 Series delivers
incredible performance by taking full
advantage of the speed and dynamic
range of diode sensors.

What's more, Giga-tronics has solved
the challenge that previously limited
diode sensors to the “square law”
region—below —20 dBm—by utilizing
abuilt-in power sweep calibration
system. So you get speed and a

full 90 dB dynamic range
without sacrificing

accuracy.

Gigatronics

Giga-tronics Incorporated
488 Tasman Drive
Sunnyvale, California 94089
Telefax: 408 747 1265




PCB emissions scanner  Locates
low-to-high emissions, displays
color image, stores data for design
corrections at development stage.

Dual-directional couplers ¢
Seven models up to 15 kW, matched
to AR amplifiers and antennas.

Ultra-broadband E-field monitor
Four-channel capability, | to 300 V/m,
isotropic probes cover 10 kHz to
1000 MHz or 80 MHz to 40 GHz.

Broadband fiberoptic data links
Modular plug-in analog systems for
acquiring and measuring interference
data, stimulating EUT, displaying
results in color or monochrome,
10 kHz to | GHz.

Fiberoptic CCTYV systems
Watch performance of EUT under
hostile EMI and/or EMP shielded-room
conditions, in color or monochrome.

TEM cells ¢ Half again the
bandwidth of comparable-size
chambers: To 750 MHz for 15-cm
EUT, 375 MHz for 30-cm EUT.

Computer bus interfaces ¢
Two models, for isolated GPIB
connection or isolated TTL connection,
permit remote operation of amplifiers.

RF connection kit » Things you’d
search for around the lab: Cables,
coax adapters, connectors, fuses,

lamps, fabricated cables.

Power combiner/dividers ¢
Combine signals from four amplifiers,
or divide one signal into four outputs.

High-power rf matching
transformers * Match 50-ohm
input to 12.5- or 200-ohm output.
Upto2 kW cw.

Call toll-free (1-800-933-8181),
and one of our applications
engineers will answer the phone.

AMPLIFIER
RESEARCH

160 School House Road,
Souderton, PA 18964-9990 USA » Fax 215-723-5688
In Europe, call EMV: Munich, 89-612-8054;
London, 908-566-556; Paris, 1-64-61-63-29. . ,
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REF letters

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

Expediency in the Far Field
Editor:

| enjoyed the article “Locating Power
Line RF Interference” (February, 1992).
As Operations and Maintenance Engi-
neer for a large HF voice network, |
often need to locate a source of HF
noise around our station.

In most cases | can locate the offend-
ing appliance, fitting, insulator, etc. within
30 minutes using a simple travel-portable
HF receiver. There is no RF gain control
on my receiver, but adjusting the length
of the telescopic whip adjusts the sensi-
tivity. The same equipment does good
service when preliminary site-surveying
for customers.

A couple of years ago a nasty person
cut some underground cable used to
remotely control an HF transceiver. The
newly laid cable was only shallow-cov-
ered for the night (when damaged), and
we backfilled the trench the next day,
fully unsuspecting.

Faced with excavating several hundred
meters of trench to find the break, the first
thought from university days was a TDR
test- set. We don'’t have one. We set a sig-
nal generator to 100 MHz with FM tone
modulation, injected it into the end of the
cable, and walked along the cable route
with the portable radio until the signal
stopped. (I tried LF/HF first but found the
cable radiated the signal too far to be use-
ful.) it was a very distinct break in signal.
Instead of digging up all of the cable (with
risk of further damage), a one meter inci-
sion was made and was found to be spot-
on. (Credit to colleague Manfred Kusterer
for this idea.)

Simple equipment and techniques, but
worth passing on. Keep up the good
work with RF Design.

Nick Lock
Papua New Guinea

Reactance and Noise

Editor:

In the interesting article, (“Development
of a Low Cost, Low Noise GPS Amplifi-
er,” February 1993, RF Design), the
authors mention that the noise figure
change is due to the resistance of the
inductors used in the source circuit.
While this is true for this illustration, in
the generalized case one should also
consider the possible additional change
of the minimum noise figure, caused by
the reactive part of the feedback circuit.

In the low GHz region, due to the excel-
lent low phase-shift characteristics of
the GaAs FET, series inductive reac-
tance does not significantly affect the
minimum noise figure of the device,
while it helps the stability. In a bipolar
device, or a less capable FET where
S21 phase characteristics are not as
good, minimum noise figure and stability
may be adversely affected (1).
Computer simulation of an active
feedback stage reveals that by applying
proper lossless (series and/or parallel)
feedback, the minimum noise figure of a
device may actually be reduced below
what is specified on the data sheet. This
may lead to erroreous conclusions that
noise may be “tuned-out” by feedback.
Unfortunately, under such conditions the
gain is also reduced, so the noise mea-
sure of the circuit, which is a function of
gain and noise figure, does not improve.
1. “Stability Considerations of a Low
Noise Transistor Amplifier with Simultane-
ous Noise and Power Match,” IEEE MTT-
S Int. Microwave Symposium, May, 1975.

Les Besser
Besser Associates

Errata

In Ra’anan Sover's January 1993 arti-
cle, “Switching Speed: Definition and
Measurement,” 34% should be replaced
by 3u% in Figure 3.

The caption for Figure 3 in April’s tutori-
al, “A Basic Review of Feedback,” should
read “Feedback applied to an oscillator.”

David Loker’s article in the March issue,
“An Introduction to RF/Microwave Filter
Design,” has the fo lowing corrections:

Equation 4 should be:
A

1010 —1 “)
82

cosh-!
SR
cosh-"(mg / @, )

Equations 17, 18 and 19 should read:

series L — parallel LC (in series) (17)

where L= giRAZo:, st
®, gRAw
shunt C — series LC (in shunt) (18)
where L = i C= giA(’;
g,A® Rw,

where:

/ J (19)
AP &l SO

Ao o, o )

May 1993



Everything you expect from
a powerful new generation of
HP spectrum analyzers.

Except the price.

Introducing the HP 8590 &
8560 E-Series: more
performance “han anything
at their price — less price
than anything with their
performance.

If advancing technologies and
receding budgets make life
difficult, it’s time to look at HP’s
new generation of portable
spectrum analyzers.

Start with the new HP 8590
E-Series, which aoffers an
economical way to get surprising
measurerent power. Since there
are 5 models, you buy exactly the
frequency range vou need. And

get a spectrum analyzer that’s easy
to use and can be configured for
your specific application. All ata
starting price of only $11,500.

The remarkable HP 8560 E-Series
delivers the kind of performance
that until now was found only on
expensive benchtop models. Yet
the HP 8560 E-Series starts at only
$26,000 — and you get lower
phase noise, narrower resolution
bandwidths, and improved
sensitivity. Clearly, this level

of performance doesn’t exist in
any other spectrum analyzer at
this price.

Of course, you'll want more details
than we can provide here. So call

INFO/CARD 12

1992 Hewlett-Packard Co. TMSAD250

1-800-452-4844. Ask for Ext.
7149 and we'll give you an
ordering guide and detailed
product information. Plus one
very important thing.

An early start on the next genera-
tion of test solutions.

There is a better way.
ﬂ HEWLETT
7B PACKARD

In Canada call 1-800-387-3867, Dept. 460.
U. S. list prices.



High
dynamic
range
low-noise
amplifier
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150 mulli

cellular phones. Were

At M/A-COM, the high-volume
cellular market is today’s reality, not
tomorrow’s goal.
i Our capabilities
\ encompass every-
thing from
design-to-cost
product devel-
opment to
the integra-
ted techno-
logy that
enables analog and
digital transmission.
Working in partnership with
our customers, we join engineering’s
vision with manufacturing’s pragma-
tism. The result is optimal perform-
ance at minimal cost.

We cover cellular from A to D.
Whether you are operating in an
analog or a digital environment,
building new base stations, or servicing and updating
existing ones, you can rely on our experience and
expertise. We provide complete RF and microwave
solutions from RF connectors to standard and custom
cables, from switch matrices to highly linear power
amplifiers. Our innovative manufacturing techniques
ensure short through-put times, low costs, and time-to-
market flexibility, while our con-
tinuous quality improvement
program guarantees
reliabililiy and long-term
after-sale service.

Micro-miniature surface mount
semiconductor discrete and integrated
circuit products

More than amplifiers. Expertise.

At M/A-COM, we produce the full range of the high-
volume, low-cost RF and microwave products base
stations require. And we use techniques such as pro-
cess-oriented manufacturing and CFM (Continuous
Flow Manufacturing) methods to guarantee cost effi-
ciency and high volume production that meets
technical performance requirements. Since we are a
vertically integrated company, we also offer customers
uninterrupted supply and competitive pricing on
products such as the silicon and GaAs (Gallium
Arsenide) semiconductors that we manufacture for
cellular base station power modules and amplifiers.
In addition, we are leaders in the design and



on people will have
connecting them now:

production of the more

challenging and technolo-

gically advanced products

the emerging digital and
microcellular market
requires.

7 f-{vm

Low-cost, high-power
passive components

Our new Linear Power Amplifier integrates a
number of M/A-COM technologies including GaAs
and Silicon MMICs (Monolithic Microwave Integrated
Circuits), error correcting circuitry, and high-power RF
transistors in a product that enables effective, high-
LHuality digital power transmission. And our new
cloverleaf pattern antenna is designed to solve the

specific problems of crowded
metropolitan microcells.

But more important than any
specific product or technique is our
broad-based capability.
Simply put, we
have the
expertise you
need to compete in
the analog or
digital cellular
marketplace. Today.
And ten years
down the road.

Call oh ts.

Ina world that is moving ever
closer to instant, global information
access, M/A-COM is strategically
positioned for leadership.

We offer customers decades of

assem-
blies, and
connectors

RF and microwave expertise, a
commitment to research and devel-

opment that’s backed by an annual investment of more
than $40 million, production capabilities geared to
volume and cost-competitiveness, and most important,
a dedication to working closely with you in every area
from product development through the timely delivery
of hi% -Ferformance products.

0 learn more about the advantages of working
with M/A-COM in the changing worﬁi of cellular
communications, call us at 1-800-366-2266. We can think
of about 150 million good reasons to do it today.

N
N
i)
i
i
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t’s this simple: you’ll find our NCO Monourthic NCOs
and DDS products satisfy more of PRODUCT CLOCK FREQUENCY

DESCRIPTION :
Linear Quadrature Amplitude Modulato

your requirements with greater STEL-1130 60 MHz
availability, than anyone else’s. STEL-1172B 50 MHz 32-bit NCO, Quadreture Outputs
Check us out for frequency syn[hesis’ STEL-1173 50 MHz 48-bit NCO, Sub-MicroHz Resolution
OI'jUSt about any kind of modulation - STEL-1173RH 40 MHz Rad Hard with | MRad Tolerance
AM, PM, FM, Chlrp, and QAM STEL-1174 50 MHz 16-bit NCO, Low P-ice
STEL-1175 80 MHz 32-bit NCO with Linear PM
' STEL-1176 80 MHz 83/4 Decade Decimal NCO with BCD Control
Our twelve NCO chips enable you to STEL-1177 60 MHz 32-bit NCO with Linear PM and FM ports
build your own DDS systems for high STEL-1178A 80 MHz 32-bit NCO Dual with PSK
volume applications and minimal STEL-1179 25 MHz 24-bit NCO, PSK and Low Price
cost. And for fast, flexible designs, or STEL-1180 60 MHz 32-bit Chirp Generzting NCO
low production runs, choose from our STEL-2172 300 MHz 28-bit ECL NCO
thirteen DDS boards. STEL-2173 1 GHz GaAs NCO with PSK
This family supports all your needs, Boarp LeveL DDS Probpucrts
from low cost high volume ) _
applications, all the way to space ProDUCT Crock FREQUENCY DESCRIPTION
quality and radiation hardening. g 21 i g A &
01022 MHz
STEL-1273 0to 22 MHz DDS with Sub- MicroHz Resolution
For more information, call today. STEL-1275 0 t0 35 MHz DDS with Linear PM
STEL-1276 010 35 MHz DDS with 0.1 Hz Resolution and BCD Control
ST A N F O R D STEL-1277 010 35 MHz DDS with Linear PM and FM
T STEL-1375A 010 35 MHz Miniature DDS Module with Linear PM
STEL-1376 01035 MHz Miniature DDS Module with BCD Control
STEL-1377 0to 35 MHz Miniature DDS Mcdule with Linear PM and FM
STEL-1378A Dual 0 to 35 MHz Miniature DDS Mcdule with PSK
STEL-1479 0to 12 MHz Hybrid DDS, 1.5” by 0.8", Low price
Custom STEL-2272 010 130 MHz DDS
H‘:ﬁ;‘gg STEL-2273A 0 t0 400 MHz DDS with PSK
STEL-2373 0 t0 400 MHz DDS Hybrid with PSK, 2" by 1.1"

2421 Mission Coliege Blvd.

Santa Clara, CA 95056-0968
Phone:  408/980-5684 Cuassis LeveL DDS Propucts

Fax: 408/727-1482 Probuct Crock FREQUENCY DESCRIPTION
STEL-9272 0to 130 MHz Complete DDS with Phase Lockable Clock
STEL-9275 0 to 400 MHz Complete DDS with Phase Lockable Clock
4 Untren Kingpom: GERMANY: France: ITALY (NoRTH): ITALY (sOUTH): Seam: DENVARK:
For Sa.les SuppOI'.I OulSldC [he BF1 - [BEXSA Electronics Lid. Alfatron GmbH M MicroEiit S.p.A MicroEln S p.A. Teke ee Espana Vallentin Elctronik ApS
continental Unl[ed S[a[es, Mr. Mick Mercer Mr. Chnistian Streicher Mr. Philippe Resnict Mr. Franco Cugusi Dr. Masstmo Martinuzzy Mr. Moises Gracia Mr. Lars Vallentin
Phone: +44 622 882467 Phone: +49 89 45 110 250 Phone: +33 1 3062 64 64 Phone: 439 2 481-7900 Phone. +39 6 868-94-326 Phoce. +34 1 320-4160 Phone: +4542 1724 17
please contact your FAX: +44 622 882469 FAX: +49 8945 110 129 FAX: +33 1306240 10 FAX: 439 2 481-3594 FAX: 439 6827-5270 FAX +341320-1018 FAX: 445421715 18
International Sales Jaran: INDIA: ISREAL: SWEDEN: AUSTRALIA: SWITZERLAND:
. Marubun Corporation Accutrol Systems, Pvt., Lad. Regev Aviation 1LEK Sabick Electronics Dimos AG
Representatives. Mr. Toshi Ishizawa Mr. Vivek Raghavan Mr. Zeev Regev Mr_Bill Osterlund Mr. Grant Amor M. Urs Oggenfuss
Phone: +81 3 3639-9821 Phone: +91 812 648079 Phone: +972 3 5334359 Phone: +46 8 80 46 85 Phone: +61 8 3730233 Phone: +41 | 730-4088
FAX: +81 3 3661-7433 FAX: +91 22 202-9403 FAX: 4972 3 533-9302 FAX: +46 8 26 2286 FAX: 461 8 373-0206 FAX. +41 1730-5133
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RF calendar

May
16-19

16-20

18-20

18-20

23-26

o
c
3
®

2-4

9-11

14-18

18

24-30

RF Design

1993 U.S. Conference on GaAs Manufacturing Technology
Atlanta, GA

Iaformation: Gary Troeger, Publicity Chair, 1993 GaAs MAN-
TECH Conference. Tel: (714) 896-1692.

ICA Comnet Dallas ‘93

Dallas, TX
Information: World Expo Corporation, 111 Speen Street, P.O.
Box 9107, Framingham, MA 01801. Tel: (800) 225-4698, or
(508) 545-EXPO. Fax: (508) 872-8237.

43rd IEEE Vehicular Technology Conference

Secaucus, NJ
Information: Jesse E. Russell, Technical Chairman, AT&T Bell
Laboratories, Whippany Road, Whippany, NJ 07981-0903. Tel:
(201) 386-3314.

IEEE Instrumentation and Measurement Technology
Conference

Irvine, CA
Information: Robert Myers, 3685 Motor Ave., Ste. 240, Los
£.ingeles, CA 90034. Tel: (310) 287-1463. Fax: (310) 287-1851.

ICC ‘93

Geneva, Switzerland
Information: Peter Leuthold, Institut fur Kommunikationstech-
nik, ETH-Zentrum, CH-8092, Zurich, Switzerland. Tel: (41-1)
256-2788. Fax: (41-1) 262-0943.

The 1993 IEEE Frequency Control Symposium

Salt Lake City, UT
Information: Mr. Michael Mirarchi or Ms. Barbara McGivney,
Synergistic Management Inc., 3100 Route 138, Wall Township,
NJ 07719. Tel: (908) 280-2024.

Viireless Symposium

Blacksburg, VA
Information: Conference Registrar, Donaldson Brown Center
for Continuing Education, Virginia Tech, Blacksburg, VA
24061-0104. Tel: (703) 231-5182. Fax: (703) 231-3746.

IEEE MTT-S International Microwave Symposium

Atlanta, GA
Information: John C. Hoover, Electromagnetic Sciences, Inc.,
Tel: (404) 263-9200 ext. 4245. Fax: (404) 263-9207.

Automatic RF Techniques Group Conference

Atlanta, GA
Information: Conference Chairman, Jonathan Schepps, David
Sarnoff Research Center, MS 3-074, 201 Washington Road,
Princeton, NJ 08540. Tel: (609) 734-2185. Fax: (609) 734-2034.

Symposium on the Air-Sea Interface: Radio and Acoustic
Sensing, Turbulence and Wave Dynamics

Marseilles, France
Information: Dr. Michael SKAFEL, NWRI, CCIW, Box 5050,
Burlington, Ontario, L7R 4A6, Canada. Fax: (416) 336-4989.

Sprague-Goodman

Airtrim®
Air Dielectric
Multiturn Trimmers

* Q (min): 5000 at 100 MHz

* Nine mounting styles including
surface mount

* Designed to meet MIL-C-14409D

* Operating temp: -65°C to +125°C

* Standard cap ranges: 0.35 to 3.5 pF,
0.6 to 6 pF, and 0.8 to 10 pF

* Multiturn resolution

« Extremely stable over temperature,
frequency, voltage, etc.

* Rated voltage: 250 VDC

* Self-resonant frequency: >5 GHz

* Insulation resistance: >10 MQ

Phone, fax or write today for

Engineering Bulletin SG-660.

SPRAGUE
GOODMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516/746-1345 + Fax 516/746-1396
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Sprague-

Sapphire
Pistoncaps’

* Qto 4000 at 250 MHz
* 6 mounting styles suitable for all
RF structures

* Designed to meet MIL-C-14409D

* Operating temp: -55° to +125°C

* Cap ranges: 0.3-1.2 pF to 0.8-8.0 pF

* Subminiature size

¢ Multiturn resolution

* Extremely stable over temperature,
frequency, voltage, etc.

Phone, fax or write today for

Engineering Bulletin SG-207A.

SPRAGUE
GOODMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 * Fax: 516-746-1396
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RF courses

Integrated Services Telecommunications Networking:
High-Speed, Local, Metropolitan, and Wide-Area Networks
May 17-21, 1993, Los Angeles, CA
Hybrid Microcircuit and Multichip Module Packaging
Technologies
May 24-26, 1993, Los Angeles, CA
Radiation Hardening of Electronic Systems
June 7-11, 1993, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (310)
825-1047. Fax: (310) 206-2815.

Modern Radar Technotogy: Monopulse Tracking
Techniques and Other High-Performance Developments
May 24-28, 1993, Washington, DC
Analog/RF Fiber Optic Communications
May 26-28, 1993, Washington, DC
Anomalous Microwave and RF Propagation
June 2-3, 1993, Washington, DC
Electromagnetic Interference and Control
June 7-11, 1993, Washington, DC
Spread-Spectrum Communication Systems
June 7-11, 1993, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Navstar/GPS

June 2-4, 19¢3, Monterey, CA
Information: University Consortium for Continuing Education,
Tel: (818) 995-6335. Fax: (818) 995-2932.

Eighth Vacation School on Data Communication
and Networks
July 12-16, 1993, Birmingham, UK
Ninth Vacation School on Satellite Communication System
July 18-23, 1993, Guildford, UK
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, United Kingdom. Tel: 071-240
1871. Fax: 071-497 3633.

Computational Methods in Electromagnetics

June 7-10, 1993, Monterey, CA
Finite Element and Finite Difference Time Domain Methods
for Solving Electromagnetic Engineering Problems

July 19-21, 1993, Worchester, MA
Information: Southeastern Center for Electrical Engineering
Education, Kelly Brown - Registrar. Tel: (407) 892-6146. Fax:
(407) 957-4535.

Aspects of Modern Military and Commercial Radar
June 14-18, 1993, United Kingdom
Error Correcting Codes and Trellis-Coded Modulation
with Application to Communication Systems
June 7-10, 1993, Stockholm, Sweden
Analog CMOS Circuit Design for Signal Processing and
Data Conversion
June 7-11, 1993, Stockholm, Sweden
Frequency-Time Signal Processing: Applications and
Algorithms for High Resolution Spectral Analysis and
Time Series Analysis

20

June 7-11, 1993, Stockholm, Sweden
Far-Field, Compact & Near-Field Antenna Measurement
Techniques

June 7-11, 1993, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson. Tel: (46)
122-175-70. Fax: (46) 122-143-47.

ELINT Interception, ELINT/EW Applications of Digital Sig-
nal Processing, Radar Vulnerability to Jamming

May 18-20, 1993, Syracuse, NY
ELINT/EW Data Bases

June 1-3, 1993, Washington, DC
Information: Research Associates of Syracuse, Tel: (315) 455-
WASYE

1993 High-Speed Digital Symposium

May 25, 1993, Dallas, TX

May 27, 1993, Austin, TX

June 2, 1993, Burlington, MA

June 4, 1993, Washington, DC

June 8, 1993, Boca Raton, FL
Information: Hewlett-Packard Company, Microwave Instru-
ments Division (MID). Tel: (800) 765-9200.

Designing for EMC Seminar
May 17-18, 1993, St. Louis, MO
May 19-20, 1993, Chicago, IL
June 7-8, 1993, St. Paul, MN
EMC Diagnostics and Retrofitting Seminar
June 7-8, 1993, Rochester, NY
EMC Measurement and Regulation
May 24, 1993, Boston, MA
May 26, 1993, Albany, NY
May 28, 1993, Rochester, NY
June 14, 1993, Dayton, OH
June 16, 1993, Pittsburgh, PA
June 18, 1993, Detroit, MI
Information: Tektronix Inc. Tel: (800) 426-2200, (503) 629-
4059. Fax: (503) 690-9307.

DSP Without Tears
June 7-9, 1993, Norcross, GA
June 16-18, 1993, San Jose, CA
June 23-25, 1993, Chicago, IL
July 26-28, 1993, Salt Lake City, UT
Advanced DSP With a Few Tears
June 10-11, 1993, Norcross, GA
Information: Z Domain Technologies, Inc., Tel: (800) 967-5034,
(404) 664-6738. Fax: (404) 442-1210.

Applied High-Frequency Design Techniques |

June 21-25, 1993, Burlington, MA
Information: Hewlett-Packard HFDS Operation. Tel: (800) 472-
S

Applied RF Design Techniques |

May 17-21, 1993, Rolling Meadow, IL
Information: Besser Associates. Tel: (415) 949-3300. Fax:
(415) 949-4400.

May 1993



Our customers have become accustomed to expecting the best
performance in the industry at acceptable prices. To ensure
that the amplifiers that you use are highly reliable, go

with a product that offers a mature technology, has a

high MTBF (Mean Time Between Failure) and allows

you to customize your system without sacrificing

quality and reliability. Why, you ask? Because we

offer you these features:

p Internal voltage regulators
p» Reverse voltage protection
p Ability to withstand an infinite VSWR at
the input or output
p Wide operating tem- v

perature range ~ LOW NOISE AND GENE! L POSE £

F .4:-)\'@‘-4 ;r'gf-.,eu,g." W s TS LS R
> Ampllflers that are Gain | Noise Figure Output

unconditionally stable Gain var. | (Max dB) 1 dB Gain
NModbel Frequency | (Min.) (Max.) Band VSWR Comp. Power
. umber (MH2) (dB) (+dB) | Low Mid High | (Max.) Min., dB v A’
All of this, plus the added =2 ol LR L
AU-1310 .01 =500 30 .50 8 15 50

advantage of having ampli- FRYREN 01-1000 | 25 o785 ; ¢

fiers in stock for that quick ﬁglg;g o O 10
delivery that is so important [JATEYN TEN-5 . e -

to you, is why you want to EUELEIEY -500 | 45 050 75
| AM-2A-000110 -1000 | 25 Q.75 50

go to MITEQ. | AM-3A-000110 -1000 | 37 075 75
AU-1021 5 — 300 24 050 175

AU-1158 20 - 200 30 050 125

AMMIC-1318 100 — 2000 6 1.00 35

| AMMIC-1348 100 -2000 | 14  1.00 150

AM-2A-0510 500 ~1000 | 24 050 50

AM-3A-0510 500 — 1000 | 38 050

AM-3A-1020 1000 —2000 | 30 050

- A VA NN a4 4 s a ) = s
PrwwhOBAW

N = 2B NN = = ca d N) = =2t
“omooNPOIDIBRRLWOO D
TN A S nh S d
NoODoLm s 0®n

orPrOOBNND

75

“Designed for low current battery operation

AUP-1374 150 | 45 50 55
AUP-1383 IESORINRIA’ - 2i5 54016
AUP-1382 150 | 24 25 26
AMP-1380 10 - 1000 150 | 60 65 7.0
AMP-1381 20 - 1000 150 | 42 36 38

AMP-1389 10 - 1000 1.00 |10.0 10.0 10.0

Other options available

" For our amplifier catalog or for specific technical information,
please contact Bill Pope at extension 282.

M‘ IT= 100 Davids Drive, Hauppauge, NY 11788
— TEL: (516) 436-7400 FAX: (516) 436-7430
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ADVERTISEMENT

Abpove THE Noise bY GARY SIMONYAN

More than Simply New

With this issue of White Naise
News, we introduce not just new pro-
ducts, but new capabilities as well.

Our noise source calibration
service is simply the fastest, least
costly method available. We do it in
one day...with traceability to NIST.

Qur new UFX-BER Series
instruments make bit-error rate
testing easier than ever, and our
NCT-6000 instrument requires only a spectrum
analyzer to make noise figure measurements.

If you'd like fast information about any of these

Gary Simonyan

products, please call me at (201) 261-8797.

Noise Sources Help
Study the lonosphere

An 8-channel receiver
designed for SRl International
and funded by Philips
Laboratory is aiding the study
of anisotropic irregularities of
the electron density of the
ionosphere. The anomalies can
disturb or interrupt radar and
radio communications.

The receiver uses a Noise
Com NC502/15 as a built-in
reference to provide the
simultaneous amplitude and
phase tracking necessary to
estimate the irregularities.
Between-channel tracking is
possible to within 0.1 dB in
amplitude and 0.1 degrees in
phase. The built-in calibration
includes timing of the sampling
circuitry and linearity of the 1/Q
mixers and A/D converters.

INFO/CARD 117

For DiGITAl, SPREAD SPECTRUM

New Noise Instrument Simplifies BER Tests

Noise Com has introduced the UFX-BER Series precision C/N
generating instruments that can set and maintain a precise ratio
between a user-provided carrier and internally-generated noise.
The instruments calibrate and display the ratio as either C/N, C/N,
or Eb/NO.

The UFX-BER is designed for use in |F back-to-back or RF loop-
back testing of satellite, PCS, mobile, and CDMA spread spectrum
communication systems. It is optionally capable of calibrating and
displaying C/i for one or two user-provided interferer signals. This is
useful for residual BER, adjacent channel, or CDMA testing.

Specifications (at IF or RF)

+-0.21 dB RSS
+/-0.30 dB WCU

C/N Accuracy

for -40 <C/N <+40 dB, -45 <carrier power <+15 dBm, and -45 <noise power <+3

dBm.
INFO/CARD 118




ADVERTISEMENT

New From Noise Com

Low-cost Instruments

for Noise Figure Testing

Noise Com’s NCT 6000
series low-cost instruments are
designed exclusively for noise
figure meastrements. They’ll
provide prec se measurements
between 10 kHz and 18 GHz
when used with a spectrum
analyzer. Frequency resolution
is the fine resolution bandwidth
of the spectrum analyzer. The
step attenuator accuracy is +/-
0.05 dB over any 1-dB range up
to 1 GHz and +/- 0.25 dB over
the full range.

The instruments contain an
impedance-matching circuit,

Complete Line

OC 14 119 Oe

low-noise amplifier with 50 dB
gain, precision 11-dB step
attenuator with 0.1-dB

resolution, power-conditioning
supplies for 115 VAC, and the
switches needed to perform
noise figure measurements
when using a spectrum
analyzer.
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Broadband Noise Products

Get Our Free New Catalog and Application Notes
We've just released two new application notes and a 24-page
catalog that orovide a wealth of information about noise sources.
Applicaticn Note 106 describes the use of white-noise diodes for
the built-in test of balanced amplifiers. Application Note 112 covers
the use of noise sources to calibrate the frequency response of

spectrum analyzers. The catalog

describes our complete line of

broadband white-noise products that cover DC to 110 GHz, and

includes infcrmation about noise

All three are free, and you can get them by calling Noise Com at

calibration and applications.

(201) 261-8797, or by circling the reader service number below.
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NOISEo

THe WHiTE NoisE ADVISER

What You Should Know
About Calibration

Q: How often should a noise
source be calibrated?

A: Noise sources are generally
very stable, but it is industry
practice that all noise sources
and noise-based instruments be
calibrated once every year, and
even every 6 months for more
critical applications.

Q: Who can calibrate noise
sources?

A: Noise calibration requires
special equipment such as
metrology standards with
calibration certificates issued by
the U.S. National Institute of
Standards and Technology
(NIST). So they’re not common
items in the metrology lab. That's
why Noise Com has been
performing these services in
compliance with MIL-STD-

' . 3y, 45662 for many large
W, corporations as well as
X “, & small businesses.

Q:: How long does the

calibration take?
A: At Noise Com, we calibrate
noise sources every day. All
noise sources are calibrated and
returned on the same working
day as we receive them. So if
you ship it to us for morning
delivery, we'll send it
back...calibrated...that afternoon.

Q: What about NIST traceability ?
A: Noise Com maintains a
metrology noise standard system
that is calibrated directly at NIST,
which provides the best
accuracy. Noise Com also
performs proficiency tests to
periodically verify the accuracy
of the calibration system.

Q: What about my AIL, Eaton,
HP, IMC, MDF, MSC, SGS-
Thomson, Wavetek, or other
noise sources?

A: Noise Com calibrates all
brands of noise sources and
noise-generating instruments.

E. 49 Midland Avenue, Paramus, New Jersey 07652
(201) 261-8797 « FAX (201) 261-8339




RF news

RF Expo West Brings
3500 to San Jose

Attendance and activity at the ninth RF
Expo West demonstrated the strength of
the RF business. Development of new
products for emerging applications,
combined with adoption of new attitudes
for cost-efficient products for existing

applications, created an atmosphere of
vitality and optimism.

A record number of exhibiting compa-
nies (190) gave engineers an opportuni-
ty to see a wide range of RF products.
The only complaint heard about the
exhibition was not having enough time
to see everything on display. Typical of
exhibitors’ response to the show was

CT-2 / PCN

CELLULAR APPLICATIONS

The QBS-130 is a 6-
channel combiner for
base station use in 866
MHz CT-2 systems.
This combiner allows
up to six transceivers
to share acommon an-
tenna, while providing
gain in transmit and
receive modes. Output
power is +17 dBm per
channel, and receiver
gainis10dB withnoise
figureof 6dB and high
immunity to out-of-
band interference.

Both of these combiners operate from 13-16 VDC, and fit in a standard
VME bus slot. The specified operating temperature range is -30°C to
+90°C. Please call for complete specifications.

®

2-Way Combiner for
1900 MHz PCN band
base stations. Each
combiner allows two
transceiverstosharean
antenna, whilepreserv-
ing dynamicrange. Fea-
tures low DC power
consumptionand mul-
tiplexed RFinputsand
outputs. Overthe1921
to 1929 MHz band, re-
ceiver gain is 10dB,
and the noise figure is

Q-bit Corporation

2575 Pacific Avenue NE, Palm Bay, Florida 32905

~

The QBS-131 is a dual

4.5 dB.

m—

Main T 407/727-1838  Sales B 800/226-1772 e e= 407/727-3729

o
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this comment from Sharon Turcotte of
Morrow Technologies: “The show has
been real good fcr us.”

The show was also real good for sev-
eral companies with brand new products
announced for the first time at RF Expo
West. RF Monoilithics introduced the
HX1000 miniature transmitter for remote
control, keyless entry and security appli-
cations. Sawtek orought a new hot-off-
the-presses catalog and applications
guide, Milcom International brought a
new wideband amplifier, and Toko intro-
duced a new line of chip inductors tout-
ed as the world’s smallest.

In instruments, Marconi announced a
handheld RF power meter with perfor-
mance for either portable or lab use. For
development engineers, another product
of interest was Harris Corporation’s
major upgrade of its FASTRACK design
software system for analog and mixed-
signal ASICs. And these are just a few
of the new developments seen by the
attending RF engineers.

The new Introduction to RF Circuit
Design classes were well-attended and
well-received. Georgia Tech professors
Dave Hertling and Bob Feeney provided
a solid foundation for new engineers
and a good review for more experienced
engineers who attended this two-day
course. Two additional courses, Filter
and Matching Network Design and
Oscillator Design Principles, again got
rave reviews for taeir informational con-
tent and Randy Rhea’s clear, well-paced
instruction.

Finally, the tecnnical papers were a
primary attraction for RF Expo atten-
dees. This year's conference featured
an excellent series of papers on power
amplifiers, plus timely presentations on
cellular radio and personal communica-
tions. A wide variety of papers covered
such key RF topics as miniaturization,
frequency synthesis, body-worn anten-
nas, ASIC development, computer mod-
eling, and circuit analysis using the dri-
ving point impedance technique.

Call For Papers for RF Expo East
and RF Expo Plus — RF Expo East,
to be held October 19-21, 1993, in
Tampa, Florida, has issued a call for
papers. Papers are being accepted in
the following areas: personal communi-
cations; data communications and DSP;
specialized design techniques; new
wireless applicetions; cellular and
mobile radio; test, measurement and
analysis; and essential RF circuits. In
addition, this year’'s Expo will feature RF
Expo Plus, a new addition focusing on
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The downward trend continues

New Family of Low Noise GaAs FETs

/

Noise in a receiver means snow on the screen.
With noise figures as low as 0.54B at 12GHz, our
new family of GaAs FETS is helping keep viewers
happy, even in peripheral transmission areas.

No matter what your application, our new
family of Low Noise GaAs FETS can provide more
margin in your LNA designs, potentially fewer
gain stages, and overall lower costs.

Better yet, with a family of devices to
work with, it's easy to match parts to your spec.

What are your requirements? Single or dual
gate FETS? Chips? Plastic, low cost ceramic, or
hermetic packages? Tape and Reel? Space Qual-
ified devices?

We have them all and can ship directly from
onshore stock. And with device characterization
done right here in our own engineering lab, we
can shave weeks off your design cycle.

For a copy of our

Part No. Freq (GH?) NF (dB)
NE32684A - ool & S
NE32484A * 11 & flaltiis © =
NE42484A° 12 St LR
NE76084 T Ve
'NE76038 4 DI A
G Sy T Y 5

6@ | gmall Signal GaAs FET Selection Guide
%g —{  and our latest data sheets,
ST call your nearest CEL Sales Office
o0 ] circle the number below.
el
12.0

* Pseudomorphic Feterofunction FETs

e (alifornia Eastern Laboratories — Ee——

CEL Headquarters, 4490 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 O Santa Clara, CA 408) 988-7846 [ Los Angeles, CA (310) 645-0985
San Diego, CA (619) 4#7-672700 Bellevue, WA (206) 455-1101 T Richardson, TX (2k) 437-5487 01 Shawnee, KS (913) 962-2161 £ Woodridge, L. (708) 241-3040 O Cockeysville, MD €10) 667-1310

Peabody, MA (503) 535-2885 (1 Hackensack, NJ (201) 487-1155 or 487-1160 1 Palm Bay, FL. 407) 727-8045 O Suellville, GA ¢404) 978-4443 O Nepean, Ontario, Canada (613) 726-0626

1992 Califorma Easiern Luborstones
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RAKON TCXO0’s

OUTSTANDING QUALITY & PERFORMANCE
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TX04010

¢ Miniature size

e SMD Low profile package available

¢ Excellent temperature stability performance
+1 to 2.5 ppm from -40 to 85°C

* No frequency perturbations

* Low power consumption of only 1.5mA

Size 0.72" x 0.47" x 0.35"

* Very low Hysteresis

* Low parts in 10" Alan Variance

* G sensitivity of 2x10"° typical

* Excellent vibration performance

* Clipped sinewave output

* Frequency range of 9.6 to 20 Mhz

RAKON

RAKON LIMITED

Private Bag 99943, Newmarket,

9 George Street, Mt Eden, Auckland, New Zealand.
Fax: 64-9-630 8797, Phone: 54-9-630 5010.

FAX YOUR ENQUIRY NOW. 64 IS THE COUNTRY CODE, 9 IS THE AREA CODE.
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Rl:' neWS continued

Commercial Space Applications. Papers
are also being acceptad for this special
track. Send a 50-word summary and
brief outline by May 1£ to RF Expo East,
RF Design magazine, 6300 S. Syracuse
Way, Suite 650, Englewood, CO 80111.
Tel: (303) 220-0600, Fax: (303) 773-
9716. Persons interested in moderating
technical sessions are also needed and
should reply to the abcve address.

Program Announced for 3rd Wire-
less Conference — The 3rd Virginia
Tech Symposium on ‘Nireless Personal
Communications will be held June 9-11
on the university’s Blacksburg, VA cam-
pus. Program highlights include ses-
sions covering PCS, spread spectrum,
propagation, and system modeling and
simulation. These topcs are addressed
at the level of components, circuits and
systems, from both theoretical and prac-
tical perspectives. An added feature is a
Thursday evening panel session, with
pioneers in cellular radio development
discussing the evolut on of that impor-
tant wireless communications system.
For more information, contact the Vir-
ginia Tech Center for Continuing Educa-
tion at (703) 231-5182

Piezoelectric Devices Conference
Call for Papers — The 15th Piezo-
electric Devices Confarence to be held
September 21-23, 1993, at The Westin
Crown Center, Kansas City, Missouri
has issued a call fo- papers. Papers
may be tutorial or application-oriented,
dealing with recent p-ogress in design,
development, process ng or manufactur-
ing control in the follcwing topics: prop-
erties of natural anc cultured quartz,
design of quartz resonators, oscillator
and filter design, CAD/CAM, manufac-
turing and process cantrol, measuring
and test techniques, cuality and reliabili-
ty assurance, SAW devices and applica-
tions, and other piezoelectric devices
and materials. Mail three copies of the
abstract with your pchone number as
soon as possible ~o: Components
Group, Electric Industries Association,
2001 Pennsylvania Ave., NW., Wash-
ington D.C. 20006-18" 3.

Schlumberger and Motorola Form
Joint Venture — Schlumberger Limit-
ed and Motorola Inc. recently
announced that they Fave formed a joint
venture to develop wreless electronics
technology for remote and automated
meter reading (RAMR). The joint ven-
ture, named Advance Meter Reading
Technologies, is a design center that will

RF Design

develop wireless RAMR products and
provide integrated solutions for water,
gas, heat and electricity utility meters on
a global basis. The joint venture will be
equally owned by both companies with
equal representation on its board. The
joint venture is intended to develop the
next generation of cost-effective utility
meter reading technology to better serve
this rapidly growing trend.

IVHS Consortium Formed — A
consortium has been formed of five
companies, M/A-COM, Inc., IVHS Tech-
nologies, Allstate Insurance Company,
Eaton Corporation and AIL Systems,
Inc., to focus on developing new prod-
ucts for the emerging Intelligent Vehicle
Highway Systems (IVHS) Industry.
Products for this industry include a
range of automotive and vehicle sensors

Low Cost MMIC Amps:
DC to1.8 GHz bandwidths,

Power to20 dBm,
and priced as low as 75¢ each.

Talk about a great deal. NEC's tiny new
amps are available in wide bandwidths,
a variety of packages, and they're de-
signed to help eliminate your biasing
and grounding problems.

And at 75¢ each in quantities of 500
you get hoth NEC quality and a better
price than the so-called “low cost” amps.

Give us a call today. We'll work with

. NEC

s

number below.

0 ® - ..."--...

California Eastern Laboratories
Headquarters (408) 988-3500  FAX (408) 988-0279
4590 Patrick Henry Drive, Santa Clara, CA 95056-0964
Western (408) 988-7846  Eastern (301) 667-1310
Central (708) 241-3030  Canada (613) 726-0626

you engineer-to-engineer to see
that you get the right amps at the
right price. And in most cases, we
can ship them right off the shelf.

NEC technology and quality

—and CEL service. It’s a pow-

erful combination. Put it to

work for you.

FREE DATA FOR DESIGNERS
For app notes and a full line
Si MMIC specifications bro-

chure, call, write or circle the

_——|

€989 California Fastern Laboratories |
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M‘ neWS continued

such as collision avoidance systems,
ground speed detectors, near object
detection systems and others providing
road-to-vehicle communications and
vehicle-to-vehicle communications.

Watkins-Johnson Awarded Sub-
systems Contract — Watkins-John-
son Company recently announced that
they have been awarded a contract val-

ued in excess of $1 million by the Accel-
erator Systems Division of the Argonne
National Laboratory. Under the contract,
Watkins-Johnson will supply monopulse
receiver subsystems for use in the
beam-position-monitoring system for the
Advanced Photon Source Program.

First Call for Papers — The IEEE
GaAs IC Symposium, focusing on devel-

and I make sure they’re built right. If anything goes wrong I
take it very personally. A while back I decided that we were
having more long term failures than we should. No more than
anybody else in the business, but still... it wasn’t right. So,
developed a new test that gets us fewer long-term failures than
anyone around, under four per million device hours.

I’m convinced we’re the better supplier for your porce-
lain chips, so I've put together a package with our new test
data that will convince you too. Don't take my word, call and

check it out for yourself.

You need more information, or have a problem -
talk to me! I'm sitting right next to the production
3 line so I can get you the answer you need, fast. Like I
N\ said, I take this very personally.

Ask for me, Mark, 315-655-8710, and I'll send

you our test data and sample kit.
W The best quality control is the right attitude.

dielectric

] laboratories
B [

Cazenovia, NY 13035
Tel: 315-655-8710
FAX:315-655-8719
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opments in integrated circuits using GaAs,
InP, and other compound semiconductor
and heterostructure devices, is now
accepting papers in the following areas:
materials and processes; CAD/CAM/CAT
tools; device research and development,
new device applications; high speed archi-
tecture; circuit design; circuit fabrication;
circuit applications; automated testing;
packaging technology; manufacturing
technology; cost reduction methods; relia-
bility and quality assurance; commercial
products; and military and commercial
systems. The symposium will be held
October 10-13 in San Jose, California.
Mail forty (40) copies of a one-page
abstract and any supporting material by
May 8, to: Donald C. D’Avanzo, Technical
Program Chairman, 1993 IEEE GaAs IC
Symposium, c/o Courtesy Associates,
Attn: Cathy Coyle, Suite 300, 655 Fif-
teenth Street, N.W., Washington, DC
20005. Tel: (202) 347-5900. Fax: (202)
347-6109.

Contactless Smart Card Venture —
Trendar Corporation and AT&T have
announced that they are teaming up to
provide a transaction station for truck
stops based on AT&T’s smart card tech-
nology. The contactless smart cards
have microproc2ssors and memory
chips taminated within their plastic
shells. Developed at AT&T Bell Labora-
tories, their electronic memory can hold
the equivalent of several pages of type-
written information, personalized to the
card’s user. Truck drivers will use the
cards to fuel their vehicles and speed up
the transaction process. The smart card
will store such information as the truck
number, purchase authorization limits,
the driver’s license number, the name of
the fleet operator and any discount to
which trucks in thet fleet are entitled.

New Cruise Ship Direct Dial
Phones — Two new systems being
instituted by Norwegian Telecom will
allow cruise ship passengers and any-
one else at sea to call alimost anywhere
in the world via satellite. One is a new
Inmarsat coast earth station, the other, a
new credit card telephone service. The
third Inmarsat earth station, to become
operational in March, will extend
Inmarsat coveragz in North and South
America, including the Miami-Caribbean
region. The telephone service being
launched at the same time, will enable
passengers to call any telephone on
land direct by pulling a card through the
magnetic-strip reader on the telephone
before dialing the desired number.
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ynergy has introduced
a selection of high per-
formance, low cost
standard catalog and
custom highpass, lowpass and
bandpass filte-s covering pass-
bands within the DC to 2000
MHz range. These filters are
readily availabl2 in standard pin
packages as wall as the newest
Synergy patent=d metal surface
mount package with either leaded
or flush mounting configurations.

Most importantly, when you
specify Synergy, you benefit from
our Sales and Applications team
to assist you in the wide choices
of available filters.

For a copy of our latest catalog,
contact:

SYNERGY MICROWAVE
CORPORATION,

483 McLean Boulevard,
Paterson, NJ 07504.
Phone (201) 881-8800 or
FAX (201) 881-8361.

(A VN g U \Y
oS A\ 4 ST\

A" A BNl (1) ]
MICROWAVE CORPORATION
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Mixed Bag for Oscillator and
Crystal Bookings — The Electronic
Industries Association Piezoelectric
Devices Division has reported that quartz
oscillator bookings for December 1992
were up 3.9 percent in dollar value but
down 5.8 percent on the number of units
booked compared to November. Year-to-
date bookings were down 7.0 percent in
dollar value but up 16.1 percent in units.

Crystal bookings for December were up
33 percent in dollars and 25.9 percent in
units compared to November bookings.
Year-to-date crystal bookings were up 6. 3
percent in units but down 5.8 percent in
dollar value.

Sciteq Electronics Relocates —
Sciteq Electronics, Inc. has announced its
move to new facilities. Their new address

THE INDUSTRY'’S

MOST WANTED

TCXO

0 ==
[Tcxoe2 |

C-MAC

[T

TCXO 82

The latest TCXO from C-MAC

DESCRIPTION:

e (.2 cubic inches
1" % 1" x 0.2" high

o Mil grade available
e Surface mountable

e Custom configurable
leads

MODE OF OPERATION:

e | ow phase noise
e Freguencies up to 350 mhz
e Low power consumption

e Highly stable, precision
performance

Analog Chip
Temperature Compensation Technology

Buy one or borrow one.

Call us for technical literature and complete details
on our unique offer.

4

C-MAC QUARTZ CRYSTALS
33 W. HIGGINS ROAD SUITE 3030
SOUTH BARRINGTON, IL 60010

=)  PHONE: 708.428.3800 FAX: 708.428.3803 UK: 0279.626626
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is 4775 Viewridge Avenue, San Diego, CA
92123-1641. Their telephone and facsimi-
le numbers remain the same.

Electro-Mechanics Company Sold —
ESCO Electronics Corporation has
announced the purchase of Hart Proper-
ties and its single operating entity, the
Electro-Mechanizcs Company. ESCO
paid $1.6 million for 100 percent of
HPI’'s and EMCO's capital stock at clos-
ing and will assume a debt of approxi-
mately $3 million.

Sprague-Goodman Acquires
Trimcon — Sp-ague-Goodman has
announced the acquisition of Trimcon, a
manufacturer of multiturn air dielectric
trimmer capacitors and microwave
tuners. The Sprague-Goodman affiliate
will be known as SGE Microwave, Inc.
Terms of the sale were not disclosed.

Subsidiaries Pool Talents — Two
manufacturers of RF communications
systems and components, The Antenna
Specialists Co. and Decibel Products,
both wholly owned subsidiaries of Allen
Group, Inc., have become working par-
ners within a new corporate structure to
be known as the Allen Telecom Group.
The two companies will continue to
independently market their distinctive
products under their traditional brand
names but will otherwise pool their engi-
neering, manufacturing and distribution
strengths.

Micron Communications Formed —
Micron Technolagy, Inc. recently
announced the formation of a new sub-
sidiary, Micron Communications, Inc. The
new company will develop new products
for the RF identificazion marketplace. Their
address is 2805 East Columbia Road,
Boise, Idaho 83706-9698. Tel: (208) 368-
4000, fax: (208) 36€- 4558.

LNR Awarded X-Band Contract —
LNR Communications, Inc., has been
awarded a contract to implement a
turnkey, X-band communications link
operating via the 7/8 GHz NATO/DSCS
satellites and utilizing commercial off-
the-shelf equipment. LNR will deliver,
install, test and support a Hub Earth
Station utilizing a nine meter diameter
antenna as well as 2.4 meter Mobile
Terminals. The terminals also comprise
beacon tracking, RF/IF electronics, digi-
tal modems, uplink power control, and a
centralized monitor and control system.
Financial terms of :he contract were not
released.
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CALL: 1-800-PENSTOCK (408) 730-0300
FOR OVERNIGHT DELIVERY ON TOKO PROTOTYPING KITS

Fixed Inductors °99°° LL Chip Inductors $49°°
Surface Mount Inductors $99°° 5MM Surface Mount Coils $99°°
5MM Coils $59°° 7MM Coils *59°° 10MM Coils *59°° Molded Coils $59°°
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RF industry insight

Cellular Systems —
Reaching Out With RF

By Gary A. Breed
Editor

t this instant in history, cellular

radio-telephone systems are
among the top few markets for RF
products. And, with implementation of
more advanced dual-mode and digital
cellular systems, it will continue to be
extremely important to the RF indus-
try.

The recent RF Expo West was a
good example of cellular’s importance.
Technical papers on the subject
addressed designs for GSM (the Pan-
European digital cellular system),
microcell system considerations, new
power amplifier technology, and
speech encoding methods. If you
include other wireless telecommunica-
tions systems that use cellular tech-
nology as a springboard, the sum
includes over half of the conference
papers.

Further evidence of the importance
of cellular is the litany of new products
introduced for this application. A quick
summary of recent new products
includes miniature SAW filters from
Hitachi, TCXOs from TEW, base sta-
tion power transistors from SGS-
Thomson, IF integrated circuits from
Signetics, synthesizers from National
Semiconductor, amplifier modules
from Q-Bit, ceramic resonators and fil-
ter elements from Trans-Tech, hybrid
transformers from Sage Laboratories
and a dual-mode chip set from AT&T
Microelectronics. Of course, this list
mentions only a few of the most recent
announcements. Any comprehensive
list of RF components for cellular
applications would fill several cata-
logs!

The forecast for cellular is summed up
by Gary LaBelle of Hewlett-Packard’s
Communications Components Division,
“Analog cellular is a large market and
holding its own.” But, he adds, “We’ll be
seeing a step up in growth” as digital
cellular systems enter full production.
After saying this much, nearly everyone
in the RF business expresses optimism
that new technologies are in the works
that will continue the strength that the
cellular market has given to RF.

32

Miniaturization is a major effort in cellu-
lar equipment, such as these coaxial
line elements from Trans-Tech.

Keeping engineers busy are the the-
oretical and practical challenges in
manufacturing a cost-competitive
product, and making it conform to
increasingly complex operating proto-
cols and performance demands that
digital and dual-mode cellular systems
require. GSM, NADC (North American
Digital Cellular), JDC (Japanese Digi-
tal Cellular), COMA and TDMA are
only some of the technical variations
on the transmission methods used in
digital cellular. | and Q modulation and
demodulation are key engineering
concepts, along with filter and amplifi-
er linearity, digitally-encoded voice
and data information and digital signal
processing.

Manufacturing is a Major Factor

As a mature technology (analog cel-
lular) and a generally well-defined sys-
tem (digital cellular), the majority of
RF engineering time is being spent on
manufacturing-related problems. Size
and power consumption are clearly the
primary forces driving this part of cel-
lular product engineering. In fact, cel-
lular products may be getting the
greatest design-for-manufacturing
effort in all of consumer electronics, if
we consider a recent study done at
Storage Tek.

Kathy Baker headed a team of Stor-
age Tek engineers who evaluated a
wide range of consumer electronics

devices — notebcok computers, palm-
size digital assistants, portable CD play-
ers, video cam-corders and cellular
phones. Each product was disassem-
bled and analyzed to compare different
companies’ techniques and to identify
trends in consumer manufacturing that
could lead to better manufacturing
processes at Storage Tek.

One of the conclusions reached by
Baker's group was that a cellular
phone, specifically, Motorola’s Micro-
TAC unit, used the most advanced
techniques among the products exam-
ined. The Micro-TAC uses a six-layer
printed wiring board with 5-mil trace
width, hundreds of blind vias (layer-to-
layer plated-through-hole conductors),
together with an assembly technique
that mounts components to both sides
and solders them in a single pass. A
further reduction in manufacturing
operations is made by innovative use
of the enclosure for mechanical sup-
port, holding locating pins for align-
ment, applying pressure for elastomer-
ic connectors, as well as being con-
ductive for EMC performance. Finally,
a single screw holds it all together,
and it is hidden beneath a label on the
finished product.

The attention to detail and the careful
way many functiors and operations are
combined in the mechanical assembly
also applies to the electronic portion of
cellular products. The reason we see a
continuous stream of new products is
because the demands for small size and
increased functionality must be
achieved simultaneously. It is probably
fair to state that the concept of a
“mature” market is no longer valid. Even
in an established market like cellular
telephone equipment, there is a con-
stant effort to respond to new demands
and to achieve greater performance and
convenience. RF

For reprints of this report, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation
Department.
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’ 95 Model LO Freq. @ Conv. Loss Isol. Price$

SURFACE-MOUNT or PLUG-IN .. $ 3 10qty) e S L P -
Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock  TUE3 Al L L L
and vibration stresses of MIL-STD-28837, or to 200 cycles of thermal shock from -55° to TUF-3MH 13 50 033 46 895
+100°C...they'll survive without any change in specs. They are mighty tough mixers! TUF-3H 17 50 033 50 1095
Available with LO drive levels from +7 to +17dBm, performance features include very }’8;} 4 1(7) 2-600 2-82 8-}? gg g-gg
low conversion loss flat o/er the entire band, high isolation (L-R, L-1), and well-matched TUF-1MH 13 63 012 50 .95
VSWR at all ports. TUF-1H 17 59 018 50 895
All-welded internal and external construction is used to assemble and package the TUF-2 7 50-1000 573 030 47 495
TUF-unitin its tiny 0.5 by 0.2 by 0.25 in. metal case, for piug-in or surface-mount* assembly. i3 o) 1 TR A
TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented TUF-2H 17 62 022 47. 9.95
“skinny" sigma (&) unit-to-unit repeatability as shown in the Table. TUF-5 7 20-1500 658 0.40 42 895
Tough, tiny, and with tight repeatability ... Mini-Circuits' Ultra-Rel™ TUF-mixers with a ;Bﬁgkﬂ* }g 98 8»% 312 }? gg
five-year guarantee, priced from $3.95. .. available only from Mini-Circuits. TUF-5H 17 75 017 50 1395
TUF-860 7 860-1050 62 037 35 895

~ e 0o e

UlTRA‘REl MIXERS TUF-860H 17 68 031 38 1395

5-YR. GUARANTEE TUF-11A 7 1400-1900 683 0.30 33 1495

with extra long life due 1o unique HP monolithic }8;} IQH?_‘ }g ;2 858 gg }98:5)

diode construction, 300°C high temp. storage, 1000 cycles TUF-11AH 17 7.3, 1098 35 1995

thermal shock, vibration, acceleration, and mechanical

*
shock exceeding MIL requirements To specify surtace-mount models, add SM after P/N shown

B X = Average conversion loss at upper end of midband (fy/2)
actua sze hndmg new ways 6 = Sigma or standard dewviation
setting higher standards
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You don’t always get
what you pay for.

With PTS synthesizers, you get more.

Because we're synthesizer specialists, we give

you more for your money in more ways than one. All of our synthesizers feature low power

From our economy PTS x10, to our space- consumption, low spurious output (as low as
saving PTS 310, to our top-of-the-line PTS 1000, -75 dBc), low phase noise, and fast frequency
we have more models to cover your source needs switching (as fast as 1 usecond).

fronL 1008512 to 1 GHZ. And all of our models are available, at a lower

price, in a remote-only OEM configuration for
* OCXO, TCXO or external standard, easy integration into your OEM system.

¢ (lzggl%g{gs&llu t};c;n from Our full catalog has all the information you

« DDS with phase- need to specify the

continuous switching, m?xsrt ;};r;ltzleSizer for
e digital phase rotation, yo Y-

* BCD or GPIB Call or FAX us for your

remote control, : copy, or for immediate
and almost a hundred - engineering assistance.

others to let you specify a

synthesizer so well-tailored

to your requirements that

it's like having one custom made for you.

Our priority in design and manufacturing is to

make our synthesizers more reliable, and this

has led to a demonstrated MTBF of 25,000

hours. That's why we can back them with our

all-inclusive 2-year warranty, along with a flat-

rate service charge for eight years following the P.0. Box 517 Littleton, MA 01460

warranty period. 508/486-3008 FAX 508/486-4495
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RF featured technology

Simple, Low-Cost UHF VTOs

By Andrzej B. Przedpe'ski
The SHEDD Group

There are times when, either because
of cost considerations or standard com-
ponent nonavailabil.ty, you have to
design your own VTO for a specific
application. A simpl2 voltage tuned
oscillator (VTO) using a MMIC and a
transmission line for the feedback circuit
may be the answer for non-critical appli-
cations. This simple oscillator design
can be used in a narrow range PLL.

ost of the standard circuits using

discrete transistors are quite com-
plicated and hard to implement. But,
there is an easier way! Using standard
low-cost 50 ohm amplifier devices and
techniques similar to those used in the
crystal oscillator designs (1), VTOs for
specific tuning ranges can be easily
designed. “Designed” may be the wrong
word to describe this process, since it is
easier to optimize the drcuit by trial-and-
error than by rigorous analysis. Howev-
er, because of the simplicity and noncrit-
ical nature of the besic circuit, this
process is fast and the success ratio is

high.
Starting with the Bark.hausen oscillator
requirements — i.e. th2 open loop gain

of the feedback circuit has to be more
than unity, and the phase shift has to be
an integer (including zero) multiple of
360 degrees — it is easy to visualize the
required circuit. This is shown in Figure
1. The two requirements are then:

G(s) x H(s) 21 atan argle of 360n (1)
degrees

where n = 0,1,2,3 etc.

v

Figure 1. Feedback oscillator
model.

The simplest implementation is the use
of a 50 ohm MMIC or hybrid amplifier for
G(s) and a piece of transmission line for
H(s). The amplifier will provide the
required gain while the transmission line
provides the phase shift necessary to give
the required total open loop phase shift.

The commercially available modular
amplifiers are essentially either inverting
(180 degree phase shift) or non-inverting
(zero degrees phase shift) types. Howev-
er, at the frequencies of interest, their
phase shifts are typically 150 and -30
degrees respectively. For the designs
described here, the inverting type was
used. The main reason for this decision
was better availability of the inverting type.

First, a suitable amplifier was select-
ed. For these tests the Avantek GPD-
401 was used for three reasons: it is a
low cost device, it has built-in input and
output capacitors, and several were left
over in the lab from previous projects.
The device uses hybrid construction,
which allowed the manufacturer to build-
in internal coupling capacitors. If the
usual MMIC device is used, these

capacitors have to be provided external-
ly, where necessary, for DC isolation.

Looking at the S21 parameter on the
data sheet, it is evident that this is the
inverting type. In the frequency range of
interest, the gain is about 15 dB and the
phase shift is 160-120 degrees (in a 50
ohm system). Unfortunately, these figures
only apply to class A operation. By its
nature, the oscillator operates in a partially
saturated condition, where the gain is
lower. This provides the self limiting
action. Both S21 and S11 are time-varying
and are not defined. Avantek engineers
suggest (2) using the SPICE models given
for the MMIC devices. They feel that it is
almost impossible to predict how S21 and
S11 will change, since their change, under
overdrive conditions, is a function of inter-
nal configuration. The only known change
is the reduction of the magnitude of S21
by the amount of compression (the S21
angle change should be small for moder-
ate compression levels). However, the
general feeling is that the phase will not
change appreciably for small amounts of
overdrive.

Fortunately, it is easy to compensate
for all these effects by the transmission
line used for the feedback. The length of
this transmission line can be varied
experimentally until the required fre-
quency is obtained.

The actual circuit used for the bread-
board tests is shown in Figure 2. Its sim-
plicity is quite apparent. Capacitors C1
or C2 are the tuning elements, and stan-
dard varactor diodes can be used to pro-
vide the needed frequency coverage. The
transmission line, T, is the main feedback

T Length  Ct
5 0
50 5[’
1.9” 0
» L " 56 R 19"
i <) ) _L W 0.9” 0
~ C1 ce 0.9”
I i gt

3pF

3 pF

3 pF

C2 FREQ OUTPUT
— 410 MHz +2 dBm
= 370 MHz +2 dBm
— 590 MHz +5 dBm
— 530 MHz +5 dBm
0 660 MHz +6 dBm
0 620 MHz +6 dBm
3 pF 570 MHz +4 dBm

Figure 2. Oscillator circuit.

RF Design

Table 1. Results of experimentation on circuit values.
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phase shifting element. The resistor, R,
has two main functions: it provides
some isolation of the output from the
feedback circuit and adjusts the loop
gain to the needed value. The open loop
gain should be more than unity to pro-
vide reliable start of oscillations. Howev-
er, unnecessarily high gain increases
the level of harmonics. This may be
desirable in some cases, but in general,

lower values of gain are more desirable.

To reduce the pulling effect of a
changing load, a second amplifier stage
can be used to provide load isolation
and improve frequency stability.

As mentioned before, the easiest
method of “designing” the desired VTO is
to build it experimentally. The process is
very simple and does not take much time.
Table 1 shows experimental results using

Geramic Bandpass
itters fromTrans-Tech
200MHz to 2.5GHz

Backed by thirty-seven years of
ceramic manufacturing experience,
Trans-Tech is taking a leading role
in the development of ceramic

bandpass filters. Features include:

= Low Insertion Loss
s Small Compact Design
» Frequency Stability
» Mechanical Stability
» Competitive Pricing

Insertion | Ripple | V.SSW.R. Attenuation
ical Center |Bandwidth |Loss (dB) | (dB Max.})| in BW (@1 MHz)
Applications* Frequency| {,tMHz in BW in BW Max. Min.
Cellular 836.5 12.5 1.8 0.8 2.0 20(t+77.5)
Cordless Telephone| 886.0 1.0 3.0 0.5 2.0 | 35(£:171.0)
Spread Spectrum | 9150 | 125 1.8 0.8 2.0 | 20(1%77.5)
GPS 1575.0 10.0 0.7 0.5 2.0 20(1,£140)

“ Other frequencies available, please call factory

&=

Ceramic Solutions for a Wireless World.

TransTechiss

l st 5520 Adamstown Rd. » Adamstown, MD 21710
Wi f th Y
1 1993 Amencan Tel. (301) 695-9400 » Fax: (301) 695-7065
ngoaf;g%‘o:cﬁ%;l TransTech, Inc. is a subsidiary of Alpha Industries, Inc
Achievement Award. di] Alpha l
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the circuit of Figure 2. Different lengths of
standard 50 ohm coax were used and
either C1 or C2 was “tuned” to get a feel of
performance. Aftar the desired range is
obtained, the circuit can be constructed on
a PC board using a 50 ohm microstrip
transmission line for the feedback path.
Thus, a low cost \'TO, suitable for use in a
narrow tuning range PLL, can be con-
structed.

A 50 ohm transmission line was used
because of the ready availability of 50
ohm coax. Other impedances can be
used, especially if microstrip construction
is employed. The feedback loop gain and
phase shift, H(s), will change, however.

While probably the easiest method of
determining anc optimizing the circuit
constants is to construct a breadboard,
the circuit can also be theoretically ana-
lyzed by using component s-parameters.
The open loop gain, G{s) x H(s), can be
determined by calculating the s-parame-
ters of the cascaded individual compo-
nents (4) and then using the standard
gain formula (5). Some feel for perfor-
mance can also be obtained through the
use of a network analysis program (3).

The active device s-parameters can
be obtained from the component data
sheet. These will be for class A opera-
tion and may not be representative.
However, if better data is not available,
this may be a good starting point.

The transmission line s-parameters can
be calculated for any line impedance.

itang (2/50-50/2) @
2+jtan¢ (Z/50+50/2)

Siili="522'=

S12=S821= (3)
100Z
100Z cos ¢ + jsing (Z? +502)

Where ¢ = electrical line length in
degrees.

For a 50 ohm transmission line these
simplify to:

$11=822=0 (4)

S12 =821 = 1 at an angle of -0 (5)
degrees

The main prob em with trying to calcu-
late the circuit parformance is the stray
phase shifts caused by finite lead
lengths and stray reactances. This is
especially true at the higher frequencies.

It should be k2pt in mind that this is
a low Q circuit. Thus, it is not a very
stable circuit by itself. However, for
fast switching PLL applications it may be
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D(C-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu-
tions to dozens of application requirements, select Mini-
Circuits' flatpack or surface-mount wideband monolithic
amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end us with a 25dB gain, 0.3 to 2000MHz
amplifier for less then $4.50. Design values and circuit
board layout availabl2 on request.

It's just as easy to create an amplifier that meets
other specific needs whether it be low noise, high gain,
or medium power. Select from Mini-Circuits’ wide
assortment of models (see Chart), sketch a simple inter-
connect layout, and the design is done. Each model
is characterized witt S parameter data included in our
740-page RF/IF Designers’ Handbook.

All Mini-Circuits" amplifiers feature tight unit-to-unit
repeatability, high reiability, a one- year guarantee, tape
and reel packaging, off-
the-shelf availability, with
prices starting at 99 cents.

Mini-Circuits’ monoithic
amplifiers...for innovative

SRIe

MAR MAV MAV  MAR VAM
SM oM RAM

9¢ Unit price $ (25 qty)

VAM-3 +VAM-6  ++VAM-7
SURFACE MOUNT 1.45 129 175
add suffix SM MAR-1  MAR-2 MAR-3 MAR-4 MAR-8 MAR-7 MAR-8
to model no 1.04 1.40 1.50 1.60 1.34 1.80 175
(ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11
1.15 145 155 1.65 ) 2.15
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT  4.95 4.95 495 495 495 495 495
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 1.50 1.60 2.10
MAR-1  MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
099 1.35 145 155 1.29 1.75 1.70
Freq.MHz.DC to 1000 2000 2000 1000 2000 2000 1000 1000
Gain, d3 at 100MHz 185 125 125 83 20 135 325 12.7
Output Pwr. +dBm 1.5 45 100 125 20 55 125 175
NF, dB 55 65 60 65 30 50 a3 36

++ Gain 1/2 dB less than shown
Gl hxp wup ng capacttors at 12¢ each

Notes: + Frequency range DC-1500MHz

designer s amphfier kits
DAK-2: 5 of each MAR -model {35 pc
DAK-2SM: 5 ot each MAR-SM
DAK-3: 3 of each MAR. MAR-SWM

100 220, 470 680 pf

. , ; 80x50 100 0 6800, 10.000 pf
do-it-yourself protlem g oty 120x60 022, 047 068, 1ut
solvers designer's chip capacitor kit

. Models above shown actual size KCAP-1: t 17 values 10pt 10 01 uf (85 } 89995

Typical Circuit Arrangement

Roias
—\—e VCC
COLOR DOT 1_;— [ {option.

finding new ways block X n] j
setting hlqher standards N ~—l'~7’{}2 o 4—{}— OuT
Vd
1

m M l n I c I rc u Its WE ACCEPT AMERICAN EXPRESS AND VISA

P O Box 350166, Brookiyn, New York 11235-0003
Distribution Centers NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945

(718) 934-4500 Fax (718) 332-4661
EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mim-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 « MICROWAVES PRODUCT DIRECTORY e EEM o MINI-CIRCUITS' 740-pg HANDBOOK.
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PFF!

(Precision Filters Fast!)

from

ALLEN AVIONICS, INC.

The world’s most complete, single source for
off-the-shelf and custom filters and delay lines.

Our knowledgeable sales and engineering staff will
be glad to answer all your questions. We'll send you
our comprehensive catalog filled with valuable
information and easy ordering instructions.

224 East Second Street, Mineola, NY 11501
PHONE: (516) 248-8080 - FAX: (516) 747-6724

Products precisely right for the electronics industry.
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quite satisfactcry; and it is simple
and low cost! No spurious outputs or
excessive noise were observed. RF
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.5-1000 MHz RF DETECTORS

Typical DC Output for -30 dBM 50 ohm RF Input

Relative Output

G e ra -
x 1 [™8 A33 A33T Series (1-500 MHz - 1-1000 MHz)  iuest &l v,
Standard Half Wave Detectors ro—

A33D, A33TD Series (.5-500 MHz - 1-1000 MHz)
Full Wave (Voltage Doubiing Detectors)

[ A1 Scrics (1-500, 1-600, or
1-1000 MHz) High Output Detectors

A61J 1-200 MHz

/ WBE
R
F DETECTOR our
mode! A3J3+

High Output Detector

/et
RE  HIGH OUTPUT  DC
"~ Rf DETECTOR OUT

madel AGI

-

DC

e

DC
RF DETECTOR ouTt
model A33

24 mV X 30 ﬁ— A61H 5-50 MHz

High Output Detector

WIDE BAND ENGINEERING COMPANY, INC.

P. O. Box 21652, Phoenix, AZ 85036 Phone:
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ULTRA-BROADBAND
RF POWER AMPLIFIE

From KALMUS ENGINEERING, Of Course!

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS
MODEL R OUTPUT FREQUENCY RANGE GAIN  USA PRICE

700LC 1.5WCW .003-1000MHz ~ 33dB $ 1,695
704FC 4W CW 5-1000MHz ~ 33dB  § 2,195
210LC  10WCW 008-225MHz  40dB  $§ 2,495
710FC ~ 10WCW 1-1000MHz ~ 40dB  $ 6,695
‘727LC  10WCW .006-1000MHz ~ 44dB  § 7,750
NEW 713FC  15WCW 10-1000 MHz ~ 42dB  § 4,250
25lC  25WCW 01-225MHz  40dB  § 3,295
‘737LC  25W CW 01-1000MHz ~ 45dB  § 9,995
T12FC  25WCW 200-1000 MHz ~ 45dB  $§ 6,950
NEW 714FC  30WCW 10-1000 MHz ~ 45dB  § 9,950
250LC  50WCW 01-225MHz  47dB  § 5,250

715FC ~ 50W CW 200-1000MHz ~ 47dB  $ 16,990
707FC  50WCW 400-1000 MHz ~ 50dB $ 9,990

NEW 716FC  50WCW 10-1000 MHz ~ 47dB  $17,950
'747LC  50WCW 01-1000MHz  47dB  $ 19,500
116FC  100W CW 01-225MHz  50dB S 8,800

709FC  100W CW 500-1000 MHz ~ 50dB  $ 16,990
717FC  100W CW 200-1000MHz ~ 50d8  $ 19,500

NEW 718FC  100W CW 10-1000MHz ~ 50dB & 26,950
*757LC  100W CW .01-1000MHz ~ 50dB  § 29,950
122FC  250W CW 01-225MHz ~ 55dB  § 14,650

723FC  300W CW 500-1000MHz ~ 55dB  § 29,295
LA500G  500W CW 500-1000 MHz ~ 57dB  §$ 53,500

RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS

EMI-EMG-RHI

116C  100W CW 01-220MHz  50dB $ 9,295
122C  200W CW 01-220MHz ~ 53dB  § 11,750
134C  500W CW 01-220 MHz  57dB  $19,800
137C  1000W CW 01-220 MHz  60dB  $ 27,550
140C 2000W CW 01-220 MHz  64dB  $44,990

AC Operation
’ Warranty: Full 18 months all parts. Vacuum tubes 90 days.
Funy Pl‘ntectEd * Indicates Dual-Band Systzm (coaxial band switching)

Drive Mismatched Loads
No VSWR Shutdown

ALC Hat Gain Response
Remate Functions
Lowest Prices

1-800-344-3341 More Than 200 Standard Models
(206) 485-5000 w(206) 486-9657 to Choose From

21820-87th S.E. Woodinville, WA 96072 USA
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. Design
+ Evolution,

¥ The

TRAK’s flexible design approach
provides system designers with
cost-effective synthesizers.

At left are two products, each with unique specifications, demonstrating
our ability to quickly deliver units to meet your needs through modular
design evolution.

At top is our Model 4003-1103, originally a special-order. Inside its 42.3
cubic inch envelope (5.4” x 5.0” x 1.6"), it covers the full | to 2.5 GHz
band in 2 MHz steps. Output power is +10 dBm min., and spurious are
<60 dBc. Switching speed is 160 microseconds. Phase noise is -80 dBc/H:
@ | KHz, and -130 dBc/Hz @ 1 MHz.

The unit at the bottom is another custom design, evolved by TRAK
engineers into a new, expanded-capability unit. Designated Model 4050-
1601, it is a complete synthesizer/source assembly, with phase coherent
outputs. It offers a synthesized 7.9 to 8.4 GHz output with 10 MHz steps,
+16 dBm min., and <60 dBc spurious. Its switching speed is 20 microseconds to phase

coherency, and it includes three phase coherent outputs at 20, 60, and 1080 MHz.

Phase noise of the 1080 MHz signal is 102 dBc/H: @ 1 KH:z, and -133 dB¢/Hz @ 10

KHz. And it does it all in only 113.4 cubic inches (7.0" x 5.4” x 3.0”).

Best of all, every design we ship comes with TRAK's field-proven experience — o
we've been producing miniaturized, high-quality designs for both military and

industrial applications for over 30 years.

So next time you need a synthesizer/subsystem, call TRAK.

We know how to make evolution work for you. Typical Switching Speed

Call or write for our Free Components Catalogs.
See EEM or MPDD for other TRAKGs products.
T TRAK. MICROWAVE

TRAK: MICROWAVE TRAKe EUROPE

CORPORATION Microwave Sales CORPORATION
Microwave Sales Dunsinane Avenue THINK
4726 Eisenhower Blvd. Dundee, Scotland DD2 3PN TRAK
Tampa, FL 33634 Tel: (44) (382) 833411

Tel: (813) 884-1411 FAX: (44) (382) 833599

TLX: 52-827

FAX: (813) 886-2794
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RF featured technology

Eliminating Spurious Responses in
Phase Noise Measurements

By Bruce Long, P.E.
McCoy Electronics

Phase noise plots always seem to
have a few spurious signals at integer
multiples of the line frequency. These
line frequency related responses are
usually attributed to ‘nstrumentation
ground loops and power supply hum
and are quietly ignored. However, con-
vincing the customer or quality control
inspector they should ignore them too
may not be so easy.

he central difficulty in phase noise

measurement is accurate measure-
ment of a small amount of noise against
the backdrop of a much stronger carrier
signal. Noise sidebands of a quartz con-
trolled source measured in a one hertz
bandwidth can be 170 dB weaker than the
carrier. It's difficult to visualize ratios as
large as ten to the severteenth. Let's start
with a large commonplace quantity; the
total miles driven by Amzricans on a typi-
cal day. According to the Department of
Energy, national gasoline consumption for
1991 was about 300 million gallons per
day. A fleet average mikage of 25 miles
per gallon gives 7.5 billion daily miles. One
part in ten to the seventeenth gives a five
thousandths of an inch. Phase noise mea-
surement can be compared to monitoring
the movement of a single automobile
through a distance equal to the thickness
of a sheet of paper ageinst all the miles
travelled by all the autormobiles in the Unit-
ed States in a day.

Figure 1. Phase noise test set-up.

Given the weak signals involved, it's
not hard to understand why phase noise
testing is highly susceptible to external
interference. Coherent interference
shows up as a line or spike on the
phase noise plot. Strong spurious sig-
nals activate the spectrum analyzer
auto-ranging function, sometimes falsely
raising the noise floor. Multiple, weaker
spurious signals merge together mask-
ing legitimate plot details.

The most troublesome spurious
responses seem to be line frequency
related. Believing ground loops and
power supply hum to be the cause, |
tried ground straps, isolation transform-
ers, and large electrolytic capacitors in
an unsuccessful effort to eradicate line

related signals. | did notice changing the
length of the RF coaxial cables between
the units under test and the input ports
of the phase noise instrument some-
times changed the line spurious levels.
A few extra inches of transmission line
might affect RF performance but it
shouldn’t have much effect at sixty
Hertz. Could some line frequency spurs
be a radio frequency phenomena?

Amateur radio experience sheds light on
this issue. Direct conversion receivers are
a favorite home construction project.
Direct conversion receivers heterodyne
RF signals directly to baseband without
using an intermediate conversion which
gives respectable performance without a
lot of circuitry. Direct conversion receivers
have one dramatic shortcoming — having
high gain at audio frequencies, they are
extremely susceptible to hum. On the sur-
face this appears to be a simple issue of
power supply ripple rejection but even bat-
tery powered direct conversion receivers
suffer from hum and the hum often gets
worse upon connecting antenna and earth
ground.

The hum generating mechanism is
rather sneaky. Radio frequency energy
from the local oscillator travels along the
supply leads into the power supply.
Some energy finds its way to the recti-
fiers. The rectifier diodes, driven in and
out of conduction at the line frequency,
chop the stray RF, creating modulation
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Figure 2. Phase noise plot of a crystal oscillator a) without box, b) with box.
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EPSON The % CrystalMe ;

Awards |\ . stomers wit
latest Iin CRYQTAL technolot 2

- /\

SMD |

AT - STRIP TYPE
* L13.46xW5.08xH4.57mm
* 4.0 MHz - 67.0 MHz ® 4.0 MHz - 67.0 MHz

OSCILLATORS

SIDE 4 2 ™ . U-SXVO.OXNeO -
* 1025 MHz - 67.0 MHz ; g o 220 MHz - 40.0 MHz

EPSON EPSON AMERICA, INC.

COMPONENT SALES DEPARTMENT (

TEL: (310) 787-6300, FAX: (310) 782- 5320//
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sidebands. Modulated RF leaks back
into the receiver, mix=s with the local
oscillator, and the receiver hums loudly
despite a ripple free pow~er supply.

A battery power supply helps but may
not be sufficient if the receiver has inade-
quate shielding. Radiaticn rather than con-
duction is the villain here. The local oscilla-
tor must be inside an RF tight enclosure
with DC lines decoupled and bypassed.
An RF amplifier with good reverse isola-
tion and a balanced muxer reduces leak-
age via the antenna end sometimes it
helps to lowpass filter the audio output to
prevent leakage by that route. These pre-
ventive measures mak2 hum-free direct
conversion reception possible.

Phase noise test systems and direct
conversion receivers are similar in several
respects. Both convert gdeband energy to
baseband, both have a lot of audio fre-
quency gain, and both are susceptible to
RF induced line frequercy hum. Shielding
and decoupling are the key to reducing
line related phase noise spurs. The goal is
to keep RF energy out of line driven recti-
fiers. Switching power supplies and dis-
play monitors are also potential hum mod-
ulators causing spurious signals to appear

X
-
i
:
B

|

Figure 3a. Harmonic level mea-
surements without box.

at the switching and scanning frequencies.
Actually a multitude of hum modulators
must be considered given a typical phase
noise system has a monitor, a computer,
at least one spectrum analyzer and the
likelihood of other nearby unrelated test
equipment.

Figure 1 shows a simple solution — a
shielded and filtered metal box for
phase noise measurements. The units
under test go in the box. Power line fil-
ters, contained within separate shielded
cans, decouple the power supply. Coax-
ial cables connect the shield box to the
phase noise test set. Female-to-female
bulkhead coaxial connectors can be
used to pass RF and tuning voltage sig-
nals through the test box wall, but short

o anfl s v A PI00R0

T RN e AR

Figure 3b. Harmonic level mea-
surements with box.

test cables always seem to be scarce so
| used female bulkhead crimp connec-
tors facing inward with short RG-188
BNC pigtails permanently attached.
Snap-action latches secure the lid. A
previous version used captive threaded
fasteners and thumb screws but tighten-
ing and removing six screws with every
phase noise test quickly inspires other
solutions. The latches are more conve-
nient but take a little forethought in
placement. Because they pull down at
the very edge of the thin aluminum lid,
they tend to bow the lid upwards in the
center and in between the latches. A
thicker lid, internal bracing, conductive
gaskets, or a little less latch force come
to mind as improvements for a third gen-

Little News from NEL

Great Quartz Crystal Products
Now Come in Small Packages

NEL off2rs a full spectrum of miniaturized,
high pe-formance, high quality quartz crystal
products spanning a broad frequency range.
These tiny packages and footprints will

Here are five recent examples:

i

NEW NEW
Surface Mount Filtars
(.290” x .290" x .084")
REPLACES

2 Pole/4 Pole | ead >d

Monolithic Filters

IBP Crystals

REPLACES

For full technical details on how these products will work for

you, contact

P.O. Box 457, 357 Beloit Street, Burlington WI 53105-0457
Phone 414/763-3591

Tubular Package
(.330” Igth. x .120” dia.)

HC-45 Leaded Crystals

NEW

Surface Mount TCXOs
(.350” x .350” x .100”)
REPLACES

Leaded TCXOs

NEW

250 MHZ+

Surface Mount

Crystal Oscillators
(.550” x .350” x .160")
REPLACES

delight design engineers. Most have features
for process automation that will amaze
manufacturing engineers. And the prices will
please your purchasing department!

NEW

Low Profile OCXOs
(3.02” x 2.02"” x 1.25")
REPLACES

tigh Profile OCXOs

Leaded High Frequency
Crystal Oscillators

Fax 414/763-2881
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eration shield box, but in many cases
the box works fine even without the lid.

Inside the box are clip leads connected
via feedthrough filters to banana jacks on
the box ends. | used coax for these power
supply runs inside the box with the braid
connected to the chassis at the
feedthrough filters to keep RF pick up to a
minimum. The feedthrough filter on the
first shield box | built consisted of two
feedthrough capacitors and a bifilar choke
wound common mode style on a high per-
meability junkbox toroid. On the second
shield box, | used commercial feedthrough
filters. Both work well.

A closed metal box exhibits wave-
guide type resonances at frequencies
having wave lengths approaching the
box dimensions. These can encourage
instability especially in un-shielded,
“dead bug” style breadboards. Sheets of
black anti-static conductive foam glued
to the walls, floor, and lid breakup
unwanted resonances.

Figure 2 shows the phase noise plot
of a crystal oscillator particularly sus-
pectable to line frequency related spuri-
ous signals. The improvement with the
box in place is dramatic. The shield box

is also helpful for controlling injection
locking during phase noise testing
although two shield boxes — one for
each oscillator — might be necessary.
Other radio frequency measurements
benefit from the shield box. Figure 3
shows before and after results of a har-
monic level measurement. External
interference, visible without the shield
box, is completely eliminated. In this
application the shielding integrity of the
spectrum analyzer comes into question.
Modern test equipment with internal
microprocessors, video displays, and
switching power supplies must have
excellent internal shielding to escape
self-interference, making the unit under
test the most likely entry point for exter-
nal interference. Placing it in a shielded,
filtered box can work almost as well as
doing the measurement inside a screen
room, but the shield box is inexpensive
and portable. RF
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Parts and Reference

Snap Latch

Neilsen Hardware, 770 Wethersfield
Ave., P.O. Box 568 Hartford CT 06141-
0568. Tel: (203) 522-8145, Fax: (203)
525-0180.

Feedthrough EMI filter
Murata Erie part number 9200-300-0025
Atten. 44 dB @ 1MHz
60dB @ 10 MHz
70dB @ 1GHz

Common Mode Hum

Amateur Radio Handbook, 1985, Sixty-
second Edition, American Radio Relay
League, Newington CT, Page 12-8.
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No compromise

necessary.

/

Uncompensated “AT” Cut

Crystal
(X0)

Murata Erie
ASIC-Based
DCXO

&

-40°C

Murata Erie’s new
ASIC-based DCXO

Excellent frequency stability has been a fact of life
with crystal oscillators for years. So has small size (a
relative term), low cost and flexibility. But, did you ever
try to get everything that you needed in a single oscillator/
package? No way. One, maybe two desirable charac-
teristics but certainly not all. You had to compromise.

Now, compromise no more.

Murata Erie has the solution...our new ASIC-based,
digitally compensated crystal oscillator is exceptionally
stable, truly tiny, low in cost and extremely flexible.

It is basically everything that you always wanted in a
crystal oscillator but always had to compromise to get.

Check some of these features and specifications:

B To +0.25ppm stability

M Less than 50 cubic centimeters volume

M 100 mW max power

B Built-in interface for reconfiguration
capability and software

M Single +5VDC power supply

SPECIFICATIONS

DC2210 AH
Frequency Range 10MHz to 25MHz
Stability over —40°C 1o +85°C +05ppm
Output “HC™" CMOS
Power Dissipation +5V @ 15mA
Short Term Stability 1x10E-9 @ T=1 sec.

Package Size 079" % 0.79" x 0.45°, PC PINS

Find out more about how you can take the compro-
mise out of your crystal oscillator specifications. Write
for complete details on Murata Erie’s new ASIC-based
DCXO or call 1-800-831-9172, FAX: 1-404-684-1541.

- )
multata | 33113

MURATA ERIE NORTH AMERICA
Marketing Communications

2200 Lake Park Drive

Smyrna, GA 30080

Delivering Technology Worldwide™
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RF cover story

Class A Design Techniques Create a
New Broadband Amplifier

By Charles Gentzler
Milcom International, Inc.

Since the introduction of the first inter-
nally matched RF power bipolar transis-
tor in the early 1979’s, the race to
achieve more power o ser broader band-
widths has never ceased. The first
devices were designed under military
contract to replace vacuum tube trans-
mitters that required rmechanical tuning
to cover the 225-400 I/1Hz military com-
munications band. These devices were
designed for class C or lightly biased
class AB operation. With the advent of
improved device processing, the DC
safe operating area improved to the
level which permitted will class A opera-
tion. These high power devices
spawned a new industry: The class A
instrumentation ampliffer. Amplifier com-
panies saw the need for broadband
component and sys'em testing and
introduced new class A linear amplifiers
to meet the demands of a growing
industry. The following article discusses
some of the techniques used to gener-
ate broad band class # power.

he first solid state design technique

was a spin-off of the growing CATV
industry. These applicetions used a rela-
tively small bipolar transistor with nega-
tive feedback (Figure 1) in a 1-5 watt
building block, obtaining reasonably
good input and output return loss and
gain flatness. As mary as 64 of these

Figure 1. CATV style medium
power amplifier with feedback.

RF Design

BROADBAND POWER AMPLIFIER

stages were combined for powers of
over 100 watts at bandwidths in excess
of 0.1 to 110 MHz (Figure 2). The
design philosophy was solid and since
modules were combined, it was easy to
offer a product in many power levels by

changing the number of combined mod-
ules. The basic power device had an F,
of several GHz, so there was enough
loop gain to maintain good gain and
phase match from module to module, a
production manager’s delight. The basic

. REQUENCY RANGE:
POWER OUTPUT:
LOAD VSWR, RATED OPERATION:

INPUT VSWR:
OUTPUT VSWR:
POWER INPUT:
GAIN:

GAIN FLATNESS:

HARMONICS:

SPURIOUS:

AC INPUT POWER:
OPERATING TEMPERATURE:
STORAGE TEMPERATURE:
RF CONNECTORS (IN/OUT):
WEIGHT:

PHYSICAL DIMENSIONS:
COOLING:

TECHNICAL SPECIFICATIONS
MILCOM INTERNATIONAL MODEL LSA1051-50A
MOSFET DISTRIBUTED AMPLIFIER

1-512 MHZ

50 WATTS (MIN) CLASS A
<1.5:1 AT 50 WATTS
(Stable into any load)

<1.5:1 (TYP) <2:1 (MAX)
<2:1 (TYP) <8:1 (MAX)

0 DBM (TYP)

47 DB (MIN)

1.0 DB (TYP) 1.5 DB (MAX)
(All power levels to 50 watts)
-25 DB (MIN) @ 50 WATTS
—-80 DB (MIN)

115 VAC, 50/60 HZ
0C.TO+50C.

-35C.TO +70C.

TYPE N FEMALE

40 LBS

19" RACK, 7" HIGH, 20" DEEP
INTERNAL FORCED AIR

Table 1. Specifications for the new broadband amplifier.
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AMAZING!

A stable
0CX0
measuring only
1.5"x1.25"x0.86"

new

THAT’S SUBMINIATURE!

TYPE | CO-T37 €0-738S
Aging | 1x10°%/day 5 x10*/day
3x10 fyr 1x10°/yr
5 x10°/yr opt.
0/50°C| +1x10° 1 x10°
-20/+70°C | £3 x10* 15 x10*
Warm-up (3x10*) { 10 minutes 3 minutes
Freq. Range | 32kHz-50MHz | 32kHz-32MHz

or 15V/5V HCMOS

To order a Free catalog, or for
engineering assistance, call:

(203) 853-4433 |
Fax: (203) 849-1423

Input/Qutput |15 Volts/7 dBm into 50€2

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.

166 Glover Ave., P.O. Box 5160. Norwalk. CT 06856-5160

A  DOVER ) TECHNOLOGIES COMPANY
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Figure 2. Multiple-stage combining technique.

limitation was the fact that even the
best combiners have losses which
increase with frequency. When trying to
achieve broadband performance into
the UHF band, the combining losses
become significant. For example, a 1-
500 MHz broadband combiner may
have less than 0.1 dB loss at 1 MHz,
while the loss at 500 MHz may be as
much as 1 dB. With a cascade of sev-
eral combined stages the avaitable
power at the higher frequencies will
drop off significantly.

Another approach to broadband
power design was to use a pair of bipo-
lar devices to develop the power in one
stage (Figure 3). First, one had to select
a device with as low an output capaci-
tance as possible and a large DC oper-

ating area for class A operation. The
development of the heavily ballasted
UHF 100 watt device made possible the
development of good 25 watt class A
stage operating up to 200 MHz. A pair of
these devices were operated in push
pull to achieve £0 watts class A linear
power from 1-200 MHz. But circuit
design and reproducibility was a chal-
lenge. Since the operating impedances
are very low, gain sloping rather than
negative feedback is the primary design
element to achieve flat power gain ver-
sus frequency. The DC beta of the
device primarily controls the low fre-
quency gain and the F, of the device
controls the high frequency gain. Even
with both parameters specified to some
degree, individual test selection of gain
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Figure 3. Push-pull bipolar class A amplifier.

sloping components was sometimes
necessary, much to the dismay of the
production manager. A primary advan-
tage of this technique is that four 50 watt
modules can be combined to easily
obtain 200 watts output power without
bandwidth shrinkage. Obtaining this per-
formance with a 5 watt module would be
extremely difficult. A major limitation of
this high power approach is the ability of
the amplifier to deliver full rated power
into moderate VSWRs. The amplifier
could deliver more current into a lower
impedance, but the vokage swing of the
load line limited the amount of power

which could be supplied into a high
impedance.

A major development in the evolution
of broad band design was the introduc-
tion in 1977 of the first push pull pack-
age. The engineering community was
quick to accept this new approach for
improved broad band performance. A
new market existed for an instrumenta-
tion amplifier that covered the newly
introduced 100-500 MHz power devices.
Using a similar design approach as out-
lined above, it was possible to design a
100-500 MHz class A stage with an out-
put power of 25 watts. Since the band-

Figure 4. 50-watt building block using matched push-pull devices.

RF Design

LowNoise

OCXOs

from

Low Noise OCX0s
(4-25MHz)

TYPE

CO-717L2

C0-718SL2

Aging

1 x10°/day
(3x107/yr)

5 x10 “/day
(1 x107/yr)

0°C to 50°C
-20°C to + 70°C

+1x10°®
+3x10°

15 x10°
+1x10°

Phase 100Hz
Noise 1kHz
50kHz

-145dBc/Hz
-160dBc/Hz
-165dBc/Hz

-155dBc/Hz
-163dBc/Hz
-1680Bc/Hz

Size

2%2x1°"

2% x1"*

"Reduced height available

Low Noise OCX0s
(25-200MHz)

TYPE

C0-7245L2

C0-7258L2

Aging

2 x10/day
(5x107/yr)

5 x10"*/day
(1 x107/yr)

0°C te 50°C
-20°C to + 70°C

2 x10°
5 x10*

5 x10°
+1 x10°

Phase 100Hz
Noise 1kHz
75-125 MHz) 50kHz

-130dBc/Hz
-145dBc/Hz
-157dBc/Hz

-120dBc/Hz
-135dBe/Hz
-140dBc/Hz

Size

2x2x1™

Yavaivs

*Reduced height available

To order a Free catalog, or for -
engineering assistance, call:

(203) 853-4433
Fax: (203) 849-1423 ¢ C

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.

166 Glover Ave., P.O. Box 5160, Norwalk, CT 06856-5160

e
A ) DOVER ) TECHNOLOGIES COMPANY
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R LDw FREQUENCY AMPLIFIER
HIGH FREQUENCY AMPLIFIER ) H:: ¢
e -— —-— Ly
Figure 5. Diplexed amplifiers for greater bandwidth. Figure 6. MOSFET distributed amplifier technique.

width of 5:1 can be accommodated with was possible to design a 40-50 watt shown in Figure 4. The quadrature com-
a three section quadrature combiner, it building block with only two modules, as biner, in addition to providing a combin-

AVAILABTLE N O W

oax Board-to-Board

M/A-COM Omni Spectra ncw Other features of the OSX

offers OSX board-to-board coaxial board-to-board connectors include:
connectors to interconnect printed Frequency

circuit boards with minimal PCB Range: de-6GHz

pitch. The mated connector pair Impedance: 50 Ohms Nom.
yields 0.28 inch (7.11 MM) nominal VSWR: 1.25Max. @ 4 GHz

1.35 Max. @ 6 GHz
Insertion Loss: 0.1 dB Max./1000 MHz

separation between the printed
circuit boards, and still provides

0010 inCh (254 mm) Stand-Cff Connector
per connector for optimum Durability: 500 insertion/
board cleaning. withdrawal cycles
: : . Temperature
M/A-COM Omni Spectra has your inexpensive Range: 65°C to +165°C

solution to coaxial board-to-board connections.

MAC

Call or write today for the OSX Connector Brochure.
M/A-COM Omni Spectra . 140 Fourth Avenue . Waltham, MA 02254-9101

Tel USA (617)890-4750 . UK (0344)869595 . Japan 03(226)1671
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Jc FILTERS
Complete package for L-C
conventional, narrowband, controlied
delay, symmetric and zig-zag filters
with all-pole and elliptic responses.

-« MATCHING & AMPLIFIERS
Narrow and broadband with arbitrary
terminations. Lumped and line
elements for single or multistage,
passive or active, networks.

pgLagievare

TEL (404) 939-0156
FAX (404) 939-0157
1750 Mountain Glen
Stone Mountain, GA 30087

Jc OSCILLATORS -« DELAY EQUALIZERS
Designs L-C, SAW, crystal and Group-delay equalization of measured
transmission line oscillators. or simulated filters using one to ten
Estimates SSB phase noise and 2nd-order all-pass sections.

residual FM and PM.

-« TRANSMISSION LINES
Relates physical and electrical

parameters of microstrip, stripline,

coax and coplanar waveguide. —SCILLHTOR‘

Accurate algorithms with references. | MATCH
=FILTER=

CALL or FAX TODAY

: =SuperSt0r=
: * HIGH-SPEED SIMULATOR
’EIE “‘t‘ } 5 ‘ { -
SAME PRICES INTERNATIONALLY el S A e -
DIRECT SALES & USER SUPPORT CUSTOMIZED SOLUTIONS
BY FRX, PHONE OR LETTER FROM $279 TO $3649
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ing function, provided a building tlock
that had inherently low input and output
return loss. Since the transistors were
operated 90 degrees out of phase (with
cancellation of equal return reflections),
the module performed very well when
driving moderate VSWRs. The resulting
modules could then use conventional in-
phase combining to easily obtain power
in the 200 watt range. A similar tech-
niqgue was used several years latar to

achieve class A power in the 100 watt
range from 500-1000 MHz.

The next major broadband milestone
was the introduction of the high power
FET. It basically had no safe operating
area limitation and exhibited an input
impedance of basically the same level
as bipolar devices with input matching.
This was a major development in the
instrumentation marketplace because its
volume is relative low compared to the

communications and military market.
The FET gave the designer the capabili-
ty to optimize amplifier designs without
begging for custom input matches which
were generally required with bipolar
designs. The elimination of secondary
breakdown, coupled with the high DC
input impedance, made class A biasing
a design problem of the past.

Today, the most versatile design block
is a dual push-pull design which is quad-

if crystals are of
interest to you, we will
supply all the informa-
tion you need.

KVG - Selected
to be the best.

KVG GmbH P.0.-Box 61,

Phone 07263/648-0 Telefax 07263/6196

QUARTZ CRYSTALS INFO/CARD 43

52

R |

D-6924 Neckarbischofsheim, Federal Republic of Germany

SCIE

NTIFIC
AR

KVG Products. To solve your frequency
control problems with crystals!
Quartz crystals. 800 KHz - 300 MHz.
High temperature stability.
Resistance to shock and vibration.
Crystal filters. 400 KHz - 200 MHz.

CRYSTAL FILTERS INFO/CARD 123

Discrete and monolithic. Crystal oscillators.
0CX0.<+5x 10% = 25... +70 °C,

PXO/VCXO0. 3 KHz - 300 MHz;

DTCXO0. 100 KHz - 17 MHz.

Low power consemption

in small cases.

KVG North America Inc.

2240 Woolbright Rd, Suite 320 , Boynton Beach, FL. 33426-6325

Phone (407) 734-9007 Fox (407) 734-9008

CRYSTAL OSCILLATORS INFO/CARD 122
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rature coupled. Th2 push pull design
exhibits improved broad band matching
with even-order hammonic cancellation.
Quadrature combining preserves the
advantages of push pull design and
adds input and output reflection cancel-
lation, third harmonic reduction, and
greatly improved load driving capability.

Unfortunately, a guadrature combiner
requires a 90 degree phase shift in one
of the input/output ports to function. This
performance can be obtained in many
structures. However, the object is to
obtain a 90 degree phase shift over the
broadest bandwidth as possible. A three
section coupled symmetrical line struc-
ture is capable of 5:1 bandwidth at the
expense of in-band ripple of +0.75 dB.
Lumped quadrature combiners have
been designed with ripples as low as
+0.15 dB over the same bandwidth at
the expense of some phase imbalance.
There are even some designs in the
industry which have approached 25:1
bandwidth at the exoense of loss and
lower power capabil ty. These designs
still are very useful because only the
first building block 1eeds quadrature
combining. In-phase combining may be
used with these building blocks to
achieve high power levels while retain-
ing all the benefits mentioned earlier.

To provide a preamplifier-driver using
solid state technolcgy for the broad
band vacuum tube distributed amplifiers,
a novel design app-oach was devel-
oped. Two amplifiers were diplexed to
cover an extremely wide bandwidth (Fig-
ure 5). Since most so id state devices at
power levels in the excess of 10 watts
rely on RF transformzr technology, the
bandwidth of the transformers becomes
a limiting factor, especially at the lower
frequencies. To overcome this basic lim-
itation, overlapping amplifiers were
designed and coupled by diplexers to
provide continuous bandwidths in the
excess of 20,000:1.

A further market which has emerged
can be called the “ultra-broadband”
design. Amplifiers that cover from 1-500
MHz or even 1-1000 M-z, at power levels
from a few watts to as high as 100 watts,
find applications in fields as diverse as
component testing and medical research.

Virtually all the designs start with a
low power module, ising combining
technology to achieve quite respectable
performance. The basic limitation is the
loss slope of the combiner. As more
modules are combineo for higher power,
the combiner loss at tte higher frequen-
cies creates a natural Jower roll-off with
frequency. Typically, the maximum

RF Design

available power drops almost 3 dB from
midband to the upper band edge due to
combining losses.

Distributed Amplifiers

A broad band technology that has
been around since the 1940s is the dis-
tributed amplifier. In the past, it has
been almost the exclusive domain of the
vacuum tube. Today there are a number

of companies offering amplifiers supply-
ing over 1000 watts from 10 KHz to over
200 MHz using this technology.

The basic principle of operation is to
use the input and output capacitance of
active devices as elements in a lumped
transmission line. One end of the output
line is a load to absorb reflections with
the other end being the output. The
input line is constructed in a similar

Reference

Q2220: lt;w Cost, Low Power DDS
Q2230: Low (ost, High Speed DDS

what'’s in this for you!

QLIALCON\N\

What'’s In This For You?
ok DDS - Driven PLL Synthesizer

Q3036: High Frequency, :
Q2334: Dual DDS PSK/FSK Modulator

Q2510: 10-bit, 100 MHz DAC
Q2520: 12-bit, 80 MHz DAC

DDS-driven PLL technology provides the high frequency
output, wide frequency range, and fine frequency resolution
youneed. QUALCOMM provides all the major components
your synthesizer system requires:

¢ Direct Digital Synthesizers

* Digital to Analog Converters

e Phase Locked Loop Frequency Synthesizers
* Voltage Controlled Oscillators.

Explore the benefits of DDS/PLL technology with
our Q0710 DDS/PLL demo circuit, or send for our
free “DDS/PLL Hybrid” Application Note and discover

Low Noise PLLFS :

Q3500: Wideband Robust V(o
Series, 100 fo 2400 MHz

10555 Sorrento Valley Road
San Diego, CA 92121-1617 USA
Tel: (619) 597-5005

m VLSI Products

"...the eIegam;\solution 4

nthesizer

Fax: (619) 452-9096

INFO/CARD 54
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fashion with the end of the input line
also being terminated in a load resistor
to absorb reflections. The properties of
such an amplifier are broad bandwidth,
good input (S11) and output VS'WR
(S22), high isolation (S12), improved
load driving capability and relatively high
power output. Attempts in the past to
use bipolar devices in a distributed
amplifier have not been very successful

because of the low input impedance of
power bipolar transistors. Emerging
GaAs FET technology paved the way for
solid state distributed amplifiers. There
have been numerous circuits published
and a number of commercial companies
marketing such devices, either as a MIC
or a complete amplifier. The power gen-
erally is less than 5 watts, but it is an
accomplishment to develop several

The new SR770 FFT Analyzer

bandwidth — plus a versatile
synthesized source
that generates clean
sinewaves, two-tone
signals. white and
pink noise, and chirps.

The low distortion

(-80 dBc) source is
internally synchronized
to generate frequency
response measurements
accurate to 0.05 dB. Both the
SR760 and the SR770 quickly

* 90 dB dynamic range

Frequency response - Using t/ie SR770's
low distortion synthesized source, Bode
plots of amplitude, phase and group delay
are quickly generated.

SRS

Dynamic Signal Analysis
with SRS FFT Spectrum Analyzers

has the outstanding performance and value you've come to expect from
SRS Spectrum Analyzers — 9C dB dynamic range, 100 kHz real-time

perform harmonic, band, sideband and 1/3 octave analysis. as well as
data tables and GO/NO GG testing.

» 476 pHz to 100 kHz frequency range

+ Low distortion source (SR770) — sine,
two-tone, chirp, white and pink noise
+ GPIB. RS-232, printer port, disk drive

Data analysis - Easy (0 use analysis
Sunctions include 113 octave, band. sideband
and THD. Math functions and a responsive
marker provide power and flexibility.

STANFORD RESEARCH SYSTEMS

1290-D Reamwood Avenue + Sunnyvale, CA 94089
TEL (408)744-9040 « FAX 4087449049

v A= Al

SR770 ......... $6500
SR760 ......... $4750
I T S )

(U.S. list)
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watts from 2-20 GHz. The same princi-
ples that make possible distributed
amplifier operation with vacuum tubes
and GaAs FETs can also be applied to
silicon medium power FETs.

Milcom Internatioral has been success-
ful in designing a single module which is
capable of 50 watts linear operation from
below 1 MHz to over 500 MHz (simplified
diagram in Figure 6). This is accomplished
by the use of ferrite technology to lower
the operating impedance of the amplifier
to a level where the input and output
capacitances of the silicon FETs will func-
tion as the capacitive elements in a trans-
mission line just as in the vacuum tube
design. After the amplification process, the
impedance is stepped back up to 50
ohms. To achieve higher power, the input
signal is split in phase in addition to
impedance transformation to allow push-
pull operation. A module of this design
retains the benefits of push pull operation,
has improved capability to drive non 50
ohm load impedances over push-pull
designs, and has excellent input and out-
put VSWRs considering the amount of
power being developed. Since the isola-
tion of such a module is high enough that
the load VSWR doesn’t cause significant
deterioration of the amplifier's input
VSWR, a conventional push-pull preampli-
fier-driver can be employed. Another ben-
efit is that 50 wat:s is being generated
without traditional combining, and higher
powers have been achieved with only a
minimal high frequency loss, less than 0.5
dB. For general purpose instrumentation
applications, this solid state high power
distributed amplifier is an advancement in
the state of the art of ultra bandwidth
amplifiers.

Specifications of the Milcom LSA1051-
50A broadband amplifier are shown in
Table 1. Readers desiring more informa-
tion can call Milcom International at (714)
554-1710, or circle Info/Card #250. RF

About the Author

Charles Gentzler has spent twenty
years in the RF industry, designing
broadband amplifiers and related
products. He has been granted a
patent in the area of biasing bipolar
transistor for class A operation. He
has held engineering management
positions at Ailtech, EPSCO RF divi-
sion, Lucas Zeta division, and cur-
rently is Vice President of Engineer-
ing at Milcom International, Inc.,
10891 Capital Ave., Garden Grove,
California 92643.
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RF products

Miniature UHF Transmitter

Based on innovative Surface
Acoustic Wave (SAW) technolo-
gy, a new miniature UHF transmit-
ter module ideal for a wide range
of RF applications Fas been
developed by RF Manolithics
(RFM). Available in samrple quan-
tities by second quarter 1993, the
HX1000 transmitter provides an
excellent radio frequency alterna-
tive to many remote cortrol appli-
cations that now use inf-ared (IR)
technology. The first in the RFM
HX series, the HX1000 operates
at 433.92 MHZ. Its ilfmovative
package design and tke propri-
etary SAW output filter implemen-
tation provide the capability to
meet the stringent 1 ranowatt,
2nd harmonic emissior require-

ment of the German FTZ
17TR2100 specification. The
HX1000 is designed to operate
from a 3 V lithium battery, and
using a 10 percent duty cycle, will
draw 0.75 mA average operating
current. The transmitter measures
0.340 x 0.400 x 0.107 inches. The
HX1000 is specified to operate
over a temperature range of —40
to +85 degrees C with a frequen-
cy accuracy of 0.05 percent. It
can support data rates of up to 3
kbps using pulse amplitude modu-
lation. Production quantities will
be available by fourth quarter
1993. Unit pricing is $7.63 in
quantities of 10,000.

RF Monolithics, Inc.
INFO/CARD #231

Low Frequency

Crystals

TeleQuarz USA tas an-
nounced a new family of low cost,
low frequency crystals, the LFQ
series. Built upon commercial “AT
cut” technology, these crystals
offer remarkably high perfor-
mance at commodity lev2l prices.
The LFQ series crystal frequen-
cies range from 2 to 14 MHz fun-
damental, with tempera:cure sta-

bilities to below 20 ppm at 0 to 70
degrees C. Aging rates of under
3 ppm/yr are typical. LFQ crystals
are furnished primarily in stan-
dard HC-49/U, although other
packages including shock resis-
tant and SMD housings are avail-
able. LFQ crystals are suitable for
both IR reflow and wave solder-
ing techniques, and can be fur-
nished in bulk or tape/ree format.
A variety of standard frecuencies
are ready for immediate delivery;
quantity prices start at under 20
cents per unit.

TeleQuarz USA

INFO/CARD #230

RF Design

High-Speed
Direct Digital
Sgnthesizer

UALCOMM, VLSI Products
has announced the high-speed,
single-chip Q2230 Direct Digital
Synthesizer (DDS). The Q2230
DDS has a maximum system
clock rate of 85 MHz, which
allows it to synthesize output
sinusoids from 0 up to 42 MHz
when combined with a QUAL-
COMM Digital to Analog Convert-
er (DAC). This synthesizer topol-
ogy is perfect for applications that
require fast frequency switching,
good signal quality, and low cost.
The Q2230 DDS consists of a
frequency control interface, a 32-
bit phase accumulator, a 15-bit
sine lookup converter, and a 12-
bit DAC output. Available in an
80-lead plastic quad flatpack
package, QUALCOMM's Q2230
has a commercial operating tem-
perature range of 0 to 70 degrees
C. A single 5 V supply is required

and the typical power dissipation
is 980 mW operating at 85 MHz.
Pricing for the Q2230C-85S1 is
as low as $28.50 (quantity 1000).
Availability is from stock.
QUALCOMM, Inc., VLSI
Products Div.

INFO/CARD #229

Crystal Test
Setup

An enhanced version of the
SNA-120 crystal test setup from
Wandel & Goltermann is now
available, the SNA-120A. The
new test setup uses a test tech-
nique which was recently incor-
porated into a IEC standard to be

published as |IEC 444-5. SNA-
120A features include excellent
accuracy and reproducibility of
results, along with an enhanced
test technique for measuring
crystal equivalent electrical para-
meters in the frequency range
above 125 MHz. A new test fix-
ture allows the setup to measure
LF crystals with excellent speed
and accuracy. The advantages of
the new fixture are most apparent
when measuring LF quartz res-
onators with high series resis-
tance. The test time is no longer
a function of the settling time of
the test object, making it possible
to measure equivalent electrical
data of clock crystals in less than
20 seconds.

Wandel & Goltermann, Inc.
INFO/CARD #228

Hand-Held Power

Meter

The 6970 RF power meter,
launched by Marconi Instruments,
is the first RF and microwave
power meter to provide accurate
measurement capability in a
rugged, hand-held portable unit.
This cordless instrument covers 30
kHz to 40 GHz and provides similar
functionality to currently available
bench-top power meters at approx-
imately half the cost. The 6970
uses the same power sensors as
the Marconi 6900 series power
meters and 6200 series microwave
test sets. These sensors can mea-
sure power levels from =70 dBm to
+35 dBm. Key features of the 6370
include a large three or four digit
LCD display, an analog peaking
indicator, and an audible pass/fail
alarm to indicate when pre-set lim-
its are exceeded. The 6970 weighs
less than 1.25 Ibs, and measures
3.5 x 7.5 x 1.75 inches. The 6970's
built-in battery provides up to eight

hours continuous operation and
can operate from AC line while
recharging. Price for the 6970 is
$1522, with delivery in six weeks.
Marconi Instruments, Inc.
INFO/CARD #227
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CELLULAR REPEATERS

LA

LINEAR ”AMPLIFIEF.iS FROM
LT

HIGH INTERCEPT POINT / HIGH EFFICIENCY
15 TO 80 dB SWITCHABLE GAIN
ALARMS AND MONITORING FUNCTIONS

Bandwidth Supply
{MHz) (%) (VIA)

Part n°

RPS60-10-01 935-960 26/25
RP900-10-01 824-849 26/25
RP-PC-960-06-02 | 890-915 21-31/18
RP-AS-960-10-01 | 820-960 21-31/25
RP960-R6-01 890-960 12/07

INFO/CARD 46
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RF DESIGN
AWARDS CONTEST

Who Wil Be the Winners?

Which software entry will win the
Version 3.5 RF design software pack-
age for Windows from EEsof, Inc.?

Which design idea will win the
UFX-BER bit-error-rate test instrument
from Noise Com”?

What great ideas will be published
throughout the next year?

Watch for the results
in the July issue of
RF Design!
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Product Spotlight: Mixers

Low Drive

Mixers

The Starved L.O. series of mix-
ers from Synergy Microwave fea-
tures high quality performance
with local oscillator drive levels of
only +1 dBm. Series within the

Starved L.O. line provide different
packaging styles. All mixer series
cover 0.5 - 2500 MHz, have typi-
cal conversion loss of 7 dB and
typical RF/LO isolation of 35 dB.
Prices for the standard surface
mount package series, the SRD
series, start at $6.30.

Synergy Microwave Corp.
INFO/CARD #226

SMT Active

Mixer

The IAM-82008 from Hewilett-
Packard covers the frequency
ranges used for several ser-
vices in the 900 MHz and 2.4
GHz bands. The active mixer
offers conversion gain to 5 GHz
and IF to 2 GHz. The |AM-
82008 requires only external
blocking capacitors for opera-
tion and can provide +8 dBm IF
output, up to 15 dB conversion
gain and requires only a 0 dBm
LO signal. The device sells for
$3.55 per piece in the thou-
sands.
Hewlett-Packard Co.
INFO/CARD #225

High Dynamic
Range

Locus produces high dynamic
range mixer assemblies which
cover the HF/VHF band with third
order intercept points to +45
dBm. Image reject mixer down-

converter and single sideband
upconverter configurations pro-
vide 45 dB of image/sideband
rejection. Wideband quadrature
capability affords IRM/SSB base-
bands over a 20:1 bandwidth
ratio. Supolemental IF filter con-
figurations give over 90 dB of
rejection.

Locus, Inc.

INFO/CARD #224

Low

Intermodulation
The DMH-4R-1000 double bal-
anced mixer from Mermmac uses
two paraliel ring modulators to
produce a wide bandwidth circuit

with very low intermodulation.
Although designed for drive levels
of +13 dBm, it will operate at
drive levels from +7 to +17 dBm.
Merrimac industries, Inc.
INFO/CARD #223

Two-Tone

Performance

The model SBF0O031M6/13
MESFET mixer is designed for
use as a down or upconverter in
selected dense signal environ-
ments where dynamic range is
critical. The high input intercept
level of this mixer prevents
unwanted cross modulation.
Unlike Schottky diode mixers,
only +23 dBm LO power is
required for an unprecedented
+36 dBm two-tone third order
intercept point and +27 dBm (0.5
W) RF input 1 dB compression.
Miteq
INFO/CARD #222

SIGNAL
SOURCES

SMT Clock
Oscillators

AVX Corporation has intro-

duced a line of AVX/Kyocera,
surface mount clock oscillators.
The AMO-HC series will drive
up to 50 pF CMOS loads or 10
TTL gates. A de-coupling
capacitor is built in, and the
oscillators are available in sev-
eral standard footprints and 15
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standard frequencies.
AVX Corporation
INFO/CARD #221

Cellular/PCS
Sgnthesizers
y

nthesizers from RF Proto-
type Systems provide a simple
low-cost solution for local oscilla-
tors in all the standard cellular/
PCS and EAMPS celiuler radios
that use a common LO for both
transmit and receive sections or
those that use separate PLL's for
transmit and receive szctions.
The synthesizers offer excellent
phase noise, low noise aid small
size. Software for programming
serial models is available parallel
models are programmabdle with
on-board DIP switches.
RF Prototype Systems
INFO/CARD #220

SMD, High
Frequency

SaRonix announces & line of
high frequency surface mount
crystal controlled oscillators.

Available from 48 to 130 MHz
with ACMOS output capable of
driving both CMOS and TTL
loads, the line boasts Icw input
current and is available in several
surface mount packages. The tri-
state output is short circuit pro-
tected.

SaRonix

INFO/CARD #219

+0.25% Devialion
VCXO

Vectron has develcped a
series of VCXOs and TC.VCXOs
to provide deviation capebility of
+0.25 percent while maintaining
linearity to +1 percent. The CO-
271/275, CO-351/352 se‘ies are
available in frequencies from 3.5
to 600 MHz. Price for a 20 MHz
VCXO with +0.25 percen: devia-
tion and +0.01 percent 0/50° C
temperature stability is $211 for
100 pieces and 10 week delivery.
Vectron Laboratories, In:.
INFO/CARD #218

RF Design

SIGNAL
PROCESSING
COMPONENTS

Failsafe Switches
Alan Industries announces two
new series of high frequency
coaxial failsafe switches. They
are the SS series for the DC to
18 GHz range and the HS series
for the DC to 12.4 GHz range.
After an interruption of control
voltage these failsafe switches
return automatically to their origi-
nal position. The switches are
SPDT, and switching speed is 20
ms at 20 degrees C. Prices start
at $215.
Alan Industries, Inc.
INFO/CARD #217

Bandpass Filter
KelLcom bandpass filter model
BP-19.2/X16 offers phase lineari-
ty of < +1 degree from 16.7 to
21.7 MHz. A minimum 3 dB
bandwidth of 16 MHz centered
around 19.2 MH.. yields < 0.5 dB
insertion loss with VSWR of
1.5:1. Outline dimensions are 0.8
x 0.4 x 0.4 inches with PC mount.
KeLcom
INFO/CARD #216

4-way SMT

Divider

The Merrimac PDG-4E series
of 4-way in-phase power
dividers/combiners cover a broad
frequency range of 2 to 2000
MHz. Versions are available in
various broad bandwidths includ-
ing 2-100, 10-500 and 100-2000
MHz. The compact package
measures 0.8 x 0.8 x 0.17 inch-
es and is hermetically welded for
high reliability.
Merrimac Industries, Inc.
INFO/CARD #215

Plug-In Filters

Lorch Electronics offers a full
line of lumped element bandpass,
highpass and lowpass filters in
low cost TO-style packages. Up
to 11 sections are available in
highpass and lowpass filters,
bandpass filters use up to five
sections. Highpass cutoffs as low
as 1 MHz are available as are
cutoff and center frequencies of
up to 2000 MHz for lowpass and
bandpass filters.
Lorch Electronics
INFO/CARD #214

_«Iake Coﬁ'[f&? 3

*"When frequency control is critical,
call us for quick response, technical assistance,
and precisian production and testing
of quartz cry‘stals‘gnd 14 pin DIP oscillators,
TTL-CMOS compatible. Standard and custom
frequencies to 100MHz: ..
..

.

é .

@ / DESIGN-PROTOTYPING
A MANUFACTURING

JnNé 'cyjta/J

“.. CALLTOLL FREE: 1-800-JAN-XTAL

Post Office Box 06017 %
- ,\’Fort Myers, Florida 33906

-t
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For RF,

use EF . ..

E.F.Johnson
for RF Connectors and

Electron rdware

\l‘; EFjohnson

COMPONENTS
299 Johnson Ave., Waseca, MN 56093

1-800-247-8256, ext 6288

INFO/CARD 48
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High Performance,
Low Phase Noise. . .

CRYSTAL
OSCILLATORS

We offer a wide variety of crystal oscillators including
XO's, TCXO's, TCVCXO's and OCXO's. These oscilla-
tors are available with state-of-the-art performance in
phase noise, short term stability and temperature stability.
Ultra low aging is available tarough the use of EG&G's
own "World Class Crystals."

These performance features make our oscillators ideal for
microwave, multiplex, satellite up-link/down-link. test
equipment. telecommunicaticns and any applications re-
quiring precise timing.

So, give us a call at 1-800-424-0266. Our engineering
staff is ready to discuss any standard or custom designed
oscillator requirement you may have.

N EG:G
6§ FREQUENCY PRODUCTS

4914 Gray Road * Cincinnati. Ohio 45232 | in Canada represented by: ELLAM & Assoc. Lid.
Phone 513-542-5555 « FAX 513-542-5146 | Phone 613-727-3892 « FAX 613-727-0368
INFO/CARD 49

Oscillators

—_—
. %
1 AT I

Crystal Oscillator products from SaRonix:

* From 1Hz to 600MHz

 As low as 250 micro Amps per MHz

¢ 3V available

e VCXO pullability up to +/-350ppm

e TTL,CMOS, ACMOS, HCMOS, ECL

e SMT ceramic, plastic, metal packages

..NaRonix.....

SaRonix, Palo Alto, CA (800) 227-8974, FAX (415) 856-4732

INFO/CARD 50
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TEST
EQUIPMENT

Spectrum

Analyzers

Anritsu introduces the MS2610
and MS2620 series of spectrum
analyzers for testing mobile com-
munications equipment. The
MS2612A’s frequency range is 9
kHz to 4.6 GHz and the
MS2613A’s range is from 9 kHz
to 6.5 GHz. The MS2621A,
MS2622A and MS2623A provide
built in tracking generators. The
spectrum analyzers are priced at
$14,950 for the MS2612A,
$17,900 for the MS2613A,
$14,780 for the MS2621A,
$20,740 for the MS2622A and
$22,400 for the MS2623A.
Anritsu Wiltron
INFO/CARD #213

COMINT/SIGINT
System

com has developed a 22-
pound portable measurement
system for 1.7-18 GHz that fits
into a standard suitcase. With an

ultra-compact EL/AZ positioner,
12 inch reflector, and linear feed,
the unit is designed to create a
true manpack COMINT/SIGINT
collection system.

Tecom Industries, Inc.
INFO/CARD #212

Noise Figure

Meter

The model 8419B noise figure
meter is an accurate, rapid,
portable unit capable of measur-
ing receiver noise figure from 0 to
25 dB between 10 kHz and 110
GHz, depending on the noise
source selection. Model 8419B
has a built-in synthesized prese-
lector for suppression of spurious
signals and phase-locked IF tun-
ing accuracy.
S.T. Research Corp.
INFO/CARD #211

Waveform
Generators

Wavetek has introduced a line
of 50 MHz waveform generators
that includes the Model 80 func-
tion generator, Model 81
pulse/function generator and the
Model 85 digitizing arbitrary
waveform generator. Model 80 is
priced at $2695, Model 81 at
$3495 and Model 85 at $3995
with delivery 45 days ARO.
Wavetek Corp.

INFO/CARD #210

Discriminator
Delay Line

Oleson Microwave Labs
announces the availability of a
delay line accessory for use with
the HP Model 3048 and other
phase noise measurement sys-
tems wken using discriminator
phase noise measurement tech-
niques. Included are a calibrated
line strexcher and four separate
delay line sections covering 25,
50, 100 and 200 ns. The delay
sections can be cascaded for
delays totaling up to 375 ns.
Oleson Microwave Labs
INFO/CARD #209

VXIbus Multiplexer

A VXlbus switching module
ideal for switching signals up to
200 MHz is now available from
Racal-Dana Instruments. The
high density multiplexer can be
software configured into several
matrix dimensions. Model 1260-
50B has 80 bi-directional chan-
nels, model 1260-50A has 40.
Prices for the 1260-50A/B are
$2700 and $3700, respectively.
Racal-Dana Instruments, Inc.
INFO/CARD #208

SEMI-
CONDUCTORS

PLL Frequency

Synthesizer

High speed lock-up, a built-in
1.1 GHz prescaler, power-saving
mode, and 2.7 to 5.5 V operation
make the HD155001T from
Hitachi America an excellent
choice for battery powered ana-
log cellular telephones and com-
mercial radio systems. Adjacent
channel lock-ups take approxi-
mately 2 msec; full range lock-
ups require just 25 to 30 msec.
The HD155001T is packaged in a
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small 20-pin surface mount
TSOP package and costs $5.15
in 1000-piece quantities. Sam-
ples are currently availab e.
Hitachi America

INFO/CARD #207

Low Noise
Amplifier

Amplifonix announces the
model TM5125, a low frequency,
low noise figure amplif er. The
noise figure is typically 2 dB with
a 1.0 dB compression of +24.0
dBm. Third order interceft is typi-
cally +40 dBm, and the second
order intercept is +52 dBm.
VSWR is typically better than
1.7:1 input and 1.35:1 output.
TO-8 versions of the unit are
available from stock.

Amplifonix, Inc.
INFO/CARD #206

Variable Gain
Amplifier

Hewlett-Packard has intro-
duced two new silicon bipolar
MMIC variable gain amplifiers,
IVA-14228 and IVA-14208. Both
devices have operating band-
widths from DC to 2.5 G-z, (3.4
Gb/s data rates). Typica gain is
24 dB, with a 34 dB typizal con-
trol range (10 dB attenuacion can
be produced). Both inputs and

outputs can be operated either
single ended or balanced. The
IVA-14208 is supplied in a plas-
tic SO-8 package and is priced
at $9.95 for quantities less than
100. The IVA-14228 is peckaged
in a high-reliability, meta¥ceram-
ic hermetic package and is
priced at $54.50 is sub-100
quantities.

Hewlett-Packard Co.
INFO/CARD #205

Low Power

Switches

Low leakage (250 pA max. at
25°C), fast switching (175 ns
max. turn-on time), and ow on-
resistance (35 ohms mex.) are
featured in the DG417, DG418
and DG419 precision CMOS ana-
log switches from Maxim. The
DG417 is a SPST normally open
switch, the DG418 is a SPST nor-

RF Design

mally closed switch, and the
DG419 is a SPDT normally
open/normally closed switch. The
switches are available in 8-pin
DIP and narrow SO packages.
Prices start at $1.19 and $1.63
for the single throw and double
throw switches, respectively.
Maxim Integrated Products
INFO/CARD #204

Log Amp

By compressing the amplitude
of signals, (up to 15 MHz), over a
55 dB range, the TDA8781 loga-
rithmic amplifier from Philips can
be used to reduce the resolution
needed in A/D converters. Oper-
ating from a 5 V supply, it draws
a typical current of 8 mA and 250
uA in standby mode. The
TDA8781 is packaged in a 14-pin
small-outline package.
Philips Semiconductors
INFO/CARD #203

150 MHz Op
Amps

SGS-Thomson has announced
the TSH150 and TSH151
BiICMOS operational amplifiers.
The devices can drive 50 ohm
lines directly and have low offset
voltages of 5 mV (max), slew rate
of 200 V/us, differential gain of
0.05 percent and a differential
phase of 0.05 degrees. The
THS150 has bipolar input transis-
tors and input noise voltage of 7
nV/VHz. The TSH151 has CMOS
input and input bias current of 25
pA (typ). In 10,000 piece quanti-
ties, the TSH150 costs $2.60,
and the TSH151 costs $3.31.
SGS-Thomson Microelectronics
INFO/CARD #202

DISCRETE
COMPONENTS

Vertical Trimmer

Sprague-Goodman has an-
nounced the expansion of its
Airtrim*® air dielectric trimmer
capacitor line to include new
vertical surface mount models.
The new models allow tuning
access perpendicular to the
mounting surface and are initial-

.
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INTERNATIONAL CRYSTAL MFG. CO., INC.
P.0. Box 26330 + 729 W. Sheridan « Oklahoma City, OK 73126-0330 + (405) 236-3741
FAX (405) 235-1904 « Toll Free Phone 1-800 725-1426 » 24 Hour Toll Free Fax 1-800 322-9426
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New 47000 Series

Value engineered for commercial applications,
competitively priced without sacrificing Johanson
quality and reliability.

Tape and reel packaging on selected mounting styles.
Q’s greater than 5000 @ 250 MHz.

Advanced “poke-seal” construction provides reliable
tuning access during assembly and cleaning.

Rockaway Valley Road, Boonton NJ 07005 USA
Phone 201-334-2676 Fax 201-334-2954

INFO/CARD 52
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ly available in three capacitance
ranges: 0.35-3.5 pF, 0.6-6
pF and 0.8-10 pF. Model
GAA10009 is priced at $6.15
each, in quantities of 100.
Sprague-Goodman Electronics
INFO/CARD #201

Chip Caps

Philips Components’ 0603
microwave NPO ceramic muitilay-
er capacitors exhibit very low
insertion loss, even up to 3 GHz.
Rated voltage of the series is 63
V and capacitances range from
0.47 pF to 47 pF, with standard
tolerances of +0.5 pF, +0.25 pF
and +0.1 pF for capacitances
below 10 pF.
Philips Components
INFO/CARD #200

Chip Inductors

A new series of discrete chip
inductors is being called “the
world’s smallest” by Toko Amer-
ica because of the series’ 1.6 x
0.8mm footprint and 0.8mm
height. Self-resonant frequen-
cies are as high as 4 to 5 GHz,

and inductances range from 3.9
to 39 nH. Tolerances are 10 or
20 percent, and Q’s are over 25
at 300 MHz. The LL1608 series
is available on tape and reel in
quantities of 4000 pieces per
reel.

Toko America, Inc.

INFO/CARD #199

SUBSYSTEMS

IQ Conversion

and Processing
The 1Q200 is a precision in-
phase and quadrature (1/Q) signal
conversion and filtering system.
Two modules are available. The
1Q200-RF performs precision 1/Q
mixing to baseband. The 1Q200-
LP is a dual channel, program-
mable lowpass filtering and con-
ditioning system. The two mod-
ules together cost $2990, $900
for the 1Q200-RF alone, and
$2290 for the 1Q200-LP alone.
Elanix, Inc.
INFO/CARD #194

Cellular Combiner
The AutoCELL™ autotune cellu-
lar Tx combiners use ceramic res-
onators from Antenna Specialists
and technology patented by Deci-
bel Products to speed tuning time
and provide automatic frequency
re-allocation between cells.
Decibel Products &
Antenna Specialists
INFO/CARD #193

Radio Modem

Repco announces the NLR-
96, a 9600 bps radio modem
requiring no FCC site license.
The modem uses spread spec-
trum modulation and connects
to any RS-232 data source to
transparently transfer data. it
can be configured for either
synchronous or asynchronous
operation.

Repco, Inc.
INFO/CARD #192

Beamformer
The BM 4422 series of high
reliability broadband beamform-

ers combines four input channels
and provides four simultaneous
outputs with varied amplitudes.
Operating from 0.5 to 2.0 GHz,
the units meet all performance
specs over the -55 to +125
degree C range. Units exhibit 6
dB insertion loss and measure
4.00 x 3.00 x 0.75 inches.
Technical Research and
Manufacturing, inc.

INFO/CARD #190

PC-Controlled,
HF Receivers

A group of receivers for stand-
alone or multi-channel operation
in computer controlled applica-
tions has been approved for com-
mercial, industrial and military
use. Each unit measures 6.5 x
4.7 x 2 inches, weighs 1.5
pounds and draws less than 10
W of DC power. Frequency cov-
erage is from 5 kHz to 30 MHz
with resolution to 1 Hz. Model
R232-A costs $5050 and is deliv-
ered in 12 weeks.

Inline Components, Inc.
INFO/CARD #189

Services you need!

YES! | need ___
[J One copy — $19.95 ea.
[J 24 copies — $18.00 ea.

Need extra copies of the
1993 RF Design Directory?

Find the Components, Instruments, Software, Hardware and

copies.

[C 5-24 copies — $15.00 ea.
(1 25+ copies — $10.00 ea.

Call for Papers
RF Expo East

Tampa, Florida — October 19-21, 1993

RF Expo East suggested topics —

s Personal Communications — DECT, CT2. PHP, PCN, PCS
Data Communications — WLAN, RF DSP, Voice and Data
Specialized Techniques — Medical, Automotive, Scientific
New Wireless Applications — Part 15, SS, RFID, Security
Cellular and Mobile Radio — Circuits, Components
Test, Measurement, Analysis — Test Methods, CAD/CAE
Essential RF Circuits — Amplifiers, Oscillators, Mixers, etc.

books $ {* postage] $ TOTAL
*{add $2.00 postage if outside U.S.)
Please charge my [0 AMEX O VISA O mc
No. Exp

Sig.

PRINT NAME First Middle Initial Last

Title Company
Address Telephone n T
City State Zip

Cardiff Publishing — Circulation
6300 S. Syracuse Way, Ste. 650
Englewood, CO 80111
Fax: 303-773-9716

RF Expo PLUS program

RF Expo PLUS is an additional special track on Commercial Space
Applications. Papers are invited on many topics, including..
LEO Systems Video Compression

INMARSAT DBS
Iridium Satellite Paging
GPS/NAVSTAR Remote Sensing

In addition to the recognition gained by presenting valuable engi-
neering information, all speakers receive a full conference and exhibi-
tion registration and a complimentary copy of the Proceedings.

Send a 50-word abstract by May 15, 1993 to:

RF Expo East
RF Design magazine
6300 S. Syracuse Way, Suite 650
Englewood, CO 80111
FAX: 303-773-9716
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RF tutorial

A Comparison of Simple Software
Methods for RF Calculations

By Andrzej Przedpelsk
The SHEDD Group

As the old saying joes: “there are
many ways of skinning a cat.” There are
also many ways of performing calcula-
tions. The following tutorial is a compari-
son of some of the possibilities.

here does not seem to be any
agreement among engineers as to
what method is easiest to perform some
of the common design zalculations. Four
typical methods are presented and their
advantages and prcblems are dis-
cussed: BASIC, spreacsheet, math soft-
ware and a network analysis program.
The typical selected e»amples for these
types are: True BASIC v. 3.04, Quattro
Pro v. 4.0, MathCAD v. 3.10 and Mike
Ellis' RF5. These were selected for the

following reasons:
* Comparatively low cost. While “do
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Figure 1. Crystal equivalent circuit.

everything” software will easily perform
the most common RF calculations, small
companies and individuals usually can-
not afford their high cost. The software
chosen for this comparison was
obtained as lower cost upgrades or dur-
ing special offer periods.

» Some type of graphic presentation of
data was required, since, as Confucius
says, “A picture is worth a thousand
words.”

* The software had to be flexible and

;..q

suitable for other applications in typical
design engineering.

A typical, though somewhat unusual,
design problem was chosen to be
solved using these different approaches
— Determine the impedance vs. fre-
quency of a high frequency fundamental
crystal. This type is not very common
and not much data is available. Its
series resonance is at approximately
91.2516 MHz and the equivalent circuit,
obtained from the manufacturer, is
shown in Figure 1. The basic program
can be then modified to determine the
effect of stray capacitance, resistance,
etc.

BASIC Language Programming
The common BASIC software has
many drawbacks in engineering work,

100 REM CRYSTAL IMPEDANCE CALCULATION

110 REM NOTE: Use LOAD CMPLXLIB (loads complex math} and SCRIPT LOADSG MAGN 1 TUDE

120 REM {loads graphics) before running program =

130 REM *rnrsarassList crystal constantsrtssrsssassaannnnanansasans

140 LET Cs=.3042e-15 ! series capacity (Farads) 1eS

150 LET Cp=2e-12 | parallel capacity (Farads) i

16¢ LET R=42 ! series resistance (ohms) |

170 LET L=0.91 ¢ series inductance (Henry) i 4

180 REM *nsarsrarsljst frequency range and stepgtirtrssassannnnasar I

19¢ LET F1=91.25e6 ! start frequency RacH !

200 LET F2=91.26e6 ! end frequency {(Hz) 4

219 LET dF=1325 ! frequency steps (Hz} e

220 REM sassmsasnsnssagStart calculation®*aserasssscsnasasansancas g 1

230 DIM Magi8l}, Ang(81),£(81) el

249 LET Ne=l4(F2-Fl)}/dF ! number of points i i

250 FOR x=1 to N step 1 t

260 LET f(x)=F1+(x-1)*dF d 1

270 LET XCs=-1/(2#*pi*f{x3*Cs) ! Cs reactance d 1

280 LET XCp=-1/(2*pisf(x3*Cp) t Cp reactance 100

290 LET XLa2&pi*f(x)eL t L reactance C i

300 LET AS=comp${42,XCs+<L) ! complex representation of A E \ 1

ale LET BS=comp$(0,-1/XCD) ! complex representation of B [ 1

320 LET D$=csum${cquot$(=_one$,A$),BS) ! complex D

3a3e LET 2$=cquot$(c_one$,DS) ! complex 2Z(f) 10}

340 LET Mag{x)=cabs {25} ! magnitude |

as5e LET Ang(x)=cang(25}*360/(2*pi) ! phase angle in degrees | TS (RS E— |

360 PRINT f{x),Mag{x),Ang(x) ! print results 9.1257? 9.126e?

37¢ NEXT x Freq, Hz PHASE ANGLE

3680 REM #AsaransnanarnsPlotting routinesraseaseasnscadannschennnesanennnan ]
390 CALL magnitude 80 ]
400 CALL angle |
410 REM #anasasasassnansaMagitude PLOTAAARAARARNNNARANRAARRASRARRRRRANRRRN

420 SUB magnitude 60

439 OPEN #1: screen 0,.43,.1,.9 ¢ left half size window 4
440 CALL SetGraphType("LXGY") i y-axis logarithmic 10}

450 CALL SetHlabel ("Frej, Hz"} | label horizontal axis A 1
4690 CALL SetVlabel {"Magiitude"} ! label vertical axis n r 1
470 CALL SetTitle ("MAGNITUDE") 1 label graph g 20

480 CALL SetGrid (“H.V.™» ! grid style 1 i
490 CALL SetXscale (F1,F2) ! puts limits on X scale gt *

500 CALL SetYscale (10,1%00800) ! puts limits on Y scale !
510 CALL DataGraph (f,Ma3,8,1,"red white red”) ! plots f and M O I’ ]
520 END SUB =20 1
538 SUB angle d 4
540 OPEN #2: screen .51,1,.1,.9 ! right half window e-40 1
550 CALL SetGraphType ("<Y") g {
560 CALL SetHlabel ("Frej, Hz")

570 CALL SetVlabel ("Angle, deg") —60’ {
580 CALL SetTitle ("PHASZ ANGLE") I

590 CALL SetGrid ("H.v." -go {
609 CALL SetXscale (F1,F2) | |
610 CALL SetYscale (-90,-90) X

620 CALL DataGraph (f,Anj3,0,1, "red white red"”) 9.125¢? 9.126e?

630 END SUB Freq, Hz

640 END

Table 1. BASIC program for calculating crystal
impedance.

RF Design

Figure 2. Magnitude and phase plots generated with

a BASIC program.
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RF TRANS

Over 80 off-the-shelf models...
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Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specified frequency
range?....Mini-Circuits offers a solution.

Choose impedance ratics from 1:1 to 36:1, in
connector, TO-, flatpack, surface-mount, or pin

o) S 10 l
FT e
™0
versions (plastic or metal case built to meet '
MIL-T-21038 and MIL-T-55831 requirements®).

Coaxial connector models are offered with 50 and 75 \ Loy

ohm impedance; BNC standard, other types on request. \ et g
Ultra-wideband response achieves low droop and fast T.TH 7\

risetime for pulse applications. Ratings up to 1000M ohms ‘A

insulation resistance and up to 1000V dielectric voltage. For

wide dynamic range applications involving up to 100mA A \ \

primary current, use the T-- series. Fully detailed data bent lead vérsion \

siyle X 65

appear in our 740-pg RF/IF Designer's Handbook.

Need units in a hurry? .. all models are covered by our
exclusive one-week shipmant guarantee.
Only from Mini-Circuits.

‘urdls ace oot 1IP) nped

WE ACCEPT AMERICAN E XPRERS AND Wise
P O Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ¢ 417-335 5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK
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3KHz-1500MIHz from $7195

34

Q FREQUENCY INSERTION LOSS PRICE $
RATIO MHz
MODEL 3dB 2dB 1dB Q%.

NO. MHz MHz MHz (1-9)
A* TEen IS 1 05-200 05-200 08-150 2-80 445
Ti%6H 1 015-300 .015-300 021-150 03-50 695
T2-1T 2 07-200 07-200 1-100 5-50 495
T25-6T 25 01-100 01-100 02-50 50-20 495
J . T3-1T 3 05-250 05-200 1-200 5-70 495
PRI SEC T4-1 4 2-350 2-350 35-300 2-100 325
T4-6T 4 02-250 02-250 05-150 01-100 445
T5-1T 5 3-300 3-300 6-200 5-100 495
T8-1T 8 03-140 0.3-140 0.7-90 1-60 795
TI3-1T 13 3-120 3-120 7-80 5-20 495
T16-6T 16 03-75 03-75 06-30 1-20 565
TH 1411 4 10-350 10-350 15-300 25-200 595
TMQ TMO1-1T 1 05-200 05-200 08-150 2-80 795
TMO2-1T 2 07-200 07-200 1-100 5-50 845
+TMO25-6T 25 01-100 01-100 02-50 05-20 845
+TMO3-1T 3 05-250 05-250 1-200 5-70 795
TMO4-1 4 2-350 2-350 .35-300 2-100 625
TMO5-1T 5 3-300 3-300 6-200 5-100 845
TMO13-1T 13 3-120 3-120 7-80 5-20 845
B* N 1 004-500 .004-500 02-200 1-50 6.95
TT15-1 15 075-500 075-500 2-100 1-50 595
= 3 TT25-6 25 01-50 01-50 025-25 05-10 645
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 595
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95
TT25-1 25 02-30 02-30 085-20 1-10 9.95
TTMO  TTMO25-4 25 02-30 02-30 05-20 1-10 11.95
TTMO1-1 1 005 100 .005-100 01-75 05-40 1145
TTMO4-1A 4 01-300 0 1-300 0.2-250 03-180 1395
e T T 1 15-400 15-400 35-200 2-50 325
T1.18-3 118 0.01-250 0.01-250 0.02-200 0.03-50 565
g T1-6 1 01-150 01-150 02-100 05-50 565
I T15-1 15 1-300 1-300 2-150 5-80 445
e 2 = T15-6 15 02-100 02-100 05-50 0.1-25 565
T25-6 25 01-100 01-100 02-50 05-20 445
PRI SEC T4-6 4 02-200 02-200 05-150 1-100 445
79-1 9 16-200 15-200 3-150 2-40 395
T16-1 16 3-120 3-120 7-80 5-20 445
T36-1 36 03-20 .03-20 05-10 1-5 695
TO T10-715 1 10-500 S 10-500 40-250 695
TH Ti-H 1 8-300 8-300 10-200 25-100 595
T9-1H 9 2-90 2-90 3-75 6-50 645
16 7-85 7-85 10-65 15-40 645
1 1-800 1-800 2-500 % 945
1 15-400 115-400 35-200 2-50 625
15 1-300 1-300 2-150 5-8 845
25 01-100 01-100 02-50 05-20 795
4 02-200 02-200 05-150 1-100 795
6 3-200 3-200 5-150 5-50 795
9 15-200 15-200 3-150 2-40 795
16 3-120 3-120 7-80 5-20 795
2 050-600 .050-600 1-400 5-200 395
3 5-800 5-800 2-400 3 445
4 2-600 2-600 5-500 2-250 395
8 15-250 15-250 25-200 2-100 395
14 2150 2-150 5-100 2-50 495
2 050-600 050-600 1-400 5-200 795

3 5-800 5-800 2-400 4 845 g
a 2-600 2-600 5-500 2-250 795

8 15-250 15-250 25-200 2-100 795 .
14
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CRYSTAL IMPEDANCE

R= 42

L= 0.01

CS= 3.04E-16

CP= 2E-12

Fl= 91250000

F2= 91260000

Of = 250
FREQ xcs a XCP  XL+XCS A
81230000 3733800 5733407 872 082 202 0.0048
91250230 3733543 3733422 -872.079 A7 0.0057
91250000 5733377 5733438 872.0717 -139 0 0089
1230730 3733362 5733434 872073 -108 0.0088
891251000 3733548 5733489 -872.072 76 0.0113
91251230 3733330 3733485 -872.070 43 0.0162
912515300 3734 S7TIASON -872.088 -14 0.0227
9121730 BT7IIM480 3733517 -872.083 18 0.0218
912352000 5733483 3733332 -872.083 49 0.0133
81252250 3733487 5733348 -872.080 at 0.0110
91252300 3733432 3733364 -872 038 12 0.0084
81232730 5733438 5733379 -872.058 143 0.0087
91253000 5733420 5733385 -872.033 173 0.0058
91233230 3733404 5733811 -872.054 206 0.0047
91253500 3733380 3733827 B872.048 228 0.0041
81233730 5733373 5733842 -872.04€ 269 0.0037
91234000 5733337 5733838 872.044 301 0.0033
81234230 35733342 3733874 872.041 332 0.0030
91254300 5733328 5733689 872.039 383 0.0027
91234730 5733310 5733708 -872.008 388 0.0023
91233000 5733283 5733721 -872.004 428 0.0023
91235230 5733279 5733738 872.032 459 0.0022
912393500 3733283 3733732 -872.028 489 0.0020
91255750 3733247 3733768 -872.027 523 0.0019
91236000 5733232 5733784 872.025 352 0.0018
$1296230 5733216 3733790 a72.022 383 0.0017
91236300 3733200 3733815 -872.020 613 0.0016
91236730 35733183 5733831 872.017 643 0.0013
1237000 5733169 3733848 872.015 673 0.0013
91237250 S73MI ITII062 -872.013 709 0.0014
91237300 STIN37 5733878 872,010 742 0.0013
§1237730 S7TI3N22  ITII04 -872.008 m 0.0013
91238000 5733106 5733000 -872.003 803 0.0012
91238230 8733000 3733823 -872.003 33 0.0012
91238300 5733073 3733941 -872.001 868 0.0012
91238730 5733039 I7IIN0G 871.966 897 0.0011
91239000 3733043 3733972 -871.986 929 0.0011
81259230 5733028 3733968 -871.963 960 0.0010
91238300 5733012 5734003 -871.901 R 0.0010
91239730 3732008 5734018 -871.988 1023 0.0010
91200000 3732980 3734033 -871.586 1098 0.0008

angA 8 c ] MAG ANG
1386  0.00099 0.00474 0.0058 167.44 80.30
1.330 0.00138 0.00532 0.0067 148.87 -78.48
1278 0.00198 000838 0.0077 123.31 7339
1.189 000314 0.00808 0.0082 102.90 7147
1,068 000832 0.01005 0.0112 80.10 83.74
0820 0.C1108 0.01188 0.0130 38.48 49.60
0313  0.02133 0.00887 0.0081 43.42 -20.64
0401 0.02017 -0.00838 -0.0074 48.52 2019
0885 001003 £0.01178 -0.0106 88.51 48.62
1.081  0.00508 0.00973 -0.0006 100.07 59.48
1212 0.00283 0.00782 -0.0087 137.13 66.29
-1.286  0.00188 0.00842 -0.0083 178.66 70.39
1333 0.00130 0.00541 -0.0043 224.80 73.05
-1.370  0.00085 -0.00483 0.0033 273.26 74.88
1396  0.00072 -0.00408 -0.0029 331.18 768.19
-1.418  0.00087 -0.00083 0.0025 383.07 77143
-1.432  0.00046 -0.00326 -0.0021 481.88 77.64
1.445  0.00038 -0.00296 £.0018 338.70 78.34
1.438  0.00031 0.00272 0.0018 823.09 78.69
1.485  0.00027 -0.00230 -0.0014 T22.72 78.90
1.473  0.00023 -0.00232 -0.0012 834.08 78.98
1.479  0.00020 0.00217 £0.0010 982.17 78.97
1.483  0.00017 0.00203 0.0008 1111.02 78.83
1490 0.00013 0.00191 0.0008 1288.07 78.57
1485 000014 0.00180 0.0007 1494.81 T8.17
1.499 000012 ©0.00171 -0.0006 1747.88 77.60
1503  0.00011 -0.00162 -0.0003 2080.87 76.62
1.308 0.00010 -0.00134 -0.0004 2437 .43 3.7
1.508  0.00008 -0.00147 -0.0003 2973.33 7427
1.312  0.00008 -0.00141 -0.0003 3678.0¢ 127
1.514  0.00008 -0.00133 0.0002 4678.83 69.08
1.518  0.00007 -0.00128 0.0001 6202.34 64.15
1319 0.00008 000124 <0.0001 8700.19 53.61
1.521  0.00008 -0.00120 0.0000 12958.73 38.80
1.522  0.00008 £0.00115 ©0.0000 1782201 932
1.324  0.00003 £0.00111 0.0000 1385429 33.88
1.526  0.00003 -0.00107 0.0001 11470.06 -56.14
1.327  0.00003 -0 00104 0 0001 8373.98 £87.06
1.328  0.00004 £.00101 0.0001 6823.48 -73.08
1.330  0.00004 0.00098 0.0002 5683 21 -78.82
1.331  0.00004 -0.00083 0.0002 4513 50 -79.32

Table 2. Spreadsheet for calculating crystal impedance.

including lack of =, log10, complex num-
ber calculations and graphics. My first
experience with BASIC was using an
HP-86 with the built-in HP BASIC, which
had provisions for these functions. Thus,
| may be somewhat spoiled. After
switching to a “compatible” computer, |
had to look for some other solutions.
Very suitable BASIC software is avail-
able from TransEra and HP, but is
somewhat expensive and did more than
| needed. | finally settled on True BASIC
(1). One of its advantages, in addition to
the low cost, is the possibility of tailoring
it to your needs by using the “Toolkit”
additional software. For my work | chose
the True BASIC Language System with
the Mathematician’'s Toolkit which,
among other functions, includes com-
plex number calculations, and the Sci-
entific Graphics Toolkit, which lets you
chose among several types of graphs

64

and facilitates printing. [/t doesn’t really
matter what your favorite programming
language is. Most of these comments
about BASIC apply to writing your own
programs in other popular languages,
such as Fortran, C or Pascal — Editor]
The first step is to reduce the problem
to a formula, which can be then solved
using a BASIC program. The second
step is to write this program, run it, debug
it (if necessary) and then print the graph.
Some engineers argue that you can
buy programs which do all this for you
and all you have to do is enter the data.
| don’t necessarily agree with this for
two reasons: Deriving the formula and
writing your own program gives you an
idea of how the circuit works and how it
can be possibly modified; and, if some-
thing goes wrong you may be able to
adjust the program to rectify the prob-
lem. | have had cases, in unusual cir-

=
=
=

Figure 3. Magnitude plot generat-
ed by Quattro Pro.

cuits (and who dces not run into these?)
where the “canned” programs would
give me obviously wrong answers. This
can get you into troubie, since some
engineers believe the computer explicit-
ly (I learned the hard way to be more
careful)!

To begin the analysis of the crystal
impedance, we use:

X, = j2nfL (M
X¢ = 1/j2nfC (2

where L is the inductance in Henries
(0.01), C is the capacitance in Farads
(0.3042x10-15 for the series capaci-
tance and 2x10-12 for the parallel
capacitance) and the series R (42
ohms). We obtain, using the series
and parallel impedance combining, the
overall impedance formula, as a func-
tion of frequency:

[(42 +j2nf-0.01+ (j2nf-0.342x 10-15) "
o @)
+ (j2nf-2x10-12) ]

We can now write the BASIC program

0 S
80-
L as
2
ot
2
it
0t
100+t —— - e
2% 91.252 91254 91.2568 9258 9126
N2 91.253 N2 9.257 9259

Figure 4. Phase plot generated by
Quattro Pro.
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to obtain the desired graph. | like to
break up the program into smaller
pieces and to add comments and to
make debugging and modifying easier:

D (denominator) = 1/A + B, and (4)
Z (impedance) = 1/D (5)

The BASIC program is shown in
Table 1 and the resulting graphs in
Figure 2. Log Y-axis is used for the
magnitude to show better the series
and parallel resonance points because
of the large differenc=2s in values. Line
360 prints the data and can be delet-
ed, if not necessary. The two graphs
are displayed side-by-side to show
their relationships. However, they can
be made full page size by changing
430 and 540 to 0,1,0,1. As a result,
more labeled frequency grids are
shown, making reading easier.

Spreadsheet
To use the spreadshzet, the calculation
can be broken into steps as shown below:

1
(%93 LS 6
A ZangA +j l ©)

XCP
1
B+jC+jxéP @
1 L
( 1 ) B+jD 8
B+Jt\C+XCP} ! ®

A typical spreadshe=d, using Quattro
Pro (2), is shown in Table 2. The first col-
umn is the frequency. It can be set-up
using the “FILL" command. The next 3
columns show the reactances of the com-
ponents at the given frequency. The next
6 columns show the computation as it pro-
ceeds. Finally, the last 2 columns give the
desired results: the magnitude and the
phase of the impedance. Having the in-
between calculations simplifies debugging
and also gives a better nsight into what is
happening. The XL+XCS column shows
how the series reactarice changes from
capacitive to inductive at the series reso-
nance point. The next 5 columns are
defined as follows:

A= [Y(R(xL+xcs)) (9)
angA = —atan[(XL+XCS)/R] (10)
(in radians)

B = real part of A (11)

RF Design

C = imaginary part of A (12) The graphs, shown in Figures 3 and 4,
were made using the XY graph format

D=C+ 1/XCP (13) and use the frequency column for the X-
axis and the MAG and ANG columns
The last two, giving the answers, are: respectively for the Y-axis. If desired,
1 they can be combined into a single

MAG = —— (14) graph.
B+D] To reduce the size of Table 2, 250 Hz

steps (instead of 125 Hz) were used.
ANG = —atan(D/B) (in degrees) (15)  This produced the somewhat lumpy Fig-

Hy" QInternational (USA), Inc.

Phone: 606-283-5000 FAX: 606-283-0883

We'll support your Application with...
* Product Design * Precision Quality
* Prototyping * Fast Delivery

CRYSTALS FILTERS

e AT Cut: 1-200 MHz *® Crystal and L-C: 1-100 MHz

¢ Industry standard holders e Standard I F and custom designs
® 48-hr service available * Discrete and Monolithic

¢ Proven Reliability ® 2-8 pole

OSCILLATORS

SPXO/CLOCK
® Dual-in-line e CMOS, TTL, ECL
¢ Multi-state ¢ Surface-mount

TCXO/VCXO0
* Wide temperature range
¢ High stability
* Low power consumption
e Standard and custom designs

Hy-Q International (USA), Inc.
1438 Cox Avenue, Erlanger, Kentucky 41018 + TEL: 606-283-5000 » FAX: 606-283-0883
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ures 3 and 4 curves at resonance
points. For best results, the smaller
steps should be used for the “inal
graphs.

Math Software

Using Mathcad (3), the process is com-
paratively simple, as shown in Figure 5.
The frequency range and step is first
specified by giving the start, the second

frequency and the end frequencies.
Then, the formulas are written. First the
basic impedance formula (same as equa-
tion 3), then the magnitude and the angle
of this function. These are shown with the
(:=) equal signs indicating that they are
definitions. If a printout of the data is
desired, the headings f=, M(f)= and A(f)=
will give three columns of data. This time
the (=) sign is used indicating that an

On Topay’s Circuir,

THE SMALLEST AND FASTEST

LeaDps THE FiELD!

Leads a
compatible), and overall lateral dime
maximum. Operating frequency

range is 70 to 135 MHz on the M
with optional tristate, and 40 to J. i
d

150 MHz on the MEH. Gull wing |
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mare information, contact M-tron.
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Figure 5. Magnitude and phase
calculated and plotted on a page
of MathCAD.

answer is required. Using the GRAPH
functions, the desired graphs are
obtained. A lot of options are available:
text font, constants font, variables font,
graph format, etc. While comparatively
easy to use, some caution is required. If
the answers are 0, for instance, this is an
indication that the answer is less than the
default zero value. This can be corrected
by changing this default value. If the
answers are obviously wrong, as when
calculating a differential of an unusual
function, the value of the default toler-
ance may have to be changed.

g

4

¥
*
2 pf
cs 3
__{.__.,—.A‘\z/‘,——‘

2 3042 tF

(2]

Figure 6. Network used for imped-
ance calculations using RF5 cir-
cuit analysis program.
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Now you can fit all of this

Microwave multilayer boards (WMLBs) made with RT/duroid*6002 substrate save space
and money while providing improved electrical performance and system reliability.

The more parts you use in
your microwave circuit designs,
the more complex the produc-
tion, and the more problems
you're likely to have. Engi-
neers around the world are now
using RT/duroid 6002 to re-
duce complexity and eliminate
the problems.

Lower system costs.
RT/durod 6002 MMLBs can
reduce the number of housings
and cabled interconnections
needed to realize your design

thereby lowering overall sys-
tem costs. You also have the
option to integrate filters, cou-
plers and splitters right into
the multilayer board.

Consistent performance,
high reliability.
Another advantage to using
multilayer boards is consistent,
simplified production with less
tuning. The result? Greater
reliability.
Plus, RT/duroid 6002 provides
thebest plated through-hole reli-

ability for microwave boards
available. Even in the most se-
vere thermal environments.

Available now.

For design assistance, call a
Rogers Applications Engineer
today, or send for the RT/duroid
6002 test data and free samples.
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Rogers Corporation

Microwave and Circuit Materials Division
100 South Roosevelt Avenue

Chandler, AZ 85226

(602) 961-1382, Fax (602) 961-4533

Rogers Japan, Inc., Tokyo; Tel: 03-3435-1951 / Rogers-Mektron, n.v., Gent, Belgium; Tel: 32-91-353611
RT/duroid* and Duroid" are registered trademarks of Rogers Corporation.
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Figure 7. Magnitude plot using
linearly scaled y-axis. Additional
signifigant figures must be added
to the x-axis by hand.

Network Program

A nodal network analysis program can
also be used to obtain the desired
answers. A program such as Gary
Appel's ACANAL (4) would be suiiable
for most applications. However, in this
case it cannot be used since the pro-
gram allowed minimum capacitance
value is 0.01 pF and the value of the
series capacitor is less than that. A pro-
gram such as LCAS provides good data
in table form, but the graphs are confus-
ing since the Y-axis reference is offset
by an odd number making graph read-
ing difficult. Michael Ellis’ program RF5
(5) is used here as an example. This
program does not calculate impedance
directly, as is the case with some other
similar programs. To get around this
problem, a constant current source
(using the available FET) is used. Since:

Z= (16)
and gain of an idealized FET is
WVin = Om (17)

then

Figure 8. Impedance magnitude
plotted in dB.

Z = Vignx V, (18)

where V = the output of the FET.

Using the above, the circuit of Figure
6 can be used if we use g,, = -1 (the
FET normally inverts the phase). Now,
the gain from node 1 to node 4 will give
us the desired Z. Two more problems
remain. The program is set up for label-
ing the X-axis with only 3 significant fig-
ures, and 5 or 6 are needed. Thus, the
labeling has to be changed on the graph
by hand. The other problem involves the
very large differences between the
impedances at series and paraliel reso-
nances. Using a single Y-axis scale, as
in Figure 7, the series resonance is not
readable. One solution is to break up
the total frequency range into two parts:
one covering the series resonance and
the other parallel resonance. This is not
a very elegant solution. A better one
would be to use a log Y-axis. Since it is
not available in this program the gain in
dB plot can be used, as shown in Figure
8. While expressing impedance in dB
may not be common, it provides the
desired results. The Y-axis scale can
then be converted using dB = 20 log (Z)

This new scale can then be substitut-
ed manually. The phase, using this pro-

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS
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EB63 140W § 89.65
EB27A 300W $136.80

AR305 300W $346.82

NEW!H K WATT 2-50 MHz Amplifier
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POWER SPLITTERS and COMBINERS
2—30MHz
600 Watt PEP 2—Port

AMPLIFIER — SSB-FM-ATV

We also stock Hard-to-!
CHIP CAPS—KemeUATC
MICA

04 60OW $371.65

1000 Watt PEP 2—Port
1200 Watt PEP 4—Pont

M nelco/Semco

RF POWER TRANSISTORS

MINI—CIRCUIT MIXERS

SBL—1 (1—500M2)................ $ 650
SBL—1X (10—1000M2) ........... s 7.95

$ 69.95  ARCO TRIMMER CAPACITORS
------------------- $ 79.95 VK200—20/4B RF Choke s 1.20
------------------- $ 89.95 56—590—65—38 Ferrite Bead ...... 20

For detailed information and prices, call or write for our free catalog
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Figure 9. Impedance phase plot.

gram, is plotted in Figure 9. Both curves
are not very smooth at the resonance
points, since the program, as written, did
not allow the use of 125 Hz steps (250
Hz steps were used).

Conclusions

A few alternative methods for computer
analysis of a simple circuit have been
presented. The above example is some-
what unusual because of the sharp reso-
nances, but even so, several different
techniques can be used to obtain the
desired data. If the source code is avail-
able for the low cost or public domain
programs, they can be modified to pro-
vide a more desirable format of the
required outputs. If not, some other
“fixes” are possible, as shown in the Net-
work Program case. The above exam-
ples are by no means all of the possible
solutions. For example, in some cases,
Smith chart programs can be used. RF

Notes and References

1. True BASIC, Inc., West Lebanon, NH.
2. Quattro Pro is from Borland Interna-
tional, Scotts Valley, CA.

3. MathCAD is a product of MathSoft,
Inc., Cambridge, MA.

4. G. Appel, “A Nodal Network Analysis
Program,” RF Design, November 1989,
p. 82. Available from the RF Design
Software Service as disk number RFD-
1189.

5. M. Ellis, “A Comprehensive Filter
Design Program,” RF Design, July 1991,
p. 31. RF5 is the circuit analysis module
of this program, which may be used as a
stand-alone. The program is number
RFD-0791 from the RF Design Software
Service.
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founder of the SHEDD Group, an RF
design, military product consulting
group. He can be reached at 7260 Ter-
race Place, Boulder, CO 80303-4638,

or by phone at (303) 499-9517.
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Attenuation Range P e 50P-766
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DC-5GHz
Attenuation Range
0-70dB 1n 10 dB steps
P-50-021
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50-250 MHz T
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0-314dBin 1 dB steps \; & v 51:‘:::‘“~ Frequency Range
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O-1dB in .1 dB Steps

50R-019
DC-2 GHz
0-10dB in 1 dB Steps

50R-029
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0-70dB in 10 dB Steps
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0-100 dB in 10 dB Steps

Available in SMA, BNC or TNC Connectors
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A Program for Impedance
Format Conversion

By Thomas Bavis
ENI

This impedance conversion program
was written as a way o relate measure-
ment results from a variety of equip-
ment, each having a different output for-
mat. Like many single-purpose tools, it
is much faster to use than a general-
purpose one. It is still used frequently,
eight years after it was written in Apple-
soft BASIC.

U sing the program is simple. Type Z
and hit enter to start. A list of
impedance formats is shown — series
or parallel R and X, polar Z ard 6,
reflection coefficient, SWR, etc. Enter
a system impedance (or hit enter for
the default value of 50 ohms), then
press enter or an arrow key until the
cursor is on the format you wish to
enter.

After entering the value, the remain-
ing formats are calculated and dis-
played. Scalar entries (VSWR, return
loss, etc.) are converted only to other
scalar formats. Press Q to quit, or
enter another value as you did before.
Figures 1 and 2 show exampies that
demonstrate the program’s ability to
convert scalar and complex imped-
ances.

These are the formulas needed for
the impedance format conversions
performed in this program. (the job
of inverting the equations to do the
conversions in reverse is left to the
reader.)

R, = system impedance

p = reflection coefficient

RL = return loss (dB)

s subscripts indicate series elements

p subscripts indicate parallel elements

R _REEXE | REeX2
P Rs 7 [ xs
'V"" —2 2
L !(RS—RO) + X, =1O'F2“t;

» V (R +R°)2 + X2
polar. Z= Jﬁg + X2

X
0 = atan —
S

reflected power (%) =100p?

It takes less time for you to run the
program than it would to look up a for-
mula or table. Formulas used in the pro-
gram came from the Radio Amateur’s
Handbook from the Amateur Radio
Relay League (ARRL).

Conversion to other BASIC dialects
should not be difficult — It was convert-
ed to GWBASIC in 20 minutes by trans-
ferring it via serial cable, then using a
word processor to search and replace
the APPLE specific keywords (HTAB to
LOCATE, etc.)

This program is available on disk, (in
GWBASIC and in compiled form),
through the RF Design Software Ser-
vice. See page 84 for ordering informa-
tion. RF

About the Author

Thomas Bavis has worked in prod-
uct support and new product devel-
opment at ENI since 1989. Prior to
his current job, he worked at Scientif-
ic Radio Sysi:ems. He can be
reached at EN| at 100 Highpower
Rd., Rochester, NY 14623, or by
phone at (716) 292-7532.

IMPEDANCE CALCULATION PROGRAM IMPEDANCE CALCULATION PROGRAM
O SO} ia <Any> : Continue <Q> : Quit <Any> : Ccntinue
SYSTEM IMPEDANCE : 50 SYSTEM IMPEDANCE : 50
SERIES R,X :10,12.5 Normalized :.2, .25 SERIES R, X
PARALLEL R, X U] S - AU S) PARALLEL R,

POLAR Z, THETA OO IS NSt i DEg POLAR 7, THETA

REFL COEFF : .684 REFL COEFF : .091

SRS P 5 32N Yl SWR : 1.2

% REFL PWR 46.76 % % REFL PWR : .83
RETURN LOSS : 3.3 dB RETURN LOSS : 20.83 dB

Figure 1. Conversion of a complex impedance.
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Figure 2. Conversion of a scalar impedance.
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Continuously Variable Bandwidth
Feedback Demodulator for Home
FM Stereo Reception

By Jerry Pulice
Smith’s Industries

In the Princeton, New Jersey area,
halfway between New York City and
Philadelphia, every FM broadcast chan-
nel, (spaced 200 kHz from 88 tc 108
MHz in North America) is occupied by a
transmitter with high received signal
strength. During FM stereo reception,
interference from adjacent channel
transmitters presents a severe problem.
Even with a rotatable, highly directional
outdoor antenna it is difficult to achieve
high quality, noise free FM stereo recep-
tion. This is because the requirements
for good adjacent channel selectivity
compete with the requirements for clean
stereo FM reception.

In this paper | present a simple, very low
cost method to easily configure the
home receiver for any compromise
between low distortion using wide IF 2and-
width and greater adjacent channel rejec-
tion using a high selectivity IF bandwidth.

Review of FM Theory and
Practice

Carson’s Rule (1) gives a good work-
ing number for the bandwidth occupied
by an FM transmitter: twice the sum of
the peak carrier deviation and the high-
est modulation frequency present. in the
case of monaural broadcast, this would
be 2 x (75 kHz deviation plus 15 kHz
modulation limit) or 180 kHz (+90 kHz).
This generally gives the spectrum occu-
pied by 99 percent of the transmitter’s
energy, for most typical modulation
inputs. With a channel spacing o’ only
200 kHz (100 kHz), any receiver
intended to achieve good adjacent
channel rejection would require IF filters
with extreme shape factors.

FM IF filters are designed for phase
linearity (constant Aphase/Afreq, o~ con-
stant group delay) across their pass-
band (2) and, in general, such filters do
not have idealized rectangular sass-
bands. This leads to degraded ad acent
channel rejection.

In 1961, a suppressed carrier AM-on-
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Figure 1. System block diagram.

FM stereo multiplex subchannel was
added on as an afterthought: the
increased bandwidth requirements
made the above problems worse. This
stereo subcarrier added baseband fre-
quencies up to 53 kHz. The subcarrier,
(but not the added 19 kHz pilot tone
used for sync), tends to vanish when the
signal tends to mono (little difference
between left and right channels), and 75
kHz peak carrier deviation is permitted
at this time. Large amounts of stereo
information (left or right channel pre-
dominant) reduce the peak carrier devi-
ation permitted to only 45 percent of the
mono spec in an effort to keep down the
need for bandwidth (3). Even so, the
new format needs even more bandwidth
than before. Typical ceramic filters sold
for FM stereo use have bandwidths from
230 to 280 kHz (4).

Since 200 kHz channel spacing was
maintained, adjacent channel receiver
performance was degraded further.
Other subcarriers, as high as 91 kHz,
are also used for such services as SCA
(background music services, data, etc.)

FM IF Bandpass Filter Practice
The classical IF filter design best suited
for flat group delay FM service is the
Bessel characteristic — noted for a slow
rate of rolloff and poor shape factor. Other
classical filter designs have “dog eared”
phase response and can be compensated
for flat group delay using all-pass phase
compensation networks which can have
flat amplitude response, but specified

phase response. In the complex plane
such filters have right hand plane zeros,
and their transfer functions can be visual-
ized using the method taught in school
using the length and angle from the origin
to each pole and zero. Compensated LC
filters using this technique were used in
the Mcintosh MR-78 tuner, but this was an
extremely expensive audiophile-targeted
design not representative of the average
FM receiver. Articles on compensated
crystal filters have been published in RF
Design (5).

Modern SAW filters are non-minimum
phase designs which can specify phase
and amplitude response independently
and would seem to be the ideal candi-
date for a modern FM receiver IF filter.
The very narrow FM radio bandwidth
(relative to TV IF which uses SAW fil-
ters) and/or the very fow 10.7 MHz |F
traditionally used in FM receivers lead to
large amounts of expensive SAW filter
substrate which is probably why low
cost SAW filters for commercial FM
reception have never been developed.

Current IF Design Practice for
High Quality FM Stereo

To accommodate the wide range of
reception conditions usually present, high
end manufacturers such as Sequerra and
Mcintosh provide their top-of-the-line
receivers with three selectable phase-
linear IF filters as follows:

One of uncompromising bandwidth (of

Figure 2. Measured VCO linearity.
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Figure 3. Linear VCO schematic
— output 98.7 to 118.7 MHz.

about 280 kHz) for strong signals not
corrupted by adjacent channel splatter,
and where the highest audio quality is
wanted. The adjacent channel(s) must
be essentially vacan: when receiving
with this filter.

Another of minimal dandwidth (about
180 kHz) where acceptable monophonic
reception is about all that can be hoped
for in the presence o strong adjacent
channel splatter, and where the highest
audio quality is wanted. Some stereo
reception is possible, but with an
increase in distrortion over the wideband
filter above.

Finally, a compromise filter with band-
width of about 230 kHz, about equal to
that used in the average home FM stereo
receiver, to be used for average reception
conditions and with average results.

Clearly the above choices are not an
economic solution for nything less than
the most expensive receiver designs, so
an experiment was tried where only one
high quality, group delay equalized filter
is used only during the most difficult
reception conditions. Soecial means are
used to “shoehorn” wider received sig-
nals through it when conditions warrant,
resulting in decreased distortion and
improved stereo decod ng. Such means,
in general, rely on p acing feedback
around the demodulator to instanta-
neously reduce the deviation of the FM
signal and were first dascribed by H.C.
Chaffee in 1939 (6).

FM Demodulators Currently
Employing Negative Feedback
Feedback FM democulators are actu-
ally now in common use in one con-
sumer application. Designers of home
TVRO systems operatng in the 3.7 to
4.2 GHz downlink bend work under
severe cost constraint, since these sys-
tems are intended for backyard use.
Textbook FM demodulators typically
require a 10 dB  carrier-to-noise ratio in
their IF bandwidth to achieve “thresh-
old”; below this CNF, demodulated

RF Design
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Figure 4a. Group delay vs. fre-
quency for two cascaded Murata
SFA 107z filters.

video output quality degrades so rapidly
the system becomes useless (7). Meth-
ods currently in use to overcome this
threshold effect are one example of the
above mentioned feedback technique.

Threshold Extension

A three-dB increase in threshold per-
formance is equivalent to doubling the
area of the receiving dish, therefore, it is
not surprising that TVRO designers
incorporate this “threshold extension”
into their receivers. A ten foot dish then
becomes comparable to a fourteen foot
dish when operated near FM threshold
by incorporating this feature in the
receiver electronics.

One way to achieve threshold exten-
sion in an FM system is to use a PLL as
the demodulator, with carefully chosen
loop bandwidth and damping. Usually,
the loop bandwidth is less than the IF
bandwidth, and this reduces the instan-
taneous system noise bandwidth, which
improves CNR. (Such PLLs also tend to
reject quadrature noise.) In practice, this
can be used to lower the FM threshold
several dB, as the Plessey SL1451
demod does (8).

Another way to achieve threshold exten-
sion is to employ a narrower IF filter than
would normally be used with this FM TV
format, and use the demodulated FM
video information to deviate the receiver's
local oscillator slightly in the opposite
sense. The FM signal passing through the
IF filter then has had its deviation reduced
(by the amount of FM introduced to the
LO). This narrower filter has less noise
bandwidth, and the CNR at the demodula-
tor is again improved enough to allow
operation with a somewhat smaller anten-
na (8).

Obviously, there are other considera-
tions — you are putting feedback

Figure 4b. Amplitude vs. frequen-
cy for same cascaded filters.

around the time delay of the IF filter and
servo design rules apply, but that is the
basic idea. Again, a somewhat narrower
passband “chases” the FM carrier,
instantaneously reducing its peak devia-
tion and bandwidth. As with PLL demod-
ulation, the final selection of circuit con-
stants and bandwidth tends to be some-
what empirical.

Application of Feedback to FM
Broadcast Demodulation

A similar idea was tried to selectively
reduce the deviation of high quality,
interference free FM stereo signals to
the point where a singie, very narrow,
high selectivity IF filter could be used.
Demodulated audio from the CA3089
FM detector was fed back to a very lin-
ear 98.7 to 118.7 MHz local oscillator
such that peak deviation could be
reduced on demand from the normal 75
kHz, to about 50 kHz at the mixer out-
put. See Figure 1.

When narrower bandwidth is needed,
the feedback is reduced or turned off.
This is how the IF bandwidth is modified
as reception conditions change. The
advantage over several discrete IF fil-
ters is that only one is needed, and any
degree of bandwidth between two
extremes is available. Noisy reception
may then be cleared up by adjusting the
tuning and bandwidth controls.

Design Details

An important block is the local osciila-
tor of this superhet receiver. To produce
a 10.7 MHz IF when receiving the FM
band from 88 to 108 MHz, it has to tune
from 98.7 to 118.8 MHz (so called high
side injection). More importantly, it is the
summing junction where the demodulat-
ed audio is applied to the incoming sig-
nal which reduces its deviation. Any
voltage to frequency non-linearity will be
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dcfo 3GHz .. 1145

-
lowpass, highpass, bandpass
*less than 1dB insetion loss ®greater than 40dB stopband rejecticn ®surface-mount ¢ BNC, Type N, SMA available

* 5-section, 30dB/octave rolloff e VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ® constant phase
* meets MIL-STD-202 tests ® over 100 off-the-shelf models ®immediate delivery

low pass, Piug-in. dc to 1200MHz

Passband ‘ Stopband, MHz Passband Stopband, MHz
Model MHz loss loss Model loss loss
& MiNosa loss < 1dB ’ > 20dB >400B No Ioss < 1dB 1 > 20dB >40dB
*LP-5 DC-5 8-10 10-200 *LP-250 | DC-225 | 320-400 400-1200
*LP-10.7 DC-11 19-24 24-200 *LP-300 | DC-270 | 410-550 550-1200
*LP-214 DC-22 32-41 41-200 *LP-450 | DC-400 580-750 750-1800
*LP-30 DC-32 47-61 61-200 *P-550 DC-520 750-920 920-2000
*LP-50 DC-48 70-90 90-200 *LP-600 DC-680 840-1120 1120-2000
LOW PASS *LP-70 DC-60 | 90-11 117-300 *LP-750 DC-700 1000-1300 1300-2000
h *P-90 DC-81 121-137 167-400 % LP-800 DC-720 1080-1400 1400-2000
| O *LP-100 DC-98 146-189 189-400 % LP-850 DC-760 1100-1400 1400-2000
@ *LP-150 DC-140 ‘ 210-300 300-600 % LP-1000 DC-900 1340-1750 1750-2000
- * LP-200 DC-190 290-390 390-800 * LP-1200 DC-1000 1620-2100 2100-2500
s | Price, (1-9 qty), all models: plug-in $1495, BNC $3295, SMA $3495, Type N $3595
- {
2 Surface-mount, dc to 570MHz
5 SCLF-21.4 DC-22 32-41 41-200 SCLF-130 DC-190 290-390 390-800
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800
et SCLF-45 DC-45 70-90 90-20 SCLF-420 DC-420 750-920 920-2000
SCLF-135 DC-135 210-300 300-600
frequency Price, (1-9 qty), all models: $11.45
Flat Time Delay, dc to 1870MHz
Passband Stopband | VSWR Group Delay Variations, ns
MHz Hz Freq Range, DC thru Freq Range, DC thru
Model loss loss |  02fcc 0.6fco fco 2tco 267fco
e[ res dsle) A R 0l S nt? 35 R TEl 9 ¢ D e e
Faatey tes *BLP-39 DC-23 78-117 17 1.31 231 07 40 50
A *BLP-117 DC-65 234-312 312 1:3:1 241 { 0.35 14 19
* BLP-156 DC-94 312-416 416 03t 111 03 11 ¥
: et +&  %BLP-200 DC-120 400-534 534 161 191 1 04 ) 16
‘ \ *  %BLP-300 DC-180 600-801 801 1251 221 i 02 06 08
i « . %BLP-467 DC-280 934-1246 1246 1251 221 015 04 055
] ABLP-933 DC-560 1866-2490 2490 158K 221 009 02 028
5 ABLP-1870 DC-850 3740-6000 5000 1.45:1 29 0.05 0.1 0.15
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $3895, Type N $39.95
NOTE: &: -933 and -1870 only with connectors, at additional $2 above cother connector models
LRy high pass, Piug-in, 27 5 to 2200MHz
Stopband t  Passband, VSWR Stopband ] Passband, VSWR
MHz MHz Pass- MHz | MHz Pass-
Model loss loss loss band Model loss loss ’ loss band
HIGH PASS No. | <40dB < 20dB < 1dB Typ No | <40dB <20dB | <1dB Typ.
*HP-25 DC-13 13-19 275-200 1.81 * HP-400 DC-210 210-290 |  395-1600 171
t—— *HP-50 DC-20 20-26 41-200 151 *HP-500 | DC-280 280-365 500-1600 181
® %HP-100 | DC-40 40-55 90-400 181 *HP-600 | DC-350 350-440 600-1600 201
o *HP-150 | DC-70 70-95 133-600 181 * HP-700 DC-400 400-520 700-1800 1611
§ *HP-175 | DC-70 70-105 160-800 1SN * HP-800 DC-445 445-570 780-2000 215
< % HP-200 DC-90 90-116 185-800 1.6:1 * HP-300 DC-520 520-660 | 910-2100 1.81
§ ' *HP-250 | DC-100 108-150 225- 1200 1:8:1 *HP- 1000 DC-550 550-720 | 1060-2200 } 1.9:1
§ * HP-300 DC-145 145-170 290-12 W74
% Price, (1-9 qty). all models' plug-in $14.95, BNC 536 65 SMA $38.95, Type N $39.95
s LR S N i)
=y bandpass, Elliptic Response, Constant Impedance,
10.7 to 70MHz 214 to 70MHz
Center | Passband [ 3dB Stopbands | Center | Passband | Stopband | VSWR
Freq. LL 15dB | Bandwidth . L Freq. MHz loss 1.31
BANDPASS Max Typ > 20dB > 35dB Model loss >20d8 |Total Band
(MHz) (MHz) atMHz | atMHz No MHz <1dB at MHz MHz
e 96-115 [ 39127 758151064 50-1000 *IF-214] 214 | 1825 |13&150| DC-220
™ 4 192-236 | 179-253 |155&29 [30& 80-1000 %IF-30 | 30 25-35 119&21 DC-330
© COMSTANT. 27.0-330 | -35 22&40 [ 32& 99-1000 %IF-40 42 35-49 26 & 300 | DC-400
3 MPEDENCE 55.0-67.0 -705 44 & 79 146 & 190-1000 *IF-50 50 41-58 3.1 &350 | DC-440
~§ \ 63.0-77.0 ' 680 820 51&94 160 & 193-1000 ::E?g (730 %gg 23&388 88228
- 1 -
& Price, (1-9 gty), all models: plug-in $18.95, Price, (1-9 gty), ali models' plug-in SM 95,
= BNG 54095, SMA $4295 Type N $43.95 BNC 53695, ‘SMA 53895 Type N $39.95
"ec;)ency NOTE: *«Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
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Figure 5a. Demodulated output
without feedback.

transferred to the demodulated output
and increase audio output distortion.

A highly linear VCO was designed
based on M/A-COM’s design data and
nomograph in their catalog SP-101 “Semi-
conductor Products Master Catalog” (9).

The LC tank for the oscillator has a
resonant point proportionat to 1/VLC. If
the L is a fixed inductor, then C (usually
a varactor diode used to tune the circuit
electronically) must exhibit a voltage
squared capacitance law for linea- tun-
ing in MHz per volt. Special doping pro-
files within the diode are used tc pro-
duce given values for Gamma, the
capacitance voltage slope exponent.

When this number, Gamma, is a con-
stant over the tuning range, it is possible
to design a linear VCO. When equal to
two, the voltage-squared-law ment oned
above is obeyed exactly. For other val-
ues of constant Gamma, M/A-COM has
a nomograph (on page 5-29 of the cata-
log mentioned previously) that was used
to produce the following design.

1. Ratio of Fmax/Fmin — 98.7 to
118.7 MHz in our case.

2. Diode Gamma required — 1.5 was
chosen from the nomograph.

3. Necessary diode capacitance ratio
Cmax/Cmin — 2:1, which was chosen as
4.5 to 9.0 pF for the particular dioce we
used, a GaAs hyperabrupt-junction part.

4. Circuit coupling factor — A parame-
ter determined by an additional series or
shunt fixed capacitance that determines
the degree of control the varacto- has
over the resonant frequency. Ir this
case, 6 pF shunt C was taken from M/A-
COM design curves.

A tuning inductance of 178 nH was
needed with the above values; we used
a 180 nH fixed coil.

The oscillator circuit, as implemented, is
shown in Figure 2. The 6 pF circuit cou-
pling capacitor was made from two 10 pF
NPO caps in series, allowing 1 pF for stray
C. Proper phase for oscillation with an
inverting active device was obtained by
grounding the center tap of the tank as
shown. The MiniCircuits MAES is an ideal
active device for oscillator design because
it is self biasing, has a low output Z, and a
very high input Z that does not load down
the resonant circuit, as a matched device
would. This linear VCO design method
produced a prototype that met all expecta-
tions at first turn on, and no changes were
required to part values or the schematic.

The circuit tunes linearly over the
required band from 4.5 to 9.0 volts. The
slope is such that 0.004 V audio feed-
back in the proper phase reduces 75
kHz incoming FM deviation to 50 kHz,
which is the design goal. (See the V-F
curves in Figure 3). A resistive attenua-
tor network sums the audio with the
channel select tuning voltage. Noniin-
earity was low enough that it did not to
compromise audio distortion to any
great degree. However, low distortion
audio grade test equipment was not
available at the time to confirm how low.

IF Filter and Stability
Considerations

The most difficult part of this design was
deciding whether the final design would be
stable when feedback was applied around
the system. To do a Bode plot requires
accurate models of each circuit element:
little group delay data was published on
the parts | intended to use, and a highly
detailed paper analysis was not attempt-
ed. One SAW IF filter candidate had 21
uS average delay across its passband.
Clearly, at about 23.8 kHz, this represents
180 degrees phase shift. If there were
another time delay and/or phase shift in
the system, (and there certainly is!), this
would reverse the sense of the negative
feedback we are trying to apply and cause
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Figure 6. Schematic diagram of the experimental receiver.
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Figure 5b. Demodulated output
with feedback.

gain peaking, or in the extreme, oscillation.

The best compromise of IF filter delay
vs. narrow bandwidth | found resulted from
the cascade of two Murata group-delay-
compensated ceramic filters of about 150
kHz BW each. Each filter, part number
SFE10.7Z, had 3.5 uS measured average
delay. The two filter cascade provided a
close-in rapid rate of rolloff and ultimate
rejection of almost 70 dB total (see Figure
4). Without feedback, this filter is too nar-
row for broadcast FM reception. A ground
plane is mandatory to achieve this level of
ultimate rejection.

An eight uS delay in the IF strip alone
corresponds to 180 degrees phase shift
at 62 kHz. More delay anywhere in the
system will reduce the phase crossover
point toward the FM stereo baseband
limit of 53 kHz. At this time no attempt
was made to modify the gain margin via
lead compensation. Typically, we need
very little feedback to reduce 75 kHz
deviation to 50 kHz. At this time it was
decided to just try this concept rather
than design in phase compensation
based on incomplete models.

It is important to note that this is really a
form of frequency-locked loop or Automat-
ic Frequency Control system. Frequency
is the controlled and controlling variable. In
contrast, a phase locked loop integrates
system phase to produce a frequency
control effect. Such an integrator adds
another 90 degrees of phase shift and
must be accounted for in stability calcula-
tions. It really is excusable, on a first cut, to
simplify the analysis we used in the receiv-
er design above since neither an integra-
tor nor phase detector is included.

Receiver Design

The IF strip consists of the cascaded
filters with MRF901 buffer amplifiers.
They feed a CA3089 FM demodulator.
The voltage controlled oscillator with its
audio input and a 10 turn channel selec-
tion (tuning) pot is used to generate the
required LO frequency. The mixer is a
MiniCircuits SRA 1 dBm. Avantek MSA
1105 MMIC amplifiers are used in two
places: to isolate and amplify the LO to
the required power level, and to termi-
nate the mixer output in a resistive 50
ohm load. This is necessary to terminate
possible birdies (spurious responses)
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caused by unwantec mixer products
reflecting back into the mixer’s output, a
problem well known to RF designers.

A simple preselector (not shown here)
was used to gain a degree of image rejec-
tion from the other mixer sideband at
+21.4 MHz (twice the F of 10.7 MHz in
this case) when off the air reception was
attempted. The demodulated output was
raised to earphone level with an 5532-type
op amp that produced both audio polari-
ties. This was necessary since it was not
known what absolute polarity the 3089
audio output had. The normal 75 uS de-
emphasis network, if used, has to be
placed after the feedback point as not to
degrade phase margin within the loop any
further. A schematic of :he receiver circuit
is shown in Figure 6.

Bench Test

A 100 MHz signal generator was
FM’ed +75 kHz with & 15 kHz triangle
wave and was applied to the receiver
with the feedback off. As expected, the
waveform was distorted at the deviation
limits. Advancing the feedback control
reduced the amplitude such that the
clipping was stopped (see Figures 5a
and 5b). A frequency rasponse plot was
then run from 50 Hz to 100 kHz.

The point of maximum peaking was 4
dB at 49 kHz using the feedback setting
from above. This indicates that flat
response from 50 Hz to 53 kHz (for stereo
reception) will require that the feedback
system be lead compensated. The
Plessey feedback demodulator mentioned
above (SL1455) requires such compensa-
tion. The required amount depends on
whether PAL-4.43 color video or NTSC is
received, since the baniwidths are differ-
ent. Since low distortior audio grade test
equipment was not available, the next part
of the testing was via ea".

Air Test

A Finco FM-9G antenna and mast-
mounted preamplifier wes used as the sig-
nal source. The anterna was installed
about 25 feet above average local terrain
and was oriented to the northeast, towards
New York City, approrimately 40 miles
distant. A 12 year-old kenwood KT 7500
dual bandwidth tuner was used as a con-
trol. Using the 7500, most stations were
received cleanly using only the receiver's
narrow filter. In nine cases, the bandwidth
could be opened up by switching to the
wide position. The feedback receiver pro-
duced similar results, but at varying feed-
back (bandwidth) settings, indicating the
continuous bandwidth icea allowed some
optimization of the passband for the best
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possible reception. This is a subjective
method and can not easily be duplicated
via precision instrument techniques.

Too wide a setting (too much feed-
back) causes complete breakup with a
sudden onset.

Conclusions

An old technique, feedback FM
demodulation, was found to work as an
alternative method of providing user-
selectable IF strip bandwidth, which can
optimize FM stereo reception. Develop-
ment is by no means complete; the
feedback parameters need optimization,
stereo reception was not attempted, nor
was extensive objective testing done,
but at this time the utility of the tech-
nique seems clear. A simple feedback
arrangement was shown to affect a sin-
gle-knob IF bandwidth control in this
home lab experiment.

It is not clear whether the loop dynamics
actually degrade strong-signal noise floor
(deviation is being reduced, and FM sys-
tems depend on deviation squared to
affect their “FM improvement”) (10). | plan
to continue to experiment with this
arrangement as time permits. RF
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RF filters

High Dynamic Range Tunable
Bandpass Filters for Communications

By Richard Markell
Linear Technology Corp.

Octave or decade wide bandpass fil-
ters are non-trivial tc design. This is
because the bandpass output of the
state-variable filter configuration, be it
switched capacitor or active RC, severe-
ly limits the achievable dynamic range.
Thus, wide bandpass filtering requires
the use of a highpass fiter at the input in
series with a lowpass filter to achieve
the desired specifications.

Wideband bandpass filters occupy a
niche in the communications arena
of signal processing. The wideband
bandpass function is rejuired in receiver
IF applications which ftraditionally used
the crystal filter andror active RC's.
Sonar applications also demand steep,
wide, low noise bandpzss filters to allow
analysis of “chunks” of the frequency
spectrum, one at a time or, perhaps
more likely, in parallel.

Recent improvements in switched
capacitor filter technolcgy allow design-
ers the luxury of using switched capacitor
filters in these applications. True clock
tuning allows variable bandwidth filters to
be implemented with only a few parts.

This article details the design of a
wideband (10 kHz-10C kHz) bandpass
filter using a single LTC1064 plus an
LTC1064-4. The filte- may be tuned
ratiometrically by simply changing the
clock frequency. As an 2xample, by sim-
ply changing the clock frequency, the fil-
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Figure 1. Schematic diagram of bandpass filter.

ter may be operated from 1 to 10 kHz or
100 Hz to 1 kHz, and so on.

The LTC1064 is a quad universal
switched capacitor filter while the
LTC1064-4 is the same basic chip but
with integrated resistors configured to
implement an 8th order elliptic low-pass
filter. Both filters have low noise and can
operate to 100 kHz. The combination
bandpass filter has a set of tough design
specifications: total integrated noise in the

passband less than 200 microvolts, pass-
band ripple less than .4 db or + .2 db, and
steep rolloffs at the band edges (-70 db
at 5 kHz, and -70 db at 200 kHz).

Filter Trade-Offs

RF designers generally design filters
using inductors and capacitors or, if the
filter is at a lower frequency, using op
amps, resistors and capacitors. The lim-
iting factor in these types of designs is
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Figure 2. LTC 1064LTC 1064-4 bandpass response
with high pass filter cutoff frequency varied. V,, = 2.2

Vrms.V, = +7.5 V.
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Figure 3. Passband detail, LTC 1064/LTC 1064-4. 10
kHz - 100 kHz BPF, V., =+7.5V, V,, =2.2 V rms.
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the sensitivity and accuracy of the
capacitors and inductors. A high Q filter
section requires precise (generally .1
percent or better) components which are
either too expensive or impossible to
obtain. Additionally, the physical printed
circuit board area required for a complex
filter implemented with op amps or pas-
sive components is considerable.

The switched capacitor filter is not a
newcomer to the filter party. It has been
used in telephony systems for years,
albeit in non-specification intensive situa-
tions. Recent advances in switched
capacitor filter technology have greatly
improved their specifications, allowing
single 24 pin DIP or 16 pin SO (surface
mount) packages to replace multiple op-
amp circuitry in all but the most noise crit-
ical applications. As a tangible example,
a switched capacitor 8th order Butter-
worth filter is available as the LTC1064-2.
This filter provides clock tunable corner
frequencies to 140 kHz, 80 uV RMS total
wideband noise, stopband attenuation
better than 74 dB (at 3 fc) and a typical
THD (Total Harmonic Distortion) specifi-
cation of 0.03 percent or better.

In addition, software is now available
to optimize switched capacitor filter
design for lowest THD or lowest noise
performance. This software (LTC's Fil-
terCAD) frees the designer from the
mathematical exercises which often are
not dear to the heart of the busy sys-
tem engineer. The software program
not only can be very useful for filter
design and calculation of the resistors
required for imptementation, but it also
contains algorithms to ensure optimiza-
tion of the dynamics of the switched
capacitor filter devices so that no node
of the part can saturate before the
desired output node.

Design

The topology for the bandpass filter
combines an LTC 1064-4 elliptic low-
pass filter with an LTC1064 elliptic high-
pass. The highpass filter was designed
using Linear Technology’s FilterCAD fil-
ter design software. The LTC1064-4
gives attenuations of greater than 70 db
at 2 times cutoff; the highpass filter was
designed to be almost the mirror image
of the lowpass filter. Figure 1 shows the
schematic of the composite bandpass
filter. The 74LS90 is used as a divide-
by-5 to clock the LTC1064 10 kHz high-
pass filter. In addition to providing both 5
MHz and 1 MHz clocks, this circuit
allows the clocks to be synchronous.
This is essential for well behaved opera-
tion of sampled data filters.

Test Results

Figure 2 shows the overall frequency
response of the bandpass filter at high-
pass corners of 5, 10 and 20 kHz. Note
the steep slopes at the transition regions
of the filter. The measured noise in the
passband of the filter was 160 micro-
volts RMS. This translates to a dynamic
range (with a 2.2 volt RMS input)
greater than 80 dB. Passband ripple
(Figure 3) shows excellent specifications
of less than + .3 db. It should be noted
that the values of the resistors marked
with an asterisk in Figure 1 were modi-
fied slightly from the values given by Fil-
terCAD. The passband ripple using the
FilterCAD values measured better than
+ .4 db. An additional note should be
made of the 50 picofarad and 30 pico-
farad capacitors shown with double
asterisks. These capacitors serve as RC
filters on two of the highpass outputs of
the LTC1064 to roll off the response of
the HPF (well past the passband of the
overall filter) to limit noise aliasing back
to the filter's passband. These capaci-
tors may limit the overall tunability of the
filter or they may need a range changing
switch.

Conclusions

A 16th order low noise, high quality,
bandpass filter can be designed with only
4 active components and a handful of
resistors. The filter meets specifications
that can only be approached with the
most sophisticated hybrid filter solutions.
Further, the filter was primarily designed
with the FilterCAD program, so that the
designer may change parameters with
the push of the “Enter” key. This band-
pass filter only touches on sophisticated
designs, formerly the domain of wise
mathematicians. These filters can be
designed and implemented with Linear
Technology’s switched-capacitor filters
and the FilterCAD software package. RF
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RF test systems

Noise Generators Find Key Uses in
VXI Based Systems

By Edward J. Garcia
Noise Com, Inc.

Noise sources have proven to be a
valuable component in ATE applica-
tions. Their programmable output lev-
els and bandwidths have been inte-
grated into IEEE-48€ bus controiled
systems with great effectiveness.
Now, VXlbus controlled systems are
finding growth in the RF and
microwave frequency ranges, which
has facilitated the need for a new line
of VXIbus controlled noise sources.
Currently, there are a'ready hundreds
of VXlbus products available with
many manufacturers producing RF
and microwave products.

he VXibus is a complete modular

standard which o-fers numerous
advantages over othe- bus controlled
standards. It is designed to be indepen-
dent of manufacturer ard system hierar-
chy, therefore the user ts not bound to a
specific operating system or a particular
MICroprocessor.

Standardization is rejuired for effec-
tive downsizing of both commercial
and military test ecuipment. The
VXlbus, unlike its pradecessor, the
IEEE-488, is not just an interface stan-
dard, but a modular standard which
incorporates common Jower supplies,
cooling systems and a common chas-
sis. This concept of shared resources
shrinks component size dramatically
and enables modules to be coupled
close together eliminating long cable
connections and their essociated prop-
agation delays and timing uncertain-
ties. The result is a downsized test
instrument or test station with several
orders of magnitude of increased
interface speed enabling higher level
components to be integrated together.
The elimination of redundant support
components improves the reliability of
a system. In addition, the modularity
increases serviceability. It also pro-
vides good re-configu-ation capabili-
ties, since instrument modules are
easily removed and installed. Unique
capabilities can be incorporated in a
VXlIbus based system without design-
ing specialized harcware. This is
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Figure 1. Noise figure measure-
ment using the substitution
method.

achieved by linking several instru-
ments together to perform a special-
ized function. This is known as a virtu-
al instrument. The user interfaces with
the instrument cluster as if it were a
single unit. The virtual instrument con-
tains a command instrument, which
controls one or more servant instru-
ments. The interaction between the
command instrument and the servant
is transparent to the end user.

Early applications of VXI were most-
ly military, but the portability and flexi-
bility of VXI is becoming more attrac-
tive to commercial users as well. A
VXI test station can be easily trans-
ported for on-site testing and a VXl
chassis can be configured to operate
on vehicle power if mobile site testing
is required.

Since many VXlbus systems interface
with an IEEE-488 bus controller, they
can be limited in their speed due to this
architectural choice. Regardless,
increased throughput results due to the
memory mapped architecture of VXlbus.
This direct access to the registers is
unencumbered by intervening protocol
and can result in at least a factor of 10
increase in throughput.

(
1

Figure 2. Using a noise source for
receiver bite.

Until recently there was no easy way
to integrate a noise source into a
VXlbus system. Since there is now a
standard line available for users, it will
be helpful to discuss the fundamentals
of noise sources and their applica-
tions.

Noise Applications

Noise sources are specified in terms
of their output power and frequency con-
tent. For calibrated low level noise
sources, output is expressed in terms of
Excess Noise Ratio (ENR):

ENR = 10 ¢ LOG[(Th-290)/290] (1)

with Th being the equivalent noise
temperature (in Kelvins, K) of a
matched resistor. Qualitatively, ENR is
simply a measure of how much the
output of the noise source is above
the thermal noise floor. From Equation
1, one can see that an ENR value may
be negative for output levels near ther-
mal noise. For higher output levels,
ENR is approximately the number of
decibels above -174 dBm/Hz that a
noise source produces.

Noise sources are commonly used
to inject a calibrated amount of noise
into a system or a device and measure
its response. The noise figure and
gain are two key parameters which
can be measured and monitored using
noise sources. Figure 1 depicts a
noise source being used to measure
the noise figure of an amplifier. There
are several techniques for measuring
noise figure, but one of the most accu-
rate is the substitution method. This
method eliminates the non-linearity
uncertainty of the power measuring
device. Accuracy is dependent only on
the variable attenuator. A reference
point is set on the power detector with
the noise source de-activated. The
noise source is then turned on and the
variable attenuator is increased until
the power reading is the same as
when the noise source was off. The
measuring device can be a spectrum
analyzer or frequency selective power
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Figure 3. Fault isolation using
noise sources.

meter. The change of the attenuator
setting is the Y factor. The noise figure
of the amplifier is then calculated as
follows:

Y = 10(¥(d8)/10) )
NF(dB) = ENR(dB) — 10 » LOG(Y-1) (3)

Where ENR is the excess noise ratio
of the calibrated noise source. If the
contribution to noise figure by the low
noise amplifier following the device
under test is significant, then this sec-
ond stage effect should be subtracted
from the above calculation to arrive at
the noise figure of the amplifier.

Low output noise sources are being
built into digital and analog receivers
to provide continuous on-board moni-
toring of various parameters as shown
in Figure 2. A typical noise source
designed for Built-In-Test (BIT) has an
ENR of 15 to 30 dB. This device can
be switched into the signal path at the
receiver input to monitor receiver
integrity. A coupler can also be used
to inject the noise, in which case a
higher output noise source may be
used to compensate for the coupling
loss. Since the noise source output
level is known, it can be turned on and
the gain of the receiver calculated. By
switching the noise source on and off,
the noise figure of the receiver can be
calculated from the difference in the
measured output power, again using
the Y-factor as calculated in equation
2 of the above example:

Noise Figure = 10 * LOG[(Y-1)/(Y+1)](4)

Figure 5. VXlbus based noise
instrument.

Figure 4. Bit error rate test setup.

Since noise sources are very broad-
band, the frequency response of a sys-
tem can also be monitored for gain flat-
ness.

Extending the concept of buiit-in
noise sources provides fault isolation
capability. Figure 3 depicts a portion
of a receiver witn a noise source inte-
grated with each component. By
selectively turning on the noise
sources, the system controller can
effectively isolate degraded or failed
components. System performance can
also be analyzed by using the mea-
sured gain values associated with
each noise source. The noise source
can be hybridized into the receiver
component, thereby not consuming
any additional space in the system.
The small size and low cost of the
noise sources make this a very cost
effective method of fault isolation.
Noise sources with these output levels
are available in chip form and in pack-
ages ranging from surface mount
devices, TO-8 cans and dual in-line
packages to coaxial structures, all of
which can be easily integrated into
VXlbus based receivers and subsys-
tems.

The new VXIlbus based noise instru-
ments are higher power noise sources
which are specified in terms of overall
output power instead of ENR. They
are basically low level noise sources
amplified to levels which can be fil-
tered and attenuated based on the
application. Since noise has a con-
stant power spectral density over fre-
quency, the power measured will be a
function of the measurement device
bandwidth. When this noise signal is
injected into a device or system, the
power into the device is reduced if its
bandwidth is smaller than that of the
noise source. For example, if the
noise source bandwidth is 100 MHz
and its output is +10 dBm, then its
spectral density is ~70 dBm/Hz. From
this value the power into any band-
width can be calculated. If the same
noise source is injected into a device
with a bandwidth of 10 MHz, the effec-
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tive injected power becomes 0 dBm
since the bandwidth has been reduced
by a factor of 10. The spectral density,
however, remains at -70 dBm/Hz.
These amplified noise sources are
extremely valuable when summed with
an input signal because they can be
used to create variable carrier to noise
ratios (C/N) which are required to test
radios. The performance of digital
radios is specified in terms of its Bit
Error Rate (BER) under various C/N
conditions. The signal to noise ratio is
typically expressed in several forms,
including bit energy to noise density
(Eu/N,), and carrier power to noise
density (C/N,) in addition to C/N.
These ratios can be negative during
normal operation, for example with
spread spectrum sysiems where the
carrier is modulated by a pseudo-ran-
dom code at a high clock rate. Figure
4 depicts a setup for measuring Bit
Error Rate. A typical measurement will
vary the ratio at or around the receiver
threshold and yield a plot of the sys-
tem BER versus the signal to noise
ratio.

Applications of VXIbus Controlied
Noise Instruments

The new line of available VXlbus
based noise instruments will aid in
many applications including BER test-
ing, multipath fading simulation, com-
ponent analysis, radar test beds, as
well as self-test and calibration of the
VXI system. Figure 5 depicts a VXI
noise instrument. The module consists
of a high level noise source followed
by a switched filter bank, step attenua-
tors, and a combiner for the user
injected signal. This module provides
good flexibility with precgrammable out-
put power from +13 dBm to the ther-
mal noise floor and user specified
bandwidths. It utilizes a message
based VXibus interface, and is com-
patible with the reczantly released
Revision 1.4 of the VXIbus System
Specification. The internal compo-
nents are housed in RFI tight enclo-
sures with power line and control line
filtering. The noise outout can be used
to calibrate and functionally test other
devices in a VXI system, eliminating
the need to return mcdules to a cali-
bration facility, and therefore eliminat-
ing system down time. Types of self-
tests which may be pe formed with the
noise instrument include calibration of
power measuring devices, amplitude
response of components over frequen-
cy and time, and receiver characteris-

RF Design

tics such as sensitivity, saturation,
intermodulation distortion, gain, noise
figure, and detector response.

By integrating a power meter and a
noise source into a virtual instrument,
a complete precision carrier to noise
generator is realized. The power meter
is used to set the C/N ratio by measur-
ing the noise power and the carrier
power. The noise density can be com-
puted from the power measurement
and the noise bandwidth of the noise
instrument. Computational corrections
for bandwidth, data rates, etc. can be
performed transparently to the user.
The substitution method described
above can be utilized if the accuracy
of the power meter is not sufficient for
the desired C/N accuracy. The
switched filter bank residing in the
noise instrument is user specified to
allow testing in different frequency
bands, or may be bypassed for unfil-
tered broadband applications. The
noise bandwidth of the filters can be
precisely calibrated such that noise
density can be derived from the mea-
sured noise power.

Conclusion

VXlbus based hardware is gradually
becoming accepted in the industry as
users become more familiar with the
devices which are available and, more
importantly, gain an understanding of
the advantages of VXI systems. Manu-
facturers are also beginning to see the
advantages and as a result, many new
instruments are becoming available.
One line of new VXibus based instru-
ments are noise sources which are very
flexible and can be utilized for calibra-
tion, self test and fault isolation, built-in
testing, as well as higher level system
testing such as BER and receiver char-
acterization. The continued acceptance
of this relatively new instrumentation
platform will bring even more incentives
for using VXI. RF
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Surface Mount

Filters

for the same low price

$25~

each in quantities of 100

10 to 1600 MHz

Three Sections

3dBBW:5% to 20%

50 dBc Stopband Rejection

-25° to +50°C Operation

Special models are also available
with as many as eight sections,
3-dB bandwidths from 3 to
100%, and increased lowpass
and highpass configurations.

Call, Write, or Bingo for
our new 100-page Catalog!
(714) 240-1233

Lark Engineering Company
A Division of Baier & Baier, Inc.
27151 Calle Delgado

San Juan Capistrano, CA 92675
FAX: 714-240-7910
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RF Design Software Service
Programs from RF Design, provided on disk for your convenience.

May Program: RFD-0593

“A Program for Impedance Format Zonversion” by Thomas Bavis. Conversions to relate mea-
surements from instruments having different output formats, such as series/parallel R and X,
polar Z and Theta, reflection coefficient and SWR. (GWBASIC code and compiled versions})

April Program: RFD-0493

“A Resistive Attenuator Calculation Program” by Jouni Verronen. This utility program cal-
culates resistor values for T and Pi attenuators, as well as minimum-loss L networks to match
the given resistive impedances. (Quic< Basic, source code and compited versions)

BIG SALE !!!

For a limited time, you can get all past years’ programs for a low package pricel
Order a four-year set covering 1989, 1990, 1991 and 1992 programs for just:

$365.00

(Regular price is $440 — save $75I)

Shipping paid to U.S. and Canada, other foreign add $25.00 shipping and handling.
See our past advertisements for terms and payment information.

Call or write for a listing of all available programs

We Accept VISA, MasterCard, and American Express! \When ordering by mail,
please include card number, correct name, and expiration date.

Order by telephone! Call (303) 770-4709 to place your credit card order Occasionally,
you may reach an answering machine, but your call will be returned as soon as possible.

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702 U.S.A.
{303) 770-4709
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APPLICATIONS:
* POWER

AMPLIFIERS

HI-POWER RF [y

AMPLIFIERS, TRANSMITTERS Wit
ANDPOWER GENERATORS R

MILLIONS OF WATTS SOLD... Henry has © NUCLEAR
delivered for 30 years. We can ship designs in the [JRELCLE

2 to 500 MHz range with pcwer ratings to 10,000  |RUNISULI
watts from stock. If we don't have it we'll design it. [S{ES

. GENERATORS
HENRY iuccasns Rl

Toll Free: 1-800-877-7979
Or: 1-310-820-1234
FAX: 1-310-826-7790
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RF software

Large Signal impedance

Matching

The Impedance Matching Program from
Motorola assists ir the design of matching
circuitry by displaying the effects of match-
ing elements on a Smith Chart. To obtain
a copy of the Impedance Matching Pro-
gram free of charge, call Motorola Litera-
ture Distribution at 1-800-441-2447.
Motorola Semiconductor Products
INFO/CARD #249

RF/IC Design Tools

Harris Semiconductor has integrated RF
and IC design tools into a single environ-
ment, Release 3.6 of the FASTRACK
design system for analog and mixed sig-
nal ASICs. Embedded RF tools include: S-
parameter modeling and simulation, large
signal AC analysis, S-parameter measure-
ment, Smith chart plotting and noise infor-
mation. RF process libraries are based on
the UHF-1 process (complementary bipo-
lar with silicon-on-insulator via bonded
wafers, 8 GHz NPN F,, 5.5 GHz PNP F).
Prices begin at $43,500.

Harris Semiconductor

INFO/CARD #248

Crystal Oscillator Design
Crystal Oscillator Design and Analysis
(CODA) v2.3.1 is now available. CODA
is primarily for the design and analysis
of crystal oscillator circuits. CODA will
also analyze LC, RC and IC oscillators.
Cost is $395 for the IBM compatible pro-
gram.

A. Benjaminson, Electronics
Consuitant

INFO/CARD #247

Radio Network Planning

HTZ from ATDI aids in the creation and
planning of S/U/VHF radio networks.
The package corsists of two modules: a
program simulating transmitter locations
and propagation conditions, and an
assignment procram that uses simula-
tion results for frequency allocations and
network planning. The software oper-
ates on a 486-based PC.

Advanced Topographic Development
and Images

INFO/CARD #246

SAW Filter Models

EEsof, in partnership with Sawtek has
included Sawtek’s 70 MHz and 160 MHz
standard, off-the-shelf SAW filter fami-
lies in EEsof's Series IV Vendor Compo-
nent Libraries. The 140 MHz standard
filter family will follow.

EEsof, Inc.

INFO/CARD #245
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RF Iiterature

SAW Catalog

Sawtek has released ts 1993 Product
Catalog, its first catalog ever. In addi-
tion to standard procuct listings, the
catalog includes how -0 specify a cus-
tom SAW filter, a section on applica-
tion-specific SAW davices, and PC
board layout tips tc assist the RF
designer.

Sawtek, Inc.
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Trimmer Capacitors

Voltronics has published an eight-page
catalog describing its new line of high
performance, half-turn ceramic trimmer
capacitors. There are nine different
styles varying in size from 2.4 mm to 8.5
mm in diameter. Tuning ranges are from
2 to 40 pF maximum for either printed
circuit or surface moun- varieties.
Voltronics Corporation

INFO/CARD #241

Video Filters

Allen Avionics has released a color
brochure describing thair AVS series of
miniature lowpass video filters. The
brochure provides full electrical and
mechanical specifications, as well as
ordering information.

Allen Avionics, Inc.

INFO/CARD #240

Custom IC Design

Silicon Systems now offers its Tool
Kit brochure for custom communica-
tions ICs. Sixteen full-color pages
detail the company’s design expertise
in protocol and signal processing —
analog, digital, wired and wireless.
The brochure includes a poster and is
free of charge.

Silicon Systems

INFO/CARD #239

RF/Wireless Communications
A 963-page data haidbook present-
ing detailed information on integrated
circuits for the desicn of electronics
systems in RF and wireless communi-
cations applications is available free
of charge from Philias Semiconduc-
tors.

Philips Semiconductors

INFO/CARD #238

Radio-Broadcast-Data
Standard

Full text of the United States Radio
Broadcast Data Standard (RBDS) is
now available through the NAB. The
RBDS allows FM stations to transmit a

RF Design

variety of digital information to a new
generation of “smart” radios, soon to be
on the market. The publication is avail-
able for $20.

National Association of

Broadcasters
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Dielectric Resonators

A brochure from K&L Microwave
describes their dielectric resonator filters
and diplexers. Electrical and mechanical
specifications for the devices are includ-
ed, as is ordering information.

K&L Microwave, Inc.
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Capacitors

Murata Erie’s extensive line of chip and
leaded monolithic ceramic capacitors
are covered in detail in a new 52-page
catalog, No. C-01-D. Both chip and
leaded devices with a number of differ-
ent voltage and temperature character-
istics are described. The catalog is free
of charge.

Murata Erie North America
INFO/CARD #235

Component Report

Strategies Unlimited has announced
that it has completed a major report on
the five-year outlook for RF compo-
nents, both GaAs and silicon, used in
wireless personal communications sys-
tems. This 164-page report, entitled RF
Components for Wireless Personal
Communications, is available immedi-
ately for a fee of $2950.

Strategies Unlimited

INFO/CARD #234

Frequency Control Handbook
PTI announces its updated handbook
for frequency control products which
features new technical design infor-
mation and more product specifica-
tions. The 168-page handbook con-
tains comprehensive data on PTl's
products.

Piezo Technology, Inc.

INFO/CARD #233

Telecom Information

A series of videos and computer-
based training packages from Bellcore
provide information on several
telecommunications topics. Among
them are video tapes covering ISDN
Information Networks, National ISDN
and SONET.

Bellcore

INFO/CARD #232

Easy TESLA Block Diagram
Simulation Runs on Your PC
©® Nonlinear time simulation with bulitin spectrum analysis
lets you test with noise, multipath and adjacent channels
@ Use TESLA to simulate modems, radios, celiular, GPS,
spread spec, DSP, HDTV, radar, controls, audio & more!
@ Over 60 anslog & digital blocks: Filters, VCO, Mixer, RFamp,
Laplace, A'D & D/A Converters, BER tester, Noise, S&H,
Integ&dump, S-Function Generator, Phase meter, & more!
@ Add new blocks with MODGEN option—BBS user library
@ Use OrCAD® o inp diag!

FREE APPLICATION NOTE

TESOFT Inc, PO Box 305  CALL FOR WORKING DEMO DISK

Roswell GA 30077 TESLA Simulator $605

Phone 404-751-9785 MODGEN Model Generator  $405

FAX404-664-5817 Symbols for OrCAD/SDT®  $195
INFO/CARD 66

HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

\S) JENNINGS

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.
2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 4384420
FAX (619) 4384759
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RF product report

Signal and Sweep Generators
Re-Aimed at Commercial Market

By Andy Kellett
Technical Editor

Signal and sweep generators are
essential to lab testing of RF compo-
nents and systems. Occupying a role
analogous to a wind tunnel in aeronauti-
cal engineering, signal and sweep gen-
erators provide controlled, electronic
tests of RF circuits and systams.
Because test signals are such an essen-
tial part of RF testing, these instruments
are used all across the RF field.

The basic tests performed with signal
and sweep generators are the same as
they have always been: receiver testing,
LO substitution, and device and system
characterization, among others. ‘What
has changed is the market in which
these tasks are done.

RF manufacturers are selling less to
military customers and trying to sell
more to the growing number of commer-
cial customers. With the shift in market
comes new considerations. “Companies
are having to learn how to do a whole
new business where there are a lot of
new driving factors, particularly cost.
Given that, we are all babes in the
woods again, starting out in a new mar-
ket,” says Donn Mulder, Product Market-
ing Manager at Anritsu Wiltron Sales
Co.

What to sell in a new market is one of
the first decisions to be made. Wiltron's
Mulder notes that customers want to
buy signal generators and sweepers
that do what they need them to do, no
more, no less. Special capabilities can
be offered as options. This is what Mar-
coni Instruments has done with their
2030/2040 line of signal generators.
“We offer different options, each of
which represents a vertical market,”
says Marconi President Carl Pepple. For
instance, Option 6 for the Marconi 2030
adds capabilities for testing avionics.

Special features aside, users are most
interested in frequency range and stabili-
ty, power output, harmonics, phase noise
and modulation capabilities according to
Dave White, Vice President of Marketing
and Sales at Gigatronics. The frequen-
cies in which tests are done reflects
where in the spectrum most of the activity
lies. Part 15 applications are stimu ating
generator activity at 2.4 GHz.
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Frequency stability, harmonics and
phase noise are functions of the method
used to generate the carrier frequency.
Fractional-N synthesis is the predomi-
nant carrier generation method into the
UHF range. Many of the companies that
make generators that reach above the
UHF band use YIG oscillators, mixing
them down to reach the HF and VHF
ranges and multiplying them to get high-
er. Very accurate, very low noise signal
sources are made by Programmed Test
Sources by using very stable SC-cut
crystals and direct synthesis. Signal
generator features such as modulation
capabilities can be added as options to
these sources.

Direct digital synthesis (DDS) is
known for its frequency agility and
waveform flexibility. DDS generators
from Stanford Research, Analogic and
others are still in the tens of MHz, but
they find use in LO applications and can
be mixed up to higher RF frequencies.
“Everyone is worried that with ones and
zeros running around that there will be
glitches everywhere,” says John Willi-
son, Vice President of Engineering at
Stanford Research. “but our spurs are
—70 dB down.”

Signal and sweep generator control
is another specification that customers
and manufacturers focus on. “Button-
per function” control is the dominant
control panel architecture. “The instru-
ment before our new 2200/2210
sweeper was menu driven. The reason
that was done was to bring price down;,
it eliminates a lot of hardware. The cus-
tomer base just didn’t like it, so we
went back to the button per function
design,” says Boonton Electronics
Sales Manager, Richard Anlas. The
readability and ruggedness of front
panels are also important when consid-
ering generators that will be used in the
field. “We’re using low current LED dis-
plays so that you can use them in any
light conditions, and we use tactile front
panels. They have two distinct advan-
tages, they are have very, very low
radiated emissions and the other is reli-
ability,” says Ken Harrison, National
Sales Manager for Wayne Kerr.

More signal and sweep generators are
being controlied by computer. Automatic
test equipment is slowly working its way
onto manufacturing floors. Nearly all sig-
nal and sweep generators possess an
RS-232 or GPIB bus as at least an
option. These instruments generally
retain the front panel and front panel
controllability. Eliminating the front panel
reduces the space an instrument occu-
pies, and size reduction is one of the
goals of the VXlbus standard. VXlbus
instruments are exclusively computer
controlled and contained in racks much
smaller than the traditional 19 inch,
rack-and-stack types.

Like the much of the rest of the RF
test and measurement industry, signal
and sweep generator manufacturers
have seen less business over the past
few years. Military spending declined
while a recession made companies
more sluggish and less able to adapt to
changing conditions. For whatever rea-
son the market slowed down, it seems
to be recovering now. According to Russ
Byrd, Wavetek Product Marketing Man-
ager, business at his company has been
steady, and they are beginning to sell
replacements to old equipment. Giga-
tronics’ Vice President of Marketing and
Sales, Dave White, says sales of their
7000 series of multiband signal genera-
tors is growing, and that sales overall
have been strong.

There will be no shortage of potential
customers for signal and sweep genera-
tors in the future. Whether those poten-
tial customers become real buyers
depends on whether manufacturers can
meet both cost and performance
requirements. Now that many RF appli-
cations are leaving the talking stage and
entering the building stage, perhaps the
performance requirements will be clear-
er. With the economy slowly improving,
perhaps more companies will have the
ability to take the steps necessary to
bring prices down. RF

For reprints of this report contact
Cardiff Publishing at (303) 220-0600.
Ask for the Circulation Department.
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2-1100 MHz Signal
Generator

Scalar Network
Analyzer with 66 dB
Dynamic Range

0.0005% Freguency
Accuracy

14" Color VGA
Monitor

LCD screen provides
status of all
instrument settings -

A small footprint
means more
space for you

The Scalar Analyzer
Preterred By Technicians

Small details make a big difference,
especially when they involve
exacting measurements and long
hours of critical daily testing. The
Benchmark 1150 Scalar Analyzer is
packed with innovative features
designed to enhance productivity
and accuracy, and is simple to use.

Imagine working with the
Benchmark’s large 14" high-
resolution color display!

© Wavetek, 1993

The Easiest Test
You'll Ever Take

Maximme Bute Ivterwal Trig
gen 190000 B

Loesl 16.0 &
5.0 @viiv_Pethlal
e

Marker amplitudes
are indicated in
trace colors

Marker search
functions provide
continuous updating

Color limits and
Pass/Fail indicators

make Go/No Go
tests simple

e e s e

All major functions
are at your finger tips

Now it’s easy to see a small 0.1dB
adjustment that could be the
difference between a marginal DUT
and one that passes with flying
colors. Match that display to the
industry’s smallest analyzer
footprint, and you have a unit that
leaves ample room for your test
fixtures and is easy on your eyes.

Most technicians can be
productive on the Benchmark in
less than one day, with a minimum
of retraining.

For Literature, Circle INFO/CARD 68

For Demo, Circle INFO/CARD 69

Highly visible color screens reduce
trace and limit confusion, and
make most operator functions
virtually effortless.

The Benchmark is as easy on
your budget as it is on your staff.
Put the Benchmark 1150 to the test.
You’ll be positively impressed with
its performance and price. Call
your local Wavetek representative
for more information or for a

product demonstration.
800-622-5515 317-788-5965

WAVETEK
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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.

IN&WOM@E.@K m€ NOVA RF Systems, Inc.

The Complete RF/Microwave Solution

Need Clock Osclllators or Crystals" CaII 1- 800 333-9825 @ 714-991-1580 | — RF/Microwave Systems
Quartz Crystals 50Khz to 200Mhz — Custom Design/Consulting
TTL Clock Oscillators 250Khz to 70Mhz M § — Simulation Software
HCMOS Clock Oscillators 3.5Mhz to 50Mhz — Synthesizers (PLL/DDS)
Tri-State, Half Size and Surface Mount also available on request ‘ — Complete Lab/Machine Shop
Fast Service - 3 weeks or less — TDMA/CDMA/Spread Spectrum
s"“'a' frequencies our s'"’"'a”' _ 1740 Pine Valley Dr. * Vienna, Virginia 22182
801 + FAX 714-491-9825 | (703) 255-2353
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RF SPICE MODELS Jrer it

e VCO’s » CLOCK OSCILLATORS

VS\A LOO « BIPOLARS, FET, VARACTOR, PIN haig ficois & Crocu Of SRR
L]
* MODELS FOR CLASS C POWER ELECTRONICS | " <o 107 bz, 214 MHZ and 45 MHZ
‘} * OPTO LASER AND PIN DIODES | I T T L/C FILTERS
NS \¥  « HIGH SPEED GATES AND FLOPS
PNEES * OPAVPS & TRANSIMPEDANCE ANPS S ; h
M D * FULL NONLINEAR SPICE MODELS qll GBI Teareinents.
* ACCURACY FROM DC TO 5-10 GHZ 16406 N. Cave Creek Rd. #5
6987 N. Oracle Road 5
Tucson, A785704  ® INHOUSE RF & DC MEASUREMENTS Phoenix, AZ 85032-2919
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RF engineering opportunities

seas| ... YOUR CAREER
o] u]=te] Celluler Enginsers: Designidevelop RF and anelog circults for high capacily celluler systems. Requires
Qoo muzmmnwunmwmmwmw
QX Audio Design, Sigeel Processing.

nmwb“wmnwmmww-mmmm
#fiort 10 develop functiona modular products o the wreless communications market, Will come up with

_..--4 smailer, cheaper functionsl modules). Target end markets are cordiess phone, celiuiar, RF Data Units
and RF LAN. BSEE, MSEE prelerred. Minimum 10 yeers experience with indepth knowiedge complete
F circull design. 2GHz-Audio. Experience with wmmmmww
\ mwmmmmmwumm products

Whatever you are seeking in it...
MINC Engineer; Develop L/S band GAA's MMIC power ampilifiers for commercial wirsless communications. Requires: M.S. or
BSEE, + 2 yeors sxperience with GAA's MMIC design, simudation, packaging and teet.

mmmmwmmummmnwmkm
Ampiifiers. Marksts involved will be ceflvier, wirsiess and mobile communications. BSMSEE

RF Design Engineer: Responsible lor design & ansiog and RF systems and circuts for consumer and commercial digital wire-

frequency synthesizers, power sysiome.
mmnmwmwmmnmmmmmmwmmm
duplex or COMA a plus.

Stelt/Principsl Engineer: This indiidusl wil be responsibie for the designidevelopment of UHFVHF ampiifers. Wil be required
10 control the design on a stand-aione bess whild Meeting Cost and SChedie rEQUIrAMeNts wilh the SUPPOR from junior eNGineers
and Hands-on enginee wil als0 be requined 10 lead IRAD eflorts in UNFVHF RF Power Ampiifer design
0 enhance transmitier lechnology posilion. BSEEMSEE.

RFIC Design: MS or PhD in Electrical Enginesing with minimum 5 yeers relaied sxpenence is preferred. The candidate should

have a good knowledge and experience in Linear Bipoier High Frequency IC design and measurement lechniques 10 design IC's
hmmwmmmmmmmwmwnwu

sysioms and L izer design, RF
circuliry, low power mwwwmw-
mnm-asmnmu-

mmmmumm
in the design and ﬂ

COMMUNICATIONS
EXECUTIVE SEARCH
871 Turnoike St. ¢ North Andover, MA 08145

inthe o both and
CALL COLLECT: TEL: 58-685-2272 FAX: 508-794-5627

RF design

REPRINTS!

You can now order article reprints from this
publication!

Have you ever read a well-written, informative
article in a magazine, thrown the magazine
away and then a month later wished you had
saved it?

RF Design offers a highly convenient article re-
print service to accommodate your needs. Ar-
ticles appearing in RF Design are available for
printing in quantities of 100 or more.

For further information contact:

Reprint Department

RF Design

6300 S. Syracuse Way, Suite 650
Englewood, CO 80111

(303) 220-0600

GPS RECEIVERS
TELECOMMUNICATIONS
REMOTE OCEAN SENSING
EHF COMMUNICATIONS
SPACE SYSTEMS
C4

TOMORROW'S TECHNOLOGY TODAY!

If this sounds like the technology you are interested
in pursuing, talk to E-Systems, ECI Division. We are in
search of talented engineers to staff a variety of exist-
ing programs and to lead in the pursuit of new busi-
ness.

Opportunities exist for individuals with a back-
ground in one of the following areas:

GPS RECEIVERS . . . Kalman Filters, Dynamic
Simulation, Differential GPS, GPS Inertial Aiding,
Attitude Determination.

CRYPTOS . . . Embedded Cryptographic Design,
Red/Black Isolation, Security Fault Analysis, NSA
Documentation.

TELECOMMUNICATIONS . . . Operational
Concepts, ISDN Trunk Interfacing, Acoustic Design,
Smart Card Development, Multi-Chip Module (MCM)
Technology.

C*I APPLICATIONS . . . LANs/WANS, Multi-level
Security, RF Modem Design, HF/UHF/VHF, IMBPS
to 5GBPS, 68000/VME Designs.

EHF SYSTEMS . . . Space and Ground Terminals,
MILSTAR LDR/MDR Waveform, Up/Downlink
Systems.

RF/MICROWAVE DESIGN . . . MIC Solid State
Power Amps, Ku Band.

SOFTWARE DESIGN . . . Ada, C, 17504, RISC,
DSP, Real-time, embedded microprocessor, DOD
2167A, CASE Tools, SW Methodology.

E-Systems offers very competitive salaries and
an excellent benefits package which includes an
Employee Stock Ownership Plan, 401 (k), and medi-
cal and dental insurance. Qualified candidates should
forward a resume and salary history to: Manager of
Staffing, E-Systems, Inc., ECI Division, Post Office Box
12248, St. Petersburg, Florida 33733-2248.

ﬁ E-SYSTEMS

The science of systems.
U.S. Citizenship Required.

Equal Opportunity Employer, M/F, D, V.




Bandwidth ... 1 to 400 MHz Bandwidth ... 1 to 230 MHz

StepRoize' A AR EnFm sty y. A <1Hz StepliSiZets W Sl e <30 Hz granularity
Frequency control ................... 30-bits, parallel PHASENCONIION, ;ygvsicrakviere s smoeeeb toe e o oo 12-bit
SPURS N, e M o eI <-45 dBc typ Siiehiie) stk L 2 nanoseccnd update
S2E o00 doniil 2 Mol s 3.75" x 4.78" x 0.89" S DU SR gt O T -55 dBc typical (CW)
................................... Quadrature 5.95" chassis or 5" x 7" x 1.125" module
TYPICAL PHASE NOISE %
dBc/Hz
-90 / . v .
-100 :
-110 i ]
-120 , b 5 Aoy
130 s o i AN ALy & .
14010 100 1K 10K 100K ok 2 ‘i.
1 1 5
OFFSET (Hz) Ti - :
A D S " 4 3 1 D C P : 1 For Synthetic Aperture Radar
ADVANCED DDS GaAs DDS and other systems requiring
! ’ state of the art LINEAR FM.
This LOW CO.ST quule is perfect Sciteg's DCP-1 provides
for ATE, simulation, EW, and all I T E ; ’
R extended bandwidth, high
other applications where speed and e ) ; )
o . specializes in advanced technology linearity, phase control, and
phase continuity are important. S 1
freq uency SyntheSlS, excellent spectral purity.
using direct digital, phase-locked-loop,
The VDS-6030 is a low cost C-band Arithmgtically Lockeq Loop, anq m?x/filter This one square inch waveform
solution, with excellent phase noise _designs, plus unique combination generator includes digital
and low power dissipation. It's also archltectures that combme the advantages of phase, frequency, and
available in L-band. multiple underlying technologies. amplitude control, yet it only

dissipates 1.5W at f., max.

VDS-6030 | DDS-1
ARITHMETICALLY || SYNTHESIZER &
LOCKED LOOP || MODULATOR

TYPICAL PHASE NOISE

dBc/Hz
70
-80
-90
-100
-110
| e o
100 1K 10K 100K 1M
OFFSET (H2) TYPICAL SPURS =
Bandwidth ... 4.65 to 5.25 GHz Maximum clock ......... up to 25 MHz
STEINSIZE - rughin s xaiiddas e S SR A . 2.5 MHz EreqUEenCy: COMIMOIN e aid saes st oees oo 32-bit
QUIDULSE v omi o g 2-cnannels @ +17 dBm Switching speed .........cccocivvviieenn. <1 usec
Total power ... <5W (OIV) (0] 1] G P RS SrpiA L ey | SO ST s SINE, 1 VP-P
BT RS o8 Moo s s e TTL lock indicator Phase NoiSe .........cccoeevvvveeeinnnnn. per the clock
S PRSI AT i SRR I3 AT M T . -60 dBc Gating ............. >>100 dB ON/OFF, 1-bit toggle
Reference .......... 10 MHz, ext (internal optional) Modulation ...... digital amplitude, ¢, FSK

Broadband DDS, INFO/CARC 101 HDR Satcom, INFO/CARD 102 Linear FM, INFO/CARD 103 One-Chip DDS, INFO/CARD 104

4
y) SCITEQ ELECTRONICS, INC. - 4775 Viewridge Ave. » San Diego, CA 92123 « (619)292-0500  FAX (619)292-9120
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Zeo ..., unique modular optimization process}
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Phase Noise Performance of Sawtek's 300 MHz Standard VCSO

v’ Superior phase noise and long-term stability

v Quartz SAW temperature stability

v Operation over the extremes of military temperatures

v Excellent spectral purity

v On-board voltage regulation

v/ ECL output available

v Hermetically sealed in a 1.5" x 1.0" x 0.2" DIP

v Off-the-shelf availability
High performance for less cost is the standard for Sawtek's family of hybrid
voltage controlled SAW oscillators (VCSOs). Offered in operating frequencies
from 300 MHz to 1000 MHz, these standard VCSOs are designed for your
commercial and military applications. Call Penstock today at 7-800-736-7862
to place your order for any of the following part numbers:

Part Number Frequency

However, f your.oscillator needs 852103 300 MHz
fall between the incremental 852104 400 MHz
100 MHz operating frequencies 852105 500 MHz
of the standard parts, contact us at 852106 600 MHz
Sawtek at (407) 886-8860. Our 852107 200 MHz
unique modular optimization 852108 800 MHz
process provides rapid turnaround 852109 900 MHz
for semi-custom conversions. 852110 1,000 MHz

PENSTOCK. CYSAWTEK

Sunnyvale, California Orlando, Florida
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Y)u can’t buy

a better precision

timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone'

(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORAIORES
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