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TICAS I NEEDEDR
TRANSISTOR NOBODY COULD MAKE

FOR AIRCRAFT NOBODY COULD SEE.

They needed ultra
reliability at 650 watts and

120-microsecond bursts to
make T/CAS fb.

The best anyone could do at 650 watts
was 10-microsecond pulse bursts with 1%
duty cycles—nowhere near what it
would take to get the Traffic Alert/
Collision Avoidance System (T/CAS1I)
program off the ground.

Standard L-band or DME/TACAN
die couldn’t deliver the peak output power
at the duty factor required by the system.
We had to completely customize a die,
gold metallize and ruggedize it.

To raise input and output impedance
levels, the customized die was assembled
in our patented balanced package. The
more powerful, more rugged, single
device that resulted was also more easily
integrated into the T/CAS system.

120us — T/CAS N Transistor Test Format
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Acrian delivered the 650-watt, 120-
microsecond, 50% duty cycle pulse bursts
needed in the transistor. And T/CAS I
took off.

The Acrian transistor has been out
there performing at “impossible” levels
for more than three years now, and no
one else has even come close.

Next time you need a high perform-
ance transistor, call Acrian early in the
design process. You'll not only get the
performance edge you need, you'llend up
with a more reliable design. Better manu-
facturability. And lower

lifetime costs. k
Call (408) 294-4200, A
- “I I i POWER SOLUTIONS

490 Race Street
San Jose, California, U.S.A. 95126
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Leaded or surface mount—

only Coilcraft gives you
all these inductor options

10 mm tuneable B_
05 uH - 1.5uH \.\

»~

l/gl:t Ten” tuneable

0.7 uH - 1143 uH

B Axial lead chokes
| 0.1 uH — 1000 uH

i “132 Series” coils
< - 31.5 nH — 720 nH

"
| . =

l Surface mount tuneable
100 nH — 10 uH

-

/ I

P

7 mm tuneable I",
.0435 uH — .54 uH

They’re all here—from 10 mm
tuneables to surface mount induc- |
tors. And they're all in stock, ready |
for immediate shipment. ’

Our handy Experimenters Kits
make it easy for you to pick the
right parts. And our low, low
prices make them easy to afford,
whether you need five parts or
five hundred thousand.

If you don’t have our latest
RF coil catalog, circle the reader |
service number. Or call Coilcraft
at 312/639-6400.

!

l Surface mount
4 nH — 1000 uH

Experimenters Kits
To order call 312/639-6400

Tuneable inductors
“Slot Ten" 10 mm inductors  “Unicoll” 7/10 mm inductors
07 uH-1143 uH 0435 uH-1.5 uH

18 shielded, 18 unshielded 49 shielded, 49 unshielded
(3 of each) {2 of each)
Kit M100 $60 Kit M102 $60

Surface mount inductors

Fixed inductors Tuneabte inductors
4 nH-1,000 uH

64 values (6 of each)
Kit C100 $125

Fixed inductors
Axial lead chokes

100 nH-10 uH
11 values {6 of each)
Kit C101 $50

132 Series” coils

0.1 uH- 1000 uH 31.5nH-720 nH
25 values (5 of each) 20 values (6 of each)
Kit F101 $50 Kit F100 $50

— e S —

Dept. D, 1102 Silver Lake Rd., Cary IL 60013 - 312/639-6400
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Unprecedented Performers!

The A-SGQO Spectrum Analyzer.
\ A

P beyond the
. A-7550.

Now 2.6 GHz frequency coverage!
Fully synthesized. Tracking generator.* Quasi-peak detector.*
Truly portable. And again, an exceptional value!

The new A-8000, quite simply put, is our response to
industry’s demand for a higher frequency, yet still econom-
ical, Spectrum Analyzer.

Now, with two models and seven options to select
from, you can custom configure the unit that meets your
specific testing requirements.

The commonality of the A-8000 and A-7550 offer you
many benefits. Two powerful microprocessors, menu
driven display modes and single function keyboard entry
aid the user in the operation of all analyzer functions. To
further increase the operational simplicity of the A-8000
and A-7550, the microprocessor systems automatically
select and optimize the analyzer’s bandwidth, sweep rate
and center frequency display resolution, with manual
override if desired.

Increased flexibility...added features...and
exceptional value continue to make IFR the logical
choice when considering your next Spectrum Analyzer.

Contact your IFR distributor or representative
for a demonstration.

2 /’\

y/

A-8000 and A-7550 Features — All Standard:

= Fully synthesized (A-8000) 10 kHz to 2 6 GHz [A-7550) 10 kHz
to ! GHz @ VRS™ (Vertical Raster Scan) CRT display ® Single
function keyboard entry * Menu driven display modes

= Automatic amplitude calibration = Selectable linear / log display
modes ® Digital storage of all displayed parameters =70 dB
dynamic range ® 300 Hz resolution bandwidth = Selectable
scan widths, 1-2-5 sequence + 0 and full scan ® Accurate center
frequency readout ® Direct center frequency entry

* Automatically scaled electronic graticule = Variable top scale
reference (+30to —95in 1 dBsteps} * IF gainin | dB steps

s Line, bar, average, compare and peak hold display modes

= 300 Hz and 30 kHz video filters = 106 to 266 VAC operation
without switching * 12 to 30 VDC operation

*Optional Features Include: = Internal rechargeable 5 APH
battery for truly portable operation = Internaltracking generator
with 1 dB step attenuator = FM/AM/SSB receiver ® |IEEE-488
interface bus ® RS-232 interface bus * 7502 adapter

® Internal quasi-peak detector

IFR SYSTEMS, INC.
10200 West York Street / Wichita, Kansas 67215-8935 US A
316/ 522-4981 / TWX 910-741-6952

m:
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Cover Story
27 Digital Modulation Using the NCMO

The control functions of a direct digital synthesis (DDS) system have been
combined with digital frequency and phase modulation capabilities in one
integrated circuit. With the addition of a ROM waveform map, a digital multiplier
IC and DAC, virtually any type of modulation can be performed.

— Robert J. Zavrel, Jr.

Featured Technology Section
Stagger-Tuned Bandpass Active Filters

39 This article shows how cascaded bandpass filter sections can be combined
to create a desired overall bandpass characteristic. The technique allows
simple, predictable active filter sections to be used in conventional all-pole

Page 27 — Digital Modulation designs (Bessel, Butterworth, and Chebyshev). — Jack Porter

47 Product Detector Performance

The product detector, a mixer which converts from radio to audio frequencies,
is often used without complete understanding. In this article, the author reviews
basic performance characteristics of this common RF circuit.

— Fred Brown

RFI/EMI Corner — Microprocessor

15 l_{’>_- 49 Interference To VHF Radios

»

Microprocessor systems emit electromagnetic radiation, with maximum
v v allowable levels defined in Part 15 of the FCC Rules and Regulations. Often,
the allowable levels still create interference in communications equipment
which contain, or are located near these digital RF sources. The phenomenon
and methods of minimizing problems are covered in this note.

— Daryl Gerke

Designer’s Notebook — A Review
Page 39 — Stagger-Tuned Filters 33 of Op Amp Specifications

Operational Amplifiers are common analog building biocks, and are rapidly
becoming useful at radio frequencies. Here are the basic op amp parameters

and the performance they measure. — Mark Gomez
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Page 47 — Product Detectors
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Measure Up With Coaxial Dynamics
Model 7510 Frequency Counter / Wattmeter

This 2-in-1 laboratory/portable, compact, dual function digital frequency
counter/wattmeter makes frequency and power readings easy.

The optional battery pack converts Mode! 7510 to a portable field service
instrument. The frequency counter measuring range is 10 Hz to 1.25 GHz.
The wattmeter power measuring range is 100 mW to 5 kW over 2 to

1,000 MHz, determined by standard elements ordered separately.
Contact us for your nearest
authorized Coaxial Dynamics
representative or
distributor in

our world-wide
sales network.

COAXIAL
DYNAMICS, INC.

15210 Industrial Parkway
Cleveland, Ohio 44135
216-267-2233 1-800-COAXIAL
Telex: 98-0630

Service and Dependability...A Part of Every Product

INFO/CARD 6

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS -BNC $11.00 1.0€A, SMA $14.40 10€A]

D TERMINATIONS - BNC $5.60 10€a.,, SMA $5.60 10€6a, MIL. HI-REL. NETWORKS
Mode! Impedance Frequercy UNIT PRICE (4} EFFECTIVE 9 18-88

Number (2) Ohms (Power Wi Renge BNC ™C N SMA UHF PC

Fiaea Atenustors 1 10 70 a8

AT 303 80 { SW) OC 1 SGHr ta 00 20 00 20 00 18 0O

AT S0 30 SW) OC 1 SGwW: 100 15 00 18 00 14 00 12 00

AT 82 30 (YW} DC 1 5GH: " %0 20 80 20 50 19 30

AT 33 30 { 25W) DC-3 0GM: " 17 00 1% 00

AT 84 30 25W) DC-4 20M: 18 00

AY 38 80 ( 25W) OC 4 20m. 14 40110

AT 73 or AT 90 T80/ 03 ( SW DC Y 3GHZ (7S0MM ¢! AL <} 20 00 20 00 800

Detector Mirer Zerc Bias Schotthy

COD-81, 78 30 78 014 20M: 34 00 54 00

DM-81 0 01-4 2GMz 84 00 )
Resustve impedance Transtormers Minimum Loss Pads ' L-
T A0 TS 30t0 TS OC Y SGH s 10 30 19 30 19 %0 17 S0

RY 30,93 S0to 93 DC ¥ OGH: 13 00 19 %0 ® 50 17 50

Terminations

cr S0 (¢ SW) OC 4 2GH1 1 50 1% 00 15.00 17 80

CT 81 30 ( 5w} OC 4 2GHr 950 12 00 10 80 ® 30 =

cr 82 850 (1w} DC 2 3GHr 10 80 18 00 13 00 13 00 1850

CTsym 30 | W DC 4 2GH: 3 801tom $ 80NN —

54 30 (2w) DC 2 0GMH: 14 00 15 00 1800 17 50 .

crrs 75 ( 25W) DC 2 SGHs 10 30 1300 15 00 1300 18 50

CT o3 03 ( 25w} DC 2 3GH: 1300 1300 15.00 15 %0

Mismstched Terminations 1 05 V10 3 1 Open Circuit Short Circutt

-T 8 50 OC 3 0GH: 4 48 S0 43 50 48 50

Y 78 s DC 1 00K 45 50

Foed thiu Terminalions shunt resisior

FY S0 50 DC 1 OGN 10 0 1o %0 10 %0 17 80

FT 78 75 OC S00MM: 10 %0 9 50 19 50 7”30

FT 90 L] DC 150MH 13 00 19 80 19 %0 17 80

Dirgctional Coupler 30 9B

OC 800 0 250 500MM 0 00 84 0O

Resietve Docovpler sartas resintor or Capective Coupler series capsciton

RD or CC-1000 1000 (1000PF ) OC 1 SGMs 12 00 18 00 18 00 17 00

Adaplers

CAS0(NtoSMA) 50 OC-4 20M1 1300 13 00 13 00 13 00

Inductive Dacouoier serias inductor

[V.2 11 OV TuM SO0MM 3 1200 18 00 18 00 17 00

(V.2 1] 8 BuH DC-55MMH 1200 18 0O 18 00 17 00

Flued Atlenuator Sels 3.8 10 snd 20 08, in plastic case

AT SO-8ET (3} 30 DC Y GH2 60 00 84 00 84 00 78 0O

AT 8y SET 30 DC ¥ 5GMe 48 00 64 00 64 00 80 00

Moactive Mutticouplers 2 and 4 ovtpu! porte.

1C 1282 0 1 525K o4 00 o7 00 67 00

TC 128-4 30 AR arL LT a7 00 8 80 81 50

Restetive Powa: Dividers 3 4 and @ ports

nC 3 %0 0 2 0aMz 64 00 4 00O 64 00

AC 4 50 0 OC S00MHY o4 00 84 0O 84 00

AC B 80 50 DC S00MKs 84 50

MNC )78 4TS s DC SOOMM: 64 00 o0 64 00

Double Balanced Misers

LB 50 310000 M 81 00 71 00 81 00 34 00

OB M S00MC 0 2 500MMz 34 00

WNF Fuse 1 BAmp and | 18 Amp

FL 80 50 DC 1 3GHr 17200 18 00 48 80 17 00

FLTS 8 DC 1 3GH: 12 00 1800 17 00

NOTE 1) Critical fully tested snd from Ml Spec High Nel resistors

Bchofihy dicdes MIl Spec Disted parts snd conRecions In Nickel, silver and goid ) See cetaiog 1or compigte Mode! b
Number Specity connector sezes Speciais svelisbis 3) Callbmtion merked on lebel of unit 4) Price subject to change 19888 -
without notice Shipping 35 00 Domestic or $28 00 Foreign on Prepaid Orders Delivary is stack to 30 days ARO l l

Se F
st

é‘»/com SYSTEMS INC. 305-994-1774

932 CLINT MOORE ROAD. BOCA RATON, FL 33431
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SEE BLILEY
DESIGNER REFERENCE NOTES CATALOG C/E,

FOR
COMPLETE
DATA

HERE ARE THE HIGH STABILITY OVEN
OSCILLATORS YOU'VE BEEN LOOKING FOR.
AT PRICES YOU NEVER THOUGHT YOU'D FIND.

= Clmet TN
I DUTAL s 8D octaL A
“l!]l Lo owas dn L. ee G
B outeyt T
8 e ] N
2%a'8 -l s tans LS
N26F519 N18C N26F560
) 5 MHz standard, 5 MHz or 10 MHz 10 MHz standard,
UL 4 MHz to 10 MHz availabte 5 MHz to 10 MHz avaitable
FREQUENCY *5x10 *0"Cto - 50" C standard *1x10~*0*C 0 +55*C 5x 10 "0"Cto + 50" C standard.
STABILITY: ©1x10 % - 20°C to +70° C optional *1x10 *-20*Cto +60" C optional
- —_————— LSS W— S — — — — . ———————
. 3 x 10 ~*/day standard 1x10  “/day after 30 days | 1x 10 "/day
AGING: :
1 x 10 ~"/day optional
SINGLE SIDEBAND 135 dB/Hz at 10 KHz 135 dB/Hz at 10 KHz, 150 dB/Hz at 10 KHz,
L PHASE NOISE: 150 dB'Hz noise floor 140 dB/Hz noise floor 155 dB 'Hz noise floor )

Bliley Oven Controlled Crystal Oscillators provide excellent frequency stability and time base reference,
with a compatible phase noise level. Type N26F519 i1s priced under $185 in 100 unit quantities. Tell us the
performance range you need. \We can help put Bliley reliability into your circuit — and budget.

Our vertical capabilities give you the assurance edge.

Crystal Oscillators ® Quartz Crystals ® Free Catalog

First Name in Frequency Control

BLILEY ELECTRIC COMPANY

2545 West Grandview Blvd.

P.O. Box 3428, Erie, PA 16508

(814) 838-3571 TWX 510-696-6886
FAX 814-833-2712

INFO/CARD 8



OUR MOST
POWERFUL
ADVANTAGE

IS POWER

You're looking at the The result is a module

highest power density - capable of 1600 Watts
long pulse UHF ampilifier of output power at a pulse
we've ever built. And as far as we know, width of 1.6 milliseconds (20% duty
no one else has even come close. cycle) with over 9db of gain, operating
To do so, MMD had to develop the Class C. It’s a powerful reason why you
world’s highest power e R e e should call MMD for
long pulse UHF tran- [TTTTT] [ ]eues your amplifier needs.
sistor, engineer an in- =l | | | || Phone us at (415)
novative flatpack trans- vms| ’ T T 1 961-1473, or write to
former/balun, and il I e T 1 Microwave Modules
devise a sophisticated ! — and Devices Inc.,
thermal/mechanical TR I 550 Ellis St., Mountain
package for maximum o i 6 O View, CA 94043,
heat transfer. ‘ - - L 1 Telex 508 746.

MA“A“ INFO/CARD 9 Literature

We Deliver Power. INFO/CARD 10 Demo



THERE’S
HUNDREDS

MORE WHERE

Two hundred and fifty PLRS system: a

a month, that’s the thick film UHF pulsed amplifier
number of this custom amplifier that with 10 watts of output power ( — 55 to
MMD currently ships to Hughes. + 85 degrees C) at + 19dBm input, with

Which is no small feat because when consistent lot to lot performance through
Hughes Aircraft approached MMD, they  production.
had the knotty problem of producing this While this success story might not ap-

§ophisticated amplifier ' ' ' ply specifically to your
in volume. . [N | saw  needs, MMD’ unique
MMD took a unique I S S problem-solving capa-

approach to solve this
challenge. Our high de-

bilities probably do, be-
cause like this custom

gree of integration en- hybrid amplifier, there
abled us to respond . are hundreds more
with precisely what success stories where
Hughes needed forits ., — this one came from.

10WATTHYBRID: P, - + 190Bm, F =420 455 MH

v, 1
R
A A INFO/CARD 12 Demo

We Deliver Power.



-AFull Featured Spectrum Analyzer
- With A “Down To Earth” Price

L
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'SPECTRUM AMALYZER MS2G0WA  wowu-2200

Sy

A

For those of you whose spectrum
analyzer requirements are long on
need, but short on budget,
ANRITSU has the solution. The
MS2601A Portable Spectrum
Analyzer brings you all the features
found in most high priced analyzers
... for less than half the cost.

The MS2601A answers the need
for stabilized high speed
measurements through the
utilization of digital processing
technology and a synthesized
local oscillator. The analyzer
features a 10kHz to 2.2GHz
frequency range, 1Hz frequency
resolution and a 30Hz minimum
resolution bandwidth. Add to that
automatic calibration to ensure
measurement accuracy to = 1dB,
built-in antennae factors and a
quasi-peak detector, and you
have a spectrum analyzer ideal

for performing EMI and RFI
measurements to CISPR
standards.

The CRT clearly displays all
measurement parameters and the
results may be stored on plug-in
memory cards for easy recall. A
unique zone marker function easily
identifies amplitude and frequency
and a screen scroll function
enables the entire spectrum to be
viewed. The portable MS2601A
can be battery powered for field
use or combined with a PTA option
for ATE testing.

So stop paying twice as much for a
full featured spectrum analyzer and
call Anritsu today!

Anritsu AmericaInc.,

15 Thornton Rd., Oakland,NJ 07436,
(201) 337-1111, Telex 642-141
ANRITSU OKLD

/inritsu

WE'RE ON THE MOVE. WORLDWIDE.




»rFletters

In Support of CAE
Editor:

| have just read Mr. Woodward’s letter
in the December issue, which you cap-
tioned “Man vs. Machine.” It's not man vs.
machine, it's man uses machine. When
I was in college in 1950s, we had to work
out complex circuit problems using a slide
rule, pencil and paper. This was not my
idea of fun. | am really glad those days
are gone, | don't look back on them with
nostalgia. Personal computers today can
give you answers in seconds that took
hours or days back then.

Mr. Woodward is right when he says
engineers should build and tweak real cir-
cuits, but | say, first build the circuit in a
computer. It takes 1/10 as long, and the
computer will tell you if the circuit is going
to work. "“Not tweaking trash” means you
know the circuit will work before you start
building it. Many an engineer has spent
hours tweaking a circuit, only to find out
that there was a slight error in his calcula-
tions.

In your September editorial you seemed
to assume that young engineers prefer
using computers and older engineers
prefer using older methods of circuit
design. Good engineers keep up with the
times, regardless of their age.

Robert Stanton
Norwich, NY

(The September editorial was only intend-
ed to warn engineers of over-dependence
on computers, particularly younger
engineers who may not have experienc-
ed the slide rule, pencil and paper ordeal.
— Editor)

A Note on Filter Delay Analysis
Editor:

In the October 1987 issue, Robert Kane
has given a program, with technical
discussion, which accurately computes
the envelope delay and delay distortion
of various Butterworth and Chebyshev
lowpass filters. | would like to offer a few
comments which may be of value to
readers who have an interest in this type
of analysis.

The computation of envelope delay
from the unfactored form of a transfer
function is unnecessarily complicated,
from a mathematical point of view. Since
the delay contributions of the roots of a
transfer function are additive, the usual
procedure is to sum the contributions of
the individual roots. For minimum-phase
functions, such as reactive ladders, only
the poles need be considered, since zeros
on the jw axis contribute no delay. The
delay produced by the pole at —A+|B, at

RF Design

a normalized frequency w, is given by the
simple expression:

A

T= A+ (w=B)p

Mr. Kane's program contains a great
deal of specific numerical information in
the form of polynomial coefficients which
tends to limit its versatility. The poles of
a Butterworth lowpass function lie equal-
ly spaced on the unit circle in the left-half

s-plane, and can be calculated by simple
trigonometric functions. The poles of a
Chebyshev function can be derived from
these by multiplying the real and imagi-
nary parts by a pair of factors which | have
called SINH and COSH (ref. 1). These
names have theoretical significance, but
they can be computed by simple alge-
braic procedures without explicit refer-
ence to hyperbolic functions.

The enclosed routine, written in

Need an

unusual

If we haven’t
already made it
we’ll invent it
for you!

We have a full catalo% and
an impressive design file for
Double Balanced Mixers,
10 KHz to 12 GHz. One of
them will almost certainly
fill your bill. Should you
require one that we have
not made before, we'll
design it to your
specifications, com-
mensurate with the

state of the art.

mixer?

Here are just a few examples of some standard mixers and a few “specials.”

» AE "1 i 7 v
e e [EIE[FTEL]

te | Range "I _,,_. . .,_,  Model
‘Low Level  0.05-200 MHz 0 45 | PEC |  FC-193Y/FC-194Y

nd | 21250 MHz 8.0 +7 | 3 |3 | PC FC-200Z / FC-201Z

f 10-1000 MHz| 75 +7 | 30 | 25 F FC-2002F

Wide Band 1 10-3000 MHz 8.0 +10 | 30 | 25 F.C | FC200ZF-30 / FC-201ZF-30
Low Loss* 4.4-5.0 GHz 55 +10 | 30 | 25 o FC-3250
m&a—' 7.9-8.4 GHz 55 +17 | 28 | 27 | FC-327F
M | 1.9-95GHz 85 +7 | 20 | 20 B FC-304SX
= | 21250 MHz 8.5 +13 [ 35 | 30 | PFC FC-2172 / FC-2182
[ Uitra Low Dist. |201000 MHz| 8.0 +20 | 35 | 30 L PC FC-2342 | FC-2352
M’" 25-1000 MHz +27 | 30 [ 30 | FC FC2442 | FC-2452
'm 10-1000 MHz| 75 +27 | 30 | 30 | PC FC-253Z | FC2542

P= P.C. Package F =Flatpack

C=_Connector Version

*Available from 0.7 GHz to 12 GHz

If any of these mixers look interesting,

send for our catalog. If they don’t quite
fit your application—give us a call or
send us your specs. We’ll do the rest.

LORCH ELECTRONICS CORP.

105 CEDAR LANE, ENGLEWOOD, NJ 07631
TWX: 710-991-9718

(201) 569-8282
A Subsidiary of Vernitron Corporation

v
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REACTION INSTRUMENTS'

MODEL 600
MODULAR SIGNAL PROCESSOR

Reaction Instruments’ Model 600 Modular Signal

Processor is a compact, highly flexible system in a single,
stand-alone chassis, which provides frequency conversion,
distribution and switching of signals in the Audio, Video,
IF and RF range. Special function modules are available.
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Mix and Match Off the Shelf Modules

DISTRIBUTION AMPLIFIERS 0 FREQUENCY CONVERTERS
SIGNAL SWITCHES 1 DIGITAL CONTROLLER




MODEL 601 MAINFRAME
Dimensions: 5.25" High by 20" Deep
Suitable for 19” Rack Mounting

MODEL 602 POWER SUPPLY

MODEL 603

VIDEO DISTRIBUTION AMP
Range: DC-30 MHz

No. of Outputs: 5 (6 optional)
Gain: +10to —10 dB

MODEL 604 IF DISTRIBUTION AMP
Range: 5-300 MHz

No. of Outputs: 5 (6 optional)

Gain: 0 dB

MODEL 605
AUDIO DISTRIBUTION AMP
Range: 200-6000 Hz

(10 Hz to 100 kHz optional)
No. of Outputs: 5 (6 optional)

Y
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CONFIGURE THE SYSTEM OF YOUR CHOICE

MODEL 606 IF-TAPE CONVERTER
Input: 21.4 MHz (160 MHz optional)
Output: 1.075 MHz (3.225 MHz optional)
Delay Equalized

MODEL 608 IF TO IF CONVERTER
Input: 21.4 MHz (160 MHz Optional)
Output: 160 MHz (21.4 MHz optional)
External Reference

MODEL 609 RF SIGNAL SWITCH
Range: 20-1250 MHz

No. of Inputs: 6

No. of Outputs: 1

MODEL 613 VIDEO SIGNAL SWITCH
Range: DC to 30 MHz

No. of Inputs: 6

No. of Outputs: 1

ALL UNITS DESIGNED TO MEET TEMPEST REQUIREMENTS




[ 4 ’ Etter S continued

FFOGRAM ET®DEL 11-05-1

1 REM PROGRAM ENV'DEL +Chebrshev Envel

Microsoft BASIC (shown below), com-
putes the Butterworth poles, modifies
them to the elliptic Chebyshev locus if the
non-zero ripple is requested, lists the
poles, sums the delay contributions of the
poles at each requested frequency, and
scales the delay in accordance with the
specified cutoff frequency. The basic for-
mulas are all normalized to the ripple
bandwidth. A sample computation using
Kane’s example shows agreement within
0.2 percent.

There are two advantages to computing
the delay from the poles in this way: First,
the poles of various types of lowpass func-
tions have been extensively tabulated (ref.
2), and second, there are various pro-
cedures (e.g. ref. 3) for transforming these
lowpass poles into the poles of correspon-
ding highpass, bandpass and band-reject
functions, so the envelope delays of these
configurations can be directly computed.
The algorithms given here could be us-
ed with Mr. Kane’s plotting routine, etc.,
to enhance the versatility of his program.

David C. Bidwell
Dowty RFL Industires, Inc.
Boonton, NJ

ope Dela-» - DCE 11 S 87
10 INPUT "DEGREE, RIPPLE 'DB)" {N,R

20 INPUT "CUTOFF FREG. 'RIPPLE 81" ;FC

30 LPRINT USING “N = ##. FRIPPLE = u.W#
w8 DB" ;N,R

40 LPRINT

S0 LPRINT “FC =*FC : LPRINT

60 IF R 0 THEN 8U

7 INH=1 : COSH=1 : GOTO 140

&0 +150=10 (R 101-1
1=30R: <150

0 T1=1SOR1 %ISOe1 41 w1+ 11N
110 T2=1 Ti

120 SINH=(T1-TZ: &
130 COSH=c¢T14T2: 2
140 PI=3.1415%9
150 FOR J'=0 TO M-1
lou A e10=5110 0 2o ¢1 ) =P Z 1 »SIHH
170 B J'.+1:=C0¢ 2eJu+112Pl I NOSCOSH
U LPRINT USING"POLE ## = HU. ulNNsN +J
[EIE LT T LA S I TN S B - TN |
MEST M
200 LPRINT
10 LPRINT
220 FOR 1=.,01 TO :
2 T=0
230 FOR J.=1 TO N
250 T=Tem: Nooiiwme I Z2ecbieBe Jt, 2
200 MNEAT I
270 T=T 2. Pl FC
280 LPRINT LSING "#H.¥#4
", T
290 NEXT ul
300 END

1 DEL~1™ : LPRINT

STEP .02

HE L RHENR

Filter Design Tables and Graphs, John
Wiley & Sons, New York, 1966.

3. D.C. Bidwell, “Nested Functions
Transform Filter Roots,’ EDN, Mar. 18,
1987.

An Omission

The figure below was omitted from page
80 of the February 1988 issue (“Equal-
Ripple LC Filter Synthesis” by Robert E.
Kost):

References

1. Louis Weinberger, Network Analysis
and Synthesis, McGraw-Hill Book Co.,
New York, 1962.

Code Number  Schematic of Structure

1
l_

Figure 5. Circuits along with their

2. E. Christian and E. Eisenmann, code numbers.

MINIATURE RF AMPLIFIERS

WBE

Series AB2 satisfies applications that require the following specifica-
tions in a rugged miniature package. Series A82 is ideal for direct antenna
mounting. Applications include airborne equipment, test instrumentation, sweep
equipment, spectrum analysers, frequency counters, telemetry, radio astronomy,
wide band communications, or a convenient all around test bench amplifier.

Each stage is transformer coupled for highest power output with minimum
distortion. Selective feedback is used to maintain flatness and impedance match
over the entire bandwidth.

MODELS AVAILABLE

Models A82 and A82A are amplifiers of ultra wide bandwidth, extreme
flatness, and excellent impedance match.

Models AB2L and AB2LA offer a more limited or specific bandpass with
Tess stringent flantess specifications.

Models AB2/RP, AB2A/RP, A82L/RP, and AS2LA/RP are remote power option
amplifers which may be remotely powered through the output connector.

0.E.M. and quantity pricing available. Consult factory with specifica-
tions.

PICTURED
A)  Model AB2A B}

Model A82A/RP C) 0.E.M. Special Amp.

Output
Approximate Gaoin Capability Power Moise
3 dB points Flatness in V output Requirements Fiqure Weight
(MHz) for | 4B +12 VDC i oz.
Compression @__mA

Freq Range
(Full Spec)

AB2 |-500 .3-650 q o 28 21/2
20 8B .53 7d8 -30 @B
AB2A 1-500 .3-650 Stable X, . 28 max typical 3

.58
-40 - 170°F . . 50

AB2L «1-50 4.5 dB 3

typical
AB2LA .4-30 .3-100 . o 50 3

WIDE BAND ENGINEERING COMPANY,

BOX 21652, PHOENIX, AZ 85036 TELEPHONE:

INC.

(602) 254-1570
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That's what experienced design
engineers do when system perfor-
mance requirements demand the
use of crystal filters that won’t fail
to measure up.

Thev know that asaleading
custom developerofcrvstal filters
for more than 25 vears, we’ve
established a pattern of success
when it comes to satisfying a
wide range of signal processing
requirements involving commu-
nications, missile guidance, and
radar applications.

And thatin the process,
we've earned a reputation for
meeting some ratherimposing
specifications in the 10KHz -
I150MHz range with a set of
equally imposing accomplish-
ments thatinclude: Shape factors
as steep as 1.05:1 with 80dB atten-
uation levels...Phase and

. —

- -

amplitude matching
within the tightest

tolerances... And passbands

that remain constant over a wide

temperature range.

Asasystem designer it means
that you can optimize incoming
signal processing, thus assuring
better selectivity at the front end.

DAMON
Crystal Filters with

Shape Factors As Steep
As1.05:1.

/I‘ 10 DB«DON,}‘)L |
. A

Specity

;u——_—“_‘

25 KHz/DIVISION

T — e cop—— — —ET.

Allof which adds up to increased
design flexibility in terms of both
performance and packaging, as
well as improved reliability at the
overall system level.

Behind this claim is Damon’s
continuing commitment to the
latest in manufacturing resources,
which includes a facility that's
equipped with the latestin CAD
and CAE technology, as well as
provisions for in-house environ-
mental testing (MIL-5td-202),
crystal fabrication (MI1.-C-3098),
and soldering (WS-6536L). And
that’s only the beginning.

For more information, call us
today to discuss vour application
(1-800-348-0028). And send for
our complete catalog,.

Damon also manufactures a full
lineof V.C.X.0%5, T.C.X.Osand
S.A.W.Delay Lines.

80 WILSON WAY, WESTWOOD, MASS. 02090, TEL: (617) 449-0800

FAX 617-329-0551, TWX 710-348-6722
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Varian...at the leading

Varian Eimac and Varian Microwave Tube Division...

KLYSTRONS

Beginning in the mid 70s Varian provided multi-
megawatts of RF power for lower hybrid. This
was achieved by combining half-megawatt klys-
trons at S band and quarter-megawatt klystrons
at C band. This contributed significantly to the
major United States effort in PLT and Alcator-C.

The reliability and long life of these tubes has led
to their use by other facilities throughout the
world.

Of significant importance is the advanced tube
technology required to produce these products.
This expertise is available for the design and
production of tubes to meet your special require-
ments, whether they be plasma heating or par-
ticle accelerators.

VKC-7849
KLYSTRON

GYROTRONS

From a very modest beginning 12 years ago
Varian has become the world leader in Gyrotron
technology. CW tubes up to 200kW are available
in frequencies from 28GHz to 140GHz. Current
design efforts will soon lead to one Megawatt
devices at 140GHz and even higher frequencies.

Varian’s experience in developing and producing
high power microwave sources has created the
capability to produce tubes for a multitude of
plasma heating applications, ion source devel-
opment and materials processing research.

GYROTRON

OSCILLATORS

VKS-8269/8270
Operating cw Typical T _Typical
Frequency | Power Gain Efficiency Type
(GH2) (kW) (dB) (%) Number
2.440-2.460 500 57 52 VKS-8269A
46 250 55 43 VKC-7849

For further information on Klystrons

for lower hybrid heating call Varian
Microwave Tube Division at (415) 424-5668.

INFO/CARD 18

| Output Power
Frequency Pulse/CW
(GHz2) Type (kW)

8 VGH-8001 500/ —

28 VGA-8000 — 1200

35 VGA-8003 — 1200
53 VGE-8053 200/ —

53 VGE-8005A2 — /200

56 VGE-8005 — /200

60 VGE-8006 — 1200

70 VGE-8007 — 1200
106 VGB-8106A1 400/ —

140 VGT-8014 200/100
250 VGT-8025 25/ —

For further information on Gyrotron Oscillators
and Amplifiers call Varian Microwave Tube
Division at (415) 424-6984.
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edge of fusion science.

active participants in TFTR, Doublett I, JET, JT-60, FTU,
Heliotron, Culham, Wendelstein and other leading fusion

energy experiments.

POWER GRID
TUBES

Varian Eimac's half century of experience in
developing state-of-the-art power grid tubes has
brought them to the forefront in Multi Megawatt
Amplifier Tetrodes and Switch/Regulator
Tetrodes for ICRH and Accelerator Amplifiers;
NBI, ECRH, and LHH Switch/Regulators.

X2242
2.5 MEGAWATT
AMPLIFIER TETRODE

(Vo ol

4CPW 100K
100 KV
SWITCH/REGULATOR

TYPICAL AMPLIFIER TUBES

- Maximum Maximum
CW Output Frequency
Type (MW) ~ (MHz)

8973 15 T 200
8974 30 | 50
X2242 2.5 ] 1?0- )
© TYPICAL SWITCH/REGULATOR TUBES
Maximumj Anode
Type Voltage Current Dissipation
4CPW 100K 110 KV 100A 100 kW
4CPW 300K 100 KV 150A 300 kW
4CPW 1000KA 150 KV 150A 1000 kW
4CPW 1000K 175 KV 100A | 1000 kW

For further information on Power Grid Tubes
call Varian Eimac at (415) 594-4006.

INFO/CARD 20

KLYSTRODES

Varian Eimac, long a leader in high power broad-
cast tube technology, has recently developed a
series of high-power high-efficiency amplifiers
for UHF-TV service based on the first new config-

uration of high-power electron tubes in over a
decade.

This technology has led to the development of
High Power UHF Amplifier Klystrodes for Accei-
erator and Fusion Service.

B RF Drive Pulsed
B High Efficiency iy
B Compact

X2254
KLYSTRODE
UHF AMPLIFIER

X2259
500W
KLYSTRODE CUTAWAY

KLYSTRODE POWER OUTPUT

Type CW (kW) | Peak (kW) L Frequency
X2254 15 30 470-820 MHz
X2252 30 80 \ 600-820 MHz
X2253 | 30 80 470-600 MHz
X259 | 50 500 425 MHz
Dev. L 500 | 500 425 MHz

For further information on Klystrodes
call Varian Eimac at (415) 534-4000.

varian®
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Specialty Connector...
A Cut Above The Rest.

After all, Specialty Connector Co., Inc. has been manufacturing RF Connectors for over
20 vears with a rock solid reputation for quality and deliverv. These little gems are built

using SPC to MIL-C-39012 specifications and shipped to vou just-in-time. Whether vour

project requires industry standards or custom designed RF Connectors and cable
assemblies—make the flawless choice . . . Specialty Connector, a cut above the rest.

@ Specialty Connector Co., Inc.* PO. Box 547 « 2100 Earlywood Drive ¢ Franklin, Indiana 46131

Telephone: 317-738-2800 Fax: 317-738-2858 Telex: 217084
INFO/CARD 22




»F courses

Besser Associates
Microwave Circuit Design I: Linear Circuits
June 20-24, 1988, Los Angeles, CA
August 15-19, 1988, Baltimore, MD

Microwave Circuit Design Il: Non-linear Circuits
August 22-26, 1988, Baltimore, MD
Information: Les Besser, Besser Associates, Inc., 3975 East
Bayshore Road, Palo Alto, CA 94303; Tel: (415) 969-3400

UCLA Extension
Digital and Analog Modulation
April 4-8, 1988, Los Angeles, CA

Modern Microwave Techniques
April 25-28, 1988, Los Angeles, CA

Introduction to Automatic Testing and ATE Engineering
May 9-12, 1988, Los Angeles, CA

Advanced Topics in Automatic Test Equipment
May 16-20, 1988, Los Angeles, CA

Microwave Circuit Design |
June 20-24, 1988, Los Angeles, CA
Information: UCLA Extension, PO. Box 24901, Los Angeles, CA
90024; Tel: (213) 825-1901; (213) 825-1047; (213) 825-3344

Test Systems, Inc.
MIL-STD-1553
May 10-11, 1988, Phoenix, AZ
Information: Leroy Earhart, Test Systems, Inc., 217 W. Palmaire,
Phoenix, AZ 85021; Tel: (602) 861-1010

Interference Control Technologies, Inc
Grounding and Shielding
March 21-25, 1988, Hilton Head, SC
April 11-15, 1988, San Diego, CA
April 25-29, 1988, Chicago, IL
May 11-13, 1988, Washington, DC
May 16-20, 1988, Toronto, Canada
June 13-17, 1988, Las Vegas, NV
June 20-24, 1988, Anaheim, CA
July 11-15, 1988, Boulder, CO

TEMPEST Facilities
April 11-15, 1988, Washington, DC
July 25-29, 1988, Palo Alto, CA

MIL-STD-461
May 3-5, 1988, Washington, DC
July 12-14, 1988, Palo Alto, CA

Intro to EMI/RFI/EMC
May 11-13, 1988, Washington, DC

TEMPEST Design
June 14-17, 1988, Palo Alto, CA
Information: Penny Caran, Registrar, Interference Control Tech-
nologies, Inc., State Route 625, PO. Box D, Gainsville, VA 22056;
Tel: (703) 347-0030

Compliance Engineering
Compliance Seminars: EMI, Safety, ESD, Telecom
April 19-22, 1988, Chicago, IL
June 7-10, 1988, Boston, MA
Information: Compliance Engineering, 593 Massachusetts
Avenue, Boxborough, MA 01719; Tel: (617) 264-4208.

RF Design

Georgia Institute of Technology
Elements of Phased Array Radar System Design
March 29-April 1, 1988, Atlanta, GA

Antenna Engineering
April 5-8, 1988, Atlanta, GA
Information: Deidre Mercer, Education Extension Services,
Georgia Institute of Technology, Atlanta, GA 30332-0385; Tel:
(404) 894-2547.

Southeastern Center for Electrical Engineering
Education
Antennas: Principles, Design, and Measurements
August 2-5, 1988, San Diego, CA
Information: Ann Beekman, SCEEE, 1101 Massachusetts Ave.,
St. Cloud, FL 32796; Tel: (305) 892-6146

R & B Enterprises
Understanding & Applying MIL-STD-461C
March 28-29, 1988, Philadelphia, PA
April 25-26, 1988, Los Angeles, CA
June 7-8, 1988, Washington, DC

MIL-STD-461C/462 Test Workshop
March 30-March 31, 1988, Philadelphia, PA
April 27-28, 1988, Los Angeles, CA

Electromagnetic Pulse (EMP) Design & Test
April 11-12, 1988, Washington, DC
June 6-7, 1988, Philadelphia, PA

Identification & Control of Microwave/RF Hazards
May 11-13, 1988, Philadelphia, PA

TEMPEST-A Detailed Design Course
May 16-20, 1988, Philadelphia, PA

Grounding, Bonding & Shielding
June 16-17, 1988, Philadelphia, PA

Worst Case Circuit Analysis
June 20-22, 1988, Philadelphia, PA

EMI Suppression Methods
June 28-30, 1988, Philadelphia, PA

The R & B EMI Training Institute
August 8-19, 1988, Philadelphia, PA
Information: Greg Gore, R & B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428; Tel: (215) 825-1684

Design & Evaluation, Inc.
The Worst Case Circuit Analysis Training Seminar
April 4-6, 1988, Orlando, FL
April 18-20, 1988, San Diego, CA
May 9-11, 1988, Washington, DC
July 11-13, 1988, Honolulu, HI
September 12-14, 1988, Boston, MA
October 17-19, 1988, San Francisco, CA
Information: Design & Evaluation, Inc., 1000 White Horse Road —
Suite 304, Voorhees, NJ 08043; Tel: (609) 770-0800

Technology Service Corporation
Radar Signal Processing and Clutter
March 22-25, 1988, Atlanta, GA
Information: Lynda S. Epstein, Technology Service Corp., 962
Wayne Ave. — Suite 600, Silver Spring, MD 20901; Tel: (800)
638-2628 or (301) 565-2970
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»F calendar

April 17-20, 1988

7th Annual Microwave Integrated Circuit Workshop

San Diego, CA

Information: Jerry Renken, Honeywell TSLO MN67-1B17, 6300
Olson Memorial Highway, Golden Valley, MN 55424; Tel: (612)
593-4385

April 17-20, 1988

1988 Array Conference

The Grand Kempinski Hotel, Dallas, TX

Information: Doug Giese, Vice-President, Array AP Labs, 4411
Morena Blvd., Suite 150, San Diego, CA 92117, Tel: (619) 272-8890

April 19-22, 1988

IEEE Instrumentation/Measurement Technology Conference
San Diego Princess Hotel, San Diego

Information: Bob Myers, IMtc, 1700 Westwood Blvd., Los Angeles,
CA 90024; Tel: (213) 457-4571

April 20-27, 1988

Hannover Fair Industry 88

Hannover, West Germany

Information: Hannover Fairs USA, Inc., PO. Box 7066, 103
Carnegie Center, Princeton, NJ 08540; Tel: (609) 987-1202

April 24-28, 1988

Association of Old Crows Technical Symposium of the
Mountain and Western Regions

Red Lion Inn, Colorado Springs, CO

Information: Dan Odum, SIERRA Technical Group Inc., 43 In-
verness Drive East, Englewood, CO 80112; Tel: (303) 790-1700

May 10-12, 1988

Electro '88

Bayside Exposition Center, Boston World Trade Center,
Boston, MA

Information: Electronic Conventions Management, 8110 Airport
Boulevard, Los Angeles, CA; Tel: (213) 772-2965

May 10-12, 1988

EMC Expo 88

Washington Hilton, Washington, DC

Information: Karen Smith, EMC Expo 88, PO. Box D, Gainesville,
VA 22065; Tel: (703) 347-0030

May 25-27, 1988

1988 IEEE MTT-S International Microwave Symposium
Javits Auditorium, New York City, NY

Information: Charles Buntschuh, Narda Microwave Corp., 435
Moreland Road, Hauppauge, NY 11788; Tel: (516) 231-1700

June 1-3, 1988

42nd Annual Frequency Control Symposium

Stouffer Harborplace Hotel, Baltimore, MD

Information: Raymond L. Filler, Frequency Control and Timing
Branch, Department of the Army, Electronics Technology and
Devices Laboratory, Fort Monmouth, NJ 07703-5000

POWER ATTENUATORS!

MV Fast Delivery

300 WATT

100 WATT

JFW Industries, Inc.

5134 Commerce Square Dr.
Indianapolis, Indiana 46237
(317) 887-1340
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rF news

RF Expo East Presents Latest
Technology to Over 1,600 RF Engineers

Anaheim, Calif., was again host to RF
Technology Expo, putting engineers in
touch with RF manufacturers and sup-
pliers, and offering 48 technical papers
on practical engineering topics. The vitali-
ty of the RF industry was demonstrated
by a high level of activity on the exhibit
floor as attendees examined the latest
components and equipment.

Among the most active product areas
were: software design tools, direct-digital
and PLL synthesizers, power amplifiers,
high performance components and many
new test instruments. The interest in these
areas was evident in the technical ses-
sions, too. Although there were twelve
papers covering various aspects of fre-
quency synthesis, all were well attended.
On Thursday, papers by Dave Badger of
Wavetek, Mike Black of Texas Instruments
and Jeff Blake of Fairchild Weston Sys-
tems were presented before a standing-
room-only crowd of more than 250 en-
gineers.

As would be expected, some papers
with very specific focus drew small but in-
terested audiences. However, papers on
component applications, antennas and
propagation, test systems and CAE/CAD
topics received strong support by the at-
tending engineers. The demand for infor-
mation and education has never been
more evident.

The Fundamentals of RF course repre-
sented a different area of education. Les
Besser’s third presentation at Anaheim
was attended by more engineers than any
of the previous courses. As part of the
course’s continued evolution, this year’s
session included new material on toroidal
transformer design and filter design. Also
new were hands-on examples of Smith
chart matching network design.

RF Design

Several companies introduced products
to the RF public for the first time at RF
Expo. Avantek introduced four new silicon
MMIC amplifiers in their MSA series, the
MSA-0386, MSA-0486, MSA-0686 and
MSA-1120. These devices have 3 dB
bandwidths from 800 MHz to 1.6 GHz
with various gain and power output
specifications.

Amplifiers of another sort were intro-
duced by RF Power Labs, their 300 and
900 series of power amplifiers. The 900,
901 and 902 operate from 10 kHz to 250
MHz with power outputs of 5, 10 and 20
watts, respectively. The 300 series oper-
ates in the 200-500 MHz frequency range
in 100 and 200 watt power output config-
urations. To measure power like this,
Coaxial Dynamics introduced the new
Model 7510 Frequency Counter/Wattmeter.
Using the line section sampler and stan-
dard detecting elements, frequency and
power can be measured to over 1 GHz
and 5 kW.

California Eastern Laboratories pre-
sented the NEC NE25337 low cost dual-
gate GaAs FET for under-1 GHz applica-
tions. This device offers 20 dB small-
signal gain and 1.1 dB typical noise figure.
CEL also showed a new series of linear
power GaAs FETs for 3-7 GHz applica-
tions, with up to 15 watts power output.

Doty Scientific displayed three new pro-
ducts: The DSI-5W-A 5-watt amplifier for
4-200 MHz broadband applications; the
LN-2 series protected preamplifiers cover-
ing 5-800 MHz with input protection for 5
us pulses at 1 kW; and the SW-1 MESFET
MMIC with high speed driving circuitry,
connectorized package and up to 1.2 watt
power handling capability.

Passive components were on hand, as
well. FL Jennings showed their new TOC
series miniature DPDT relays, with 1.4:1

VSWR and 0.3 dB insertion loss at 3.2
GHz. Kay Elemetrics presented the 800
series step attenuators in 0-101 and 0-141
dB ranges, with 1 dB steps.

Engineers should be looking ahead to
RF Expo East, October 25-27, 1988 at the
Philadelphia Civic Center; and RF Tech-
nology Expo 89, February 14-16, 1989 at
the Santa Clara Convention Center. In
response to continued growth in the edu-
cational needs of RF engineers, future
Expos will present at least two more class-
room courses, in addition to the Funda-
mentals of RF, and will continue to en-
courage industry participation with con-
tributed papers on important RF topics.

Scientific Communications to
Develop THFDF/HFC

Scientific Communications, Inc. has
been awarded a $4.1 million contract by
the U.S. Army for the initial design and
production of a Tactical High Frequency
Direction Finding Collection System. The
THFDF/HFC system will consist of three
(expandabile to six) HF/DF and HF collec-
tion stations integrated into S-250 shel-
ters. The system will detect, collect, deter-
mine azimuth, line of bearing, elevation
angle, height of ionosphere and report
data on targets or emitters using ground
wave or sky wave signals in the HF range.
Scientific Communications is a wholly
owned subsidiary of Andrew Government
Products Group, and will be joined in the
project by Andrew Antennas (Melbourne,
Australia) for DF technology, Harris Corp.
Government Information Systems for inte-
grated logistics support, and Codem Sys-
tems for operations software.

Japan Orders $5 Million in
Tracking Terminals
Scientific-Atlanta has received an order
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Be a Part of It!!
1988 IEEE/MTT-S International
Microwave Symposium/Exhibition

New York, New York, May 25-27 N\ €

An Outstanding Technical Program of Full Length and Short Papers, and Open
Forum

Featuring sessions on:

B MMIC Low Noise Amplifiers e Acoustics and Ferrites o Biological Effects and Medical Applications e
Producibility and Applications ¢ Guided Wave Microwaves e Monolithics-Amplifiers e Filters and
Multiplexers ¢ High Frequency Superconductivity e Millimeter Wave Integrated Circuits ¢ Monolithics-
Components e Solid State Devices ¢ Microwave Integrated Circuits ¢ Monolithics-Systems e Passive
Networks e Dielectric Resonator Oscillators ¢ New Methods for Planar Circuit Discontinuities e New
Developments in Oscillator and Mixer Technology e Microstrip and Fin-line Discontinuities e Fiber Optic
Links and Transmission Systems ¢ FET Power Amplifiers e High Speed Digital Transmission e Ferrites o
Communication Systems e Phased and Active Array Techniques e High Speed Fiber Optic Links o
Signal Distribution FET Applications ¢ Computer Aided Design e High Speed Optical Techniques and
Components ® Non-Linear FET Applications

Special Workshops and Panel Sessions

@ U.S. Competitiveness in the World Market e Heterojunction Bipolar Transistor Circuits ¢ The Business
of Microwaves o Ferrites at Millimeter Wave Frequencies ® Noise Measurements e MIC and MMIC FET
High-Power Amplifier Design Technigues e Superconductivity and Microwaves e Packaging Hybrid and
Monolithic Microwave and Millimeter-Wave Components e Designing MMIC's through Foundries e FET
Structures and Modeling « CAD-oriented Modeling of Discontinuities in Microwave/ MMW
Transmission Line Structures e High-Volume Microwave Applications e Linearizer Techniques

The World’s Largest Microwave Exhibition

B Join over 6,000 colleagues who will see the displays of more than 250 microwave component,
device, instrumentation, material, and subsystems suppliers.

Full Social Program

B Spouses’ tours, an exhibitor reception and the MTT-S Awards Banquet provide a memorable
complement to the industry’s premier event.

it’s Up to You!

B Send now for the Advance Program, advance registration form and hotel reservation forms.
Complete the coupon below and return it to Microwave Journal.

[0 Please send me additional information on attending MTT-S ’88. R
Name Title _

Organization S

Address o .- —

City, State, Zip Code

Country 3 _ Phone

MTT-S Member? [J Yes [0 No

Have you attended MTT-S before? [J Yes [] No How Many Times? _

MICROWAVE JOURNAL e 685 Canton Street ® Norwood, Massachusetts 02062
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rF news c...rco

for two tracking terminals, to be supplied
to the Radio Research Laboratory of
Japan for use in Very Long Baseline In-
terferometry (VLBI) experiments. The ter-
minals will be located at the Kashima
Space Station near Tokyo and on Marcus
Island in the Pacific. Among the applica-
tions of VLBI are radio astronomy and ter-
restrial plate tectonics measurements that
may lead to earlier prediction of earth-
quakes.

W-J Receives $9.9 Million DF Award

Watkins-Johnson Company announces
the receipt of a contract to deliver
AN/PRD-11 mantransportable radio direc-
tion-finding systems, and other electronic
components, to the Army. Work on the
contract will be performed at the com-
pany’s Maryland plants.

Varian Receives Contract for
GaAs Development

Varian Associates’ IlI-V Device Center
has received over $1 million in contracts
from Aerojet Electro Systems to develop
low-cost and reliable methods for manu-
facturing gallium arsenide devices. The
Gunn and varactor diodes to be devel-
oped are for use in the radar systems of
the Army’s SADARM anti-armor munitions
program. The Aerojet program is aiming
for as much as an 80 per cent reduction
in unit costs, while maintaining 100,000
unit per year production levels.

Plessey and AMCC Pursue Low
Power ECL

Plessey Semiconductors and Applied
Micro Circuits Corp. (AMCC) have agreed
to jointly develop a family of high pertor-
mance ECL gate arrays. The arrays will
range up to 14,000 gates and are expec-
ted to be the lowest power ECL devices
yet offered. The co-development agree-
ment will combine AMCC'’s design and
development skills with Plessey'’s fabrica-
tion processes. The new array will use the
recently announced HE1 bipolar process,
using 1 micron, triple-layer metal techno-
logy. The process produces transistors
with F; over 14 GHz.

Penstock Acquires TMA/RF

Penstock Inc. has acquired TMA/RF, an
RF and microwave distributor with a terri-
tory of New York and New Jersey. In mid-
1988 the name will changed to Penstock
East.

Curtis Acquires RFI Filter Line
Curtis Industries, Inc. has purchased

certain assets from Standex Electronics.

The acquisition will enhance particularly
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FM (to 24-bits of linearity)
Sweep/Chirp rate up to clock Band-
width: DC to 1/2 clock

Hear the Difference!

NCMO™ (Numerically Controlled Modulated Oscillator)
(15-25 MHz input) DRFS™ -2250

30-40 MHz input) DRFS™ -3250
T

20MHz Input/8-bit Waveform map

Both the DRFS™ 2250 and 3250 NCMO™ families provide
cost-effective, low noise (60dB spurious rejection pictured above) signal
generation to the RF communications industry. The NCMO™ devices
display rapid frequency hopping characteristics and fine resolution while
reflecting the stability of the crystal input. Each device features 24 bit direct
parallel, 8 bit bus, or quadrature clocked serial input.

The NCMO™ utilizes CMOS technology for low power
consumption and is available now in surface mount (80 Pin Flatpack and
84 PLCC) packaging. To order or obtain additional information on the
revolutionary NCMO™ product lines phone DRFS™ today:

Telephone 408/727-5995
Outside California 800/782-6266

DIGITAL RF

SOLUTIONS CORPORATION

3080 Olcott Street, Suite 200d
Santa Clara, California 95054-3209
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' ’ nNews continued

the Curtis TEMPEST line and custom filter
capabilities. Terms of the sale were not
disclosed.

Book Describes RF Consulting
How To Become A Successful Consul-
tant in RF Design contains a detailed dis-
cussion on locating clients, fees, ethics,
professional advertising, developing busi-
ness plans and writing contracts. The

book costs $25.00 and is available from
ATC Books, 804 Jordan Lane, Huntsville,
AL 35816.

Singer, Dalmo Victor Awards
$2.5 M Contract

M/A-Com Active Assemblies Division of
Tempe, Arizona announced that it has
been awarded a $2.5 million contract with
options to design, develop and provide

We can cut your
UHF frequency source
requirements down to size!
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microwave assemblies for airborne receiv-
er equipment from Singer, Dalmo Victor
of Belmont, California.

Rockford Announces New Open
Field Test Site

Rockford Engineering Services of
Sunol, Calif., an engineering consulting
firm, has completed its VDE 30-meter test
site. Along with the Rockford services
related to EMI are its traditional services
in the areas of product safety testing (UL,
ESL, CSA, TUV, VDE), power line suscep-
tibility, electrostatic discharge test and
analysis, |IEEE 587 testing, special tests
and calibration services and engineering
consulting services.

Savoy and Hermann Lasonics
Announce Joint Venture

Savoy Electronics, Inc., a subsidiary of
Dixcom, Inc. has announced an agree-
ment for a joint venture with Hermann
Lasonics, Inc. optical fabrications of
Taiwan, R.O.C. The agreement will provide
manufacturing support for the growing in-
volvement of Savoy in the optics and
electro-optics field. With lapping and
material handling experience, the agree-
ment expands Savoy's capabilities to
manufacture and market miniature optical
windows, flats, and specialized substrates
from crystal and optical glass, as well as
aluminia and other ceramics.

Hermann Lasonics, on the other hand,
will provide extensive production capabili-
ties as well as expansion to products in-
cluding lenses, mirrors, prisms and lens
assemblies.

Dynascan to Buy
Lloyd’s Electronics

Dynascan Corp., a Chicago-based con-
sumer electronics corporation, has en-
tered into a contract to purchase certain
assets of Lloyd’s Electronics of Edison,
N.J.

Lloyd’s Electronics distributes a broad
range of consumer electronics products
domestically as well as in South America
and in under the brand name Lloyd's.

Triax to Acquire COMSAT Unit

Triax Corp. and COMSAT Corp. an-
nounced that they have signed an agree-
ment by which Triax will acquire the
business of Amplica, Inc.,, a COMSAT
subsidiary. Amplica manufacturers a wide
range of microwave amplifiers and related
subassemblies and subsystems for the
defense electronics industry. Amplica will
be operated as a wholly owned subsidiary
of Triax and wil! continue to pursue its cur-
rent business.
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Digital Modulation Using
the NCMO™

Numerically Controlled Modulated Oscillator (NCMO)
Creates Digitally Defined RF Waveforms.

By Robert J. Zavrel Jr.
Digital RF Soiutions Corp.

The technique of direct digital signal
synthesis (DDS) has recently become a
viable technique for RF designs. Recent
advances in digital-to-analog converter
(DAC) technology, large scale integrated
controllers and memory circuits have im-
proved performance and raised operating
frequencies. This article presents the fun-
damentals of an integrated controller that
affords remarkable flexibility for synthe-
sizer design.

he NCMO™ represents a highly in-

tegrated solution for configuring direct
digital synthesis systems. Unlike many
DDS approaches, the NCMO allows easy
implementation of frequency, phase,
and/or amplitude modulations. Combina-
tions of these modulation techniques
allow synthesis of nearly every kind of
waveform because AM can be simul-
taneously combined with FM and/or PM.
Consequently, the two great problems of

RF synthesizer design, modulation and
frequency agility, are solved in one
monolithic CMOS device with low power
consumption and easy interfacing capa-
bilities.

Direct Digital Synthesis With the
NCMO System

Unlike analog LC or crystal oscillators
or phase-focked loop (PLL) synthesizers,
all the parameters of the signal (ampli-

Output to
aliasing filter

DAC

12-bit
AM
word
Up to Data
Clock 24 bit ROM bus Dlgltal
— NCMO adgress waveform multiplier
us map (AM only)
24-bit
fr‘:&:ﬁ:‘cy Cypress Logic Devices
R CY7C291 LMU 12
or or
equivalent equivalent
Digital RF
Solutions NCMO

/7

TRW 1012,
Burr-Brown DAC65
or
equivalent

Figure 1. 4-chip DDS system using the NCMO.
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cyclicalty accesses ROM locations. The
ROM acts as a “*waveform map’ (Figure
2), it simply converts the phase position
(calculated in the NCMO) to the appropri-
ate instantaneous sinusoidal amplitude
value. Stated another way, the ROM ad-
dress corresponds to time and phase,
while ROM data corresponds to the ap-
propriate amplitude value. The ROM is
actually a digital phase-to-amplitude
converter.

The ROM typically contains 180 de-
grees of phase information. Cosine data
is preferred to sine data since it is better
to have amplitude errors at “peaks and
valleys” rather than zero crossing points.
The NCMO clocks the ROM address loca-
tions up and then back down to complete
a whole cycle. This data is applied to the
DAC. A 12-bit DAC system requires a
ROM with 11 address bits and 12 data
bits.

Some of the interesting variations on
the basic sinusoidal waveform include:

1. Quadrature Synthesis: Two ROMs
with sinusoidal data in quadrature and two
DACs can affect two signals which remain
in quadrature at any output frequency.

2. Random Phase Relationships: Two
signals of the same frequency but any
phase relationship can be synthesized by

Comparison with PLL Synthesizers

PLL synthesizer performance has ap-
proached theoretical operating limitations
given loop bandwidths, settling times and
phase noise trade-offs. In contrast, DDS
techniques are limited mainly by DAC per-
formance. Recent advances in the rapidly
evolving DAC technology have sharply
narrowed the PLL performance advan-
tage. There are several clear technical ad-
vantages of NCMO DDS over PLL synthe-
sizers and the remaining advantages of
PLLs are subject to constant erosion.
Some of the existing DDS advantages
include:

1. Near Zero Settling Time for Frequen-
cy Hops: It takes two clock cycles for the
new frequency word to be loaded into the
NCMO. There are no loop filter time con-
stants to contend with. The NCMO simply
begins sequencing the new number val-
ues and the DAC converts these into the
appropriate instantaneous analog signal.
There is no signal “inertia” as in linear
(PLL) systems.

2. Phase Continuous Frequency Hops:
Undesirable glitches from short-duration
pulses are eliminated as the new frequen-
cy sine wave begins from the last discrete
amplitude value. Consequently the sys-
tem is truly phase continuous or ‘‘syn-
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chronous.”

3. 24-Bit FM Modulation: Input up to 24
bits of FM modulation either from a coun-
ter (for sweeps) or from ADCs to affect FM
over the entire bandwidth with 24-bit
linearity! These specs are simply not pos-
sible using any analog modulator. Center
frequency and modulator parameters are
now software problems.

4. 12-Bit Phase Modulation: “‘Continu-
ous” or discrete phase shifts can be crea-
ted for analog PM or binary, QPSK, octal,
16, 32 or whatever point digital PM you
desire. Simultaneous AM permits very
complex data communication constella-
tions.

5. Frequency and Phase Deviation is
Independent of Center Frequency: Move
the center frequency over octaves and the
deviation remains constant. Modulation in
the NCMO is an additive process, not a
scaling multiplicative process.

6. Phase Noise is Determined by the
Clock Reference: Below Va the clock fre-
quency, all spurious signals are typically
70 dB below the desired signal using
12-bit DACs.

There are applications where PLLs still
have clear advantages. The speed and
resolution of state-of-the-art DACs limit
the upper frequency operation of the
basic NCMO system. Higher frequencies
can be synthesized by combining PLL
and DDS techniques, however. Also, PLLs
still provide better performance in very
low power applications, and where large
frequency step sizes are required.

In many applications the advantages of
both DDS and PLL techniques can be
combined for optimum performance. For
example, an NCMO can be used to gener-
ate an FM signal with 1 or 2 Hz resolu-
tion in the 5 MHz region. The 5 MHz sig-
nal is then used as the reference input to
a PLL multiplier. The multiplier can have
a fixed “N” value, say 128 for an output
frequency of 640 MHz. The resolution of
the synthesizer is now about 128 MHz, the
low N value minimizes phase noise,
modulation is accomplished, and PLL
design is greatly simplified.

The combination of these two tech-
niques can often optimize system design.
DDS does not represent a direct replace-
ment for PLLs, but does represent a bet-
ter technique for many applications.

Tuning

The 24-bit frequency word can be
presented to the NCMO by three meth-
ods: 24-bit parallel, three 8-bit words for
microprocessor interface, or by two-bit
quadrature serial sequencing allowing in-
terface to rotary optical encoders. These
encoders are typically mounted on a shaft

RF Design

Figure 3. A DSB suppressed-carrier AM envelope.

and allow tuning similar to a radio dial.
The tuning rate of the serial mode is
selectable through a three-bit word. The
24-bit paraliel mode is used where max-
imum speed is required for center fre-
quency changes, as in frequency hopping
radios. The eight-bit mode is used where
easy interface to a microprocessor is
desired. Finally, the serial mode is used
where the synthesizer needs to be tuned
by a dial.

Twenty-four-bit frequency resolution
represents about 16.8 million possible fre-
quency values. However, if the MSB on
the tuning word is set high, the NCMO will
attempt to synthesize a frequency above
the Nyquist Frequency (one-half the clock
frequency). This will produce a “negative”

frequency response which will appear
under the Nyquist value. Consequently,
there are actually about 8.4 million possi-
ble frequency values under the Nyquist
Frequency. The frequency resolution of
the DDS synthesizer equals clock fre-
quency/16.777216 MHz. If the clock fre-
quency is 16.777216 MHz, the NCMO syn-
thesizer will output a signal selectable in
exactly 1 Hz steps. Finally, if this is not
sufficient resolution, two NCMOs can be
cascaded for nanohertz resolution with no
consequence to phase noise performance.

Modulation

The NCMO has on-board FM and PM
capabilities with 24-bit resolution. When
the FM mode is selected, the 24-bit modu-

Figure 4. A 3 MHz signal with first alias frequency, using a 20 MHz clock.
Note spectral purity using the TRW 1012 12-bit DAC.
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Figure 5(a). 20 MHz clock spectral noise.

lation port number is simply added to the
tuning word before the phase accumula-
tor, thus “pulling”’ the frequency “up.” In
the FM mode the modulation and tuning
ports are interchangeable. Simultaneous
FM and PM is possible by frequency
modulating the tuning word and phase
modulating the modulation port (if anyone
would ever want to do such a thing). For
phase modulation, 0 to 360 degree devia-
tion is possible with 4096 phase steps. In
the PM mode the modulation word is add-
ed to the output of the phase accumulator
thus advancing the phase the appropriate
number of degrees. The FM and PM
modes are selected by a single pin level.

Digital control of modulation parame-
ters has some very desirable advantages.
Since the numbers sum to frequency
values, frequency deviation can be held
constant over the entire tuning range of
the synthesizer. Bandwidth limitations are
absolute, therefore preventing excessive
deviations and overmodulation. Further-
more, performance will be identical from
one unit to another eliminating many pro-
duction line calibrations and real world
operating digressions.

Finally, amplitude modulation can be
affected by inserting a digital multiplier
between the waveform map ROM and the
DAC. The multiplier then adjusts the digi-
tal amplitude word applied to the DAC ac-
cording to the modulating waveform. A
four-quadrant multiplier will produce a
DSB suppressed carrier signal, while a
single-quadrant multiplier will produce a

full carrier AM signal. Of course, AM can
be accomplished in parallel with PM
andfor FM for a wide range of vector
modulation schemes. Figure 3 shows an
envelope of a DSB suppressed carrier
waveform using a sine wave modulator.

Spectral Purity

Figure 4 shows a typical spectral dis-
play of a 12-bit NCMO DDS synthesizer.
There are four spurious categories to con-
sider in DDS applications:

* broadband phase noise

¢ non-harmonic discrete spurs

e harmonic spurs

¢ aliasing responses

Broadband phase noise has been
shown to be determined by the clock
reference phase noise characteristics.
Plot the phase noise of the reference in
dBc/Hz versus frequency offset and then
use the 20log(N) relationship to calculate
broadband phase noise. Quantizing and
DAC errors are less significant than the
reference noise performance for medium-
performance clock references. Figure 5
shows a spectal noise comparison of a 20
MHz clock reference and a 1 MHz DDS
synthesized signal. The phase noise rela-
tionship between the clock and synthe-
sized signals conform to 20log(N) function.

The most restricting spurious signals
are the close-in discrete non-harmonic
responses. As the phase accumulator
runs up and down the address locations,
corresponding DAC values are sum-
moned. Eventually exact sequence values
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are repeated. Due to differential non-
linearity in the DAC these errors sum at
the periods of this repetition. These errors
are related to sub-harmonics of the car-
rier and appear as phase and/or ampli-
tude sidebands or even separate signals.
At this time we are quantifying the rela-
tionships of quantizing error, DAC error
and spurious responses. We would cer-
tainly like to hear from anyone who has
done similar work in this area.

Harmonic responses are related mainly
to the DAC integral nonlinearity. They are
generally not as important as the close-
in spurs since they are more easily fil-
tered. Often they are of little concern, as
in switching mixer LO signal sources, for
the levels iypically encountered in DDS
synthesis.

Aliasing signals will appear above the
Nyquist Frequency with the same spacing
above and below the clock frequency as
the fundamental is above DC. For exam-
ple, a system generating 3.6 MHz from a
20 MHz clock will produce a set of alias-
ing signals at 16.4 and 23.6 MHz. Figure
6 shows that the amplitude values of the
aliasing signals conform nicely to a
Sin(X)/(X) relationship.

Care must be taken when measuring
spurious responses. Sometimes the lev-
els of the DAC’s output spectrum will be
high enough to cause cross-modulation
within the test instrument. Take care that
you are measuring the device under test
and not the test instrument! A step atten-
uator in-line will provide a quick check to

RF Design

see if there is a first or higher order
response in effect. A common technique
for suppressing spurs is to run the DDS
output signal through a PLL employing a
narrow loop filter.

Applications

The two most difficult problems facing
the synthesizer system designer are
modulation and frequency agility. Most of
the performance limitations of synthesiz-
ers can be traced to these two require-
ments. The great power of the NCMO
DDS system is that both functions are per-
formed simultaneously. Furthermore,
these two functions are accomplished
with precision and linearity that is impos-
sible with analog techniques. All known
modulation techniques consist of AM, FM
or PM or combinations of these. All three
of these modulation techniques are simul-
taneously available with the NCMO sys-
tem. Therefore, nearly any conceivable
complex or simple modulated waveform
is possible within the system bandwidth
limitations. Some obvious RF applications
might include:

¢ Radio receiver LOs
RF test sweep signal generators
Quadrature synthesis
FM stereo broadcast generators
Frequency hopping radios
Video waveform monitors
Video signal generators

¢ High speed data communications

Similar diverse applications exist for
audio applications, where slower clock

The proot.
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Figure 7. Typical spectra of a 12-bit NCMO DDS system.

frequencies allow for 16 and more bit
DACs.

e Music synthesizers

e High performance audio test sweep
oscillators

Conclusions
The NCMO represents a highly inte-
grated solution to building direct digital
synthesizers. The IC includes the neces-
sary accumulator and interface logic to
control a DDS system. Although still in a
developmental stage, this device also in-
cludes a digital modulator thus affording
the designer great flexibility. Advances in
DAC technology have recently provided
designers with devices that promise ex-
cellent performance even in demanding
* | t f copmunications applications. ks

’ or more information about the NCM

" ‘wl T 3008 0-1_8 INT . DOS, contact Digital RF Solutions Corp.
: e at 3080 Olcott St., Suite 200D, Santa
) . . ] Clara, CA 95054-3209. Their telephone
Figure 6. 3 MHz signal and aliases, showing Sin(X)/(X) response of the number is (408) 727-5395. Information can
DDS. Glitches at the multiples of the Nyquist Frequency are due to also be obtained by circling INFO/CARD
summing of fundamental and alias signals. #250. [l
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15.5dB ENR,
noise figure
meter compatible
NC 3200
Series up to 18 GHz
30-35dB ENR,
high noise
output

NOISECom

*“NOISE IS OUR ONLY BUSINESS”’

NOISE COM, INC.
111 Moore St.
Hackensack, NJ 07601

MOST ARE IN STOCK

\ L

(201) 488-4144
TWX 910-380-8198




NOISECom

““NOISE IS OUR ONLY BUSINESS”

Noise

Broad Band

Sources

For Space, Military and Commercial Applications

DC-50 GH-z

-
Custom &

Hi Rel Products
HYBRID FOR SPACE QUALIFIED
AMPLIFIED MODULES

10Hzto 10 MHz, 7 GHz, 9 GHz,
14 GHz etc. Small size and weight

DC COUPLED
AMPLIFIED MODULES
= 1 volt output into 50 ohms
s DC-100 kHz
= Low offset voltage
m Compact
m DC-4 MHz

-

. v

NOISECHM

““NOISE IS OUR ONLY BUSINESS"’

NOISE COM, INC.
111 Moore St.
Hackensack, NJ 07601

(201) 488-4144

& )
Broad Band Broad Band
Precision, Instruments
Calibrated 115V or 230V Standard
w id Bench Type or Rack Mounted
aveQ"' € MANUALLY CONTROLLED
WR-22,-28,-42 + 10 dBM Output
4 B a
< o‘ Py
- ‘ 5
8=
" P 4o v
*“1\ o &
— :o%
\-— 3 o o N\
3
TYPICAL STANDARD MODELS
b j NC 6101 up to 20 kHz
NC 6107 up to 100 MHz
TYPICAL STANDARD MODELS NC 6108 up to 500 MHz
NG 5100 NC 6109 up to 1 GHz
Sarled up to 50 GHz NC 6110 up to 1.5 GHz
155 dB ENR NC 6111 up to 2 GHz
o 4 NC 6218 up to 18 GHz
noise figure
meter Other standard models available
compatible MOST ARE IN STOCK
NC 5200 PROGRAMMABLE
Series up to 50 GHz IEEE-488 (GPIB), MATE (CIIL)
21-25 dB ENR, RS232, etc. + 10 dBM Output
high noise output
NC 5300 \
Series up to 50 GHz
21-25 dB ENR,
high noise output
y
K -
For More TYPICAL STANDARD MODELS
NC 7101 up to 20 kHz
i NC 7107 up to 100 MHz
lnformat'on NC 7108 up to 500 MHz
i NC 7109 up to 1 GHz
And QUICk NC 7110 up to 1.5 GHz
. NC 7111 up to 2 GHz
Response Ca"' NC 7218 up to 18 GHz
OPTIONAL: Remote variable
GARY S'MONYAN filters, signal input combiner.
75 ohms output, marker input.
at 201 '488"4 1 44 Other standard models available
A N STOCK
\_ P W MOST ARE IN STOC 4
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ome where

the
power

Power amplifiers for every rf testing need. Power you
can depend on. Power from one watt to ten kilowatts.
And these power ratings are ultra-conservative:
Whether you order a 10-watt or a 2000-watt amplifier,
you can be certain of at least its rated output at every
point in its frequency band.

Modet 2000L, shown, delivers 2000 watts minimum
cw saturated power over a bandwidth of 10 kHz to 220
MHz. In pulse mode (up to 25% duty cycle), you can
almost double that output rating—a vital feature in
NMR.

Our amplifiers are totally immune to damage from
load mismatch—from wildly fluctuating VSWR to out-
right open or shorted output terminals.

The Amplifier Research line covers the frequency
range from 10 kHz to 1 GHz. Bandwidth is instantly
available without need for tuning or bandswitching. Our
bookiet, “Your guide to broadband power amplifiers,”
will tell you a lot more. Send for it.

CO Resenno

160 School House Road
Souderton, PA 18964-3990 USA
Phone 215-723-8181 » TWX 510-661-6094
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am™

WHO DO YOU THINK OF FIRST
IN RF VOLTMETERS?

Every brand recognition study proves it. When you Choose the digital 9200B and you can store in

think of rf voltmeters, you think of Boonton. After all, memory complete calibration data for up to 8 inter-

we introduced the first sensitive rf voltmeter years changeable probes...low frequency (10 Hz- 100 MHz),
ago. Now there’s a new generation. Still a choice of standard (10 kHz-1.2GHz), or 50-ohm (100 kHz-2.5
high resolution digital and low cost analog models. GHz). Or add an optional second input channel,

Still featuring low noise, passive, rms detection with GPIB, or MATE interface capability. The analog 92EA
microvolt sensitivity in both unterminated and ter- is available with a wide choice of meter scales to meet
minated modes. But now with extended frequency your particular requirements. And both models con-
coverage from 10 Hz to 1.2 GHz—t0 2.5 GHz with tinue the Boonton tradition for highest accuracy and
50-ohm sensor. reliability.

A redesigned probe tip mates directly with BNC Callyour local representative or Boonton directly for
connectors and accepts all Boonton accessories, full information on the latest generation of rf voltmeters.
including a new convenient ground clip. Detachable

and replaceable probe cables available in standard Boonton Electronics Corp.

lengths to 100 feet. Special cables to virtually any 791 Route 10, Randolph, NJ 07869

length. Telephone (201) 584-1077

BOONTON

[ ] ywer Meters @ RF Millivoltmeters @ Capacit > Meter Bridges m A
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Stagger-Tuned Bandpass Active Filters

By Jack Porter
Cubic Defense Systems

Although bandpass filters formed by cascading single-tuned
amplifiers have been studied for more than half a century, (1,
2) they were not widely used until active filter circuits consisting
of resistors, capacitors, and integrated circuit operational
amplifiers became practical. Since each stage is tuned to a dif-
ferent frequency, such filter circuits are termed stagger- tuned.

hese op-amp circuits, which reproduce the theoretical fre-

quency response curves very accurately, can also provide
voltage gain. They are small in size, even at low frequencies,
and can be fabricated as hybrid integrated circuits. Any of the
conventional all-pole filter responses, such as Butterworth,
Chebyshev or Bessel, can be synthesized in this manner. Each
pole of the low-pass prototype filter is transformed into a single-
tuned bandpass filter section. The center frequency and Q of
each bandpass section are uniquely determined by the center
frequency and bandwidth of the filter and the location of the cor-
responding low-pass prototype pole. Filters containing more than
five of these sections are rarely practical, since the passband
shape is quite sensitive to changes in center frequency of the
individual filter sections. If the filter requires high Q's and must
operate over a wide temperature range, no more than three sec-
tions should be considered. Multiple-feedback (e.g., leapfrog)
filters (3), which are more complex and difficult to align, should
be used if more poles are necessary. Designing such filters con-

sists of the following steps: 1. Specify the filter center frequen-
cy, bandwidth, and overall voltage gain. 2. Select the type of
response and the number of poles. 3. Determine the low-pass
prototype pole locations. 4. Calculate the center frequency and
Q of each section. 5. Select a filter circuit and the type of opera-
tional amplifier to be used in it. 6. Determine the voltage gain
for each section. 7. Select capacitor values and calculate resistor
values.

Type and Number of Poles

Selection of the response type and number of poles is based
on the required attenuation and group delay characteristics. Plots
of these for various filters can be found in reference 4, and
methods of calculating them in reference 5.

Low-Pass Prototype Poles

Butterworth and Chebyshev pole locations can be calculated
using the formulas in Figure 1, or they can be obtained from
tables. Bessel filter poles are shown in Table 1.

Center Frequencies and Q’s

The formulas used in the center frequency and Q calculations
are summarized in Figure 2. The frequency F; is the center of
the filter passband. The frequency F. which is used in all of the
calculations is slightly different, since the passband is geometri-

For an n-pole Chebyshev filter with A, dB peak-to-peak pass-
band ripple and 1 radian/sec ripple (A,, dB) bandwidth:

A, = 10 (A, /10) e= VA, -1
a= X sinh 1<~1-)

n £
b = sinh a c = cosh a

The low-pass prototype filter poles are:

Py = —ox * jwy

¢, = b sin [—(%M—:]

o = © cos [_@k_—ﬁ_]

n

The Chebyshev filter half-power bandwidth is:

1 AH - 1
wp =cosh || cosh™ R

Divide the ripple bandwidth values for o, and w by wy to obtain the 3 dB bandwidth values.

For an n-pole Butterworth filter with 1 radian/sec half-power (3
dB) bandwidth:

b=1 c=1
k=1,2,...,n;
n
= o for n even
+1
n2=lz— for n odd
A, = 2 for n odd

Ay = 2A, for n even

Figure 1. Pole locations — Chebyshev and Butterworth filters.
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cally symmetrical about F.. Two filter sections, one tuned above
F.. the other below, correspond to each pair of complex con-
jugate low-pass prototype poles. Each pole on the real axis has
a corresponding section tuned to F.. The formulas for
calculating the center frequency and Q of each filter section are
derived in reference 6. A different algorithm due to Geffe (7, 8),
is also often used. It requires about the same amount of com-
putation and produces identical results.

Circuits and Amplifiers

The single-amplifier biquadratic circuit shown in Figure 4,
usually referred to as the Deliyannis-Friend circuit (9, 11), is the
one most commonly used for bandpass filters. More elaborate
multiple-amplifier circuits are sometimes necessary to realize
very high Q’s, but stagger-tuned filters don’t usually require them.
The op-amps used in these filters should have approximately
90 degrees open-ioop phase shift at the center frequency of the
filter section and they should be stable when used as unity-gain
amplifiers. The maximum frequency at which an op-amp can be
used is determined by its slew rate and its open-loop gain at the
operating frequency. Slew rate is usually the limiting factor, so
a general rule is that the full-power bandwidth of the op-amp
should be greater than the upper limit of the filter passband.
Suitable op-amps vary greatly in full-power bandwidth, from about
50 kHz to several MHz.

Gain Distribution

There are various criteria for determining the optimum way
of distributing the filter gain among the various stages. The most
common one, which provides maximum dynamic range, is to ad-

—0p * jwy: low-pass prototype poles.
F; : Filter center frequency in Hz.

BW: Filter bandwidth in Hz.

BW )2
F. = F2 — (T) (design center frequency)
F
Qr = Bw
= —OL = ke
°T O N
t = 4 — 02 + w?
2
u= Vt+yt+o? w? For w, = O:
ow
B F=F,
1 u2 1
Q,=Q,= 2 1+ T2, Q= r

Fi=F.Q (o6-V)

Fo=F:Qx(0+V)

just the stage gains for equal maximum output voltage at each
one when an input signal is swept across the passband. This
maximum output voltage occurs at or near the frequency to which
that stage or one of the preceding stages is tuned, thus it is
necessary to calculate the gain of each stage at its center fre-
quency and at the center frequency of every other stage. The
total gain of stage and all preceding stages is then calculated
at its center frequency and at that of the preceding stages. This
is followed by selecting the gain of that stage so that the highest
gain at any of the frequencies is equal to the total gain of the
filter. The gain of the final stage is selected to provide the
specified total gain at F,. The required calculations are summar-
ized in Figure 3. It's not always practical to select the stage gains
in this manner, since the gain of the first stage at its center fre-
quency is equal to the total filter gain. If, for instance, a two-stage
filter with a gain of 100 is required, it makes more sense to select
a gain of 10 for each stage. The way in which the stages are
ordered is not extremely important, but there is some advantage
in placing stages with the same Q next to each other, since their
center frequencies are symmetrical about F.. The stages with
highest Q are often put at the input, since these have inherently
high gain, and the first stage usually has the highest gain.

A, Gain of the entire filter at F;, the filter center frequency
A, Gain of stage k at F,, its center frequency

A, Gain of stage k at F;, the center frequency of another
stage

Ao: Gain of stage k at F;

Q (F2—-F?

T . & Ul S )
Define: Ty; = F. F,

A /
Gki = Akk e 1+ Tka
Kj
fork=1ton Ag = 1
j=0ton Gy =1

n: Number of low-pass prototype poles.

fn>1 A=A A, = B
©= Gy
Ifn>2 Fork=2ton-1:
k
Evaluate G; = H G Forj=1to k

i=1

Gimin is the minimum value of G;

Akk = Gmln AkO -

Ann = Ano Gno

Figure 2. Center frequencies and Qs.
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Figure 3. Stage gains for maximum dynamic range.

March 1988




%Rs
bt
I
1

A, gain at w,

W .
Towg - p-amp gain at w,

]

106 R,
Ta = 2, K=1+Tg,
k=22 Usually k =
gl sually k = 1
- [ Ky, ]
R O Lo +KTyed®
e (k+1)y; — k(K-1)yr Y1Y3
s? + s+ |2
[ k (Cy + KT,yy) kC,; (Cy+KT,yy)
& —A, Dw,s
e  s2+ Dwys + w?
1
w,=21F, D=3

k+1
Calculate: a =

4kT, w,
D k+ 1
Ki= = — 4 ———
Vv ak ak

If a > 40, set a = 40

fK<1,setK=1R;=0 R; =

Select C,, C,, Rs

Usually C, = C,

Calculate: ar = (k + 1) w2 C42

br = [(k + 1) KT,w, — D] w,C,
2a;

cr=1-k - kDT,

C, y
Y1 = Ao Dwo _K— + TaYT)
Y2=Yr ™ Y

Y3 = kwy2 C (~Cf‘~ +KT)
3 o 1 YT a

Approximate correction for capacitor dissipation factor:

3 k
ey g .

D.: Capacitor dissipation factor (%)

Figure 4. Transfer function and component values.

CONTINUOUS CREATIVITY...
Glasteel Industrial Laminates
Make a World of Difference

Glasteel, the leader in contin-

RF Design

lamination technology.
h quality,

per clad

industry.
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TTE, Incorporated 1 1 E

Quality Filter Products Since 1956

SIGNAL CONDITIONING

FILTERS

0.1Hz to 500MHz

BANDPASS FILTERS

g 5 om
By * Active Bandpass Filter 1-3 poles; Butterworth &
o) ,,,,dg:s;;,‘_‘ii.'wﬂ* o Chebyshev Designs
3 3 g7 . N
“4; ig,",/’f-’ ¢ Passive Bandpass Filter 1-5 poles; Butterworth,
b Chebyshev & Elliptical Function Designs.
=~
LOWPASS FILTERS " ¢
e Active Lowpass Filters, 2-10 poles, Bessel, Chebyshey, \::“"61;;““‘
Butterworth & Elliptical Function Designs. w‘ :

* Passive Lowpass Filters, 2-12 poles, Chebyshev, Bessel, Butterworth 4’,,
and Elliptical Function Designs.

HIGHPASS FILTERS

o, @ ¢ Active Highpass Filters, 2-8 poles; Butterworth &
p:" ( ﬁ? ¥ o Chebyshev Designs.
~ H73-21%- ."" . . * Passive Highpass Filters, 2-12 poles; Butterworth,

Chebyshev & Elliptical Function Designs.

PROGRAMMABLE FILTERS @ SRS
e Highpass and Lowpass Programmable Filters; Butter- ,“oe»*“‘v‘:‘m ¥
worth or Chebyshev types. Programmable range from e ¥
1 X F¢ to 128 X F¢. The (F¢) cut-off frequency range is 1Hz

to 1000Hz.

BANDREJECTION FILTERS o
e Active Fix Tuned & Tunable Notch Filters

e Dual Function Bandpass/Bandrejection Filters

¢ Passive LCR Notch Filters, RC Twin-T Notch Filters and
3-5 pole Butterworth & Chebyshev Bandrejection Designs.

B

aeaeaal ©

T LA QI
QRIS
QuueN?

FILTER SYSTEMS

¢ These rack mounting enclosures will accept from 1-36
filters. Any passive TTE® filter may be specified.

-
TN A8

T AR
.J.;‘g\‘QQ\Q\?

QUew
5 R R A

"
FOR TECHNICAL ASSISTANCE CALL TTE’S ENGINEERING HOT LINE
(213) 473-0584
FREE 56 PAGE CATALOG

2233 South Barry Ave., West Los Angeles, CA 90064 (213) 478-8224 FAX No. (213) 312-1055
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SUBCIRCUIT OP-AMP

Figure 5. SPICE analysis schematic.

Component Values

Figure 4 shows the transfer function of a filter section and sum-
marizes the calculations used to determine the resistor values.
Since the transfer function includes the effect of finite op-amp
bandwidth, it also appears in the resistor value calculations.
Predistorted values of F, and Q are often used to compensate
for finite amplifier bandwidth (9); the component values are then
calculated assuming the op-amp is perfect (i.e., has infinite gain
and bandwidth). SPICE simulations indicate that this procedure
is less accurate than including op-amp bandwidth in the com-
ponent value calculations.

Sensitivity To Component Value Changes
Shifts in resonant frequency or Q of the filter sections cause
the transfer function of the filter to be distorted. It is a factor of

NEW! rr PC USERS

ENHANCE PRODUCTIVITY avo SAVE TIME
or YOUR MONEY BACK!

S/FILSYN® is the most powerful, user-friendly, rugged and stable program in existence for filter design.

Modules are available for the synthesis, design and

analysis of passive LC, active RC, digital and micro-

wave filters. Software modules also include crystal

filters, switched-capacitor filters, delay equalizers,

delay lines and impedance matching networks. Both

infinite and finite-impulse-response digital filters

are available.

® SAVES TIME AND EFFORT — from specification to
production

® PROVIDES MORE OPTIONS — design filters and
structures not available from any other program

® UNIQUE FEATURES — predistortion for dissipative
effects, arbitrary terminations including open or

short (for multiplexer design), complex transmission
zeros, specified transfer functions and more

@ PRE AND POST PROCESSORS — obtain true,
optimal design and physical dimensions for micro-
wave structures

® BATCH FILES — simplify repeated and popular
design types by an order of magnitude

® READS AND WRITES FILES — simplify repeated
data input and provide linkage to other popular
programs — other files can be generated for
documentation purposes

©® APPLICATION NOTES and detailed examples
included in easy-to-read manual

We offer a 90-day FREE telephone consulting service as well

as a 90-day MONEY BACK GUARANTEE.
DGS ASSOCI

1353 Sarita Way * Santa Clara, CA » 95051-3238
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Figure 6. Filter design example.

Q more sensitive to frequency shifts than to Q shifts (5). Since
the resonant frequency is mainly determined by the resistor and
capacitor values, it is essential that these components have a
temperature coefficient as close to zero as possible. The amount
of positive feedback affects the variation in Q caused by passive
component value changes and the variations in both resonant
frequency and Q caused by changes in op-amp gain (10). The
value of the feedback factor K calculated by the equations in
Figure 4 was chosen to minimize these variations as much as

BESSEL FILTER POLES
N Re(P) Im(P)

1 1 0

5 2 1.101601 .6360098
. 3 1.322676 0

: 1.047409 .9992644

0 4 1.370068 .4102497

. .9952088 1.257106
’ 5 1.502316 0

1.380877 .7179096

.9576765 1.471124

6 1.57149 .3208964

1.381858 .9714719

.9306566 1.661863
7 1.684368 0

1.612039 .5892445

1.378903 1.191567

.9098678 1.836451

8 1.757408 .2728676

1.636939 .8227956

1.373841 1.388357

. 8928697 1.998326

possible.

Support America’s
colleges. Because college is
more than a place where
Eloung people are preparmg
or their future. It’s where
America— and American
business — is preparing
for its future.

Give to
the college of
your choice.

Table 1. Bessel filter poles.

Diverse piezoelectric ceramics for
commercial, industrial and
military applications.

Vernitron Piezoelectric Division, with over 45
years of innovation in electronic components . ’
and piezoceramics, manufactures a wide

variety of modern piezoelectric ceramics to MiL

spec requirements: discs, blocks, rings, plates,

cylinders, tubes, and many custom shapes for

ultrasonic, sonar, hydrophonic and many other ~ 7
industrial, commercial and military transducer (D
apphcatlons {

They are available in a variety of standard
styles and sizes in a wide range of lead
metaniobate and lead zirconate titanate
compositions.

Various ceramic composites are offered
to meet unique requirements, and special
electrode patterns and lead attachments
are available.

Vernitron, is also the originator of Unimorphs and
Bimorphs which serve as compact transducers for
audio tones.

For more information, just call (216) 232-8600.
Prompt desngn/consultatlon service; fast delivery.

Vermtron Piezoelectric Division

232 Forbes Road / Bedford, Ohio 44146 / 216-232-8600
TWX 810-427-2274 | FAX 216-232-8731
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100 ’'Program BPAFST 1070 FOR J1=2 TO N1-1
110 'DEFINITIONS OF VARIABLES: 1080 A5=1: A(J1,1)=A5: G5=1000000!
120 'AO: Gain of filter section at filter center freguency 1090 FOR J2=1 TO J1
130 'As: Gain of filter section at its center frequency 1100 G6=1
140 'BW: Filter bandwidth in Hz 1110 FOR J3=1 TO J1
150 'Dl: Capacitor dissipation factor in % 1120 G6=G6*G(J3,J2)
160 'Am: Passband ripple in dB (Chebyshev filters); 1130 NEXT J3
170 ' for Butterworth filters Am=0 1140 IF G5>G6 THEN G5:=G6
180 °* For other types of filters enter -1 for Am 1150 A5=A5%A(J2,1)
190 'Ff: Filter center frequency in Hz 1160 NEXT J2
200 'Fc: Corrected center frequency in Hz 1170 A(J1,1)=A2%G5/A5: A(J1,0)=A(J1,1)/G(J1,0): A6=A6#*A(J1,0)
210 'Fs: Center frequency of filter section in Hz 1180 NEXT J1
220 'GBW: Op-amp gain bandwidth in MHz 1190 A(N1,0)=A2/A6
230 'N: Number of filter sections 1200 A(N1,1)=A(N1,0)*G(N1,0)
240 'Q: Q of filter section 1210 CLS: PRINT A1$; TAB(2*N7) DATE$; CHR$(13); “Fe="; F1
260 'Cl, C2, Rl, R2, Etc.: Component values in pF or ohms 1220 IF 14=1 THEN PRINT TAB(2#N7) "Total gainz"; A2: ELSE PRINT
gsg ggg?ﬁT S I 1230 PRINT * Fs” Q", " As/A0"
-J, 1240 FOR J1=1 TO Ni: PRINT Jl. F(J1), J1y, J1,0): NEX
2 I Te 15" Es(4), F(8), G(8.8), Q(8), R(5), KS(5), U(4), V(4) Jag0 EoR e T Than 1270’ [ {010+ QUYL GUIL.0): NEXT J1
290 PI=3.141593: DP=10/LOG(10): D1=.1: N7=20 1260 INPUT “Section, Cl(pF)"; Il, Cl: GOTO 1280
300 A1$="BANDPASS ACTIVE FILTER 1270 INPUT “Section, C1(pF), Gain"; I1, Cl1, A3
310 B1%$="Prototype poles” 1280 IF I11<0 THEN 1880
320 E$(0)="Butterworth”: E$(1)="Chebyshev": E$(2)=E$(1) 1290 IF 11>0 THEN 1310
330 E$(3)="Bessel”: E$(4)="" . . 1300 IF A1<0 THEN 770: ELSE 3%0
340 R$(1)="R1=": R$(2)="R2=": R$(3)="R3=": R$(4)="R4=": R$(5)}="R5=" 1310 wo=2E-12sPI*F(I1}: D2=1/Q(I1)
350 CLS: PRINT Al$; TAB(2xN7) DATES$ 1320 IF I4=1 THEN A3=A(I1,0). A4=A(I1,1): EL3E A4=A3#G(11,0)
360 INPUT "N, Am(dB)"; N1, Al 1330 C2:=C1: K2=C2/C1
370 IF N1<1 THEN 1980 1340 T0=1000000!/(2*PI1+Gl)
380 N2=INT((N1+1)/2) 1350 AB=(K2+1)/(4+4K2+TOxW0 )
390 I3=0: 18=0: IF Al>=0 THEN 530 1360 IF A6>40 THEN A6=40
400 PRINT °1. "; E$(3); " 2. “; "Other”;: INPUT I3 1370 K1=1-D2/SQR(K2*A6)+(K2+1)/(KZ+A6)
410 13=13+2: IF 13>3 THEN 490 1380 IF K1<1 THEN Ki=1
420 READ J1: J3=INT((J1+1)/2) 1390 1F K1>1 THEN R(5)=10000!: R(4)=(K1-1)#R(5): ELSE K(4)=0: R(5)=0
430 FOR J2=1 TO J3 1400 AT=(K2+1)*WOrWO3(14C1
440 READ S1, W1 1410 B7=((K2+1)*K1*xTO*W0-D2)*W0»C1
450 IF J1=N1 THEN U(J2)=S1: V(J2)=W1 1420 C7=1-K1-K1#D24TO*WQ
460 NEXT J2 1430 Y7=2%AT/(SQR(B7*B7-4+AT+CT7)-BT7)
470 IF J1<N1 THEN 420 1440 Y5:=K2*WOxWOsC12(C1/Y7+K14TO)
480 RESTORE: GOTO 680 1450 Y1=A4*D2+WO*(C1/K1+TO*Y7)
490 FOR J1=1 TO N2 1460 Y5:=Y5-.014D1»WO*C1%K2/(K2+1)
500 PRINT J1; "Sp, Wp";: INPUT U(J1), V(J1) 1470 R(1)=1/Y1l: R(2)=1/(Y7-Y1): R(3)=1/Y5
510 NEXT J1 1480 PRINT “As=". A4: TAB(N7) "AO="; A3
520 GOTO 690 1490 PRINT “Ci=z": Cl: "pF": TAB(N7) “C2=": C2; "pF'; TAB(2*N7) " a:="; A6
530 A3=1: A4=1: Wl=1 1500 J2=0: FOR J1=1 TO 5
540 IF A1=0 THEN 640 i 1510 IF R(J1)=0 THEN 1540
550 INPUT "Specify: 1. Ripple BW, 2. 3 dB BW"; I3 1520 PRINT TAB(J2) R$(J1): R(J1);
560 A2z2: AS=EXP(Al/DP): E2=1/SQR(A5-1) 1530 J2=J2+N7: IF J2>2*N7 THEN J2=0: PRINT
5§70 T1=EXP{LOG(E2+SQR(E2*E2+1))/N1}) 1540 NEXT J1
580 A3=(T1-1/T1)/2: A4=(T1+1/T1)/2 1550 PRINT TAB(J2) “ K=": K1
590 IF 13<2 THEN 640 1560 IF J2>0 THEN PRINT
600 IF N1=2%INT(N1/2) THEN A2=A2%AS 1570 PRINT: INPUT “Print results (Y or N)"; I$
610 T2:=E2*SQR(A2-1) 1580 IF LEFT$(1$.1)="N" THEN 1210
620 T1=EXP(LOG(T2+SQR(T2%T2-1))/N1) 1590 IF 18=1 THEN 1640
630 W1=(T1+1/T1)/2 1600 18=1: GOSUB 1770
640 FOR J1=1 TO N2 1610 LPRINT “Op-amp gain BW=": Gl; "MHz", "Capacitor DF="; D1; "%"
650 J2=2#(N2+1-J1)-1: T1=J2*PI/(2xN1) 1620 IF 14=1 THEN LPRINT “Total gainz", AZ
660 U(J1)=A3%SIN(T1)/W1: V(J1)=A4«COB(T1}/W1 1630 LPRINT "Ff="; F(0); “Hz"; TAB(N7) "Fc="; F1. "Hz", "BW="; BO; "Hz
670 NEXT J1 1640 LPRINT CHR$(13); "Section™; I1
680 IF V(1)<.00001 THEN V(1)=0 1650 LPRINT "Fs="; F(I1); "Hz"; TAB(NT+1) "Q="; Q(Il)
690 PRINT CHR$(13); Bls; " 1660 LPRINT “As="; A4; TAB(N7) "AO="1A3;
700 PRINT “"Section”, " Re(P)", Im(F)" 1670 LPRINT TAB(2*N7) “As/A0="; G(11.0)
710 FOR J1=1 TO N2: PRINT J1, U(J1), V(J1): NEXT J1 1680 LPRINT "Cl=": Cl; "pF"; TAB(N7) "C2=": C2; “pF’'; TAB(2*N7) a="; A6
720 PRINT: INPUT "Print prototype poles (Y or N)"; I$ 1690 J2=0: FOR J1=1 TO 5
730 IF LEFT$(I$.1)="N" THEN 770 1700 IF R(J1)=0 THEN 1730
740 LPRINT CHR$(13): GOSUB 1770 1710 LPRINT TAB(J2) R$(J1): R(J1);
750 LPRINT B1§; “: CHR$(13); “Section™, Re(F)", Im(P) 1720 J2=J2+N7: IF J2>2%N7 THEN J2=0: LPRINT
760 FOR Ji=1 TO N2 LPRINT J1, U(J1), V(J1): NEXT J1 1730 NEXT J1
770 PRINT: INPUT “Ff, BW (Hz)", F(0), BO 1740 LPRINT TAB(J2) " K="; K1l
780 ON SGN(F(0))+2 GOTO 1980, 350, 790 1750 IF J2>0 THEN LPRINT
780 B2=B0/2: A2=0: 18=0 1760 GOTC 1210
800 INPUT "Correct Ff to center it in 3 dB BW (Y or N)"; I8 1770 IF 17=1 THEN 1810
810 IF LEFT$(I$,1)="N" THEN F1:F(0): ELSE F1=SQR(F(0)*F(0)-B2+B2) 1780 I7=1: LPRINT CHR$(27)+CHR$(77)+CHR$(10);: ’'Left margin
820 Q1=F1/B0 1790 LPRINT CHR$(27)+CHR$(78)+CHR$(8); : 'Skip over perforation
830 INPUT "GBW (MHz)"; Gl 1800 LPRINT CHR$(13); CHR$(14): Al1S; CHR$(13); CHR$(14); TAB(7) DATES
840 FOR J1=1 TO N1 STEP 2 1810 LPRINT CHR$(13): IF I13<4 THEN LPRINT E$(I3).
850 J2=1+INT((N1-J1)/2) 1820 LPRINT "N="; N1
860 51:=U(J2)/Q1: W1=V(J2)/Ql 1830 IF 13=0 OR 13>2 THEN 1870
870 T1=(4-S1%81+W1%W1)/2: T2:=S1*W1 1840 LPRINT “Am="; Al; "dB"
880 U2=T1+SQR(T1xT1+T2*T2): V1=T2/SQR(U2) 1850 IF 13=1 THEN LPRINT Rxpple BW",
890 Q(J1)=SQR(1+U2/(S1%S1))/2 1860 IF 13=2 THEN LPRINT "3 dB BW"
900 F(J1)=F1*Q(J1)*(S1-V1) 1870 LPRINT: RETURN
910 IF J1=N1 THEN 940 1880 DATA 1. 1, O
920 Q(J1+1)=Q(J1) 1890 DATA 2, 1.101601, .6360098
930 F(J1+1)=F1*Q(J1+1)2(51+V1) 1900 DATA 3. 1.322676, 0, 1.047409, .9992644 X
940 NEXT J1 1910 DATA 4, 1.370068, .4102497. .9952088, 1.257106
950 INPUT “"Specify: 1. Total filter gain 2. Gain of each stage”; 141920 DATA 5. 1.502316, 0. 1.380877, .7179096, .9576765, 1.471124 5o
960 IF 14<1 THEN 350 1930 DATA 6, 1.571490. .3208964, 1.381858, .9714719, .9306565, 1.6618
970 IF I4=1 THEN J4=N1: INPUT “Total gain"; A2: ELSE J4=0 1940 DATA 7, 1.684368, 0, 1.612039, .5892445
980 FOR J1=1 TO N1 1950 DATA 1.378903, 1.191567, .9098678, 1.836451
990 FOR J2:=0 TO J4 1960 DATA 8, 1.757408, .2728676, 1.636939, .8227956
1000 T1=Q(J1)*(F(J2)*sF(J2)-F(J1)4F(J1))/(F(J2}+F(J1)) 1970 DATA 1.373841, 1.388357, .8928697, 1.998326
1010 G(J1,J2)=SQR(1+T14T1) 1980 IF I7=1 THEN LPRINT CHR$(12)
1020 NEXT J2. J1 1990 END
1030 IF I4>1 THEN 1210
1040 IF N1>1 THEN A(1.1)=A2: ELSE A(1,0)=A2: GOTO 1200
1050 A(1,0)=A(1,1)/G(1,0): A6=A(1,0)
1060 IF N1<3 THEN 1190
Figure 2. The BASIC listings perform the calculations for Figures 1 to 4.
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Chebyshev N= 3 Am= .5 dB 3 dB BW
Prototype poles:

Section Re(P) Im(P)

1 .5365863 0

2 .2682932 .8753236
Chebyshev N= 3 Am= .5 dB 3 dB BW
Op-amp gain BW= 15 MHz Capacitor DF= .1 %
Total gain= 10

Ff= 250000 Hz Fe= 248746.9 Hz BW= 50000 Hz
Section 1

Fs= 227817.3 Hz Q= 18.61458
As= 10 AO= 2.773427 As/A0= 3.605648
Cl= 100 pF C2= 100 pF a= 32.92112

R1= 12480.38 R2= 1288.381 R3= 38147.64
R4=- 513.8839 R5= 10000 K= 1.051388
Section 2

Fs= 271599.2 Hz = 18.61458

As= 6.653608 AO= 2.04951 As/AO0= 3.246439
Cl= 100 pF C2= 100 pF a= 27.61422
R1= 15746.81 R2= 1141.762 R3= 29167.89
R4= 622.0341 R5= 10000 K= 1.062203
Section 3

Fs= 248746.9 Hz = 9.271459

As= 1.766895 AO= 1.759274 As/A0= 1.004332
Cl= 220 pF C2= 220 pF a= 30.15114
R1= 14533.31 R2= 527.9815 R3= 15105.25
R4z 466.8987 R5= 10000 K= 1.04669

Table 3. The output of the program in Table 2.

Tuning Procedure

To tune each filter section, disconnect its input from the pre-
ceding stage and apply a signal at the calculated center frequen-
cy for that section from a low-impedance source. Adjust R2 for
a 180 degree phase shift between the input and the output of
that stage. Then, when all sections have been tuned, connect
them together.

A Basic Program

Table 2 is a listing of a computer program which performs all
of the calculations shown in Figures 1 thru 4. The language is
a common version of Microsoft Basic which will run on IBM PC’s
and compatibles, TRS-80's, and most other small computers. The
printer settings in lines 1780 and 1790 are for a Gemini-10X and
may have to be changed for other printers.

An Example

A three-stage Chebyshev filter with 0.5 dB passband ripple,
250 kHz center frequency, 50 kHz 3 dB bandwidth, and a gain
of 10 is required. LM318 op-amps with 15 MHz gain-bandwidth
will be used. Capacitor values of 100 pF are selected for the first
two stages and 220 pF for the last. The program shown in Table
2 is used to calculate the required resistor values. Line 1460 of
the program, which corrects the value of R3 to compensate for
the dissipation factor (.1 percent) of NPO ceramic capacitors, was
deleted for these calculations. Table 3 is the printed output. A

.OPTIONS LIST NODE R22 6 0 1141.8
.WIDTH OUT=80 C21 6 9 100E-12
.SUBCKT OPAMP 1 2 3 C22 6 7 100E-12

El 4 01 2 2ES R23 7 9 29168

R1 4 0 1E5 R24 8 0 622.03

R2 4 5 21221 R25 8 9 1E4

Cl 5 0 1E-7 X21 8 7 9 OPAMP
E230501 R31 9 10 14533
.ENDS OPAMP R32 10 0 527.98
VIN 1 0 AC C31 10 13 220E-12
R11 1 2 12480 C32 10 11 220E-12
R12 2 0 1288.4 R33 11 13 15105
Ci1 2 5 100E-12 R34 12 0 466.90
Ci2 2 3 100E-12 R35 12 13 1E4

R13 3 5 38148 X31 12 11 13 OPAMP
R14 4 0 513.88 .AC LIN 25 210E3 290E3
R15 4 5 1E4 .PLOT AC VDB(13)
X11 4 3 5 OPAMP .END

R21 5 6 15747

Table 4. Input listings for Figure 5.
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SPICE program was used to analyze the resulting filter. Figure
5 is the schematic described by the input listing in Table 4. The
op-amp subcircuit models the LM318 open loop gain (106 dB
DC gain and 15 MHz gain-bandwidth). An output plot is shown
in Figure 6.
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Product Detector Performance

Basic Information About An
Often-Misunderstood Circuit.

By Fred Brown
Palomar Mountain, Calif.

Product detectors are widely used in communications but are
often poorly understood. There have been only a few published
comparative analyses of different configurations. This paper
breaks ground for future quantitative comparisons of different
PD circuits.

roduct detectors (PDs) are essentially frequency converters

that down convert signals in an IF passband to audio or video
frequencies. Figure 1 is an example of the type of spectrum the
PD must handle. Signal components in the IF passband are
denoted by eg and eg, and the local oscillator by E,. The pro-
duct detector must mix eg, with E, and e g, with E, — a require-
ment that is easily met by a nonlinear device. However, an or-
dinary detector will also mix eg, with eg, and pass this unwanted
frequency on along with the desired frequencies. An easy way
to measure product detector performance is to substitute the car-
rier and 2 sidebands of an amplitude modulated signal for eg,
and eg, in Figure 1. The AM rejection ratio is then

AM rejection ratio =
PD output due to carrier
<0'lgg PD output due to AM detection ge (M
The carrier amplitude is the same in both numerator and
denominator. An audio filter can be used to separate the detected
AM from the heterodyned carrier and sidebands. This is easy
if the signal frequency is separated from the LO frequency by
several times the modulation frequency. If the PD truly responds
only to the product of the signal voltage, e, and LO voltage, E,,
the output voltage becomes that of equation 1 with k being a
constant.

Eout = KE,Sinw,t - e,Sinw,t )

Using SinA - SinB = %2Cos(A — B) — 2Cos(A + B), (1) becomes

A

Amplitude

€5y €g;

|

>

Frequency

) ;I—)’ % r EEL.O.

¢ Audio

&

Figure 1. Spectrum encountered by product detector.

RF Design

Figure 2. Classic ring modulator or double balanced
mixer.
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Eou = V2KE e,Cos(w, — wet — Y2kE e,Cos(w, + wgt 2)

Equation (2) shows that a true product detector will produce only
sum and difference frequencies in its output. Note that the sum
frequency is easily removed with a low-pass filter. If the signal
is amplitude modulated with modulation index, M,

e, = e, (1 + MSinwpt), then (1) becomes
Eou = KEy€,Sinw,t (1 + MSinw,t)Sinw,t 3)

or

Eou = V2kEge, (1 + MSinw,t) Cos(w, — wg) t —
V2KEoa (1 + MSinwyt) Cos (w, + wy) t @)

If we ignore the second term of (4), the sum frequency, and
expand the first term as before, we have

Eou = V2kE e, [COS (w, — we) t + V2MSin(w, + w, — wg) t +

2MSin (wy, — wo + wy) t] (5)
Notice in (5) that the three frequencies present in the output are
the frequencies produced by the LO mixing with the carrier and
the two sidebands. No frequency corresponding to w,, is pre-
sent; in other words, AM detection does not occur in a perfect
product detector. For comparison the AM rejection ratio for a
conventional square-law detector is computed. The output of
such a detector is proportional to the square of the input voltage
as shown in equation 6, with k being a constant.

Eou = k(ein)? (6)

If a local oscillator and AM signals are applied to such a detec-
tor the output will be that of equation 7.

Eou = K[E;Sinw,t + (1 + MSinw,,1)Sinw,t)? 7

Eout = KEo2Sin2w,t + 2KE @, Sinw,t (1 + MSinw,t) Sinw,t +
keg2 (1 + MSinwpt)? SinZw,t ®)

The second term in (8) can be expanded as shown in equation 9.
KEqes (1 + MSinwpt) [Cos (w, — wgt — Cos (w, + wg) 1] (9)
The amplitude of the difference frequency is now

kE,es(1 + MSinwyt) (10)
The last term in (8),

kes2(1 + MSinw,1)2Sin2w,t

now becomes that of equation 11 by using the following identity:
Sin2A = Y2 — 2Co0s2A

kes2(1 + MSinwnt)2(2 ~— V2 Cos2w,t) (1)
This gives rise to an audio term as shown below.
V2ke2(1+HMSinw,t)2

=2ke 2(1+2MSinwpt+Y2m2—12m2Cos2w,t) (12)
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12V, 4 mA
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Figure 3. A doubly balanced FET product detector with
unbalanced inputs.

The term Yakes2m2Cos2w,t in (12) represents second harmonic
distortion caused by square-law detection, and will be ignored.
The detected carrier, from (10), will have an amplitude of kE e,
and detected AM, from (12), of ke,2M. If the modulation index,
M, is taken as 1 (100 percent modulation) the AM rejection ratio
for a square-law will be seen to be simply E /e,, that is the ratio
of the local oscillator to signal amplitudes. So even a square-
law detector will perform well as a product detector if the signal
amplitude is kept small compared to the local oscillator ampli-
tude. The mathematical analysis of a linear envelope detector
is not as simple as the square-law detector but experimental
results have shown that the linear detector also has an AM re-
jection ratio of approximately E /e;. The classic PD is the ring
modulator shown in Figure 2. With proper balance, such a detec-
tor can theoretically provide infinite AM rejection. Response will
be linear for signals up to a level of about 10 dB below the LO
input level. The ring modulator has the disadvantage of requir-
ing large amounts of LO injection, balanced signal and LO in-
puts, and a conversion loss of about 6 dB.

A more convenient PD configuration is shown in Figure 3. This
cross-coupled FET PD has a doubly balanced output and does
not require a balanced LO or signal input. Only 1 volt or about
3 mW of LO injection is needed. Signal and LO impedances are
350 ohms, and the output impedance is essentially that of the
drain load resistor, in this case 1000 ohms.

The 2K balance adjustment pot, R,, can be adjusted for
minimum LO voltage at the output. Input coupling capacitors
should be chosen to have less than 100 ohms reactance at the
signal and LO frequencies. The value of the output capacitor
depends on the lowest desired output frequency and the load
impedance. Conversion voltage gain will be about 2 dB. The AM
rejection ratio for a 100 mV, 90 percent modulated signal is 27
dB. [rf]

About the Author
Fred Brown is a self-employed RF Consulting engineer. He
has worked with RF for over 30 years and holds an MSEE
from the University of lllinois. Mr. Brown can be contacted at
Box 73, Palomar Mtn., CA 92060; Tel: (619) 742-1328.
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A Review of O

High-Speed Op Amps Are

in RF Circuits

By Mark Gomez
Technical Editor

The operational amplifier (op amp) re-
presents one of the most versatile building
blocks in analog design. Op amps can be
used to implement circuits such as com-
parators, sample-and-holds, active filters,
buffer, inverters and amplifiers to name
just a few. This article defines someé of the
commonly used terms associated with
these components.

An op amp is a very stable amplifier
used to implement a wide variety
of linear and non-linear operations by
changing external components such as
resistors, capacitors, inductors and
diodes. The name is derived from its
usage in performing a wide number of
mathematical operations on input signals
such as addition, subtraction, multiplica-
tion and division by & constant, differen-
tiation, and integration as well as the
generation of special non-linear functions.
The op amp is a direct coupled gain
amplifier that uses feedback to control its
performance characteristics. The equiv-
alent circuit for an op amp is shown in
Figure 1. The output of the device is con-
trolled by the two inputs V, and Vp which
are connected by the input resistance R;.
A voltage controlied source AgV, in series
with output resistance R, constitutes the
output circuit of an op amp. Aq is usually
very large (typically 10,000) in comparison
with the gain of the circuit in which it is
used. R is typically 10 k ohms and Vg =
VIA,4. Note that for the ideal op amp, Vq
£ V‘ - V2 = Q.

Op Amp parameters

Unity Gain Bandwidth — The unity gain
pandwidth of an op amp is the frequency
where op amp voltage gain is unity. ltcan
be computed by measuring the 10 per-
cent to 90 percent rise time (t,) and using
equation 1.

, = 035/, ()

This method is only valid when the op
amp is connected as a unity gain non-
inverting amplifier.

RF Desian

Finding Applications

Closed Loop Bandwidth — When the
circuit must supply large voltage swings,
the closed loop bandwidth is of concern
and this value is usually much less than
fo- Depending on the peak output
voltage, the closed loop pandwidth may
be only 1/10 or 17400 f,. This high level
pandwidth, f;, is the maximum frequency
of full output power response. Most
general purpose op amps will give ade-
quate performance for the DC and audio
frequency range where gain pbandwidth
product is linear. At high frequencies, gain
bandwidth product merely represents a
number since it is not linear. Hence it is
pest represented in graphical form for
high speed and wideband op amps.

Small Signal Bandwidth is the frequen-
cy at which the op amps closed loop gain
has dropped 3 dB with respect to the low
frequency gain.

Power Bandwidth is the frequency at
which slew rate limitations cause the large
signal gain 1o drop by 3 dB.

Slew Rate — Slew rate is defined as
the maximum rate at which op amp out-
put voltage can change. Maximum slew
rate is called slew rate limiting.

p Amp Specifications

AV
S=" )

Slew rate is higher for high gain circuits

and can be reduced by reducing the in-
put signal and increasing the gain of the
circuit. When an AC signal is used, the
maximum slew rate occurs when f; is
maximum resulting in maximum output
voltage swing. The user should examine
the expected output waveform and select
an amplifier where the slew rate exceeds
the maximum rate of change of output
signal.
Input Offset Voltage — nput offset
voltage (Vi) is the voltage required
across input terminals to drive op amp
output voitage to zero.

V, = V(1 + voltage gain) @)

where V, is the output offset voltage.
This equation holds true for both the in-
verting and non-inverting configurations.
Vi i8S typically in the range of a fraction
of a millivolt to several millivolts. In high
gain circuits, this may result in an output
offset voltage of several volts. In AC cir-

Inverting terminal

V, O

Noninverting terminal

Figure 1. The basic op-amp equivalent circuit.
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Lunar Data Radio

Model DR-4547
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cuits this is often neglected unless the
output offset voltage and peak AC voltage
add up to a voltage approaching either
power supply voltage.

Common-mode rejection ratio — The
common-mode rejection ratio (CMRR) is
a measure of how much the common-
mode signal is rejected relative to the
desired differential mode signal. CMRR
usually deteriorates at high frequencies.
This is generally not a problem at low fre-
quencies because the op amp runs out
of bandwidth before common mode rejec-
tion drops significantly.

CMRR = A /A, (4)

A, is the op amp differential gain as a
function of frequency and A, is the
common mode gain as a function of fre-
quency. The CMRR of an op amp can be
optimized by choosing an op amp with a
large minimum CMRR at DC and by mak-
ing sure that the circuit in which the op
amp is being used is at least 20 times
larger than the op amp CMRR. Also, the
op amp should have the largest possible
CMRR values over the same frequency
range as the circuit.

Power Supply Rejection Ratio — Power
supply rejection ratio (PSRR) is the ratio
of change in input offset voltage over the
change in power supply voltage. If smail
signals are used this may pose as a prob-
lem. The problem can be reduced by
choosing an op amp with a small PSRR,
filtering the power supply, increasing the
input current and decreasing the circuit
gain.

This article defined some of the com-
monly used parameters associated with
operational amplifiers. These versatile
devices are finding their way into RF ap-
plications as the operating speeds go in-
to the RF range. (]
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Microprocessor Interference 1O

VHF Radios

FCC Regulations Do Not Always Protect
Communications Equipment

By Dary! Gerke, PE
Kimmel Gerke & Associates, Lid.

Interference o0 communications SyS-
tems from microprocessors is not new. In
fact, this interference is the basis for the
current FCC regulations that limit emis-
sions from digital equipment. Unfortunate-
ly, these regulations weré designed to pro-
tect television receivers, and are often in-
adequate to protect more sensitive land
mobile communications receivers. This
paper examines the current FCC regula-
tions and compares them to typical thres-
hold sensitivity levels for communications
equipment. It then discusses a case
history of a microprocessor control system
interfering with a land mobile communica-
tions receiver. In the final section several
recommendations aré made.

hen analyzing and trying to under-

stand an electromagnetic interfer-
ence (EMI) situation, it is helpful to first
divide the problem into categories. At the
highest level, the three categories are the
source, the victim, and the coupling path.
Secondary categories typically address
the coupling path — radiated, conducted,
cross-tatk, and common impedances to
name a few.

In this paper, the following assumptions
are made: the sources aré microproces-
sor based digital computers, the victims
are VHF/UHF communications receivers,
and the primary coupling path is direct
electromagnetic radiation which is picked
up by the receiver antenna.

Microprocessors — The Source
In characterizing microprocessor based
systems as a source of emissions, several
alternate approaches aré available. Pre-
dictions, measurements, of “gystem ap-

RF Design

proach” together with existing equipment
limits can be used as baseline.

In this paper, the systems approach is
used together with Federal Communica-
tions Commission limits for digital com-
puters, as specified in Part 15J of the FCC
rules and regulations. This is a reason-
able starting point since personal com-
puter systems must meet those require-
ments, and also because they are being
incorporated as controllers in larger
systems.

in the late 1970s, it was apparent that
the proliferation of home and business
computers was creating a serious inter-
ference problem to licensed communica-
tions systems. Thus, the FCC established
minimal emission requirements for digital
computer equipment. Since the goal was
to establish realistic requirements that
were representative of typical problems,

without being overly restrictive, several
assumptions were made.

First, it was noted that pelow 30 MHz,
the primary coupling path was conduction
through the power lines, while above 30
MHz the primary coupling path was elec-
tromagnetic field radiation. This resulted
in conducted emission limits from 450
kHz to 30 MHz, and radiated emission
limits from 30 MHz to 1 GHz.

Second, most of the complaints weré
regarding interference to television
receivers. This resulted in the radiated
emission limits set to protect television
receivers. The values were determined by
assuming typical signal levels, typical
signal/noise ratios, and typical antenna
factors. The goal was to limit undesired
noise to levels pelow those that would
cause interference in normal metropolitan
situations.

R Frequency

a MHz

d

i

a 30-88

t 88-216

e 216-1000

d

Cc

o 0.45-1.6

n 1.6-30
K

Class A Class B
(30 meters) 3 meters)
30 uv/m 100 uv/m
50 uv/m 150 uv/m
70 uv/m 200 uv/im
1000 uv 250 uv
3000 uv 250 uv

Table 1. FCC Limits.



Third, the computers were being in-
stalled in two environments, in businesses
and in homes. In the home, it was as-
sumed that a computer could be installed
close to a television receiver, which
resulted in a distance assumption of 3
meters. In business, it was assumed that
the nearest television receiver would not
be as close, so a distance of 30 meters
was assumed.

TUSONIX

The current emission requirements for
digital computers, as specified in FCC
Part 15J, are shown in Table 1. Although
the Class A limits appear more stringent,
when scaled to the same distance (as-
suming electric field intensity varies as
1/distance), it can be seen that Class A
allows higher emanations. Thus, we can
use the Class A limits as a “'default” for
computers.

If you’re looking for a reliable source
for EMI Filters and Custom Filter Assemblies . . .
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The Victim — The VHF Receiver

The frequency and sensitivity charac-
teristics of land mobile receivers are well
defined. Land mobile receivers operate in
three discrete frequency bands through-
out the VHF/UHF range: 30-50 MHz,
150-170 MHz, and 450-470 MHz. Typical
input sensitivities are 0.25 uv to 1 uv at
the antenna input terminals, and typical
antennas are 1/4 or 1/2 wavelength.

Table 2 shows the electric field inten-
sities that resuit in 0.25 uv at the antenna
terminals, assuming both 1/4 wavelength
and 1/2 wavelength antennas with 50 ohm
inputs. These were derived using the
formulas:

E=eF/33 for a 1/4 wavelength antenna
E=eF/39 for a 1/2 wavelength antenna

where E is the field intensity in uv/meter,
e is the input voltage in uv, and F is the
frequency in MHz. The assumption is that
if the interference is at or below the input
threshold, then interference to even the
weakest signals cannot occur.

A Comparison of Source and
Victim Levels

An insight for the potential for problems
can be gained by comparing the source
characteristics of a digital computer meet-
ing the Class A FCC requirements in
terms of field intensity generated, and the
victim characteristics of a VHF receiver at
the antenna in terms of field intensity
tolerated.

Table 3 shows the limits for field inten-
sities, as derived in Table 2, versus the an-
ticipated field intensity emissions from a
Class A computer at several distances,
based on a 1/distance decrease in field
intensity. It can be seen that the potential
for interference between the computer
and the receiver exists if the two are within
one kilometer of each other. (This ignores
attenuation effects due to buildings or
other materials. Nevertheless, it does
show the gravity of the situation).

An alternate way of viewing this is to
observe that additional shielding will be
needed at the closer distances. This is
shown in Table 4. At one meter, up to 72
dB of additional shielding would be need-
ed to provide the necessary margin be-
tween the source and the receiver.

A Case Study

In this case history, the author partici-
pated in the integration of a system using
a microprocessor based controller located
three feet from a VHF receiver. The con-
troller was originally designed using FCC
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30 MHz
1/4 Wavelength

1/2 Wavelength 0.19 uv/m

0.23 uv/m 0.38 uv/m

50 MHz 150 MHz 460 MHz
1.1 uv/m 3.5 uv/im
0.32 uv/im 0.96 uv/im 2.9 uv/m

Table 2. Electric field intensity levels for 0.25 uV at antenna.

Class A limits as a guideline. Needless to
say, there were problems.

The microprocessor based system used
a MHz clock, divided internally by four. As
a result, harmonics appeared at 2 MHz
intervals with enough amplitude to cause
problems on the 150 MHz-170 MHz band,
as observed on both a radio receiver and
a spectrum analyzer.

The computer system was housed in a
rack which provided little shielding at 150
MHz. The computer consisted of three
units, a central processor, a memory unit,
and a display/control unit. The three were
interconnected with parallel high speed
digital input/outputs, plus there were over
a hundred low speed input/output lines
used for control and sensing.

The communications receiver had a
sensitivity of 0.25 uv, and was connected
to a 1/4 wavelength whip antenna. The
signal received from the computer was
enough to “break squelch”, and was con-
sidered a major nuisance by the end user.
The system was often used in fringe
areas, so the maximum sensitivity was
needed. Furthermore, the communica-
tions transceiver was installed for safety
reasons, so its use was required.

Moving the communications receiver
and/or antenna was not an option. For
safety reasons, it was required that the
operator have a VHF radio readily acces-
sible. However, it was guaranteed that the
radio antenna would not be located any

closer than three feet.

Only a very narrow band of frequencies
needed to be guarded, approximately 2
MHz at 150-170 MHz, and 1 MHz at
450-470 MHz. Fortunately, there were no
discernable problems in the 450-460 MHz
band.

First, an analysis was undertaken to
assess the severity of the situation. Using
the techniques described in this paper, it
was determined that a Class A design still
needed over 60 dB of isolation. Since iso-
lation by distance was not an option, this
meant additional shielding was needed.
This was also compared with MIL-STD
461 levels, which was quite helpful in
demonstrating the gravity of the situation
to management.

Second, this following fixes were
needed:

e Solid copper shields on all high
speed I/O lines

* Routing of I/O lines as close as pos-
sible to case

¢ Shielded bulkhead connectors on all
110, with circumferential shield termina-
tions

¢ Filter pins on all /O and power lines

* Solid shielded cabinet on three sub-
assemblies, with RF gaskets at seams

e Screen shielding over the display
unit

In addition, the clock frequency was
changed to move the clock harmonics off
one critical frequency. This was not con-
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Table 3. Intensity versus sensitivity levels.
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CRYSTEK

New Product
INTRODUCING

0.C.C.0.
Oven Controlled
Crystal Oscillators

A -
,

QUALITY
FREQUENCY
CONTROL

* A new generation of ovenized crystal
oscillators 1s introduced to the
electronics industry

* An O.C.C.O. is the answer to tight
frequency/timing control over a wide
temperature range (—30° to 85°C)

® The high reliability of 0.C.C.O.'s
guarantees optimum performance in
Two-Way Communicaton, Telemetry
and Instrumental application

e SERVICE

* DESIGN
e SUPPORT

Isolation Required Between
Class A Computer and Receiver

30 MHz 50 MHz 150 MHz 460 MHz

1/4 Wave Antenna

-uvim 0.2 04 T a5

d8 uv/m 13 85 08 n
Class A Computer—1 meter

uvim 900 900 1500 2100

dB uv/m 59 59 63 66

Isolation d8 72 68 62 EL

Cless A Computer- 3 meters

uvim 300 300 500 700
dB uv/m S0 50 54 57
Isolation dB 63 59 53 46

Table 4. Required isolation.

sidered a long term solution since har-
monics still fell within the overall band to
be used.

The results of these retrofits were a
quasi-militarized system, at no small ex-
pense. It was definitely not a commercial
personal computer type of design.

Recommendations and
Conclusions

The engineer should always be aware
that a computer meeting the FCC Part 15J
requirements will not always work with a
sensitive VHF radio receiver. The FCC
limits were designed primarily to protect
television receivers at prescribed dis-
tances. Also, analyze the situation and try

to predict both the sensitivity level of the
receiver and the emission level of the
computer. If the computer meets the FCC
limits, use that as a default, and adjust for
distance.

Use space separation between the
source (computer) and victim (receiver)
where possible. Frequency separation
(changing clock frequencies), if used,
should be carried out carefully. This is
successful only if you are guarding a
single frequency; otherwise it is likely to
fail, since digital systems are rich sources
of many signals.

Another recommendation is that the
engineer should be prepared to use much
shielding and filtering if a microprocessor
and a VHF receiver are co-located in a
system. il

About the Author

Daryl Gerke is a principal in Kimmel
Gerke & Associates, Ltd., 1544 North
Pascal, St. Paul, MN 55108. His career
spans 20 years, and he has held
engineering positions with Rockwell
Collins, Sperry Defense Systems,
Tektronix, and Intel Corp. He can be
reached at (612) 330-3728.
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»F products

Topaz Introduces Digitally-Controlled

Attenuators

The CDG4460J is a 6-bit, digitally-
controlled attenuator for frequencies up
to 40 MHz. It is a hybrid device comprised
of three CMOS/D-MOS integrated circuits
with 11 laser trimmed resistors mounted
on a thick film ceramic substrate. The cir-
cuit is available in a hybrid package which
requires one square inch of pcb space.

The device offers an attenuation range
of 0 dB to 15.75 dB selectable in 0.25 dB
steps. Designed for 75-ohm systems, the
CDG4460J provides constant input and
output resistance regardless of the at-
tenuation setting. On-board latch allows
the user to set pre-determined attenuation
fevels or to recall settings from memory.

These features allow the device to be
used in applications requiring in-circuit at-
tenuators for common 10.7 MHz to 30
MHz frequencies, modulator and
demodulator attenuator strips, IF
amplifiers and test instruments. Other
possible applications include video at-
tenuation, wideband amplifier gain con-
trol, variable burst generation, IF amplifier
attenuation, and frequency synthesizers.

Insertion loss is measured at 6 dB
(max). Maximum propagation delay is 250
ns for data to attenuation set and 220 ns
for clear to attenuator reset. Set-up time
for data to latch enable is 200 ns and hoid

FREQUENCY

+10

V+ = 415V, V- = -16V
Rg = 150¢%, Ry =750

4

— —

1
ATTENUATION SETTING \
4 —0.75d8B

1.75d8

time for latch enable to data off is the
same. The high level input voltage is
typically 3.4 V while the low level input
voltage is 1 V (max). Maximum power
dissipation is 600 mW and the junction

CEL Unveils Prototyping Board for

GaAs Digital ICs

The MD12BRD four layer universal pro-
totyping board is designed to provide an
easy way to evaluate NEC high speed
GaAs logic devices. The board has nine
sites for 16-pin flatpack GaAs ICs, and
allows access to power supply and RF in-
terconnections. It was designed for device
applications with clock inputs up to 5 GHz
and 50 ohm impedance system operation.

The board can be used to build systems
that run at speeds up to 4 GHz by using
a variety of NEC GaAs digital ICs. Typical
functions that can be performed with the
board include input clock signal sensitivi-
ty, maximum operating frequency, pro-
pagation delay measurements, interfacing
with multiple GaAs devices, rise and fall
time measurements, output termination
techniques and system prototyping. The
MD12BRD is priced at $100 each. Califor-
nia Eastern Laboratories, Inc., Santa
Clara, CA. INFO/CARD #219.

RF Design

temperature range is —55 to +125°C.

This digitally-controlled attenuator costs
$39.50 when purchased in unit quantities.
Topaz Semiconductor, San Jose, CA.
INFO/CARD #220.
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FREQUENCY
SYNTHESIS

at your fingertips!

STEL-9272 Digital Direct Synthesizer
provides a signal in the 2 KHz to 130 MHz
band with a 1.1 Hz resolution. (Uses the
STEL-2172 NCO.)

Features:

+ 28-bit frequency resolution, 300 MHz
clock

+ 37 dB signal resolution at all frequencies
up to 130 MHz

+ Frequency changes as rapidly as every
125 nsecs

+ Input signal levels TTL compatible

« Operating Temp: -20°C to +700C.

The STEL-2172 ECL Numerically
Controlled Oscillator generates sine waves
at very precise frequencies at clock
speeds of up to 300 MHz.

Features: 28-bit frequency resolution,
8-bit parallel sine output, 100K ECL
outputs, TTL inputs.

STANFORD

TELECOMMUNICATIONS
2421 Mission College Blvd.

Santa Clara, CA 95054-1298

Call or write to Patti Laakso

(408) 980-5684

Telex: 910-339-9531
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Logic Controlled Resistor Network

The FLJ-ACR1, -ACR2 are designed for
use with resistor tuneable filters and of-
fer four resistor networks with each net-
work comprising of four resistors (R, R/2,
R/4 and R/8). The R value of the ACR1
is 1.59 M ohms and ACR2 is 159 k ohms.

| The logic controlled resistor network pro-

ducts range from $36 to $79 in single
quantities. Datel, Inc., Mansfield, MA.
INFO/CARD #218.

Direct Digital Synthesizer

The Model SP2001 is a direct digital
synthesizer that directly generates code
required for a digital-to-analog converter
to produce sinewave outputs over a range
from 5 kHz to 100 MHz. This ECL 100K

| compatible numerically controlled

oscillator accepts a 16-bit digital frequen-
cy setpoint and generates an 8-bit parallel
output to drive a DAC and produce a
quality sinewave. Time delays inherent in
phase-locked loop synthesizers are
eliminated, and hop time from frequency
setpoint to frequency setpoint is only
limited by DAC setting time. It is packag-
ed in a 40-pin ceramic DIP and is priced
at $675 in quantities of 100. Plessey

Semiconductors, Irvine, CA. Please cir-
cle INFO/CARD #217.

Miniature Amplifier

JCA Technology introduces a miniature
amplifier (Model JCA112- 215) that has a
frequency range of 1 to 2 GHz. The
minimum gain is 20 dB while gain flatness
is + 0.5 dB. Maximum noise figure is 2.0
dB and power output at the 1 dB com-
pression point is +10 dBm. VSWR is 2:1
and the price is $350. JCA Technology,
Inc., Newbury Park, CA. INFO/CARD
#216.

RF Power Transistor

TRW RF Devices Division has intro-
duced a Class C RF power transistor
delivering 12 watts over a 2.3 to 2.7 GHz
bandwidth with a typical gain of 6.8 dB.
It is priced at $230 in quantities of 1 to 24.
TRW RF Devices Div., Lawndale, CA.
INFO/CARD #215.

DDS Module

The VDS-8 is a direct digital synthesizer
module that covers from DC to 8 MHz in
0.10 Hz steps. The switching speed is
under 500 ns with harmonics under —40

Custom RF & Microwave Filters
1 MHz—26 GHz

Need fast action on your needs?
®Feasibility appraisal by phone?
®Fast quotes & budget estimates?
®Delivery on your schedule?

You can get it only from a vendor who understands
your application. This is our twentieth year serving
AEROSPACE, BROADCAST, LAN, SATELLITE, CABLE
TV and RF/MICROWAVE COMMUNICATIONS.

Contact us by phone, Fax or mail.

Reps Wanted: Contact Emily Bostick For Details

Toll Free: 1-800-448-1666
Collect (in NY/HI/AK/CAN): 315-437-3953
Telex: 249-613 Fax: 315-463-1467

Microwave Filter Co., Inc. ® 6743 Kinne St. ® E. Syracuse, N.Y.13057

INFO/CARD 65

March 1988



dBc and phase noise at 1 kHz measur-
ing under —140 dBc/Hz. Divided by 100
to address the audio and sonar ranges,
it can cover 80 kHz with under —100 dBc
spurs. Sciteq Electronics, Inc., San
Diego, CA. INFO/CARD #214.

Dual Output Synthesizer

PTS introduces the PTS 250 dual out-
put frequency synthesizer. It has a fre-
quency range of 1 to 250 MHz with resolu-
tion of 10 Hz to 100 kHz. The phase noise
is -63 dBc at a frequency range of 0.5 Hz
to 15 kHz. Programmed Test Sources,
Inc., Littleton, MA. INFO/CARD #213.

Digital Attenuator

KDI announces the availability of a 0 to
103 dB attenuator in 1 dB steps which op-
erates with a +7 degree maximum phase
shift. The Model DA-DOS5S operates from
2.7 to 3 GHz with maximum input power
of +27 dBm CW. Attenuation accuracy is
+0.5 dB up to 63 dB and 0.7 dB over the
full attenuation range. Other features in-
clude a maximum switching speed of 500
ns from 50 percent of input TTL logic to
0.25 dB of final selected value. The max-
imum insertion loss is 6.5 dB including

loss of 2 input/output test couplers which
are integrated in series with the attenua-
tor. KDI Electronics, Inc., Whippany, NJ.
INFO/CARD #212.

Sequence Detector/Descrambler

The Model 200 sequence detector/de-
scrambler is a high speed, self-synchro-
nizing sequence detector or data scram-
bler which operates from 10 MHz to 600
MHz. When used in companion with the
Mode 100 sequence generator/scrambler,
the Model 200 can measure bit error rate
over high speed communication links. It
is priced at $2,500. Broadband Commu-
nications Products, Melbourne, FL.
INFO/CARD #211.

Reference Synthesizer

Operating at an output center frequen-
cy of either 5 or 10 MHz, the Model 3031B
reference frequency synthesizer provides
a digitally controlled +4 kHz frequency
deviation with 2 uHz resolution. Spurious
components are below —100 dBc and
phase noise is below —145 dBc at 100 Hz
offset. The input reference can be either
5 or 10 MHz. Price is $14,950. Pentek,
Inc., Rockleigh, NJ. INFO/CARD #210.

—

ECL CRYSTAL OSCILLATORS, NOW TO 350 MHz }
AT CUT CRYSTAL OSCILLATOR WITH 10KH SERIES OUTPUT.

ABSOLUTE ELECTRICAL SPECIFICATIONS
FREQUENCY FREQUENCY RANGE: 10 MHz TO 350 MHz
STABILITY SUPPLY VOLTAGE: —5.2 VDC +5%"
PART # (0°C - 70°C) CURRENT: 40 mA TYP"
EM1100A +.01% Tr & Tf: 2.0 nS MAX., 20% TO 80%
EM1114A +.05% 0.7 nS MIN., 20% TO 80%
EM1115A +0.1% “0" LEVEL: -1.63 V MAX., —1.95 V MIN.
EM1116A  +1.0% “1” LEVEL: —098 V MIN., —0.74 V MAX.
EM1145A +.005% LOAD: 502, —2.0 VDC OR 510Q, -5.2 VDC

*CONSULT FACTORY FOR YOUR CUSTOM REQUIREMENTS

OSCILLATEK

RF Design

620 N. LINDENWOOD DRIVE
OLATHE, KS. 66062
TELEX: 437045

(913) 8291777
FAX: (913) 829-3505
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FREQUENCY
SYNTHESIS

at your fingertips!

STEL-9172 Numerically Controlled
Oscillator (NCO) Evaluation Board.

Features:

+ Uses the ST-1172A NCO

+ Sine Wave or Square Wave (TTL)

Outputs

1 Hz to 10 MHz Operation

Fixed Frequency Mode {Generates a

fixed frequency from 1 Hz to 10 MHz)

Swept Frequency Mode (Sweeps be-

tween a start and stop frequency at

up to 10K steps/sec.)

« Stepped Frequency Mode (Steps
through a user selected sequence of
up to 8 frequencies at up to 10K
steps/sec.}

The ST-1172A generates digital sine and
cosine functions of very precise frequency
at clock speeds of up to 25 MHz.
Features: 32-bit frequency resolution, 8
bits sine and cosine amplitude resolution,
12-bit phase outputs, 300mw power
dissipation at 25 MHz.

STANFORD
TELECOMMUNICATIONS

2421 Mission College Blvd.
Santa Clara, CA 95054-1298
Call or write to Patti Laakso
(408) 980-5684

Telex: 910-339-9531
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FEATURES

Easily tuned
10 Watt Power
Low VSWR

Rugged

IMPROVE DYNAMIC RANGE OF YOUR
SPECTRUM ANALYZER

An Eagle TNF-2 tuneable noteh filter allows a 30 dB improvement in dy namic
range during harmonic measurements. Simply set the notch at the fundamenta
frequency and remove attenuation. High Q circuitry assures a deep notch,
always better than 35 dB. Low VSWR, low insertion loss( less than 1 dB at
1.0 GHz), easy tuning and fast delivery make EAGLE filters your best choice

Six models provide notchs from 9.5 Miiz 1o 850 M1z

But, EAGLE is more than notch filters. We provide fast delivery on custom

L.C filters

Do you have a filter requirement in the frequency range ot

00 KHZz to 2 GHz? Are you faced with long lead times, no qualitied source
or lack of vendor interest because of low quantities? Give FAGLE a Cul

We are ready to mecet your filter requirements
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Two New Amplifiers Introduced

Model 3205 delivers 250 W linear power
from 6 to 220 MHz with pulse widths over
250 ms. The pulse droop is less than
three percent and blanking (turn off) is
faster than 5 us. The Model 2060, on the
other hand, delivers 15 W of Class A CW
power with less than 1 dB compression
from 20 to 200 MHz. American Micro-
wave Technology, Inc., Fullerton, CA.
INFO/CARD #209.

Frequency Synthesizer

Syntest introduces Model SI-102, a fre-
quency synthesizer that operates from 0.1
Hz to 16 MHz. It features 5% digits of
resolution and a TTL output that is con-
tinuously adjustable into a 50 ohm load.
Typical applications include calibration
standard for test instrumentation, plotting
and alignment of active and passive fil-
ters, precision variable clock for IC system
testing, and radar range markers. It can
also be used as a precision receiver local
oscillator and is priced at $681. Syntest
Corp., Marlboro, MA. INFO/CARD #208.

Wideband Op Amps
The CLC205 and CLC206 operational

Why do Jensen Transformers have
Clearer Midrange and Top End?

The high frequency rolloft of a Jensen
Transformer is optimized, by computer
analysis, to fit the Besse/ Low Pass Filter
response. This means minimum overshoot
and ringing and flat group delay for best time
alignment of all spectral components of the
musical waveform.

In other words, the harmonics arrive
at the same time as the fundamental
frequency.

The result is a clear midrange and top
end without the harsh, edgy sound which
has been one of the most objectionable
sonic complaints about transformers.

There's no “midrange smear."

Only Jensen has this benefit of hi-tech
computer optimization.

Visitors by appointment only. Closed Fridays.

¢~ OTHER

= JE-11P1

STEP WAVEFORM

15-119-1/

OTHER *

10735 BURBANK BOULEVARD + NORTH HOLLYWOOD, CA 91601 .

(213) 876-0059 - Telex via WUI 6502919207 MCI UW

GROUP DELAY

2 20 2en
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jense

n transformers

INCORPORATED
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amplifiers offer bandwidths of up to 180
MHz and rise times from 2.0 ns. The -3
dB bandwidth for the CLC205 is 170 MHz
at a gain of +20 and settling time to 0.05
percent is 24 ns. The power consumption
is 56 W at +5 V. The CLC206 has a settl-
ing time of 19 ns and small signal band-
width of 180 MHz. The drive capacity of
the op amp is 100 mA — double that of
the CLC205. The price of either device
ranges from $56 to $138 depending on
the version purchased. Comlinear Corp.,
Fort Collins, CO. INFO/CARD #207.

UHF Spectrum Analyzer

Penntek introduces the SA-500E 550
MHz spectrum analyzer. When connected
to an X- display or oscilloscope, the in-
strument allows frequency domain signal
viewing with an on-screen dynamic range
of 70 dB. The display center frequency is
adjusted from 1 to 500 MHz and is shown
on the front panel meter. A 70 dB front
panel RF input step-attenuator is includ-
ed together with crystal controlled fre-
quency markers at 5 to 50 MHz intervals.
Uses include measuring harmonic signal
levels, finding spurious signals, CATV
signal level measurement, off-the-air
signal analysis, production test and align-
ment, and two-way radio servicing. It is
priced at $1495. Penntek Instruments,
Lewistown, PA. INFO/CARD #206.

SC-Cut Crystal Filters

Piezo has developed crystal filters utiliz-
ing SC-cut crystals for the frequency
range from 10 MHz to 80 MHz. Compared
to AT-cut performance, power handling is
as much as 10 dB higher and third order
intercept is typically 6 dB. Piezo
Technology, Inc., Orlando, FL. Please
circle INFO/CARD #205.

GaAs Adder and Lookahead ICs

GigaBit Logic has released two addi-
tions to its family of Picologic™ GaAs
digital ICs: the 10G100, 1.3 GHz 1200 ps
delay expandable 4-bit adder and the
companion 10G101, 1.4 GHz 675 ps delay
carry lookahead generator. The carry
lookahead can expand the adder’s capa-
bility to handle up to 16-bit wide additions,
and multiple 10G100s and 10G101s can
implement fast adders of any larger word
size. The 100 costs $59.50 and the 101
costs $55. GigaBit Logic Inc., Newbury
Park, CA. INFO/CARD #204.

High Frequency Probe

A high frequency probe with low circuit
loading, an accessory for spectrum and
network analyzers, is being introduced by
HP. The HP 85024A has 0.7 pF input
capacitance shunted by an input resis-
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tance of 1 M ohm. The 3 dB bandwidth
is nominally 100 kHz to 3 GHz. It is com-
patible with the HP 8568B, HP 8562A, HP
8590A and HP 4195A spectrum analyzers,
and HP 8753A, HP 3577A and HP 4195A
network analyzers. It comes with a 10:1
divider and is priced at $1,900. Hewlett-
Packard Company, Palo Alto, CA. Please
circle INFO/CARD #199.

Wideband Log Amps

RHG Electronics Laboratory introduces
the Mode! LV750 log amplifier. It has a fre-
quency range of 500 to 1000 MHz, input
dynamic range of =60 to +5 dBm and in-
put VSWR under 1.5:1. Video rise time is
under 15 ns and video fall time is under
100 ns. RHG Electronics Laboratory,

Inc., Deer Park, NY. INFO/CARD #200.

10 GHz Small Signal Bipolars:
You cant get higher performance.

Period.

NOISE vs. FREQUENCY / GAIN vs. FREQUENCY
5

Gains as high as 25 dB. Noise figures

lower than | dB. MTBF greater than

10° hours. And frequencies all the way to
oy 1 10 Giz. NEC's small signal

| ) NES44

|
| NE645
L o

! ; L

NEG4S

bipolars deliver the high
performance your specifi-
cations demand.

And no one can match
our selection. Whether vou
need chips or packaged
units, in Standard through
Space Grade, NEC has a

3
AT OPTIMUM NOISE FIGURE. Ga (d8)

&
TYPICAL GAIN

3

el
ot 02 05
FREQUENCY 1(GHz)

- NEC

10 20 304050

bipolar for virtually every
: application.

Call today. We'll work with you engi-
neer-to-engineer to insure you get the
parts you need, at a price that's right.
And in most cases, we'll ship within
48 hours.

NEC technology and quality—and
CEL service. It's a powerful combina-
tion. Put it to work for you.
FREE DATA
FOR DESIGNERS
For a full line Small
Signal Bipolar
specifications brochure,

call, write or circle the

number below. =

California Eastern Laboratories

3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500
Western (108) 988-3500 Eastern (301) 667 1310
Canada (613) 726-0626

Europe NEC Electronics Gmbli 0211650301

€ 1987 Calfornia Eastern Laboratories
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Save up to 31%
on your next
shielded enclosure.

Lindgren Medular Shielding Systems are
assembled, tested and guaranteed to
meet specifications before they are shipped

New, wider shielding panels offer two big advan-
tages: Lower cost and greater reliability.

Eight inches added to the width of Lindgren’s stan-
dard modular panels gives you 44% more floor
space and reduces the square foot cost from 22% to
31%. Fewer seams mean more dependable per-
formance.

These double electrically
isolated, high
performance
shielding sys-
tems can easily
be assembled by
two people with
basic mechanical
skills. A simple
clamping techni-
que assures
maximum performance
through repeated take
down and reassembly.

Modular Solid Shield Room

We're ready to help you meet your shielding needs

with a lower cost modular system and the same high

quality you've come to expect from Lindgren.

Modular Screen Room

Panels  Size  Sq. Ft.  5/Sq. F.

Standard Rooms 30 10'x 20" 200 $84.15
NEW

Wide Panel Rooms 30  12'x 24" 288  §$60.84
Difference +88 -$23.31

(44%)  (27.7%)

Based on Model 30 copper screen construction {including door,
air vents, finished floor panels in ready to assemble kit form)
F.0.B. Factory. Prices subject to change without notice.

Optional Accessories:

Filters, Waveguide Feedthrus, Fiber Optics,
Emergency Exits, Permanent Ramps and Flush
Floors (with low-rise thresholds).

Call us for more information and applications
assistance.

%T
{

/] LINDGREN
| RE, ENCLOSURES

1228 Capitol Drive
Addison, lllinois 60101

312-628-9100
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rF software

Touchstone 1.6

EEsof introduces version 1.6 which feat-
ures a sparse admittance matrix reduc-
tion capability, new full-feature screen
editor commands, and increased variable
and equation faculties. The sparse matrix
reduction technique offers an alternative
and powerful addition to the existing scat-
tering parameter reduction analysis cur-
rently available in Touchstone. The user
interface has been enhanced with new
full-screen editor commands, including
search and replace; repeat find com-
mand; file read/insert; and select, delete,
move, copy, and undo block. Other addi-
tions include VSWR measurements, strip-
line cross and stripline curve elements,
512 frequency points, 10 two-port data
files, sweep progress indicator, print and
plot interrupt, Sony and NEC transistor
data files, and the capability of acquire S-
parameter measurement data form a net-
work analyzer for direct use in its analyses
and optimizations. Pricing starts at $9,900
depending on system and configuration.
EEsof, Inc., Westlake Village, CA.
INFO/CARD #166.

Transmission Line Analysis and
Synthesis Software

=TLINE= handles microstrip, stripline,
coplanar waveguide, coplanar waveguide
with a ground, coaxial, coupled microstrip
and coupled stripline. The routines used
include the effects of dispersion, metaliza-
tion thickness and surface roughness.
The synthesis process optimizes imped-
ances to the desired values using the
analysis routines. Besides the normal
dimensional and impedance information,
TLINE gives line loss, effective dielectric
constant, propagation velocity, highest
frequency for accurate results, critical
cover height for microstrip, coupling fac-
tor for coupled lines and even the unload-
ed Q when the line is used as a resonator.
It is tailored for IBM or compatible ma-
chines and is priced at $395 for SuperStar
owners and $595 otherwise. Circuit
Busters, Inc., Stone Mountain, GA.
INFO/CARD #162.

Schematic Entry Program

Intusoft introduces SPICE__NET, a
schematic entry program for SPICE cir-
cuit simulators. With this program, a
SPICE input deck is produced from a
schematic description. It is designed for
use with IBM PCs equipped with a mouse
and graphics adapter. The price is $295.
Intusoft, San Pedro, CA. Please circle
INFO/CARD #163.

Analog Circuit Simulation Program
ECA-2 2.30 features SPICE compatible

RF Design

transistor models, graphics improvements
and new transition function generators.
The ECA-2 semiconductor models have
been expanded to include Gummel-Poon
BJT and Shichmann-Hodges FET models.
It has a plotting swept values capability
that allows the ECA-2 to simulate a tran-
sistor curve tracer. It costs $675 for IBM
PC/XTIAT/PS-2. Tatum Labs, Inc., Ann
Arbor, MI. INFO/CARD #164.

New!

Program for Lumped Element
Filter Synthesis and Analysis
LEFLTR performs electrical circuit syn-
thesis, user-file circuit analysis, and two
port frequency analysis. The program is
capable of designing lowpass, highpass,
bandpass, and bandstop filters. It is priced
at $495. Microwave Software Applica-
tions, Inc., Norcross, GA. Please circle

INFO/CARD #167.

2.8 GHz Prescalers...

in Silicon!

ey K.

NEC

————

MODEL | FREQUENCY | Vg e
UPBSS1 | 05-2.8GHz | SV | 30mA
UPBS82 | 0.5-28GHz | SV | 45mA
UPBSS4 | 0.5-256Hz | 5\ 18mA |
UPBSSS | 0.5-2.5Ghz | 5V 26mA |
UPBSST | 0.05-1GHz | 221055V 55mA |

By directly synthesizing frequencies up

1o 2.8GHz our new low priced prescalers

help you simplify your designs, minimize

— the number of components, and
RATIO | reduce board space.

2 What does your application
call for? Low cost plastic pack-
ages? Chips or ceramic packages
that can be MIL or Space

| screened? Low voltage devices for

8 battery powered designs?

Call today. We'll work with you engineer-
to-engineer to see that you get the parts
you need, at a price that’s right. And in
most cases, we can ship directly from stock.

NEC technology and quality—and CEL
service. It's a powerful combination. Put it
to work for you.

4

)
o

2.4

ML

FREE DATA FOR s — I
DESIGNERS

For data sheets and

a full line Si MMIC
specifications

brochure, call,

write or circle the number below.

California Eastern Laboratories
3260 Jay Street, Santa Clara, CA 95054 (408) 988-3500
Western (408) 988-3500 Eastern (301) 667-1310
Canada (613) 726-0626

Europe NEC Electronics Gmbti 0211/650301

€ 1988 California Eastern Laboratories
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ANALOG CIRCUIT ANALYSIS
ECA-2

ECA-2 is a high performance, low cost analog circuit
simulator. EC-2 2.31 includes more models, increased
graphics capabilities, increased AC analysis speed, and
expanded documentation.

ECA-2 Offers

e AC, DC, Transient o Twice as fast as SPICE
 Fourier, Temperature o Over 500 nodes

» Worst-case,Monte-Carlo e Detailed 525 page manual
 Full nonlinear simulator e Sine, Pulse, PWL, SFFM,
 Interactive or batch and Exponential generators
* SPICE compatible models e Money back guarantee

ECA-2 Apollo $3000. Apolio Evaluation Kit $380.
ECA-2 IBM PC/XT/AT/PS-2 $675. PC Evaluation Kit $95.

Call 313-663-8810 For FREE DEMO disk

I (L B,

I Tatum Labs, Inc.

1478 Mark Twaln Court, Aan Arbor, MI 48103
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Design & Manufacture
Since 1969

HIGH DYNAMIC RANGE

AMPLIFIERS

“
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of Quality Electronic Equipment

»F literature

RF/Microwave Products Catalog

This brochure gives information on RF
and microwave filters, multiplexers, switch
filter banks, and the design and produc-
tion facilities of the company. The filters
and multiplexers are listed by function,
technology, and response. Integrated
Microwave, San Diego, CA. Please cir-
cle INFO/CARD #188.

Signal Processing Handbook

This handbook contains information,
detailed specifications, and performance
curves for a line of RF, IF and microwave
signal processing components spanning
from DC to 6 GHz. Specifications for
power splitters, frequency mixers, ampli-
fiers, attenuators, switches, filters, fre-
quency doublers, phase detectors, ter-
minations, limiters, GaAs switches and
drivers, RF transformers, and directional
couplers are included. A technical article
and outline drawings of the products are
featured as well. Mini-Circuits, Brooklyn,
New York, NY. INFO/CARD #187.

Digitizing Oscilloscope Brochure
Iwatsu Instruments has issued a bro-
chure on its SAS-8130A digitizing oscillo-

& High Guaranteed Performance
m Competitively Priced
m Custom Designs Available

Choose from more than 20 standard models of High Dynamic Range
RF Amplifiers. Here’s just a partial list:

scope. The functions of the scope togeth-
er with illustrations, specification, and ap-
plications are included. Iwatsu Instru-
ments, Carlstadt, NJ. Please circle
INFO/CARD #180.

Data Conversion Devices Catalog

This catalog describes analog-to-digital
converters and includes 12- to 16-bit
resolution devices with conversion
speeds ranging from 600 ns to 50 us.
Video DACs mentioned are 4- and 8-bit
devices with update rates as high as 125
MHz. Other devices include 12- to 16-bit
DACs, sample/hold amplifiers, complete
data acquisition subsystems, DC/DC con-
verters, monolithic alarm circuits, and fre-
quency to voltage converters. Advanced
Analog, Santa Clara, CA. Please circle
INFO/CARD #172.

Membership Directory

The Automatic Identification Manufac-
turers, Inc. (AIM) has published a direc-
tory that includes company names, ad-
dresses, phone numbers, and contacts for
its 102 members. Included is a section
that categorizes the products and ser-
vices offered by the companies and in-

Model Frequency Gain N.F 3rd P

PF841 2-32 MHz 16.0 dB 60dB + 47 dBm
» ' PF865 20-400 16.5 80 +35
PF749-1 146-174 16.5 45 + 35
ot PF829 406-512 16.5 45 + 38
PF797A 800-960 195 510 + 35
PF833 806-920 265 28 + 34
PF845 890-915 18.0 2.0 +35
PF849F 825-851 16.0 10 - 20

Also available: more than 30 models of standard power dividers.

Call or write today for a free catalog!
(503) 757-1134 = FAX: (503) 757-7415

. JANEL LABORATORIES, INC.
33890 Eastgate Circle = Corvallis, OR 97333

62
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cludes bar code scanners, printers and
suppliers; printing vendors; optical
character recognition, magnetic stripe, vi-
sion and voice systems, and supplies; RF
identification and RF data communica-
tions equipment; software for automatic
identification systems and systems inte-
gration/consulting services. AIM, Pitts-
burgh, PA. INFO/CARD #184.

Analog MMIC and Digital IC
Brochure

A brochure covering NEC's GaAs
analog MMIC and digital IC products is
available from CEL. It outlines GaAs
analog MMICs, GaAs prescalars, GaAs
digital logic elements and GaAs fiber optic
ICs together with a selection guide, pack-
aging information, reliability data and pro-
duct electrical specifications. California
Eastern Laboratories, Inc., Santa Clara.
CA. INFO/CARD #182.

Power MOSFET Data Book

The MOSPOWER Data Book from
Siliconix provides a reference for industry-
standard power MOSFETs and MOS-
POWER products such as the dense-cell,
large chip ELEFET and the low on-
resistance MOSFETs. Detailed specifica-
tions for approximately 400 MOSPOWER
transistors and small-signal MOSFETs
can be found using part number cross-
reference, selector guide and alpha-
numeric arrangement. Avalanche current
ratings are included in the listings. There
are sections devoted to die specifications,
process flow, and package outlines. Sili-
conix, Inc., Santa Clara, CA. Please cir-
cle INFO/CARD #176.

RENT ANYTHING BETWEEN
A TELEPHONE AND
A SATELLITE DISH

... OFF-THE SHELF TODAY!

This free brochure
lists many sophis-
ticated instruments
from major manu-
facturers, includ-
= ing, Anritsu,
Atlantic Research
Hewlett Packard,
Tau-tron,
Tektronix, and
more. Rent for
precisely the time you need . . . 30
days on up. Call right now!

TOLL FREE
(800) 227-8409 or (800) 331-3440 (in CA)

\

6307 De Soto Avenue, Ste. J
Woodtand Hills, CA 91367
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Publications Catalog

A catalog of special publications, re-
search publications, conference publica-
tions and technical papers (1977-1986) is
available. The special publications are
concerned with scientific and technical in-
formation derived from NASA programs.
The research publications contain com-
pilations of scientific and technical data.

Lastly, the technical

Springfield, VA. INFO/CARD #181.

Conference publications record the pro-
ceeding of scientific and technical sym-
posia and other professional meetings
sponsored or cosponsored by NASA.
papers present
results of significant research conducted
by NASA scientists and engineers. Na-
tional Technical Information Service,

Trimmer Capacitors
from HF ugh
Microwave.

The World’s
Broadest Line.

For high quality and ready availability,
phone (516) 746-1385 today.

SPRAGUE
G00DMAN

Sprague-Goodman Etectronics, Inc./An Affiliate of the Sprague Electric Company
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395
TEL: 516-746-1385 « TELEX 14-4533 « TWX: 510-600-2415 - FAX: 516-746-1396

INFO/CARD 61

300 u/V to 100V range

3 dB accuracy at 1.6 GHz
Loading of less than 2 pf
$675 complete with probe
Immediate delivery

800-327-9308/305-777-1440

FAX: 305/777-1447 131 Tomahawk Drive

Indian Harbour Beach, FL 32937

INFO/CARD 66

Broadband sensiti;e RF millivolt meter.

Model RF-801

20 kHz to 1.6 GHz frequency

Helper Instruments Company
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RF Circuits
Opportunities

For many years Hughes has been com-
mitted to excellence in the manufacture
of Quartz Crystals and custom Crystal
Filters. In recent years, we have ex-
panded to include various types of
Crystal Oscillators and RF, Microwave
and MIC modules. We are currently
looking for experienced Engineers for
Section Head positions in the following
areas:

* Ceramic Design

* Crystal Design—Quartz

¢ Engineering Technicians—Sr. Level
¢ Filter Design

¢ Microwave Design—Sr. Level

* Oscillator Design

* RF Circuit Design

You will be responsible for the design
and development for compornents used
in communications and data link space
and radar programs. Manufactur-
ing/Producibility experience is a definite
plus

Call for Papers

UCLNES

We offer an attractive salary and an
outstanding benefits package. including
tax-deferred savings: medical, dental
and vision care coverage.

Piease send your resume to Profes-
sional Staffing, Hughes Aircraft Com-
pany, Microelectronic Circuits Division,
Dept. DFR-388, PO. Box H, 500
Superior Avenue, Newport Beach, CA
92658-8903 or call Dan Wyman at (714)
759-2557. Proof of U.S. Citizenship may
be required. Equal Opportunity
Employer.

Creativity
America depends on.

HUGHES

AIRCRAFT COMPANY

MICROELECTRONIC CIRCUITS
DIVISION

—rFeisi88

October 25-27, 1988
Philadelphia Civic Center

Your participation is requested, to continue a tradition of excellence.
Topics needed include basic tutorials, project case histories, and ad-
vanced design techniques. The recognition by your engineering peers
is a reward you will not forget. All speakers receive complimentary
full registration and a copy of the Proceedings.

Send your proposal, including title, abstract, and author(s) infor-
mation to:

Questions may also he addressed to:

: Carl Erichson

y RF Expo Fast Program Chairman Gary AL Breed

: McCoy Electronics Editor, RE Design

. 100 Watts Street 6300 S, Syracuse Way

y PO. Box B Suite 630

: Mount Holly Springs, PA 17065 Englewood, €O 80111

5 T17-486-3411 303-220-0600

LN TN T T, T, ey,
68
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TME]L LOW POWER TCXO

Features:
e Small Size — 1.125 in.?
(1.5"x1.5"x.5")

e Stabilty — +1 ppm
—-40°C to +85°C
1 5x10-8/V, (5 —15V)

¢ Low Current 1 mA max
(5 to 15 Vdc)

* Meets MIL-0-55310

e Low Power — 3.5 mW
(5.0 Vdc Supply)

TEL

Time & Frequency Ltd.

Please check:
O immediate Need

Send for complete specifications:

TCXO 0 Send your catalog BEL
046 SERIES [J Have a Sales Engineer  Company
50 Hz to 10 MHz contact me. Mail Stop - S
_L Address
YOU CAN REACH US AT 1"& City _ State Zip
(516) 794-4500 Time&Frequencyltd.  Prons () o
RFD 3-88
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To receive RF Design 1. I;Iesai::sgheck the one category which best describes your
Answer all questions, sign, date and mail today. e :

/ ¥ 1 wish to receive RF Design free of charge (0 yes OJ no

// Signature Date

[ STATE Izw

L The above is my (J company address. (J home.

25 O CATV & broadcast equipment
45 O Land mobile equipment
140 O Video, sudio equipment

70 O Consumer electronics

02 O Engineer (MTS)

15 [ Aviation, marine, navigation
systems
112 O Sstellite & space systems

required 142 [0 Data transmission, computer 114 D EW, ECM & radar systems
NAME systems 116 O Miltary communications
60 O Instruments & test squipment systems
S - 144 O Medical electronics 118 [0 Government agency (non-
TITLE equipment military)
. == = — 148 [ Industrial controls & power 90 [ Lab or consultant
COMPANY NAME supplies 150 [ User of electrical equipment

180 O Library or school

ADDRESS equipment R Other

B O Comp (please specify)
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cITY T T ] 01 O Engineering manager

03 O Engineering Service Titles (Standards, Rellability, QC, Test Engineers)

04 O President, O

, General or Plant Manager

05 O Other — pi pecity _
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Beam Lead PIN Diodes

Discover small but rugged low
inductance, low capacitance, fast
switching Beam Lead PINs.

Discover mechanically innovative,
flexible beam design.

Discover Frequency Sources
Semiconductor applications and
technical support.

. Discover a variety of product types
¥ e “V available from stock.

. M: :\\ Discover useful and helpful informatior
.ol in our Data Sheet and Application Not
on Mesa and Planar Beam Leat s
NOwW!

Example of product 2
PART NO. | GC4901° | GCag02* | (

—-_——

Breakdown
Voltage
VBR (V) MIN

Series Resis.
RS (Ohms) |

Lifetime
TL (ns) TYP |

hing
n’ m
TS (ns) TYP

insight
SEIVICONDUCTOR DIVISION e
A SUBSIDIARY OF LDIR/AL CORPORATION

16 Mapie Road, Chelmsford, MA 01824
(617) 256-4113 @ TWX (710) 343-6506
INFO/CARD 67




SAX/ Questions

and Andersens.

Dispersive devices:

QUESTION: I'm curious about dispersive
devices. Where would | use them?

ANDERSEN: Our matched filters are
widely used in digital communications and
radar. With pulse expansion/compression
you can increase dynamic range without
increasing transmitter peak power or
sacrificing resolution. They Te also used

in compressive receivers for real time spec-
trum analysis with 100% probability

of intercept.

QUESTION: What range of bandwidth,
dispersion and center frequencies are
available?

ANDERSEN: SAW dispersive devices are
used for wide bandwidth applications (up
to 500 MHz) with dispersions up to 100
us. IMCON dispersive devices have nar-
rower bandwidths but provide dispersions
up to 600 us (IMCON's have been
cascaded to produce dispersions of
10 ms). Center frequencies of
Andersen dispersive devices
range from 1 MHz to
750 MHz.

QUESTION: If | want to use dispersive
devices in my system, what do | do?

ANDERSEN: We can help you specify
the devices you need. Or we can supply
the entire subsystem (compression/expan-
sion module, compressive receiver, etc.).
We've been supplying such systems for
over 20 years. And with our in-house
hybrid facility we can provide a compact,
high performance unit tailored specifically
for your system needs.

QUESTION: How do | get started?

ANDERSEN: Just give us a call. We'll do
everything we can to meet your needs.
With our recent major staff increase, we
offer one of the largest groups of SAW
designers of any U.S. company.

If you simply want more information,
send for our comprehensive handbook on
Acoustic Signal Processing. Write to
Andersen Laboratories, 1280 Blue Hills

Avenue, Bloomfield, CT 06002. Or
phone (203) 242-076l/

TWX 710 425 2390.

@® ANDERSEN LABORATORES

When it's a question of SAW,
Andersen is the answer.

Compressive Receiver
{actual size)
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