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TWO WAYS

T0 PUT

AN ENTIRE
MICROWRVE

i Wl

You don't need a forklift, a strong back,
and a keen sense of balance to put an
entire microwave lab on your desk.

All you need is CAE design soft-
ware from EEsof.

Our tools realistically simulate just
about every piece of equipment in the
lab—right there inyour very own office.

From devices to circuits to subsystems.

You'll be able to create better prod-
ucts with more functions and higher
yields. Explore new concepts. Work
on projects that wouldn't even be pos-

1

LAB ON

sible if you relied solely on the lab.

And you'll do it fast. From idea to
finished prototype in days or weeks in-
stead of months or years.

EEsof's business is software.
We've been the leader in microwave
software tools since 1984 when our
first product, Touchstone® freed you
from mainframe, timeshared comput-
ing and let you design with a desktop
workstation.

Today, our family of products, in-
tegrated through ACADEMY ™into

1980 EEsof, Inc.EEsof and Touchstone are registered trademarks of EEsof, Inc. ACADEMY is a trademark of EEsof, Inc

one microwave design framework, re-
duces manufacturing costs, increases
yields, and slashes adjustment, test-
ing, and design time.

Call EEsof at 1-800-624-8999,
ext. 155 or FAX us at 1-818-991-
7109. We'll send you all the facts on
our microwave CAE design tools.

That way the only things stacked
up on your desk will be letters of

praise from E f

all of your
customers.
INFO/CARD 1
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Trunking...
Tracking Generator...

now available with the New FMI/AM-12008

The FM/AM-1200S is still the most feature intensive of all
communications service monitors.

See for yourself. The FM/AM-1200S includes a 1 GHz spectrum analyzer, 1 MHz
scope, 2 uV receiver, duplex capability, 150 watt power meter, RS-232 interface and
numerous programmable functions—all standard in one self~contained, compact and
portable unit. With three new options, the 12005 can now test cellular mobiles;
CLEARCHANNEL LTR® compatible mobiles/bases; and duplexers, combiners and isolators.

Think of the advantages of having all these features in one package. With the 12008
cellular option you no longer have to be concerned with what type of test interface the
radio has. By connecting a coax between the transceiver and test set you are ready to go.
When you need to verify a trunked radio, just connect the RF cable, enter the mobile and
system information into the 12008 and execute. This now eliminates the need for “add-on”
or accessory units to perform cellular and trunked systems testing.

How many times have you wished for a convenient, inexpensive way to observe the
frequency response of a cavity or duplexer? The new 12008 tracking generator option will
do just that. By connecting two cables, you can observe the frequency response directly
on the 12008’ CRT, providing for instantaneous monitoring of filter characteristics.

Where else can you get all this capability in one communications test set? No where!
Compare and you'll agree...the FM/AM-1200S is the logical choice.

Don’t tinker around! Buy IFR, the monitors that make the others

seem like toys. © %
I R IFR SYSTEMS, INC. 10200 West York Street, Wichita, Kansas 67215-8935 USA., <f;‘-
Phone 316/522-4981, TWX 910-741-6952, FAX 316/524-2623
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tiise ean = 0.0000000007

te.. e = 0.7x107° seconds

te... r.n = 0.7 Danoseconds

tei. v = (00 picoseconds

FAST BY ANY MEASURE!

In fact, Schottky diode
switches can draw as much
as 100-200mA.

RF envelope rise time (10%/30% RF) for the DSO841 is
typically less than 700 psec with 7 nsec switching speed (50% TTL
to 90% RF).

DS0841 also offers excellent isolation of 70dB typical at 100MHz
typical and 60dB typical to 200MHz.

The DSO841 is the ideal high speed, low transient, low power
consumption switch for blanking and modulating applications.

Operating Characteristics
PARAMETER MIN TYP MAX UNITS CONDITIONS

Current Drain 2 5 mA AT +5V DC Supply

Switching Transients 56 100 mV_Peak Value Scope Specifications . A
Transition Time 1 1 S 90%/10% or 10%/90% RF Ch.l = 100.00 mvolts/div Timebase = 1.00 nsec/div Offset = 20.00 mvolts Delta T = 45000 pwex
7

Switching Speed nS  50% TTL to 90/10% RF
Insertion Loss 17 23 @B Call DAICO today at (213) 631-1143 for more information on this new ultra fast

Tedition 60 10 B 10100 switch and our complete line of RF Attenuators, Switches and Phase Stifters.
I—— N SRR - DAICO INDUSTRIES, INC.
Operating Frequency 10 200 MHz 2453 East Del Amo Boulevard, Compton, CA 90220
TTL Controlled 213/631-1143 - FAX 213/631-8078
INFO/CARD 3
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27  Circuits for Wide-band FM 1.1p00
Demodulation

The integrated circuits discussed in this article can
be used as wide-band discriminators in applications
such as telemetry, high-speed data transmission,
and FM over fiber. The designs presented give stable
IF amplifier gains at 21.4 MHz and 70 MHz.

— Alvin Wong and Ali Fotowat

47 Using Current Feedback .

b CENTER 70.000 M-z
Ampllflers RES Bw 300 M2 VBu 300

Current feedback amplifiers offer higher speed,
nearly constant bandwidth at increased gains, and
operate at higher frequencies than traditional op
amps. This article describes these benetfits as well
as some applications of a specific current feedback

amplifier.
Al Little
departments
cover story 6 Editorial
10 Letters
52 A New 100 Hz to 26.5 GHz Spectrum Analyzer 13" ‘Caerichar
Advantest America has released the R3271, a spectrum analyzer that covers the 16 Courses
100 Hz to 26.5 GHz frequency range. The analyzer has some interesting specifica- 19 News

tions and is ideal for detecting individual signals in a complex waveform.

24  Industry Insight
53 New Products
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72 New Literature
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75  Int d
56  Spread Spectrum ASIC Eases Design of S NEoCaY

Low Cost Part 15 Systems

This article presents a custom-designed integrated circuit for spread spectrum ap-
plications. A tutorial on spread spectrum is a major part of this contribution
— Raymona Simpson

64 Crystal Delay Equalizers

This article describes a process of combining a number of equalizers into a single

section, putting multiple crystals in parallel in each of the two branches of a half-

lattice. thereby mimimizing the number of added inductors

Wiltiam Lurie
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HIGH POWER
16 WAY
COMBINER

TYPICAL SPECIFICATIONS
MODEL D2599

FREQUENCY RANGE ...... 0.4 - 1GHz
INSERTIONLOSS ............. 0.5db
ISOLIEATIONMTR e e v n . 25db
SR . e - P R A A S, oo - - 1.3:1
POWER...........ccovunn 400 watts

The model D2599 features full power
isolating terminations which maintain
impedance match and isolation in *soft
failure’” modes.

PRECISION
DIRECTIONAL
COUPLER

TYPICAL SPECIFICATIONS
MODEL €2523

FREQUENCY RANGE . ...100-400 MHz
COUPLING . ccsvihuisoucnnnnm. 30db
DIRECTIVITY s e o n s o 5l geesis 35db
VSWRL. ... . . savdWaeeand s tions. 1.1:1
POWER e e oo m s om 750 watts

The model C2523 features exceptional
coupling linearity vs input power and
non-destructive precision stainless steel
connectors.

1965 - 1990
25 years in in business

WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404

decades ahead
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RF editorial

RF-on-a-Chip

By Gary A. Breed
Editor

hen did electronics engineers start

considering integrated circuit im-
plementation for nearly any product? I'm
not talking about mass-produced calcu-
lators and watches or development of
ICs meant to be sold as commodities. |
mean ICs that an engineer can specify
to do the particular job he is working on.

Actually, it was nearly 20 years ago
that digital product developers began to
include programmable array logic (PAL)
devices in commercial products. These
were custom devices in that they could
be either field or mask programmed to
perform a specific set of logic instruc-
tions. Since then, we have seen plenty
of ASICs (application-specific integrated
circuits) with mix-and-match logic func-
tions, plus universal gate array devices
with thousands of individual gates that
can be interconnected to do a huge
number of different tasks.

More recently, digital designers have
gained the ability to specify start-from-
scratch ICs to meet their requirements,
using some impressive computer-aided
design tools to develop and debug the
logic, lay out the circuit on a silicon
substrate, and control the processing of
the wafer. RF designers have seen
some of these custom digital products
for phase locked loops, direct digital
frequency synthesis, and digital signal
processing.

The next step combined analog and
digital components, adding mainly op
amps and comparators. Low-frequency
signal processing, control devices, and
data acquisition circuits became prime
applications for this technology. At high
frequencies, however, such circuits were
power-hungry. The development in just
the last couple of years of very high Fy
PNP transistors has opened up a whole
new set of applications, as complemen-
tary analog and digital circuitry can now
operate into the hundreds of MHz, with
its inherently lower power consumption.

This type of circuit has only recently
reached wide acceptance.

The final step in making full-custom
RF ICs accessible is coming together
right now. Advanced chip design soft-
ware tools — like the ones used to
design nearly every digital and analog
IC — are incorporating true RF charac-
terizations in their models. For analog
functions, Spice-based routines are used
in these CAD packages. The focus of
recent efforts has been the development
of Spice-compatible models for transmis-
sion lines, S-parameter device charac-
terization, parasitics and discontinuities.
With these tools, it is now possible to
design ICs for analog or digital operation
beyond 1 GHz.

GaAs ICs and MMICs are working
their way toward a similar !evel of CAD
modeling and development, albeit from
a different starting point. These high
performance RF ICs add even more
options to an engineer’s design arsenal.

Inevitably, technology moves ahead.
RF has gone from spark to vacuum
tubes, from vacuum tubes to transistors,
from individual transistors to functional
blocks of ICs and MMICs, and now we
have the potential for completely inte-
grated RF systems. We will certainly find
some of the new technologies | noted
last month implemented completely in
silicon or GaAs.

It’s hard to believe that some foiks still
think of RF as *‘old’’ technology!

December 1990
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No one delivers noise performance
like Noise Com. And no one
delivers it on time, time after
time, like Noise Com. We've built
a solid reputation for quality,
performance, and service that is
unmatched in the industry.

Noise Com offers the industry’s
broadest spectrum of noise
products — from diode chips to
hermetically-sealed noise diodes

to precision coaxial and waveguide

noise sources, and manual,
automated, and high-power noise
generating instruments.

Noise Com also designs custom
subassemblies that combine noise
technology with passive and
active components. We have
constructed fast-switching
frequency-hopping generators,
extremely stable noise generating
subsystems, frequency-agile
jammers, and secure
communications subsystems.

Quality products and the
industry’s most responsive service
and support have made Noise
Com the leader in noise
technology.

Put our resources to work for you.

Call Gary Simonyan at Noise
Com, (201) 261-8797.

For Noise Com’s complete
line of products
see the Microwaves & RF
Product Data Directory

L NOISEor

Hermetically sealed

noise diodes '
NC 100 through ”
NC 400 Series

DC to 110 GHz

= Chips and five package options
« Flat output
» Operating temperature
-85 to +125° C
= Storage temperatures
-65 to + 150° C
= Meet MIL-STD-750
« 50-ohm impedance
= Wide variety of packages

Drop-in noise modules
for BITE applications

NC 500 Series &
200 kHz to 5 GHz e

» Drop-in TO-8 packages
= Economical solution to BITE
« 31 dB ENR output minimum
» Minimum crest factor 5:1
= Operating temperature
-55 to+85° C
» Storage temperature
-65to +175°C
« Temperature coefficient
0.01dB/° C
= 50-ohm output impedance

Noise Com: Quality.
Performance. Service.

From the leader in noise sources.

Amplified { x

noise .
\\/ﬁ.

modules
3

NC 1000 Series ‘
DC to 2000 MHz

= High power—up to 13 dBm
« Minimum crest factor 5:1
« Flat response— +0.75 dB
= Operating temperature
-35 to +100° C
= Storage temperature
-65 to +150° C

Plug-in .
amplified \\\‘ </
noise modules =

NC 2000 Series

100 Hz to 300 MHz

= 24-pin packages

=« Minimum crest factor 5:1

= High-end roll off 6 dB per
octave

= Operating voltage of +15 VDC,
+12 VDC optional

= Storage temperature
-65 to +125° C

» Operating temperature

Custom noise subsystems

= Custom combinations of
connectors, operating voltages,

-55 to +85° C
= Temperature coefficient
0.025 dB/° C
Special products for unique applications
= Space-
qualified g

electrical performance, and
packaging
s Multiple outputs
= Instruments for NPR testing
« Switched noise sources

noise sources

» High-power noise sources

= Noise sources with filtering,
and adjustable power level and

clipping

E. 64 Midland Avenue, Paramus, New Jersey 07652

Number One in Noise Sources. INFOICARD 5

(201) 261-8797  FAX: (201) 261-8339



1 LOWEST PRICED, HIGHEST QUALITY ATTENUATORS - BNC $15.00 1-9 €A, SMA $15.00 1-9EA.
AND TERMINATIONS - BNC $5.60 10 €A, SMA $5.60 10 EA. MIL. HI-REL. NETWORKS
Mode! pedance Frequency UNIT PRICE (¢) EFFECTIVE. 1-15-89
Number (2) Ohms (Powsr W) Range BNC '3 N SMA UME  sMB ’c
Fred Ao < "
AT 0C 156! 0 900 R o
AT 51 " DL« %5 1500 2600 W80 1150 woo
AT 82 B 0%+ 50 050 2000 .00 00
AT w 0C 306 0 200 1500 00
AT Se v B 4 ¥ 040
AT 55 50w O 4 2GH 190 -
NETTS 5w 0C 1 561 Wso 00 488 1950 ﬂ-a
- M 20 Big Szheney
co st 01426 6400 8400
oW s 01 44GH 6400 L2
R aten =g Mamar | '
AT 4078 oS OC 1 46! " 00 4550 1’50
AT S0 Wik 0C 106 W50 200 4550 1750
Torme
CTH0 3 %0 5w DC 4 26+ 1180 1500 1500 1780
Cra W DC 4 #6H 950 1200 1400 950 900
cr v [ 1050 1500 1500 1300 1550
cTmm 5w 0C 4 560 560
CT 54 o oci 1400 1500 1500 1750
€T s -~ 0C28! 1050 1500 1500 1300 1550
cTw - oc2s 1300 1500 1500 1850
Wi Tane s ©31 OpsnLac o Cucu
T DC 30GH? 455 4550 4550 4550
MY 5 0C 1 0GHz 4550
[Toureg w—
150 OC 1 0GH? 1750 2800 1950 80
+ 5 OCS500MH; 1750 2600 4550 50
DC1sO0MHr 1180 P800 4550 1180
50 501MH: 8000 8400 8400
wrws hzmn: o Capicios Cospme 16" Capacio
0 0C 1 5GH 1050 @00 1950 S0
Aa
CASON 0 WA 50 OC 4 7GH W50 2800 1950 1950
- . ™ s noucor B T
LDR 01%H DCSpuMHz 1750 2800 1950 1750
o 68uH OC 5888 125 2600 195 1750
e 15 oA 8400 8400 9400 8300
. A % 3.6 10and 20 B 1 P Cae
A " 0C 1 5GH 00 W00 9200 8400
A 50 1 5GH; 8400 10800 6200 400
~ s 2 a7 4 0p.
MY 50 15150 8400 9400 84.00
“
— ‘ 0 o 9400 10400 9400
.- woem 3 4 and 9 por
o . 8400 8400 9400 8400
am o - 8400 8400 9400 8400
i4 o oAm 104 00
$a B3 oA 8400 8400 8400
Bua AN e g
. 0 R €100 o0 6100 400
. 0 400
EE 5 A%p 420 1 A
" o5 1950 2600 4550 1750
W -
L .' £
Py Send tor Free Catalog on your Letterhead
¥ g&'om SYSTEMS INC. TEL. 407-994-1774 FAX. 407-994-1770
.
932 CLINT MOORE ROAD, BOCA RATON, FL 33487
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Surface Mount =
Inductors Py

Surface mount .22uH inductors from reel packaging: .1 uH through 1000 uH in 46 values available.

= |nternally welded connections = Operating temperature range: —20°C to
» Precise dimensions permit automatic +85°C
insertion. = Shock and pressure resistant
» Excellent flow soldering terminal strength = Positive value identification with laser
= Solderability per MIL STD 202 Method marking
208 = Epoxy resin encapsulation...Ferrite core
... Tinned copper terminals

4l J.W. Miller Division  Cataiogonrequest.
BELL INDUSTRIES

24 306 E. Alondra Bivd. = Gardena, CA 90247 = (213) 537-5200 » FAX (213) 631-4217
Since 1924, leading manufacturer of standard and custom inductors.
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8x8 VIDEQ CROSSPOINT
SWITCH WITH BUFFERS
-ONLY $2.507CHANNEL

Connects Any Input to Any Output

Maxim's new MAX456 is the first monolithic 8x8 video crosspoint switch that routes standard video signals
(NTSC, PAL, SECAM). With a digttally controlled 8 x8 switch matrix. control logic, and eight 35MHz output buffers
together in a 40-pin DIP or 44-pin PLCC. the MAX456 significantly reduces component count, board space and
cost over discrete designs. Applications include video surveillance, imaging. visual automation. and video editing

MAX456 Eliminates Over 20 Components

* Reduces Board Space up
to 5X
FLLES
VANNANAN, =

* Reduces Cost 5X Compared to
Ina typical application, a single MAX456 replaces 8 MUXs,

Discrete Designs
8 butters. 6 logue ICs. and many passive components In
Other apphications, may replace cver 64 smitch ICs

* Reduces Design and Layout
Time

* Reduces Stray Capacitances

* Improves Reliability

Build Larger Crosspoint Arrays

Each MAX456 buffer output can be disabled under logic control. With three-state outputs. multiple MAX456s
can be paralleled to form larger switch networks

* Eight Internal Buffers
250V /us Slew Rate Security Station

35MHz Bandwidth D =
Buffer Disable Saves Power

Remote Monitor

* +5V Power Supplies D: —r
* 80dB Off Isolation at 5SMHz ‘
® 70dB Crosstalk at SMHz Video Recorders {Yb

Serial or Parallel 4P Interface

MAX456 and MAX457s Drive 759 Loads

Maxim also offers the MAX457, a dual 70MHz unity gain stable video amplifier. The MAX456 teams up with the
MAX457 to drive 759 loads efficiently. Special prcing Is available for MAX456/MAX457 combination purchases

Call your Maxim representative or distr.butor today for applications information, data sheets. and free
samples. Or, contact Maxim Integrated Products, 120 San Gabriel Drive Sunnyvale, CA 94086, (408) 737-7600

W AXI/VI

* MAX456CPL.. $1998 1000
FOB US A price

Distributed by Arrow, Bell/Graham, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama (205)830 0498 Anzona
602) 730-8093 Califorma (408) 2485300 (619) 278-8021 (714) 261-2123. (8181 704-1655. Colorado (303) 799-3435 Connecticut. {203) 3841112, Delaware (609)778-5353
Florida. (305)426-4601 (407)682 4800 Georgia. (404) 4476124 Hlinois (312)577-9222. Indiana (317)921-3450. lowa. (319) 3932232 Kansas (8'6) 4366445 Louisiana
1214)238 7500 Maryland, (301)644-5700. Massachusetts (617) 329 3454. Michigan, (313)583-1500, Minnesota, (612) 944-8545 Mississipp). {205)830-0498. Missoun
1314)839-0033: Montana. (503) 2928840 Nebraska (816)436 6445, Nevada, (408) 248 5300. New Hampshire, (617)329-3454 New Jersey, (609) 778 5353, New Mexico,
505) 268 4232 New York. (201)428-0600. (607) 7542171 North Carolina (919)846-6888. Ohio (216)659-9224. (513) 278-0714 (614)895 1447 Oklahomé (214) 238 7500
Oregon. (503)292.8840. E Pennsylvania, (609) 778-5353. W Pennsylvania. (919)851-0010. South Carolina. {919)851-0010 Tennessee. (404)447.6124. Texas (214) 238 7500
1612)835 5822 Utah (801)561-5099 Virginia, (801)644 5700. Washington. (206)823 9535 Wisconsin (414) 792-0920. Canada (416)238-0366. (613)225 5161
1604) 4391373 (514)337 7540

Maxim 15 a reqistered trademark o- Maxim Inegrated Products 1990 Maxim Integrafed Products
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' all
Low Noise
OCXOs

Noise (dBc/Hz)

+ + +
+ +

10 100 1 10 50
Hz Hz kHz kHz kHz

CO-718SL2

J Frsequency:'r 4-13 MHz

Outputq Sine or Logic

0C+50C:| +1x108
-55C+75C:| +5x 108

Aging: [ 5x 10""da;. 1 x 10-Tyr
L Phaseﬁmseﬂ‘} 10 Hz:-130 dBcHz

Sine Out): | 50 kHz: -168 dBc Hz
Warm-up

1x10-7 in 4 minutes
1x10-%in 10 minutes

Size:| 2"x2"x1"(51x51x254 mm)

gre;nium
erformance .
&
A

CO-705SL2

7 Frequenc; | 4-25MHz
Output

Sine orrLo—ch‘ k

0C+50C:| +1x109
55 C+75C:| +5x 108

Aging:| 5x 10-'%day, 1 x 10 &f— %

Phase Noise| 10 Hz:-130dBcHz
(Sine Out): | 50 kHz: -168 dBciHz

1x10-7in 3 minutes
_1x10-8in5minutes

112" x 11/2"x2" (38x 38 x51mm)

m &
VECTRON

N4

The Crystal Oscillator Company

Warm-up:

VECTRON LABORATORIES, INC.
166 Glover Avenue. Norwalk. CT 06850.
Phone: (203) 853-4433. FAX: (203) 849-1423.

- RF letters

Letters should be addressed to
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111.

Reference Spur Reduction in PLLS
Editor:

The article, *'A Feedback Method for
Reference Spur Reduction in PLLs,” by
John W. MacConnell and Dr. Richard
W.D. Booth in the September 1990 issue
of RF Design presents an interesting
technique to be applied to phase-locked
loop design. However, some significant
consequences which may limit the use-
fulness of this circuit were not ad-
dressed.

First, the circuit forces the loop to
operate with the phase-detector in the
low-gain, non-linear region. The phase-
frequency detector outputs pulses with
a duty cycle equal to the phase error
between the two inputs. As long as the
output amplitude remains constant with
duty cycle changes, the device provides
a linear phase-error to DC-level conver-
sion. For the extremely narrow pulse
widths present for low-phase error in-
puts, internal propagation delay and
especially finite slew rates result in a
triangular-shaped output pulse, with both
the amplitude and width varying with
phase error. In this region, the phase-
detector gain becomes non-linear, de-
creasing as the phase error decreases
(see Figure 1). In a Type W loop with a
design bandwidth based on nominal
component values, this will result in
reduced loop bandwidth, and if the
design is optimized for transient re-
sponse, reduced phase-margin. Closed-
loop peaking and thus an increase in
noise will be the consequence.

Furthermore, one of the implied ad-
vantages of the circuit is that it allows

| REFERENCE I ‘
i
FEEDBACK | | I [
OUTRUT _/_\ A

(@) (b)
Figure 1. Slew rate resultingvin a
triangular-shaped output pulse.

the more rapid loop settling times asso-
ciated with wider loop bandwidths. How-
ever, this is only partially true. In order
for the spur-reduction circuit to not
degrade loop stability, its time constant
and thus its settling time must be
significantly larger than that of the
primary loop (I would expect a minimum
of ten times larger).

Consider the implications: If a de-
signer needs a loop which must settle
in one millisecond, with a 60 dBc
spurious requirement, his/her design
must provide a loop settling time of less
than 100 microseconds to allow the
spur-reduction circuit to settle. Were the
designer to choose another method of
spur reduction (i.e., notch filtering), the
loop could be designed for the one
millisecond settling time. The resulting
narrower loop bandwidth should provide
additional spur reduction (at least 20
dB with suitable circuit design).

The spur-reduction circuit is interest-
ing and certainly worthy of inclusion in
the designer’s toolbox. However, the
considerations described above may
limit its utility to designs where gain
variation and long settling times can be
accommodated.

Jonathan McLin
Electrical Engineer
Motorola, Inc.

Corrections

In our 1990/91 RF Design Directory
Issue there were two mistakes in the
design guide articles. The first appears
in Richard Bain's article, ‘‘Noise Band-
width Calculation,”” on page 87. Equa-
tion 2 should read:

s B
an'f:_ 2 (fk¢1~fk)( k12 k) @

ret O

Then in W.G. Beauregard’s article,
“Phase Difference Networks,'' on page
91 there is a line missing at the end ol
the page. The sentence should read ““An
unbalanced bridged tee network can be
derived from the lattice network by an
application of Bartlett's bisection theo-
rem.”

H

In the October 1990 issue, another mistake was brought to our attention in Tom
Cefalo's article, ‘‘Microstrip CAD Program.” There were some parentheses
omitted from equation 9c, on page 38 and the equation should read as follows:

(9¢)

18.7

a<W>~1+1-|n (v:)z((nv)2<s12)2) + a7 0| 1+

49 4
W
=) + 04
( ) 0432

In Figure 7 on'page 42, the inductors should be 3.978 nH and not mH.




New From Matrix Systems:
Solid State Switching Matrices
Up To 512 x 512

» Frequencies from DC up
to 32MHz

= Efficient Three-Stage
Non-Blocking Design

= User Friendly
Control Programming

« Switchpoint Status Feedback
= Unity Gain
» Rack Mount

We've added a new line 488 interface as well as 16 than 20 years we've been
of solid-state broad band bit parallel — plus the new designing state-of-the-art
matrices to complement VXibus. switching modules, matrices
our field proven reed relay Why choose Matrix and complete systems to
switching modules and Systems? Because for more the toughest electrical and
systems. packaging specs imaginable.
This means you can let For demanding customers
Matrix Systems handle all T including government agen-
of your switching needs — [ ‘ :. MA Rlx cies, defense contractors,
be it audio, video or RF. 00 ©8 il iy the TV industry, ATE and
‘We're compatible with 00 PO} v triillis telecommunications

Calabasas, California 91302 .
RS-232, RS-422, and |IEEE- ‘ 818) 992-6776 - FAX (818) 992-85211 ~ COMpanies — and more.
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THE CRYSTALMASTER™

leads new

crystal oscillator
technologies into
the 90’s with...

the most cost effective hi-temp
SMD crystals and oscillators and
low cost plastic thru-hole crystal
oscillators.

actual size

MOUNT
CRYSTALS AND
OSCILLATORS

Epson has pioneered

the first truly heat

resistant crystal for .

use in its surface mount crystals and crys-
tal oscillators. Capable of withstanding
260°C for 20 seconds...far above the
demands of standard IR and vapor phase
reflow processing systems...these labor-
saving high-temp SMD crystals have
become the accepted standard for surface
mount crystal and oscillator components.

MODEL SG-615 OSCILLATOR MODEL MA 505/506 CRYSTAL
Frequency: 1.510 66.7 MHz Frequency: 4.00 to 66.7 MHz
Spely e S MODEL MC-405 CRYSTAL
Rise/Fall Time 5 nsec (TYP) Frequency: 32.768 KHz
Tristate: Available

Compatible

Technology: CMOS and TTL

Op. Temp. Range: -40°C to 85°C

EPSON'

EPSON THRU-HOLE
OSCILLATORS

REPLACE METAL CAN OSCILLATORS

Epson has introduced actual size
the first plastic low cost, h
high performance auto- | ‘ ’
insertable thru-hole crystal

oscillator. Its unique hermetically sealed

crystal, embedded in a plastic package, gives
the same EMI protection and higher perform-
ance than metal can oscillators...at a much
lower cost. And, the auto-insertion feature
reduces manufacturing costs associated with
hand inserting metal cans...into standard full-

size or half-size hole patterns.
MODEL SG-51/SG-531 Grnuerc” 58 (1Y)

OSCILLATOR Rise/Fall Time: 5nsec (TYP)
Tristate: Available
Compatible Technology: CMOS and TTL

EPSON’

CALL YOUR SALES REP TODAY

EPSON Sales Representatives: AL-GA-TN-NC The Novus Group 205/534-0044 - AZ Fred Board Assoc. 602/994-9388 - CA-No. Costar 408/446-9339 - CA-So. Bager Electronics 714/957-3367 -
€0-UT Wn. Region Mktg. 303/469-8088 - FL Dyne-A-Mark 305/771-6501 - IL-WI LTD Technologies 708/773-2300 - IN-KY C C Electro 317/255-1508 - KS-MO-1A Microtronics 913/262-1444 . MA-
NH-CT Rosen Assoc. 617/449-4700 - MD-VA Tech Sales Assoc. 301/461-7802 - MN Electro Mark 612/944-5850 - NJ JMR Sales 201/525-8000 - NY Elcom Sales 716/385-1400 - OH-MI J. D. Babb
Assoc. 216/323-7081 - OR-WA E. E. Sales 503/639-3978 - PA Omega Sales 215/244-4000 - TX-0K Component Tech. 214/783-8831
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RF calendar

December
5-7

9-12

January

14-16

15-17

22-24

28-31

February

5-7

12-14

24-28

Marqh

26-28

RF Design

Ultrasonics Symposium

Honolulu Hilton, Honolulu, HI
Information: LRW Associates, 1218 Balfour Drive, Arnold, MD
21012. Tel: (301) 647-1591.

1990 IEEE International Electron Devices Meeting

San Francisco Hilton, San Francisco, CA
Information: Melissa Widerkehr, IEDM, Suite 300, 655 15th
Street, NW, Washington, DC 20005. Tel: (202) 347-5900. Fax:
(202) 347-6109.

4th Annual International Superconductor Applications
Convention

San Diego, CA
Information: SCAA, 27692 Deputy Circle, Laguna Hills, CA
92653. Tel: (800) 854-8263 or (714) 362-9701. Fax: (714)
362-9803.

ATE & Instrumentation West
Disneyland Hotel, Anaheim, CA
Information: Tel: (800) 223-7126 or (617) 232-3976.

Hyper 91, Microwave Technology Exhibition and Congress
Palais des Congres, Paris, France

Information: B.I.R.P., 25 rue d’Astorg, 75008 Paris, France.

Tel: 33-(1)-4742-2021. Fax: 33-(1)-4742-7568.

Communications Networks '91
Washington Convention Center, Washington, DC
Information: Michael Sullivan. Tel: (508) 820-8268.

RF Expo West 91

Santa Clara Convention Center, Santa Clara, CA
Information: Kristin Hohn, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303)
220-0600, (800) 525-9154. Fax: (303) 773-9716.

4th International Smart Card Exhibition and Conference
Novotel, Hammersmith, London

Information: Elisabeth Beckett, Marketing Manager, Ages-

tream Ltd., Towermead Business Center, High Street, Old

Fletton, Petersborough, U.K. PE2 9DY. Tel: (0733) 60535.

Fax: (0733) 45522.

NEPCON West '91

Anaheim Convention Center, Anaheim, CA
Information: Michele Filippi, Cahners Exposition Group, 1350
E. Touhy Ave., Des Plaines, IL 60017-5060. Tel: (708)
299-9311.

International Mobile Communications Expo

Anaheim Convention Center, Anaheim, CA
Information: April Debaker, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303)
220-0600, (800) 525-9154. Fax: (303) 773-9716.

Straight Answers
to Tough Questions
about the TESS
Block Diagram
Simulator

How is the TESS simulator different?
TESS has high level blocks like filters,
mixers and VCOs, rather than transistors.
It handles any kind of nonlinearity and
circuit topology. Many RF simulators
are linear or multi-linear. TESS shows
the effects of mixer saturation, non-linear
demods etc. Some ‘simulators’ do cascade
analysis and don’t allow feedback loops.
TESS runs blocks concurrently in time
so they interact naturally, which is much
faster than SPICE. TESS has executed
16,000,000 point simulations.

How easy is it to rum a simulation after
drawing a bleck diagram in OrCAD?
You can run OrCAD/SDT under TESS
1.1.OrCAD’s NETLIST utility produces
the netlist which TESS simulates directly.
Moes TESS have models for commercial
devices? TESS blocks are meant to be
general instead of representing specific
devices. Parameters for each block are
entered in the block diagram.

What if TESS doesn't have the model
I need?The models are a basis set. Build
up what you need with a few blocks.
Then put the subcircuit in a library to use
like a new model. The MODGEN option
lets you add code to make new models.
Can | specify NF, intercept, BW and
flatness for an RIF amplifier?
Essentially. The new RF amp model has
intercept and sat parameters. Sum-in
Gaussian noise to set NF. Add a bandpass
filter to set the bandwidth and ripple.

Is there a frequency limit? Not really.
The number of simulation points is the
real issue (o< fregxtime). Settling time
tends to decrease as freq increases. HF
systems with slow sections can be shifted
in freq to reduce the number of points.
Can [ measure stability, BW, noise and
do Bode plots? Use the built-in instruments
and spectrum analysis to do testing just
like in the lab. The sweep function
generator, rms meter and ¢-det let you
check bw, do Bode plots and excite loops.
Can | enter an arbitrary freq response?
TESS has models for Laplace functions.
If you don’t have those, you can use
MODGEN to make a transversal filter to
implement the impulse response.

Call TESOFT for a working demo.
404-751-9785 Fax404-664-5817

PO Box 305, Roswell GA 30077
INFO/CARD 12




LA SERIES

RF POWER

MODEL LA100H
3 — 100MHz
100 Watts CW

100-250MHz 200-400MHz

MODEL LA200UE

250-500MHz
200 Watts CW

MODEL LA200U
200-400MHz
200 Watts CW

MODEL LA200H MODEL LA200F

5 — 100MHz 100-250MHz
200 Watts CW

200 Watts CW
MODEL LA400U MODEL LA500H MODEL LASO0OV
200-400MH2z 5 50MHz 10- 100MHz

400 Watts CW 500 Watts CW 500 Watts CW

MODEL LA500U
200-400MHz
500 Watts CW

MODEL LA1000V
10- 100MHz
1000 Watts CW

2 s0MH: EEE L
2000 W pk, 1000W CW | 3000 Watts CW

4000 Watts pk. pulse

KALMUS EUROPEAN SALES AND SERVICE CENTERS
FRANCE: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH
FAX: 1-46-45-24-03

PHONE: 734-730900
FAX: 734-328335

ENGLAND: EATON, Ltd. ITALY: Vianello Strumentazione

(SALERTS

g International, Ltd.,

21820 87th SE, Woodinville, WA 98072

(8}

MPLIFIERS

MODEL LA100F MODEL LA100U MODEL LA100UE MODEL LA100UF

200-500MHz 100-500MHz
100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW

MODEL LP300H
3 — 100MHz
300 Watts Pulse

MODEL LA1000H
2-32MHz

1000 Watts CW

MODEL LA2000H1 MODEL LA3000HS MODEL LP4000HV2 MODEL LP12000HV
| 2-50MHz

2-50MHz
12KW peak pulse

PHONE: (0906) 4091
FAX: {0906) 21706

PHONE: 02-89200162
FAX: 02-89200382

(206) 485-9000 FAX 206-486-9657




100W to 12KW
ALL MOS-FET RF POWER AMPLIFIERS

LA 100/200

@® All MOS-FET class AB linear RF POWER

AMPLIFIERS.
® Bicolored LED indicators.

® Automatic Limiting Control (Overdrive

protection). (1)

@ Remote Automatic Levelling Control.

® Remote and Local Gain control.

® Remote and Local Bianking. (5)

® |nfinite VSWR compatibility, without shut down
in AUTO mode. (4)

® Remote and Local Forward and Reflected ® 47-440Hz AC power capability from 97 to
monitoring. (3)

265VAC.

® Remote and Local temperature status. (2) ® Single AC Phase and three AC Phase, user

©® Dual Temperature Protection. (2)

selectable on most models.

® Remote and Local Overdrive and Over ALC ® Forced-air cooled.

status. (1)
® Remote and Local VSWR status.

4

® Remote and Local Blanking status. (6)

LA 3000 AND 12000HV &
(12KW OUTPUT)

LA 500/600/1000
AND 4000HV

® Functionally designed and competitively priced
high-tech RF Power equipment.

LA 2000

Eng nearing International; Ltd., U.S.A.

®

21820 87th SE. Woodinville. WA 98072 (206) 485-9000 FAX 206-486-9657
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RF courses

RF/Microwave Circuit Design Il

December 10-14, 1990, College Park, MD
RF/Microwave Circuit Design

January 28-February 1, 1991, Los Angeles, CA
Information: Besser Associates. Tel: (415) 949-3300.

Modern Power Conversion Design Techniques

February 25-March 1, 1991, San Diego, CA

April 29-May 3, 1991, Phoenix, AZ

May 20-21, 1991, San Rafael, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

Digital Signal Processing Workshop

March 12-14, 1991, Campbell, CA
Information: Analog Devices, DSP Applications Department,
Maria Butier. Tel: (617) 461-3672.

Modern Microwave Techniques
February 25-March 1, 1991, Garmisch-Partenkirchen, Ger-

many
Far-Field, Compact and Near-Field Antenna Measurement
Techniques

February 25-March 1, 1991, Garmisch-Partenkirchen, Ger-

many

Aspects of Modern Radar
February 25-March 1, 1991, Garmisch-Partenkirchen, Ger-
many

* GIGATRIM*
¢ CERATRIM*
* PHASETRIM*
AIR DIELECTRIC * THIN-TRIM*
CERAMIC TRIMMER * SEALTRIM®
MICROWAVE TUNING ELEMENT

/ﬁ&aﬂda )
R e
MANUFACTURING CORPORATION
Rockaway Valley Road

Boonton. N.J 07005
(201) 334-2676 FAX 201-334-2954

INFO/CARD 14
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MESFET and Hetrostructure Based MMICs
February 25-March 1, 1991, Garmisch-Partenkirchen, Ger-
many
Modern Digital Modulation Techniques
March 11-15, 1991, United Kingdom
Digital Signal Processing: Fiitering and Estimation
March 18-21, 1991, United Kingdom
Broadband Telecommunications
March 18-22, 1991, United Kingdom
Modern Digital Communications for Space, Satellite and
Radio
April 15-18, 1991, Italy
RF and Microwave Circuit Design I: Linear Circuits
April 15-19, 1991, ltaly
RF and Microwave Design Il: Non-Linear Circuits
April 22-26, 1991, ltaly
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: 46 (0) 122-17570. Fax: 46 (0)
122-14347.

New HF Communications Technology: Advanced Technol-
ogy

December 17-21, 1990, Washington, DC
Introduction to Radar ECM and ECCM Systems

December 17-21, 1990, Washington, DC

February 20-22, 1991, Washington, DC
Communication and Radar Signals: Detection, Estimation
& Geolocation Techniques

January 9-11, 1991, Washington, DC
Hazardous Radio-Frequency Electromagnetic Radiation:
Evaluation, Control, Effects, and Standards

January 16-18, 1991, Washington, DC
Mobile Cellular Telecommunications Systems

January 16-18, 1991, Washington, DC
Fiber-Optics System Design

February 4-6, 1991, Washington, DC
Cellular Radio Telephone Systems

February 25-27, 1991, San Diego, CA
Principles of Digital Cellular Telephony

February 25-March 1, 1991, Washington, DC
Microwave High-Power Tubes and Transmitters

February 25-March 1, 1991, Washington, DC
Broadband Communication Systems

March 4-8, 1991, Washington, DC
Satellite Communications: System Planning, Design, and
Operation at Ku and Ka Bands

March 4-8, 1991, Washington, DC
Radar Operation and Design: The Fundamentals

March 25-28, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Basic Network Measurements Using the HP85108 Network
Analyzer
December 17-19, 1990, Boston, MA
January 14-16, 1991, Los Angeles, CA
Microwave Fundamentals
January 8-11, 1991, Los Angeles, CA
HP11776A Waveform Generation Language User Course
January 10-11, 1991, Los Angeles, CA
Programming the HP 8510 Network Analyzer
January 17-18, 1991, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (800) 472-5277.

December 1990



Tough Problems...Easy Solutions

M/A-COM Omni Spectra’s leadership and innovation in the
field of RF and microwave interconnect products provide real
solutions to your most demanding packaging problems.

Our OSP™, OSSP™ and 0S-50P™ connectors and adapters
are engineered to provide peak electrical performance, low
VSWR and maximum package density.

Whether you select an in-stock product from our vast inventory
or a custom design unique to your application, you can count
on world class quality that is assured through an applied pro-
gram of Statistical Process Control (SPC) and Total Quality
Management (TQM).

When you need real solutions to tough problems, look to the
leader...M/A-COM Omni Spectra. CALL TODAY!

— ==

M/A-COM Omni Spectra, Inc.
140 Fourth Avenue
Waltham, MA 02254-9101
Tel: USA (617)890-4750
UK  (0734)580833
Japan 03(226)1671

w

Omni

Spectra
A MACOM COMPANY

T 7. SN



Photo | R25428 EMI Receiver System, connected to R3261/3361 Series
Spectrum Analyzer with R3551 Preselector Artenna, and Plotter.

ADVANTEST

Advantest America, Inc. oG ek

Advantest UK Limited

Cl Tower, St. Georges Square, High Street,
New Malden, Surrey, KT3 4HH, U.K.

The R3261/3361 Series Spectrum
Analyzers are ideally suited for
RF signal analysis and offer
superior functions and
capabilities for EMI
measurements.

Featuring the unique Advantest
quasi-peak detection scheme,
these analyzers offer a full 70dB
dynamic range.

The IC memory card function
simplifies operation and
reduces the time required for
routine measurements.

Difficult tasks are made easy by
taking full advantage of the IC
memory card and instrument
controller. Using these two
powerful features together
allows the user to:

INFO/CARD 16
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®Enter antenna correction
factors

®Display measurements in
a log/log format

®Display limit lines for FCC,
VDE and VCCI standards

@ Add the R3551 preselector for
additional sensitivity,
selectivity and protection
from noise

Phone:(708)634-2552 Facsimile:(708)634-2610
Phone:(01)336-1606 Facsimile:(01)336-1657




RF Expo East: The
Best Yet

The most successful RF Expo East ever
was held in Orlando, Florida at the
Marriott Orlando World Center. One
hundred twelve exhibiting companies,
five full day special courses, and 53
technical sessions at the fifth annual
Expo East combined to produce an
outstanding show. Attendance was up
this year with approximately 870 regis-
tered attendees and 523 exhibit person-
nel for a total attendance of 1393, an
increase of 19.1 percent over last year's
Expo East. The increase can be attrib-
uted to several factors: an excellent

technical program, good exhibiting com- |

panies, location, and promotion of the
show at some local companies.

. \ A
Steve Russell explains the finer
points of DSP Demodulation.

Dr. Frederick H. Raab, this year's
technical session chairman, put together
a well rounded program. For the first
time, a fourth track was added to
accommodate the large number of sub-
mittals for this year’'s Expo. The four
receiver sessions drew large crowds
that left standing room only. The three
tutorials as always, drew a large crowd.
The second session on PLLs and
Synthesizers, drew another large crowd
for its papers. ‘“Designing with Direct
Digital Frequency Synthesis,” *“‘Direct-
digital Waveform Generation using Ad-
vanced Multi-mode Digital Modulation,"’
and “‘Optimum PLL design for Low
Phase-noise Performance'’ generated
some good questions. Of interest, was
the session on RF Systems for Research
in Particle Physics. The papers came
from three different research facilities
— two in the United States and one in
Germany. In all cases, the papers were
well attended, and response from the
attendees was positive.

RF Design

The design tutorials covered RF cir-
cuit design, computer-aided filter de-
sign, oscillator design and CAD tech-
nigues.

There were a number of new products
being exhibited at the show. TTE fea-
tured their new line of miniature diplex-
ers that cover the frequency range of
20 kHz to 100 MHz. Phillips Compo-
nents also received excellent response

C-3GHz

to their cellular chip set Mark Il demo
board.

RF Expo West will be held February
5-7,1991, at the Santa Clara Convention
Center in California. Next year’s Expo
East will be held in Florida again at the
Stouffer Orlando Resort from October
29-31. Come join us for the best that the
RF industry has to offer in technical
presentations and expositions.

Kay Dependable Attenuators

Kay Elemetrics Corp. offers a complete
line of Programmable, In-Line and
Continuously Variable Attenuators. We
can supply you with the right model to fit your
application. We have both 50Q and 75Q
models from DC-3GHz.

Model Imped- Freq. Atten.

No. ance Range Range Steps
839 50Q DC-3GHz 0-101dB 1dB
1/839 50Q2 DC-1GHz 0-22.1dB 1dB

847 750 DC-1GH:z 0-102.5dB 1dB

870 75Q DC-1GHz 0-132dB  1dB

4440 5002 DC-1.5GHz 0-130dB 10dB
4450 5002 DC-1.5GHz 0-127dB 1dB
1/4450 50Q DC-1GHz 0-16.5dB .1dB
4467 75Q DC-1GHz 0-31dB 1dB 3
0/400  50Q DC-500MHz 1-13dB '
0/410 75Q DC-400-MHz 2-14dB

For more information or to place an order call Kay’s
, Product Specialist at (201) 227-2000.

KAY

Kay Elemetrics Corp
12 Maple Avenue ® Pine Brook. NJ 07058 USA

Tel. (201) 227-2000 » TWX: 710-734-4347

FAX: (201) 227

INFO/CARD 50

7760

19



ultimate in miniaturization.

If you are looking for low-cost, reliable 7 -mmm
solutions to your amplifier needs, come [ o2 [ 82 | 85 [ 30 | 70 [17300]

to the Power Source.
m
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211 Commerce Drive TR
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' Cores of
Balancing
Transformers

* Metal-Oxide/Semiconductor Field-Effect
Transistor Switches

Figure 1. In the old wiring configu-
ration, currents are balanced on
single wires, with return current
running elsewhere. This configu-
ration has relatively high induc-
tance.

{
Balancing
Transformers
|

Node B =

Low-Inductance Wiring for Paral-
lel Switching Transistors — This
note originally appeared in the NASA
Tech Briefs October 1990 issue. It
describes transistors that share current
equally, without sacrifice of switching
speed.

A simple configuration for the wiring
of multiple parallel-connected switching
transistors minimizes the stray wiring

inductance while providing for the use
of balancing transformers, which equal-
ize the currents in these transistors. The
balancing of currents is necessary to
prevent overloads in individual transis-
tors, and the minimization of inductance
is essential for fast switching of
high currents. High-current transistor
switches that could benefit from the new
configuration are found in controllers for

 CIASSA
~ LINEAR
- POWRR

Have It
Your Way:

Amplifier System Modules or Rack-Mount Instruments
1t02,000MHz, Multi-Octave Bandwidths, 2to100Watts

‘,

® AllSolid State g
® Modular Maintainability % .. ' PR 4
T Series AM

® Reduced Spares
Inventory

® [EEE 488 Bus
(optional, AR)

® High Gain
® Low Bandpass Ripple

® Automatic
Circuit Protection

& Built-In
Thermal Protection

(=
LT |||_||||!

Series AR

Figure 2. In the new wiring con-
figuration, currents are balanced
on twisted pairs of wires. Because
the twisted pairs carry both the
‘‘hot-side’’ and return currents,
this configuration has relatively
low inductance.

RF Design

These new amplifiers, in 32 standard models, provide maximum flexibility for
RF/microwave designers. Series AM system modules and Series AR instruments offer
frequency ranges of 1-500, 400-1000 and 1000-2000 MHz; Series AR also includes

20-200, 100-500 and 500-1000 MHz. A built-in power supply and forced-air cooling
are standard on Series AR. High performance specifications include good linearity,
wide dynamic range and gain ratings from 33 to 50dB.

All models feature completely modularized design for maximum maintainability
and common, pre-aligned spare modules for easy field replacement plus reduced
spares inventory. They are ideal for use in frequency-agile multi-carrier ECM/EW
jammers, fast rise time pulse amplifiers, broadband sweep generator boosters —
and TWT replacements.

Write or call for complete AM/AR information — ask for Product Data 1010 —or to inquire
about our other standard and custom designs: Class AB, C, narrow band and pulsed;
power up to 10KW; frequencies up to 4000 MHz.

o 01
T POWER SYSTEMS TECHNOLOGY INC.

A COMTECH COMPANY 63 OSER AVE., HAUPPAUGE, NY 11788
TEL. 516-435-8480 @ FAX 516-435-4805 e TELEX 221234
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m:' neWS continued

brushless motors, DC-to-DC voltage con-
verters, controllers for electric furnaces,
remote controliers for DC power, high-
power pulse generators, and driving
circuits for traction motors.

Interleaving and multifilar windings
can reduce the leakage inductances of
transformers to acceptable levels. Previ-
ously, however, the use of balancing
transformers entailed excessive distrib-

uted wiring inductances because the
connections to the transistors were
made with relatively-high-inductance sin-
gle wires (see Figure 1).

The new configuration (see Figure 2)
is based on the established technique
of reducing inductance by laying wires
in twisted pairs. The source and drain
leads of each transistor are connected
to six twisted pairs of wires. (To enhance

Good Sines &
Bad Signs

Looking for a low-noise, fast-switching signal source?

Good Sines NV

Whether it's automatic test equipment, satellite uplinks,
EW communications or imaging systems, Programmed
Test Sources has a frequency synthesizer to fit your
needs. GE MRI units, Teradyne Testers, Varian Spec-
trometers. . all use PTS synthesizers

Bad Signs $§$
And while other manufacturers have big dollar signs
PTS synthesizers start as low as $3000

PTS manufactures a complete line of precision synthesizers
covering the 100 KHz to 500 MHz frequency range with
switching times as fast as 1usecond for our direct digital
madels. And plenty of other options as well, like resolution
down to 1 hertz (millihertz avarlable as special order)
GPIB and digital phase rotation

Just as importantly, along with every PTS synthesizer comes

our “"absolutely everything covered”* 2-year warranty. At
the end of two years comes our flat $350 service charge
for any repair up to the year 2000! PTS has a commitment
to quality you won't find anywhere else

Find out how PTS synthesizers used the world over can
help you in your application today. Call for our complete
catalog. or to talk to an applications engineer

Call (508) 486-3008 Fax (508) 486-4495

=

PROGRAMMED TEST SOURCES. Inc
9 Beaver Brook Road. P 0. Box 517, Littleton. MA 01460
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clarity Figure 2 shows only one pair,
untwisted, connected to each transistor.)
The twisted pairs from all the transistors
are woven through the cores of the
balancing transformers in a way that
produces opposing magnetic fluxes,
which minimize both the net inductance
and the imbalances of currents.

This work was done by M.S. Veatch
and D.M. Landis of Martin Marietta
Corp. for Marshall Space Flight Center.
Inquiries concerning rights for the com-
mercial use of the invention should be
addressed to: Bill Sheehan, Patent Coun-
sel, Mail Code CCO1, Marshall Space
Flight Center, AL 35812. Tel: (205)
544-0021.

U.S. Commerce Hotline on Draft
EC Laws and Standards — A new
hotline for exporters, manufacturers,
standards organizations, and others con-
cerned about trade with the European
Community (EC) is maintained by the
National Institute of Standards and Tech-
nology. The recording, which can be
reached on (301) 921-4164, is updated
weekly and contains information about
draft EC laws and standards that might
create technical trade barriers. Hotline
topics are listed by subject area and
product. (nformation is provided on
deadlines for comments and a point of
contact for obtaining a review copy of
the text.

EOS/ESD Call for Papers — The
13th annual Electrical Overstress/Elec-
trostatic Discharge Symposium, to be
held September 24-26, 1991 at the
Riviera Hotel in Las Vegas, Nevada has
issued a call for papers. Papers should
deal with work in the following or related
areas: failure mechanisms; measure-
ment, testing and tester evaluation;
VLSI, -V, & photonic devices and
systems protection; and precautionary
measures. The deadline for submission
of abstracts, 500 word summaries and
figures (optional) is December 21, 1990.
Please forward abstract and summary
to: Technical Program Chairman, Terry
Welsher, AT&T Bell Laboratories, 600
Mountain Avenue, Room 3B-321, Mur-
ray Hill, NJ 07974. Tel: (201) 582-5279.
Fax: (201) 582-5661.

Session Proposals Sought for Fre-
quency Control Symposium —
Authors are invited to submit papers
dealing with recent progress in re-
search, development and applications
in the following areas: fundamental
properties of piezoelectric crystals, the-
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ory and design of piezoelectric resona-
tors, resonator processing techniques,
filters, SAW devices, quartz crystal oscil-
lators, sensors and transducers, fre-
quency and time coordination and distri-
bution, and applications of frequency
control. Two copies of a summary (500
words) together with the author’s name,
address and telephone number should
be sent to: Dr. Thomas E. Parker,
Raytheon Research Division, 131 Spring
Street, Lexington, MA 02173. The dead-
line for submission of summaries is
January 14, 1991. The symposium will
be held May 29-31, 1991 at the Los
Angeles Airport Marriott, Los Angeles,
CA.

Ball Corporation Demonstrates Sat-
ellite Communication System —
Ball Corporation’s Airlink™ conformal,
aeronautical phased-array antenna was
recently demonstrated aboard a Japan
Air Lines aircraft. The external portion
of the antenna system consists of two
conformal antenna arrays, each less
than 0.3 inches thick, mounted on
opposite sides of the aircraft fuselage.
During the inaugural flight from Tokyo
to San Francisco, all passengers were
provided phone and fax services to
anywhere in the world by using the
system. Upon successful completion of
the Phase Il demonstration project, JAL
expects to place this service into normal
operation aboard this aircraft.

Valpey-Opt Company Formed —
Valpey-Fisher Corporation and OPT In-
dustries have joined together to form a
company that will offer a wide range of
quality crystal and L/C filters. Using
CAD, analysis and production tech-
nigues, Valpey-Opt will apply standard
and non-standard design to customers’
requirements in the time and frequency
domain. These designs include Butter-
worth, Chebyshev, Elliptic and linear
phase shift filters as well as customized
applications demanding phase and am-
plitude equalization, single-side band
rejection or wide-band reject filters.
Inquiries are invited. Phone Wim van
den Akker, Chief Engineer, tel: (508)
435-6831, ext. 212.

New Divisions Created at Crystal
Technology —Crystal Technology,
Inc., has been divided into two new
divisions, one focusing on crystal grow-
ing and wafer fabrication, the other on
components utilizing these materials.
The Materials Division will supply lithium
niobate crystals as well as single crystal

RF Design

material, such as non-linear optical
crystals for laser frequency doubling.
The Components Division will be re-
sponsible for the company’s integrated
optic, electro-optic, acousto-optic and
SAW product lines.

Phoenix Microwave Labs Formed
— Phoenix Microwave Labs is a new
company formed to provide design,

development and manufacture of micro-
wave energy sources. The company's
initial product offerings include dielectric
resonator oscillators, phase locked
DROs, solid state power amplifiers,
custom up and down converters and
transmitter subsystems. The company
is located at 360 Scarlet Blvd., Oldsmar,
FL 34677. Tel: (813) 854-4822. Fax:
(813) 854-2020.
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RF industry insight

VXlbus: A Standard for the Modular
Instruments Market

By Charles Howshar and Liane Pomfret,
Assistant Editors

f all the developments in modular

RF instruments, probably none has
had as much impact as VXibus. With a
VXI-based system, engineers can de-
velop custom test systems for far less
money than was feasible only a few
years ago. That is not to say that there
have not been problems along the way.
Initial pricing was too high, integrated
software was lacking, and hardware
integration had few guidelines. Now
companies are expanding their market-
ing efforts to include all aspects of the
test and measurement market. As Mal-
colm Levy, Business Manager for Racal-
Dana remarks, ‘“We're making a big
push to demonstrate VXI as an RF and
microwave testing system."”

There are many companies who are
excited about the potential of VXlbus for
modular instruments. And, although it
is still a young market, some companies
have put a great deal of their time and
money into the VXlbus design. Levy
indicates, ‘‘For us VX! is very large. It
makes up fifty percent of our business
today, and eighty percent of our engi-
neering effort is wrapped up in it.” This
support seems to be well-placed as
interest in VXI is growing. “The market
last year was about $20 million; this year
it will be about $50 million,”” agrees John
Graff, VXI Product Manager for National
Instruments.

Standards have been set for VXI
hardware, and using this framework,
companies have developed some very
good VXI hardware, but the software
end of the concept has yet to see a
complete industry standard. This can
cause a problem for users who wish to
integrate modules from different compa-
nies. ‘“There is a problem with the
software. It is a gray area, and the
market doesn't like gray areas,” re-
marks Shalom Kattan, President of
Guide Technology.

The problem of developing a lan-
guage that eases communication be-
tween modular instruments regardless
of the maker is slowly being solved. The
Test and Measurement System Lan-

24

guage (TMSL) from Hewlett-Packard
was developed as an integrated lan-
guage for use in any VXI system. Many
companies agree that, although a good
language for test and measurement,
TMSL, like other VXIbus languages, has
its limitations. For one, it only supports
proprietary instruments. So in order to
employ the software, a user first has to
have the hardware to run it on. From
TMSL and other languages the Stan-
dard Commands for Programmable In-
struments (SCPI) has been developed.
The introduction of SCPI was a signifi-
cant step. ‘“With its acceptance, the
bottleneck that developed because of
the software problems was removed. It's
been a godsend to VXI users,” com-
ments Roger Muller, Marketing Section
Manager for Hewlett-Packard.

An added benefit from the develop-
ment of SCPI is the ease with which the
system can be programmed. It creates
a ‘“‘user-friendly’ interface for the pro-
grammer and takes the fear out of using
the system. *‘The user is concerned with
programming the instruments. Once he
sits down with a VXlbus, he will find out
that integrating the VXI system will be
much easier than he had thought,”
observes National Instruments’ Graff.

An early problem with the VXibus
concept was that the military pushed for
size and weight concerns and ignored
price and practicality. When it became
available to the public, they found it too

expensive. Since then, prices have
become more realistic and industry has
become an integral part of VXI develop-
ment. “Military was the early backer but
they have scaled back because of
budget cuts. General industry has picked
up the load,” comments Graff. Now
improvements in the VXIbus design are
appearing on the market. One idea that
has just been developed by Rapid
Systems is called the PCXI system. The
attraction of this design is that it is less
expensive than a VXI design. Although
PCXI is not applicable for the higher
speeds of VXI system uses, Rapid
Systems is developing a system with a
burst mode of 33 MHz to fit these
applications. ‘‘For people who are look-
ing for a modular test system, PCXI does
most of the operations of a VXI system
at a fraction of the cost,”” remarks
Matthew Arksey, Research and Devel-
opment Engineer for Rapid Systems.

A critical problem for VXI designs,
because of the close proximity of many
RF circuits is electromagnetic interfer-
ence (EMI). Most problems with EMI in
the VXI design have been successfully
dealt with, and improvements are com-
ing onto the market all the time. Donn
Mulder, Vice-President of Marketing and
Sales for EIP Microwave observes, **Sim-
ple attention to grounding and shielding
design causes EMI not to be a problem.”’
An interesting observation can be made
about EMC concerns for VXI systems:
What EMI characteristics will a system
have if it incorporates modules from
different companies? Mulder notes that
the problem is being addressed, ‘'Racal-
Dana has come up with a chassis that
is more robust and forgiving. It provides
a lot of internal shielding."”

Test engineers have been waiting for
the VXlbus design to become the design
standard it was projected to be eighteen
months ago. And from the interest it has
generated, it seems to be moving into
that position. The development of a
standard language for VXI will make the
test system a mainstay of the modular
instruments market in the coming years.
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outchip
inductors

The point of this little demonstra-
tion is that Coilcraft surface mount
inductors are made of ceramic. A
decidedly non-magnetic material.

Most other chip inductors are
made of ferrite. Which is great for
demonstrating the principles of
magnetism, but not so hot for high
frequency magnetics.

Take self resonance, for example.
SRFs on our coils are up to 3 times
higher than equivalent ferrite chips.
And located a safe distance away
from your operating frequency.

The actual inductance you'll get
with Coilcraft chips at higher

frequencies is very predictable and
consistent. Not so with ferrites.
Beyond the test frequency, their
inductance curves rise steeply and
vary significantly from part to part.

Coilcraft ceramic chips also have
a low temperature coefficient of
inductance: +25 to +125 ppm /°C,
depending on inductance. TCLs on
ferrite chips are often two to four
times higher!

And if you need close tolerance
parts, we offer even more advan-
tages. Thanks to our computer -
controlled manufacturing and
ceramic's neutral properties, it's
easier for us to make 5% or 2%

parts. We can even production-test
at your operating frequency! Other
chip makers have to cope with
ferrite's permeability variations, so
their yields are lower. Which means
delivery can be unpredictable.

So next time you're selecting
surface mount inductors, forget the
ferrite and stick with Coilcraft
ceramic chips.

For complete specifications and
information on our handy
Designer's Kits of sample parts,
circle the reader service number.
Or call 800/322-COIL.

BBM electronic envineers master

1102 Silver Lake Rd., Cary IL 60013 800/322-COIL Fax 708/639-1469
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fonix Quality Tips
yaleS in Your Favor

You can depend on amplifiers
and cascade design technology
from Amplifonix ... your #1
second source company.

Amplifiers, limiting
amplifiers, attenuators
and limiters...plus switch
attenuators, switches and mixers...
in flat packs, surface-mount, TO, DIP packages
and cascaded housings for a variety of voltage, cur-

rent, gain, noise figure and medium power applications. 4
We will also modify our standard units to meet

your performance specifications.

For added convenience, just insert our CASCADE floppy disk in
your desktop computer and it will display the amplifiers for the
best-fit cascade based on the design parameters you enter.
Guaranteed performance; kHz-2 GHz; screening to the tables
of MIL-STD-883.

Call or write today for information on our “Quick Delivery Program’...it could be worth a mint to you.

2010 CABOT BLVD. WEST  LANGHORNE, FA 19047 ¢ (215) 757-9600 * FAX: 215-757-0378
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RF featured technology

Circuits for Wide-band FM
Demodulation

By Alvin Wong and Ali Fotowat
Signetics Company

In applications such as telemetry,
high-speed data transmission, and FM
over fiber-optics, wide-band discrimina-
tors are highly desirable. In such cases,
large frequency deviations are needed
to use the benefits of wide-band FM. For
low distortion demodulation of these
signals, higher final IF frequencies such
as 21.4 MHz or 70 MHz should be used.
These frequencies are generally much
harder to work with than lower IFs such
as 10.7 MHz, or 455 kHz. The circuits
described here use the property that the
sinusoidal output of a bandwidth-limited
IF limiter can be as effective as a square
wave in producing low distortion, wide-
band demodulated signals, when the
sinusoid is effectively clipped by the
demodulator mixer. The complete mathe-
matics of the problem are also derived
with normalized design curves. A For-
tran 77 program is available for comput-
ing demodulator performance.

The circuits presented give stable IF
amplifier gains at 21.4 MHz and 70
MHz, and wideband discriminators for
300 kHz baseband signals, with 600 kHz
frequency deviation and distortion of the
order of 1 percent.

Theory
FM demodulation can normally be
achieved by multiplying two symmetric
square waves with a 90 degree phase
difference at the carrier frequency and
alinear phase relationship around it (see
Figure 1). The required phase shift can
be obtained from an LC resonator, or a
delay line among others. In the case of
an FM demodulator based on an LC
resonator, the resulting phase ditfer-
ence is:
Cy
Quw
é = tan 1)

w 2
1 ( w")
where Q = R(C + C,) w, and w, = 1/
J L(Cp +C)). Cp is the quad tank capaci-
tor; C, is the capacitor coupling to the
tank, and R is the total effective loading
resistance.

RF Desian

If a delay line is used, the resulting
phase difference will be:

¢=g<3) (2

where the time delay is T = /2w,

In a phase detecting multiplier, the ideal
case is that of two square waves.
Therefore, the low pass filtered output's
DC level will be linearly proportional to
the phase difference. In reality however,
the waveforms may not be perfect
square waves. For a quad tank, the
phase shifted signal will be sinusoidal
due to the resonator. In cases where the
limiter itself may not have enough
bandwidth to pass the odd numbered
harmonics of the IF, both signals will be
sinusoidal no matter what type of phase
shifting technique is used. The use of a
multiplier like a Gilbert cell which re-
quires a small signal (50-100 mV peak)
to switch hard, will then be equivalent
to multiplying clipped sinusoids in a
perfect multiplier. The multiplier transfer
function will then be:

Q-
s

Figure 1. Basic FM demodulator.

Ax”
1
1
|
|

{ T (Periag

Figure 2. Different wave forms
used in the analysis.

VDC,,#) = T S Z (2T" t) ©

z (ZT"t-¢)dt

By making various assumptions for the
shape of the signal Z((2n/T)t), see Figure
2, this integral can be evaluated as
shown below. If a unity peak amplitude
square wave is assumed, the output
DC transfer function of the discriminator
will be:

n i @

t n

vDC,,

Although a sinusoidal wave is the worst
case in practice, it is mathematically
easy to evaluate. For this example we
have assumed an equivalent sinusoid
peak amplitude of 1

VDG, = 3 (c0s ) (5)

More realistic, however, is an effectively
clipped sinusoid which is approximated
by a trapezoidal wave-form of unity peak
amplitude. Then,

(6)
8r $°

VBCot) =13 ~ e

24n3r2

LC QUAD TANK D1SC. 0e2@
T

¥DC_out

ey

2.96 2.98 ] 1.82 1.e4
Normol 1zed Fregquency

Figure 3. LC quad tank discrimina-
tor 0=20, a) square wave assump-
tion b) trapezoidal wave assump-
tion 2t = 0.125T c)Trapezoidal
wave assumption 2t = 0.25T d)
Sinusoidal wave assumption.
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Figure 4. LC quad tank discrimina-
tor 0=10, a) square wave assump-
tion b) trapezoidal wave assump-
tion 2t = 0.1257T ¢) Trapezoidal
wave assumption 2t = 0.25T d)
Sinusoidal wave assumption.

for 0<¢<4nr

2
VDG, (4 = 1 - 2 @)
for 4nr<¢<n - 4nr
VDC,($) = - VDC_ (n ~ ¢) (8)
for n - 4nr< ¢<n, where r = t/T is the ratio

of one half of the trapezoidal waveform’s
rise time over the period as shown in

Figure 5. Delay line discriminator
transfer function, a) square wave
assumption b) trapezoidal wave
assumption 2t = 0.125T c) Trape-
zoidal wave assumption 2t =
0.25T d) Sinusoidal wave assump-
tion.

By using the phase difference in the
above formulas, the FM demodulator
transfer function can be obtained as
shown in Figures 3-5. Obviously, a delay
line discriminator can result in much
wider band discriminators as expected.
The interesting point, however, is that a
trapezoidal wave form with a total nor-
malized rise or fall time of 25 percent
will also result in a perfectly linear
discriminator curve in the middle of the

Figure 2, and r < 0.125,

transfer function. As the rise and fall
times are reduced to 12.5 percent the
resulting transfer function approaches
that of a perfect square wave.

To get an estimate of distortion, a 3rd
order polynomial can be fitted on the
part of the transfer function in use. In
that way, the 2nd and 3rd harmonic
distortion can be estimated.

VDG, (f) = 3y + a,(f - 1) + ay(f - 12
+ay(f - f)° )
f = fy = Acos(w, t) (10)

where s the carrier frequency and W,
is the baseband modulating frequency.
The 2nd and 3rd harmonics will then be:

2a A
H, = 201 —2Z
S [4a1 + 3a3A2] (M)
s 33A2
H, = 20log [4a1 ~ 3»a3A2] (12)
Circuits

Figures 6-9 show the circuits for the
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quad tank and delay line discriminators
at 21.4 MHz and 70 MHz. For the limiter
the second IF amplifier of the NEG04A
chip is used. This part of the chip is a
standard FM IF limiter with about 60 dB
of low frequency gain, high input imped-
ances and a standard self biasing
scheme as shown in the data sheet. The
operation of the device with 1500 ohms
input impedance at 21.4 MHz, or 70
MHz will obviously result in severe
bandwidth limitations as well as instabil-
ity. Reduction of the limiter's input
impedance by an external 50 ohm
termination solves these problems. The
limiter generates a square wave (at 21.4
MHz) with 200 mV RMS output from an
emitter follower with an 8k resistor to
ground as shown in the data sheets. For
wideband demodulators at 21.4 and 70

-

Figure 6b. Demodular DC transfer
function.
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Figure 6¢c. Baseband output spec- |

trum (600 kHz deviation).
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Figure 6a. 21.4 MHz LC discriminator.
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Figure 7a. 21.4 MHz delay line discriminator.

MHz, low impedances should be driven
at high speeds which this buffer can not
do. As a result, a BFG67 Philips RF
transistor is added as a second buffer.
An NE602 is used as the demodulator
multiplier. The high impedances of the
NE602 as well as its high speed make it
almost an ideal mixer for this circuit. The
Gilbert cell mixer switches hard as long
as its inputs are higher than 50-100 mV
peak as expected. Therefore, one can
assume the limiter signals to be similar
to the clipped sinusoid shown in the
theoretical analysis. For the delay line,

accurately cut lengths of RG-174 cables
measured by both TDR and Network
Analyzer methods were used. A 50 ohm
termination at the end of the delay line
is needed for proper operation. The use
of 50 ohm delay lines required high
currents in the emitter follower. Higher
impedance delay lines can also be used
to save power.

Test Results

Figure 6a shows the 21.4 MHz LC
Circuit. A 2.7 pF coupling capacitor is
used for coupling to a quad tank with a

A handful of Bird’s
unique 7-level plug-in
elements and a 4410A
series THRULINE* watt-
meter, lets you cover wide
power and frequency ranges
anywhere — engineering lab,
production floor, service bench
or in the field.

Inside Bird’s 4410A directional
wattmeter is a patented, self-
balancing bridge detect-
ing scheme that permits
fast, accurate readings
from 2mW to 10kW over
frequencies from 200 kHz

who else

30303 Aurora Rd., Cleveland, Ohio 44139 «

©® Copynght 1990 Bird Electronic Corp

VERSATILITY! MEASURE POWER FROM
2mW to 10kW WITHIN 5% OF READING.

Available in 4 versions: battery port-

i

Western Sales Office: Ojai, CA (805) 646-7255

(or as low as 50 kHz
with a special ele-
ment) to 2.3 GHz.
The secret is in the new
4410 series elements pro-
viding seven power ranges
instead of one, with +5% read-
ing accuracy. Simply select the
range you want with a front-panel
rotary switch.

able, AC and battery
portable, rechargeable
portable, or AC and gattery
rack mount. Carrying case
optional.

but

(216) 248-1200 « TLX: 706898 Bird Elec UD

INFO/CARD 25

29



Figure 8a. 70 MHz LC dnscnmmator

loaded Q of 3.5. Figure 6b shows the
discriminator’'s DC transfer function.
The result agrees with analysis of the
previous section. The 180 degree inver-
sion of the curve is due to phase
inversion of the Gilbert cell multiplier.
Figure 6¢ shows the baseband 100
kHz output of 109 mV with a 600 kHz
frequency deviation and a THD (Total
Harmonic Distortion) of 1 percent. Fig-
ure 6d shows the frequency response
of the baseband and the THD plotted
on the same curve. Note that the THD
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Flgure 6d. 21.4 MHz LC discrimi-
nator baseband response and
THD.
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Figure 6e. Limited and phase
shifted carrier in the time domain.
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is a function of baseband frequency.
With a maximum baseband frequency
of 300 kHz, and 600 kHz frequency
deviation, the total IF spectrum in-
creases to 1.8 MHz (Carson’s rule)
resulting in less linearity. Figure 6e
shows the 21.4 MHz limited carrier
having 700 mV amplitude and the
phase shifted sinusoid (out of the quad
tank; lower trace) with 250 mV___. When
probing the quad tank for this measure-
ment, care must be taken to avoid
loading or de-tuning the resonator.
Figure 7a shows the 21.4 MHz delay
line discriminator’'s performance. A 50
ohm termination is essential for proper
operation of the delay line. Figure 7b
shows the measured discriminator trans-
fer function. The linearity range and the
deviation from it agree with the theoreti-

cal analysis. Figure 7c shows a 13.3

I

8

1.48 M 21.48 w1 R

Figure 7b. Demodular DC transfer
function.
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Figure 7c. Baseband output spec-
trum (600 kHz deviation).

Figure 9a. 70 MHz delay line discriminator.

mV, 100 kHz output jevel with 1 percent
distortion for 600 kHz deviation. Figure
7e shows the limiter output and the
phase shifted signal in time domain.
Both signats are 600 mV in amplitude
and close to a square wave with the 5th
harmonic (106 MHz) attenuated due to
bandwidth limitations.

Figure 8a shows the 70 MHz LC
discriminator’s performance. In the quad
tank there is a trade-off between the
coupling capacitor to the tank and the
baseband output and its distortion. With
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)
g 40 ——— Baseband output
| % —o— THD
| @
]
| S
3
3
LR
E \ o L e
6:, /"“/
o
& 70 P- =T |

80 ]
100 200 300

Baseband frequency {KHz)

Figure 7d. 21.4 MHz delay line
discriminator baseband response-
and THD.

Figure 7e. Limited and phase
shifted carrier in the time domain.
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MERRIMAC MEANS
HIGH QUALITY,
NOT HIGH PRICE

NO-WAY
\ pOWER DM?:;?:
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YBR’D T //'—
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SQ e &
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i
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PHASE DR " dlo DOUBLE BAL
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¢4 - 16, > . 4.500 4
OCTAVE and
MULTI-OCTAVE
COUPLERS, 0.5-18 GHz
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= Rely On The MERRIMAC Stock Delivery
Program of Catalog Components

= Rely on MERRIMAC Engineering For
Support and Custom Requirements

» Rely On The Reputation Earned By
MERRIMAC For Proven Quality,
Dependability and Value

h Merrimac

m For Further Details
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Catalog, Call or ;,:;:,

Write: MERRIMAC, T e

41 Fairfield Place, W avove
West Caldwell, NJ 07006 P cor Ush
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Figure 8b. Demodular DC transfer
function.
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Figure 8c. Baseband output spec-
trum (600 kHz deviation).
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Figure 8d. 70 MHz LC discrimina-
tor baseband response and THD.

L

shifted carrier in the time domain.
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Figure 8e. Limited and phase

a small coupling capacitor a higher Q
can be maintained. However, the output
of the quad tank will be a low level
sinusoid which will degrade the opera-
tion of the phase detector multiplier as
shown in the theoretical analysis where
a true sinusoidal input (effectively un-
clipped) was shown to degrade linearity
very quickly. As a result the value of this
capacitor should be optimized for the
best combination of the baseband level
and distortion. An 8.2 pF capacitor was
used to couple from the limiter output
to the tank. The loaded Q of the tank is
about 4.5. Figure 8c shows the base-
band 100 kHz output of 37.6 mV with a
600 kHz frequency deviation and a THD
of 1 percent. Figure 8d shows the
frequency response of the baseband
and the THD plotted on the same curve.
Figure 8e shows the 70 MHz limited
carrier having 400 mVp__p due to the
large coupling capacitor.

Figure 9a shows the 70 MHz delay
line discriminator again with the 50 ohm
delay line properly terminated. Figure
9b shows the measured discriminator
transfer function where the linearity
range and the deviation from it agree
generally with the theoretical analysis.
Figure 9¢c shows a 5.24 mV, 100 kHz
output level with 2 percent distortion for
600 kHz deviation. Figure 9e shows the
limiter output and the phase shifted
signal in time domain. Both signals are
about 380 mVp d in amplitude but look
more sinusoidal because the 3rd har-
monic (at 210 MHz), and the 5th har-
monic (350 MHz) are obviously filtered
out due to the limiter’s bandwidth.

Since the purpose of the circuits was
to show the limiter and the discriminator
linearity performance, no attempt was
made to band-limit the input noise by
using a minimum bandwidth (1.8 MHz)
bandpass filter. As a result, only -3 dB
limiting (the RF input leve!l at which the
demodulated baseband drops 3 dB from
normal fully limited FM level) was meas-
ured. Full sensitivity tests will depend
on the noise figure to be set by a low
noise front-end.

As a final note, the RSSI output
(Received Signal Strength Indicator) of
the chip was also tested and found to
exhibit a 60 dB range (logarithmic) at
21.4 MHz and a 50 dB range at 70 MHz
(See Figure 10). Table 1 summarizes the
performance of the four circuits.

Circuit Limitations

Figure 11 shows the test set-up used.
To achieve wide frequency deviations
an HP8640B RF at 550 MHz is mixed

A o 00 e (LR S

Figure 9b. Demodular DC transfer
function.

43 LU
L RANGE 224 av

Figure 9c. Baseband output spec-
trum (600 kHz deviation).
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Figure 9d. 70 MHz delay line dis-
criminator baseband response and-
THD.

=\

L

Figure 9e. Limited and phase
shifted carrier in the time domain.
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Figure 10. RSSI response for 21.4
MHz and 70 MHz.

down to 21.4 MHz or 70 MHz by using
a second generator. The output of the
NE602 is DC coupled to a 1 MHz low
pass filter. The distortion measurements
are limited by the HP8640B 1 percent
distortion specification. The instrument

S

Figure 11. Test set up.

also limits the modulating signal to 300
kHz. The reduction in the baseband
level at 300 kHz is due to the generator
and not the output bandwidth of the
NE602 which is flat up to 15 MHz with a
1500 ohm output impedance.

Figures 6e-9e showed that the re-
duced input impedance IF limiter has at
least 70 MHz bandwidth. Lack of small
signal bandwidth in the limiter will cause

TR " 214 MHz IF 70 MHz IF }
iscriminator Type ‘ LC [ Delay 1 LC Delay
Baseband output level (100 KHz) | 109 mV 133 mv 376 mV 7_5.24 mvV
Distortion for 100 KHz baseband 1% 1% 1% 2%
and 600 KHz deviation |
| -3dB limiting 02mv | 015 mV ! 017 mv | 018 mV |
AM rejection for 1 KHz tone =25V BRI 88 B ¢ @[S} -15 dB
(30% AM, —40 dBm RF)
RSSI linear dynamic range 60 dB 60 dB 50 dB 50 dB

Table 1. Performance Summary

-r 78.70 v

ATTEN 10 &

L

Figure 12. 70 MHz IF response at
-3 dB limiting.

the disiortion to be signal level depend-
ent because of extra phase delay intro-
duced when the IF limiter runs out of
gain. Figure 12 shows the IF spectrum
at 70 MHz with a 1 kHz tone and 600
kHz frequency deviation. This measure-
ment has been done at -3 dB limiting.
The symmetry of the signal while the
limiter has run out of gain indicates a
flat response at 70 MHz. In our circuits
the distortion is not signal level depend-
ent and the noise eventually captures
the IF as expected.

As ir any high speed IF stage,
extreme care must be taken to avoid
regenerative instabilities. These are ra-
diated Imiter output signals that are
picked up by the limiter’s input imped-

OSP Contacts for Cylindrical

GConnectors

M/A-COM Omni Spectra’s OSP™ (BMA) blind mate

contacts directly replace #8 contacts
cylindrical connectors. They are idea

speed digital, data bus and microwave applications.

These OSP connectors operate from dc-18 GHz with low
VSWR (1.15 + .01f) and they require no special tooling.

Call today for more information.

M/A-COM Omni Spectra, Inc.
140 Fourth Avenue
Waltham, MA 02254-3101
Tel: USA (617)890-4750
UK  (0734)580833
Japan 03(226)1671

Omni k_-_
| Spectra

A A COMPANY

RF Design

in MIL-C-38999
lly suited for high
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OSP 15 a trademark of M/A-COM Omni Spectra, Inc
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Example 3

¢ INPUT PARAMETERS WITH A DECIMAL POINT
# WHAT IS YOUR IF FREQUENCY? {in MHZ)
21.4

(] “'HAT IS THE IF BANDWIDTH OVER WHICH YOU WANT

|
[
|
| 1 TO HAVE A LINEAR DISCRIMINATOR? (in Miz) e
2.0
| ¢ FOR WHAT FREQUENCY DEVIATION DO YOU WANT TO SEE AN ESTIMATE
OF DISTORTION? (in MHz)
‘ SET EQUAL TO 1/2 OF IF BANDWIDTH FOR WORST CASE RESULTS. 3 }
1.0 .
§ HOW MANY POINTS SHOULD BE USED FOR THE ANALYSIS? A
(MORE POINTS RESULT IN MORE ACCURACY, 100 Maximum)
20,
#WHAT IS THE LOADED Q FOR THE LC QUAD TANK? o beri5%e8
5.0 - S
AR ARt A a b At ans
[ THE SELECTED RESONATOR Q  IS= 5.00 :
| THE RISE TIME FOR SQRE WV IS= 0.000 NANO SECONDS ! i WAVl
THE RISE TIME FOR TRPZD WVl IS= 5.841 NANO SECONDS A
| THE RISE TIME FOR TRPZD WV2 IS= 11.682 NANO SECONDS S
", FREQ, FREQ-DEV, PHASE, SQRE WVE, TRPZD WVEl, TRPZD WVE2, SIN WVE "
| 1 20.400 -1.000 115.5824 -0.2842492 -0.284249% -0.2765936 -0.2159046 ¥Iee
| 2 20.500 -0.500 113.2577 -0.2584183 -0.2584183 ~0.2526659 ~0.1974333 THE SUM-3F- BIARED - B8
3 20.600 -0.800 110.8614 -0.2317928 -0.2317928 -0.2276416 -0.1780539
| 4 20.700 -0.700 108.3988 -0.2044313 -0.2044313 -0.2015835 -0.1578148
S 20.800 -0.600 105.8766 -0.1764070 -0.1764070 -0.1745770 -0.1367834 IHE CORPWICIENT
[ § 20.%00 -0.500 103.3027 -0.1478075 -0.1478075 -0.1467311 -0.1150476 MIMATON TRAN
7 21.000 -0.400 100.6858 -0.1187307 -0.1187307 -0.1181727 -~0.0927122 e hes o
8 21.100 -0.300 98.0360 -0.0892892 ~0.0892892 -0.0890520 -0.06965979 12
9 21.200 -0.200 95.3642 -0.0596026 -0.0596026 ~0.0595320 -0.0467435
| 16 21.300 -0.100 92.6816 -0.029795%9 -0.0297959 -0.0297870 -0.0233931 A4
11 21.400 0.000 89.9939 0.0000008  0.0000008  0.0000008  0.0000006 Lot ot S
[ 12 217500 0.100 87.3307 0.0296593  0.0296593  0.0296506 0.0232859 oy
13 21.600 0.200 84.6852 0.0590532  0.0590532  0.0589845 0.0463138
14 21.700 0.300 82.0742 0.0880639  0.0880639 0.0878363 0.0689448
15 21.800 0.400 79.5075 0.1165836  0.1165836  0.1160554 0.0910536 IE 3 HARNONIC DINTCH
16  21.900 0.500 76.9939 0.1445124  0.1445124  0.1435064 0.1125275
| 17 22.000 0.600 74.5410 0.1717663  0.1717663  0.1700771 0.1332740
18 22,100 0.700 72.1553 0.1982740  0.1982740  0.1956758 0.1532187 AE LAD HARMONIC
19 22.200 0.800 69.8418 0.2239797  0.2239797  0.2202342 0.1723064
20 22.300 0.900 67.6045 0.2488384  0.2488384  0.2437023  0.1904985
21 22.400 1.000 65.4461 0.2728209  0.2728209 0.2660521 0.2077744

|
|
|
. - —— ——
Figure 13. Compute

ance. The reduction of the input imped-
ance reduces this effect considerably. If
more IF gain is needed, physical isola-
tion (shielding) of the IF stages is

ALL Logic Families

available in 4- or 14-pin

DIP .5"x.8"x.375"
SPECIFICATIONS

Voltage stability: Vcc + 5%, A F
< 1PPM

Vee £ 10%, A F
< 12PM

Aging: 5 PPM firstyear; 2PPM peryear
thereafter

Frequency Adj.: Control voltage in
range of 9 to 5V (variable capacitor
optional)

OSCILLATEK

-
A TECHNOLOGIES COMPANY

620 N. Lindenwood Drive ® Olathe, Kansas 66062

FAX: (913) 829-3505 ® TELEX: 437045
Phone: (913) 829-1777

(Telemetry application)

r program example: Telem

essential.

Finally, if wider band operation is
needed, the Q of the tank can still be
reduced. As long as the noise of the

etry application

tra

OSCILLATEK
M84 SERIES

ACTUAL SIZE

STABILITY

FREQUENCIES
AVAILABLE

0° - +50°C, + 2PPM

TTL = 1KHz to 32MHz

0° - +50°C, + 5PPM

*CMOS = 1KHz to
10MHz

0° - +70°C, + 5PPM

ECL = 4MHz to

-30° - +70°C, £ 10PPM

32MH:z

-30° - +85°C, £ 15PPM

SINE = 4MHz to
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with a 21.4 MHz LC quad discriminator.

system is dominated by the receiver
front end and not by the phase detector,
the audio output, no matter how small,
can be post amplified without loss of the
dynamic range.

Computer Program

A program written in standard Fortran
77 has been written to accomplish the
above-described performance calcula-
tions. Figure 13 is an example using
2 MHz bandwidth and 21.4 MHz IF, as
might be found in a telemetry applica-
tion. Only the LC quad configuration
case is shown here, although the
program generates performance data
for the delay line discriminator, as
well. The program is available on
disk from the RF Design Software
Service. See page 71 for ordering
information. RF

e
[ About the Authors r

Alvin Wong is an RF Applica-!
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holds a BSEE from San Jose
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RF Design Engineer at Signetics.
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1991 CATALOG

DAICO INDUSTRIES, INC. announces its all new
1991 catalog. This new catalog features 212 pages
of IF/RF solid state devices with 25 new products.
It includes DAICO’s complete line of GaAs, PIN
diode, Schottky diode and relay devices.

Special sections are dedicated to RF MIC
Switches, Surface Mount Packages, Connectorized
Solid State RF Switches, RF Relays, Digital Attenu-
ators, Voltage Controlled Attenuators and Phase
Shifters.

To order the 1991 DAICO catalog call (213)
631-1143.

DAICO INDUSTRIES, INC.

é 2453 East Del Amo Boulevard, Compton, CA 90220
Telephone 213/631-1143 » FAX 213/631-8078
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b The

1 pos

1 Handbook
]

Second Edition

STANFORD
TELECOM

siANFOR?

The recently introduced Stanford Telecom ASIC & Custom Products short form catalog provides a brief single page
description of each product for quick reference to each of the devices in our Frequency Synthesis, Forward Error
Correction, Coding and Demodulation product families. An outline of our Custom Design Service is also included.

Stanford Telecom is now pleased to announce the availability of the following series of new handbooks:

The DDS Handbook

Includes a selection guide for Numerically Controlled Oscillator and Direct Digital Synthesis products, a complete
data sheet for each ASIC, Board Level and Chassis Level product plus a series of application notes on topics related
to Direct Digital Synthesis — 216 pages.

The Spread Spectrum Handbook

A compilation of detailed data sheets covering a wide range of products related to spread spectrum applications in-
cluding Modulation, PN Coding, Demodulation and Error Correction. Application notes regarding topics such as Digital
Matched Filters, Direct Sequence Receivers, and Digital ASIC's for Spread Spectrum are also included — 189 pages.

The Forward Error Correction Handbook

Includes application information on FEC encoding and decoding, a product selection guide and detailed data sheets
on each product — 56 pages.

ASIC & Custom Products Group
2421 Mission College Blvd , Santa Clara, CA 95056
Tel: (408) 980-5684 » Fax: (408) 727-1482




1991 CATALOG

DAICO INDUSTRIES, INC. announces its all new
1991 catalog. This new catalog features 212 pages
of IF/RF solid state devices with 25 new products.
It includes DAICO’s complete line of GaAs, PIN
diode, Schottky diode and relay devices.

Special sections are dedicated to RF MIC
Switches, Surface Mount Packages, Connectorized
Solid State RF Switches, RF Relays, Digital Attenu-
ators, Voltage Controlled Attenuators and Phase
Shifters.

To order the 1991 DAICO catalog call (213)
631-1143.

DAICO INDUSTRIES, INC.

é 2453 East Del Amo Boulevard, Compton, CA 90220
Telephone 213/631-1143  FAX 213/631-8078
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CUSTOM R.F. AMPLIFIERS

CUSTOM DESIGN AND MANUFACTURE
FREQUENCY RANGE - 1 MHz TO 1 GHz
POWER RANGE FROM 1 WATT TO 5 kW
QUANTITY PRODUCTION
SHORT LEAD TIMES
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TEL. (408)778-9020 FAX. (408)779-4832
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WA R.F. SOLUTIONS INC.
16055 CAPUTO DRIVE, MORGAN HILL, CA 95037, US.A.
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LA200 Arrays

i3

wmowmom

LA250 MODula
i 4

Edl

2

s

LA200 SERIES - THREE SIZES OF ARRAYS
with active & passive components

LA250 SERIES - THREE SIZES OF ARRAYS
with flipped and repeated component modules

NPNs -iarge 100 - 300 mA, small, Schottky low noise
PNPs - spiit & multiple collectors

Junction capacitors - 75 pF

Zener diodes

Pinch resistors

—_— ———— __.—:‘T'__‘
ﬁe iest yiu_r F%E COPY of ourJC VData Book

ENRNURN The

R P O R A T I ON

Preferred

Source for
Analog ASICs

GAS11 - RF Analog Array

for all your communication ICs

GAS11 Tile-Based Array — one tile
of active and passive components,
repeatable up to 5 x 5 tiles.

2.5 GHz process
Low power 1- 15 V operation
On a 5 x 5 tile array —
1100 NPN, 460 PNP, 76 bonding pads
PC-based design tools

for all your communication ICs ...

reduce cost, increase performance and reliability.

” PO Box 489, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel (416) 632-2996 fax: (416) 632-2055 telex 061-8525
Jepan Branch 301 Aaba Bulding 3.6:2 Takanaws, Minatoku, Tokyo 108 Japan tel (03) 4412086 tex (03] 448.8991
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LARK ENGINEERING COMPANY

Lark has developed a unique series of miniature filters to solve today’s high density packaging
problems.

Rugged construction and miniature size provide immediate solutions for manpack, missile,
EW, and space applications.

Pin type terminals make these filter series compatible for printed circuit mounting. Please
refer to appropriate page for additional information, or contact our applications engineer-
ing department.

RF & Microwave Filters
B Full Product Line from 1 MHz to 18 GHz
Bl Coaxial, Tubular, Combline, Cavity
B Miniature, Pin Mount, TO-8 Can
B High Pass, Low Pass, Band Pass, Band Reject
B Duplexers and Multiplexers
B Switchable Filter Banks and Preselectors
B From Low Cost Commercial to High Performance MIL Spec
B Standard, Special, and High Reliability models available

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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Lucas Weinschel’s

"NEW 1991 "

e FREE!!!

This New 1991Catalog outlines the newest as well as the other standard products
(attenuators, terminations, adapters of all varieties and instruments) that are offered
by Lucas Weinschel Inc. For more information about Lucas Weinschel or afree copy
of our New 1991 Catalog, contact Lucas Weinschel Inc by calling (301) 948-3434 or
(800) 638-2048, or by FAX (301) 948-3625.
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OVEN CONTROLLED CRYSTAL OSCILLATORS
MODEL 800 SERIES OCXO

In the 800 Series of Oven Controlled Crystal
Oscillators, Oscillatek offers a wide range of per-
formance and mechanical options. The following
options are offered as suggestions of possible
starting points for your unique requirements for
precision Ovenized Quartz Crystal Oscillators.

SFREO ADJ ACCESS ‘]r_ ©
350

% )

oy
X802

Output Options (Standard):
TTL, CMOS, HCMOS, or SINE:
+7dBm, 50 Q
Harmonics: -20dBc

N/C

CASE

GND

SUPPLY

VCXO SUPPLY ¢
VCXO WNPUT ¢
VCXO RETURN #

N EN - 3

Supply (Standard:)
Voltage: 24VDC + 5%
Stability: 1 x 10-%/percent

Power:
Turn-on: 8 W maximum

FREQ ADJ ACCESS i:_ s N
Stabilized @ +25°C; 3 W maximum T ‘]|
|y 43, Bn | ruscTion
Frequency Adjust: %— 3% N o
Mechanical: For 10 years aging 20 T ki X803 % ?u’:m
Electrical (Wlth Option “E”): .{«: | Voxo suepLy
3 x 10-7 minimum for 0 to +5V or ( 2203 () vedhan
external 20K potentiometer iy STD 0CTAL PLUG
2 ;‘f):ks:l[:t.:ﬁg CONNECTION : :LZALC’[«S: 2A
Phase Noise (Sine, 10MHz):
Offset SSB Level Supply Options:
100 Hz -130dBc/Hz Any specified voltage in the range of 12VDC to 28VDC.
1 KHz -140dBc/Hz Multiple supplies for oven, RF and Logic.
10 KHz -145dBc/Hz Output Options (Additional):
50 KHz -150dBc/Hz Sine Output: Levels from -20dBm to +13dBm
ECL: Available with addition of -5.2V supply
OUTPUT MODEL AGING TEMP. FREQUENCY STABILITY VOLTAGE FREQUENCY SUPPLY
LOGIC NUMBER PER DAY RANGE OPTION CONTROL VOLTAGE
T=T7L X802 P=1x10%  [a=0C10+50C {39=+3x107 e E TIL = .01Hz to 30MHz SPECIFIED
: - "y o IF _ SUPPLY
2 : zmss X803 ; :x 10 8= 0°C 10 +70°C |59 = + 5 x 107, S =xoxtln] o Tage | SWE=100KHzto 30MHz TOLTACE
= CM x 107 3 58 =+ 5x10° | CONTROL [CMOS = 01Hz to 15MHz 12vDC
£=-20°C 10+70°C |18 =% 1x10", < 4
HC = HCMOS 4=1x107 - . 28-22x10°1 OPTION | HCHOS = .01Hz to 30MHz 70
D= -40°C to +70°C |28 = +2x 107, s i gt IS 28VDC
E=-55C 10 470°C [58= £ 5x 107, T S o 1
e | ol v
EXAMPLE S X802 2 | B 18 — 10MHz | 24V

NOTE: SX8022B18-10MHz,24V is a catalog number which defines an ovenized crystal oscillator in the X802 package with a 10MHz Sine
output, aging of 5 x 10-%/day, stability of £ 1 x 10-8 over the temperature range of 0°C to +70°C, operating on a +24VDC supply.

OSCILLATEK

-
Y] TECHNOLOGIES COMPANY

620 N. Lindenwood Drive ® Olathe, Kansas 66062 ® Phone: (913) 829-1777 ® TELEX: 437045 ® FAX: (913) 829-3505
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HIGH-PERFORMANCE DIRECT SYNTHESIZERS

D] L Accurate, stable, quiet frequencies on command, fast. For NMR,
- imaging, SATCOM, surveillance, ATE. Sources adapting to your
FREQUENCY SYNTHESIZERS needs with options. High demonstrated reliablity. Thousands in use.
Range: 0.1-40 MHz Output: +3 to + 13dBm; 5Cohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dB Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: — 75dBc¢ (0.5Hz-15KHz) Price: $4,800.00*
Range: 90-120 MHz Output: +3 to + 10dBm; 50ohm Freq. St’'d: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dBc Interface: BCD par. or GPIB

Switching: 1-20us Phase Noise: — 75dBc¢ (0.5Hz-15KHz) Price: $4,800.00*

Range: 0.1-160 MHz Output: +3 to + 13dBm; 50ohm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 75dB Interface: BCD par. or GPIB

Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz) Price: $5,850.00*

= 250

Range: 1-250 MHz + 3 to + 13dBm; 50o0hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) purious Outputs: — 70dB Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz) Price: $6,700.00*

Range: 0.1-300 MHz Output +3 to + 13dBm; 50ohm Freq. St’'d: OCXO, TCXO, Ext.
Resolution: 1Hz Spurious Outputs:  Type 1 Type 2 Interface: BCD par. or GPIB
Switching: 1-20us — 70/65 (typ/spec) — 65/60dB Price: Type 1 Type 2

Phase Continuous: 1Hz-100KHz steps Phase Noise: — 68dBc¢ (0.5Hz-15KHz) —63dBc $5,800.00*  $5,300.00*
Range: 1-500 MHz Output' +3 to +13dBm; 50o0hm Freq. St’d: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) purious Outputs: —70dB Interface: BCD par. or GPIB

Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KHz2)

= = x 10

Price: $7,850.00*

Range: 10 MHz band, selected Output: +3 to + 13dBm; 50o0hm Freq. St’'d: OCXO, TCXO, Ext.
decade 0.1-100 MHz Spurious Outputs: — 65/ - 60dB (typ/spec) Interface: BCD par. or GPIB
Resolution: 1Hz Phase Noise: — 70dBc (0.5Hz-15KHz2) Price: $2,450.00*

Switching: 1-5us
Phase Continuous: 2 MHz band, even or odd steps

= 620

Range: 1-620 MHz + 3 to +13dBm; 500hm Freqg. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) p s Outputs: — 70dB Interface: BCD par. or GPIB
Switching: 1-20us Phase Noise: —63dBc (0.5Hz-15KH2) Price: $8,650.00*

Range: 0.1-1000 MHz Output: +3 to + 13dBm; 500hm Freq. St'd: OCXO, TCXO, Ext.
Resolution: 0.1Hz-100KHz (opt) Spurious Outputs: — 70dB (0.1-500 MHz), Interface: BCD par. or GPIB
Switching: 5-10us — 65dB (500-1000 MH2z) Price: $11,250.00*

Phase Noise: —60dBc (0.5Hz — 15KHz)

>3

’ OTHER OPTIONS

Programmable Attenuator 0-30dB (or 0-99dB with GPIB)
n x 10 MHz output (20-140 MHz) or any 10 MHz line

*Prices are US only, and include manual & remote
(BCD) control, 1 Hz resolution, OCXO std.

e \
PROGRAMMED TEST SOURCES, INC.

P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460 508-486-3008 FAX: 508-486-4495
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The recently introduced Stanford Telecom ASIC & Custom Products short form catalog provides a brief single page
description of each product for quick reference to each of the devices in our Frequency Synthesis, Forward Error
Correction, Coding and Demodulation product families. An outline of our Custom Design Service is also included.

Stanford Telecom is now pleased to announce the availability of the following series of new handbooks:

The DDS Handbook

Includes a selection guide for Numerically Controlled Oscillator and Direct Digital Synthesis products, a complete
data sheet for each ASIC, Board Level and Chassis Level product plus a series of application notes on topics related
to Direct Digital Synthesis — 216 pages.

The Spread Spectrum Handbook

A compilation of detailed data sheets covering a wide range of products related to spread spectrum applications in-
cluding Modulation, PN Coding, Demodulation and Error Correction. Application notes regarding topics such as Digital
Matched Filters, Direct Sequence Receivers, and Digital ASIC's for Spread Spectrum are also included — 189 pages.

The Forward Error Correction Handbook

Includes application information on FEC encoding and decoding, a product selection guide and detailed data sheets
on each product — 56 pages.

ASIC & Custom Products Group
2421 Mission College Blvd., Santa Clara, CA 95056
Tel: (408) 980-5684 * Fax: (408) 727-1482



Specialized RF Products
to Match Your Requirements

Apcom offers an extensive line of rf products
designed to provide excellent performance character-
istics at a competitive price. All products are designed
for TEMPEST applications and may be easily cus-
tomized for different operating frequencies and
bandwidths.

Tunable frequency converters cover the

range from 10 kHz to 10 MHz in 100 Hz increments.
The input and output frequencies, plus the bandwidth,
are entered with the front panel keypad or IEEE bus
and are shown on separate digital displays. Additional
features include image rejection mixers, automatic
and manual gain control, and group delay compen-
sation. Two converters may be operated in a master/
slave mode; multiple converters may be controlled
from a central point through the IEEE-488 bus.

IF to tape frequency converters feature push-
button selection of four input and seven output
frequencies, plus IEEE-488 control. Additional fea-
tures include input and output level monitoring,
selectable input attenuation, and manual or automatic
gain control. Different units in the series cover many
different frequencies. Additionally, a complete series
of tape to IF converters are available.
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Modular receivers provide a cost effective solu-
tion for extended term monitoring. Up to eight
receivers plug into a standard 8% inch shelf. Cover-
ing the range of 20 to 520 MHz in 1 kHz increments,
each receiver may be set for AM or narrow band
FM detection. The common control module provides
complete receiver control through IEEE-488, RS-422,
or other bus protocols.

il

Analog and Digital distribution amplifiers
provide multiple outputs from a single input.
Difterent analog units cover the range from dc to the
VHF band and feature adjustable input and output
levels, signal detectors and loss of signal alarms.
Digital units operate with data rates up to 10 Mbps
with balanced or unbalanced inputs and outputs.
Any combination of analog and digital amplifers
may be plugged into the 15 slot enclosure.

Please contact Apcom at (301) 948-5900 for
additional information on all of our different
products and services. You will receive a copy of our
current rf products catalog,.

APCOM

APCOM INC.

8-4 Metropolitan Court
Gaithersburg, Maryland 20878
Phone: (301) 948-5900

FAX: (301) 948-1631
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Block Diagram Simulation on PCs

...just took a major leap forward. Lots of new models, features and power: 24 new filter types plus Laplace
functions, RF Mixer and Amplifier models, clean high-resolution graphics on lasers and pen plotters.
Schematic editors run under TESS. Runs in the new OrCAD ESP framework. Plus you get the best support
in the business: 30-day money-back guarantee, free 1-year phone support, BBS and newsletter. Call today
for a working demo. TESOFT — PO Box 305, Roswell GA 30077, 404-751-9785 FAx4(4-664-5817

Receivers with Phase Noise

Phase-locked-loops

Control Systems

MODEMs
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SGS-THOMSON Microelectronics

RF & MICROWAVE POWER TRANSISTORS ... The Catalogs.

We've got two new catalogs that describe hundreds * Avionics

of RF & Microwave power transistors available ,

from SGS-THOMSON. * Cellular Radio
e Radar

The Databook contains over 1200 pages of data
sheet information on power transistors in the
2 MHz - 4 GHz frequency range. e Telemetry

* Broadcast

: : e Satcom
The 1990 Shortform is a 26 page quick reference to

our full range of silicon FETS, Bipolars and MMICs * Mobile
as well as details on available pre-conditioning and « ECM
screening for Hi-rel applications.

Instrumentation

For your copy of these catalogs, please contact our
Sales Dept. or your local SGSTHOMSON RF Group
authorized representative or distributor.

e Mil Comm

Microwave Links

s Gs -NOMSON SGSTHOMSON Microelectronics
Commerce Drive :
Y. ICROELECTRONICS &g o s
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HIGHEST
PERFORMANCE
VITERBI DECODER

At 20 Mbps with
4-bit soft dectsion the
STEL-2020 1s the
highest performance
K=6 and K=7 Viterbi
decoder in the
industry

HIGHEST
FLEXIBILITY PN
CODER

At 30 Mcps and up
to 32 taps per coder
the STEL-1032
Triple PN Coder has
the flexibility to
generate a wide
vanety of codes for
many spread
spectrum
applications

Spread

o

PECtI‘ um

At Your
Finger

HIGHEST
PERFORMANCE
DIGITAL FILTER
The STEL-3310
64-Tap Complex
Matched Filter

provides the highest

performance in a
single package for
signal despreading
applications.

LOWEST
| PRICE VITERBI
DECODER

At less than $100
(qty. 1000) the
STEL-5269 K=7
Viterbi decoder
[ has the most

attractive price in
the industry, with

{ industry standard
polynomials and
a 256 Kbps data
rate

|

GPS CODER

The STEL-1023
generates the C/A
(Clear/Acquisition)
coding and timing for
GPS receivers in a
single chip

STANFORD TELECOM proudly offers the
industry's most complete line of Spread
Spectrum VLSI Products for any occasion.
STANFORD TELECOM... the leader in Spread Spectrum,
also offers products for Direct Digital Synthesis

applications. In addition, we specialize inthe development
of custom ASIC solutions for your specific requirements.

TIps.

HIGHEST SPEED
ACCUMULATOR

Witha 70
Msamples/sec
accumulation rate
the STEL-2410 1s

the industry s /
highest speed

signal accumulator
for spread

spectrum
applications

/

HIGHEST
PERFORMANCE BIT
SYNCHRONIZER/
DEMODULATOR
The STEL-2110Ais a
digital bit synchronizer
and PSK demodulator
providing high
performance in spread
spectrum BPSK and
QPSK apphzations

B

FASTEST
BURST DATA
ACQUISITION
The STEL-2210
Block Phase
Estimator allows
burst signals to be
acquired rapidly
and demodulated
coherently when
used in
conjunction with
the STEL-2110A

f

HIGHEST
PERFORMANCE
QUADRATURE
NCO

The STEL-1177
Quadrature NCO
has a 60 MHz
clock frequency
and incorporates
linear PM and FM
capabilities as
well as providing
quadrature 12-bit
outputs for 75
dBc purity

SIGNAL
QUALITY
ESTIMATOR

The STEL-2330
Signal Quality
Estimator
provides front-
end processing
to allow the
Eb/No of signals
to be calculated
atupto 15
Msamples/sec

For immediate support, please write or call:

STANFO

ASIC & Custom Products Group
2421 Mission College Blvd., Santa Clara, CA 95056

Tel: (408) 980-5684 « Fax: (408) 727-1482
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RF teatured technology

Using Current Feedback Ampilifiers

By Al Little
Signal Processing Products
Harris Semiconductor

Current feedback amplifiers are becom-
ing increasingly popular for high fre-
quency and RF designs. They are used
like ordinary op amps, yet they offer
higher speed, nearly constant band-
width at increased gains, and a number
of other benefits. This article describes
these benefits as well as the special
features and applications of the Harris
HA-5004, a 100 MHz current feedback
amplifier.

Ithough conventional op amps have

been greatly improved over the past
decades, very few are good enough for
accurately processing analog signais
approaching 100 MHz. At these frequen-
cies, the open loop gain (and AC
performance) of op amps usually drops
so low that they are unusable. Even
those that do work at high frequency
often need to be tweaked with external
feedback networks to achieve the best
performance. For applications that need
more than unity gain, even the best high
speed op amps may still fall short due
to the well known gain-bandwidth trade-
off.

To combat this shortcoming, current
feedback amplifiers have now become
widely used. Due to their unique circuit
topology, current feedback amplifiers
side-step the *‘gain-bandwidth’ tradeoft
of conventional op amps altogether,
delivering nearly equal bandwidth over
a wide range of gains. This feature
makes them ideal for high frequency
applications like video drivers, pulse
amplifiers, radar and IF signal process-
ing.

Figures 1 and 2 illustrate this basic
difference between conventional op
amps and current feedback amplifiers.
Figure 1 shows the frequency response
of a 100 MHz op amp at several closed
loop gains. As shown, the unity gain
bandwidth actually exceeds 100 MHz,
but some undesired gain peaking also
occurs. At higher closed loop gains, the
bandwidth is proportionally lower, such
that at a gain of 10 (20 dB) the amplifier
delivers less than 10 MHz of signal
bandwidth.

By contrast, Figure 2 shows the same
response for the Harris HA-5004, a high

RF Design

performance monolithic current feed-
back amplifier. At unity gain, the ampli-
fier also provides a bandwidth of 100
MHz, but without significant gain peak-
ing. At a gain of 10, the HA-5004 rolls
off at only 80 MHz, providing 8 times the
bandwidth of the comparable op amp.

Extended bandwidth is by no means
the only advantage of current feedback
amplifiers. Unlike op amps, current
feedback amplifiers do not exhibit slew
rate limiting. This remarkable property
is illustrated in Figure 3, in which the
large signal response of the HA-5004
looks virtually identical to the small
signal response. With no slew rate
limiting, the output rise time and fall time
remain constant, independent of signal
amplititude. This linear characteristic
translates to extremely low distortion,
which makes the amplifier ideal for high
fidelity video and RF signal processing
applications.

Current feedback amplifiers achieve
their superior performance by using a
slightly different principle than tradi-
tional op amps. Figures 4a and 4b
illustrate these differences. Inside the
current feedback amplifier, there is a
unity gain buffer from the non-inverting
(+) terminal to the inverting (—) terminal.
The inverting terminal is, by definition,
a low impedance point at alt times. Error
currents are sensed at the inverting
input and amplified such that a small
change in input current produces a large
change in output voltage. The ratio of
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output voltage delta due to input current
delta is the transimpedance, Z, of the
device. Like voltage gain in a conven-
tional op amp, transimpedance is a
function of frequency.

Steady state currents at the inverting
input are very small because the tran-
simpedance is large (typically 100 V/mA
in the HA-5004). The voltage across the
input terminals is nearly zero (typically
1 mV) due to the small offset voltage of
the buffer amplifier. The ideal properties
of zero input current and zero offset
voltage are also true for current feed-
back amplifiers, and likewise simplify
circuit design and analysis. The re-
sponse to reactive feedback elements,
however, is entirely different than to op
amps due to this difference in structure,
so great care must be used. Fortunately,
current feedback amplifiers often elimi-
nate the need for reactive feedback (like
feed-forward designs to compensate op
amps) in the first place.

Equations 1a through 4a show the
relationships for traditional operational
amplifiers. In equation 2a, as long as the
open loop gain A(s) is much greater than
the ideal closed loop gain G, the transfer
function closely approximates the ideal.
As frequency increases negatively or
as G is increased negatively the overall
bandwidth is limited by the bandwidth
of A(s). These equations demonstrate
why voltage feedback amplifiers must
always trade bandwidth for gain.

In the case of current feedback,

R1 ;

" = st J

Figure 1. Frequency response and schematic of a 100 MHz op amp at

several closed loop gains.
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Figure 2. Frequency response and schematic of a 100 MHz current
feedback amplifier at several closed loop gains.
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Figure 3. Comparison of slew rate
limiting of the large signal re-
Sponse and the small signal re-
sponse for the Harris HA-5004

current feedback amplifier.

however, while the transfer function 2b
is similar, the closed loop bandwidth is
no longer a function of gain G. Instead,
bandwidth is limited only by the ratio of
R, to Z(s), independent of the ideal
closed loop gain G. Although Z(s) de-
creases with frequency like A(s) for op
amps (equations and graphs 4a and
4b), it does not factor into the closed
loop bandwidth the same way. Thus, the
closed loop bandwidth for current feeg-
back amplifiers is independently set by
R,. In actual use, bandwidth is slightly
reduced at higher gains due to the
non-zero output impedance at the invert-
ing terminal. This bandwidth reduction
can easily be recovered, however, by
simply lowering the value of R,. It should
also be noted that R, is always required,
even for unity gain configurations.
Current feedback amplifiers are ideal
for a wide range of high frequency
applications. Figure 5a shows how the
HA-5004 can be used as a basic video
buffer. Setting the amplifier for a gain

48

of +2 provides unity gain with matching
50 Ohm output and load resistances.
Resistors R__ and R, _ may be used, if
needed, to limit the output current for
fault conditions.

Since the HA-5004 typically requires
only 12 mA of quiescent current to
Operate, power dissipation is rarely a
problem. But for particularly demanding
applications at high temperature and
output current, the HA-5004 has the
capability to automatically sense over-
heating and shut down its output stage.
Special circuitry triggers when the junc-
tion temperature exceeds approximately
180 degrees Celsius. If this occurs, an
open collector output signal (TOL) can
be used to notity microprocessor cir-
cuitry that a thermal overload condition
exists. Once disabled, and the chip
temperature drops, the HA-5004 will
automatically reactivate itself and re-
sume normal operation. If desired, a TTL
input (TOI) can override or prevent the
disable operati~n; in this case, thermal
overload will not be indicated by the TOL
output.

By using the output enable (OE)
function manually, the HA-5004 can be
configured in parallel to form a multi-
plexed video amplifier as shown in figure
5b. The TTL-compatible Enable control
turns off the amplifier so that outputs can
be tied together in common. Only one
pair of output protection resistors is
needed in this case since only one
output is active at any time. When
switching takes place from one channel
to the next, a small overlap may occur
in which one amplifier becomes active
before the last has reached a high
impedance state. To prevent this condi-
tion, the enable command to each
amplifier should be skewed by a few
microseconds.

Another common application for the
HA-5004 is to buffer the input of a flash
A/D converter as shown in Figure 6. This
function can be deceptively demanding
on a butffer amplifier because of the high
transient currents associated with CMOS
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Figure 4a. Voltage feedback am-
plifier schematic.
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Figure 4b. Current feedback am-
plifier schematic.
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With PlanarPak™
Microwave Surface
Mount Components...
DCto18 GHz

Your next microwave system
needs more functions in less
space. You're ready for the ad-
vantages of microwave surface
mount technology (SMT)...
Avantek’s PlanarPak™ compo-
nents. You'll get smaller size ...
lighter weight ...increased board
density...and, circuits on botn
stdes of the board. Your design
team: can put the system you
need together faster...with
lower risk and more control,
with off-the-shelf PlanarPak
components. More than thirty
different high performance

PlanarPak components provide

DC to 18 GHz coverage. All are

50 ohm matched for easy micro-

strip integration. Avantek offers

the widest range of microwave

functions in surface mount

packages —

 Amplifiers — .01 t0 18.0 GHz

* Attenuators — .1to 2.0 GHz

e Detectors — .02 to 6.0 GHz

» Limiting Amplifiers — .01 to
1.0 GHz

* Mixers— .05 to 2.5 GHz

« Switches — .01 to 2.0 GHz

—with more functions on the

way. PlanarPak components

make complete surface mount

microwave systems a reality.

Designed for High
Volume Applications
in Demanding
Environments

These hermetically sealed, thin-
film MIC components are de-
signed for rugged operating
environments...missiles...
smart munitions...expendables
...and RPVs. Wherever size
and performance are critical.

PlanarPak products are ideal for
automated manufacturing. A
proven technology...in volume
production today at Avantek.

SMT Application
Assistance and Off-
the-Shelf Delivery...

Avantek, the world leader in
microwave SMT, offers a com-
prehensive selection of litera-
ture, test fixtures, and technical
assistance. And, all PlanarPak
components are in stock at your
local Avantek distributor for
immediate delivery. Contact us
today to receive PlanarPak
products literature and the
name and address of your local
Avantek distributor.

+Three sizes: .25 x .25 x .1l in, .375 x

QAVANTEK
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SYSTEM...

PACK MORE PERFORMANCE
INTO YOUR

Avantek Regional Offices

North America

Eastern: ( 301) 381-2600
Central: ( 708 ) 358-8963
Western: (805) 373-3870
Europe: (44) 276-685753
Asia: (01) (408 ) 943-5484



TO-8
Filters

$25.00
each

(quantity: 10 and up)

10 MHz to 2,500 MHz.

3 sections

3 dB bandwidths: 5% to 20%
Stopband rejection: 50 dBc.
Temperature: =25 to +50 °C
Shock:t0 15 G

Vibration: to 5 G

Relative humidity: to 90%

Special models are also avaliable
in the TC series, with up to 6 sections,
frequency ranges.to 6,000 MHz, 3 dB
bandwidths from 3% to 100% of the
center frequency, and increased envi-
ronmental capabilities. Other Lark En-
gineering Company TO-8 package
filter models include lowpass and
highpass configurations, and also
models that can be qualified to MIL-
SPEC environmentals.

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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flash converters. The buffer must quickly
charge the input capacitance at the
beginning of each conversion cycle,
settling to within 1/2 LSB before the
sample time is complete. In the case of
the HI-5700 8-bit flash converter operat-
ing at 20 MHz with a 50 percent duty
cycle clock, full settling must be com-
plete within 25 ns. The 100 mA output
current capability of the HA-5004 makes
it ideal for fast settling, high current
applications like this.

Figure 7 shows how the HA-5004 can
be used in conjunction with the HA-2547
high speed multiplier to form a voltage
controlled amplifier or mixer. The cur-
rent output of the HA-2547 is summed
at the inverting terminal of the HA-5004,
providing current-to-voltage conversion
the same way an op amp would be used.
Using a 250 Ohm feedback resistor, the
full 100 MHz bandwidth of the current
feedback amplifier preserves the band-
width capability of the HA-2547. Alterna-

———

+5V

tively, the internal feedback of the 2547
may be used instead, with some sacri-
fice to the bandwidth.

With few exceptions, the rules for
properly applying current feedback am-
plifiers are the same as those for high
speed op amps:

¢ Keep all component leads as short
as possible, particularly at the inverting
input. Always minimize the stray capaci-
tance at this node.

¢ Separate signal grounds from
power grounds and connect them to-
gether at only one common (star) ground
point.

e Use properly terminated coaxial
cable at the input and output if they are
located some distance from the ampli-
fier.

* For best performance, use a ground
plane for PC mounted devices.

* Make input and feedback resistors
as small as possible consistent with the
specified feedback resistance, output
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Figure 5a. Current feedback amplifier used as a

video buffer.
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Figure 5b. Current feedback amplifier used as a

multiplexed video amplifier.

drive capability, and circuit require-
ments. In current feedback amplifiers,
bandwidth can usually be increased
somewhat by using lower value feed-
back resistors. Values too small, how-
ever, may cause stability problems.

* Use good power supply bypass
capacitors and connect them right at the
power supply pins. A tantalum capacitor
in parallel with a ceramic capacitor gives
good bypass performance at both low
and high frequencies.

in summary, current feedback ampilifi-
ers now give designers new freedom in
high frequency designs. Compared to
op amps, they provide wider bandwidth
at higher gains, lower distortion, better
large signal performance and faster
settling time with relatively low power.
External compensation, often required
with high speed op amps, and other
kinds of external optimizing adjustments
are eliminated as well. The next genera-
tion of current feedback amplifiers are
certain to provide even higher levels of
performance for analog signal process-
ing applications approaching one giga-
hertz. RF

About the Author |
Al Little is an Applications Engi-
neering Manager for the Signal Proc-
essing Products Division of Harris
| Semiconductor. He may be reached
| at (407) 724-3842. |
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Figure 7. Current feedback amplifier used as a

voltage controlled amplifier or mixer.
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There are several good reasons. These flawless gems feature very high Q
at UHF frequencies, subminiature size,and 6 standard mounting styles,

including surface mount . . . all with precision high resolution adjustment.
The 350 PPM/°C and NPQO versions meet the requirements of
MIL-C-14409D.

For more information, call or write for Engineering Bulletin SG-207A. We'll
also send data on other trimmer capacitors for virtually every requirement.

SPRAGUE

The World's Broadest Line Of Tnmmer Capacitors
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395
TEL: 516-746-1385 * FAX: 516-746-1396 « TELEX. 14-4533

. capacitors?

applications, engineers are dazzied by
~F Sprague-Goodman’s sparkling selection

Who says
nobody loves
trimmer

When it comes to high frequency

of Sapphire Dielectric Pistoncaps™.

GOOD
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RF cover story

A New 100 Hz to 26.5 GHz
Spectrum Analyzer

Advantest America’s latest offering,
a 100 Hz to 26.5 GHz microwave
spectrum analyzer is a high perform-
ance, wideband spectrum analyzer. Its
wide frequency range makes it ideal for
applications such as mobile radio equip-
ment, microwave component testing,
multi-channel access systems, radar,
and communications/broadcast satel-
lites.

The R3271 Microwave Spectrum Ana-
lyzer makes use of advanced high
frequency measurement techniques to
cover its frequency range. The fre-
quency range of the analyzer is inter-
nally preselected, providing more than
100 dB of true dynamic range and a
displayable dynamic range of 100 dB. A
synthesized local oscillator provides ex-
cellent frequency accuracy. In addition,
its counter mode provides accurate
frequency measurements of broadcast
signals up to 26.5 GHz. Its high input
sensitivity, coupled with its built-in
counter, make it ideal for detecting
individual signals in a complex wave- g
form at extremely low-level signals. ‘ ) -—.,
Precise measurements of modulated )
and complex signals are also possible. — — = W =
Key specifications are listed in Table 1. Advantest’s R3271 Microwave Spectrum Analyzer.
Advantest’s R3271 has a standard
GPIB which provides for full remote

Frequency Range: 100 Hz - 26.5 GHz

control making it an excellent choice for \
use in automated measurement sys-
tems. It has a controller option for built-in :
computing as well as a memory card. | Residual FM (N=1): 3 Hz
The R3271 measures 7 inches high : - g
by 14 inches wide by 18 inches deep Noise Sidebands: 100 dBc/Hz (with 1 kHz offset frequency)
and weighs less than 50 Ibs. These
dimensions and relatively light weight |  Resolution Bandwidths: 10 Hz - 3 MHz
make it an ideal instrument for field
applications. | Noise Level (N=1): 135 dBm
The Advantest R3271 is priced at ( )
$32,000 and will be available for delivery t Sweep Time: 250 ms/50 us (zero span) to 1000 s

by March 1, 1991.
For more information on the R3271 2 )
spectrum analyzer from Advantest Amer- Table 1. Primary specifications for the R3271 Microwave Spectrum

ica, circle Info/Card #170. Analyzer.
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RF products

Image Reject Mixers

Locus, Incorporated an-
nounces their new lines of im-
age reject mixers. The lines of
mixers include image reject
down-converters, single-sideband
up-converters, and |-Q modula-
tors/detectors. There are twenty-
three image reject down-con-
verters with image rejection rang-
ing from 25 to 55 dB, RF-IF
conversion gain from —15 to
+35 dB typically, and LO
drive level ranging from 10 to 17
dBm. The single-sideband up-

Monolithic
Variable Gain

Amplifier

The HPVA-0180 silicon-mono-
lithic, variable gain amplifier from
Hewlett-Packard features a 3 dB

bandwidth of 2.5 GHz, provides
20 dB gain with 20 dB gain control
over its DC to 2.5 GHz bandwidth,
and dissipates only 250 mW from
a single 6 volt power supply. It is
packaged in a plastic, surface-
mount SO-8 package and is suit-
able for wide or narrow bandwidth
applications from DC to 2.5 GHz.
The HPVA-0180 is designed for
VHF/UHF receivers, RF data
links, and broadband local area
networks. Pricing for the HPVA-
0180 is $14 each in guantities of
1-99, $13.25 each in quantities
of 100-499, and $12.25 each in
quantities of 500-999. The unit is
available from HP sales offices
or distributors of HP component
products.

Hewlett-Packard Company
INFO/CARD #210

RF Design

converters have image rejection
ranging from 15 to 60 dB
minimum, RF-IF conversion gain
ranging from -15 to +54 dB
typically, and carrier suppression
ranging from 15 to 45 dB mini-
mum. The I-Q modulators/detec-
tors have phase balance ranging
from +0.1 to =5 degrees, RF-IF
conversion gain of =14 to +3.5
dB, and LO drive level of 10 to
13dBm.

Locus, Inc.

INFO/CARD #211

Surface Mount RF

Attenuators

Hokuriku USA, Ltd. has re-
leased the PAD/PADU series of
attenuators for both small signal
and high power applications. The
series is based on thin film ce-
ramic substrates and utilizes a
coaxial design. PAD types are
available for applications from
DC through 5 GHz, with PADU
types rated at up to 100 watts for
transmitting applications up to 4
GHz. Both types offer low-profile
surface mounting, and imped-
ance is 50 ohms. The PAD series
can be specified for any attenu-
ation between 1 and 32 dB, and
the PADU series is available in
3, 6, 10, and 20 dB versions. The
PAD series Is sized at 8 mm x 18
mm, and the PADU series meas-
ures 21 mm x 11.6mm. Applica-
tions include communications
equipment, CATV equipment,

video systems, test instruments,
and RF/microwave accessories.

These attenuators are available
in OEM quantities with prices
starting at less than $8 each.
Hokuriku USA, Ltd.
INFO/CARD #209

Matched Filter
Sets

RLC Electronics has intro-
duced a new line of matched filter
sets. The filters are available with

phase, amplituce, and delay
matching. Typical requirements
include phase matching at +5
degrees, group delay at +2 ns,
or amplitude matching with a
+0.2 dB variation over a portion
of the filter's passband. The filter
pictured is a surface mount de-
vice with two matched filters on
a common carrier plate. The
device is phase, delay, and ampli-
tude matched over center fre-
quency +20 MHz. Full Mil-Spec
environmental requirements such
as vibration, shock, and tempera-
ture are applicable. Pricing for the
matched filter sets start at $500
per set and are they available for
delivery in small quantities in 2
to 4 weeks.

RLC Electronics, Inc.
INFO/CARD #208

VX1 Arbitrary
Waveform
Generator

Wavetek has introduced Model
1375, a VXI arbitrary waveform
generator (arb) compatible with
the Standard Commands for Pro-
grammable Instruments (SCP1)
remote programming format. The
20 MHz arb is a single slot C size
VXI module that has 12 bit verti-
cal resolution. It :s equipped with
32K of volatile memory expand-
able to 128K. The module’s auto-
matic waveform scaling feature
provides the ability to expand or
contract a waveform into a larger
or smaller memory space than
onginally occupied. A user can
divide memory space into blocks
of 8K and perform phase continu-
ous switching between memaory
blocks upon receipt of a valid
trigger signal either over the VXI
backplane or externally. The price
for Model 1375 is $3995, and the
expanded memory option Costs
$1595.

Wavetek Corporation
INFO/CARD #207
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UHF Backpack

Booster Amplifier
Model M200U-BP contains a
200 Watt CW from 200-400 MHz
(broadband) into 50 ohms, when
driven by a 3-5 Watt exciter. It is
linear and can be used for voice
communications and CW. RF
power is monitored from an LED
bargraph meter, and automatic
antenna T/R switching is also
built-in. 50, 100, 150, and 200
Watt power output levels can be
selected and power consumption
is 28 volts and 18 amperes at 200
Watts output power. The unit
weighs 19 Ibs.
Kalmus Engineering
tional, Ltd.
INFO/CARD #206

Interna-

Spectrum and

Network Analyzer

The Spectrum & Network Ana-
lyzer FSBS from Rohde & Sch-
warz features a user-selectable
frequency offset of its tracking
generator and sensitivity of more

than —-145 dBm over the range
from 100 Hz to 5 GHz. It is
designed for scalar frequency-
conversion network analysis and
spectrum analysis.
Rohde & Schwarz
INFO/CARD #205

Signal
Microprocessor

Development Station
The Signal MicroProcessor
(SMP) Development Station con-
tains the hardware and software
needed to program and operate
a 128 tap, 100 MHz programma-
ble transversal filter for applica-
tions such as waveform equaliza-
tion, matched filtering, and pat-
tern recognition. The device is
self-clocking at a rate of 360 MHz
and costs $8500.
Electronic Decisions
Incorporated
INFO/CARD #204
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Universal Counter
The CDC250 dual-channel
counter will count signal fre-
quency of sine, square, and trian-
gle waves from 5 Hz to 175 MHz
at input levels from 20 mV to 24
V peak. The instrument also pro-
vides period measurements, fre-
quency ratio, time interval, and
total measurement functions. It
is priced at $595.
Tektronix
INFO/CARD #203

Portable 9600 BPS
RF Modem

UDS has announced the DR
96, a 9600 BPS radio frequency
modem that uses the 470 MHz
frequency band and has a sensi-
tivity of 0.35 uV. The DR 96 can
transmit in both synchronous and
asynchronous modes, and it has
10 ms RTS and CTS signaling
time. Initial pricing is set at
$1,295.
ubDs
INFO/CARD #202

Semi-Rigid Cable

Assemblies

Semi-rigid cable assemblies
from DC to 18 GHz are now
available from the Phoenix Com-
pany of Chicago. Statistical Proc-
ess Controls (SPC) are used
throughout the assembly process
to control all critical dimensions.
SPC and VSWR data is available
with each shipment at no charge.
The Phoenix Company of Chi-
cago
INFO/CARD #201

Toroid Transformer

Tester

Atlantic Magnetics has an-
nounced a toroid transformer
tester for in-process testing and
inspection of transformers and
inductors wound on toroid cores.
Model 3500A handles toroid trans-
formers with inside diameters
from 0.060" to 8.0"". It completely
tests transformers of 10 to 2000
turns in less than 15 seconds with
an accuracy of +0.2 percent or
better. Model 3500A is priced at
$1995.
Atlantic Magnetics, Inc.
INFO/CARD #200

8 x 8 Video Cross-
point Switch with

Buffers
The MAX456 uses a digitally
controlled 8 x 8 switch matrix to

)

connect eight high speed signals
to any or all of the eight output
channels. It has eight switch-
matrix outputs that connect to
eight 35 MHz, 250 V/us video
buffer amplifiers that can be dis-
abled under digital control. Chan-
nel control logic is also included
on chip. Single channel crosstalk
is =70 dB at 5 MHz, and prices
start at $19.97 for quantities of
1000 and up.

Maxim Integrated Products
INFO/CARD #199

SPDT Switch

Model 62P004, an SPDT
switch, offers 80 dB isolation from
410 MHz to 2300 MHz. It is TTL
compatible and is available with
SMA connectors. Video leakage
is less than 10 mV in a 100 MHz
bandwidth, insertion loss is 3.5
dB maximum, and VSWR is 2:1
maximum. It is priced at $397 in
quantities of 10-24.
ECM Devices, Inc.
INFO/CARD #198

High Speed

250 MHz Counter

The KL-5402D covers the 10
Hz to 250 MHz frequency range
and measures 1ppm in 0.02 sec-
onds. Counting accuracy is inde-
pendent of input test frequency,
and the unit is RS-232C compat-
ible. Resolution is 1 ppm at 0.02
seconds gate time and improves
to 0.0001 ppm at 200 seconds
gate time.
Kolinker Industrial Equipment,
Ltd.
INFO/CARD #197

RF Amplifier

Amplifonix Model TM6181 RF
amplifier features 2.5 dB max.
noise figure and 9 dB gain max.
over the 10 to 400 MHz frequency
range. Reverse isolation is —10
dB max. and VSWR is 2.0:1.
Screening to the tables of Mil-Std-
883 is available.
Amplifonix
INFO/CARD #196

5 GHz SPDT Switch
Mini-Circuits’ YSW-2-50DR
SPDT switch has a built in driver
and operates over the DC to 5
GHz range with 3 ns switching
speed. It has greater than 40 dB
isolation in the off state and less
than 1 dB insertion loss in the on
state. It is priced at $19.95 in
quantities of 1-9.
Mini-Circuits
INFO/CARD #195

Broadband

Noise Source

The NC 3201Y is a broadband
coaxial noise source that delivers
white Gaussian noise from 10
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kHz to 1100 MHz. Noise output
rise and fall times are less than 1
us, VSWR is less than 1.2:1, and
noise output variation with tem-
perature is less than 0.01 dB/C.
Noise Com

INFO/CARD #194

8 Bit 100 MHz

Flash ADC

The MN5901 is a high speed
monolithic ADC with 8 bit resolu-
tion and a conversion speed of
100 MHz. Differential linearity is
+ 0.95 LSB maximum and SNR
is 38 dB minimum. Prices are
from $75 in quantities of 100.
Micro Networks
INFO/CARD #193

Alternating Voltage

Measuring System
The model 4920 Alternating
Voltage Measurement Standard
from Datron Instruments meas-
ures signals from 1 Hz to 1.25
MHz with uncertainties of +28
ppm in stand-alone mode. It meas-
ures from 100 mV to 1000 V RMS
and is priced at $9,995.
Datron instruments Ltd., A Divi-
sion of Wavetek Corporation
INFO/CARD #192

Self-Biased Gain
Block Ampilifier

A GaAs monolithic gain block
amplifier for use in the 2 to 10
GHz frequency range has been
developed by Texas Instruments.
it uses on-chip DC blocking which
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allows it to be directly cascaded.
Output power of the TGA8810 at
1 dB compression is typically 14
dBm and gain is 15.0 dB nominal
at 5V and 80 mA.

Texas Instruments

INFO/CARD #191

2-Way Power Divider
The model PD032-2 is a 2-way
power divider spanning from 300
MHz to 2000 MHz. Insertion loss
is 0.8 dB, isolation is 18 dB,
VSWR input is 1.35:1, and VSWR
output is 1.3:1. Amplitude bal-
ance for the PD032-2 is 0.2 dB
and phase balance is 3 degrees.
Microwave Research and Devel-
opment, Inc.
INFO/CARD #190

DSP Array Process-
ing Chip Set

Array Microsystems, Inc. has
released a DSP chip set in a
144-pin grid array. The set in-
cludes the A66111, digital
array signal processor and the
A66211, a programmable array
controller. The A66111BCG and

A66211BCG each sell for $495.
Array Microsystems, Inc.
INFO/CARD #189

1000 MHz Frequency

Synthesizer

The PTS 1000 frequency syn-
thesizer covers the 0.1 to 1000
MHz frequency range with resolu-
tion from 0.1 Hz to 100 kHz.
Harmonics are at —30 dB at full
output, phase noise is —60 dBc,
and noise floor is at —130 dBc/Hz.
The PTS 1000 is priced at
$11,500.
Programmed Test Sources, Inc.
INFO/CARD #188

High Power

Magnetron

Burle Industries has introduced
the C94604E 60 kW CW magne-
tron. The C94604E generates 60
kW of power at 915 MHz with an
anode input of 16.1 kV and 4.4
amperes for a tube efficiency of
85 percent. Tube warranty of the
C94604E is within two years of
the tube’s shipping date.
Burle Industries, Inc.
INFO/CARD #187

Why engineers have
relied on T T E filters for

over 35

years

« Over 1,239,580 standard filters

« Custom de5|gns at stock filter prices
+ 10 day shipment guaranteed

« 72 hour prototype service is available
+ Unconditional factory guarantee

Got a problem? Call our Engineering Hotline.
(206) 821-8779

TTE'

America’s Filter Specialist

TS, linke
Kirkland, WA

(206) 821-5952
FAX: (206) 821-0992

INFO/CARD 44
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Ferrite-Free Divider
Sage Laboratories has re-
leased an 8-way reactive power
divider which covers the range of
250 to 300 MHz. Typical perform-
ance over the band features in-
sertion loss of less than 0.2 dB,
input return loss of greater than
20 dB, amplitude unbalance of
less than 0.1 dB and phase
unbalance of less than 1.2 de-
grees.
Sage Laboratories, Inc.
INFO/CARD #186

Programmable Pulse

Generators

The PSPL Model 10,000A fea-
tures 40 volts amplitude and 400
ps risetime along with a GPIB,
IEEE-488 interface. The ampli-
tude can be adjusted down to 26
mV in 1/8 dB steps, and the pulse
duration is adjustable from 1 ns
to 100 ns in 25 ps steps. Negative
polarity pulses to —40 V are also
included.
Picosecond Pulse Labs, Inc.
INFO/CARD #185

Digitally Refreshed

Spectrum Display
M/A-COM Government Prod-
ucts has released Model DRD-
3572, a Digitally Refreshed Spec-
trum Display. The display has a
wideband sweep of 40 MHz, and
IF inputs at 70 MHz or 160 MHz
are available. Other features in-
clude 70 dB dynamic range and
two amplitude-calibrated adjust-
able markers.
M/A-COM Government Prod-
ucts, Inc.
INFO/CARD #184
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SINGLE PHASE, THREE
PHASE, DC TO 400 Hz

VOLTAGES TO 480VAC

9110 AUTOBAHN DR.
DALLAS, TX 75237

FEEDR-THRU'S
POWER FILTERS

STANDARD HI-REL AND COMMERCIAL DESIGNS AVAILABLE
OR CALL WITH YOUR CUSTOM REQUIREMENTS.

CURRENTS TO 150 AMPS

WE DESIGN MULTI.FUNCTION MODULES INCLUDING: FILTERS, CONNECTORS,
CIRCUIT BREAKERS, OVER VOLTAGE PROTECTION, SWI{TCHES.

Texqsls pectrum
€lectronics..

TEL: 214-296-3699
FAX: 214-296-7881
REPRESENTATIVE TERRITORIES AVAILABLE IN THE USA AND EUROPE
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RF, VOICE, DATA,
ANALOG SIGNALS.

MIL-SPEC, TELECOM,
& HI-PERFORMANCE
COMMERCIAL

CALL FOR
SAMPLES,
CATALOGS,
PRICE & DEL.

ASK FOR OUR FREE
DESIGNER'S GUIDE

INFO/CARD 45
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RF emc corner

Spread Spectrum ASIC Eases
Design of Low Cost Part 15

Systems

By Raymond W. Simpson
O’Neill Communications, Inc.

Part 15 of the Federal Communica-
tions Commission’s Rules governs the
operation of RF communications de-
vices without an individual license. Pre-
viously, Part 15 devices were limited to
extremely low transmitted field strengths
(low effective power), which reduced the
ability to provide efficient, reliable com-
munications in a mass marketed, no-
license device. The power limits were
necessary to assure that mass mar-
keted, license-less devices would not
cause harmful interference to vital com-
munications services. Recognizing that
spread spectrum techniques reduce the
potential for harmful interference, in
1985 the FCC allowed the use of power
output levels up to 1 watt in three
frequency bands which are primarily
used for industrial, scientific and medi-
cal (ISM) applications (although other
services such as government systems,
automatic vehicle location, and amateur
are also permitted to operate in these
bands). The Canadian government has
also recognized the potential of unli-
censed spread spectrum operation and
is now issuing technical acceptances of
equipment under rules which are similar
(but not identical) to the FCC rules (1).

he FCC Rules (2) permit operation in

the bands 902-928 MHz, 2.4 -2.4835
GHz, and 5.725-5.850 GHz using direct
sequence and frequency hopping
spread spectrum (explained below).
Other spreading schemes are not cur-
rently permitted under this section of the
rules, although hybrid modes have just
been added (3). There is no limit on the
antenna gain which may be used (until
1994) (4), up to 1 watt power output may
be used, and, except for the so called
“forbidden bands’ (5) the out-of-band
emission suppression requirements are
not stringent. Operation under Part 15

56

is on a ‘‘sufferance’’ basis, i.e. the Part
15 system must not cause harmful
interference to licensed services and
must accept any interference caused
by other services. Thus, the only protec-
tion a Part 15 device can have from
interference is in the cleverness of its
design.

O’Neill Communications, Inc. has de-
veloped a wireless data communica-
tions product, the LAWNF for intercon-

necting personal computers and periph-
erals and a spread spectrum RF mo-
dem, shown in Figure 1. They both use
an application specific integrated circuit,
the OCI-100 which is being marketed
separately for use in low cost Part 15
spread spectrum systems.

Frequency Hopping and Direct
Sequence
Frequency hopping (Figure 2a) is the

O
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Figure 1. Wireless data communication product using a spread spectrum
ASIC for interconnecting PCs, peripherals, and a spread spectrum

modem.
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Mil-Spec
RF Microcircuits

5 MHz to 1500 MHz

RF Amplifiers, Switches,
Attenuators & Subassemblies
for
Military, Communication
or Space Application

* Low NOISE
* HiGH EFFICIENCY
* HiGH GAIN

B Standard and Custom
Design

B Cascade Assemblies with
a Variety of Connectors

B TO-8, TO-12 and 4 Pin
DIP Plug-in Modules

B Full Military Temper-
ature Range

B Varying Gain, NF and
Power Outputs

B Screened to MIL-STD
Specifications

B Full One Year
Warranty

B Competitive
Pricing

AYDIN XX VECTOR

P.O. Box 328, Newtown, PA 18940-0328
(215) 968-4271

FAX 215 - 968 - 3214
INFO/CARD 48
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easier to understand of the two FCC
accepted spreading methods. A fre-
quency hopping radio is just a conven-
tional radio communication system
which frequently (at least every 400 ms
under the rules) changes its operating
frequency, usually in a pseudorandom
manner. The details of finding other
units, maintaining synchronization in a
multi-unit system, and making fast
enough synthesizers, make the design
of working, low cost systems a challeng-
ing undertaking. As the OCI-100 ASIC
is not optimized for frequency hopping
systems, they will not be discussed
further here.

Direct sequence spread spectrum
(DSSS) relies on combining a high rate
(usually) binary sequence with the signal
to be transmitted in such a way that the
high rate sequence dominates the modu-
lation bandwidth and directly deter-
mines the spread bandwidth (see Figure
2b). The high rate sequence is called a
chipping sequence and the high rate bits
are called ‘““chips’ to distinguish them
from the information bits. This can be
easily accomplished by adding the high
rate sequence modulo-2 to the data to
be transmitted, i.e. exclusive OR the two
streams, as shown in Figure 3. An
alternate way of looking at the process
is to consider the chip sequence to be
a series of plus or minus one elements,
and view the modulo-2 addition as a
multiplication (view the XOR as a digital
balanced modulator). The two streams
don't have to be synchronous, but
simplifications in clock recovery can be
achieved at the receiver if an integer
number of chips are sent for each data
bit, as in the OCI-100.

Most of the receiver signal processing
in the direct sequence method can be
done in the digital domain with relatively
simple circuits, thus it is usually less
costly to implement simple DSSS than

r

frequency hopping SS.

To receive a DSSS signal coded as
above, it is possible to simply multiply
the received chips with a locally gener-
ated, synchronized copy of the chip
sequence. The multiplication can be
done at baseband, IF or RF. The output
of the multiplication is then low pass
fitered (bandpass filtered if RF or |F
processing is used) to provide the
despread, filtered data. If a baseband
implementation is used, the multiplica-
tion can be accomplished with an XOR
gate.

Synchronizing the local copy of the
chip sequence can be accomplished by
a variety of techniques (6) such as the
delay locked loop. Delay locked loops
require an acquisition time to attain
synchronization, which can be a prob-
lem in asynchronous communication
applications.

Another method of despreading a
DSSS signal is to use a matched filter,
especially a digital matched filter (7).
The digital matched filter is just a shift
register with taps at each stage. The
output of the filter is the weighted sum
of the outputs of the taps. Usually, binary
weights suffice. The digital matched
filter may be viewed as a digital approxi-
mation to an analog matched filter using
a 1 bit analog to digital converter (i.e. a
comparator).

The comparator should make the
decision on each chip at the time at
which the signal to noise at its input is
maximum. This requires either recovery
of the chip clock or operation at an
oversampled rate. The latter approach
was selected in the design of the
OCI-100 as it allows a simpler implemen-
tation in CMOS and faster sequence
acquisition. The received chips are
sampled at 4 times the chip rate, and the
correlation peak on each bit (16 chips,
or 64 samples) is detected and used for

— e

1
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Figure 2a. Graphical representa-
tion of frequency hopping spread
spectrum.

Figure 2b. Graphical representa-
tion of direct sequence spread
spectrum.
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Patented QUALCOMM Noise
Reduction Circuit actually
reduces spurious noise.

Change frequencies in 0.007 A N
Hz increments (30 MHz
clock). ) .

Built-in quadrature step
control.

Fast FSK and PSK modes
included.

At $35. the Q2334 DDS is a
steal (20 MHz version,
quantity 1000)

$25 8-bit DAC provides similar /
spurious performance as a
$75 10-bit DAC (Sony
CX20202) using patented
noise reduction circuit

TWO DDSs in one package
allow fully independent
outputs or any phase
frequency offset

Can't wait? Order Q0310-1
DDS Evaluation Board for
fast-turn prototyping and low
volume applications.

QUALCOMM Q2334 DDS
Q3036 1.6 GHz PLL for hybrid
A DDS/PLL synthesizers

b 2 Fine tune your phase
/ _/ modulation with over 4 billion
) step resolution
v
4
4 MiIL 883 screened DDS
& o available

Notice there's no external
ROM in this ad? Patented on
chip algorithmic sine-lookup
reduces board space and
spurious noise

Industry standard 68-pin
PLCC package. Other
packages also available

20, 30, 50 MHz clock speeds
Your choice. all kept in stock

BY QUALCOMM

WHY COMPROMISE?

At QUALCOMM, we believe
compromise leads to mediocrity.

That's why our family of Q2334
Direct Digital Synthesizers (DDS)
are full-custom designs. In fact,
they are the world's first commer-
cially available full-custom DDS.

Full custom means we
painstakingly placed each
transistor and gate on silicon,
instead of settling for a DDS
design handcuffed to a silicon
foundry's limitations.

A QUALCOMM full-custom

DDS means you needn't com-
promise in performance, price
or lead time. With a full-custom
DDS, you can have more perfor-
mance in less space (and with
silicon, space is money).
QUALCOMM has qualified its
full-custom design with mul-
tiple foundries, so there's no
worry about sole source.

After all, who would you
rather have design your DDS?
Someone else’s foundry or
QUALCOMM--the name be-

QUALCOMM DDS Patents 4,901,265; 4,905,177. ©1990 QUALCOMM, Inc.
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hind CDMA digital cellular
telephone and OmniTracs”, the
world's first and most success-
ful two-way mobile satellite
communications system.

If you don't like to
compromise, call or FAX us.
We're here to help.

VLSI Products Division
10555 Sorrento Valley Road  San Diego, CA 92121 USA
TEL: 619-587-1121 x540 * FAX: 619-452-9096

UALCONMV

NCORPORATED

“the elegant solution”



Acoessories

or
If testing

Dual-directional couplers

Five models handle power up to 15 kW;
matched to AR amplifiers and antennas.

Ultra-broadband E-field monitor

One sensor, isotropic monitoring to 300
V/m for the 10-kHz-to-1000-MHz band.

Power combiner/dividers

Combine signals from four amplifiers or
divide one into four outputs.

High-power rf matching
transformers

Match 502 input to 12.5 or 200Q
output. Up to 2000 watts cw.

Fiberoptic CCTV system

Interference-free video transmission
from hostile EMI environments.

Broadband fiberoptic links

Three analog telemetry systems from
30 Hz to 1.1 GHz.

TEM cells

Test objects 15 cm wide to 750 MHz,
and objects 30 cm wide to 375 MHz.

Computer interface
Isolated TTL or IEEE-488 interface
permits remote operation of high-
power amplifiers.

Accessory kit

Fabricated cables, coax adapters,
connectors, cables, fuses, lamps.

Find out more about AR accessories;
talk to one of our applications engineers.
He'll answer the phone when you dial,
toll-free,

1-80-933-8181
n AMPLIFICR

160 School House Road, Souderton, PA 18964-9990 USA
215-723-8181 « TWX 510-661-6094 * FAX 215-723-5688
Snt)

bit clock recovery.

In theory, this scheme requires only
1 bit to synchronize, but for greater
robustness the OCI-100 uses 3 bits to
decide it has acquired bit clock. It then
tracks the bit clock with a digital phase
locked loop and detects loss of synchro-
nization by the absence of 16 consecu-
tive bit clocks.

To achieve a smooth transmitted
spectrum, so the power density does
not peak at a few frequencies, the
OCI-100 includes the option of further
randomizing the transmitted chips using
a maximal length linear feedback shift
register scrambler at the transmitter. At
the receiver, a self-synchronizing de-
scrambler is used to reverse the process
before the receiving digital matched
fiter. The 33 stage shift register used
provides a high degree of randomness
in the transmitted chip pattern.

Part 15 Spread Spectrum Con-

trasted with Military Systems
Military spread spectrum systems are

designed to withstand intentional jam-

ming from a determined, intelligent
adversary in a combat situation and/or
to provide low probability of detection.
The cost of communication system fail-
ure is high (loss of aircraft, personnel
etc.), so the dollar scale on which the
cost of the communication system is
minimized is relatively high. Part 15 de-
vices, however, are often subject to
stringent cost constraints so a compro-
mise between cost and performance
must be struck, which often results in a
Part 15 system spread spectrum system
being very different from military spread
spectrum systems.

For Part 15 devices, the sources of
interference are indifferent, i.e. they are
not actively seeking to jam or intercept
Part 15 communications. Furthermore,
the user usually has some form of
premises control, i.e. he can choose
which RF based system he will operate
within his household or business. Most
Part 15 operations are relatively short
range, at least as far as the individual
RF links are concerned, so the desired
signal can be dominant by virtue of
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shorter range. Finally, most reported
Part 15 spread spectrum systems are
digital, so they are operated only in the
domain in which reliable digital opera-
tion is obtained. Operation under mar-
ginal conditions, which is more common
in voice radios, is usually not a consid-
eration.

A major consideration for Part 15
spread spectrum systems is the multi-
path environment, especially within build-
ings (8, 9). Within buildings, multipath
propagation causes a pattern of nulls to
be generated when the signal compo-
nents arriving by the various paths arrive
out of phase and nearly cancel. The
spacing between nulls is related to the
wavelength; in the 915 MHz band the
nulls tend to be spaced within 6 to 12
inches of one another. A narrowband
system has a non-negligible probability
of being in a null for a given path. The
wider bandwidth of a spread spectrum
system effectively diffuses the nulls,
reducing their depth. At OCI, we have
seen that even relatively simple spread
spectrum techniques can provide signifi-
cant improvements in the reliability of
indoor communication relative to nar-
rowband techniques.

The goal of a Part 15 spread spectrum
is to reclaim otherwise wasted spectrum,
providing a benefit to the public which
would not otherwise be as readily avail-
able or affordable. The spread spectrum
attributes of the system are designed to
reduce the likelihood of harmful interfer-
ence to other systems and to allow the
system to withstand the challenges of its
environment at a price the intended
market can afford.

Unfortunately, there has been a ten-
dency, in the less technical press,
toward simplifications of the type
“‘spread spectrum is interference free’’.
In fact, given a time and bandwidth
allocation, there are about

D = 2BT (1)

degrees of freedom in which to disperse
a spread spectrum signal (6). Thus there
is a limit to the number of fully separable
signals which can occupy a given time
bandwidth product, and beyond this
there will be interference, even in an
ideal implementation. The spreading
process at the transmitter spreads the
transmitted power, so the power density
(WIHz) is reduced. Thus there is less
power in any single narrowband chan-
nel, but there is some transmitted power
in more narrowband channels.

The receiver reverses the spreading

RF Design

process or ‘‘despreads’ the signal. The
despreading process actually spreads
signals which are not correlated to the
spreading function, so that narrowband
interferers are spread. The despreader
is followed (at least equivalently) by a
narrowband filter, which passes the
despread signal but rejects the major
portion of the uncorrelated interfering
signal (which was spread rather than
despread). The gain in signal to inter-
ference ratio under these conditions is
often called the processing gain, Gp:
BRF

Gp < B (2)
where B is the spread RF bandwidth
and B, is the information bandwidth. In
real systems, the inequality always
holds. For “successful” communication
to occur, the received desired signal
power, P in dB, must obey

P,>P +d-G, 3)

where P, is the interfering power and J
is the jamming margin, i. e. the required
final signal to interference power re-
quired by the demodulator to operate at
a *“‘successful’ level of performance.

A consequence of the above equation
and the available bandwidth of 26 MHz
in the 902-928 MHz band is that spread
spectrum processing gain, (which may
be thought of as the spread spectrum
analog of selectivity), will be limited
unless the data rate is kept low. For
instance, a 26 kb/s data system would

—
|

have at most 30 dB of processing gain.
Such a system would occupy the entire
902-928 MHz band; if it caused or
received harmful interference to or from
a licensed service, there would be little
the operator of the Part 15 system could
do to resolve the problem, except to
cease operating. It may not be in the
best interests of the system designer,
therefore, to rely only on processing
gain to prevent interference. If the
example system were instead designed
with 6 dB lower processing gain, it could
offer the user a choice of 4 sub-bands in
which to operate, providing an additional
dimension of flexibility for solving inter-
ference problems.

Now Just Add a Radio...

A low cost spread spectrum system
needs a low cost radio as well as low
cost processing. Most of the elements
of low cost 915 MHz radios are readily
available, if a suitable radio architecture
1s used. A modulation method and
frequency control scheme which help
control cost should be selected.

The most common modulation
schemes used in spread spectrum appli-
cations are binary phase shift keying
(BPSK) and frequency shift keying.
Binary phase shift keying is the *‘classi-
cal'’ approach and provides better rejec-
tion of inband interferers than FSK (at
least in low cost realizations). Its main
weakness is in the carrier recovery loop
if one is used.

FSK helps in low cost realizations,
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because complete IF/demodulator sys-
tems are available in low cost single chip
form, such as the Motorola MC13055
and MC3356 (10). At 16 chips per bit, the
FSK approach tends to produce a more
uniform spectrum than BPSK. Sidelobe
control can be easily obtained by low
pass filtering the chip stream between
the OCI-100 output and the modulator.
This results in a compact, smooth

spectrum with most of the transmitted
energy in the main lobe. An FSK
transmitter can be as simple as a VCO,
as shown in Figure 4.

The performance of FSK using non-
coherent detection and post-detection
despreading is compared with non-
coherent detection following ideal de-
spreading, both using 16 chips per bit,
in Figures 5 and 6. Figure 5 shows the
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bit error rate as a function of carrier to
noise ratio (in terms of bit energy E, and
the noise power spectral density, N)
with a constant signal to jammer ratio
of 3 dB. Figure 6 compares the probabil-
ity of successful packet completion,
assuming 256 byte packets with no
forward error correction. The figures
show that in most practical cases (i.e
where a probability of packet success
must be better than 90 percent) the
difference in jammer rejection is less
than 3 dB. It must be considered that the
performance of a real system using
pre-detection despreading will be de-
graded from the performance of the
ideal despreader by the error (phase
noise) in its synchronization of its local
chip sequence with the chip sequence
of the received signal.

The penalty for using post-detection
despreading with FSK in additive white
Gaussian noise is about 3 dB relative to
ideal despreading. This is also an ac-
ceptable tradeoff for most Part 15 appli-
cations.

Frequency control at low cost is
usually a problem if phase locked loop
(PLL) ICs must be added to the design.
Most of the standard PLL ICs are
designed for the land mobile radio
market, and are optimized for closer
channel spacings than are needed for
spread spectrum systems. Achieving
the close channel spacing requires the
use of a low reference frequency, with
consequent longer loop lock up time.
The OCI-100 contains two internal phase
locked loops which, with external pres-
calers, can be used to control the
receiver local oscillator and transmitter
frequencies.

The receiver PLL uses a single modu-
lus divide by 64 prescaler, such as the

ceany

Figure 5. Bit error rate vs. SNR for
comparing FSK (using non-coher-
ent detection and post-detection
despreading) and non-coherent de-
tection following ideal despread-

ing.
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Siemens SDA 2211 or similar. The
single modulus prescaler saves cost
relative to a dual modulus prescaler.
The subsequent dividers and a tri-state
frequency/phase detector are contained
in the OCI-100. (There is a provision for
using external phase detectors with the
internal counters of the OCI-100 if
desired.) The tri-state phase detector
may be used with either passive or
active loop filter, depending on the
system requirements.

It is usually desirable for the transmit-
ter to have a minimum turn on delay,
because the turn on time represents an
overhead during which there is no data
being transmitted. In carrier sense multi-
ple access (CSMA) packet radio sys-
tems, long turn on time increases the
probability of collisions. To reduce the
turn on time as well as cost, a mixing
type of transmitter control loop is used
in the OCI-100 design. The transmitter
VCO is mixed with the receiver
tocal oscillator (if the two circuits are
on one board, it's almost inevitable that
this mixing will occur, so you might
as well make use of it as fight
it). Mixing translates the transmitter
frequency down to the radio’s intermedi-
ate frequency without frequency divi-
sion.

Depending on the chosen intermedi-
ate frequency, the difference frequency
may be used directly or divided exter-
nally by 2 or 4 before being applied to
the OCI-100. The result is a PLL with a
much higher sampling frequency, there-
fore much quicker frequency acquisition
than would result if the transmitter VCO
frequency was divided down to the
reference frequency. Yet, since the
transmitter is referenced to the receiver
local oscillator, it can have the same
tuning resolution as the receiver. This
approach does require the receiver local
oscillator to be stable enough not to
lose lock while the transmitter is keying
up, but this has not proved to be much
of a problem in practice.

T ]

Figure 6. Probability of success.
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Operation of the OCI-100 at 50 kb/s
with a peak frequency deviation of 200
kHz will result in a 6 dB bandwidth of
640 kHz, comfortably above the FCC
minimum of 500 kHz. Operation at rates
up to 125 kb/s is supported by the
OCI-100.

Conclusion

Direct sequence spread spectrum
communications devices can be simple
enough to be manufactured at low cost,
if small reductions in performance rela-
tive to “‘classical spread spectrum archi-
tectures” are acceptable. The radio
section needn’t be very different from
the usual FM radio and the spreading/
despreading functions can be handled
by a low cost integrated circuit. The
resulting package can be low in cost,
small and operate at low power con-
sumption. RF
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RF filters

Crystal Delay Equalizers

By William B. Lurie
Consultant

In a previous article (August, 1989), a
method of providing envelope delay
equalization for crystal bandpass filters
was discussed, ending with the design
of a single equalizer section in semi-
lattice form, containing two crystals.
More often than not, the amount of
equalization needed necessitates the
use of more than one “section’” of
equalizer. In general, these are, over the
narrow band of interest, constant-
impedance devices, and they can be
cascaded with little interaction.

n practice, as was seen in Figure 7 of

my previous article (1), there is a need
to provide additional inductors, beyond
what the basic filter and equalizer
designs actually require. Inductors, in
general, are the least desirable compo-
nents, as compared with crystals and
capacitors, because of their size, dissi-
pation factor, and their temperature
characteristics. A method has been
devised, therefore, for combining a
number of equalizers into a single
section, putting multiple crystals in par-
allel in each of the two branches of the
half-lattice, thereby minimizing the num-
ber of added inductors.

As an example, consider a filter with
a bandwidth of 8 kHz at a center
frequency of 10.7 MHz. A typical 6-pole
filter would have delay versus frequency
as shown in Figure 1 (A). Assuming that
the delay requirements are such that two
equalizer sections are required, it is
possible using various available pro-
grams to arrive at design constants for
the equalizers. Equation 1 shows the
equalizer transfer function, and in Fig-
ure 1, curves B, C, and D show the
delays of equalizer sections alone and
together. Figure 1 also shows the com-
posite delay of the filter with both
equalizers added (curves E and F,
where the scale for curve F is the axis
to the right, expanded 5 times compared
with E). It is readily seen that the delay
variation without equalizers is 105 mi-
croseconds across the 3 dB passband,
but only 18 microseconds with the
equalizers added.

64

What is sought next is a single
all-pass lattice which has the same
transfer function as:

M
_ P PP = PP - PP = P,)
27 (o +p )P+ )P+ PP+ P

where

p, = —2253 + 10698420
p, = —2253 - |10698420
p, = —2252 + j10701580
p, = —2252 — |10701580

all in Hertz

Each single equalizer section has two
frequencies at which the transfer phase
is a multiple of 180 degrees (F1 and F2
in Figure 2a), and the combination of two
such equalizers, in cascade or com-
bined, must have four such frequencies
(F3 through F6 in Figure 2b). The
location of these frequencies is not
immediately obvious, but a computer
program has been written to accomplish
this.

A straightforward analysis of the
phase of the transfer functions of the two
single equalizers, added together, gives
the phase versus frequency of the
combined equalizer. It is a simple task
to examine the phase curve or table,
visually or by computer, to find the
frequencies at which the phase be-
comes all multiples of 90 degrees. In the
example, these were found to be as
shown in the following table.

PHASE FREQUENCY(Hz)
90 10694194
180 10697250
270 10698698
360 10700001
450 10701305
540 10702753
630 10705810

Now, by a process of mathematical
induction; the schematic of the com-
bined half-lattice is as shown in Figure
3, with all element values listed. Note

that the shunt capacitance in the “A"
branch has been arbitrarily set at 4 pF,
and in the “‘B” branch, —4 pF. These
values, knowing the pole and zero
locations of the branch reactances,
uniquely determine all the element val-
ues, simply by using a partial-fraction
expansion (program available, of
course). The scaling of impedance level
to match the filter itself is trivial.

As discussed for the single-section
equalizer, the negative capacitance is
swamped and made positive by the
“‘borrowing'’ of capacitance from
sources external to the lattice (1). The
process of combining equalization prop-
erties of several sections into one sec-
tion does serve to lower the number of
inductors and capacitors as well, but it
is not entirely without penalty. Although
quartz crystals have stability and Q far
better than coils, capacitors, or combi-
nations of both, they suffer nevertheless
from certain practical limitations. Their
motional inductance or capacitance can
only be obtained in a rather narrow
range of values. The setting tolerance,
at 10.7 MHz, is of the order of + 100 Hz,
and the motional parameters, in practi-
cal manufacturing terms, can only be
held to about 2 percent. None of these
factors is any more serious for the
combined equalizer than for the individ-
uval sections, but it is more difficult, with
fewer adjustments possible, to tune up
or align a more complex section than
two simpler ones. It is beyond the scope
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Figure 1. Crystal bandpass filter
with and without equalizers.
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Figure 2a. Branch reactances of
single delay equalizer.
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Figure 2b. Branch reactances of
combined equalizers.

of this article to go into more details, but
it is surely possible to program a
computer to perform a tolerance study
and predict yields and performance,
using statistical data and assumptions
regarding component variations. In ad-
dition, there are secondary methods of
changing the equivalent crystal fre-
quency and motional capacitance using
additional tuning capacitors external to
the crystals.

This series of articles has, so far,
discussed some of the aspects of the
creation of band-pass devices with enve-
lope delay made more constant by the
addition of one or more constant-
impedance all-pass networks in cas-
cade. In many respects, this technique
has distinct drawbacks, as pointed out
by Watanabe (4). It does seem less than
optimum to design for amplitude first,
create a certain amount of delay non-
uniformity, and then correct the delay
back toward uniformity at substantial
cost. It should be pointed out, however,

Crystal 1A 0.0402249055 H
Crystal 2A  0.179071127 H

Coa 4 pt

5.50616365 tF
1.23521117 fF

Crystal 1B 0.178985359 H
Crystal 2B  0.0401877843 H

Coe -4 pt

1.23640542 fF
5.49929652 tF

Figure 3. Combined equalizers
with element values.
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Figure 4. Rhodes N=6 low pass
filter.

that the state of the art, as it
progressed, allowed no other solution.
More modern mathematical and net-
work theory methods have presented
several viable alternatives.

In modern network methods, the
transfer function of the system (or
filter) is created, such that the system'’s
needs are met, and then a network
is synthesized by one or another tech-
nique, to have that transfer function.
In terms of classical filter-plus equal-
izer methodology, one might say that
the transfer function is created by pay-
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ing attention only to amplitude, and
then an all-pass transfer function is
added to correct the phase (or delay),
and then the two parts are synthesized
and combined.

One alternative approach would be
to design a transfer function loosely
based on consideration only of the
delay, which implies that the passband
amplitude corners might be severely
rounded, rolling off too soon. Then the

amplitude could be corrected using
corrector poles and zeros, so located
as to have no effect on the delay. This
is an oversimplification of methods
proposed by Watanabe (4), and by
Rhodes (3), whose treatments of this
approach the reader is encouraged to
study.

As an illustration of this tech-
nique, consider a bandpass filter de-
scribed by Herzig and Swanson (2).
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| | pendent consultant and can be

The transfer function of the lowpass
prototype is:

(2)
(5.1197 — 5.12723p? + 59882p*)/(5.1203
+ 25.455p + 58.203p? + 80.695p°
+ 74955p* + 44.743p° + 17.202p5)

and, in terms of poles and zeros, is as
follows:

ZEROS POLES
+1.07351 —0.567877 +j0.202613
—1.07351 —0.509092 + j0.658859
+2.72364 —0.223565 + j1.06352
—2.72364

The response curves, in amplitude, with
and without the real-axis zeros at
+1.07351 and +2.72374 (the amplitude
correctors) are curves A and B of Figure
4. Correspondingly, the delay curve of
Figure 4 is applicable to both cases,
since the two pairs of zeros, being
symmetrical about the jw axis, have no
effect on the delay. The bandpass filter
was designed from this low pass proto-
type, based on a polynomial derived
from Rhodes’ articles, and an entire
class of lowpass filters can be (and has
been) created from these, as will be
discussed in a separate article. In many
respects, this class of filters is quite
interesting, since, for any degree, a
parameter can be selected by the de-
signer, affecting the rate of cutoff in the
stopband with relatively minor effect on
the passband delay, and even yielding
frequencies of infinite attenuation simi-
lar to the Elliptic filters. RF

References

1. W.B. Lurie, “Crystal Delay Equalizers,”
RF Design, August, 1989, pp. 56-59.
2.J.D. Rhodes, IEEE MTT Vol. 18, June
1970, pp. 290-301.

3. P.A. Herzig and 7. W. Swanson, 1978
IEEE SYMPOSIUM ON CIRCUITS and
SYSTEMS.

4. Watanabe et al., /EEE Trans. on
Circuit Theory, Dec. 1968.

ey — —

About the Author '

\ William Lurie has worked as a

mathematician, physicist and elec-
| tronics engineer in a variety of fields, |
’ including magnetic compasses, X-
ray tubes and measuring equipment,
airborne Doppler radar, and filters.
i He holds Life Senior Member status

in the IEEE. He works as an inde-

reached at 8503 Heather Place, [
Boynton Beach, FL 33437. Tel.: (407) |
| 369-3218.

December 1990



RF article index

Index of Articles: 1989-1990

Two years of RF Design Articles,

Organized by Subject

Cover Story

MOSFET Amplifiers Offer Wide Bandwiath
and Low Cost, January 1989, p. 25.

Monolithic RF Amplifiers: More Options for
Designers, February 1989, p. 35.

New Transistors for the Next Generation of
Cellular Base Stations, Serge Juhel, John
Walsh, William Imhauser, April 1989, p. 27.
Errata, July 1989, p. 13.

Cellular Chip Set Speeds Design-to-Produc-
tion Process, May 1989, p. 26.

New Range of RF and High-Speed Digital
MMICs, N. Osbrink and Aventek Advanced
Bipolar Products Staff, June 1989, p. 35.

1989 Contest Winners, Gary A. Breed, July
1989, p. 28.

Kansas City Hosts Quartz Industry, August
1989, p. 27.

Surface-Mount Products Match T0-8 Per-
formance and Availability, Louis M. Seieroe,
Kenneth S. Ledford, Timothy J. Blaney,
Louis Hsaio, October 1989, p. 22.

SANA: Nodal Network Signal and Noise
Analysis and Optimization, Richard C.
Webb, November 1989, p. 29.

A Modular Approach to Communications
Power Amplifiers, Tom Litty and Ki Nam,
February 1990, p. 27.

Designing With High Frequency Prescalars,
Donald R. Apte and Terry J. Cummings,
March 1990, p. 47. Errata, June 1990, p. 10.

A 1-Watt Amplifier for 20-1000 MHz, J.
Gustafson and M. Roberts, May 1990, p. 32.

GaAs NCO Operates up to 1.4 GHz, Gwyn
Edwards, June 1990, p. 42.

Results of the 1990 RF Design Awards
Contest, Gary A. Breed, July 1990, p. 47.

New Test Cell Offers Both Susceptibility and
Radiated Emissions Capabilities, John
Osburn, August 1990, p. 39.

Piezoelectric Devices Conference, Septem-
ber 1990, p. 48.

New Network Analyzer for Precision Base-
band and RF Measurements, Alan Fryer,
October 1990, p. 45.

A New 100 Hz to 265 GHz Spectrum Analy-
zer, December 1990, p. 52.

Industry Insight

Test Equipment Consumers to Benefit in '89,
Mark Gomez, January 1989, p. 22.

The Gallium Arsenide Trend, Mark Gomez,
February 1989, p. 24.

RF Power Transistors — A Status Report,
Mark Gomez, March 1989, p. 21.

RF Packaging — To BeO or Not to BeO, Katie
McCormick, April 1989, p. 21.

Current Activity in Frequency Synthesis,
Mark Gomez, May 1989, p. 21.

Is RF Shifting to Subsystems?, Mark Gomez,
June 1989, p. 29.

Manufactured Filters See Growing Use, Mark

RF Design

Gomez, July 1989, p. 21.

RF Attenuators and Switches: An Update,
Mark Gomez, August 1989, p. 19.

A Market Overview of Inductors and Magnetic
Materials, M. Gomez, September 1989, p. 19.
The Outlook for SAW Technology, Mark
Gomez, October 1989, p. 21.

PCs Spell Growth for RF Software, Katie
McCormick, November 1989, p. 27.

A Look at RF Cables and Connectors, Mark
Gomez, December 1989, p. 22.

Crystal Oscillators: A Market and Technology
Update, Mark Gomez, January 1990, p. 24.
Low Cost Instruments in RF, Mark Gomez,
February, 1990, p. 24.

Budget Priced Software Growth Follows PC
Boom, Mark Gomez, March 1990, p. 32.

The Changing Face of Consumer Electronics,
L. Pomfret and M. Gomez, April 1990, p. 24.

The Low Noise Transistor Market, Gary A.
Breed, May 1990, p. 31.

MMIC Makers See Growth in Communica-
tions, RF Design Editorial Staff, June 1990,
p. 23.

Changes in the Power Amplifier Market,
Charles Howshar and Liane Pomfret, July
1990, p. 25.

Evolution of the RF Capacitor Market, Char-
les Howshar and Liane Pomfret, August
1990, p. 26.

A Bright Future for RF ICs, Liane Pomfret and
Charles Howshar, September 1990, p. 32.
EMI Control - Essential for Design, C. Howshar

and L. Pomfret, October 1990, p. 26.

Military Subsystems: A Waiting Game, Liane
Pomfret and Charles Howshar, November
1990, p. 29.

VXIbus: A Standard for the Modular Instru-
ments Market, Charles Howshar and Liane
Pomifret, p. 24.

EMC Corner

EMI Signal Measurement Automation, Roger
Southwick, January 1989, p. 53. Errata,
June 1989, p. 13.

A Low-Cost, High-Performance Noise
Blanker, Oliver L. Richards, February 1989,
p. 80. Errata, April 1989, p. 13.

EMC News Report, March 1989, p. 46.

A Fundamental Review of EMI Regulations,
Daryl Gerke, April 1989, p. 57.

EMI Reduction Techniques for Analog and
Digital Circuits, Michael J. Chernus, May
1989, p. 49.

Designing Facilities for Lightning Protection,
Richard Little, June 1989, p. 62. Errata,
August 1989, p. 13.

FCC Revises Part 15, Gary A. Breed, July
1989, p. 51.

The Navy's Program for Excellence in EMC,
James Whalen and Richard Ford, August
1989, p. 60. Errata, September 1989, p. 12.

Interference Susceptibility Testing With White
Noise, Bent Hessen-Schmidt, September
1989, p. 41.

Fiber Optic Current Sensing for EMC Testing,
Jon Tobelmann, October 1989, p. 48.

Computers as Victims of RF Interference,
Daryl Gerke, November 1989, p. 55.

A New Broadband Antenna, Roger South-
wick, December 1989, p. 47.

Modelling Interconnects in Spice, Charles
Hymowitz, January 1990, p. 49.

A FORTRAN Update of the MININEC Electro-
magnetics Modeling Program, Alan Carr,
February 1990, p. 59.

Shielding Basics, Thomas A. Jerse, March
1990, p. 83.

A Human Plate Antenna, David Sullivan, April
1990, p. 52. Errata, June 1990, p. 10.

A Review of Common RFI Sources, Gary A.
Breed, May 1990, p. 64.

Uncertainty in Spectrum Analyzer Based
Measurements, Dave Massie, June 1990,
p. 60.

EMC News Update, July 1990, p. 61.

Superimposing Low-Phase-Noise, Low-Drift
Instrumentation Techniques on RF Design,
C.M. Felton, October 1990, p. 65.

Application of Shielded Cables, Thomas
Jerse, November 1990, p. 79.

Spread Spectrum ASIC for Part 15 Devices,
Ray Simpson, December 1990, p. 56.

Amplifier Design

Operation of Linear Class AB Amplifiers,
Hakan Turkoz, January 1989, p. 41.

Low-Noise VHF and L-Band GaAs FET
Amplifiers, Al Ward, February 1989, p. 38.

A New Negative Feedback Amplifier, Victor
Koren, February 1989, p. 54.

CAD Optimizes the Gain of Dual Gate
MOSFET VHF Amplifiers, Amy Pu-
rushotham, S.V.K. Shastry, February 1989,
p. 61. Errata, May 1989, p. 13.

A Bi-Directional Amplifier for SSB Tranceiv-
ers, Mark W. Thompson, June 1990, p. 71.

Oscillator Design

A Test Oscillator for Overtone Crystals, Clint
Bowman, January 1989, p. 58.

Digital Temperature Compensation for Oscil-
lators, Steven Fry, February 1989, p. 116.

A General-Purpose Oscillator, Jonathon Y.C.
Cheah, June 1989, P. 56. Errata, August
1989, p. 13.

An Analysis of Inverter Crystal Oscillators,
Leonard L. Kleinberg, August 1989, p. 28.
Errata, October 1989, p.12.

A Quartz Watch Time Base Monitor, George
P. Vella-Coleiro, August 1989, p. 35. Errata,
September 1989, p. 12.

Quartz Resonator Model Measurement and
Sensivity Study, Donald C. Malocha, Huat
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RF Components
from Stock!

Lucas Weinschel now offers the
fastest way for you to acquire RF
Components for your applications or
production use. Select from our wide
variety of standard products that can
be shipped to you within 24 hours of
placing your order (guaranteed or we

pay the shipping).

For more information or a copy of our
Quick-Reference Express Catalog
of all components offered by the
Express, contact the Sales Depart-
ment at Lucas Weinschel by calling
(301) 948-3434 or (800) 542-4457, or
by FAX (301) 948-3625.

Lucas Weinschel [ 4

ENGINEERING THE COMPONENTS
OF EXCELLENCE
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Ng, Michael Fletcher, August 1989, p. 38.

A Balanced RF Oscillator, Branislav Petrovic,
December 1989, p. 35.

Nonlinear CAE Software Optimizes Oscillator
Design, Octavius Pitzalis and Tom Reeder,
April 1990, p. 29.

VHF and UHF Crystal Oscillators, Andrzej B.
Przedpelski, July 1990, p. 63.

Negative-Gain Single Pole Oscillators, Le-
onard Kleinberg, September 1990, p. 35.

Constant Reactance Voltage Controlied Os-
cillator, Raymond Page, October 1990, p.
76.

Filter Design

An Active Tunable Group Delay Equalizer,
Vishwaijit Mitra, Ing, W. Rupprecht, March
1989, p. 27.

Monolithic Ceramic Block Combline Band-
pass Filters, D. Agahi, March 1989, p. 35.
A Design Program for Butterworth Lowpass
Filters, David C. Greene, March 1989, p. 43.
A Parallel-Coupled Resonator Filter Program,
Andrew W. Westwood, March 1989, p. 56.
Bridged-Tee Delay Equalizers - A Computer
Aided Realization, Robert C. Kane, April

1989, p. 63.

Lowpass Connector Filters: An Overview,
Andrew Dawson, July 1989, p. 41.

Specitying SAW Bandpass Filters, Lisa Sch-
wartz, August 1989, p. 53.

Chebyshev Filters With Arbitrary Source and
Load Resistances, Jack Porter, August
1989, p. 63.

Errata, October 1989, p.
1989, p. 12

An Unconventional Varactor-Tuned Bandpass
Filter, G. Thomas, November 1989, p. 35.

Absorptive Directional Filters, Michael Fithian,
November 1989, p. 41.

Chebyshev Lowpass Filter Design, David C.
Greene, 1990 RF Design Directory, p. 70.
Elliptic Lowpass Filter Design, David C.
Greene, 1990 RF Design Directory, p. 73.
An RF Active Elliptic Filter, Eric Kushnick,

February 1990, p. 35.

Accurately Predict Finite Q Effects in Band-
pass Filters, J. Crawford, March 1990, p. 119.

Focus on Ferrite Filters, William D. Kimmel,
August 1990, p. 32.

Crystal Delay Equalizers, W. Lurie, December
1990, p. 64.

12, December

Transmission Lines/Couplers

Minimum Attenuation Geometry for Coaxial
Transmission Line, Ernie Franke, May 1989,
p. 58.

Interstage Coupling With an Edge-Coupled
Line, H. Paul Shuch, June 1989, p. 52.

Lumped-Element Quadrature Couplers, An-
dre Boulouard, July 1989, p. 56.

Crystal Delay Equalizers, William B. Lurie,
August 1989, p. 56. Errata, October 1989,
p. 12.

A High Power Directional Coupler, Alan R.
Carr, September 1989, p. 35.

Design of Wideband Quadrature Couplers for
UHF/VHF: Part |, Chen Y. Ho, Ge-Lih Chen,
November 1989, p. 58.

Design of Wideband Quadrature Couplers for

UHF/VHF: Part Il, Chen Y. Ho and Ge-Lih
Chen, December 1989, p. 51.

Design of Transmission Line Matching Cir-
cuits, Stanislaw Rosloniec, February 1990,
p. 52.

Realizing the Theoretical Harmonic Attenu-
ation of Transmitter Output Matching and
Filter Circuits, David Festing, February
1990, p. 49.

Twisted-Wire Transmission Lines, John H.
Broxon and Douglas K. Linkhart, June 1990,
PIY3E

Split-Tee Power Divider, Stanislaw Rosloniec
and Piotr Lochowicz, September 1990, p.
65.

Transmitters/Receivers

A Microwave Oven to Amateur TV Transmit-
ter Conversion, David Pacholok, March
1989, p. 48.

A Simple 49 MHz Transmitter, Gary Carroll,
September 1989, p. 38.

Design, Analysis, and Test of a Wideband
HF Receiving Subsystem, John Link and
Harry Lenzing, March 1990, p. 55.

Combining Gain, Noise Figure, and Intercept
Point for Cascaded Circuit Elements, Ricky
E. Hawkins, March 1990, p. 77.

Frequency Synthesis

PLL Implementation, Andrzej B. Przedpelski,
February 1989, p. 109.

Modeling PLL Tracking of Noisy Signals, G.
Stephen Hatcher, February 1989, p. 113.

A BASIC Program for PLL Design, James B.
Conn, June 1989, p. 74.

A Reference-Cancelling Phase/Frequency De-
tector, Dan Baker, July 1989, p. 35.

Modeling Discrete-Time Phase Detection in
the PLL, C.W. Price, May 1990, p. 57.

Hybrid PLL/DDS Frequency Synthesizers,
Rob Gilmore and Richard Kornfeld, July
1990, p. 41.

A Feedback Method for Reference Spur
Reduction in PLLs, John W. MacConnell
and Dr. Richard W. Booth, September 1990,
p. 50.

Coherent Synthesizer Drives MOTR, PTS
Staff, September 1990, p. 71.

Test and Measurement

Characterizing Resonators With S-Parameter
Network Analyzers, Tim Semones, January
1989, p. 47.

Easy Phase Noise Measurement, Raymond
Dewey, April 1989, p. 54. Errata, June 1989,
p. 13.

Increased Dynamic Range Measurements
Using a Network Analyzer, Chris Day, May
1989, p. 44.

Principles of Digital Storage Oscilloscope
Operation, Gene Andrews, May 1989, p. 52.

VXlbus: Benefits for RF Applications, Mal-
colm Levy, September 1988, p. 32.

Instrumentation Options and Cost Considera-
tions for Compliance Testing, Roger South-
wick, August 1990, p. 29.

A Portable Low Cost RF Voltmeter, Dale
Lindseth, October 1990, p. 29.

Log Fidelity Test Fixture, James English,
November 1990, p. 85.

December 1990



Mixers, Multipliers and Dividers

A Mixer Spurious Plotting Program, Richard
Bain, May 1989, p. 32. Errata, July 1989, p.
13.

Frequency Division With Varactor Diodes,
William J. Hoffert, October 1989, p. 35.

A Spurious Response Program for Wideband
Mixer Circuits, William E. Sabin, October
1989, p. 41.

A 1.8 GHz Odd-Ratio Frequency Divider,
David Korn and Carl Deierling, May 1990,
p. 41.

A Harmonic Suppressing Digital Frequency
Divider, Mitch Randall, August 1990, p. 55.
Experiments with Primitive FET Mixers, Wes

Hayward, November 1990, p. 39.

Modulation/Demodulation

Carrier Detection Utilizing FM Click Charac-
terization, Gerald L. Somer, June 1989, p.
80.

Digital Amplitude Modulation, Timothy Hu-
lick, December 1989, p. 39.

Complex Signals: Part |, Noel Boutin, Decem-
ber 1989, p. 27.

Complex Signals: Part Il, Noel Boutin, Janu-
ary 1990, p. 57.

A Low Cost RF Modem, Jon GrosJean,
January 1990, p. 35.

RF Modems Simplified, John Hatchett and
Dennis Campbell, January 1990, p. 27.

The LINC Transmitter, Fernando Casadevall,
February 1990, p. 41.

Complex Signals: Part ill, Noel Boutin, March
1990, p. 109.

Detector for Small Amplitude RF Signals,
Bruno Fognini, March 1990, p. 35.

Performance of Envelope Detectors in Direct
Sequence Spread Spectrum Systems. Glen
A. Myers, March 1990, p. 68.

Linear Diode Low Level Envelope Detector,
Pete Lefferson, April 1990, p. 35.

Complex Signals: Part IV, Noel Boutin, May
1990, p. 65.

Circuits for Wideband FM Demodulation,
Alvin Wong and Ali Fotowat, December
1990, p. 27.

Antennas and Propagation

Factory Radio Communications, Theodore
S. Rappaport, January 1989, p. 67.

RF Propagation in Buildings, T. Koryu Ishii,
July 1989, p. 45. Errata, October 1989, p.
12

Active DF Antennas, Henry W. Anderson and
R. Stephen Smith, November 1989, p. 62.
Circuit Analysis

Design of Constant Phase Difference Net-
works, Thomas A. Keely, April 1989, p. 32.

BASIC Program for 90-Degree Allpass Net-
works, Allan G. Lloyd, April 1989, p. 47.

S-Parameters in Spice, Thomas B. Mills,
June 1989, p. 45.

Software-Assisted Characterization of Large-
Signal Device Models, Jeremy M. Bunting,
September 1989, p. 27.

Calculating S-Parameters From Nodal Analy-
sis, Bert K. Erickson, September 1989, p.
44.

A Nodal Network Analysis Program, Novem-
ber 1989, p. 82.

DE MNAnina

Principles of Transistor Interactive Mapping,
Charles R. Ruelke, 1990 RF Design Direc-
tory, p. 81.

A Smith Chart Program for the Macintosh,
Jim Long, March 1990, p. 116.

Curve Fitting Made Easy, Brian Miller, June
1990, p. 27.

MMIC Foundry Models Using Standard CAD
Simulators, Raymond S. Pengelly and Ulrich
L. Rohde, June 1990, p. 33.

Phase Difference Networks, W.G. Beaure-
gard, 1990/91 Directory, p. 89. Errata,
December 1990, p. 10.

E. Stockman, 1990/91 Directory, p. 94.

Microstrip CAD Program, T. Cefalo, Jr.,
October 1990, p. 37. Errata, December 1990,
p. 10.

A Review of the Program BAND, David
Greene, November 1990, p. 98.

High Speed Analog and Digital

Circuits

Avoiding Grounding Problems in High Speed
Circuits, Jeff Barrow, July 1989, p. 32.

Noise Power Ratio Characterizes A/D Per-
formance for Communications, Michael
Johnson, October 1989, p. 44.

High Frequency Op Amp Makes Precise
Detector and AGC, Brian Mathews and
David Riemer, November 1989, p. 76.

Digital Communications Using Direct Digital
Synthesis, Earl McCune Jr., January 1990,
p. 39.

Loading Conditions for High Speed Logic
Systems, Alfred Dantas, September 1990,
p. 42.

Measurement of Analog-to-Digital Converter
Settling Time with Equivalent Time Sam-
pling, Thomas Hack, November 1990, p. 67.

Dynamic Evaluation of High-Speed, High
Resolution D/A Converters, James Colotti,
November 1990, p. 51.

Using Current Feedback Amplifiers, Al Little,
December 1990, p. 47.

Phase Shifters/Matching Net-

works

CAD for Lumped Element Matching Circuits,
Stanley Novak, February 1989, p. 102.

Design of Line Matching Networks, Peter
Martin, February 1989, p. 99. Errata, May

1989, p. 13.

Phase Relationships for Maximum Power
Transfer, Robert A. Witte, June 1989, p. 70.

A Wideband 70 MHz Phase Shifter, Francois
Methot, May 1990, p. 39.

High-Speed Microprocessor-Controlled An-
tenna Matching Unit, Hakan Turkoz and
Yilmaz Oktay, April 1990, p. 32.

Optimum Lossy Broadband Matching Net-
works for Resonant Antennas, F.J. Witt,
April 1990, p. 44. Errata, July 1990, p. 10

Broadband Impedance Matching by Polyno-
mial Synthesis, David Lang, November
1990, p. 102.

Miscellaneous Articles

RF Components at Low Temperatures,
Otward Mueller, January 1989, p. 29.

A Simple Low-Cost RF Switch, Tad Harris,
July 1989, p. 53.

Modular RF Systems Shorten Design-to-
Product Time, Alan Victor, October 1989,
p. 31.

Perspectives on Ceramic Chip Capacitors.
Part I: Device Properties, Mark W. Ingalls,
November 1989, p. 49.

The RF Technology Expo 89 Technical
Program, January 1989, p. 59.

RF Expo East Technical Program Offers
Variety and Depth, October 1989, p. 50.

New Products Featured at RF Technology
Expo 89, February 1989, p. 90.

New Products Featured at RF Expo East,
November 1989, p. 70.

RF Technology Expo 90 Technical Program,
March 1990, p. 89.

Featured Products at RF Technology Expo
90, March 1990, p. 96.

Comments of MIL-STD-2000, Robert Mouck
and Stanley Kaat, September 1990, p. 40.
A Lowband RF Quiet Switch, Kevin Randall,

July 1990, p. 29.

A Truly Inexpensive VHF/UHF RF Switch,
Andrew Singer, September 1990, p. 76.

RF Expo East Features and Outstanding
Technical Program, October 1990, p. 79.

Oxide-Isolated Integrated Circuits for High
Frequency Applications, David W. Hughes,
1990/91 Directory, p. 97.

Noise Bandwidth Calculations, Richard Bain,
1990/91 Directory, p. 87. Errata, December
1990, p. 10.

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HE AMPLIFIERS per MOTOROLA BULLETING 100 WATT 420450 MiHz PUSHPULL LINEAR
N Complete Parts List for HF Amplltiers Described AMPLIFIER — SSBFMATY
: ™ In the MOTOROLA Builetins KEB"-FKJKS:L.N.
® v ANT58 300W 9160.70 EB6Y 140w g anes KEBST-PCH (PC B

ANTS2 140W § 93.25
ANT79L 20W 0 83.7¢
ANTTOH 20W 8 93.10
ARJI13 300W 1403.00

EB 274

2 METER VHF AMPLIFIERS
35 Waett Model JISA.
75 Watt Model 875A.
Aveadable in kit or wired /test

.8 79.95 Kit
9119.95 Kie

For detsiled information and prices, call or write for our fres catolog.

Communication
Concepts Inc.

508 Milistons Drive ®* Xenis, Ohio 45385 * (513) 426—8600
FAX [513) 429-3811

w, . *hip
orldy,, de

-

NEW!I 1K WATT 2-50 MHz

POWER SPLITTERS and COMBINERS
2-30MHz

600 Wett PEP 2—Port

1000 Watt PEP 2—Port ...

1200 Watt  PEP 4—Port

KEBS7 -1 {Manuai).
We also stock Hard —to—Find parts

CHIP CAPS—Kemet /ATC
METALCLAD MICA CAPS ~Unelco/Semco
RF POWER TRANSISTORS
MINI—CIRCUIT MIXERS
SBL-1 (1—500Ma)......
$BL-1X (10-1000Mz)
ARCO TRIMMER CAPACITORS
VK200-20/48 RF Choks.......
56—-500-66—3B Ferrite Bead
Broadband HF Transformers
Add § 3.50 for shipping and handling.

4
oW (3
\3 WO’
@ : °'~\.0"‘

EB27A 300W $139.20
EB104 600W 1440.15
AR30S 300W 9383.52
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New Products Featured at RF Expo East,
November 1990, p. 93.

Book Reviews

The ARRL Antenna Handbook, Gerald Hall,
ARRL: Reviewed by Gary A. Breed, Febru-
ary 1989, p. 77. Errata, May 1989, p. 13.

Notes on Microwave Circuits (3 vols.), Darko
Kajfez, Kajfez Consulting; Reviewed by
Gary A. Breed, February 1989, p. 77.

Digital Signal Processing Design, Andrew
Bateman, Computer Science Press; Re-

viewed by Gary A. Breed, February 1989,
p. 78.

Communication Receivers: Principles and
Design, Ulrich L. Rohde, T.T.N. Bucher,
McGraw Hill; Reviewed by Gary A. Breed,
February 1989, p. 79.

Electronic Communications Handbook, An-
drew F. inglis, McGraw Hill; Reviewed by
Gary A. Breed, February 1989, p. 79.

Analog and Digital Signal Processing and
Coding, P.M. Grant, C.F.N. Cowan, B.
Mulgrew and J.H. Dripps, Chartwell-Bratt

Limited; March 1990, p. 45.

Radar Systems, Paul A. Lynn, Van Nostrand
Reinhold; March 1990, p. 45.

Phase Noise Analysis in Radar Systems
Using Personal Computers, Stanley J.
Goldman, John Wiley and Sons; March
1990, p. 45.

Designing with Field Effect Transistors, Sec-
ond Edition, Revised by Ed Oxner, McGraw-
Hill; March 1990, p. 45.

KVG NORTH AMERICA INC. » 7300 West Camino Real
Suite 109 ¢ USA ¢ Boca Raton, FL 33433 ¢ Phone (407) 393-7548 ¢ FAX (407) 393-7439
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RF software

Amplifier Simulation

Program

ASP is a functional transistor amplifier
simulation program developed by SW.I.F.T.
Enterprises that includes design routines,
performance data, matching circuits, auto
‘Q’, and a NF optimizing utility. ASP Version
3.0 operates on greater than DOS 2.11 and
requires an EGA or better monitor. A math
coprocessor is recommended and the price
is $75.
SW.I.F.T. Enterprises
INFO/CARD #218

Schematic Entry System
Vutrax-Il GES is an ECA-2/LCA-1 compat-
ible schematic entry system available through
Tatum Labs. It can be used as a stand-alone
drawing package or as the drawing interface
to circuit analysis. Vutrax-1l GES runs on IBM
or compatible computers with Hercules, CGA,
EGA, or VGA monitors. It requires a hard disk
with 4M available. The price is $495 and it
will interface with dot matrix and laser
printers.
Tatum Labs, Inc.
INFO/CARD #217

Optimizing Circuit Simulator
Meta-Software has released an enhanced

version of its optimizing analog circuit simula-
tor, HSPICE™. Version H9007 features an
enhanced transmission line model with an
improved field solver for board/hybrid and
LS! applications, a lossy first order skin effect
model, and S-parameter calculations. It is
available on Sun, MIPS, DEC, and Apolio
workstations.

Meta-Software, Inc.

INFO/CARD #216

DSP Code Generation
Software Upgrade

Burr-Brown has released an upgraded
version of DSPlay XL™. The software allows
users to quickly develop DSP code for
AT&T's WER DSP32 and DSP32C proces-
sors through the creation of simple block
diagrams. The upgrade, 3.16, expands the
available DSP and related functions to over
100 from the program’s original 60. DSPlay
XL is priced at $1495.

Burr-Brown Corporation
INFO/CARD #215

Waveform Creation and

Modification Interface

The SM 5000 WaveCAD software from
John Fluke Mfg. provides a mouse-driven
interface for the creation or modification of

waveforms. It allows users to sketch a
waveform freehand or point-to-point. SM
5000 WaveCAD software is priced at $1095
and is available on a four week delivery
schedule.

John Fluke Mfg. Company, Inc.
INFO/CARD #214

IC Design Libraries

EEsof's new SMART (Simulatable Micro-
wave ARTwork) libraries are used to translate
a design developed from schematic circuit
simulation into final physical layout. Each
SMART library includes schematic symbols,
simulation models, and layout artwork repre-
sentations most often used in MMIC design.
The libraries are priced at $5,000 each.
EEsof, Inc.
INFO/CARD #213

Microstrip Analysis

Software

Sonnet Software introduces version 2.1 of
Em, an electromagnetic analysis package.
This software evaluates any discontinuity,
validates large portions of entire designs, and
enhances existing design sofware. Em offers
a matrix solution speed typically six times
faster than version 2.0.
Sonnet Software
INFO/CARD #212
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HIGH OUTPUT
RF DETECTORS

l(i -
[0}
Swer? 1
HIGH ourpy t
DG |
RF DETECIOR our|
model Agy

The Model A61 series provides a flat DC
voltage gain from 5 to 30 times better than
conventional detectors. The unit replaces most
detectors where easily increased gain is desired.

The unit basically consists of a specially
designed voltage multiplying wide band RF trans-
former, loaded at the dary by a freq y
compensating termination network. More gain in
voltage is realized by applying a dual microwave
diode voltage doubling network at this termination.
Additional DC output is gained from raising the
diodes’ operating point in the square law region
with respect to the RF input level.

For additional flatness, a network isolates
the DC or Video output from the reactive effects
or “suckouts” normally associated with various cable
lengths cc db the d and the
scope, recorder, or other device. Additional exter-
nal capacitance at the DC output may be used to
reduce the high frequency video response for noise
and transient reduction without the usual resonance
distortion effects reflected back to the RF Termin-
ation. Some applications include sweep display, RF

and signal itoring.

Models available for various frequency ran-
ges from .5-50 MHz 10 1-1000 MHz

WIDE BAND ENGINEERING COMPANY, INC.

PO Box 21652 Phocnix, AZ

8503 1652 J

i Telephone ((2) 2531570

RF Design Software Service

Computer programs from RF Design provided on disk for your convenience
All cisks are MS-DOS/PC-DOS compatible. uniess otherwise noted

Disk RFD-1290: December 1990

version)

“Cicuits for Wideband FM Demodulation’ by Fotowat and Wong of
Signetics Program computes distortion of discnminator circuit Includes HELP
file and six examples (FORTRAN source code Iisting and compiled, executable

Disk RFD-1190: November 1990

“Broadband Impedance Matching by Polynonal Synthesis® by David Lang
Generates a polynomial equalizer function directly from S parameters, and
synthesizes matching networks (BASIC. source Iisting and compiled versions)

Disk RFD-1090: October 1990

compiled)

“Microstrip CAD Program,” by Thomas Cefalo of MITRE Corp Computes micro
strip impedance: delay inductance. capacitance. and other factors (BASIC

Send for a complete listing of available programs, or circle info/Card below.

order to:

Disks are $9 00 each (5% in ) or $1000 (3¥2 i) Outside US and Canada, add $8 00
per order Foreign checks must be in US funds, and must be payable through the US
banking system Prices include postage and handing

Annudl subscnptions are available, providing 13 disks for $90 00 {S¥s in) or $100 00
(3%2n) Specify staring date: For subscribers outside the US and Canada add $50 00

Payment must accompany order...specify disks wanted...send check or money

RF Design Software Service
PO Box 3702
Littleton. Colorado 80161-3702

s r TNNEAT SHOUKT De (eected to RE Design magadir
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FREQUENGY
OINTHESIS

VDS-1400

DDS+PLL

VHF/UHF SYNTHESIZER

» 20-235MHz

- any octave BW

- 1Hz steps

- 5 msec switching
- -60dBc spurs

phase noise (d8¢/Hz)

,,,,, 280

90 P
"*-n.‘\

20 pesdaed i \

i
1 10 100 1k 10k 100k 1M
offset (Hz)

for

- automatic test equipment

« clock generators

- core of higher frequency units
» downconverters

« radar

« SATCOM (70MHz or 140MHz)

- simulators

« NMR

» havigation

» HF/VHF/UHF/ Tx and Rx

SCITEQ ELECTRONICS, INC.
8401 Aero Drive

San Diego, CA 92123

TEL 619-292-0500

FAX 619-292-9120

TLX 882008

se™
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RF literature

GaAs FETs and MMICs

Harris Microwave has released a data book
titled GaAs FETs, MMICs & Foundry Service.
The data book gives specifications and
qualifications of Harris Microwave's GaAs
FETs and MMICs and also includes applica-
tion notes on these items.
Harris Microwave Corporation
INFO/CARD #230

DSP Products

Burr-Brown has announced the availability
of a brochure that describes the company’s
complete line of digital signal processing
products. Described are software, DSP proc-
essors for both PC and VME platforms, and
analog I/0 boards and systems.

Burr-Brown Corporation
INFO/CARD #229

Quartz Products Catalog

Tele Quarz has introduced a short form
catalog covering their quartz crystals, oscilla-
tors, filters, and discriminators. The catalog
contains crystal units between 1 and 300
MHz. Fundamental crystals up to 60 MHz and
3rd through 9th overtone crystals up to 300
MHz are described.
Tele Quarz Group
INFO/CARD #227

RF engineering opportunities

IOWA SUIMIDWEST

+ ENGINEERS
- MANAGERS

%

1145 LINN RIDGE RD
(319) 895-8042

PROFESSIONAL ENGINEERING RECRUITING
TOP COMPANIES — RADIO - COMMUNICATIONS - AVIONICS
DCN GALLAGHER, MSEE, PRESIDENT

Gallagher & Associates

35 Years Engineering Exper. — Co. Paid Fees

Mixers and Frequency
Doublers Application Note

An application note which discusses mix
ers and frequency doublers has been pub
lished by FE! Microwave. The note includes
a section on mixer terminology and mixe
applications and a section on frequency
doublers and their applications. Also includec
are product summaries of FEI Microwave's
mixers and frequency doublers.

FEI Microwave, Inc.
INFO/CARD #228

IF/RF Solid State Devices

Daico Industries has announced its 199"
catalog, which features Daico’s complete line
of GaAs, PIN diode, Schottky diode, and rela
devices. Key features, typical performance
operating characteristics, and block dia
grams are included.

Daico Industries, Inc.
INFO/CARD #226

Optics Control Techniques
A booklet providing information on five
optics control techniques has been releasec
by Anritsu. The booklet describes high-speec
modulation of lightwaves, control of optica
waves, optical effects, development of ¢
hyper-coherent optical sweep generator

» DESIGN
- SYSTEMS

MT. VERNON, IA 52314
{319) 895-6455 FAX
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phase-conjugate optics, and semiconductor
quantum effect devices

Anritsu America, Inc.

INFO/CARD #225

Quartz Crystal Oscillators
Piezo Crystal has announced their new
product brochure covering quariz crystal
oscillators for commercial, military, and GPS
industries. It includes technical information
on part numbers 2900082 and 2890080,
Piezo's newest crystal oscillator products.
Piezo Crystal Company
INFO/CARD #224

Filter Catalog

Catalog Fastrap/90 from Microwave Filters
Company defines and explains positive and
negative trapping in cable systems, suggests
strategic rules and illustrates a wide range
of channel notch filters and tiering filters
Microwave Filter Company, Inc.
INFO/CARD #223

Surface Mounted

Components Catalog

Murata Erie North America has released a
catalog that includes specifications and appli-
cation information on surface mount capaci-
tors, potentiometers, inductors, EMI/RFI fil-

ters, and ceramic filters and resonators.
Murata Erie North America
INFO/CARD #222

Phase Locked Sources

This catalog covers the XDMP series
phase locked sources which utilize an inter-
nal crystal oscillator in the 100 MHz region
which is locked to an external 5 or 10
MHz reference. These sources are for appli-
cations where high spectral purity and
extremely low FM noise characteristics
must be determined by a low noise crystal
oscillator
Communication Techniques, Inc.
INFO/CARD #221

Materials Measurement
Package

A four page data sheet from Wiltron
describes their materials measurement pack-
age which measures permittivity and perme-
ability of a solid, powder, or liquid material
in coaxial or waveguide holders at micro-
wave frequencies. Also presented is an
overview of the measurement method,
sample preparation, and transmission line
fixturing.

Wiltron Company
INFO/CARD #219

Take the Mystery out of Digital Signal Processing and put your knowledge to
work immediately!

"By taking this
3-day workshop you will really learn
DSP* Guaranteed!

Hilton Head Island]|

RF Design

INFO/CARD 61

EVERYTHING!

DDS-1
Waveformer ™

This complete one-chip DDS
covers over 10 MHz in fine steps.
with @M, FM. and true digital AM,
plus a unique auto-FSK mode.
Add it to a PLL synthesizer to
reduce division ratios while
improving modulation capabilities.

A complete DDS, with DAC
I | .5 square inch flatpack
I phase modulation
W digital AM
I 32-bit frequency control
I Automatic FSK
I -60 dBc spurs
I 25 MHz Fc_ (>10 MHz BW)
I | .25W total (£5V)
Sciteq offers many synthesizers
that feature advanced-rechnology

DDS designs, DDS+mix!filter, and
DDS+PLL.

7
/ SCITEQ Electronics, Inc.
8401 Aero Dnive
San Diego, CA 92123

Phone 619292.0500 Fax 619 292 9120

\\
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PENSTOLK .

SOME THINGS HAVE
CHANGED...

Over 10 parts in stock.

BT e =
2 :!v‘g-)A

g Who75

— OVER
——-_ 1,000,000

parts in stock

\ - SOME THINGS gf f
HAVEN'T CHANGED... plSh o
m Respect for our customers ...

High quality parts from leading edge
companies ... Competitively priced RF
microwave components ...

Overnight delivery ... No minimum order ...
Visa/MasterCard accepted.

PENSTOLK
RF/MICROWAVE DISTRIBUTION

PHONE: (408) 730-0300 e TOLL FREE: (800) 255-6788 « FAX:(408) 730-4782
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RF Design Simplified.
Use Toko’s RF Building Blocks
and Stop Going to Pieces!

Now you can reduce your RF design and
component sourcing problems with just one phone
all. Toko can supply more than 75% of the com-
ponents required for most RF design projeds, with
“building blocks” that save time and space.

)| Toko is the world's largest manufadurer
of small coils, with radiol and axial
leaded-inductors and SMT indudors — adjustable
or fixed, in single or multiple coil configurations.
We have what you're looking for.
E Why design a complex LC or helical
fitter when Toko already makes it! We
offer a wide variety from 4mm SMT styles o

helical fiters large enough to handle RF power
signals—all in single or multiple configurations.

For I-F amplification and detedtion,
Toko offers a variety of ICs to simplify
design and reduce produd size. Other available

types indude: compendors for noise
redudtion, equalizers, analog switches and
voltage regulators.

—{ @ For |-F or oscillator circuits,
Toko ceramic filters ond oscillating

elements are an alternative fo more costly
technology. These High Q devices are also

extremely compact and stable.
’ With over 36 stock types in o wide
range of copacitance values, Toko has
the varador diodes you need, in SMT or SIP
packages. An exdusive manufocturing process

eliminates tracking errors in matched sets.
The fastest way fo design and produce

D your next RF design project is with
Toko RF modules. Utilizing the latest hybrid circit
technology, these circuits will also save space and
cost. Custom variations are also available.

INFO/CARD 64
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COIL PROTOTYPE/SAMPLE KITS
* | Toko sample kits give you more choices and
; \cost less!
© Molded Sample Kit: 82 values (123 parts)
“%  30MHz-150MHz; 0.0393-1.173 4H
o 7mm Somple Kit: 54 values (108 parts),
: 70kHz-50MHz; 0.1-220 mH
. IOmm Sample Kit: 68 values (136 parts),
T9kHz-75MHz; 0.08 uH-56 mH

PRICED AT ONLY $49 EACH. ORDER TODAY!

Let Toko put the pieces together for you. For
a free catalog or information on samples,
contact Toko America today.

(708) 297-0070; FAX (708) 699-7864.

[x= TOKO

TOKO AMERICA, INC.

Your strafe?ic partner. .
for all the right reasons.
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How Low Can It Go?

New Mixer Preamp Provides
Ultra-Low Intermodulation Levels

<

-
—

> My

® Hefmetic drop-in package
m 2-18GHz RF/LO, 1.5GHz IF
®.Low noise. high "2 IF rejéction

For UItra-Wldeband RF Front Ends

LA

OPERATING SPECIFICATIONS, MODEL DMP2—18

INPUTS:

3 Frequency, RF/LO(GH2) .c.....cooerrirvnin 2:18
IVSWR, RF/LO .....cieriicnsnasnensins 2,5:1/2,0:1
Peak power (1usec pulse)(W) ............. 150
Power, LO(ABM) .cnnncvsinsssnnnirinnaene +13
Power, DC(VOIS/MA) ....ewmrrrern +12/75
OUTPUTS:

Frequency, IF(GHZ) .........c.cconuuunnnee 1.2-1.8
VSWR, IF .eececsiesnreanessnsisssssesssnessinees 2.5:1
intermodulation(dBm):

2ndf3rd OFAEr .....oovrcememssssesens +20/+30
Power, IF@1dB comp.(dBm) ............ +12

TRANSFER CHARACTERISTICS:
Conversion gam min.(dB) .....ccociiennce. 15.5
Isolation, Min.(dB) .......coccoiiecescncevenennis ~ 25
Noise figure(dB) .......coouniiricisnnnens 10
Single tone intermodulation with
—-10dBm RF input (dBc):
1LO-2RF ...ccerenee O, We ) .50
1LO-3RF ....\crceeeniionnmnsnsnseiusssasasasnss 60
2LO-1RF ..ooeicrverenesnescssasenesiaseananaes 25
2LO-2RF ....ccovernirnnanee Nl AT, reenne 50
2L 0-3RF \......ccoohemeecmruonsnsasesnasnances 60
BLO-2RF .....ceeeeirceneremrecssisenesnasesennanss, 69
3LO-3RF ... (90, WS, < (i Le T0

ENVIRONMENTAL: Operating temperature —55°C to +85°C; hermetically sealed package;
meets applicable requirements of MIL-E-5400.

RHG ELECTRONICS LABORATORY, INC.

161 East Industry Courf Deer Park, NY 11729
(516) 242-1100, FAX: 516-242-1222, TWX: 510-227-6083 A M/}CC‘/M COMPANY

RHG
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