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1. SENSITIVITY: Superb amplifier circuitry with performance period. At a 1 second gate time the counter will display a new

that can't be matched at twice the price. Average sensitivity sount every 1.2 seconds, on a 10 second gate time a new count
of better than 15 mV from 10 Hz to 508 MHz on every model is dislayed every 10.2 seconds. (10.2 seconds 1S the maximum
and better than 30 mV from 500 MHz to 1.1 GHz on the Series time reyuired between display updates for any resolution on
8010A and 8013. ani mdel listed).

2. RESOLUTION: 0.1 Hz to 12 MHz, 1 Hz to 50 MHz, 10 Hz 7. PORTABILITY: All models are delivered witha 115 VAC
over 50 MHz. adapter. a 12 VDC cord with plug and may be equipped with

3. ALL METAL CASES: Not only are the heavy gauge aluminum an optional ni-cad rechargeable battery pack installed within
cases rugged and attractive, they provide the RF shielding its case. The optional Ni-Cad pack may be recharged with 12
and minimize RFI so necessary In many user environments VDC or the AC adapter provided

4, EXTERNAL CLOCK INPUT/OUTPUT: Standard on the 8010 8. COMPACT SIZES: State-of-the-Art circuitry and external AC
8013 series and optional on the 7010 series is a buffered adapters allowed design of compact easy to use and transport
10 MHz clock time base input/output port on the rear panel. instruments

Numerous uses include phase comparison of counter time Series 8010/8013: 3" Hx 7-1/2" Wx 8-112" D

base with WWVB (U.S. Nationai Bureau of Standards). Stand- Series 7010: 1-3/4"H x 4-1/4 Wx 3-1/4" D

ardize calibration of all counters at a facility with a common 9. MADE IN U.S.A.: All models are designed and manufactured
10 MHz externai clock signal, calibrate scopes and other test at our modern 13,000 square foot facihty at Ft. Lauderdale.
equipment with the output rrom precision time base In Fionda.

counter, etc., eic 10. CERTIFIED CALIBRATION: All models meet FCC specs

5. ACCURACY: A choice of precision to ultra precision time for frequency measurement and provided with each model s a
base oscillators Our =1 PPM TCXO (temperature compen- certificate af NBS traceable calibration.

sated xtal oscillator) ana < 0.1 PPM TCXO are sealed units 11. LIFE TIME GUARANTEE: Using the laiest State-of-the-Art
tested over 20-40°C. They contain voltage regulation circuitry LS| circuitry. parts count i1s kept to a minimum and internal

for immunity tc power variaiions in main instrument power case temperature 1s only a few degree¢s above ampient

supply. a 10 turn (50 PPMj calibration adjustment for easy, resulting in long component life and reliable operation. iNo
accurate seiabthity anc a heaviiy butfered output prevents custom IC's are used.) To demenstrate our contidence in these
circuit loads from affecting oscillator. Available in the 8010 and designs. all parts (excluding batteries)and service labor

8013 series is our new ultra precision micro power proportional are 100" guaranteed for life to the onginal purchaser.

oven oscillator. With = .05 PPM typical stability over 10-45°C. (Transportation expense not covered).

this new time base Incorporates all of the advantages of our 12. PRICE: Whether you choose a sérnes 7010 600 MHz
TCXO's and virtually none of the disadvantages of the tradi counter or a series 8013 1.3 GHz instrument it will compete
tional ovenized oscillator. Requires less than 4 minutes at twite its price for comparable quality and performance

warm-up time, smaii physical size and has a peak current
drain of less than 100 ma

6. RAPID DISPLAY UPDATE: Internal housekeeping
functions require onty 2 seconds between any ==
gate or sample time
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*Call for details. . .
or visit us at Booth 148 at MIDCON/’80 in Dallas

WIDE SELECTION AVAILABLE. ..
Test Equipment Corporation, a leader in microwave product
rentals, can provide you with a wide variety of equipment from
various manufacturers. Oscilloscopes, power supplies, network
analyzers, frequency synthesizers, MLLA systems, spectrum ana-
lyzers, environmental chambers, sweep generators — all this and
more is available immediately.

EQUIPMENT LEAD-TIME REDUCED. ..
Our regional inventory centers and computerized stock system
insure that you can have the equipment you need delivered to
your door with same-day or next-day service on most items.

CALL NOW. ..
For a quote on a specific piece of equipment, or if you just have
questions on rentals and leases, please contact the Test Equip-
ment Corporation office near you. We would be happy to
answer your questions and send you our latest rental catalog.

. I e‘ St Rentals, Sales and Leases of Electronic Test Equipment
SAN FRANCISCO  LOS ANGELES BOSTON DALLAS
E ui ment (415) 964-3923 (714) 770-6633  (617) 272-8389 (214) 234-5017
q p TWO NEW
* LOCATIONS!
Corporatlon DENVER COLORADO SPRINGS
(303) 777-8650  |\NFOICARD 2 (303) 598-0090
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Let Mini-Circuits’
RF TRANSFORMERS
Do Your Matching!

10kHz —800 MHz

$9 95

..from

(Actual size}

Models T, TH (Plastic case)
{0.300"

sq = 0230” tigh)

(Actual size)

Model TMO (Metal case)
(500" L = .230" w * .255" h)

DC ISOLATED PRIMARY
& SECONDARY

?
? 3
4

CENTER-TAPPED DC ISOLATED o
PRIMARY & SECONDARY

g

Model Imped. Freq.  Price
No. ratio  (MHz2) (10-49)
T1-17 1 05200 $395
TMO1-1T 1 05-200 $645
12-17 2 07200 $425
T™MO02-1T 2 07200 $675
12.5-67 25 01100 $425
TM02.5-6T 25 01100 $675
1311 3 05250 $395
TM03-17 3 05250 $645
T4-1 4 2350 $295
TMOA-1 4 2-350 $495
o T4-1H 4 8-350 3495
15-17 5} 3300 3425
T™M05-1T 5 3300 $675
T13-17 13 3120 $425
TMO13-1T 13 3120 $675

® Up to 100mA DC without saturation

Model Imped.  Freq Price
No. ratio  (MHz) (10-49)
T1-1 1 15-400 $29%
TMO1-1 1 15-400 3495
oTl-1H 1 8300 3495
T1.5-1 1.5 1-300 $3.95
TM01.5-1 1.5 1300 $675
12.5-6 25 .01-100 $395
T™M025-6 25 .01-100 $645
T4-6 4 02-200 $395
TMO04-6 4 02-200 $645 \ g
19-1 9 15200 $345 ’
TMO0S-1 9 15200 $645 N
o19-1H 9 290  $545 :
116-1 16 3120 $395 2
TMO16-1 16 3120 3645
oT16-1H 16 785  $595

It’s easy to transform
impedance and reduce VSWR.

UNBALANCED PRIMARY @3 (® Chose from 40 models, 12.6 to 800

& SECONDARY 3t ohms, 10 kHz to 800 MHz, ultra- low

Ot el B f distortion (H models) balanced, unbalanced

N (WHY) (1049) and center-tapped . . . immediate

2.1 7 025600 3345 deliv WP ¥ i i

TMO2-1 2 025600 $595 - y ot ‘grices that. cawt JEe

131 3 5800 $425 matched, startingat$ 2. 95

TMO3-1 3 5800 -$695

12 42600 $345

782‘-2 8 '15§20500 gg 32 World's largest manufacturer of Double-Balanced Mixers

i, 0 g Mini-Circuits
7]

TMOL4-1 14 2150 §675

FOR ADDITIONAL INFORMATION, COMPLETE
PERFORMANCE CURVES. REFER TO 1979-80
DATA DIRECTORY pgs. 161 to 368 or 1979 EEM 2770 to 2974.

SPECIFICATIONS. AND
MICROWAVES' PRODUCT

MINI-CIRCUITS LABORATORY

A Dwision of Scientific Components Corp

2625 East 14th Street Bklyn, New York 11235 (212) 769-0200
Domestic and international Telex 125460 International Telex 620156
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Baseband Measurements
20 Hz to 5 MHz
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7113 7118
Communications applications Microwave applications
1KHz to 1.8 GHz 1.5 GHz to 60 GHz

Our transportable spectrum analyzers are part of the growing family of
Tektronix 7000-Series Mainframes and Plug-Ins designed to meet all your test
and measurement applications with high performance, flexibility and
expandability.



TEKTRONIX SPECTRUM ANALYZER FAMILY

Laboratory performance
plus transportability.

Tektronix Spectrum Analyzers deliver superior performance on the
bench and in the field from 20 Hz to 60 GHz.

Top performance at the
top of the spectrum:
7L18 (1.5 GHz to 60 GHz)

Engineers who design or measure state-
of-the-art microwave systems obtain
supreme accuracy from the 7L18.

Imagine resolving frequencies as close as
180 Hz, 60 dB down, with 30 Hz resolu-
tion to 12 GHz and 10 Hz residual fm
peak-to-peak.. . with full calibration to 60
GHz —the highest available.

Displays are clear and bright...

like this sample of 240 Hz sidebands at
10 GHz.

And other features like digital storage and
digital signal processing are easy to use
with the 7L18’s microprocessor-aided
controls.. . plus a built-in tracking pre-
selector; automatic and fully calibrated.
In application after application, you get
flicker-free traces, even at slow sweep
speeds. And you can compare waveforms
or make a long series of measurements
with repeatable accuracy.

The 7L18 is ideal for testing and evaluat-
ing new microwave systems, including
ECM, satellite communication systems,
and microwave links. All this perform-
ance costs under $17 thousand.

Communications
measurements without
the jitters: 7113 (1 KHz
to 1.8 GHz)

Now you can make every important
communications measurement accurately
and conveniently for EMI, FM, TV, navi-
gation, avionics, two-way and many other
applications.

The 7L13 features jitter-free displays even
at 30 Hz resolution with designed-in 10
Hz fm stability. This provides the ultra-
critical accuracy necessary for design and
proof-of-performance measurements.

The 7L13’s top performance costs under
$13 thousand.

Put a Tektronix Tracking
Generator in tandem
with the 7L13, and you
can make precise swept
frequency measure-
ments, too. All para-
meters, including center
frequency, are read out
on the crt itself for easy
referencing.

Application notes for
communications en-
gineers are available.
Just write or call.

Precision and
convenience for base-
band measurements
up to 960 channels: 7L5
(20 Hz to 5 MHz)

Sweep your baseband for spurious re-
sponse, leakage, noise, shifts, distortion
and transient bursts with the certainty of
10 Hz resolution.

Comparing baseband channel perform-
ance is easy because the 7L5 switches
from a single channel to a 60-channel
supergroup without retuning. You see all
channel amplitudes at a glance, side-by-
side. And, you get frequency accuracy
that resolves an individual channel fre-
quency down to 10 Hz, including signals
at-140 dBv.

A 7L5 Spectrum Analyzer costs under

$9 thousand.

With every member of our spectrum
analyzer family, you receive Tektronix’
reliability, quality and service.

Contact the Tektronix Field Office nearest
you for applications assistance, a demon-
stration or pricing information.

For literature only, call our toll-free
number: 1-800-547-1512.
Oregon residents call collect: 644-9051.

In Europe: Tektronix, Ltd., Box 36,
St. Peter Port, Guernsey, Channel Islands

Tektronix

COMMITTED TO EXCELLENCE
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Hey!! What’s Happenin’?
Or Turning the Corner

9m sure you've noticed a few changes in r.f. design over the

past months. The magazine started out bi-monthly with the first

issue appearing in November 1978. January 1980 saw it become
monthly, up till June.

Then we waited. Where's the July issue a few of you might have
wondered. Finally the issue came — it was called July-August and it
felt thin.

Here we are now with a thick
September-October issue which is
heavy enough to swat a mature bull-
frog and do serious damage. Let
me tell you whats been happen-
ing and bring you up to date.

In the beginning (I just love that
phrase) the powers that be thought
the concept of a magazine dedi-
cated and devoted to the RF en-
gineer was a long time in coming.
They were right! They noticed that
the trend had been, by other maga-
zines, (and still is) to promote the
digital and plumbing areas. Not to
discount their importance but there
are probably 50,000 of us actively
designing in the important frequency
range 10 kHz-2000 MHz. This does
not include the many millions who
would be sorely dissappointed by
the absence of services in that
same range — e.g. TV (and CATV) land mobile. maritime mobile,
amateur and CB radio, etc. What I'm trying to say is that our
original concept was and is correct.

So what is the probiem? Most magazines exist to a greater or lesser
extent on advertising revenues. (Greater if it's a free circulation). Last
month | asked for your help in terms of sharing articles with us. Your
response as usual was fast. interesting and gratifying. I'd like to make
one more request.

You must have noticed by now the abundance of tear-out cards in
several places in this issue. These are direct inquiry cards that enable
you the designing, specifying engineer to rapidly respond to advertisers.
Take this opportunity to express your neecs to them. This will help us
by helping them make the connection. I'm sure you've seen quite a few
formulas in your professional life but let me show you one more:

Rich Rosen

ky Cards = kj Inquiries = k3 Sales = k4 Advertising =
ks Magazine pages = kg Articles

All the proportionality constants are rational positive numbers. You,
the reader can help determine their value.

l Ala____—

September/October 1980
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Texscan offers you 15 years of
experience in the manufacture of high
quality RF and Microwave Attenuators.

We're proud of our extensive product line —
over 200 different attenuator models
including: fixed pads, rotary, continuously
variable and programmable. Whatever your
design calis for, chances are we have the
attenuator you need with high accuracies and
power capabilities up to 10 watts, as well as
meeting MIL environmental specs.

we'd be happy to give you the inside story on all our
attenuators. Write or call today for our brand new 68
page component catalogue.

Texscan

Texscan Corporation Texscan Instruments Ltd. Texscan GMBH
2446 North Shadeland Avenue 1, Northbridge Road Peschelanger 11
Indianapolis, Indiana 46219 Berkhamsted, Hertfordshire D8000 Munchen 83
Ph: 317-357-8781 England, UK west %%;nany
TWX: 810-341-3184 Ph: 04427-71138 Ph: 08 01048
Telex: 272110 Telex: 82258 Telex: 5-22915
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A Designer’s Guide To
RF Connector Selection

Allen Nemetz
Amphenol North America Division
Danbury, CT

oaxial RF connectors are manufactured by the millions.

They are used for such diverse applications ranging
from CB to precision laboratory measurements. Proper
choice from several available ‘“series’ of connectors
matches the connector performance to the application.
The abundance of choices, however, can be confusing to
the packaging engineer. The first task is to understand
the choices. Why TNC rather than BNC? Should | use
a “‘captivated” contact? Under what circumstances should
| specify high-performance precision coaxial connectors?
What are the advantages? This article attempts to clarify
an admittedly confusing subject by looking at the major
RF connector series in construction, performance, and
application contexts.

When RF connectors made their debut in the 1930s per-
formance demands placed on connectors were minimal.
Consequently, the “UHF’’ Series was accepted as the in-
dustry standard. Military needs during World War Il, par-
ticularly the development of radar and other sophisticated
electronic equipment, fostered parailel development of
several new connector series to meet new, more demanding
performance requirements. Today the quest for more exact-
ing performance at increasingly higher frequencies has
spawned even more new connector types. The simple UHF
connector is now the progenitor of 10 major connector
series, each suited for specific applications. Further, the
series are organized into families. The three main families
are ‘“‘standard,” “miniature” and ‘“subminiature.” Generally,
standard connectors are used on cables ranging from .25"
to .60" O.D., miniature connectors terminate cable within the
range of .15 to .25" O.D., and subminiature connectors are
used on smaller cables and semi-rigid transmission lines.

Standard Connectors

The first true coaxial RF connector series to be de-
veloped was the UHF Series. It was developed in the
late thirties for the radio industry. This was a time of
rapid advances in coaxial cable technology, ultimately
leading to solid dielectric constructions similar to to-
day's cables.

The most important member of the UHF family is the

18

venerable PL-259, or 83-1SP connector. It is without doubt
the most widely used and best known RF connector in
the world. Although marketing “experts’ have predicted its
demise for years, this connector continues to be the leader
in field application year after year. The CB boom, of
course, gave it a healthy reprieve from obsolescence. it
endures because of a combination ot acceptabte per-
formance, relative ease of assembly on cable and low cost,
making it a very cost-effective connector.

The mating connector is the SO-239, or 83-1R panel
receptacie. it is also used by the millions — on two-way
radios and various test instruments. Of course, every CB set
manufactured uses an SO-239 or a functionally equivalent
connector. Just as *PL-259" applies only to the plug, the
designation “*S0-239" refers specifically to this connector.
Many functional equivalents of both connectors have been
spawned by the CB boom of recent years and are loosely
included under these designations.

Several other UHF connectors and adapters have been
popular throughout the years. To just name a few: the PL-258
splice adapter. the right angie and tee adapters, and the
bulkhead version of the SO-239 receptacle. The PL-259 plug
is designed for RG-8 cable; two adapters allow its use on

Figure 1.

September/October 1980



RF Connector Frequency Range
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RG-58 and RG-59, thus giving one connector the ability to
terminate the three most popular coaxial cables.

The UHF connector benefited from the CB boom in
another way. PL-259 or 83-1SP connectors required care-
ful soldering of the center contact during assembly. To
make cable termination easy, Amphenol North America
Division incorporated a field crimp concept which eliminates
all soldering. Users receive performance equal to the in-
dustry-standard PL-259 without the bother of soldering.
Generally, UHF connectors are lowest in cost and are usable
for many applications up to 500 MHz. (See Figure 1.)

They are non-weatherproof, have a peak voltage rating
of 500V and are ideally suited for most citizens band
communications applications including mobile radio equip-
ment links between antenna and transmitter/receivers,
ship-to-shore communications, landing systems, ground
control apparatus, and other uses that cail for less than
average electrical performance and no requirement for
impedance matching.

UHF connectors offer designers acceptable performance
at low cost. Unfortunately, they should not be considered
as an alternative to other connector types. Of the popular
coax connector series available today, the UHF is
the only one not performance rated above 1 GHz.

When UHF's were developed, the concept of impedance
matching between the connector and transmission line
was familiar to few. This refinement came along later.
Connectors designed prior to that time are called “non-
constant impedance” connectors. We say they are “nom-
inally” 50 ohms, and they perform well on 50 and 70 ohm
cable up to 500 MHz with low VSWR. Not until the
impedance discontinuity introduced by the connector ap-
proaches one-fiftieth of a wavelength does the signal see
the discontinuity.

N Series

The N Series connectors were the original microwave
series developed to meet urgent needs during World War
Il. Credit goes to a man named Paul Neill at Bell
Labs, hence ‘N for Neill.

N Series mating is with a screw thread. Unlike the

r.f. design

C X KU

UHF Series, the N male plug has a separate outer con-
tact to wipe against the female jack body. The UHF outer
contact is achieved through the butting of the mating faces.
The coupling nut must remain tight to maintain solid
contact. The N mating does not depend on this.

The original N connectors — UG-9 through UG-17
are non-constant impedance designs and are usable to
about 500 MHz. This group was followed by new designs
with significant improvements, resulting in true 50
ohm impedance connectors.

At the same time, a series of important mechanical
improvements were also made to keep pace with more
sophisticated and demanding applications. The sealing
gasket and braid clamp were changed to achieve improved
gripping of the braid. When the clamp nut is tightened,
the braid clamp actually cuts through the gasket, resulting
in greater loading of the braid clamp against the braid
(complete metal to metal clamping throughout). Connec-
tors with these electrical and mechanical features are
called “improved.” Another improvement later was made
by fully captivating the contact, thus preventing it from
moving axially within the connector. Axial movement can
be a real problem with repeated matings, if the connector
is applied when the cable is tightly coiled and subsequently
uncoiled, or with thermal variations.

The 50 ohm *“improved” connector is usable with
consistently low VSWR to 11 GHz. To obtain this perform-
ance level, the connector employs the principle of “reactive
cancellation.” Any connector obviously must cause an
electrical discontinuity in the transmission line. This
impedance bump is minimized by including opposite react-
ances within the connector in such a way that they will
tend to cancel. The connectors are also available in a
70 ohm version.

N’s feature weatherproof construction and have a 1500V
peak voltage rating. VSWR is 1.3:1 maximum through
11 GHz, RF leakage is — 90 dB at 3 GHz and insertion loss
is .15 dB maximum at 10 GHz. These features, coupled
with mating face characteristics and electrical performance
governed by MIL-C-39012 make the N Series a very popular
choice for a broad range of communications equipment
utilizing medium-size coaxial cable.

1)



C Series

The man given credit for the design of the C Series was
Carl Concelman. It was the first series designed from
the beginning as a constant 50 ohm series, with all con-
nectors utilizing the “reactive cancellation” concept and
dielectric filled interface. It was also the first of the UHF
connectors to feature bayonet-lock mating. Generally,
however, the design is similar to the N Series and is
used on the same size cables. (The N Series may be used
on 75 ohm cable below 300 MHz.)

The C series is still available, but less popular than the
N Series. Although they handle more power, C's have a
slightly lower frequency range (0-10 GHz), and where rela-
tively large cables are used with less frequent mating
cycles, the threaded N coupling offers advantages over
the bayonet C coupling which is susceptible to increased
RF noise. C connectors are best suited for applications
that require frequent coupling and uncoupling of the con-
nector to the equipment.

HN Series

An offshoot of the N Series is the HN or *“‘high-voltage
N Series. As the name suggests, the mating face and
threaded coupling are similar to the N. However, the
similarity ends there. The outer diameter of the insulator
was increased to improve voltage breakdown between
center and outer contacts. For the same reason, the
body is much longer than an N.

The HN Series is not very popular today. It is included
to illustrate a point. When a basic design, such as the N,
is altered to improve one characteristic, other characteris-
tics usually suffer. HN’s achieve high-voltage performance
at or near DC, but this falls off rapidly with frequency. Above

15 MHz, they are no better than standard N connectors.
Moreover, to achieve this dubious voltage improvement,
the frequency rating of the connector must be reduced to
4 GHz maximum. The HN is a compromise series. It is
used in applications where the connector must withstand
higher voltages, but because the frequency limits are
substantially reduced, HN Series usage has decreased.

SC Series

Similar to C connectors is the SC Series, or “‘screw C”
Series. Coupling is via a threaded nut rather than a
bayonet. This series is a latecomer, developed specifically
for power handling applications in second and third gener-
ation fighter aircraft avionics and electronic countermeas-
ures. Manufacturing standards are relatively high, as
dictated by military specification, resulting in costs usually
too high for general use. They are usable through 11 GHz,
with consistently low VSWR. (See Figure 2.)

" -

Figure 2.

Tubesin the U.S.

WE OFFER YOU:
® FastDelivery
® Money-Saving Prices
e Knowledgeable Sales Staff
e Courteous Service
<5:(T3(L:|D STATE MICROWAVE e QUO'I'Y Parts for OEM’s & R&D AMPER(E;)E(
MOTOROLA e Toll-Free Phone Number .

When CTC and Solid State Microwave wanted someone who could get
RF Power Transistor and Terminations off the shelf and into your circuits. . .
They chose RF Gain, Ltd...The leading distributor of RF Transistors and

“Whether it be 1 MHz or 4 GHz, 500 Milliwatts or 50 kilowatts, we're

big enough to fill everybody’s needs...Small enough to respond to them.”

Fill out our reader service card or call for our 1980 Parts Catalog and CTC Price List.

=4 R F Gain,Lid.

100 Merrick Road

Rockville Centre, N.Y. 11570
(516) 536-8868

(800) 645-2322
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Twin Series

Another member of the standard connector family is
the twin series primarily used with 95 ohm twin conductor
cables. Twinax is a shielded connector used in systems
with balanced low level and high sensitivity circuits.
Superior shielding characteristics are possible (less than
30 dB) with such connectors and cables. The series
breaks down into three sub-series: The BNC type, the
UHF type and the keyed twinax type. The first two,
BNC and UHF, are similar to the series from which they
take their names: the BNC type is polarized by its mating
face configuration; the UHF type is unpolarized. The
keyed twinax type has a polarizing key and keyway design.
This series, particularly the keyed twinax, is becoming
increasingly popular for computer applications where
twinaxial cables between mainframe and peripherals must
be terminated. (See Figure 3.)

Triax Series

The last standard series is the triax connector which
terminates a special coaxial cable called triaxial or “triax’
cable. This cable has two braids separated by insulation
and is used in critical applications where maximum RF
shielding and minimum noise radiation is required and
where RF leakage is monitored by the FCC. The connector
mating faces look similar to other standard series, but
the electrical integrity of the separate braids is maintained
through the mated connector pair. Triax connectors have
an impedance of 50 ohms but can be used with 75 ohm
cable where impedance matching is not critical. The
internal structure, and number of components necessary
to terminate triaxial cable, needless to say, is relatively
complex.

Figure 3.

Miniature Connectors

Most popular of the miniature connectors is the BNC
Series. Legend has it that Neill and Concelman collaborated
on the design, and the acronym means ‘“Bayonet Neill-
Concelman.” Largely responsible for the connector's
popularity is its ease of mating — simply engage the
bayonet and twist the connectors a fraction of a turn. The
connectors are also extremely versatile. BNC’s may be
used with RG-58/U, RG-59/U and RG-62/U cable, are available
in several cable affixment styles (including crimp, clamp
and solder) and yield extremely low reflection through
4 GHz.

N\

e
@ EaE PRECISION L. FILTERS

ELECTROMAGNETIC DELAY LINES

=

EDAUIING 8 QUALITY § FATT MLAERY

HHen Nviowes, Ine

SPECIALIZING IN FAST PROTOTYPES

“lllrn Aviomies. Ine

FASTEST PROTOTYPES IN INDUSTRY!
PRECISION L-C FILTERS &
ELECTROMAGNETIC DELAY LINES

We stock the largest variety of Delay Lines
from 5 nanoseconds to 1000 microseconds.

FAST DELIVERY on prototype lowpass &
highpass Filters. We manufacture to ‘‘state
of the art”’ requirements for both amplitude
and delay specs.

Phone or write for Delay Lines & Filters
catalogs.

ALLEN AVIONICS, INC.
224 East 2nd St., Mineola, NY 11501
Tel: 516-248-8080

k SEE US AT ELECTRO, WESCON & MIDCON SHOWS

>
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Frequency control
products by el'c

Crystal Oscillators/Quartz Crystals

CRYSTAL OSCILLATORS

ERC has available a wide variety of
crystal oscillators from 1Hz to 300-
MHz. Ovenized crystal oscillators
utilize DC proportional controlled
ovens with a unique construction
which results in low power require-
ments and improved reliability.
Temperature Compensated Crystal
Oscillators (TCXQ), are manufac-
tured under exacting controlled
conditions resulting in \improved
frequency stability specifications
versus temperature.

QUARTZ CRYSTALS

Complete frequency range from
10KHz to 200MHz with Q.P.L. ap-
proval on Military crystals to Mil-C-
3098. Precision coldweld crystals
are available for applications re-
quiring improved long term and
short term stability. Crystal units
are available in various case sizes
and configurations depending on
frequency and mounting require-
ments. ERC offers complete flexi-
bility in specifying crystals and
assistance for their applications.

Call or Write

electronic research company
7618 Wedd, Overland Park, Kansas 66204
TWX: (910) 749-6477 » Telephone: (913) 631-6700
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Three additions to the BNC Series have gained special
recognition. The first is an isolated BNC receptacle, low
in price and requiring no plastic isolating mounting
washers. The BNC isolated bulkhead receptacle fits a
standard UG1094 “D’’ hole mount and was developed for
applications where the ground is isolated from the chassis.
Advantages are low cost, ease of assembly and minimum
of piece parts to handle when assembling.

The second addition is designed to assemble more
easily than standard BNC's without any special tools and
with no sacrifice in performance. This is the patented®
FCP™ concept, whereby the user simply slides a ferrule
over the cable slotted end first, strips the coax, pushes the
connector parts onto the center braid and crimps the
contact to the tip to secure the center conductor. Assem-
bly and termination is accomplished in 70 percent less
time than with solder-type connectors. (See Figure 4.)

The most recent addition to the BNC Series is a family

of low-cost Amphenol® receptacles that enable termina-

Figure 4.

tion of RG-58/U, RG-59/U and RG-62/U coaxial cable to
printed circuit boards. Applications include instrumenta-
tion, test equipment, and computer mainframes and
peripherals.

The first BNC connectors starting at UG-88, were non-
constant impedance types. They are still available today
and can be used for applications below 300 MHz. Most
of the modern or “improved” BNC's are rated to 4 GHz
and higher; their designs include the improved braid
gripping and reactive cancellation features discussed
earlier.

The TNC Series connector is a threaded version of the
BNC (“Threaded Neill-Concelman’ connector). The mating
faces are very similar to BNC’s. The threaded coupling
results in less electrical noise than with the BNC bayonet
lock since relative motion between the mated pair is
completely eliminated. Many TNC's have lock-wire holes
in the nut to give an added measure of insurance against
loosening and electrical noise. For these reasons, TNC’s
are popular for military and demanding commercial appli-
cations where shock and vibration are encountered. With
the threaded coupling, TNC connectors perform well
to 11 GHz.

Subminiature Connectors

Of the subminiature connectors, the SMA Series is the
most important. SMA connectors are semi-precision,
high-frequency connectors yielding repeatable performance
from DC through 18 GHz. Originally developed to duplicate
performance characteristics of .141-in. semi-rigid metal

jacketed cable, SMA connectors now accommodate a
broad range of interconnection requirements within the
upper RF and microwave regions. Typical applications
include efficient transition from microstrip or stripline
circuitry to coaxial configurations, and as interconnections
between precision or high-frequency subsystems, providing
an interface with minimum attenuation and VSWR. They
are also widely used in instrumentation and test equipment
with .085 and .141 semi-rigid cable.

SMAs provide several distinct advantages over the
other coaxial connector families, since they offer broadband
performance, compact size and low cost. Traditionally
used in high-frequency applications, SMAs are finding
increasing use in lower frequency situations because of
superior performance in that range and the cost advantage
of standardizing on a single connector family.

SMA's are available in both stainless steel and beryllium
copper, providing users with a wider choice of designs
where the application allows flexibility in material. Stain-
less steel used in early SMAs achieved broad acceptance
among users. Stainless steel SMAs remain popular today.
Beryllium copper is gaining recognition because it offers
greater yield strength, superior plating adhesion qualities
and is not susceptible to intermodulation generation by
RF connector hardware containing ferromagnetic materials.
(See Figure 5.)

Figure 5.

Variations of standard SMA connectors are available
for specialized applications. “Spark Plug” SMA’s enable a
reliable electrically-sound hermetic seal without the use of
gaskets for feed-through applications, and are used pri-
marily in MIC packages.

Phase adjustable SMAs offer precise means of adjust-
ment for instrumentation. Turning a phase adjustment
nut creates small-increment changes in cable length and
hence phase, up to a maximum of 180° at 18 GHz. For
phased array radar, test equipment, landing systems
and other instrumentation using phase matching tech-
niques, the connectors eliminate tedious cable trimming.

Other members of the subminiature family include
the ALC-5*, a low-cost connector for medium to high-
frequency mobile radio, test equipment and telecommu-
nications applications; and matched impedance Subminax*
connectors for miniature instrumentation.

Also in the subminiature family are the SMB (sub-
miniature B) and SMC (Subminiature C) series. The former
has a snap-on coupling mechanism while the latter is
threaded.

*U.S. Patent 4,053,200
22

*U.S. Patent 3,828,303
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== ANEW CONCEPT IN RF MEASURENVENT TP

Now measure frequency, power,
AM, FM, ®M
from 150 kHz to 1300 MHz.

Single keystroke autotunes
frequency; autoranges modulation Keys enter numeric data
and power and special codes

10 Hz resolution
to 1000 MHz

HP-1B
programmable

Low distortion

"""": - recovered
l o) b [j E]C’) modulation
AM&FM 1 B OE B
filters simulate RF input,
receivers ! ImWito 1 W,

25W protection

Optional internal 0.1% Average and + or — peak Ratio keys for “Special” key for manual “upshift”
AM/FM calibrator detectors with peak hold relative dB or % functions and service routines

HP’s New
8901A Modulation Analyzer.

For the first time all the capability you need to incidental AM or FM from large values of primary

measure RF frequency, power and modulation modulation.
is in one instrument. Easy to use too, the HP 8901 A automatically
The new HP 8901A Modulation Analyzer— selects the strongest signal, makes the measurement
essentially a precision calibrated heterodyne and displays the result. All in all, it’s not only a new
receiver—quickly characterizes transmitters and concept in RF measurements, but an extremely
accurately calibrates signal generators. powerful tool for the analysis of modulated signals.
The 8901A design minimizes measurement error. Take a look at the features above, then if you
e.g. residual FM on the internal local oscillator want more information call your nearby HP sales
is<<1Hz at 100 MHz (50Hz-3kHz BW). office or write Hewlett Packard Co., 1507 Page
AM & FM accuracy is + 1% (@M +3%). Well Mill Road, Palo Alto, CA 94304.
isolated detectors let you separate small values of Price $7800* Calibrator, $500*
»

*Domestic U.S. Prices Only
SYSTEMS 04¢

T P esckero 0
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Precision Connectors

Precision connectors represent the ultimate in RF
connector performance. They are fabricated to extremely
close tolerances in a controlled envrironment and are
limited to use in equipment that requires superior
electrical performance through 18 GHz.

The precision series is subdivided into sizes, the most
common being 7mm and 3.5mm. Precision connectors
are designed for use with air lines of corresponding
size and precision semi-rigid cables. The “7" and *“3.5"
refer to the inside diameter in millimeters of the outer con-
ductor of the air lines they terminate.

Precision connectors are typically used in high-perform-
ance high-frequency applications where design engineers

A

s ot -

Figure 6.

require an interconnect with negligible resonance,
excellent repeatability and low reflection.

The industry's newest and most advanced addition to
the precision series is the Amphenol APC-3.5™,
Engineers for the first time may design for resonance-free
performance to 34 GHz. Prior to the APC-3.5, only
SMA'’s could be specified to support higher-order trans-
mission modes. However, above 24 GHz, SMA performance
is totally unsatisfactory. Use of the APC-3.5 eliminates
any connector-related problems and permits the device
characteristics to dominate.

A prime advantage of the APC-3.5 is its complete
intermatability with SMAs. This enables the APC-3.5
to be used with existing equipment without costly system
redesign. (See Figure 6.)

Choose the Right Connector

From the advent of UHF connectors to the development
of state-of-the-art precision interconnects, embraces nearly
half a century. For many, RF connectors have become
hardware items like nuts and bolts. Even as with nuts
and bolts, however, wise and not-so-wise (costly) choices
can be made when selecting RF connectors. Careful review
of the performance requirements of a given design and
a thorough knowledge of the full range of connectors
available can avoid costly errors. An additional resource
in the connector selection process is close consultation
with the connector supplier. By drawing on the expertise
of the supplier and providing a detailed list of critical
design and performance parameters, the designer stands
the best chance of matching the right connector with
the application, at the right price.

(o_‘yé?. CHIR @@@@@D@

DC TO K BAND

% Choice of NINE dielectrics *
* THREE electrode metal options *
* User defined size and shape *
( 10 mils x 10 mils and vp )

@MPES CORPORRITICN

383 Kings Hwy., Cherry Hill, NJ 08034

609 667-6795
)
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IEEE-488 COMPATIBLE

PRUGHARINIABLE

. COAXIAL

SWITCHING SYSTEMS

C: Gold Book, Vol. 2, page 348
EEM, page 3585

e ! AUDIOO
SWITCHING SYSTEMS
SEND INFO TO:

MATRIX ——
SYSTEMS CORPORATION

5177 NORTH DOUGLAS FIR AOAD » CALABASAS CA 91302 @ (213) 992-6776
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CIRQTEL

INCORPORATED

10504 WHEATLEY STREET,
KENSINGTON, MARYLAND 20795
301-946-1800

TWX: 710-828-0521

STANDARD FILTERS

PRODUCT & PRICE LIST 1980

« HARMONIC WE PUT IT ALL TOGETHER
REJECTION
« LOWPASS @USTOMER SERVICE
’ BS?%??RE H NNOVATION
« BANDPASS IR ELIABLE DESIGN
1 OCTAVE
. BANDPASS IF QUICK DELIVERY
omomss | Toraunuy
« HIGHPASS 18 XCELLENT PERFORMANCE
« COMBLINE J5r =

TUBULAR

Superior Products ... by Design




e LENGTH (L) SHOWN IN TABLES DOES NOT INCLUDE

STANDARD FILTERS

PRODUCT & PRICE LIST NO. 1980-03
(replaces no. 1929-31A effective 4/1/80)

e STANDARD WARRANTY AND SERVICE (SEE PAGE 9)
e PRICES IN THIS CAT. APPLY FOR QTY. 1-24
e FOR HIGHER QTY. PRICES CALL FACTORY

e ALL PRICES, DETAILS & SPECIFICATIONS ARE SUBJECT
TO CHANGE WITHOUT NOTICE

CONNECTORS EXCEPT HARMONIC REJECTION

¢« EXPORT PRICES CONTACT FACTORY.

e TYPE ‘D’ FUSE CLIPS AVAILABLE AT ADDITIONAL CHARGE.

FILTER LENGTH DEFINITION

R — RECTANGULAR

T — TUBULAR

" " Jniin
AR [ 7/8" & 1-1/8" Dia.
- L —
<. L -
T - TUBULAR
M — MINIATURE "
ittt 1/2" Dia. it _ — .
‘ W |1/4" Dia. &1/4” Sq.+ 116" Jiliil]
- L - L -|
CONNECTORS
STANDARD PRICES FOR OSM/SMA JACK I i
FOR OSM/SMA PLUG ADD $3 PER CONNECTOR UL JACK PLUG
FOR BNC OR TNC PLUG OR JACK ADD $4 PER CONNECTOR OSTIENT A 5
FOR PC PINS ADD $9 PER CONNECTOR (For Tubular Filters Only) | gye c D
FOR TYPE N ADD $6 PER CONNECTOR NG E F
PC PIN G
CODE & LENGTH INFORMATION APPLICABLE TO THIS CATALOG ONLY. N H J
CONNECTOR LENGTHS FOR EACH FILTER TYPE

TYPE CONFIGURATION RECTANGULAR TUBULAR1/2” | MINIATURE | TUBULAR7/8"&11/8”
OSM/SMA JACK 3/8" Each 3/4" Each 1/2" Each 7/16" Each
OSMISMA | PLUG 3/8" Each 3/4" Each 1/2" Each 7/16" Each
BNC JACK 1" Each 1" Each = 1" Each
BNC | PLUG 1" Each 1" Each - 1" Each
TNC JACK 1" Each 1 Each - 1" Each
NG PLUG 1 Each 1 Each - 1" Each

PC PIN RT. ANGLE ONLY 0 1/2" Each 3/8" Each -

N JACK/PLUG - 13/8" Each - 13/8" Each

CIRQTEL, Inc.

Superior Products... by Design 1980




HARMONIC

REJECTION

FILTERS

LOWPASSFILTERS
SPECIFICALLY DESIGNED FOR
SWEEP GENERATORS
NETWORK ANALYZERS AND

OTHER INSTRUMENTS
PART NUMBER DEFINITION

1172 OD/-T —E;r(:aguc:rj\::(;f:\/mz

MODEL

MODEL

2L-

Lowpass
2L:1/4” OD Add One Zero
TYPICAL RESPONSE
SPECIFICATIONS 0
1
CUTOFF FREQ'S.: 250 MHz - 16,000 MHz
CUTOFF FREQ.:  1dB Min.
PASSBAND 2
INSERTION LOSS: <0.8dBDCto 91, =
. >40dB 1.36 f_ to Max. Band* 5
ikl >60 dB 1.48 f; to Max. Band* E
IMPEDANCE: 50 Ohms IN/OUT Nom. 2 40 201 | 1,361,
w
VSWR: As shown DC to .9 fc 5‘: ST
POWER CAPACITY: 1L - 10 W. CW Standard < VSWR
2L -2 W. CW Standard 148 ¢
DIMENSIONS: As shown - Dia. X 60 1.3y
Length including connector \/\/\/\/
CONNECTORS:  OSM/SMA Jack 1.1
*TYPICAL
--NOT WARRANTED DC .gfc fC 1.36fc 1.48fc
FREQUENCY
MAX. 60 dB NOMINAL NOMINAL SIZE
PART NO. PASSBAND MHz VSWR STOP BAND MHz DIA. X LENGTHT.T PRICE
1L25 DC-250 1.4:1 370-5000* 1/2” 0D x 5-1/2"
1L50 0C-500 1.4:1 740-5500* 1/2” 0D x 5-1/2"
1L75 DC-750 1.4:1 1100-6000* 1/2" 0D x 5-1/2"
1L100 DC-1000 1.4:1 1480-6500* 1/2" 0D x 5-1/2"
2L150 DC-1500 1.4:1 2230-7500* 1/4" 0D x 3-1/2" SEE
21200 DC-2000 1.4:1 2970-10,000* 1/4” 0D x 3"
20250 DC-2500 14:1 3700-12,500* 1/4” 0D x 3" CURRENT
20300 DC-3000 1.5:1 4450-14,000* 1/4” 0D x 3" PRICE
2L400 DC-4000 1.5:1 5950-16,000* 1/4" 0D x 3"
21600 DC-6000 1.8:1 8900-> 18,000* 1/4” 0D x 3-1/8" LIST
20800 DC-8000 1.8:1 11,700- > 20,000 ** 1/4” 0D x 2-3/4"
2L1000 DC-10,000 2:1 14,700- > 20,000 ** 1/4” 0D x 2-3/4"
201240 DC-12,400 2:1 18,400- > 20,000** 1/4” 0D x 2-3/4"
201600 DC-16,000 2.2:1 23,800-> 26,000 ** 1/4" 0D x 2-3/4"

CIRQTEL, INC.

Superior Products... by Design 1980




STANDARD

LOWPASS
FILTERS

1 MHz to 16 GHz
FREQUENCY RANGE

SMALL SIZE
LOWLOSS
HIGH PERFORMANCE

PART NUMBER DEFINITION

MODEL

LR9 - 400 AA LM-
e AN

R — Rectangular Number of 1 dB Cutoff
T — Tubular Elements Frequency MHz
M — Miniature

TYPICAL RESPONSE
SPECIFICATIONS o
CUTOFF FREQ'S: Model LR: 1 MHz-100MHz 1
Model LT: 150 MHz-1400MHz
Model LM: 1500 MHz - 16,000 MHz
CUTOFF FREQ'S: = 1dB Min. 9 ELEMENT
PASSBAND
INSERTION LOSS: <0.5d8DCto.9 fc
ATTENUATION: 9 Element: >60dB @ 1.8 fc**
(Nominal) 13 Element: =60 dB @ 1.4 f ** 13 ELEMENT
IMPEDANCE: 50 ohms IN/QUT Nom. =
VSWR: <1.5:1DC to .9 f (up to 8 GH2) 2
(Nominal) <2.1:1DC to .9 fc (8 to 16 GH2) g
DIMENSIONS: LR -3/4" W x 5/8" H x Length* = , 1.3fc 1.6fc
LT -1/2” 0D x Length* S
LM - 1/4” 0D x Length* E
POWER CAPACITY: LR -2 W. CW Standard :
LT - 10 W. CW Standard
LM -2 W. CW Standard
CONNECTORS:  OSM/SMA Female Standard 60 TYPICAL s
OPTIONS: LR: BNC, TNC, PC pins VSWR .
LT: BNC,TNC, PC pins, N 1.3
LM: PC pinsto 2 GHz 1.2
1.1
**11020 MHz: 9 elements 2260dB @ 2 f 1.0
13elements 2260 dB @ 1.6 f :
NOTE: LU9 & 13 Models, 1-1/8" 0.D. are available DC of, fc  1.3f, 1.4f,  1.8f,
if tubular configuration is preferred to LR:Rec-
tangular types. FREQUENCY

CIRQTEL, Inc. Superior _Products... by Design 1980




LOWPASS FILTERS-9 ELEMENTS

PART NO. | *L” | PRICE | PARTNO. | *L” | PRICE | PART NO. |*L” | PRICE | PART NO. *L” | PRICE
LR3-1AA | 4 LRI-50AA | 4 LT9-950AA | 2 LM9-4500AA 1
LRY-1.5AA | 4 LRI-60AA | 4 LT9-1000AA | 2 LM9-5000AA 1
LR9-2AA | 4 LR9-70AA | 4 LT9-1100AA | 2 LM9-5500AA 1
LR9-25AA [ 4 LR9-80AA | 4 LT9-1200AA | 2 LM9-6000AA 1
LR9-3AA | 4 LR9-90AA | 4 LT9-1300AA | 2 LM9-6500AA 1
LR9-3.5AA | 4 ~ | LR9-100AA | 4 | _ | LT9-1400AA | 2 — | LM9-7000AA 1 —
LRI4AA | 4 © | LT9-150AA | 4 | @ | LM3-1500AA| 1% | @ | LM9-7500AA 1 2}
LR9-45AA [ 4 | = |LT9200AA | 4 | o, | LM9-1600AA| 1%| o, |Lm9-8000AA | 1 "
LR3-5AA | 4 © | LT9250AA | 2 | © | LM9-1700AA| 1% | 9 | LM9-8500AA 1 Q
LR9-5.5AA | 4 T | L19300AA | 2 | & | LM9-1800AA| 1% | £ | LM9-9000AA 1 T
LR9-BAA | 4 B | LT9350AA | 2 | & | LM3-1900AA| 1%| b | LMI-9500AA 1 =
LR9-6.5AA | 4 W | LT9400AA | 2 | i | LM9-2000AA| 1% | i | LM9-10,000AA | 1 o
LR3-7TAA | 4 & | Lre4soaA | 2 | & | m9-2200aA| 1% | = | LM9-105008A | 1 &
LR9-7.5AA | 4 3 | LT9500AA | 2 | Z | LM9-2400AA| 1% | T | LM3-11,000AA | 1 =
LR9-BAA | 4 w | LTO550AA | 2 | w | LM9-2600AA| 1% | w | LM9-11,500A 1 w
LR9-8.5AA | 4 ®» | LT9600AA | 2 | & | LMm3-2800AA| 1%| & | Lm9-12,000AA | 1 7
LRIGAA | 4 LT9-650AA | 2 LM9-3000AA | 1% LM9-12,400AA | 1
LRI-9.50A | 4 LT9-700AA | 2 LM9-3200AA | 1 LM9-13,000AA | 1
LR9-10AA | 4 LT9-750AA | 2 LM9-3400AA | 1 LM9-14,000AA | 1
LR9-20AA | 4 LT9-800AA | 2 LM9-3600AA | 1 LM9-16,000AA | 1
LR9-30AA | 4 LT9-850AA | 2 LM9-3800AA | 1

LR9-40AA | 4 LT9-900AA | 2 LM3-4000AA | 1

LOWPASS FILTERS-13 ELEMENTS

LR13-1AA |6 LR13-50AA | 6 LT13-950AA |3 LM13-4500AA | 1%
LR13-1.5AA | 6 LR13-60AA |6 LT13-1000AA |3 LM13-5000AA | 1%
LR13-2AA |6 LR13-70AA | 6 LT13-1100AA |3 LM13-5500AA | 1%
LR13-25AA | 6 LR13-80AA | 6 LT13-1200AA |3 LM13-6000AA | 1%
LR13:3AA |6 LR13-90AA | 6 LT13-1300AA |3 LM13-6500AA | 1%
LR13-3.5AA | 6 LR13-100AA | 6 LT13-1400AA |3 LM13-7000AA | 1%
LR134AA |6 % LT13-150AA | 6 | & | LM13-1500AA|2 | & | LM13-7500AA | 1% o
LR134.5AA | 6 = LT13-200AA |6 | = | LM13-1600AA (2 | = | LM13-8000AA | 1% -
LR13-5AA |6 ) LT13-250AA [4% | & | M13-1700AA |2 | © | Lm13-8500AA | 1% O
LR13-5.5AA | 6 < LT13-300AA | 3% | & | LMI131800AA |2 | & | LMI13-9000AA | 1% o
LR13-6AA |6 - LT13-350AA | 3% | | LM13-1900AA (2 | — | LM13-9500AA | 1% —
LR13-6.5AA | 6 N LT13-400AA |3 | 5 | LM13-2000AA (2 | & | LM13-10,000AA | 1% o
LR13-7AA |6 = LT13-450AA |3 | & | LM13-2200AA (2 | & | LM13-10,500AA | 1% &
LR13-7.5AA | 6 3 LTI3500AA (3 | 2 | LMI132400AA|2 | 3 | LM13-11,000AA | 1% 2
LR13-8AA |6 o LT13-650AA |3 | o, | LM13-2600AA (2 | o | LM13-11,500AA | 1% o
LR13-8.5AA | 6 B LT13-600AA |3 | & | LM132800AA |2 | H | LM13-12,000AA | 1% .
LR139AA |6 LT13-650AA |3 LM13-3000AA |2 LM13-12,400AA | 1%
LR13-9.5AA [ 6 LT13-700AA |3 LM13-3200AA | 1% LM13-13,000AA | 1%
LR13-10AA | 6 LT13-750AA | 3 LM13-3400AA | 1% LM13-14,000AA | 1%
LR13-20AA |6 LT13-800AA |3 LM13-3600AA | 1% LM13-16,000AA [ 1%
LR13-30AA |6 LT13-850AA | 3 LM13-3800AA | 1%

LR1340AA |6 LT13-900AA | 3 LM13-4000AA | 1%

CIRQTEL, Inc.
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STANDARD

BANDPASS

FILTERS

1/20CTAVEBW
1MHz to 12GHz
FREQUENCY RANGE
LOWLOSS

HIGH PERFORMANCE

PART NUMBER DEFINITION
. 5BR4-200AA
cure < [ f AN

Bandpass of Poles (I'Jo/ré)nuictors
R — Rectangular .
U UG Low Side/1 dB Cutoff
M — Miniature

Frequency MHz (F|)
MC — Miniature Cavity requency -

5BR-

SPECIFICATIONS

LOW SIDE CUTOFF BR -1 to 90 MHz

FREQUENCIES: BT - 100 to 2000 MHz
BM - 2200 to 5000 MHz
BMC - 5.5 GHz to 12 GHz

INSERTION LOSS
@foz

1 dB BANDWIDTH:
ATTENUATION:

=1 dB Max.

1/2 Octave from Fi_ to 1.5 x F_
4 Pole: 40 dB/1 dB Shape Factor = 3.3/1

(NOMINAL) 6 Pole: 40 dB/1 dB Shape Factor = 2.5/1
60 dB/1 dB Shape Factor = 3.3/1

IMPEDANCE: 50 Ghms IN/OUT Nom.

VSWR: <1.5:1 over 60% of Passband Min. to 6 GHz
<1.8:1 over 60% of Passband Min. to 10 GHz
<2:1 over 60% of Passhand Min. to 16 GHz

DIMENSIONS: BR-3/4"Wx5/8" Hx Length*

BT - 1/2"” 0D x Length*

BM-1/4" 0D x Length*

BMC - 1/4" Square x Length*
CONNECTORS: OSM/SMA Female Standard
OPTIONS: BR - BNC, TNC, PC pins

BT-BNC, TNC, PC pins, N
BM - PC pins to 1400 MHz
BMC - no options

*See page 7 for typical lengths.

NOTE: 5BU Model, 1-1/8" 0.D. is available in
piace of 5BR Models if tubular configuration is
desired.

ATTENUATION (dB)

TYPICAL RESPONSE

0
1
le——1dB BW ——p
! +~3POLE
6 POLE
3.3X 1dB BW
_~
40 / - 25X 1dB BW -
60 /< 3.3 X 1dB BW A,\

FL fo 1.5 x FL

FREQUENCY

CIRQTEL, Inc.

Superior Products... by Design 1980




1/2 OCTAVE BANDPASS FILTERS-4 POLES

PART NO. *L” | PRICE | PARTNO. *L” | PRICE | PARTNO. | *L”|PRICE | PARTNO. [*L" | PRICE
5BRA-1AA 5 5BR4-0AA | 4 5BT4-900AA | 2% 5BM4-3000AA | 2%
5BF4-2AA 5 5BT4-100AA | 4 5BT4-950AA | 2% 5BM4-3200AA | 2%
5BRA4-3AA 5 5BT4-150AA | 4 58T4-1000AA | 2% 5BM4-3400AA | 2%
5BRA-4AA 5 | . | SBT4200AA |3 || GBTA1100AA | 24| | SBM43600AA | 2% |
5BR4-5AA 5 | @ | 5BT4-250AA{3 | ¢ | 58T41200AA | 2%| © | 5BM4-3800AA | 1 %)
5BR4-6AA 5 | o | 58T4300aA[3 | o | sBTa1300aA | 2u| = | semad000AA | 1 "
5BRA4-TAA 5 | Q | 5BT4-350AA[3 | O | s5BT4-1400AA | 2%| O 5BM4-4500AA | 1 3}
5BR4-8AA 5 & | 5BT4-400AA| 3 & 5BT4-1500AA | 2%| & 5BM4-5000AA | 1 o
5BRA4-9AA 5 | & | SBTA4S0AA|3 | b | SBT41600AA | 24| £ 5BMC4-5500AA | 1 =
58R4-10AA 5 | @ | 5BR4-S00AA|3 | @ | sBT4-17008A | 2%| o 5BMC4-6000AA | 1 &
5BRA4-20AA 5 | & | 5BT4550AA|3 | & | 5BT4-1800AA | 2| & 5BMC4-6500AA | 1 -
5BR4-30AA 5 | O | 5BT4600AA[3 | 3 | 5BT4-19008A | 2%| 23 5BMC4-7GAA | 1% | 3
5BRA4-40AA 4 | w | 5BT4-650AA|3 | w | 5BT4-2000AA | 24| w 5BMCA-7.5GAA| 1% |
5BR4-50AA 4 | » | sBT4700AA|3 | & | sBM4-22008A | 2n| B 5BMC4-8GAA | 1% | 5
5BRA4-60AA 4 5BT4-750AA | 2% 5BM4-2400AA | 2% 5BMCA-9GAA | 1%
5BR4-70AA 4 5BT4-800AA | 2% 5BM4-2600AA | 2% 5BMCA4-10GAA | 1%
5BR4-80AA 4 5BT4-850AA | 2% 5BM4-2800AA | 2% 5BMC4-12GAA | 1%

1/2 OCTAVE BANDPASS FILTERS-6 POLES

58R6-1AA
5BR6-2AA
5BR6-3AA
5BR6-4AA
5BR6-5AA
5BR6-6AA
5BR6-7TAA
5BR6-8AA
5BR6-9AA
5BR6-10AA
58R6-20AA
5BR6-30AA
5BR6-40AA
5BR6-50AA
5BR6-60AA
5BR6-70AA
5BR6-80AA

(=2 B = B =PI~ S = r B> B~ > I - I = » BN = P - )

[=2]

5%
5%
5%
5%
5%

SEE CURRENT PRICE LIST

5BR6-90AA

5BT6-100AA

5BT6-150AA

5BT6-200AA
5BT6-250AA
5BT6-300AA
5BT6-350AA
5BT6-400AA
5BT6-450AA
5BT6-500AA
5BT6-550AA
5BT6-600AA
5BT6-650AA
5BT6-700AA
5BT6-750AA
5BT6-800AA
5BT6-850AA

5%
5%
5%

DD AREAE_RELEEAEANS

~

3%
3%
3%

SEE CURRENT PRICE LIST

5BT6-900AA

5BT6-950AA

5BT6-1000AA
5BT6-1100AA
58T6-1200AA
5BT6-1300AA
5BT6-1400AA
58T6-1500AA
5BT6-1600AA
5BT6-1700AA
5BT6-1800AA
5BT6-1300AA
5BT6-2000AA
5BM6-2200AA
5BM6-2400AA
5BM6-2600AA
5BM6-2800AA

3%
3%
3%
3%
3%
3%
3%
3%
3%
3%
3%
3%
3%
3%
2%
2%
2%

SEE CURRENT PRICE LIST

5BM6-3000AA
58M6-3200AA
5BM6-3400AA
5BM6-3600AA
5BM6-3800AA
5BM6-4000AA
5BMG6-4500AA
58M6-5000AA
5BMC6-5500AA
5BMC6-6000AA
5BMC6-6500AA
5BMC6-7GAA

5BMC6-7.5GAA

5BMC6-8GAA
5BMC6-9GAA
5BMC6-10GAA
5BMC6-12GAA

2%
2%
2%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%
1%

SEE CURRENT PRICE LIST

SINCE 1962 CIRQTEL HAS BEEN THE TOP
NAME TO BUY FOR FILTERS DESIGNED TO
YOUR SPECIFICATION. FOR ADDITIONAL
INFORMATION AND PRICES ON NON-STAN-
DARD PRODUCTS WRITE OR CALL COLLECT.

CIRQ

10504 WHEATELEY ST.
KENSINGTON, MD. 20795
PHONE: 301-946-1800
TWX: 710-828-0521

TIEL

INCORPORATED

CIRQTEL, Inc.

Superior Products... by Design 1980




STANDARD

BANDPASS
FILTERS

1 OCTAVEBW

1MHz to 6000MHz
FREQUENCY RANGE

LOWLOSS
HIGH PERFORMANCE

PART NUMBER DEFINITION

1BR6 - 200 AA
)] BN, S

(1 dB/BW) — Rectangular
Bandpass T — Tubular Low Side 1 dB Cutoff
— Miniature Frequency MHz (F|)
MC — Miniature Cavity
TYPICAL RESPONSE
SPECIFICATIONS 0
1
LOW SIDE CUTOFF 1BR-1to 70 MHz
FREQUENCIES: 1 BT - 80 to 950 MHz
1 8M - 1000 to 3800 MHz " 1dB BW =~
1 BMC - 4000 to 6000 MHz e 02
INSERTION LOSS: <1dB @fo
1 dB BANDWIDTH: =1 Octave from F to 2 F_
ATTENUATION: 4 Pole: 40 dB/1 dB Shape Factor = 3.3/1 6 POLE
(Nominal) 6 Pole: 40 dB/1 dB Shape Factor = 2.5/1
60 dB/1 dB Shape Factor = 3.5/1 E‘.;
IMPEDANCE: 50 Ohms IN/OUT (nominal) =t | 3.3X 1dBBW
<}
DIMENSIONS: 1BR-3/4"" Wx 5/8"” H x Length* ’; 40 | 12,6 X 1|d8 BW —
1BT-1/2" 0D x Length* 2
1BM - 1/4” 0D x Length* §
CONNECTORS: 0SM/SMA Female Standard P
OPTIONS: 1BR -BNC, TNC, PC pins
1 BT - BNC, TNC, PC pins, N 2
1BM - PC pins to 1000 MHz 60 ¢ 3.5 X 1 db BW
VSWR: <1.5:1 over 60% of Passband Min. to 3800 MHz
<1.8:1 over 60% of Passband Min. to 6 GHz
<?2.2:1 over 60% of Passband Min. to 12 GHz
NOTE: 1BU Model is available in place of 1BR —
IBU is 1-1/8" 0.D. If tubular configuration is
desired. FL t 2FL
[}
FREQUENCY

CIRQTEL, INC. Superior, Products...

by Design 1980




1 OCTAVE BANDPASS FILTERS-4 POLES

PART NO. [*L” | PRICE | PARTNO. |*L” |PRICE | PARTNO. [*L” | PRICE | PART NO. *L” | PRICE
1BR4-1AA | § 1BR4-70AA | 4 1BT4-700AA | 2% 1BM4-1900AA | 2%
1BR4-2AA | 5 1BR4-80AA | 4 1BT4-750AA | 2% 1BM4-2000AA | 2%
1BR4-3AA | & — | 1BR4G0AA |4 — | 1BT4800AA | 2% | _ | 1BM4-22008A | 2% _
1BR4-4AA | § © | 18T4-100AA | 4 L | 1BT4B50AA | 2%| D | 1BM4-2400AA | 2% 2
1BR4-5AA | § o | 18T4-150AA | 3 W | 1BT4-800AA |2%| o | 1BM4-2600AA | 1 "
1BR4-GAA | 5 © | 1BT4-200AA | 3 O | 1BT4950AA (2% | © | 1BM4-2800AA | 1 O
1BR4-7AA | 5 £ 1BT4-250AA | 3 & | 18M4-10008A] 2% | £ | 18M4-3000AA | 1 &«
1BR4-8AA | § £ | 18T4-300AA | 3 E | 1BM4-1100AA| 2% | & | 1BM4-3200AA | 1 =
1BR4-9AA | & W | 1BT4-350AA | 3 W | 1BMA-1200AA( 2% | i | 1BM4-3400AA | 1 &
1BR4-10AA | & o | 1BT4-400AA | 3 c | 1BM4-1300AA| 2% | o | 1BM4-3600AA | 1 2
1BR4-20AA | 5 3 | 1BT4450AA [ 3 | 3 | 18M4-1400AA| 2% | T | 18M4-3800AA | 1 =
1BR4-30AA | 5 Ww | 1BT4.500AA | 2% | W | 1BM4-1500AA| 2% | w | 1BMCA-4000AA| T w
1BRA-40AA | 4 " | 1BT4-550AA | 2% | o | 1BM4-1600AA| 2% | » | 1BMCA-6GAA | 1% 7
1BRA4-50AA | 4 1BT4-600AA | 2% 1BM4-1700AA| 2%

1BR4-60AA | 4 1BT4-650AA | 2% 1BM4-1800AA| 2%

1 OCTAVE BANDPASS FILTERS-6 POLES

1BR6-1AA | 6 1BR6-70AA | 5%
1BR6-2AA | 6 1BR6-80AA | 5%

1BR6-3AA | 6 — | 1BR6-90AA | 5% |
1BR64AA | 6 2 | 18T6-100AA | 5% | £
1BR6-5AA | 6 w [ 1BTE-150AA [ 4 | w
1BR6-6AA | 6 2 | 1876:2008A |4 | 2
1BR6-TAA | 6 @ | 1BT6-250AA |4 | «
1BR6-8AA | 6 E | 18T6:300AA | 4 e
1BR6-9AA | 6 W | 18T6-350AA (4 | W
1BRG-10AA | 6 & | 1BT6400AA |4 | I
1BR6-20AA | 6 O | 1BTE450AA {4 | O
1BR6-30AA | 6 i 1BT6-500AA | 3% | W
1BR640AA | 5% | O | 1BT6-550AA | 3% |
1BRE-50AA | 5% 1BT6-600AA | 3%

1BR6-60AA | 5% 1BT6-650AA | 3%

1BT6-700AA | 3% 1BM6-1900AA | 3%
1BT6-750AA | 3% 1BM6-2000AA | 3%
1BT6-800AA | 3% [ | 1BM6-2200AA | 3% =
1BT6-850AA [3% | £ | 18M6-24008A | 3% 2
1BT6-900AA | 3% | w | IBMB-2600AA | 1% W
1BTE-950AA | 3% [ =2 | 1BM6-2800AA | 1% 2
1BME-1000AA| 3% | & | 1BM6-3000AA | 1% a
1BM6-1100AA| 3% | 5 | 1BM6-3200AA | 1% =
1BMB-1200AA | 3% [ & | 1BM6-3400AA | 1% e
1BM6-1300AA| 3% | & | 1BME-3600AA | 1% .
1BM6-1400AA| 3% | O | 1BME-3800AA | 1% o
1BM6-1500AA| 3% | 4 | 1BMC6-4000AA | 1% o
1BME-1600AA| 3% | © | 1BMC6-6GAA | 2 Z
1BME-1700AA | 3%

1BM6-1800AA | 3%

WARRANTY

All products manufactured by CIRQTEL,
INC. are guaranteed against defective materials
and workmanship for a period of one year from
date of original shipment. CIRQTEL expressly
limits its liability to replacement or repair of
products found to be defective, such replace-
ment or repair to be at its option.

This warranty is null and void for any prod-
ucts disassembled for any purpose whatsoever,

modified in any way, or subjected to environ-
ments exceeding those applicable tothat(those)
particular item(s). CIRQTEL shall be the sole
judge in determining guarantee validity.

CIRQTEL disclaims any warranty or guaran-
tees expressed or implied other than those set
forth herein and reserves the right to discon-
tinue or alter any of its products, procedures,
or guarantees at any time without notice.

CIRQTEL, Inc.

Superior Products... by Design 1980




STANDARD IF

BANDPASS

FILTERS

2% to 30% BANDWIDTH
BUTTERWORTH RESPONSE
CHOICE OF CONFIGURATION

PART NUMBER DEFINITION

BR13 60 AA 2

Bandpass
Number Connectors
of Poles In/Out

CIRQTEe 1
grig-soes

MODEL

BTI-
R — Rectangular Center
T — Tubular Frequency MHz Bandwudth
0
SPECIFICATIONS ) 7 309/1 - N
CENTER FREQ'S.: 10.7,21.4, 30,60, 70 and 120 MHz / [i\ \
INSERTION LOSS 10 a5
LA From < 1dB to 10 dB depending on BW BW 3 POLE
BANDWIDTH @ &
1 d8: 2% to 30% nominal — z 5 POLE
in steps of 1% only. 5
ATTENUATION: 3 Pole: Typical Butterworth E
5 Pole: Response 2 3POLE
IMPEDANCE: 50 Chms IN/OUT nominal = s 5 POLE
[ >
VSWR: < 1.5:1 over 50% of Passhand Min. <
DIMENSIONS: BRI -3/4" W x 5/8" H x Length* TYPICAL*
BTI-1-1/8" 0D x Length* or 60 INSERTION LOSS VS. % BW
1/2 0D x Length (above 100MHz) 3POLE 5 POLE
2% BW 7 dB NOM. 10 dB NOM.,
CONNECTORS: OSM/SMA Female Standard 5% BW 2.5dB NOM. 3dB NOM.
OPTIONS: BRI: BNC, TNC, PC pins 10% BW 2 dB NOM. 2.5 dB NOM.
BTi : BNC, TNC, N 30% BW 1dB NOM. 1.5 dB NOM.
BRI up to 70 MHz only P
[+
*BTI USUALLY HAS LOWER LOSS AND IS FREQUENCY
AVAILABLE FOR ALL FREQUENCIES
PART NO. -3 POLE " *L" PART NO. - 5 POLE ol R -
BLANKS FOR TYPE & BW % BTI BRI PRICE BLANKS FOR TYPE & BW % BTI BRI PRICE
B...I3-10.7AA.... 4-7/32 4 = B....I15-10.7AA.... 5-13/16 6 [
B...I13-21.4AA.... 4-7/32 4 E 5 B....15-21.4AA.... 5-13/16 6 5 5
B....13-30AA.... 4-7/32 4 E 3 B....15-30AA.... 5-13/16 6 E 3
B....13-60AA.... 4-7/32 3 8 8 B...I5-60AA.... 5-13/16 4% 8 8
B....I3-70AA.... 4-7/32 3 w o B....I5-70AA.... 5-13/16 4% w o
B...I3-120AA.... 47/32 | 3 B % | B..I5-120AA... 513/16 | 4% | & &

CIRQTEL, Inc.

Superior Producits ...

by Design 1980




STANDARD
WIDEBAND
BANDPASS

FILTERS

UP TO 10X F BW
50r 9 POLES

HIGH PERFORMANCE

PART NUMBER DEFINITION

WBR5 - 300 AA3
w.deband/_/-f FL_‘_ \Z-‘?'m

yans-S06%*

MODEL
WBR-

ouT

Bandpass Number Low Edge XFL
R — Rectangular of pgles Cutoff Connectors
T — Tubular Frequency In/Out
TYPICAL RESPONSE
SPECIFICATIONS 5
LOW SIDE 1 dB i
CUTOFF: FL =1 to 400 MH2
HIGHSIDE
CUTOFF: FH = Up to 1200 MHz SIELEMENT
INSERTION LOSS
@fy: <1dB 9 ELEMENT __|
1 dB BANDWIDTHS: | o Side Cutoff 1 to 400 MHz 8
2-10 X Fi BW (1200 MHz 2
Max. Highside Cutoff) 5
ATTENUATION:  S5Pole: >40dB @ .3F & 3Fj &
9 Pole: 240dB @ .6F & 1.7FH =
9 Pole: >60dB @ .45F_ & 1.9 Fy w a0 3FL .B6F 1.7f4 3.0y
IMPEDANCE: 50 Ohms IN/OUT (nominal) T VvV .
VSWR: < 1.5:1 over 60% of Passband Min. 5
DIMENSIONS: WBR — 3/4" W x 5/8" H x Length A5F Z [1.5:1 1.9f,
WBT — 7/8" or 1-1/8” 0D x Length ey
CONNECTORS: 0SM/SMA Female Standard /
OPTIONS: BNC, TNC, PC Pins on WBR only
N on WBT only
LENGTHS: 5 Pole: 4"
9 Pole: 6”
fL fo fy
FREQUENCY
PRICE FOR F /F 2.25 251-35 3.51-5 5.1-8 8.1-10
g?:ewg?: SEE SEE SEE SEE SEE
] Pz': WERS CURRENT CURRENT CURRENT CURRENT CURRENT
9 Pole WBTS PRICE PRICE PRICE PRICE PRICE
LIST LIST LIST LIST LIST

CIRQTEL, Inc.

Superior Producis...

by Design 1980




STANDARD

ADJUSTABLE

FILTERS
1 OCTAVE TUNING RANGE
1%, 3%, or 5% BANDWIDTH

NOMINAL BUTTERWORTH
RESPONSE
PART NUMBER DEFINITION

SBA3 7. SCC1

/ No of Connector
Bandpass Poles In/Out é: dwidth
Series Center andwidt TUNE W/APPROPRIATE
Tor3 Adjustable Frequency JEWELERS SCREWDRIVER ONLY
SPEC lF'CAT‘gN?sm . TYPICAL RESPONSE
CENTER FREQ'S.: 10 z
TUNING RANGE: 1 0Octave Min 7 \
BANDWIDTH @ \
3dB: 1%, 3% or 5%
ATTENUATION: 3 Pole:  Typical Butterworth 3POLE
5 Pole: Response =
IMPEDANCE: 50 Ohms IN/OUT ]
VSWR: < 1.5:1 over 40% of 1 dB BW Min. g 5 POLE
NOMINAL ps
DIMENSIONS: 3 Pole . 5 Pole <
3BA 1.7/8"-2" Dia. x8-1/2" *, 1-7/8"-2" Dia.x 12" =
1BA 5/8"-1-1/8" Dia. x7-1/2" " 5/8"-1-1/8” Dia. x 10" i
CONNECTORS:  3BA - BNC Jack Standard Options: TNC, SMA F ;35 ;94 i :-04 11
(RADIAL ONLY)  1BA - OSM/SMA Jack Standard Options: BNC, TNC j 40 o 2 ¢ o
TUNING RANGES:  38A 18A . / \
(MH2) ¢ RANGE F, RANGE Fo  RANGE s
75 510 750 50-100 1125 7501500 )
1125 7515 1125 75-150 1500  1000-2000
150 1020 150 100200 1800  1200-2400
225 1530 225  150-300 2250  1500-3000
30.0 2040 300 200400 2700  1800-3500 225
450 3060 450  300-600 3000  2000-4000
600  400-800 3375 2250-4500 fo
750 500-1000 4000  4000-8000 FREQUENCY
*These dimensions are 5000  5000-10.000 FREQUENCY RESPONSE
nominal max. FOR TYPICAL 5% 3 dB BW @ 225 MHz
3 POLE 5 POLE
PART NO. PART NO. PART NO. PART NO.
BLANK FOR % BW | PRICE BLANK FOR % BW | PRICE BLANK FOR % BW | PRICE BLANK FOR % BW | PRICE
3BA3-7.5CC.. 3BA3-450CC 3BA5-7.5CC 3BA5-450CC
3BA3-11.25CC ... 3BA3-600AA 3BA5-11.25CC 3BA5-600AA
3BA3-22.5CC - 3BA3-750AA = 3BAS5-15CC = 3BA5-750AA -
3BA3-30CC. Z 1BA3-1125AA =l 3BA5-22.50C ol 1BAS-1125AA R
3BA3-45CC c @ 1BA3-1500AA € 5 3BA5-30CC 8 1BAS-1500AA ]
3BA3-75CC o - 1BA3-1800AA T 3BA5-45CC < - 1BA5-1800AA c
3BA3-112.5CC i 1BA3-2250AA 8 o 3BA5-75CC 8 & 1BA5-2250AA 8 O
3BA3-150CC = 1BA3-2700AA w T 3BA5-112.5CC - 1BA5-2700AA w
3BA3-225CC wa 1BA3-3000AA w o 3BA5-150CC . w o 1BA5-3000AA w
3BA3-300CC n 1BA3-3375AA n 3BA5-225CC n 1BA5-3375AA n
1BA3-4000AA 3BA5-300CC 1BA5-4000AA
1BA3-5000AA 1BA5-5000AA

CIRQTEL, Inc.

Superior_Products ...

by Design 1980




STANDARD

HIGHPASS

FILTERS

1MHz to 400 MHz
FREQUENCY RANGE
PART NUMBER DEFINITION

HR9 150 AA

Highpass~ s uConnectors
R - Rectangular Number 1 dB Cutoff In/Out
T — Tubular Elements Frequency MHz
EEFOCFIFFICATIOﬁJ - 200 MHz TYPICAL RESPONSE
FREQ. (f): HT-250 - 400 MH2 0
CUTOFF FREQ.: =1 dB Max. 1
PASSBAND 9 ELEMENT.
INSERTION LOSS: _
fe=1-20MHz:  <0.5dB 1.1 f.to 10, (500 MHz Max.) o 13 ELEMENT
f = 20 - 200 MHz: <05ds If to 10 f_ (1000 MHz Max.) -
f, = 250 - 400 MHz: <05dBllf to 4 f FHZUUMHzMax) S
ATTENUATION: 9 Element: >60dB @ 35 g / 75
(Nominal) 13 Element: >>60 dB @ .65f, 2 4 St fe )
IMPEDANCE: 50 Ohms IN/OUT (Nominal) E 7/ TYPICAL VSWR
VSWR: <1.5:1@ 1.11, to Upper Passband Limit < oo |k 65% \/\ Va PR /
DIMENSIONS: HR - 3/4" W x 5/8" H x Length* / \Y4 \/ \/
HT - 7/8" or 1 1/8” 0D x Length*
CONNECTORS: OSM/SMA Jack Standard
OPTIONS: HR -BNC, TNC, PC pins DC fe 1.1fc 1200 MHz
HT - BNC, TNC, N FREQUENCY MAX.
NOTE: HU9 & HU13 Models, 1-1/8" 0.D. available
in place of HR — for tubular designs.
HIGHPASS — 9 ELEMENTS HIGHPASS — 13 ELEMENTS
PART NO. *L" [PRICE | PARTNO. [*L” | PRICE PART NO. *L” | PRICE| PARTNO. | *L" | PRICE
HRI-1AA 4 HR9-9.5AA | 4 HR13-1AA 6 HR13-9.5AA 6
HRY-1.5AA 4 HR9-10AA | 4 HR13-1.5AA 6 HR13-10AA 6
HR9-2AA 4 HR9-20AA | 4 HR13-2AA 6 HR13-20AA 6
HR9-2.5AA 4| - HR9-30AA | 4 - HR13-2.5AA 6 — |HR13-30AA 6 -
HRY-3AA 4 | & | HR940AA | 4 2 | HR1330A 6 2 |HR1340AA 6 =
HR9-3.5AA 4 | W HR9-50AA | 4 w HR13-3.5AA 6 w | HR13-50AA 6 w
HR9-4AA 4 g HR9-60AA | 4 g—:’ HR13-4AA 6 g HR13-60AA 6 ;_:’
HR9-4.5AA 4 | a HR9-70AA | 4 a HR13-4.5AA 6 Q@ |HR13-70AA 6 a
HRY-5AA 4 | 5 | HR9-80AA | 4 - HR13-5AA 6 £ [HR13-80AA 6 =~
HR9-5.5AA 4 | W HR9-90AA | 4 W HR13-5.5AA 6 W | HR13-90AA 6 w
HR9-6AA ‘| = HRY-100AA | 4 o HR13-6AA 6 < [HR13-100AA 6 <
HR9-6.5AA 4 | © HRY-150AA | 4 o HR13-6.5AA 6 O |HR13-150AA 6 O
HR9-7AA 4 | w HR9-200AA | 4 u HR13-TAA 6 W | HR13-200AA 6 w
HRY-7.5AA 4| @ HT9-250AA | 3 n HR13-7.5AA 6 " | HT13-250AA 4 7
HR9-8AA 4 HT9-300AA | 3 HR13-8AA 6 HT13-300AA 4
HR9-8.5AA 4 HT9-350AA | 3 HR13-8.5AA 6 HT13-350AA 4
HR9-9AA 4 HT9-400AA | 3 HR13-9AA 6 HT13-400AA 4

CIRQTEL, Inc.

Superior Producits...
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STANDARD

COMBLINE
BANDPASS FILTERS

NOMINAL BUTTERWORTH
RESPONSE

5 MHz-18 GHz (fo) RANGE FOR
PROTOTYPE, LABORATORY AND
GENERAL USE FIXED TUNED AT

FACTORY CAN BE MANUALLY

TUNED WITHIN fo RANGE

MODEL CB-
1-7/8" O.D.

MODEL CB-
See Page 15 7/8" 0.D.
TYPICAL RESPONSE
SPECIFICATIONS 5% BW

CENTER FREQ'S: 5 MHz - 18 GHz
fo TUNING RANGE: Up to 3:1, Most Models: 2:1

BANDWIDTH
@3 dB: 1-5% of fo in steps of 1%

ATTENUATION: Nominal Butterworth response

IMPEDANCE: 50 Ohms IN/OUT (nominal)

VSWR: <1.5:1 @ fgand over 50% of
passband minimum.

SIZE: 172", 5/8",7/8", 1-1/8", 1-7/8",
2-1/2" 0D. Depends upon fy &
% BW. Higher freq. — smaller 0D
more poles & narrow BW are longer.

CONNECTORS:

(Radial Only) SMA/OSM Female Standard.

OPTIONS: SMA Male, BNC, TNC & Type N

*0SSM

CHASSIS MOUNT: PAD AND STUD IF
REQUESTED AT ADDITIONAL CHARGE

*NOTICE — Miniature 0SSM Type may be only type
available on 1/2" & 5/8” 0D Models.

ATTENUATION (dB)

30

60

80

12 POLE\

\

'0
FREQUENCY

CIRQTEL, INC.

Superior Producis... by Design 1980




FIXED AND TUNABLE COMBLINE FILTERS

—Replace Heavy Interdigital and Cavity Filters in Your Designs—

—Write Your Own Part Numbers—
For Tunable Models For Fixed Tuned Models

2CBB 78 - 3G - BAA 4A or B (See Notes) CBB 78 - 4.5G - 6AA 3A or B (See Notes)
T /
Tuning O.D. Nom. [8Pole | % BW Mounting Combline 7/8 Dia. 6 Pole /3% 3 dB BW Mounting
Range 7/8 inch Nominal Style Bandpass Nom. Style
2:1 Min. 3dB B: Butterworth
/ Response

Combline C: Chebyshev
Bandpass Low End of Connectors L: Linear Phase Connectors
B: Butterworth  Tuning Pange SMA Female B SMA Female

Response 2:1.3—6GHz (Radiat Std.) fo:4.5 GH2z (Radial Std.)
C: Chebyshev
L: Linear Phase

MOUNTING STYLE ‘A’ MOUNTING STYLE ‘B’ (for diameter < 1.125 only)

SPRING CLIFMOUNT TUNING/TEST-SET UP
0.0. TUNERS
1

e

—E—‘XLE- SCOPE, 2CHAN
{) codooo L_ P “
r . /TUNERSF11 e H—e| T _r'_—tl_;f_;

— [ I
r — -— 1
l O [ FILTER
T
\J'J L'J _IV t—l COUPLER Q
’ MOUNTING HOLE
SPACING OF —#{
0.10 nominal "cuvs ADJUSTED ' SMON0S2 e \en

4.40 Stud (3/16) up 10 5/8" diameter ChACES (DEPENDING ON FILTER 0.0.} Tunens
6-32 Stud (1/4”) from 3/4 to 1-1/B" dismeter .
1032 Stud (5/16”) from 1-1/4 to 1-1/8" diameter X&TTVARY wifo  BANDWIDTH & ‘o ADJ. TUNERS IN-TO OUT
1/4.28 Stud (5/16™) trom 1.7/8 10 6" dismeter M_ oo FOR VSWR/AMPL. RESPONSE
NOTE: 3.4 Studs on some units if required, or heavier studs may be praid /2 CLIHTESGRE AL

supphved with more than 5-6 resonators, depending on weight, ete. :;_ | z"' /:"3" JEWELERS SCREWDRIVER ONLY

NOTE

1. Chip mounts will be provided on 172", 7/8" and 1-1/8"
0.0. units unless otherwise specified. Add $10.00 to
price for mounting style A —please specily when or-
dering.

. When Type A mount 1s specified, it wil usually have a
°Y* dimension equal to 0.D. or less
. Square (hard mount) end blocks will add approxi-
mately 10% to filter price. —Special
4. 0.0. sizes may in some instances vary shightly to
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optimize performance.
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12 and 15 on most models.

o

. Insertion Loss, @ 1o dB depends heavily on 15,% BW,
n, type of design: Butterworth, Chebyshev, etc.

. Length depends on 1/fy, n, 1/BW.

. There are many other outer diameters available and
we may, with your permission, or f required (at our

option}, change O.0. to optimize performance, loss,
etc,
9. NA: Not available at time of this printing.
/ 10. For fixed tuned umits pick the lowest price unit out

of the overlapping frequercy column that includes
your trequency of interest

® o~

SEE

CURRENT
/ PRICE
e LIST
DELIVERY
Super Hot: 3 to 10 days
Hot: 3 to 8 weeks

Standard: 16 weeks
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CIRQTEL iHERONERSTIORES O

From 300 Hz 30 Ghz
New Technology — CIR-Q-TEL, is — as always, on the leading edge since 1962

Exciting new things we've developed over the past year include:

1. Multiplexers to 18 GHz — & Beyond

2. Multiple Band Pass Filters: Two, Three or Four Passbands in a Single Filter

3. Multiple Band Reject Filters: Two, Three or Four Reject Bands in a Single Filter

4. Extremely Broad-Band High Pass Filters
e.g. 10 MHz to Beyond 1 GHz, 100 KHz to Beyond 100 MHz

5. Very Broad Band Tunable Filters — up to 5:1 tuning range such as 200 MHz-1 GHz. 3:1 Range
1-3 GHz & 350-1050MHz Range :5MHz-18 GHz, n available : 2-12 Resonators.

These new designs include:

(a) Suspended substrate technology

(b) Unique frequency dependent damping of circuit elements for very broad band high pass filters.

(c) Unique very broadband isolation networks — for ultra broadband multiplexers

(d) Linear phase, Butterworth, Chebishev & Pseudo-Elliptic Properties.

(e) Power handling capabilities to >25 KW C. W. and >100 KW peak power.

(f) High Pass Filters: Some with >100:1 Pass Bands, all with >2:1 Passbands Extending to 30 GHz

(g) Sugar-Cube Sizes for Highpass and Lowpass Responses 40db/1.5:1 VSWR — Reject/Pass
Band Ratios. of <1.06:1

(h) Diplexers, Triplexers, Quadruplexers from <100 KHz to 30 GHz in: Lumped element, Coaxial,
Interdigital, Combline and Waveguide Manifolds

Connector/Connection Types: SMA, Cable, Solder Lug, P.C. Pins, N, BNC, TNC, SMC, HN, Coax
Flanges and other Types
Impedance Levels: 600, 93, 75, & 50 Ohms at suitable frequencies.

Other Products Include: Voltage Variable Attenuators, Pin Diode switches, Multicouplers and
Power dividers

Broad Band Power Dividers — 2 & 4 way: 10 MHz-1 GHz

Wide Band Solid State Switches: SP-DT & 5P-3T———2 MHz-2 GHz

PIN DIODE Attenuators 1.4-8 GHz to 25 DB, Continuous & Programmable
Digital Controlled Microwave Preselectors 2-18 GHz

Wideband Detector — Amplifier — Limiter: 2-18 GHz

Pulse Amplitude Digitizers

Multicouplers 30-1000 MHz: 8 & 10 WAY

The Pot's-abrewing & our warlocks are busy developing stranger Gadgets
Still, try 301-946-1800 for solutions to your tough filtering problems.

Your Local Representative

16 CIRQTEL, INC. Superior Products...by Design 1980 048020K



CIRQTEL, Inc. Standard Filters — Price List

CIRQTEL Capabilities extend from 300 HZ-30 GHZ. Amplitude/phase matching — phase linear. Tubular, interdigital, combline, lumped, coaxial,
waveguide, suspended substrate, strip and micro-strip line

PART NO. PRICE
T R $ 94
" e 94
o R e 94
0 94
T 105
R0 ... 105
SRR S 105
C BN ) 105
B 106
Seey ... 118
- 118
201000 « oo 131
1 R 131
WD . ... 147
MRBAAL. . ........0. otk 100
LT 100
LRO-2AA ..o 95
OREPBAA .. ... 90
BB, ... 90
BIR-GBAN .. ............ 84
84

— THRU =
LRO-10AA. ...\ oveeee... 84
EANEOAA. ............. 74
ZTHRU — 74
PSR ... ... ... 74
LR9-200AA ............. 74
LT9-250AA . .. ..ooooo. 69
69

THRU <
UTMORORA . ... ... .ois 69
LTO-1100AA ...oooooo. 74
LT9-1200AA . .. oooooo. 74
LT9-1400AA ....o0on... 74
LMO-1500AA . ... ... 82
LMO-1600AA . ... ... 82
82

THRU %
LM9-4000AA .. .......... 82
LMO-4500AA . .......... 85
85

THRU &
LM9-8000AA ............ 85
LM9-8500AA .. .......... 88
LM9-9000AA ... ... 88
LM9-9500AA .. .......... 88
LM9-10,000AA .......... 88
LM9-10.500AA ... .. .. 99
LM9-11.000AA .......... 99
LM9-11.500A .. ... ... ... 99
LM9-12.000AA ... ...... 99
LM9-12.400AA .......... 99
LM9-13.000AA .......... 112
LMO-14.000AA . ......... 112
LM9-16.000AA . ......... 120
CRIGAAR ... ... ..o 144
LR13-1.5AA ....oovooo. 144
DRVSEBRA., . ... s 137
GRADSSAR ... ... 130
LR13-3AA. ..o 130
LR13-3.5AA ..o 121
— THRU — 21
121

ERIBAGA .. v | et 121

PART NO. PRICE
LR13-20AA ............. $107
107

— THRU — 107
LR13-100AA ............ 107
LT13-150AA ............ 89
— THRU — 89
LM13-1900AA ........... 89
LM13-2000AA ........... 94
94

THRU o4
LM13-4000AA ........... 94
LM13-4500AA ........... 100
LORS=5000AA . .......... 100
LM13-5500AA ........... 109
LM13-6000AA ........... 108
LM13-6500AA ........... 109
LM13-7000AA ........... 109
LM13-7500AA ........... 109
LM13-8000AA ........... 108
LM13-8500AA ........... 113
LM13-9000AA ........... 113
LM13-9500AA ........... 113
LM13-10,000AA ......... 123
LM13010,500AA ......... 123
LM13-11,000AA ......... 123
LM13-11,500AA ......... 123
LM13-12,000AA ......... 123
LM13-12,400AA ......... 123
LM13-13,000AA ......... 127
LM13-14,000AA ......... 127
LM13-16,000AA ......... 135
SBR4-1AA .. ....cca0can 99
ISIBIRARPIAAY 5. . oo it ol s 99
S5BR4-3AA .............. 99
S5BR4-4AA .............. 93
SBRASAA, .. .. . ccissae- - 93
5BR4-6AA .............. 93
SBRA-TAA: (... ..v0eie 93
5BR4-8AA .............. 93
SBRA=9AAS ... .y sven:wa = 93
5BR4-10AA ............. 93
S5BR4=2OAA ......5. i e 93
5BR4-30AA ............. 93
5BR4-40AA ............. 93
SBR4-50AA ............. 89
5BR4-60AA ............. 89
5BR4-70AA ............. 89
SBRAZ80AA .. s .. 0. ek 89
S5BR4-90AA ............« 98
5BT4-100AA ............ 98
5BT4-150AA ............ 98
5BT4-200AA ............ 95
5BT4-250AA ............ 95
5BT4-300AA ............ 95
5BT4-400AA ............ 95
5BT4-450AA ............ 96
5BR4-500AA ............ 95
5BT4-550AA ............ 95
5BT4-600AA ............ 95
5BT4-650AA ............ 95
5BT4-700AA ............ 95
5BT4-750AA ............ 95
5BT4-800AA ............ 95
5BT4-850AA ............ 95

5BT4-900AA

5BT4-950AA

5BT4-1000AA
5B8T4-1100AA
5BT4-1200AA
58T4-1300AA
5BT4-1400AA
5BT4-1500AA
5BT4-1600AA
5BT4-1700AA
5BT4-1800AA
58T4-1900AA
5BM4-2000AA
5BM4-2200AA
5BM4-1400AA
5BM4-2600AA
5BM4-2800AA
5BM4-3000AA
5BM4-3200AA
5BM4-3400AA
5B8M4-3600AA
5BM4-3800AA
5BM4-4000AA
5BM4-4500AA
5BM4-5000AA
5BMC-5500AA
5BMC-6000AA
5BMC-6500AA
5BMC4-7GAA
5BMC4-7 5GAA
5BMC4-8GAA
5BMC4-9GAA
5BMC4-10GAA
5BMC4-12GAA

5BT6-150AA
5BT6-200AA

5BT6-1000AA
5B8T6-1100AA

5BT6-1700AA
5BT6-1800AA
5BT6-1900AA
5BM6-2000AA
5BM6-2200AA
5BM6-2400AA
5BM6-2600AA
5BM6-2800AA
5B8M6-3000AA
5BM6-3200AA
5BM6-3400AA

PART NO. PRICE
5BM6-3600AA . .......... $154
SBM6-3800AA . .......... 154
5BM6-4000AA . .......... 154
5BM6-4500AA . .......... 154
5BMB-5000AA . .......... 154
5BMC6-5500AA ......... 192
5BMCG6-6000AA ......... 192
5BMC6-6500AA ......... 214
S5BMC6-7GAA . .......... 265
5BMC6-75GAA ......... 276
5BMCB-8GAA ........... 287
SBMC6-9GAA . .......... 294
SBMC6-10GAA .......... 308
5BMCB-12GAA .......... 347
1BR4-TAA .............0 135
BRGSO = . . . oot s s 131
1BR4-3AA .. ............ 129
IBRA=4AA: .. ....0...0 . 123
IBRA-SAA" ....000 . tiam. 119
119

— THRU 119
1BR4-40AA ............. )q)(c)
1BR4-50AA ............. 111
1BR4-60AA ............. 11
1BR4-70AA ............. 109
1BI4=80AA ......e...... 109
BI4-90AA . ....... 0000 109
IBNASHOOAA, ... .. ... e 112
1IBF4=A50RAA . ....cuv.aun 112
1BT4-200AA ............ 117
117

THRU 117
1BT4-650AA ............ 117
1BT4-700AA ............ 125
1BT4-750AA ............ 125
1BT4-800AA ............ 125
1BT4-850AA ............ 125
1IBI43AHOAA . ... ... ... 125
1BT4-950AA ............ 125
1BM4-1000AA . .......... 133
1BM4-1100AA . .......... 133
1BM4-1200AA . .......... 133
1BM4-1300AA........... 133
1BM4-1400AA . .......... 133
1BM4-1500AA ........... 133
1BM4-1600AA . .......... 155
1BM4-1700AA . .......... 155
1BM4-1800AA . .......... 158
1BM4-1900AA . .......... 161
1BM4-2000AA . .......... 167
1BM4-2200AA . .......... 175
1BM4-2400AA .. ......... 175
1BM4-2600AA . .......... 175
1BM4-2800AA........... 178
1BM4-3000AA . .......... 182
1BM4-3200AA . .......... 197
1BM4-3400AA .. ......... 205
1BM4-3600AA . .......... 205
1BM4-3800AA . .......... 245
1BMC4-4000AA ......... 341
1BMC4-6GAA . .......... 453
IBR6=1AA .. ....e00.0.0. 181
PBRESZAAT §0 . e e 171

Intermediate Frequencies Available With All  need asystem

4/80 50K

Models At Comparable Prices.

band-aid?
dial 301-946-1800



CIRQTEL, Inc. Standard Filters — Price List

since Jan. 1962 — Designs for: Bessel, Butterworth, Chebishev, Elliptic, Gaussian, Pseudo-Eliiptic, Zolotarev, Zobel and custom shaping of responses.
Muiltiple pass bands, Muitiple reject bands, Diplexers, Multipiexers, Tunables — 3 MHZ to 18 GHZ, Switches, Voltage variable attenuators, Multicouplers.

PART NO.

1BR6-60AA
1BR6-70AA
18R6-80AA
1BR6-90AA

1BT6-100AA
1BT6-150AA
1BT6-200AA
1BT6-250AA
1BT6-300AA
1BT6-350AA
1BT6-400AA
1BT6-450AA
1BT6-500AA
1BT6-550AA
1BT6-600AA
1BT6-650AA
1BT6-700AA
1BT6-750AA
1BT6-800AA
1BT6-850AA

1BM6-1200AA
1BM6-1300AA
1BM6-1400AA
1BM6-1500AA
1BM6-1600AA
1BM6-1700AA
1BM6-1800AA
1BM6-1900AA
1BM6-2000AA
1BM6-2200AA
1BM6-2400AA
1BM6-2600AA
1BM6-2800AA
1BM6-3000AA
18M6-3200AA
1BM6-3400AA
1BM6-3600AA
1BM6-3800AA
1BMC6-4000AA
1BMC6-6GAA

PIPOOD PPDRD®

3BA3-7.5CC
3BA3-11.25CC

PRICE

Price for F _/F 2.51-35 3.51-5
H L

8.1-10

5 Pole WBR5
5 Pole WBTS
9 Pole WBRS
9 Pole WBT9

214
200
238
225

Oper sting Rangs (Fined) |

-—or—
Minimum Tuning Rangs
(Tunable)

COMBLINE PRICE — NOMINAL BUTTERWORTH RESPONSE UNITS
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PART NO. PRICE
3BA3-15CC ............. $ 251
3BA3-225CC ........... 251
3BA3-30CC ............. 253
3BA3-45CC ............. 260
3BA3-75CC .......c..... 265
3BA3-1125CC .......... 265
3BA3-150CC ............ 265
3BA3-225CC ............ 251
3BA3-300CC ............ 251
3BA3-450CC ............ 251
3BA3-600AA ............ 251
3BA3-750AA ............ 251
1BA3-1125AA ........... 251
1BA3-1500AA ........... 251
1BA3-1800AA ........... 251
1BA3-2250AA ........... 251
1BA3-2700AA ........... 251
1BA3-3000AA ........... 251
1BA3-3375AA ........... 268
1BA3-4500AA . .......... 284
1BA3-7500AA ........... 304
3BAS5-75CC ............ 355
3BA5-11.25CC .......... 328
3BA5-15CC ............. 317
3BA5-225CC ........... 306
3BA5-30CC............. 300
3BA5-45CC ............. 300
3BAS5-75CC ............. 300
3BA5-1125CC .......... 300
3BA5-150CC ............ 300
3BA5-225CC ............ 300
3BA5-300CC ............ 300
3BA5-450CC ............ 300
3BA5-600AA ............ 300
3BA5-750AA ............ 300

PART NO. PRICE
1BAS-1125AA ........... $311
1BAS-1500AA ........... 311
1BAS5-1800AA ........... 311
1BA5-2250AA ........... 340
1BAS5-2700AA . .......... 340
1BAS=8BOOAA . .......... 340
1BA5-3375AA . .......... 365
1BAS5-4500AA ........... 370
1BAS-7500AA . .......... 390
RBSSHAA (... . o oo sl 120
HBRSSIEAA.. ... .. oroceeieield 110
HRS-2AA ............... 110
HR9-25AA.............. 105
HRY-3AA ............... 100
100

— THRU — 100
HT9-400AA ............. 100
HR13-1AA .............. 140
HR13-15AA............. 137
HR13-2AA ... ... ....... 135
HR13-25AA............. 132
HR13-3AA .............. 130
130

THRU 130
HR13-80AA ............. 130
HRIS=SEAA ... ... . a8 131
HR13-100AA ............ 131
HR13-150AA ............ 133
HR13-200AA ............ 135
HT13-250AA ............ 137
HT13-300AA ............ 139
HT13-350AA ............ 139
HT13-400AA ............ 146

Band pass, Lowpass, High-
pass and Band reject

High power filters in coaxial
& wave guide up to 25 kw
average & 100 kw peak

The one stop shop for filters
Prices subject to change,
verify with factory
MINIMUM INVOICE $100

CIRQTEL
Custom
Highpass

Filters

from
S00MHZ-18GHZ

Speedy delivery available, at
additional cost, for small
quantities

3 days 3 weeks
1 week 4-8 weeks
2 weeks

5% discount
for check
with order!

INFO/CARD 12

CIRQTEL, Inc.

10504 Wheatley Street
Kensington, Maryland 20795
301-946-1800

TWX 710-823-0521

CIRQTEL
Sales Representatives

No. California
MK: V Assoc.
415-964-6275

Long Island

No. NJ So. Conn.
Spectrum Sales
914-997-1166

Fla. and Ga.

Snow Company
305-563-2448

Ft. Lauderdale, Fla.

International

(except Canada)
Ad-Auriema

Suite 1829

One World Trade Center
New York, New York
212-938-0930




Synthesizer Techniques

A review of synthesizer techniques as they relate to
the basic Phase Lock Loop (PLL) synthesizer, the
mixer PLL synthesizer, the prescale PLL synthesizer
and dual modulus prescale PLL synthesizer.

Harold E. Myers, P.E.*
SAB Harmon Industries
Grain Valley, Md.

he synthesis of radio frequencies represents a tech-

nological advance in communication that is comparable
to DeForest’s vacuum tube or the development of Single
Sideband Communication. In recent years frequency syn-
thesis has become widespread with its applications
touching all our lives. Applications of synthesizer technology
can be found in the televisions, FM stereo receivers,
AM radios and other entertainment equipment we find
within our homes. Still other applications of frequency
synthesis are found in the aviation, marine, space and
terrestrial communication industries.

Frequency synthesis first came into existence in the
40's and embodied many crystal oscillators, mixers and
filters. In these early generations of equipment, two sig-
nals were mixed together to produce two others, and
in turn those two were mixed with other signals to
produce even more, and so on. To produce a large number
of individually selected frequencies with reasonable spec-
trum quality, many crystal oscillators, mixers and filters
were necessary. Although these instruments represented
a major advance in the technology of frequency genera-
tion, the instruments themselves were large, restricting
their use to the laboratory or engineering environment.
Technological advances in the 50’s allowed for major reduc-
tions in the physical size of the instruments, but still
not to the point that synthesis could be conveniently
used in field application.

Phase Lock Loops

Phase lock loop technology is simply a unique ap-
plication of modern (closed loop) control system theory.
Define a closed loop as “A circuit whose output is
the net result of the circuit input, the forward transfer func-
tion of the circuit, and a modified portion of the output
fed back to the input of the circuit.”

Basic PLL Synthesizer

The Basic PLL Synthesizer represented in block diagram
form (Figure 1) has six functional blocks. These six func-
tional blocks are the reference oscillator and reference
divider which generate the desired input reference fre-
quency (f,) to the phase lock loop, and the Frequency/

*This is an edited version of a copyrighted article by Harold
E. Myers, 1980.

r.f. design

+
M E KO K' Kv
Reterence | 'R Relerence fR; Freq.Phase '®| Loop Yo
Osc. Divider [ Detector [~ Filter YO U
)
fo=fpeN v e +N
w% = Ko K, f(Ky) : Programmable

N Divider
K¢ = Freq./Phase Detector
Transfer Function.

K = Loop Filter Transfer Function. Program Lines

K, = V.C.O. Transfer Function.

N = Programmable Divide Ratio. .
w, = Loop Natural Frequency. Flgure 1. Phase Lock

Loop Synthesizer.

Phase Comparator, Loop Filter, Voltage Controlled Oscillator
(VCO) and Programmable Divider which comprise the phase
lock loop. Each of these blocks is unigue in its function
and purpose and collectively they make up the synthesizer.

Reference Oscillator

The Reference Oscillator has often been called the “Heart
of the Synthesizer” because it establishes the stability
performance characteristics of the synthesizer output.
Generally the oscillator will operate between 1 MHz and
11 MHz where high quality fundamental crystals can be
obtained. The actual frequency that is chosen depends upon
many factors such as the overall design approach, per-
formance requirements of the synthesizer, other uses within
the radio for the oscillator, etc. As noted in the block
diagram the reference oscillator produces an output
frequency (f,') which is the input to the reference divider.

Reference Divider

The Reference Divider function is to reduce f, to f,, the
loop reference frequency, and is simply a circuit that pro-
duces one output pulse for a predetermined number of
input pulses. The ratio of the input pulses received for
one output pulse is defined as the divide ratio. The
divide ratio can quickly be defined given the reference
oscillator output frequency and the desired loop reference
frequency. As an example, assume that f/ is 10 MHz
(10 x 106 PPS) and that f, is to be 5 kHz (5 x 103 PPS) then
M the divide ratio is:
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t; 10x 106 PPS
M= =—— = 2000
f,  5x103PPS

In the vast majority of cases M is a fixed number and
for the purpose of this writing it shall be treated as such.
It is worth noting however, that in some specialized cases
M can vary. In either case, the divide ratio must always be
an integer. As noted previously, the reference oscillator
and divider produce the desired reference input frequency
(f,) for the phase lock loop.

Frequency/Phase Comparator

The Frequency/Phase Comparator uses the reference in-
put frequency (f;) as a standard for comparison with the
signal fed back from the loop output. The Frequency/
Phase Comparator produces an output voltage which is
proportional to the amount of frequency/phase difference
between the two input signals, with a voltage sense that
is related to the lead/lag relationship of the two signals.
The frequency/phase to voltage transfer function is defined
as K@ and in most cases is a linear function. Many
types of circuit configurations have been derived to ac-
complish this task. These range from simple flip-
flops or 4 bit up-down shift registers to complex sample/
hold circuits or combinational logic circuits with charge
pumps. In today’'s technology frequency/phase comparator
circuits are available as integrated circuits.

Loop Filter

The Loop Filter receives from the frequency/phase com-
parator a proportional voltage signal as its input. In turn
it provides a signal voltage to the voltage controlled
oscillator (VCO) for controlling the frequency of oscillation.
As the voltage passes thru the loop filter, it is filtered to
reduce any residual components of the reference fre-
quency and amplified to provide the proper control voltage
range. In addition the loop filter is used to control the
loop gain/bandwidth characteristics. Actual loop filter
implementation encompasses technologies ranging from
lump constant L-C filters to state-of-the-art negative impe-
dance operational amplifier/filter circuits. The transfer
characteristics of the loop filter is defined as K; and is
constant within any given design.

Voltage Controlled Oscillator

The Voltage Controlled Oscillator or VCO as it is commonly
referred to can be simply described as an oscillator
whose frequency is controlled by an external voltage
source. The usual means of varying the oscillator fre-
quency is through the use of a voltage variable capacitor
in the oscillator tank circuit. The transfer function Kv of the
oscillator is a very important design consideration in the
PLL and is a measure of the change in oscillator fre-
quency for a corresponding change in input control voltage.
This function is not constant with respect to frequency,
although in recent times considerable improvements have
been made in voltage variable capacitor characteristics to
improve the linearity of this transfer function. The nature
of this function is such that at the low end of the oscillator
frequency range the transfer function or sensitivity is
the largest and decreases as frequency increases. The
oscillator output is used as an injection source in the radio
and as an input signal to the synthesizer programmable
divider.
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Programmable Divider

The Programmable Divider’s function is to reduce the
VCO output frequency (f,) to the loop reference fre-
quency (f,). It is very similar to the reference divider with
one exception, its divide ratio is programmable over a
range of values. The advantage of this becomes obvious
with a simple example. Assuming that f, is 5 kHz and
that the desired VCO output frequency is 160 MHz,
then the programmable divide ratio N will be:

fo 160x 106 Hz

e = 32000
f,  5x103Hz

Since the divider is programmable, it can be set up
to divide by 32000. It can also be programmed for a
divide ratio of 32001 or 31999 or any other value within
the divide ratio range. The output frequency of the VCO will
change in increments of f,, as indicated below.

Divide Ratio (N) VCO Frequency (f,)

160.010 MHz

32002

32001 160.005 MHz

32000 160.000 MHz

31999 159.985 MHz
159.990 MHz

31998

To generate or synthesize a new frequency from the PLL
all that is necessary is to change the divide ratio of the
programmable divider.

In the early days of phase lock loop synthesizers, logic
speed was limited to about 10 or 12 MHz. With special tech-
niques this could be extended somewhat but not above 18
MHz. This limited the maximum synthesizer output fre-
quency to 18 MHz.

In addition, loop dynamics varied greatly over the operating
range of the loop. This is evidenced by a review of the
formula for the loop’s natural frequency (w,) given by:

Ko K
o= y a -f(K,)

Where: K& = Freq./Phase Detector Transfer Function
Ki = Loop Filter Transfer Function
K, = V.C.O. Transfer Function
N = Programmable Divide Ratio

K@ and Kf are constant in the formula for any specific
design and, therefore, will not influence the dynamics of
wpn over the tuning range of the synthesizer. K, and
N, however, are divergent variables; as N decreases K,
increases and vice versa. Because K, is in the numerator
and N is in the denominator of the equation, w, will
vary greatly over the range of N and the corresponding
Ky. These wide variations cause the gain/bandwith products
of the loop to vary greatly and affect the overall
stability of the loop and the loop lock time.

Mixer PLL Synthesizer

The Mixer PLL Synthesizer (Figure 2) is very similar to
the PLL already discussed with the exception of a mixer
between the VCO and the programmable divider. The
mixer loop produces two advantages for the designer that
the basic loop cannot offer, namely operation of a VCO
at frequencies much higher than the speed capability of
the programmable divider and reversal of the ‘N’ divide
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A Programmable Cavity Oscillator?

The Measure of Excellence Continues
with the AILTECH 460 Signal Generator

If you're a believer in instrument
versatility, you'll want to know
more about the new AILTECH 460
Signal Generator.

Using the same instrument, now
you can experience the low noise
performance of a cavity generator
in a programmable frequency
synthesizer. The AILTECH 460
takes you from initial development
through your production ATE
operation, and it's no longer
necessary to settle for a noisy
synthesizer incapable of providing
selectivity and spurious measure-
ments at the expense of giving up
programmability.

Not only is the 460 a low noise
source, but check the AM perfor-

mance—100% at levels to +13dBm.

If that isn’t enough, it has FM,

@M, output power from +20 to
—140 dBm, from 0.3MHz to

650 MHz and an optional 1300 MHz
range at +10 dBm to —140 dBm.

Complete with Spin-Wheel Tuning,
the AILTECH 460 not only operates
like a Signal Generator, but also
delivers Synthesizer accuracy tied
to its internal 10 MHz frequency
standard.

Why not see the 460 in action in the
convenience of your own lab-
oratory. Simply call or write Eaton
Corporation, Electronic
Instrumentation Division, 2070 Fifth
Avenue, Ronkonkoma, New York
11779, (516) 588-3600 today...

and don't forget to ask about our
new equipment leasing plan.
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ratio to stablize loop dynamics. Since mixing is strictly
a translation process, the other characteristics of the loop
are retained.

Ko Ky
f v Y
2 Freq./Phas O] L9°P f
Detector Filter
fr
=N

Programmable
Divider

Program Lines lﬂ

Figure 2. Mixer PLL Synthesizer.

fO = f. 52 fR'N

With this technique, a VCO output in the VHF spec-
trum is heterodyned into a frequency range compatible
with the speed capability of the programmable divider. In
addition, by choosing the mixer injection frequency (f;)
above that of the VCO output frequency (fy) the sense of
N is reversed, such that as K, increases, N also increases,
greatly reducing w, variations over the loop operating
range. The net result is a phase-locked loop that operates
with a much higher output frequency and reduced varia-
tion of loop dynamics. The obvious disadvantage is that
another signal has to be provided in the form of a mixer injec-
tion (f;) and the characteristics of this injection are directly
transferred to the loop output. This injection is typically
provided by another crystal oscillator or by harmonic
multiplication of the reference oscillator, or in some cases
another phase-lock source.

Prescale PLL Synthesizer

With the appearance of high speed logic, direct divide
ratios could be obtained in both the VHF and UHF
range. In addition, technological advances have taken
place in the voltage controlled oscillator area that allowed
for an almost linear oscillator transfer function. These
achievements contributed to the development of a Prescale
PLL Synthesizer shown in Figure 3.

v v
fa Freq./Phase © Loop 4 VoD f
Detector Filter [}
ta
=N =P
fo =t (NP} Programmable Fixed
Divider Divider

Program Lines ﬂ

Figure 3. Prescale PLL Synthesizer.

Unfortunately, however, these high speed dividers are not
programmable and, therefore, had to be handled as mathe-
matical constants within the loop formulas. The net result
is the loop reference frequency has to be reduced by a
factor equal to the prescale ratio P. Using our previous
example where f, was 5 kHz, if the prescale ratio P
is 10, then the new f, will have to be 500 Hz to insure that
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the VCO output frequency still moves in 5 kHz increments.
Because of the lower reference frequency the loop filter
bandwidth characteristics have to be reduced thereby
extending both loop response time and loop lock time.

Dual Modulus Prescale PLL Synthesizer

Some of the latest developments in synthesizer tech-
nology have taken place in the area of high speed pro-
grammable divider logic and control logic. In the divider
logic area a device known as the Dual Modulus Prescaler
which can provide divide ratios of Por P + 1 have been de-
veloped. Synthesizers that use this type of circuitry there-
fore are referred to as Dual Modulus Prescale PLL Synthe-
sizers. The uniqueness of this type of synthesizer can be
understood by referring to Figure 4 during the following
explanation.

S22 Tl ool e ST TS TSRS " /

f v v
\ |Reterence | 'R | Reterence| R :'::g‘; ©!  Loop e veo f
! | oscinator [ Divider Detector | 1| Filter o
L} .

[ Fmmeedroms S 5 =y ~ fR CoUS ST oS » Dual Modulus

' . Prescaler

Allowable Values i N+ PP r—j

of PIP + 1 ) 1

5/6  40/41 . -{w
8/9 50/51 Program [ e Control '
10/11  64/65 Binea b——{ Logic |
15/16  80/81 ) ”
20/21  100/101 i '
32/33 128129 ; L :
' A ’

Program Lines

Figure 4. Dual Modulus Prescale PLL Synthesizer.

Assume that it is desired to have an output frequency
(fo) of 160.015 MHz from the loop VCO and that the loop
reference frequency (f,) is 5 kHz, the required Total Divide
Ratio TDR is given as:

160.015 x 106 Hz
TDR= ———— =32,003
5x 103 Hz

Assume further that the vaiues for P/P + 1 are chosen to
be 20/21. This particular choice is somewhat arbitrary and
it should be remembered that the specific value chosen
is dependent upon the individual designer's specific re-
quirements and what hardware is available to him. Presently
available values for P/P + 1 are indicated in Figure 4. In
any event, the value chosen for this example is 20/21.

The key to achieving the proper total divide ratio lies
in the P+ 1 function which the dual modulus prescaler
can provide. If the total divide ratio is divided by the P
modulus the quotient obtained is the N program value and
the remainder is the A program value for the synthesizer.
For our example:

TDR 32,003
T = = 1600 with a remainder of 3
Resulting in N = 1600

A=3
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Total Divide Ratio = (P + 1)A + P(N-A)
32,003 =(21x3) + (20 x 1597)

When the dual modulus prescale PLL synthesizer is
programmed with these numbers the loop wilt operate
in the following manner:

The divide by N counter is programmed to output a pulse
for every 1600 input pulses it receives. The divide by A
counter is programmed to output a pulse for every 3 input
pulses it receives. The P/P+ 1 divider is initially set to
divide by 21, i.e. output one pulse for every 21 input pulses
it receives. The output of the P/P + 1 divider is connected
to the inputs of both the N and A dividers.

Pulses are received at the input of the P/P+ 1 divider
and after 21 input pulses it will produce an output pulse
to the N divider and A divider. This same sequence will
repeat itself two more times at which time, after three
input pulses to the A and N divider the A divider will
output a pulse to the control logic. This A divider output
pulse instructs the control logic to change the divide ratio
of the P/P + 1 divider from 21 to 20. In addition the A counter
is inhibited from any further counting until such time as
it is reset thereby eliminating any additional A divider
output pulses from being sent to the control logic.

Input pulses to the P/P + 1 counter continue to produce
output pulses at a ratio of 20:1. The necessary number
of additional P/P+ 1 divider output pulses needed to pro-
duce an output pulse from the N divider is 1597 (1600-3).
When this number of pulses have been produced by the
P/P + 1 divider the N divider produces one output pulse
which is sent to the frequency/phase comparator. In addi-
tion this pulse is sent to the control logic indicating that the
total count sequence is complete. The control logic initiates
the reset of all divider logic to restart the divide sequence.
The process is repeated.

Had another set of values been chosen for P/IP+ 1 the
sequence would remain the same, only the program values
of N and A would change. As an example, if the value
15/16 had been chosen for the values for P/IP + 1, the pro-
gram value for N would be 2133 and the program value
for A would be 8 to achieve the total divide ratio of 32,003.

In the dual modulus prescale PLL synthesizer variation
of both the N and A program values is necessary to
operate the loop over its full frequency range. The advan-
tage of this type of loop is its ability to directly divide high
frequency VCO output signals without the restriction of
fixed modulus prescale. This maintains the loop reference
frequency (f) at its maximum value and permits the loop
response time and lock time to be minimized.

Interfaces

A review of synthesizer techniques would not be com-
plete without an examination of the radio interfaces to
the synthesizer. These interfaces play an important role in
defining the operational and performance specification
for a synthesizer, thereby influencing the design philosophy
of any specific synthesizer. The number of interfaces is
dependent upon the features and performance required
in the radio product. The following is a brief examination
of a number of these interfaces that are common in all
applications.

Control Interface

The Control Interface, also referred to as the Logic
Interface, provides to the synthesizer the required program
logic to establish the desired output frequency. As noted
previously, the output frequency of the synthesizer is
determined by the total divide ratio of the programmable
divider(s). It is the function of the control interface to

r.f. design
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These new tiny, ceramic trimming capacitors meet
the critical space and performance demands of the
smallest electronic equipmentyet arerightathome
even in the largest. They're the single trimmer that
can meet virtually every application requirement
and they make standardization a snap.Check some
of these features.

B Just 3mm (") in diameter
B Stable NPO material
B Three mounting configurations
@ High 250 min. Q
B Standard screwdriver type adjustment
B 1.5 to 6 pF to 5-35 pF capacitance ranges
B Low cost and immediate availability
6mm CERAMIC TRIMMERS
Available in 7 capacitance ranges from
1-3 pF t0 10-45 pF. Minimum Q at 1 MHz
is 500 with standard working voltage of
100 VDC. Stable NPO temperature
coefficient.
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Four mounting configurations and a
/n variety of TC's from NPO through N1500
W) 14 in capacitance ranges from 2-8 pF to
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Fluke introduces two new advanc
synthesized signal generators you

With 20 years experience in RF in- most-wanted features at a very affordable instruments have spurious output levels
strumentation, we're driving down price. of 90 to 100 dB below carrier, perfor-
the cost of high performance. Innovative design achieves signal mance equalling or exceeding the best

The 6070A and 6071A are designed purity and broad frequency coverage. cavity-tuned generators on the market to-
to fill a critical gap in today’s signal gen- Fluke engineers developed a number day. Microprocessor control — which

erator market: the price/performance gap  of unique and cost-effective synthesis tech- Fluke introduced to signal generator de-
that separates $10,000 synthesizers with niques for the 6070A and 6071A that de-  Sign in 1975 with the 6010A — allows

limited capabilities from the more sophis-  liver a high degree of spectral purity precision resolution and settability you
ticated, state-of-the-art units costing without sacrificing broadband range. can’t find from any other manufacturer.
$25,000 and up. As such, they represent The frequency range of the 6070A is Fluke’s new approach to synthesis in
a new generation of RF synthesizers 200 kHz to 520 MHz and the 6071A ex- the 6070A and 6071A combines several
from Fluke that deliver the industry’s tends the range to 1040 MHz. Yet both unique elements: a refined single loop de-

y Pinpoint frequency
. Internal modulation is tuning provided by
fully programmable from 20 optically coupled, mag-
. Hz10 200 kHz with 3dig- netically detented spin
its resolution. The gener- knob. Combines digital
| ators can also function precision with the
simultaneously as signal speed and convenience
\ generators and independent of analog control.

audio oscillators — two in-
struments in one.

#8017 1A SYNTHESIZED 9F SIGNAL GENERATOR
- FUNCTION

MODULATION

MEMORY
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Built-in, easy-to-
program IEEE- |
88 intestace ties the ’ Output level adjust-
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:d technology )
can specify with confidence.

sign that both improves reliability and
lowers maintenance costs; a Surface
Acoustic Wave (SAW) device to achieve
low noise performance; and a delay line
discriminator in a phase-locked loop that
improves spectral purity and increases the
modulation flexibility of the instruments.
A major emphasis on packaging de-
sign minimizes RF leakage and insures
spectral purity during servicing. Fluke’s
own thick film hybrids improve RF per-
formance and keep the parts count low.

And a high efficiency power supply helps
reduce weight, volume and heat rise.
Versatile modulation brings you
two instruments for the price of one.
AM, FM and @M are internally selec-
table. Modulation frequencies from 20 Hz
to 200 kHz can be selected. Modulation
can be applied separately or simultaneous-
ly for frequency, amplitude or phase, and
the internal signal can also be used as
an independent signal source, separate
from the RF output, giving the user two

testing of narrowband
crystal filters, wideband
amplifiers and other
devices: manual, signal
and auto modes are |
standard.

instruments — a signal generator and an
audio oscillator — in one high perfor-
mance package.

A high deviation mode of up to 1
MHz or 100 radians is provided for fre-
quency of phase modulation. External dc
coupling for AM and FM is also available.

More microprocessor benefits.

The advanced 16-bit microprocessor
control of the 6070A and 6071A makes
these signal generators easy to operate
and a pleasure to use.

Complex functions are executed rapid-
ly from simple, direct keyboard commands.

A remarkably fluid-feeling spin knob
gives even greater precision and control
by allowing you to tune around any fre-
quency, amplitude or modulation param-
eter, or spin quickly to another setting:
rapid-tuning convenience with digital
precision.

A built-in memory for storage of
front panel set-ups is provided to save
time and reduce operator errors. And the
6070A and 6071A also include a relative
units function that allows you to define
a zero point for subsequent programming,
useful in both the frequency and ampli-
tude domains.

Both instruments are IEEE-488 pro-
grammable for complete system use. Plus
self-diagnostics, error code displays, digital
sweep and other special functions com-
bine to simplify testing in any RF design
application. A full line of options and ac-
cessories is available to expand the capa-
bilities of the 6070A and 6071A.

For more information on these new
signal generators, call toll free 800-426-
0361, use the coupon below or contact
your nearest Fluke sales office.

FLUKE
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provide to the synthesizer the proper program logic word(s)
to establish the proper divide ratio(s) in the programmable
divider(s).

The specific logic word(s) used in any particular design
are unique to that design. Elements involved in defining
the specific program words are:

Type of CODE BCD, Binary, Gray, etc.

Code FORMAT Word length, Bit location, etc.
READ Format Serial, Parallel, Series-parallel
DYNAMICS Refresh, Static

AUXILIARY Bits Special flags for secondary control
The structure of the program word used to control a
synthesizer may be defined by the type of hardware avail-

| able to the designer or by the specification restrictions

placed on the product. In most cases the program word
used is a result of a combination of these two considera-
tions in varying degrees.

The implementation of the control interface has been
accomplished in a variety of ways. In its simplest form
control interfaces have been made using toggle switches.
In its most complex form microprocessors have been used.
Between these extremes, designers have used combina-
tional logic, coded rotary and thumbwheel switches,
PROM's, ROM’s, RAM's, card readers and code converters
to directly program synthesizers. In combination these
methods have been used to indirectly program synthesizers.

VCO Output Interface

The VCO Output Interface provides to the radio the
proper injection frequencies for receiver and transmitter
operation. The actual frequencies and range of frequencies
required from the synthesizer VCO is dependent upon how
these injections will be used in the radio. As a case in
point, the output frequency required for the receiver injec-
tion can vary by 21.4 MHz, dependent upon whether high
side or low side injection is used at the first mixer to
establish a 10.7 MHz IF.

Elements involved in establishing the VCO output inter-
face requirements, and indirectly the control interface re-
quirements, are:

Injection High side, Low side, On channel

IF Audio, 455 kHz, 10.7 MHz, 21.4 MHz, etc.
Scheme Multipliers, On frequency

Modulation AM, FM, PM, SSB, ISB, CW, etc.

Decisions relative to the VCO output interface are in
most cases strongly influenced by other design consider-
ations within the radio to achieve the required performance.

Loss-of-Lock Interface

The Loss-of-Lock Interface is usually provided to advise
the receiver, transmitter and operator that the synthesizer
is out of phase lock. This signal is used to inhibit the
transmitter from transmitting and quiets or blanks the
receiver. In addition, it has been used to provide a visual
indication to the radio operator that the synthesizer is
out of lock.

Other Interfaces

Thus far we have examined three of the most important
interfaces that exist between a radio and a synthesizer;
to be sure there are other interfaces that exist. They are,
however, not as directly associated with synthesizer tech-
niques as those examined. A list of the other interfaces
might include the power supply, reference oscillator output,
loop mixer injection, etc.
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Motorola Semiconductor Products Inc.

Phoenix, Arizona

M any designers of RF equipment
with vacuum tubes or solid-
state small signal equipment are not
familiar with solid-state RF power
design, and the importance of many
aspects in developing the hardware.
It is true that the same rules
apply in each case, but the physical
construction of RF power circuits is
much more critical due to the low
input impedance levels involved. The
importance of these aspects are fre-
quency, supply voltage and power
level dependency. For a given supply
voltage the input impedances are
about equal for UHF at 10-15 watts,
VHF at 3540 watts and HF at
around 100 watts. This means that
the impedance leveis of properly
selected devices for each application
(except the output) are nearly equal,
but the RF currents are a function of
the power level. Thus, it can be
deduced for example that equal
emitter inductances, in common emit-
ter operation, can be tolerated in
each case.

Selecting The Device

RF power transistors are being
made for three basic supply voit-
ages: 12.5V (12-15.5V) for land mobile
and marine applications; 28V (24-32V)
and 50V (40-50V) for aircraft, military
and base stations. The high voltage
devices have higher collector resistivities
than the ones designed for low volt-
age operation, and the emitter ballast
resistors have higher values. De-
vices designed for high voltage opera-
tion can be used at lower voltages,
but not vice-versa. This would result
in saturation at a lower power level
than normal, but will give a rugged
design. An example of this is a high
level AM modulated amplifier, where
the breakdown voltages must be high
enough not to be exceeded by the
modulation peaks.

UHF devices have a thinner epitaxial
layer than parts designed for VHF
and the same is true from VHF to
HF. The higher frequency devices
also use much finer geometries than
the lower frequency devices, resulting
in higher fr and higher power gain.
It is not recommended in general,
that a UHF or VHF device be used
at HF frequencies, except at reduced
supply voltages and reduced power
levels. Even then, stability problems
may be encountered due to the
high power gain. A 2N3866 is a popular

r.f. design

Good RF Construction
Practices and
Techniques

Categories considered include Device Selection:;
Emitter Inductance; Amplifier Instability; Single,
Parallel or Push-Pull Configurations and Thermal

Design.

low level driver at HF, but some
power gain must be sacrificed by
heavy emitter feedback. Going the
opposite way, HF devices are often
used at VHF and VHF devices at UHF
in applications where a low gain
stage (3-6 dB) is required. Most newer
RF power transistors are specified
to withstand infinite load mismatches
under a variety of operating conditions.
However, this is providing that the
maximum total dissipation rating is
not exceeded. This can happen if
the device goes into self oscillation,
usually a circuit oriented problem.
The total dissipation is specified
under RF conditions, and does not
mean that the device can be DC
biased up to that point at the op-
erating voltage, although some devices
could survive it. All transistors can
be used for linear operation providing
the power output is kept low to avoid
the saturation knee. Devices specified
for linear operation employ a much
larger die for this reason, and have
been specially processed to improve
the linearity of the transfer curve.
Other important factors to consider
are the input Q and matching of
devices for push-pull or parallel sys-
tems. The input Q determines the
broadband performance of the device,
especially at the higher frequencies.
For broadband application a low Q de-
vice should be selected. The Q is
primarily determined by the ratio of
the reactive and resistive components
(Xs/Rg). The output Q is usually

much lower and is not the limiting
factor in most cases. Device match-
ing should be done on power gain
for class B and C, and in addition
on hegg and Vgg forward voltage
for class A and AB. The power gain
follows the hpe to a great extent as
long as the device is not saturated,
and in most instances, at lower fre-
quencies 10-15 percent hgg matching
is considered sufficient.

The Emitter Inductance

For simplicity we will only discuss
the common emitter amplifier configura-
tion. It should be realized that in a
common base circuit, the base in-
ductance is equally critical. To ob-
tain the maximum power gain of a
given device, the emitter-to-ground
inductance must be kept as small as
possible. This inductance outside the
transistor consists of the transistor
lead inductance to ground and the
impedance of the circuit board ground
plane. In most good designs it is
necessary to employ a double-sided
circuit board where a continuous
ground plane is provided at the
bottom side of the board. This is
electrically accessible by feed-through
eyelets or plated-through holes around
the transistor mount opening, near
the emitter area. For even better
performance, the transistor mount
opening in the board can be wrapped
around with straps of metal foil,
connecting areas on the top of the
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board to the ground plane. To minimize
the lead inductance, the transistor
mount opening in the circuit board,
which is necessary to allow the
device to be attached to a heat
sink, should not be made larger
than necessary for a given package
type. If the lead inductance is con-
verted to reactance at the frequency
of operation, its effect can be com-
pared to that of an equal value
resistance between the emitter and
ground. This will allow us to calculate
the actual gain loss in each case.

The transistor wire bond and lead
frame inductance are fixed parameters,
and can only be changed by select-
ing a device in the physically
smallest package that will do the
job. Sometimes the same transistor
die is available in various package
styles such as the standard .380
SOE,* .500 SOE, or plastic TO-220.
For a given die, it would be possible
to obtain the highest power gain
out of the .380 style since the internal
package inductance is lower than in
the two other cases. Also, the stud-
mounted packages, although not as
good thermally as a flange type,
allows closer access to the ground
plane, since openings for the flange
ears in the circuit board are not
required.

In a push-pull configuration the
emitter-to-ground inductance becomes
non-important, and this path only
provides the DC supply to the devices.
Analyzing the push-pull operation
reveals that the RF current is now
flowing from emitter to emitter. For
this reason, the devices should be
physically mounted as close to each
other as possible. If this cannot be
done due to an existing circuit
layout or other reasons, some im-
provement can be obtained by connect-
ing all the emitters together with a
wide metal strip over the transistor
caps. With flange-mounted parts,
each emitter can be connected to
the flange using solder lugs or wire
loops under the mounting screws,
enabling the heat sink to provide a
low inductance connection between
the emitters. For push-pull operation
at UHF, special eight lead packages
have been developed, where the two
transistor die are attached next to
each other, thus limiting the emitter
to emitter inductance to that of the
bonding wires. This is probably the
only practical approach to UHF push-
pull techniques at higher power
levels.

Amplifier Instability

There are many reasons for an
amplifier stage to reach conditions

*Stripline Opposed Emitter

TESTING:

WHERE THE

Power amplifiers to cover the widest
range of rf testing requirements. Sub-
octave to ultra-wideband response,
and gain that's flat and reliable.

Take our popular Model 10W1000
as an example: This compact all-solid-
state amplifier delivers a true 10 watts
of linear power throughout a bandwidth
of 1MHz to 1GHz—three extremely im-
portant decades of bandwidth in the
rapidly expanding spectrum of rf test-
ing. This is the huskiest combination of
power and bandwidth available any-
where today.

AR amplifiers, from 1 watt to 10kW,
are unconditionally stable, immune
7333 © ar

even toworst-case load mismatch with-
out damage to themselves or shutdown
of the system. And the full bandwidth

is instantly available—no tuning or sys-
tem adjustments needed for continuous
or automatic sweeping.

When you call AR, the chances are
very good that we'll have whatever com-
bination you seek—clean bandwidth,
output power, linearity as i
needed, pulse capability [y
—oftenin an amplifier  /
about half the size of its /|
nearest ‘competitor.”

SEND FOR FREE BOOKLET

arf

160 School House Road, Souderton, PA 18964
215-723-8181-TWX 510-661-6094
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516-694-1414 Cable: Electronic Hallandale, Fla. Telex: 51-43-32

Measure pulsed and CW electric
fields accurately, easily -
and economically

The EFS-2 E-Field Sensor measures electric fields from 1 to 300
volts/meter, pulse or CW, in a frequency range of 10KHz to 220
MHz. A companion model, the EFS-3 also offers monopulse
capability; the EFS-3 can operate on a single pulse as narrow as 1
usec. No tuning or bandswitching is required. Self-contained and
powered by rechargeable batteries, the unit is physically small,

thus has only negligible effect on the field.
are available for remote readout or control,

optic data link. Write for com-
plete data on the EFS-2 and
EFS-3. These low cost instru-
ments offer maximum versa-
tility and accuracy for measur-
ing and monitoring electric
fields.

Accessories
including fiber

instruments for industry, inc.

151 Toledo Street ¢ Farmingdale, N.Y. 11735
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Our trimmer

capacitor line keeps
blgger

6o 8™

Sprague-Goodman's trimmer capacitor

line is growing. With sub-miniature cer-

amic and sapphire dielectric Pistoncap®

trimmer capacitors. The ceramics are
a5 smaoll as 3mm diameter ond the

sapphires have very high Q ot UHF
and GHz frequencies.
They're available off-the-shelf along

S )

¥

by getting
smaller.

with our glass Pistoncaps,® Filmtrims®
ceramic single turn, and Mica compres-
sion lines.

So the next time you need standard
or custom trimmer capacitors, call us or
your distributor ond ask for Sprague-
Goodman. The first and last name for
trimmer capacitors.

i j m?gwmmn Electronics, Inc.

134 FULTON AVE. GARDEN CITY PARK. N.Y noao 516:746-1385 * TLX 14-4533 it
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of instability. Sometimes it is device
oriented, depending upon the amount
of feedback capacitance compared to
the electrical size of the device,
and the phase angle of the feedback.
Somewhere higher than the operating
frequency the feedback phase angle
will be 360°, and if the device Fr is
high enough, it will oscillate. The
oscillations may occur only at reduced
drive levels or reduced supply voltage.
In most cases it can be remedied
by lowering the Q of the input
circuit or making the tank circuit
Q higher.

The so called half Fg instability
is fairly common with VHF and UHF
amplifiers. It is more or less device
oriented and is caused by a varactor
effect in the base-collector junction
diode or a combination of it and the
base-emitter junction diode. The half
Fo usually occurs at reduced supply
voltages in 12.5V systems, at some
specific drive level, which indicates
that when the diode DC bias is re-
duced, the junction capacitance will
be increased, and the RF voltage
swing will drive it into a parametric
mode. The amplitude of the half Fy
can be reduced or sometimes totally
eliminated by narrowing the system
bandwidth.

Another possible cure for both
problems above is de-Q’'ing the base
bias choke (Class B, C). This can be
done with a high u ferrite bead
in line with the choke or an external
low value resistor in parallel with it.

Low frequency instability is probably
the most troublesome mode of self-
oscillation. It usually occurs at audio
frequencies or VLF, where the device
has extremely high power gain. Since
its oscillation is broadband in nature,
it results in high collector currents,
and often the device is destroyed
by overdissipation. Causes for the
low frequency instability are usually
inadequate collector DC feed by-
passing or an extremely poor ground
in that area. Two or three RF chokes
together with various values of by-
pass capacitors from 1000 pF to several
uF may be required in the DC line
to-stabilize the circuit. (See examples
in Reference 1.)

Negative feedback through an RLC
network from the collector to the
base will reduce the device gain at
low frequencies, and is found to be
helpful on many occasions. The above
modes of instability can be present
when the amplifier is operated into a
proper load. In addition, instabilities
usually occur when operated into a
mismatched or reactive load. The
general rule is: The higher the stage
gain, the less stable it can be
under these conditions. This naturally
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Take the
direct approach.

E § 3 § 8 =

ry
S

SSB SIGNAL TO PHASE NOISE RATIO IN 11, BW

100 L1 10K
OF # SET FREQUENCY  Hs

Low Harmonics Low Phase Noise

Fast Switching Low Spurious

Our 160MHz frequency synthesizers outperform PLL designs,
at lower-than-PLL prices.

The 5600 progammable fre- our remote-only version for OEM
quency synthesizer provides di- applications.
rect synthesis from 0.1 to 160mHz. Contact us or your nearest
Yet it's priced lower than many —70dB phase noise), tast switch- Wavetek Rockland sales repre-
PLL designs in its range. ing (20 us), constant resolution sentative for complete data or a
That's real value, especially (no multipliers), and uniformly demonstration.
when you consider the excep- tight output leveling (+ 0.5dB). Wavetek Rockland, Inc.
tional precision and performance The 5600 includes full remote Rockleigh Industrial Park
characteristics it offers: outstand-  digital programmability. GPIB is Rockleigh, NJ 07647
ing spectral purity (—70dB spuri- available as an option. For even (201) 767-7900
ous, —35dB harmonics, and greater value there’'s the 56104,

WAVETEK, RocKl.AND
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assumes, that the amplifier is not
unstable for reasons discussed eartier.
A reactive load can be present in
the form of a low-pass filter, and if
not properly designed, will cause
amplifier instabilities. A good solution
to analyze the stability is presented
in Reference 2. An amplifier can be

tested for stability using a load
mismatch simulator. (Figure 1).
L and C values will of course

depend on the frequency of opera-
tion. Typically C, and C, are equal
and L, has twice the value of L,.
The circuit should have a point,
which presents a complete short

and a complete open circuit and alt
phase angles between, which can be
verified using a vector impedance
meter. Attenuators can be connected
between the simulator and the amplifier
to limit the maximum mismatch.
For example: A 3 dB attenuator
would represent 6 dB return loss,
limiting the VSWR to 3:1. Similarly
a 2 dB attenuator would give about
4.5:1 maximum mismatch. A direc-
tional coupler and a spectrum analyzer
can be used to monitor the amplifier
behavior. Stability under a 3:1 mis-
match is usually considered sufficient
for most purposes.

Some Packages Work
Better Than Others.

MODPAK ™ the modern packaging system, provides all the pro-
tection your RF circuit will ever need. Sturdy, shielded enclosures
with a choice of four connectors in more than a dozen standard sizes
or custom fabricated in virtually any size. Top and bottom covers are
easily removed for access to circuit board. And it doesn't take allthe
king's horses and all the king's men to put them back together again.
Just a screwdriver and four screws. Simplicity in both function and

design.

Send for our new 1980 catalog and find out how Modpak can

work better for you

Adams Russell

MODPAK DIVISION

80 Cambridge St., Burlington, MA 01803 (617)273-3330
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Single-Ended,
Parallel or Push-Pull

Each of the above configurations
has its own application with re-
gards to frequency spectrum, band-
width and power level. A single-
ended narrow-band amplifier design
usually produces optimum performance
of the device. These circuits are
employed when power gain or other
information is compiled for a device
data sheet, or if an amplifier for
single frequency operation is required.
Lump constant matching networks
can be used up to about 200 MHz
and stripline designs are common at
150 MHz and up, and in fact are
the most practical design concepts
at UHF and microwave. With proper
techniques, it is possible to achieve
bandwidths of one octave or more.
Tapered line or step line approach,
where the line impedance varies
exponentially per unit length, or a
number of quarter wave lines in
series, having various characteristic
impedances, is widely used for this
purpose. A disadvantage is that the
physical layouts become rather bulky
at frequencies below 500 MHz, un-
less substrate material with a high
dielectric constant is used. (Reference
3)

At lower frequencies, up to 100
MHz, broadband transformer matching
techniques are only practical at 40-
50W power levels at 12.5V or 90-
100W levels at higher supply volt-
ages. The low impedance levels and
the high RF currents involved, make
it difficult to adequately by-pass
the transformer ground returns. .

Between 100 and 200 MHz, broad-
band designs are difficult to imple-
ment. Lumped constant matching net-
works can be used, but since
several sections in the input and
output are required, production re-
peatibility may be poor. The etched
air line inductors described in Ref-
erence 4 may be the best solution
to this problem.

In the past it was considered
poor practice to directly parallel
transistors in order to obtain higher
power levels. This was mainly be-
cause of uneven current sharing

Figure 1.
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Among the good things that
come in small packages are
Wavetek's new Ultramin™ RF and
microwave filters. They'll reduce
weight and save valuable board
space when you're designing
circuits for anything that flies,
swims, or walks

For example, our TS Series
covers the 25 to 500 MHz range
yet weighs less than 0.046 ounces
and is only 0.36 inches in
diameter. The T8 Series is only a
little larger and covers the 10 to
1,000 MHz range. R and S Series
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filters cover the full 10 to 3,000
MHz range

Rugged, low-mass Ultramin™
filters can be specified to meet
stringent requirements for
temperature, humidity, shock

and vibration, including
MIL-E-5400, MIL-STD-202

They're available in bandpass
lowpass, highpass, and bandstop
designs. 0.01 dB Tchebychev
response is standard; other re
sponses are available on request

Write or call for our complete
Ultramin™ Series catalog. It's the
prescription you've been waiting for

Wavetek Indiana, PO. Box 190,
66 N. First Ave, Beech Grove, IN
46107. Toll free 800-428-4424; in
Indiana (317) 783-3221

MIL-E-8189, and MIL-F-18327 WAVET‘E K
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between the devices, which usually
led to thermal runaway and destruc-
tion of one device. However, most
RF power transistors are now emitter
ballasted with a built-in resistor for
each emitter site. This minimizes
the problem, but it is aiso difficuit
to design low loss matching net-
works for the reduced input and
output impedance levels. Thus, the
direct paralleling of transistors is
not recommended in general. Parallel-
ing may be done in such manner,
that the input and output impedance
of each unit are first transformed
to some intermediate level or directly

to 100 ohms. where the inputs
and outputs are then paratieled. The
best way to generate higher power
levels with low power transistors is
to use 50 ohm in-out “building
blocks'™ of which any number can
be combined by in-phase, quadrature
or hybrid couplers. (References 5, 6. 7.
8.) This also provides isolation be-
tween the individual amplifier units.

Push-pull configuration has several
advantages over single-ended am-
plifiers:

1. Even harmonic suppression.

2. Easier input-output matching due
to higher impedance levels.

RF ENGINEERS &
TECHNICIANS

Discover the kind of
advantages that can turn a
good career into a great one!
MAGNAVOX Advanced Products and Systems Company, located

n Los Angeles County's beautiful smog free South Bay area. s the
undisputed leader 1n satellite navigation and spread spectrum

technologies

Meeting the great challenges of the future depends entirely on the

people employed at

Magnavox . . .

who are provided the

opportunity to growth with us and pursue areas of technology
among the most advanced n our field Presently we seek

experienced Engineers and Technmicians to

join our very

successful electronics design team

RF ENGINEERS
RF TECHNICIANS
ANALOG TECHNICIANS
POWER SUPPLY TECHNICIANS

Join Magnavox for a future which promises a diversity of
tehnological challenges. complete involvement with projects. a
strong management team and a stimulating work environment
conducive to your professional growth . . . JOIN MAGNAVOX!

Please send resume to

Hank Ellis
Magnavox Employment
2829 Maricopa Street
Torrance, CA 90503

We are an equal opporturity employet

Magnavox

Advanced Products and
Systems Company
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3. Emitter grounding and coliector
DC feed by-passing less critical.

4. Automatically combines the powers
of two devices.

A push-pull circuit can be de-
signed as a narrow-band system
using lumped constant elements. or
using stripline techniques at higher
frequencies. These circuits are rather
critical however, and require extreme
symmetry between each side. A broad-
band circuit, using RF transformers
is much more tolerable in this re-
spect due to the tight coupling pos-
sible between the transformer wind-
ings. Push-pull circuits of this type
have been designed up to 150 MHz
or higher, depending on the power
level and supply voltage. With proper
transformer design, several octave
bandwidths can be achieved. Other
means of designing push-puli circuits
include: a) A quarter-wave balun to
provide the unbalanced to balanced
function and 180° phase shift for two
single-ended amplifiers. b) Two single-
ended amplifiers, of which one is fed
directly, while the other one is fed
through a delay line, providing a 180°
lag in phase at the frequency of
interest. The same must be done at
the output. Quarter-wave lines are
commonly used for this purpose. Both
a) and b) operate only within a narrow
bandwidth, since the phase angle
varies with frequency. The latter method
is especially adaptable to UHF and
higher frequencies, where the lines
will be of moderate length. a) and b)
also differ from conventional push-
pull designs, discussed earlier, in
that the phase shifting is done at the
50 ohm impedance levels rather than
at the base and collector directly.

Thermal Considerations

On the reliability viewpoint it is
important that the transistor die
temperature is kept below a certain
limit. This varies slightly with dif-
ferent geomretries, but 160-165°C is
usually considered the maximum rec-
ommended. Take the MRF422 as an
example, which has a junction-to-case
thermal resistance (Rg c) of 0.6°C/W.
If the transistor is operated at 150W
dissipation, the case temperature
should not exceed: (T;-(PpRgyc)=
165 — (150X0.6) = 75°C. The Rg c num-
ber published in data sheets is an
average, and actually varies with power
dissipation (Reference 9). Considering
the thermal resistance of the heat
sink, which most manufacturers specify
as from the mounting surface to
ambient, but do not specify the
mounting suface area. the heat sink
ambient temperature must be con-
siderably cooler than 75°C. Thus,
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the Rgyc of a heat sink actually
depends on the transistor package
style. An aluminum heat sink with
surface thickness of 0.25" was tested.
Its temperature was measured three
inches from the transistor, which was
mounted directly on the surface. The
temperature was kept at 25°C with
forced air cooling. With the 150W
dissipation the transistor case tem-
perature rose to 72°C. The case to
ambient temperature then is:

ATga  72-25
= —— = 0.31°C/W.
Pd 150

The die temperature is Ty - (T¢ -
Tc) = 165 — (75 — 72) = 162°C. The
same measurement was done using a
copper block of 2" x 2" x 0.125"
as a heat spreader under the transistor.
The case temperature was measured
at 58°C, and the thermal resistance
decreased to (58 — 25y150 = 0.22°C/W,
and the die temperature was lowered
to 148°C. The 150W dissipation is
hardly realistic under normal operating
conditions, but can be reached during
a load mismatch. Regarding the above
data, more attention should be paid
to the heat sink material and not
only its size.

a
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Projects that require special quadrature
hybrids or couplers sometimes cause per-
plexing design difficulties. Namely, how can
you fit that hybrid into the system’s design,
rather than tailoring the design to accom-
modate the hybrid? There is a solution.
Wireline® hybrids. The beauty of Wireline
is that it handles like wire, but performs
like a machined hybrid. You get the design
flexibility you want for do-it-yourself hybrid
and coupler applications, and you get it at
a tremendous reduction in cost.

The success of our original 100 Watt CW
power Wireline led to the new
braided copper and seamless
copper tube Wireline that
handles 200 Watt CW power.
Each Wireline can be soldered
into your system easily, and
the new copper-jacketed style
retains the shape you put it

in. For each of the five Wireline styles the
tightest nominal coupling is 3dB (quadra-
ture hybrid at midband), obtained with a
length equal to a quarter-wavelength.
Shorter lengths yield looser coupling.

Wireline can be supplied pre-cut and
trimmed in lengths of 26” to 1.08”, and in
a frequency range of 50-2400 MHz. Or in
bulk lengths if you prefer to make your own
units. Either way, Wireline hybrids offer un-
matched design flexibility, convenience,
and cost savings. The next time you're try-
ing to solve a puzzling design problem,
bend a little Wireline . . . in-
stead of your mind.

For additional information
about Wireline, and a compli-
mentary sample of each
Wireline, write or call Sage
Laboratories.

WIRELINE HYBRIDS.

THE PERFECT SOLUTION
TO PUZZLING
\i\DESIGN PROBLEMS.

'\?H \ N I/
by, N 1
¢ N i
/ A

jsage

LABORATORIES,INC.
3 HURON DRIVE + NATICK, MA 01760

(617) 653-0844

TWX: 710-346-0390
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A High Isolation RF Switch

A dual gate DMOSFET RF switch with
65 dB of isolation at 100 MHz and low

insertion loss is described.

+15.0 Vp¢
o ———
GATE
SOURCE DRAIN
INPUT SUBSTRATE OUTPUT
-0V
Figure 1.

Ed Fong
Consultant, Signetics
Santa Clara, CA

I n recent years the popularity of electronic entertainment
products operating in the VHF spectrum have saturated
the consumer market. These include VHF receivers, cable
television, video tape machines, and video games. In these
circuits, low frequency techniques cannot be used. At
the present time, broadband RF switching is accomplished
mechanically, by pin diodes or by manually changing input
cables. The mechanical switch results in high electrical
losses, mechanical failures and difficulty in remote control
switching. A double pole single throw mechanical version
costs around $10.00 and a multiple input version costs
much more. Therefore, most home hobbyists are left with
manually changing coax cables each time they desire a
different input. This article describes a technique using a
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Figure 2.

dual gate DMOSFET for RF switching. It offers 65 dB of
isolation at 100 MHz with minimum insertion loss and
is usable up to 300 MHz. It is TTL open collector compatible
and thus the switching signal can come from a microcom-
puter or other logic control circu try. The key lies in a tech-
nology known as DMOS'? (double diffused metal oxide
semiconductor). The circuit proposed here is a four input/
single output RF switch. This technique can be expanded
to more inputs if desired. Although ideal for switching
RF video signals, it is a general RF switch capable of
handling a 2 volt P-P signal.

Design Considerations in an RF Switch

Conventional MOS transistor switches have been in the
market over ten years. Figure 1 illustrates a typical config-
uration for an analog switch.

When + 15.0v is applied to the gate, the device turns on.
The signal is fed into the source and the output is taken at
the drain. This circuit has three disadvantages:

1. The substrate must be biased more negative than
the most negative portion of the signal to avoid current
flow to the bulk. From the device structure, which is shown
in Figure 2, it is obvious that if the source to substrate
dropped more than 0.7 volts, the forward biased PN-diode
junction would allow current flow. Thus the scheme shown
in Figure 1 requires a negative bias at the substrate for
proper operation.
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2. The switch is unlike a true mechanical switch in
that the series resistance is not 0.0 ohms when the trigger
voltage is applied. This gives an insertion loss which may
be intolerable in low impedance systems. In the SD210
series” the "'on resistance’ is about 40 ohms. In an audio
system where the line impedance is 600 ohms, the additional
‘on resistance’ in series with the line is perhaps accept-
able. However, in a 50 or 75 ohm system, the addition of
this impedance will resuit in insertion losses and mismatch
problems. A circuit model of an ideal switch is shown in
Figure 3a. No insertion loss is included in the presence
of the switch.

A model considering the “'on resistance” produced by
the active switch is shown in Figure 3b.

The figure illustrates that only about half the voltage
appears across the load. The total power into the system is:

vZ
P= (1)
2Ry
The power into the load is:
2
3w
Py ——= (2)
R, 4R,

Therefore, only half of the original power is delivered to
the load. The mismatch will also create standing waves in
the transmission line resulting in ““ghost” if the information
is video and multipath distortion if the information is audio.

3. It is advantageous to obtain a switch which has very
low “‘on resistance” for low impedance systems. This
requires an extremely large switching device or multiple
devices in parallel. However, the stray capacitances in the
system will increase proportionally.

A model of a DMOS with stray capacitance is given
in Figure 4.

*Signetics product.

The major capacitance which determines the isolation
in Figure 1 is Cgs (drain to source capacitance). This
capacitance is a combination of Cgs, Cgq, Csp and Cgyp.
It cannot be removed by circuit techniques or by changing
the control voltage. Typically in a SD210 device, this
capacitance is on the order of 2.0 pFd. This produces an
impedance of about — j800 ohms at 100 MHz. Thus whether
the switch is “ON” or “OFF", a reactive term of —j800
ohms is always present. This corresponds to about 12 dB
of isolation at 100 MHz in a 50 ohm system. If two devices
are paralleled, the “‘on resistance” will be halved but the
isolation capacitance will double, thus losing another 3 dB
of isolation. The trade-ofts in such a scheme is either low
‘on resistance’ with poor isolation or moderate ‘“‘on resist-
ance” with moderate isolation. Either choice is not
adequate for most applications at VHF.

An Active Broadband RF Switch

It is apparent from the above discussion that some
“on resistance” will always be present. In a 50-75 ohm
system the scheme described above is impractical unless
the “‘on resistance” can be reduced to under 5 ohms. This
will take on the order of ten devices in paraliel and the
associated capacitance wili be 20 pFd. The isolation will
then only be a few dB. Thus one is led to an active switch-
ing scheme where input/output matching can be varied and
“ON” resistance is not a factor. A single channel active
RF switch is shown in Figure 5.

Figure 5 is basically a common source amplifier using a
DMOS device. R2 and R3 are large value resistors used
for biasing. The switch is activated by the control signal
at R2. R1 is used for matching and is determined by the
system impedance. R4 should also be matched to the
system impedance which also determines the gain (A=
-gm-Ry). Thus a compromise must be made between
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system losses and matching. For R4 =75 ohms, the gain is
approximately unity for a SD200 DMOS device." DMOS’s
are an ideal choice for this application since in a common
source configuration their fr is approximately 1.5 GHz. As
a high frequency amplifier, it easily performs above 500 MHz.
As previously discussed, low capacitance is the key for
good input/output isolation. In the SD200 series the
associated capacitances are:

Cgs~3.0 pFd

Cq4sv2.0 pFd

Cgqv0.2 pFd

Notice that the gate-to-drain capacitance is extremely
low. It is about one magnitude smaller than the other
stray capacitances. Thus it is advantageous to have the
input signal at the gate and the output signal at the drain
for good isolation. This will give an “OFF" impedance of
about 8K ohms. The reason for this is best demonstrated
by a sideview of a DMOS device shown in Figure 6. Notice
that the gate and drain are separated by a P region. This
increases the gate to drain distance and thus decreases
the associated capacitance. Breakdown voltages are also
increased due to the larger distance between the source
and drain.

Other advantages of this structure have been discussed
in the literature'?. Using this scheme in a common source
configuration has yielded 40 dB of isolation at 100 MHz.
This is much better than the traditional configuration shown
in Figure 1. Since Cgq is small, “Miller capacitance,”
is also kept to a minimum thus yielding better high fre-
quency performance. However, this nonlinear capacitance
can cause loading of the input signal and thus increase
distortion products. A cascode configuration®, shown in
Figure 7, can improve the high frequency distortion char-
acteristics, frequency response and at th same time

*Signetics.

+Vee

J—CONTROL SIGNAL
o]

F@umB.
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R5, R8, R13, R19 — 39k ohms
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Figure 9. Components.

M1, M2, M3, M4 — SD305

3
I

improve the isolation. A basic configuration is shown in
Figure 7a.

Signetics carries a line of dual gate devices, called
the SD300 series, which is the circuit equivalent of a cas-
code. The construction is on a single substrate and is cost

competitive with the single gate devices. The equivalent
cascode circuit is shown in Figure 7b. The economics
and performance of the SD305 make these devices ex-
tremely desirable. Capacitance from the gate-to-drain in
these devices is 0.03 pFd. Thus one achieves an order of

Your one stop source for

Crystal Oscillators

TTL Models: 1 Hz to 100 MHz
CMOS Models: 1 Hz to 10 MHz
Clock  Ecimodeis: 5 MHz o 300 MH: .

Sine Models: 1 KHz to 500 MHz

Stability:
OSCS Stanzard: 0/+ T0°C: +25ppm

Optional: 0/ + 50°C: * 3ppm
~55/ +125°C: +50 ppm

Oven Frequency: <1 MHz to 400 MHz

Aging: Models range from

Types 1x10-"/day to 1x10-'*/d

Temperature: 1x10-*/°C to 4x10-'%/°C g .
(Low Noise) %

Sine Models: 1 MHz to 400 MH2z
TTL Models: 50 Hz to 70 MHz
TCXOS CMOS Models: 50 Hz to 10 MHz
ECL Models: 20 MHz to 280 MHz
Stability: 0/ +50°C: +1x10.”
- 55/ +85°C: +1x10-*

For both linear low distortion

and phase lock applications

vcxos Frequency: <1 MHz 0 400 MHz
Deviation: +.003% to +1%
Linearity: to +1%

Call our Applications Eng. Dept. at
203/853-4433 TWX: 710-468-3796

A ¥ V 4
VECTRON
" VECTRON LABORATORIES, INC. [
166 Glover Ave. « Norwalk, CT 06850 |
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RF Microwave Engineers

Get the right
climate...

for working and living
with Wavetek Indiana, Inc.
Our new facility will provide you with the opportunity for ever increasing responsibility
and ad " P in keeping with our ongoing technology and growth.
We have doubled every two years for the last ten years. Due to this rapid ex-
pansion, we have the following opportunities immediately available:

COMPONENTS ENGINEER

Your individuality and potential will be recognized with our COMPONENTS GROUP
where you will have substantial responsibility in the d D of our

technology. Desirable experience will include knowledge of current PIN diode switch,
attenuator or phase shifter technology; with some understanding of microwave in
line or rotating attenuator technology and/or thin/thick film process technology.
Four to seven years experience with an Electnc Engineering background is required.

DESIGN ENGINEER

We are seeking a BSEE who can design requi and pts into
operational hardware. Must be familiar with stripline/microstrip transmission tech-
niques and the latest solid state devices. Experience in the design of small signal
and low power amplifier and oscillator circuits up to 5 GHz is essential. Applica-
tions include circuits for signal source instruments.

Our Indanapolis location provides a i and rel sphere, Y
priced housing and cost of living, along with convenient recreational and cultural
facilities, good schools, low population density and several neighboring uni-
versities and medical centers

Wavetek Indiana offers you an excellent compensation program, and a compre-
hensive company benefits package, along with a chance to make the most of your
abilmes

To schedule an interview, please call 317-7834181 Ext. 68 or send your resume
including salary history in confidence to:

N.M. Dzienciol
Manager Employee Relations

WAVETEK INDIANA, INC.
66 N First St , P.O. Box 190
Beech Grove. IN 46107
An Equal Opportunity Employer M F
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magnitude improvement in isolation with the dual-gate
devices. In prototype single channel versions, 80 dB of
isolation has been achieved at 100 MHz using stringent
layout rules and a low dielectric duroid board.

Other critical parameters in an RF switch is input/output
matching, noise and biasing. For minimum power dissipa-
tion, large value resistors are desirable for biasing. Gate 2
can be bypassed to ground since the circuit is in a cascode
configuration. The thermal noise (4 KTR) at gate 2 is shunted
to ground with a bypass capacitor. Gate 1 must also be
biased by large resistors to minimize power dissipation.
Since the input must see 50-75 ohms, a 75 ohm resistor
is used in series with a bypass capacitor to simulate the
load. This also shunts the large bias resistors and results
in the total 4 KTR noise being that of the 75 ohm resistor.

Output matching is not as critical since there is only a
forward transmission of the signal to the load. Another
factor in DMOS (and also in any MOSFET) is DC stability.
It turns out that the threshold voltage has a wide range,
typically 0.5 to 1.50 volts in the SD300 series. Feedback
must be applied to compensate for this variation. This
is accomplished by source degeneration in combination
with a bypass capacitor. The complete schematic for a
single channel dual gate analog switch is shown in Figure 8.

The optimum bias point for the SD305 is 9-15mA. Since
the DMOS devices are enhancement mode devices, the
device is activated when a positive voltage is applied at
both gates. This is typically 2.0 volts at gate 1 and close to
Vpp for gate 2. Gate 2's voltage is not critical and is
used for the control signal. In Figure 8, with a 12.0 volt
supply, a 1.0 volt drop appears across the load resistor.
This still allows for a 2.0 volt P-P swing which is more
than adequate for receiver applications. A 75 ohm resistor
at the load will limit voltage swings. 100 ohms was found
to be optimum and was determined experimently.

64

TI
D1 D3
1HOVAC HATBI2 +
? 02 Da
_[C25 +12Vpe
Radio Shack 12 VAC transformer 273-1385
D1-D4 1N4007 silicon diodes
uA7812 — 12 VDC regulator
C25 — 100uF 25.0V electrolytic capacitor
Figure 10. Components.
A Four Input/Single
Output Active Switch

The circuit proposed here is ideal for RF switching and
offers 60 dB of isolation at 100 MHz when using standard
G-10 epoxy board. It works well for most RF receiver appli-
cations up to 300 MHz where the isolation drops to about
28 dB. A graph showing isolation and loss with respect
to frequency is shown in Figure 12. The circuit can be
constructed for under $15.00 and uses the principles intro-
duced in the previous section. By utilizing four devices,
one obtains four inputs to a single output.

The circuit can be expanded to more inputs with the
addition of devices. However circuit layout is extremely
critical and coax cables must have extremely good grounds.

(Continued on page 73.)
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Figure 12.
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(Continued from page 64.)

Dozens of input channels for a single output would not be
practical at high frequencies due to stray capacitances.
It was found that by varying the grounds, isolation changed
by as much as 20 dB. If connectors are used on the chassis
to interface with the outside world, the respective grounds
on each connector must be maintained with the transmis-
sion line. Ground loops must be avoided if isolation is of
primary concern. The complete schematic is shown in
Figure 9.

Notice in Figure 9 that only one source and load resistor
is necessary since at any given time only one device is on.
This minimizes component count which can contribute
to stray capacitances. Since only 10mA is required for any
given time, an elaborate power supply is not necessary.
An inexpensive transformer with a bridge rectifier and
regulator is more than adequate.

The printed circuit layout for both the switch and power
supply is shownin Figure 11.

Conclusion

A new scheme for switching RF small signals using
a DMOS device has been given. Because of the inherent
low gate to drain capacitance of DMOS, extremely good
isolation is obtained. The circuit scheme can be matched
to any low impedance and offers as high as 70 dB of
isolation at 100 MHz if duroid board is used and careful
layout techniques are followed. A schematic diagram and
printed circuit board layout is given for a four input/
single channel output version. It offers 60 dB of isolation
at 100 MHz and uses standard G-10 epoxy circuit boards.
The parts are relatively inexpensive and the entire unit can
be built for under $15.00. a

Figure 14.

r.f. design

10 dB/Div

MHz 10 100 200 1000
Figure 13.
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1-500 MHz RF Switch

Model A64 is an ultra wide band PIN diode
solid state switch for transfering both low and
high level signals with negligible distortion,
high isolation, and minimum loss.

® 1-900 MHz ® Impedance Transformer
RF Instruments ® Impedance Bridges

® RF Amplifier ® Precision Termination

® RF Comparator ® Rf Analyzer

Available 50 or 75 ohms

Wide Band Engineering Co.. Inc.

P.O. Box 21652 1838 East University Drive
Phoenix, Arizona 85036 Phone (602) 254-1570
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Attenuators,
Resistors and
Terminations

C.T.C. attenuators, resistors
and terminations are thin
film components in a low thermal
resistance BeO and Copper
package, designed for high
power dissipation at frequen-
cies up to 4GHz. Ideal for
microstripline applications.

C.T.C. offers the finest attenu-
ators, resistors and termina-
tions of their type on the market
today, available from volurme
stock direct from the factory and
distribution centers, and
backed by a full support staff
in applications and service.

In Stock at:
Richardson Electronics, Ltd.
(312) 456-0600 lllinois
(617)965-2255 Massachusetts
800-323-6860 Florida

NESCO
(213) 827-2224 California

R.F. Gain, Ltd.
(516) 536-8868 New York
800-645-2322

CTC Has the Power.
Go for it.

Commdnications

Transistor Corporation

301 Industrial Way

San Carlos, California -
94070 (415)592-9390 varian
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65 Watt 12.5 Volt
RF Power Transistor

The Solid State Microwave Division
of Thomson-CSF has introduced a
new internally matched 65 Watt 12.5
Volt RF power transistor designed
specifically for 100 Watt UHF land
mobile radio applications. The SD1499
produces a minimum of 65 Watts
of power output across the full 440
to 512 MHz band. This device fea-
tures diffused emitter resistor ballast-
ing and will withstand infinite VSWR
loading at high line collector volt-
age (15.5V) conditions. This high gain
device is supplied in a low induc-
tance .400 square package utilizing
gold metallization and gold bonding
wires.

Contact Bob Tyson, Thomson-CSF
Components Corporation, Solid State
Microwave Division, Montgomeryville
Industrial Center, Montgomeryville, PA

18936, (215) 362-8500. INFO/CARD #123.
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Tunable Bandpass Filter Kits

K & L Microwave announces the
release of their new Tunable Band
Pass Filter Kits. Designed for convenient
use and storage in the laboratory,
the kits each contain six tunable band
pass filters in the RF and micro-
wave frequency range. These tunable
band pass filters which individually

cover an octave tuning range, are
selected for the kits to provide con-
tinuous band coverage within their
respective frequency ranges. Kits may
be chosen to cover various bands
in the 24 MHz to 18.0 GHZ spectrum.
Nominal performance for the in-
dividual filters in a kit include: One
half to one octave tuning range; 3dB
bandwidth: 5 percent of tuned fre-
quency; 50 ohm impedance with 1.5:1
VSWR; 50 watt power handling capa-
bility; 1 percent dial accuracy.
Contact Charles Schaub at: K & L
Microwave, Inc., 408 Coles Circle,
Salisbury, Md. 21801. INFO/CARD #125.

Wideband HF Amplifier

Watkins-Johnson Limited has intro-
duced the WJ-7033 HF Amplifier which
features 0.5 to 35 MHz frequency
coverage, 13.5 and 9.5 dB gain options
and a gain flatness of +1 dB. The
typical third-order output intercept
point is +48 dBm with an output
power of +34 dBm at the 1 dB
compression point.

The amplifier, manufactured at the
tirm's Windsor, England, facility, em-
ploys advanced VMOS technology to
achieve extremely low intermodulation
products required for handling high-
level HF signals. The WJ-7033 is ideally
suited for HF circuit design where
linearity is important and can be used
as a low-distortion amplifier or front-
end amplifier where great dynamic
range is required.

The amplifier has a guaranteed 6
dB noise figure, 1.6:1 VSWR and a
second-order output intercept point
of +80 dBm. It operates from 20
volts DC with 850 mA current. The unit
measures 128 x 102 x 30 mm, in-
cluding BNC connectors. Options in-
clude weatherproof housing, N-type
connectors, transient protection and
switched filtering.

Contact Watkins-Johnson Limited,
Shirley Avenue, Windsor, Berkshire
SL45JU, England. INFO/CARD #128.
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1MD Reference to Either Tone (dB)
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1012 5100-12 300 Watts PEP Using 2 5200-50
sweee| [owpep|  © 100W PEP. [ L1 jl +74_L
32dB
{ > (IMD) } + 1 e T e S |
16dB 104B ! 5 B Gamy_| ! +— _‘
- — E - + 4+ + 4 + “+
200W, 28V 3 I i4—+—i—t——‘ |
$10-28 5175-28 | T |
2w PEP 8WPEP 200W PEP 4] , |
32dB | |
> > J(IMD) d S VS W DU [ N " ——— — —
ieafz 1448 L Frequency (MH2)
300W, 50V All CTC standard HF output
R . transistors are also sold in
_aweep| [oweep | Jo0wPEp demonstration amplifier kits, a
> P proven aid in new amplifier
15dB 1548

__ | design.

F PowerLines

Whether it's power, gain, IMD,
efficiency or a combination of
these factors, CTC can get you
started with the right transistors
—specified to meet your
demands. Contact Communica-
tions Transistor Corporation,
301 Industrial Way, San Carlos,
California 94070.

(415) 592-9390.

CTC has the power. Go for it. @
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Your 1st Choice
in Bench
Attenuators

is from
Weinschel !

Our New 3050,
3051, 3052 Series.. ..
meets your needs
from dc — 2GHz

Does your bench attenuator give you what
you want in frequency range? What about
attenuation range — accuracy and repeat-
ability throughout its life span? And what
about price?

To give you the right answers to all these
guestions, we designed the Models 3050,
3051, and 3052 Bench Attenuators — with
your needs in mind. Look at the choices
available to you!

Range and :

Model Resolution/Steps | Frice
3050-100 0-100dB/10 dB $295.
3050-10 0-10dB/1 dB 295.
3050-1.0 0-1dB/0.1dB 295.
3051-110 0-110 dB/ dB 450.
3051-11 0-11 dB/0.1 dB 450.
3052-140 0-140dB/10 dB 450.

Now to answer your questions, take our
Model 3051-110 as an example, and compare
it to your bench attenuator needs. With the
3051-110 you get:
¢ Frequency range from dc to 1.25 GHz
e Attenuation range of 110 dB in 1 dB steps
e Attenuation accuracy of £0.3dBto 10
dB, +0.3dBor1% to 60dB, and +2%
to110dB
¢ Repeatability of + 0.1 dB over frequency
range and throughout life span of
1,000,000 steps
e Zero insertion loss of 1.0 dB
e VSWR of 1.30:1
¢ Dual step performance in ONE box at a
price of $450!!

76 INFO/CARD 31

Better overall performance, longer life and
lower price* - these are what you get from the
3050, 3051 and 3052!

Whether you are selecting your first bench
attenuator or replacing an old one, the Models
3050, 3051 and 3052 are for you!

Contact your local representative or the
factory for further information.

Do it today!

*at no sacrifice of quality!

WEINSCHEL ENGINEERING

One Weinschel Lane

Gaithersburg, Maryland 20760

(301) 948-3434/TWX (710) 828-9705
Telex 89-8352. Baltimore (301) 792-4067
Los Angeles (213) 457-4563

Specifications and Prices subject to change without
notice.

C28
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Heat Sink Compound

A new, silicone-free heat sink com-
pound for mounting all heat generat-
ing components including semicon-
ductors, transistors, diodes, and rec-
tifiers is being introduced by Eiectron
Fusion Devices, Inc. of East Provi-

dence, Rhode Island.

EFD #70 Heat Sink Compound is
a synthetic, metal oxide-filled, ester-
based grease that provides 16.7 x 10-4
calories/cm?/ °Cl/sec/icm thermal con-

Advertiser Index
Ad-Vance Magnetics........ 11-12, 78
Allen Avionics. ............. 1112, 21
American Technical

@77 V1 T S e SR 11-12,78
Amplifier Research......... 11-12, 583
Anzac (Mod Pak)Div........ 13-14, 56
CHCETO N - T 25-40, 41-42
Communications Transistor

(8701 ¢ o AR R PR i e 13-14, 74-75
CompexCorp .............. 13-14,24
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ElectronicResearch.............. 21
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ductivity and 220 Voit/mil dielectric
strength over a -50° to +200°C
operating range. Silicone-free, the
non-toxic homogeneous white paste
exhibits no particle migration or fluid
separation.

Meeting Western Electric Specifi-
cation KS21343, EFD #70 Heat Sink
Compound is rated at 0.09% (max)
bleed and 0.6% (max) evaporation at
200°C for 24 hours. High lubricity
facilitates no-mess manual and auto-
matic dispensing from disposable 25
and 75 gm barrels, 400 gm cartridges,
and 1000 gm jars. Shelf life is 24
mos. at 24°C.

Contact Electron Fusion Devices,
Inc., 977 Waterman Avenue, East Prov-
idence, R.1.02914. INFO/CARD #133.

SMA Between-Series Adapters

Cablewave Systems, Inc. has an-
nounced a complete redesign of their
SMA Between-Series Adapters to im-
prove RF and mechanical perform-
ance.

These improved Adapters are avail-
able from SMA to Type N, TNC, and
BNC connectors. Typical performance

2 ‘ \
&“&
\“

0.1

Price: $4,700.

FREQUENCY SYNTHESIZERS

VHF-SYNTHESIZERS

IN PERFORMANCE,
FLEXIBILITY, PRICE
O EARTH STATIONS
O NMR SPECTROMETERS
O AUTOMATED TEST SYSTEMS

0O SECURE COMMUNICATIONS

FI=160/F1=

- 160 or 1-200 MHz; + 3 to + 13 dBm output;
-70 dB residual phase noise, 20 microsec. switching;
optional resolution, controls, interface (BCD par. or GPIB)

- (PTS 160, 1 Hz Res, Oven Std)

_I— PROGRAMMED TEST SOURCES, INC.
|: S BEAVERBROOK RD., LITTLETON, MA., 01460 (617) 263-6467

=200
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MAGNETIC SHIELDING FOR ANY
CONFIGURATION

Ad-Vance reduces your shield costs because it
already owns tooling for most standard shields. Or,
our Magnetic Shielding Specialists will custom
tabricate shields to your exact specifications.

o Magnetic Shields for 332 Types of .
Photomultiplier Tubes.
o AD-MU Sheet Stock. ‘ | /

* AD-MU Tape Data Protectors assure full
fidelity of valuable tapes.
e Unequalled engineering & design service.
¢ In-house quality control. AD-MU Folls Cut,
o Fast delivery, competitive pricing. Wrap Easlily & Quickly

== Ask for NEW 64-PAGE
Time-Saving

Reference Manual/Catalog.
Gives Major Guidelines for
Magnetic Shielding
Design/Procurement

Typical Custom Fabricated Shields
INFO/CARD 33 For Components & Systems

AD-VANCE MAGNETICS, INC.

: 625 MONROE ST. ROCHESTER, IND. 46975
> @) - (219) 223-3158  TWX 810-290-0294
Our 3rd Decade of Magnetic Shielding Leadership

78

Superchips.™

They’re indestructible.

ATC's 100-Series UHF/Microwave porcelain capacitors offer outstanding per-
formanceunder extremes of voltage, frequency, time and temperature; in short,
the best in the industry. They're ideal for the most demanding design applica-
tions because they're virtually indestructible. Their rugged, self-encapsulated
porcelain construction insures ultra-high Q, high power handling and ultra-
stability. No wonder the U.S. Navy dubbed them “Superchips”.™

100 Series capacitors are available as chips, pellets (pre-tinned chips), and a
variety of leaded styles, laser marked for permanent identification of capacity
value and tolerance.

For rapid delivery, call ATC at (51 6) 271-9600 or write:

american technical ceramics
div. of phase ind., inc.
One Norden Lane, Huntington Station, N.Y. 11746.

INFO/CARD 34

for the SMA to N adapter — VSWR
1.05 + .005F (GHz) DC to 18.0 (GHz),
Insertion Loss .04 x F (GH2).

The improved designs carry the
same base part number as the older
designs with a— 101 suffix; for exam-
ple, 705718-001 becomes 705718-101.

Contact Steven Raucci, Jr., Cable-
wave Systems, Inc., 60 Dodge Avenue,
North Haven, Conn. 06473. Circle
INFO/CARD #134. a
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R.F. ENGINEER

Nicolet Instrument Corporation is one
of the world’s most advanced manufac-
turers of digital instrumentation systems.

Our engineering research department
has an immediate opportunity for expe-
rienced R.F. design engineer to assume
the major role for the design and de-
velopment of broadband power ampli-
fiers for our NMR Spectrometer Systems.

Requires a minimum of 5 years of R.F.
design experience, with a background
in broadband amplifiers preferred but
not mandatory.

Salary commensurate with experience;
medical, dental, life, and L.T.D. insur-
ance; pension and profit sharing; stock
purchase plan; and comprehensive re-
location package.

For confidential consideration send
resume or letter of interest to C.H.
Vinje:
Nicolet Instrument Corporation
5225 Verona Road
Madison, WI 53711
608/271-3333
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Sample TRW’s
“drop ins” for

2N3866 & 2N5109

2\
200V~ e powe‘ 5
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TRW will send you a couple of
LT1001A’s to prove they are a more
than perfect “‘drop in’’ replacement
for 2N5109 or 2N3866 because our
LT1001A does so much more,

so much longer. (A glance at the

Just compare:

specs tells it all.)

And there’s more good news.
The LT1001A is just one of a complete
family of fifteen high frequency,
low noise, small signal RF transistors
in a variety of packages. Test them

LT1001A  2N5109 2N3866
fT (200 MHz) 3,000 MHz  1,200MHz 500 MHz
Gain* (200 MHz) 16dB 11dB 10dB
BVCEQ (5 mA) 20V 20V 30V
CoB (15V) 2.5pF 3.5pF 3.0 pF
hEE (5V/50 mA) 70 MIN. 40 MIN. 20 MIN.
N.F* (200 MH2) 6.5dB 8.5dB 8.5dB
MTBF** (Tc = 95°C) 140YRS. 14 YRS. 14 YRS.
METALLIZATION GOLD ALUMINUM  ALUMINUM
EMITTER

BALLASTING DIFFUSED  NONE NONE

*Gain & N F are broadband méasurements
**Based on actual accelerated life tesis

as replacements in current appli-
cations or for that new design you're
working on—they'll do a better job,
longer. And they're all available for
immediate delivery, so if you like the
tests, you can keep on getting the
best. Send for samples now!

deddeddd b bl D Ll L |

TRW RF Semiconductors
INH Box 4095
N. Hollywood, CA 91607

Drop me a few samples of the new

TRW LT1001A and your complete small

signal, low noise transistor catalog

|
|
[
|
!

s assssssrrersssseserTST RS TS e e
Py —————

TRW/ rr seniconoucTors

An Electronic Components Division of TRW Inc.
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Askus anything
about our Maglatch

- TO-5 Relays.

We've had a lot of questions about this remarkable little relay. Because
it's unique. One pulse of coil voltage sets it. And it stays that way until it's
reset. No power needed to hold it. None at all. And that tiny TO-5

package is ideal for high density pc boards.
But if there is anything you'd like to know about it, or how to use it,

go ahead and ask. There are no dumb questions.

[J How does the Maglatch OJ Are its RF characteristics
solve my circuit energy as good as Teledyne’s
crisis? other TO-5 relays?

[J How does its non-volatile [ Is Maglatch available
memory make the in commercial as well as

Maglatch “the relay that MIL qualified versions?
never forgets"?

Sorry. You missed my question. Here it is.

Name
Company

City State

V& TELEDYNE RELAYS

Ask us anything, There are no dumb questions.
Mail to: TELEDYNE RELAYS 12525 Daphne Ave., Hawthorne, California 90250, (213)777-0077
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