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reflectionwith
stark simplicity, 1-1500

I¢’s aWiltron.

Here in one compact instrument,
Witron gives you acomplete RF Analyzer
for swept measurements on 50Q or 750
devices over the 1 to 1500 MHz range.

Use the Wiltron 640 to make
transmission gain/ioss, reflection (return
loss/SWR), absolute power and absolute
frequency measurements. You'll find the
640is one of the easiest instruments you've
ever used. Simply connect the test device.
You won't need an armful of couplers,
amplifiers, cables or other equipment. All
the circuitry — sweeper, directional signal
separator, calibrated amplifiers, detectors
and display system —is inside the case.
No more muddled measurements.

Wiltron's 640 offers features
you won't find in far bigger, more expensive
instruments.

It gives you the most versatile
mar<er system available, stable, crystal
accurate, on a dual-trace display with a
+9(C dB calibrated offset.

You can precisely sweep over
the entire 1500 MHz range or over just
1 MHz. Dynamic measuring rangeis 70 dB
(+ 15 to —55 dBm). Measure return
loss -0 below 30 dB (1.06 SWR).

Low cost plug-in flexibility.

Five plug-ins are offered:

a swept signal source, log reflection unit,
log transmission unit, linear amplifier
unit and log transmission/reflection unit
for use with external detector and SWR
Autotester.

Ask for Technical Review #7.

For complete details ask for
acopy of Technical Review #7. For an early
demonstration, call Walt Baxter, Wiltron,
825 East Middlefield Road, Mountain View.
CA 94043. Phone (415) 969-6500
INFO/CARD 1
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Fluke 6070A and 6071A synthesized
signal generators. The new generation.

For two decades Fluke has
produced RF equipment including a
full line of signal sources, counter/
timers, and RF voltmeters —
quality products that users have
specified with confidence.

We're now introducing the new
generation of sophisticated
instruments in the Fluke RF family:
the 6070A and 6071A, two general
purpose synthesized signal generators
that offer unmatched price/
performance value in the market.

With 20 years experience in RE S

Most-wanted features
through innovative design.

Both instruments feature a large
output dynamic range — the 6070A
covers frequencies from 200 kHz to 520
MHz; the 6071A range extends to 1040
MHz — and also deliver a high degree
of spectral purity. Fluke engineers have
developed a number of unique synthesis
techniques resulting in noise
performance that equals or exceeds that
of the best cavity-tuned generators you
can buy. Versatile AM, FM and &M —

instrumentation, we've used %
advanced technology and engineering

excellence to produce the 6070A &

and 6071A. |

olo-0-0-0

internal or external, simultaneous or
separate — give these new synthesizers
the flexibility for wide- ranging
applications.

All the brains of

16-bit microprocessor control.

An integral 16 - bit microprocessor
makes these new generators incredibly
easy to operate. Convenience features
include simplified keyboard data entry,
digital frequency sweep, digital spin knob
tuning for pinpoint frequency control, a
learn mode memory, self -diagnostics and
error code flagging plus other special
functions only advanced digital
technology can provide.

Full programmability

for automated test systems.
The 6070A and 6071A are
equipped with an IEEE-488 bus
interface as a standard feature for
systems applications and all
necessary front panel functions are
remotely programmable. Complete
status information can be supplied
back to an instrument controller
such as the Fluke 1720A. Both “teach”
and “learn” modes are provided.

A full line of RF accessories is
available to extend the capabilities
of the 6070A and 6071A, making
them excellent tools for
the designer, bench
user or laboratory
technician.

For more informa-
tion on the 6070A/6071A
and other RF instru-
ments from Fluke, call
toll free 800-426-0361,
use the coupon below or
contact your nearest
Fluke sales office.

IFLUKE]

®

THE US. AND

EUROPEAN COUNTRIES: IN EUROPE:

John Fluke Mfg. Co., Inc. Fluke (Holland) B.V.
P.O. Box 43210 MS #2B P.O. Box 5053,
Mountlake Terrace, WA 98043 5004 EB Tilburg,
(206) 774-2481 The Netherlan:

Telex: 152662 (013) 673 973 Tlx: 52237

[0 Please send me complete 6070A specifications
and applications literature.

[0 Send information on other IEEE products.
[0 Have a Sales Engineer contact me for a
demonstration.

Name

Title Mail Stop
§ Company

Address

City State Zip

Telephone ( ) Ext.

For technical data circle no.
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HP’s budget-minded Microwave
Spectrum Analyzer

The HP 8559A
delivers precision
and Convenlence Most measurements can be made using only

3 controls. You simply fune to the signal, set

®
for a WIde range Of frequency span (resolution and sweep time are
automatically optimized), and then set the

® [
appllcathllS. reference level and read signal amplitude.

The 8559A/182T is a high-performance

HP’s 8559A Spectrum Analyzer plug-in instrument at a truly affordable price, $12,775.
with the HP 182T display is easy-to-use, For more information on this budget-minded
economical, and portable. The combination  instrument call your nearby HP sales office,
weighs less than 40 pounds and its rugged or write Hewlett-Packard, 1507 Page Mill Rd.,
design makes it excellent for field use. Palo Alto, CA 94304.

LA Domestic U.S. price only.
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Now you can plug in an all digital-sto
family of spectrum analyzers.

Three models provide
laboratory performance with
flexibility and versatility.

With the introduction of the new
7L14, there are now three members
of the Tektronix family of digital stor-
age plug-in spectrum analyzers.
They provide frequency coverage
from 20 Hz to 60 GHz. This plug-in
concept brings you high perform-
ance, versatility and flexibility un-
matched by monolithic instruments.
At reasonable prices. They're com-
patible with any Tektronix 7000
Series oscilloscope mainframe,
including the new digitizing GPIB
7854 for programmable
solutions to com-
plex measure -
ments.

ssae

Family characteristics that make
spectrum analysis easier.

All three instruments feature digital
storage for flicker-free displays that
are easy to interpret. This provides
averaging and peak detection;
accurate waveform comparisons;
stores for long periods to measure
amplitude changes and frequency
drift.

The 7000 Series plug-in family
displays alphanumeric readout for
referencing and easy documenta-
tion. And each spectrum analyzer is
protected from up to one watt input
levels to save expensive front end
repairs caused by inadvertent
overloading.

With a 7000 Series mainframe on
your bench, you select the spectrum
analyzers that fit your requirements.
And they interchange quickly with 30
other Tektronix test and measure-
ment plug-ins. Use the powerful

mainframe for logic analyzer,
oscilloscope and other
measurements.
New 10 KHz to 1.8 GHz 7L14

completes the 20 Hz

to 60 GHz digital
storage plug-in team.

Here itis. The new 7114 for
digitally-stored close-in, high
resolution measurements
from 10 KHz to 1.8 GHz. With

10 Hz residual FM, the 7114
| provides stability and jitter-
| free 30 Hz resolution dis-
plays. Its digital
storage can be used
to eliminate system
errors and provide
flat swept RF mea-
surement capability. Digital
averaging provides noise
reduction which gives 70
dB spurious-free dynamic
range. You can check broad-
band RF networks, filter
networks, amplifiers, cables.

get top performance from he
Spectrum Analyzer. It provic
full amplitude calibration ir
GHz to 60 GHz range and has
30 Hz resolution to 12 GHz. Di
are sharp, stable and flicker-free.
Digital storage and digital signal
processing make complex me
surements easy with microprocess
aided controls. An automatic =~
preselector insures spurious-free
operation, giving easily interpre
displays.
For baseband measur 2N
choose the 7L5 for its p
convenience in the 2
range with 10 Hz re

unusually easy O C
This family
make an (]

prices that point up the value of |
Tektronix plug-in concept. o
Call your nearest Tektronix Field
Office (listed in major city directories)
for complete details on the 7000
Series lab performance spectrum
analyzers. Or call 800-547-1512 for
descriptive literature.
Tektronix, Inc., PO. Box 1700,
Beaverton, OR 97075. in
Europe: European Marketing
Centre, Postbox 827, 1180 AV
Amstelveen, The Netherlands.

Measure EMI/RFland FM,
navigation, two-way and

Performance

worth the

name

Tektronix

COMMITTED TO EXCELLENCE
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Thanks for the Help. . . Here’s
What I'd Like to Do for You

First a status report — r.f. design is alive and well. Perhaps it's
a bit oremature to say it, but | will anyway — r.f. design is now
on healthy financial ground and growing. You, the readers numbering
25,000 strong, are the main reason the magazine has continued and
prospered. Your enthusiastic support and help have been outstanding.
The letters, feedback cards, submitted articles and correspondence
to the wonderful people who advertise within our pages are much
appreciated and noted. Thank you very much.

Jim Herman of Motorola, Ulr ch Rohde of Rohde and Schwarz and
Alex Burwasser, consultant to Fair-Rite Products, have provided us
with three diverse technical articles this issue, crammed-packed with
useful and immediately applicable information.

In the spirit of using these pages as a forum I'm going to propose
something and | need your opinion. After many conversations and
letters between ourselves the following idea was born — RF design-
ers, i.e., the good ones, are very busy (that's all of us, of course) and
do not have time to waste during our 8 + hour workdays (this includes
UPOT). Wken we need specific components for a design we search
through our memories, our files, friends, magazines, data handling
systems and directories. Without mentioning any names there are
some prestigious volumes avai able numbering in the thousands of
pages, and everyone has a copy of at least one of them on his or her
desk. But there's something bothering me.

As an RF engineer | would like to see product information for-
mulated somewhat differently. When | need, for example, disc ceramic
capacitors | would like to know: the self-resonant frequency, the
temperature coefficient (positive, negative or zero), the form factor,
the availability. . .

This last item — availability — is extremely important. How many
times have | consulted one of the directories and called tens of OEM's
inquiring about their XYZ compcnent only to find that such and such
are made in small quantity dur ng the third quarter of a full moon
the last Tuesday of the month during total eclipses over Bangor. What
I'm asking for, | guess, is: What percentage of company business is
the XYZ component that I'm interested in?

| would like to take a crack at putting together an r.f. design buyers
guide along these lines. It would arobably number 300-350 pages, have
six or sever lines of rigidly-formulated information, and include entries
from over 70 percent of all the RF houses in this country.

Please tel me by means of the special feedback/idea card on page 36 if
you want it and then delve very deeply into the specifics you want covered
on each type of component and instrument. You are the experts and
only you know exactly what you n2ed to know from day to day.

Advertisers — do | have a surprise for you. Ginny Chapman has
joined our sales force and all the adjectives apply — intelligent,
informed, interested and dynamic — if she hasn’t aiready, she'll be
talking to ycu soon.

To end this meandering missive let me just say thanks again for
your support and please drop by our booth at Electro 81 in April in
New York City. | look forward to meeting all of you there.

Rl e
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EMI protection
Static bleed
Thermal conductivity

Three problems with one solution...Thorstrand

Thorstrand® is Hexcel's family of conductive structural
fabrics and prepregs. Thorstrand obsoletes metal-based
paints, metal foils, wire mesh screens and metallic flame
spraying—traditional methods for imparting electrical and
thermal properties to composites. Each traditional method
adds extra processing steps and costs, complicates fabrica-
tion and adds weight to structures without increasing their
strength.

Thorstrand reinforcements, woven from aluminum-coated
E-glass fibers, mate aluminum’s electrical and thermal prop-
erties with the structural characteristics of glass. In prepreg
form, Thorstrand's handling and processing characteristics
are similar to fiberglass.

Consider the possibilities. Thorstrand outer plys on com-
posite airframe structures conduct lightning currents up to
200,000 amp while shielding sub-structures from undue phys-
ical damage. Thorstrand dissipates static electricity buildup
on plastic surfaces. Thorstrand shields against electromag-
netic interference. Thorstrand is a thermally conductive fabric
for tooling structures and heat sinks. Thorstrand provides an
electrically reflective surface for microwave antenna dishes or
electrically conductive surface for antenna ground planes.

Thorstrand is the solution to the problem of making com-
posites electrically and thermally conductive. For technical in-
formation and design data, call Gary Patz at Hexcel.

¢
HEXCEL
<

Materials engineered for performance.

11711 Dublin Boulevard, . .

Dublin, Calif. 94566 5 e A . D compeTiTion
(415) 828-4200 Y = . L WINNER
INFO/CARD 5




The RF Designer and Fiber Optics

TRANSMITTER

LED DRIVE
CIRCUIT

James C. Herman
Motorola Semiconductor Group
Mesa, AZ

Double and triple coaxial braid as well as solid sheath
cable and cable assemblies have become a way of
life to most RF system designers. His problems are a
mixed bag of ground loops, isolation, longitudinal
transients, high voltage protection, noise, and a myriad
of other things that plague his systems' performance,
not to mention the FCC requirements to reduce spurious
signal radiation levels.

Fiber optics technology offers many advantages and
unique solutions to the RF designer’s problems. The RF
designer should acquaint himself with this new technology

10

RECEIVER
CIRCUIT

and evaluate its cost-performance trade-offs in his
specific applicat on.

This article, a general and basic overview, will
address some of the advantages of fiber optics to the
RF application, survey the fundamental components of a
fiber optic system, and identify several applications that

use fiber optics to eliminate RF system problems.

Whatis Fiber Optics?

Fiber optics is a method of communicating analog
or digital signals through a non-inductive/non-conductive,
dielectric medium like glass of plastic core cables. (See
Figure 1.)

The fiber optic system consists of a light source and
light detector, cable to semiconductor connectors, and the
fiber optic cable. The transmitter converts the input signal
to an analog or digital-modulated light signal which is
communicated through the fiber optic cable to a light
detector. The light detector converts the optical energy
back into & usable electric form.

Except for the conversion to and communication by
light energy the fioer optic system is similar to existing
RF systems. Even the modulation type and rates as
well as the carrier frequencies may remain unchanged.

The advantage of fiber optic systems to the RF de-
signer are: i
egress of RF radiation and EMP. Furthermore, several
cables may be harnessed together without crosstalk or
electromagnetic coupling.
® Because of the RFI immunity the flexible fiber
optic cable eliminates the need for rigid coaxial cable
assemblies and associated harnessing problems. It also
reduces size and weight as well as assembly and
installation labor costs.
® Ground loops and high voltage isolation as well as

January/February 1981



surge protection problems are virtually eliminated when
fiber optic cable is used. Since the cable is a
dielectric it cannot short circuit thus does not pose a
fire hazard.

® Fiber optic cables exhibit lower attenuation, fre-
quency independency and better temperature stability as
compared to coax. (See Figure 2.)

Until recently this new technology has been too expensive
and system components were not readily available.

This has changed as indicated in Figure 3. It illustrates
the cost history and projected cost of fiber optic
cable compared to coaxial cables as a function of time.
Similar cost projections can be plotted for semi-
conductors as well as connectors suggesting similar
cost learning curves which make fiber optics more
attractive each year.

In addition to the component cost reduction, component
standardization has occurred. The EIA, IEC, and IEEE
standards committees are promoting interchangeable
components as well as establishing standards for device
characteristics and measurement techniques.

Component manufacturers are currently introducing
comparable components which provide alternative —
second source — parts. Interchangeable cable, connec-
tors and semiconductors are currently available.

Basic Component Considerations

Four segments of the fiber optic system that are im-
portant to highlight are: semiconductor source, semi-
conductor detector, cable and connectors.

The optical source may be an infrared laser diode
ILD or a light emitting diode LED.

The ILD is usually applied to long distance trans-
mission of CATV and telephone signals. It has a narrow
optical beam and may launch greater amounts of power
into small diameter fiber optic cores than an LED.
Also, the ILD has much higher frequency modulation
rates than an LED and a narrower frequency spectrum.

These advantages, however, are offset with several
disadvantages making the ILD less attractive to the average
short distance RF system. These disadvantages include
cost, wavelength, power output drift with temperature,
non-linear output, and sensitivity to power supply surges.

The LED is less expensive, is an easy to use optical
source and can be designed for use over a wide range
of RF frequencies. In addition, the wavelengths of
popular LED’s (800-900 nm) are compatible with transmit-
tance windows of most fiber optic cables. (Figure 4.)

With proper drive circuitry, for example the MOSFET
driver in Figure 5, the LED transmitter bandwidth and
linearity should be quite adequate for most RF applica-
tions.

Compared to ILD’s, typical LED harmonic distortion
levels are low. It should be noted that the second and
third order products are dependent upon drive current
and temperature.

Detectors may be selected from a variety of expensive
avalanche photo diodes (APD) to inexpensive pin diodes
and integrated detector preamplifiers /DP’s.

APD’s are usually selected for their avalanche gain
characteristics. These characteristics are desired in CATV
and other high quality systems like telephone trunk
systems. The high operating voltage and sensitivity to
temperature change make them less attractive for practical
short to intermediate system lengths where input optical
power levels are high.

r.f. design
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HIGHLY POLISHED

CLAD FIBER LIGHT GUIDE FIBER TiP

(PIG TAIL)

TO-18 HEADER

INDEX MATCHING
EPOXY

SEMICONDUCTOR EMITTER
OR DETECTOR

Figure 8a. Ferruled Semiconductor.
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Considering costs and technical tradeoffs we find that
the pin diodes and IDP's are better suited to the average
non-telecommunication RF application, particularly in sys-
tems where the available optical energy exceeds the
accumulated system losses and reserve power levels.
(System loss budget.) Also, the performance of pin diodes
and IDP's match the LED’'s peak spectral response
and their switching speed is maximum.

High impedance pin diodes are easy to utilize in RF
optical receivers. Figure 6 depicts a basic 70 MHz,
I.F. optical receiver circuit using an FET front-end.

The pin dicde's receiver performance is limited by
high impedance output leads that are readily susceptible
to RFI and capacitive loading by the printed circuit
board (PCB). Motorola elected to integrate the photo-
diode and associated transimpedance amplifier and
assemble it into an easily shielded package. The high
signal level output leads are low impedance and much
more immune to RFI than the pin diode leads. Further-
more, the IDP’s photodiode parasitic capacity is effectively
reduced which helps to extend the upper frequency
limit — now approaching 50 MHz.

Fiber optic cables are readily available in plastic
fiber core as well as glass core materials. Cable con-
struction includes a wide variety of configuration,
protective strength member and jacketing. Fiber optic
cables are usually manufactured by existing coaxial
cable vendors. This rather mature product utilizes
similar coaxial construction techniques. The real dif-
ference is that the copper center conductor is now a
glass or plastic core filament.

Plastic core fibers are limited in their operational
temperature range. However, their durability makes them
attractive to designers who require cables that tolerate
pinching, flexing, and twisting. Although these attenua-
tion characteristics seem high, 1 dB/meter at 800-900 nm,
this large diamszter core, high numerical aperture fiber
may be used in many practical RF applications.

Glass core fibers are classified as step index, quasi-
step index, and graded-index fibers. These cables are
being used in automotive, consumer, industrial control,
computer, and telecommunication applications.

Glass core diameters are becoming standardized.
Popular core sizes are 200 pym, 100 um, and 50 um
diameters.

1) 200 um core is more readily connectored and seems
more applicable to industrial control, automotive and con-
sumer environments.

2) The 100 um core fibers have wider bandwidths and
lower attenuation. These cables are finding many applica-
tions in computer and industrial control systems.

3) 50 um core fibers have the lowest attenuation
and the widest bandwidth. These are best suited for
long-haul telecommunication-type systems.

Glass core fiber optic cables are readily available in
single and multi-cable structures.

Their low attenuation, compared to plastic fiber core
cables, in the 800-900 nm range as well as numerical
aperture (N.A)) and bandwidths should satisfy most RF
applications.

N.A. is defined as the sin 68 of the acceptance
angle of light rays that will propagate through the fiber
optic core. Light rays exceeding this acceptance angle will
not propagate through the fiber and will be lost through
the core cladding. Thus, it is important for the system
designer to consider the N.A. of his source and detector
devices as well as the N.A. of cables he may be
splicing together.

January/February 1981



NO OPTICAL EXPERTISE REQUIRED

OPTICAL PORT IS PRETERMINATED FIBER OPTIC CABLE
MAINTAINS SEMICONDUCTOR IDENTITY

DEVICE IS FIELD REPLACEABLE

Figure 8b. Ferruled Semiconductor.

In addition to N.A. loss another important loss
characteristic that must be considered is the diameter —
ratio loss. When two cables of different core diameter
are spliced together the light ray flux from a larger
diameter fiber will be attenuated as the ratio of core
areas when coupling to a smailer diameter fiber.

Connector manufacturers offer a wide variety of con-
nectors. Both cable splice and chassis (bulkhead)
connectors, are currently available in many sizes,
shapes, performance and price ranges. Plastic and
metal materials are currently availabte. Cable-to-cable
splicing requires an adequate connector design to minimize
interface (connector) loss. The connector loss (Figure
7 is composed of an angular, longitudinal and axial
misalignment of the fiber optic core to be spliced.
Remember there is also the diameter-ratio loss and Nu-
merical Aperature loss to be considered during system-
loss budget calculations. The connectors become an
extremely important part of the system, at the cable to
semiconductor interface. Efficient optical coupling from
the semiconductor fiber optic core is achieved with
a short pig-tail of fiber core assembled into part of a
connector ferrule. (See Figure 8a and 8b.)

This finished semiconductor source or detector assembly
fits into and becomes an integral part of the active
connector (bushing) assembly. Figure 9, shows an ex-
ploded view of the active connector assembly which

ACTIVE COMPONENT RECEPTACLE
(BUSHING)

FERRULE
SEMICONDUCTOR

PRESS-ON \
RETENTION

PLATE

CONNECTOR

é‘\ SELF-TAPPING

SCREWS

Figure 9. Fiber Optic Active Connector.

r.f. design

..'we

have
the
finest
selection
of attenuators

Texscan

offers you over 200
different attenuator models
including: fixed pads, rotary,

continuously variable and
programmable.

Write or call today for our
new 68 page component
catalogue.

Texscan Corporation Texscan Instruments Ltd. Texscan GMBH
2446 North Shadeland Avenue 1, Northbridge Road peschelanger 11
tndianapolis, Indiana 46219 Berkhamsted, Hertfordshire D8000 Munchen 83
Ph: 317-357-8781 England, UK west Germany
TWX: 810-341-3184 Ph: 04427-71138 Ph: 089/6701048
Telex: 272110 Telex: 82258 Telex: 5-22915
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now permits efficient coupling of the semiconductor
to any fiber diameter or type (plastic or glass core).
These active connector bushings are available from AMP,
Inc. and Amphenol (SMA styles).

These connectors also provide heat sinking of the LED
source and aliow RFI shielding of the pin diode and IDP
detectors.

A cutaway vizw of an active connector assembly is shown
in Figure 10. The semiconductor detector becomes RFi
shielded once assembled into the connector bushing.
Furthermore, the connector has slots to accept a complete
RFI protective cover which may shield the entire receiver.

The RF designer should also note the RF cavity (cross-
sectional view of connector) that forms part of his receiver
RFI protection. Spurious signais on axis with the cable are
rejected by this filter cavity which appears as a high-
pass filter with cut-off frequency beyond the requirements
for most RF applications.

The System

The system designer with off-the-shelf inexpensive
components may now assemble a fiber optic system to
perform his RF function. Simple design rules define the
total system /oss budget calculation to assure a system
gain margin that is adequate for variations with time and
temperature as well as the cable and connector losses,
and other component performance trade-offs.

As a first step we start by converting the trans-
mitted and received power levels into dBm. The dif-
TRANSMITTER [ e e ference between transmitted and received levels we define
as total system loss budget.

A power in uw
PowerindBm = 10log,,
1000

RECEIVER o—— Te— e TRANSMITTER

We may now total all of the losses in our transmission
path. These include N.A. loss, diameter ratio loss, con-
nector losses, cable attenuation, directional coupler losses,

etc. These losses we subtract from our total system loss
budget to obtain our system gain tolerance.

Numerical aperture loss (N.A.).

NA I il
0ss = 20 log,, —
054,

where NA; = NA of source cable
NA, = NA of receive cable

TRANSMITTER RECEIVER

. y dia;
Diameter ratio loss = 20 10g g ———
diap

RECEIVER TRANSMITTER

Where diay = core diameter of source fiber

- diap = core diameter of receive fiber

i
REC | TRAN
1

: To this tolerance we should include approximately 3 dB

for LED power output degradation with time. Also, we
should consider additional connector losses (change with
time and repeated mating); 1 dB per connector is a good
rule of thumb.

Systems have been designed using LED’s, pin diodes
and IDP’'s which have sufficient system gain tolerances
to permit transmission of RF for more than one kilometer.

14 January/February 1981



Testing

Testing the fiber optic system is similar to testing
coaxial systems. Most of the test equipment for proper
fiber optic system design, test, and maintenance are
currently available. Optical time domain reflectometers,
optical power meters, and optical multimeters, have re-
duced the new technology to a more practical level —
similar in most respects to coaxial systems we now
work with.

Where Do We Use It?

Several approaches to system design are possible. We
may use two simplex systems connected in such a way to
provide two-way communication (Figure 11). Or, we may dis-
tribute the signals using optical passive couplers (Figure 12).

The optical splitters and directional couplers are, how-
ever, very expensive and require some care in utilization.
These high technology devices are not yet practical for
the short to intermediate non-telecommunication system.

A simple optical splitter may be readily assembled
using two smaller diameter fiber optic core cables mated
to one larger fiber optic core cable. (See Figure 13.)

Another approach to inexpensive distribution of signals
utilizes an active splitter concept. (See Figure 14))

Active Splitter Distributed Network

The duplicate of this system may be turned around and
used upstream to form a two-way fiber optic system.

This active (repeater) splitter approach, similar to CATV
systems, has the advantage of eliminating need for large
dynamic range receivers, reduces receiver sensitivity

_-\_
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requirements, and normalizes signal gain levels. Other sys-
tem configurations are possible.

Unlike coaxial systems the fiber optic system lends
itself to wavelength multiplexing as well as other
modulation schemes. Ali of the popular modulation
techniques such as AM, FM, PCM, etc.,, may be trans-
mitted over the fibers.

Applications

Several satellite earth station systems are installed
with trunk lines communicating RF signals via fiber oplic
cables. These systems utilize wideband analog and RF
modulation techniques to transport television and telephone
signals. These systems are similar to existing CATV
trunk applications and have proven the technology of
tiber optic communications.

The fiber optic system is also attractive to CATV
trunks because of the reduced repeater requirement
(12 to 1 reduction) and the immunity to longitudinal
sheath currents and lightning outages. CATV systemrs
are currently using fiber optics in several wideband
multi-channel systems as well as in studio networks.

The natural immunity of the fiber cable to RF egress
and ingress makes it attractive for status monitoring
applications. RF test equipment may be totally isolated
from the systems under test in the screen room,
anechoic chamber, antenna pattern test and aircraft EMI/
RFI test facilities. These are only a few of the RF applica-
tions now utilizing fiber optic links.

MODULATION
INDICATOR

LAMP OR LED PIN DIODE AND POWER
_CONNECTOR CONNECTOR METER
LB 2ad
Lamp T
ORFO ( B ((‘ ! y @ <1
LEAD | | L/
______ | FIBEROPTIC CABLE L _ _ _‘To)
VTVM
4 ANTENNA OSCILLOSCOPE

BASE
»

ANTENNA

Figure 15. Antenna Monitoring Using Fiber Optics.

Novel Applications

Remember those simple amateur radio power output
meters? The ones with simple tank and DC meter or the
lamp attached to the antenna used to peak transmitter
power?

Consider connecting a fiber optic cable to that lamp
and continuously monitoring antenna peak power per-
formance from our remote base station via the non-
conductive lightning-free fiber optic cable. In Figure 15, an
LED tank circuit has been constructed that rectifies the
RF carrier power and intensity modulates the LED. This
optical energy is supplied via a fiber optic cable to a
remote base station where LED intensity and modula-
tion rates are continuously monitored — continuous
antenna performance achieved.

Application of fiber optics to a muiti-channel phase-
locked transmitter may provide several advantages. (See
Figure 16.)

This is accomplished by utilizing one LED optically —
coupled to several fiber optic cable cores all located
within one connector. The other side of the cables are
connected to different transmitters. Since each cable

16

FIBER OPTIC
CABLES

TRANSMITTER

MASTER
OSCILLATOR
AND
MODULATION
ASSEMBLY

TRANSMITTER

FIBER OPTIC

MODULATION CABLE

INPUT

Figure 16. Multi-Channel Transmitter.

carries the same optical energy the transmitters may be
phase-locked together. This is achieved with no RF
interference to other in-cabinet circuits. One particular
application represents a cost reduction by eliminating
expensive solid sheath preformed cable assemblies.
Maintenance time on the equipment was also reduced.
Internal to the receiver chassis fiber optics has also
challenged coaxial cable. Consider the application of a
fiber optic link between an RF oscillator assembly and
the receiver front-end. The fiber optic link offers
greater RF isolation between the oscillator and the
RF input. It also provides a simple solution to
oscitlator radiation within the receiver enclosure.

Conclusion

We have brietly opened the window of the new fiber
optics technology to you, the RF designer.

We have suggested the availability of necessary
components to do an adequate RF design and at a
reasonable cost. It is recommended that where cost is a
major issue, evaluate the complete system, installation,
assembly, labor and repair costs for comparison — fiber
optics may be justified.

The advantages of fiber optics communications alone
makes it an attractive technology. Applications will be-
come more numerous as the RF designer innovates and
applies fiber optics to his system.

The basic and ¢ceneral overview we have provided should
be complemented by further reading. A list of readily
available references are included.
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n frequency synthesizers, the resolu-

tion or step size is equal to the
reference frequencies applied to the
phase detector over one period. The
lock-up time under ideal conditions
then is between 8 and 30 times the
sample period.

As the resolution increases, the
reference frequency decreases and

20

Phasz

Tune Voltage

Sequence

Sample

Figure 1. N.F. Loop, Basic Block Diagram.

Low-Noise Frequency Synthesizers
Using Fractional N Phase-Locked Loops

A detailed discussion of a high-resolution synthesizer
presented on a theoretical and operational basis.

the lock-up time further increases.
To eliminate this problem, multi-
loop synthesizers have been developed.
However, with these synthesizers the
incidences of spurious responses
increases and due to the large
number of loops and the shielding
required their cost increases.

In most applications, like signal

generators and communication re-
ceivers or systems, the sideband per-
formance of the synthesizer de-
termines the overall performance.

Fractional N Loop

A new method is described which
is currently used in a number of
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Hewlett-Packard instruments and
in at least one shortwave receiver
(RA6790) — the fractional N loop.”
Its advantages and drawbacks will
be discussed. it may appear, at first
glance, that the fractional N loop has
unlimited advantages. However in
reality it is a compromise between
resolution, spurious responses and
lock-up time. information on the tech-
nique also called “the digiphase system”
may be found in a number of papers.'??
In reality the expression fractional
N is not quite correct. Figure 1
shows the basic block diagram of a
fractional division loop. The loop in
reality does not supply a fractional
division ratio but rather changes the
division ratio periodically over a
certain period by the help of an adder
driven by the fraction register. ’

Synthesizer Block
Diagram

Figure 1 shows the block diagram
of such a synthesizer as used in
the Hewlett-Packard model 3335
synthesizer (reproduced with Hewlett-
Packard’s permission).

We find a number of familiar
components in the block diagram.
At the top, we recognize the voltage-
controlled oscillator (VCO), which is
divided by 2 or 3 and then by 5
for the unit counter and then by 10
and another 10.

A sequenger is required for the
sequence commands and clock enable
signals to the analog phase inter-
polator where an adder is used on
an alternating basis to obtain high
resolution. The output from the se-
quencer is introduced into the phase
detector which is also driven by the
100 kHz reference.

The output of the phase detector
is integrated and cleaned up by a
sample and hold discriminator from
the sequencer. The frequency setting
can be supplied to the synthesizer
either in parallel or serial form de-
pending upon the chip used. The
fraction register in Figure 1 makes
the necessary transfer into the adder
and the following phase register.

We will learn that this principle
of deleting certain pulses through
the pulse remover generates side-
bands, which is the basic draw-
back of this principle. The analog
phase interpolator (API) counters and
current sources comprises a D to A

r.f. design

b A

Reference
(0.1 MH2)

Phase

Output
Detector

Figure 2. Basic Diagram, Open
Loop N Step Loop.

converter that produces a voltage
180° out of phase relative to the
voltage that generates the side-
bands. It, therefore, removes the un-
wanted sidebands and cleans up the
system.

Sideband suppression, in this case,
is limited to 50-60 dB below the
carrier.

The pulse removing circuit (divide
by 3) can also be used as a vari-
able modulus divider depending upon
the reset command and, therefore,
forms a high-frequency pre-scaler
which can be made synchronous with
the other dividers. As a result of
this, one can build a very fast pre-
scaler. (A technique that does not
reduce the resolution of the syn-
thesizer).**¢ In some applications,
these dividers can have values of 2/3,
516, 10/11, 20/21, 40/41 to as high as
100/101. The advantage is to reduce
the requirements for the following
dividers to a fairly low speed so that
CMOS dividers can be used.

Fractional N
PLL Concept

Consider an N step loop under
an open loop condition. Assume a
reference frequency of 100 kHz, N = 404
and a VCO frequency of 40.455
MHz (N = 40; F = 0.455). The VCO op-

erates at a fractional multipie (404.55)
of the reference signal (404.55 x 0.1
MHz = 40.455 MHz). This case is
shown in Figure 2.

The phase detector compares the
low-to-high transition of the reference
and divide-by-N signals. Since the
VCO does not operate at N times
the reference but operates at a frac-
tional component (F = 0.055 MH2),
the signal from the divide-by-N
block advances on the reference
signal. Each time the divide-by-N
signal makes a low-to-high transition,
the phase detector compares it to .
that of the reference. The phase
detector generates an output pro-
portional to the period between the
two low-to-high transitions. In the
phase-locked condition of an N-step
loop, this period remains constant. In
this open loop example with the VCO
containing a fractional component,
the period between low-to-high transi-
tions is continuously increasing. There-
fore, the phase detector output volt-

-age consequently is also increasing.

When analyzing the open loop,
it is of interest to view the opera-
tion in terms of reference periods.
A reference period is defined as the
time required for the reference signal
to complete one cycle. In each ref-
erence period the reference signal
goes through one cycle while the
VCO, operating 404.55 times as fast,
goes through 404.55 cycles. The VCO
has advanced 1/55 of a cycle of
phase on the integer part N times
fef in one reference period. In two
reference periods, the VCO has gone
through 809.1 cycles or advanced
two-tenths of a cycle of phase.

When the VCO operates with a
fractional offset (F), it continually
advances in phase of N x f¢ each
reference period. From the example
of Figure 2 in 55 reference periods,
the VCO will have gone through 40455
cycles or advanced one cycle of
phase (2n=360°) with respect to N
times 4.

In an N-step loop the VCO is
phase-locked to a reference signal.
With the introduction of the divide-
by-N block, the VCO operates at a
multiple N of the reference frequency.

*Part of this material will appear in
the new book, “Digital Frequency
Synthesizers” to be published by
Prentice-Hall in 1981.
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Figure 4. N Step Loop with Pulse Remover Block.

In the fractiona!l loop (N.F loop) the
VCO operates at an integer-plus-
fractional multiple of the reference
frequency: Fg = fref (N + 1/N).

As previously illustrated in Figure
2, assume, the VCO operates at
40.455 MHz, a reference of 0.1 MHz,
and N equals 404. Each time the ref-
erence signal goes through one
cycle, the VCO goes through 404.55
cycles. After 55 reference cycles,
the VCO has gone through 40455
cycles and the VCO has advanced
one full cycle of phase. If 55 VCO
cycles are removed from the VCO
pulse train applied to the divide-by-N
block at the time a full VCO cycle
has advanced, the phase advance-
ment on the average is cancelled
and the average frequency applied
to the divide-by-N block is N x f or
in this example: 40.4 MHz.

As a result of the continual
removal of the 55 VCO cycles
(removal of one cycle of phase),
the VCO advances one cycle of N
x fof and the phase detector output
becomes a sawtooth waveform as seen
in Figure 3. The waveform increases
linearly due to the advancing phase
of the VCO until the VCO has
advanced one cycle of VCO phase
(360°). At this point, 55 cycles are
removed from the VCO pulse train
cancelling the previous advancement
of a cycle of phase. The phase
detector responds to this sudden
one cycle phase loss by returning
to its initial output. The sequence
is repetitive, generating a sawtooth
waveform. The maximum amplitude
reached represents one cycle of VCO
phase. As the VCO frequency is
increased, the time interval for the
VCO to go through one cycle of
phase is less. Therefore, the maxi-
mum phase detector amplitude is
decreased. (The phase detector maxi-
mum amplitude is inversely propor-
tional to the VCO frequency.)

The necessity to remove 55 VCO
cycles from the VCO output each
time the output advances one cycle
of phase of N x f.¢ requires that
we use a pulse remover block as
shown in Figure 1. In Figure 3 the
case is shown for a VCO operating
at 1.01 MHz and a reference fre-
quency of 0.1 MHz. The pulse re-
mover, therefore, is switched on every
ten reference periods. In the case
of the 40.455 MHz operation one
cycle has to be removed every 55
reference periods. A method of de-
termining when the VCO has ad-
vanced one cycle of phase is re-
quired. Such information can then be
used to trigger the pulse remover
block and the VCO cycle removed
at the appropriate time.
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Accumulator

The fractional part of the VCO
frequency determines the time re-
quired for the VCO to advance
one cycle of phase of N x f. The
time required is the period of the
fractional offset frequency and cor-
responds to a certain number of
reference periods. If the fractional
part of the VCO is stored in a frac-
tion register as shown in Figure 1
and that quantity added to a second
register each reference period, the
second register will contain a running
total of the fraction. This is the
fraction of a VCO cycle of phase
advancement at any point in time.
For this reason, the second register
is called the phase register, and the
entire configuration is called an
accumulator. The accumulator, there-
fore, consists of the fraction register,
the adder, and the phase register.
The phase register will reach unity
the same reference period the VCO
has advanced one full cycle of phase.
When unity is reached, the phase
register overflows and transmits an
overflow signal. The overflow signal
corresponds to the point in time the
VCO has advanced one cycle of
phase of N x f. The overflow
signal can now be applied to the pulse
remover block as a pulse remover
signal.

In the 40.455 MHz VCO example
the VCO operates with an offset
frequency not evenly divisible into 1.
A fractional overflow can result when
the phase register reaches unity.
In our example the VCO operating
at 40.455 MHz after one reference
period has advanced 404.55 cycles,
809.1 after two, and 1213.65 after
three reference cycles. Prior to the
second reference period, the phase
register has accumulated 0.55 cycles
and a second reference period 0.55
is added and the sum is 1.1,
This causes an overflow as the pulse
remove signal and the fractional over-
flow of 0.1 is loaded into the phase
register and the next sequence phase
begins to accumulate from 0.1 in-
stead of 0.

Pulse Remover
Command Section

Up to this point, the pulse remover
command section hasn’t been consid-
ered. Figure 4 is a block diagram
which includes the pulse remover com-
mand section. This structure provides
a means of automatically removing
VCO cycles whenever the VCO ad-
vances one full cycle of phase of the
frequency N x f 4.

The open loop phase detector out-

r.f. design

put of Figure 4 is a sawtooth
waveform superimposed on a DC
voltage. -Only the DC voltage of
this output is of interest. A VCO
requires a DC-tuned voltage in order
to maintain a stable output signal.
A sawtooth AC signal superimposed
on the DC VCO signal would cause
frequency modulation of the VCO
signal. The AC sawtooth waveform
of the phase detector output must
be cancelled or removed leaving the
DC component to tune the VCO to
the proper frequency. We know that
the VCO output advances a fraction
of a cycle of phase of N x f

each reference period. The fraction of
a cycle of phase that the VCO is
advanced at any one reference period
is represented by the fractional sum
in the phase register. For the ex-
ample of Figure 4, the contents
of the phase register when viewed
with respect to time is a staircase
resetting to zero once unity is reached
as shown in Figure 5. The stair-
case approximates a sawtooth wave-
form. The leading edge of each step
represents the phase detector out-
put for that reference period. The phase
detector does not generate a ramp
but samples the VCO with respect
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to the reference each reference period
generating the staircase output.

If the contents of the summing
register are applied to a digital-
to-analog converter (DAC), the DAC
output will follow the steps of the
summing register and approximate a
sawtooth output. Applying the DAC
output through an inverter and summing
it with the phase detector output
essentially cancels the AC component
(sawtooth) of the phase detector out-
put. This leaves the DC component.
(Required as a VCO control signal.)

Two requirements of the waveform
generated by the DAC, such that it
will approximate the phase detector
sawtooth output, are:

VCO has advanced one full
cycle of N =ref frequency

Cycle 101 =
P e o

VGO
Qutput
1.01 MHz

:One Cycle Removed

Pulse Remover Sadia-
Qutput to
1.01 MH2z
(1 MHz Avg))

Phase
Detector
Sawtooth

a. It must have a variable amplitude.
b. It musthave avariable period.
The amplitude is inversely propor-

Output tiona! to the frequency of the VCO

and changes whenever the VCO fre-
guency is changed. To demonstrate
the amplitude dependence on VCO
frequency, look at Figure 6. If a
reference of 0.1 MHz is used, and a
VCO frequency of 1.01 and 2.01
MHz are used, different voltages are
obtained. Note that each VCO fre-
quency example contains a 0.01 MHz
offset or fractional frequency. In
terms of reference periods (10 us), the
duration of the 0.01 MHz offset is

Figure 5. Phase Detector Sawtooth Output with Respect to
Pulse Remover Output.
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period of 2 MHz is half the interval is removed, a 360° phase loss is an ultraminiature package '
of 1 MHz, the phase detector out- (Continued onpage28) | || Need top IM performance?
- . — : = § il PTIcan deliver. We know what !
can and can't be done |

Need small size?
PTI can deliver four-pole filters in |
l an F (HC-18 size) package. Two-

e 4 ‘ poles in our new ultraminiature A |
W A [ package. Resistance-welded !
qh |" [ 2 too 1

Need low cost?
Our trimmer | ocan rem S0%a oo
capacitor line keeps
growing blgger

{| including new models at 45 MHz

{ Plus, the widest selection of HF '
monolithics around — from 5
MHz and up

Need something special?
i PTlcan deliver custom

| monohthic filters to your
production requirements

For these and any other

by gettlng ‘ @epll EQZEoﬁeg a J(ijr' e
6 [ g smaller. |

Sprague- Goodmon strimmer capocitor  with our glass Pistoncaps.® Filmtrims® l

line is growing. With sub-miniature cer- ceramic single turn, and Mica compres-

amic and sapphire dielectric Pistoncap®  sion lines. }‘
|
{

trimmer capacitors. The ceramics are So the next time you need standard
as small as 3mm diameter and the  or custom trimmer capacitors, call us or

sapphires have very high Q at URF  your distributor and ask for Sprague- ‘
and GHz frequencies. Goodman. The first and last name for | |
They're available off-the-shelf along  frimmer capacitors. | Plezo Technology Inc.

| PO. Box 7859 » Orlando, FL 32804
3 Sprague-Goodman Electronics, Inc. |
6000MAN J

| (305) 298-2000 « TWX 810-850-4136
(An Affiliate of the Sprague Electric Company) ) b
134 FULTON AVE. GARDEN CITY PARK. NY 11040 + 516-746-1385 « TLX 14-4539 H I?yesf;?'f}:’tz:i in monolithic
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CTC takes
the biteoutof
RF techlg%ology.
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the Plastic
Sandwich.



We cansave you money and

give you a new, reliable edge
on the market.

The traditional Ceramic Package.

/¢ ]

/]

Bridge

Die

Gold plating
———Be0 (.060" thick)

——Flange

]

Three key advantages of our TO-220.

1. Thermal conductivity, better due to
thinner BeO ceramic heat spreader design,
results in lower junction temperatures
and increased reliability.

2. Lower emitter grounding inductance due
to CTC's unique wrap-around metalization
technology results in increased gain and
higher frequency performance.

3. Manufacturing costs are reduced
dramatically because of lower materials
costs and the use of automated, high
volume assembly equipment.

The range of plastic power (12, 28Vdc).

50W+

175MHz

500MHz

Plasticmade
CTChas the power.

CTC's low-cost wrap-around
TO-220 Plastic Sandwich.

I{}]i ' Die

Die
Cold plating
BeO (.025" thick)

Flange

It's a new era for plastic power.

Washers/Dryers; Microwave Ovens;
industrial applications for energy saving
dielectric and inductance heating; in addition
to the classic RF markets for Radios; Tele-
vision; Two Way Communications Systems;
Wherever you could use a high performance
transistor in a low cost extremely reliable
package.

Complete documentation.

Reliability report, full specifications and
application notes are available.

The bottom line:

It's plain economics. Lower costs, equal
or better performance, top reliability, and a
full range of product. And prompt delivery.
All from C.T.C. Call or write for complete
information. Communications Transistor
Corporation, 301 Industrial Way, San Carlos,
California 94070, (415) 592-9390.
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Carry Overtflow
(Pulse Remove)

Fraction
Register

Reference
0.1 MHz

Phase
Register

VCO
1.01 MHz

Puise
Remover

-
|
{
|
]
|
|
!
|
!
|
|
|
|
.

Phase
Detector

Tune Voltage Containing an

Figure 7. N.F. Loop with Pulse Removed Command Section. AC Component

{Continued from page 25.)

detected by the phase detector and it
respohds by returning to its initial
output causing the high-to-low transi-
tion of the sawtooth. |t the off-
set or fractional part of the VCO
frequency is changed, the duration
of the sawtooth change for these two
petiods is the same. The sawtooth
generated by the DAC must change
dmplitude and period as the phase
detector output changes and must
be superimposed on zero volts DC.
It can then be inverted and summed
with the phase detector output to
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remove the sawtooth from the tune
voltage applied to the VCO. (Figures
7,8,9)

NF Loop Block Diagram

A general block diagram of an NF
loop is shown in Figure 10. The
basic elements of an N step loop
are present; the VCO, divide-by-
N counter, phase detector and low-
pass filter. In addition to these.
a fraction register, adder and phase
register provide the ‘‘bookkeeping
system” to keep a record of the

Reference Periods

Figure 8. Phase Register Contents.

28

phase advancement from reference
period to reference period. This sys-
tem is known as a phase inter-
polator and in conjunction with a
digital-to-analog converter (DAC), the
system is referred to as an analog
phase interpolator (API). Each reference
period it generates an analog voit-
age equal and opposite in polarity
to the phase advancement voltage
generated by the phase detector.
The voltage applied to the LPF is
then a DC voitage constituting the
VCO tune voltage. Since the ‘‘book-
keeping system” must update each
reference period (the phase detector
output changes each reference period
after the VCO/N and reference signal
comparison), the system receives its
add command (update command) at
a VCOI/N rate.

Operation

The previous discussion was based
on a synthesizer which is controlled
by a microprocessor which per-
forms a number of arithmetic and
control functions. The controller re-
ceives the data information from a
keyboard or a bus like the RS232
serial or |EEE parallel bus and
drives the input decoder. This data
includes loop frequency data and in-
structions which set up the op-
erating modes of the data register in
the phase interpolator. Data register
operation is controlied by a steering
section. The data register is respon-
sible for the bookkeeping scheme of
the phase interpolator. There are three
data registers.
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Tune Voltage (V)

Reference

0.1 MHz Detector

From Fraction

Controller | Register

Analog Phase Interpolator

Phase
Register

4 BCD
Digits

Figure 10. General Block Diagram, N.F. Loop.

a. fqfrequency register
b. f, frequency register
c. Phaseregister.

Frequency Register

Only one of the frequency registers
is active at a time. The frequency
register will always contain the current

At

Phase
Detector
Output

frequency of operation and this data
will be circulated (output connected
to input and the data shifted until
the starting state is reached) once
each reference period. The other
frequency register will contain the
previous frequency of operation and
be sitting idle but enabled to accept

AV is Inversely Proportional to A2 = Freq

Ot

F,e'=0.1 MHz
1 REF Period = 10 usec

.
o

20

30 t(= # of Ref. Periods)

Figure 9. Phase Detector Output for Two VCO Frequencies

with the Same Offset.

r.f. design

LINEAR

FERRITE
CORES

COIL FORMS
SLEEVES « BEADS
TOROIDS « BOBBINS
THREADED CORES
BALUN CORES

Available in large variety of ma-
terials with a wide range of
characteristics. Cores for broad-
band transformers and high fre-
qguency mixers. Fast, economical
service. Samples & prices avail-
able on request. Call or write,
outlining your application.

CATALOG AVAILABLE

KRYSTINEL

Krystinel Corporation

126 Pennsylvania Ave.

Paterson, NJ 07509

P.O. Box 2098, Paterson, NJ 07509
(201) 345-8900 TWX: 170-988-5931
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new data when a new output is
programmed.

The data steering logic controls
the operating modes of the f4 and f,
frequency registers. The LOAD DATA
command enables the idle frequency
register to be clocked by the con-
troller line (LDC (LOAD DATA CLOCK) to
enter a new frequency. During this
time the operation of the loop is
not interrupted because the circulating
frequency register continues opera-
tion while data is being loaded.
Once the data is entered, the SET
FREQ command interchanges the
functions of the f; and f, registers

and the new data now circulates
to operate the loop at the new fre-
quency.

Frequency data in the f,; or f;
register consists of 16 BCD digits
which are loaded least significant
digit first. The twelve least significart
digits represent the fractional portion
of the frequency while the next three
digits contain the integer or N portion
of the frequency. This accounts for
fifteen of the sixteen digits in the
fy or f, register. The sixteenth digit,
which is the last digit loaded, is
not required and therefore is always
loaded as a zero. During circulation

7~
.

o

»

VHF-SYNTHESIZERS

/- ~
< IN PERFORMANCE,
FLEXIBILITY, PRICE
O EARTH STATIONS
O NMR SPECTROMETERS
DO AUTOMATED TEST SYSTEMS

0O SECURE COMMUNICATIONS

PI=160//=1= 200

FREQUENCY SYNTHESIZERS

0.1 -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)

Price: $4,700. - (PTS 160, 1 Hz Res, Oven Std)

—r— PROGRAMMED TEST SOURCES, INC.
: 5 BEAVERBROOK RD., LITTLETON, MA., 01460 (617) 263-6467
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of the data in the f; or f, register,
this digit is truncated and therefore
does not affect the operation of the
loop.

Each reference period the divide-
by-N counter initiates a sequence of
events by triggering the sequencer.
Part of the sequence is the enabling
of the f; or f, register ciock, the
phase register clock and the N register
clock. The phase register is clocked
tor the first twelve digits circulated
by the f; or f, register, the N register
for the next three. When the sixteenth
digit is circulated by the f; or f,
register, neither phase register nor N
register is clocked. Therefore, this
digit has no affect on the loop op-
eration. As a result of the sequence
of clocking the registers and N
register, the phase register quantity
has been increased by the fractional
component of the f; or f, register.
The N register contains the three N
number digits used to preset the
divide-by-N counter.

Phase Register

The phase register
purposes:

a. Records the total phase advance-
ment of the VCO with respect to
each reference period.

b. Causes the adder to overflow in
the reference period the VCO has
advanced a full cycle of phase.

The record of total phase advance-
ment is used each reference period
to drive the API section. The four
most significant digits of the twelve
digits in the phase register are
used to preset four API counters.
When these counters are clocked by
the API clock, they generate an out-
put pulse inversely proportional to
the preset number. These four counter
outputs drive the API section which
develops a signal that counteracts
the changing phase detector signal
resulting in an unchanging tune volt-
age. The overflow of the adder
indicates the reference period the
N.F. loop VCO has advanced a full
cycle of VCO phase. The overflow
decode triggers the units counter
during the pulse remove enable inter-
val of the loop sequence to divide
by three for one output pulse of the
first stage. Since this stage has been
providing an output for every two
pulses input (divide-by-two) it ef-
fectively has removed a VCO cycle
by dividing by three for one output
pulse. The cycle of phase the N.F.
loop VCO has advanced has been
removed and the phase relationship
of the N.F. loop VCO and N times
the reference is reset.

The API section consists of two
parts:

serves two
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A Programmable Cavity Oscillator?

4.. BDI.

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 +13 dBm.

If that isn’t enough, it has FM,

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

F TN 2tciones
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~ Feedback

External Command

Figure 11. Simplified Block Diagram of the Digiphase System.

a. The AP{ counters

b. The API current sources.
All APl current sources are turned
on by the BIAS command each ref-
erence period. The four most significant
digits of the phase register preset
the API counters which control when
each of the four AP| current sources
turn off. The smaller the phase register
digits, the longer the APl current
sources are on.

The phase detector compares the
sequencer output “BIAS"” with a 100

kHz reference signal. The BIAS signal
is first reclocked to TENS CLOCK
VCO/10) and then to the N.F. loop
VCO signal itself. If the N.F loop
VCO is operating with a fractional
component, the reclocked BIAS signal
applied to the phase detector gains
phase each reference period with
respect to the reference signal. The
output applied to the integrator is
an increasing voltage. The purpose of
the API section is to negate the
effects of the increase in the phase

detector output.

The method used to generate the
N.F loop VCO tune voltage is similar
to that used in an N step loop.
Currents are integrated and the inte-
grated voltage is transferred to a
holding capacitor.

The digiphase system or fractional
N phase-locked-loop allows extreme
high resolution depending upon the
resolution of the fraction register
and the phase register. Figure 11
again shows a simplified version of
this system. As mentioned previously,
the resolution is determined by the
fy or f, register which has 16
digits. Three of these digits are
being used for the N division which
leaves 13 available digits. Of the 13
digits, the last one is always set to
zero. The 12 digits are used for the
fractional division and would allow
an ultimate resolution of 100 kHz
(reference) divided by 1012 or a resolu-
tion of 0.1 uHz. The synthesizer, so
to speak, consists of two loops, one
being a 100 kHz loop with a lock-
up time probably 8 to 20 cycies or
800 us to 2 ms. The fractional

The fractional portion of the loop
(Accumulator, Puise Remover and D/A})
resolution most likely will lock up
within one cycle where one cycle is

1/reference or 10us.

]
From... QVEeNalfre

...OVENS FOR TO5
l CRYSTAL, TRANSISTOR, IC OR OTHER
Temperature Sensitive Component in TO5 Case

’ Model TOSP ‘ Model TOSC
N\

¢ Solid state proportional control circuitry
e Miniature size—only 0.50" high X 0.75" diameter
¢ 5VDC to 28VDC heater voltage

e Select any oven cavity operating temperature
from 35°C to 95°C in 5° increments.

o Low power—0.5 to 0.9W nom. at stabilized +25°C ambient
o Temp. stability =3°C typical for —30°C to +60°C

o Warm up from —30°C—3.0 minutes max.

e TO5P—component cavity opening in bottom of oven

e TO5C—component cavity access by removing top cover

OVENAIRE-AUDIO-CARPENTER

Division of Walter Kidde & Company, Inc. 706 Forrest Street

KIDDE Charlottesville, Va. 22901
804-977-8050 « TWX 510-587-5461

IMPROVE DYNAMIC RANGE OF YOUR
SPECTRUM ANALYZER

An Eagle TNF-1 Tuneable notch filter allows a 25db improvement
in effective dynamic range during harmonic measurements A
tuneable notch, set at the fundamental , orevents analyzer front
end or mixer overload which allows removal ot attenuation with
resultant increase in effective dynamic range
These rugged units use a multi turn element for easy setability
The nickle plated brass enclosure assures proper shielding while
careful design of circuitry provides low SWR to 1.0 GHZ
These units are available from stock in the following ranges
TNF-1E 100MHZ to 250MHZ
TNF-1F 130MHZ to 350MHZ
Available in other frequency ranges from 3MHZ to
Price standard models: $39.00 Specials

CAGRF

(714) 728-6000
Fallbrook, Ca. 92028

100MHZ
$59.00

300 N. Main St

32 INFOI/CARD 18
INFO/CARD 19



Quality EMI/Magnetics
Instrumentation from EMCO

Model 6640 ]
Magnetic Field Intensity Meter

Model 3013
Bridged-T Rejection Networks

Model 3106
Double Ridged Guide Antenna

The Electro-Mechanics Company
has the capabilities to help solve
electromagnetic compatibility prob-
lems in such critical industries as
defense, electronics and transpor-
tation. By continuing to provide
customers with practicable “spe-
cials”, EMCO has grown to display
a broad choice of RFI/EMI equip-
ment.

The systems, accessories, and
services offered by EMCO can be
categorized under these fields of
interest . . . Antennas, Magnetics,
and Rejection Networks.

ANTENNAS

EMCO manufactures antennas with
a wide variety of applications and
measurement capabilities. Anten-
nas include. ..

» Conical Log-Spiral Antennas

» Biconical Antenna

» High Power Biconical Antennas

» Double Ridged Guide Antennas

» | og Periodic Antennas

¢ Paraliel Element Antennas

¢ Adjustable Element Dipole
Antennas

« Broadband Dipole Antennas

» Electric Field Antennas

MAGNETICS

EMCO has been at the forefront
of development for magnetics EMI
test instrumentation. EMCO's line
of test equipment provides re-
searchers, engineers and designers
with vital portions of information
needed for accurate RFI/EMI test-
ing and electronics security studies.
Instruments include . . .
¢ Magnetic Field Intensity Meter

* Electrical Field Probe

¢ Current Probe
¢ DC Magnetometer
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¢ Helmholtz Coil Systems

* Magnetic Susceptibility Testing
System

» Magnetic Field Generating Coils

* Magnetic Pickup Coil

REJECTION NETWORKS

EMCO’s Rejection Networks are
designed for many types of specifi-
cation compliance testing. Ingtry-
ments include . ..

» Bridged-T Rejection Network

« Cavity Rejection Networks

o

The Electro-Mechanics Company
P.O. Box 1546/ Austin, Texas 78767
Telephone (512) 451-8273
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Figure 12. Block Diagram of the Motorola MC145156 Synthesizer IC reproduced with
permission of Motorola.

Because of active low pass filters simplifications. The Hewlett-Packard quency Synthesis: Techniques and
and speed requirements of the D to A frequency synthesizer model 8962A Applications,” IEEE Press, 1975.

converter, the actual lock-up time is operates on this principle. However 3. Hewlett-Packard — “Synthesizer/
somewhat of a compromise between itis a fairly expensive solution. Level Generator 3335A,” Instruc-
these values and should be in the In signal generator applications, tion Manual, page 816-836.

vicinity of 1 ms for the fractional the fractional N loops are always 4. Racal — ‘“RA6790 Receiver,”
portion and about 2 ms for the N divided by 20 in order to get a Instruction/Repair Manual, 1978.
section. noise sideband performance improve- 5. Vadim Manassewitsch — “Fre-

It becomes immediately apparent ment of 26 dB. Due to the number quency Synthesis,” John Wiley &
from the previous mathematics that  of active circuits in the loop, it can  Sons, New York, 1976/1980.

if one requires the 0.1 uHz resolu- barely meet 120 DB/Hz over a wide 6. U.L. Rohde — ““Modern Design

tion, it would take a million cycles bandwidth. of Frequency Synthesizers,” Ham

until one pulse gets removed. A Radio, July, 1976.

microprocessor can keep track of all Réferences

L e ; - , By publication time Dr. Rohde
Modern integrated circuits that 1. G.C. Gillette — "Digiphase Prin- will have presented this article

have frequency synthesizers on one ciple,” Frequency Technology, Aug- at a technical session at South-

chip and accept serial data stream ust, 1969. con '81in Atlanta

as seen in Figure 12 provide major 2. Jerzy Gorski-Popiel — ‘“Fre- :
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1-900 MHz RF
Instruments

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

Have you been wondering
how you can get your hands on
your own copy of r.f. design?
Let us show you how!

We've decided to open our
doors to the many waiting
subscribers at the low cost
of only $10.00 per year.*

RF BRIDGES

Fixed or Variable
Directivity (balance) 40 or
50 dB options.

Why not join the many other

‘ thousands of r.f. design

| | readers and stop waiting to

‘ read someone else’s copy of
the magazine. Get your own!
*If you hurry now, your sub-
scription price will be only $6.00.

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, Arizona 85036, U.S.A. Telepnone (602) 254-1570
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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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TYPICAL PERFORMANCE
HIGHPASS FILTER
$00 MHz
TO 8 Package
3dB {,, =450 MHz (and 1500 MHz!
fioen = 400 MHz

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. 0.0} 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, P.O. 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 MVETE K
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Use as directed for weight loss.
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Wideband Monofilar
Autotransformers

This articles takes the mystery out of autotransformer design. It is
a comprehensive, practical discussion replete with useful charts.

Alex J. Burwasser
Consulting Engineer
Fair-Rite Products Corp.
Wallkill, NY

hat do most engineers do when they need a wideband
autotransformer? If this engineer’s observations are

representative, the design and construction of such a trans-

former is, more often than not, a very tedious matter of
trial and error. Typically, the engineer selects a core that
happens to be handy, twists up some wires, winds the
transformer, and installs it in his circuit. If performance
is unsatisfactory, he then begins the tedious process of
adding or removing turns, trying a different core size, a
ditferent core material, or using a different wire gauge. The
problem here is that there are quite a number of variables,
and the engineer seldom has time to design a truly
optimum transformer.

This article presents detailed design, construction, and
performance information for a number of high-performance
wideband autotransformers covering impedance transfor-
mation ratios that should satisfy nearly any low-power
level application. These versatile auto-transformers offer
superb performance, are small in size, low in cost, highly
repeatable, and can be easily manufactured with readily
obtainable parts by assembly personnel of ordinary skill
and experience. Armed with the information presented
in this application note, the engineer can easily, rapidly,
and confidently design autotransformers with specified
performance characteristics into his circuits, bypassing
most of the laborious tasks this normally entails.

Specifying An Autotransformer

If we endeavor to construct an autotransformer with
superior performance characteristics, the question naturally
arises as to which characteristics are to be improved.
This question is best addressed by considering the de-
sirable qualities of an autotransformer.

Most manufacturers specify their RF transformers in
terms of transmission characteristics. That is, transmis-
sion loss is specified as a function of frequency. The
bandwidth of the transformer is that frequency range over
which the transmission loss is contained within some
specified limit. Figure 1 is a graphical illustration of the
possible transmission characteristics of a transformer,
where the bandwidth is f,-f4.

|

It is evident that the “bandwidth” of this transformer
is somewhat arbitrarily determined, particularty if the roll-
off is gradual. If more transmission loss can be tolerated,
the bandwidth will, by definition, be extended. Con-
versely, if less transmission loss can be tolerated, the
bandwidth will be diminished. Consequently, any meaningful
bandwidth specification must be accompanied by the cor-
responding transmission loss limitation. One manufacturer
rates his transformers at the 1 dB, 2 dB, and 3 dB
bandwidths. Even complete knowledge of the transmission
characteristics of a transformer does not provide the designer
with sufficient information. A transformer must also be
specified in terms of its reflection characteristics. Although
manufacturers often do not specify RF transformers in
terms of reflection characteristics, this specification is

N Uy = ¢ B
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(6]

1 10 100
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' Figure 1. Typical Transformer Transmission Loss
Vs. Frequency.
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Figure 2. Transformer Lumped Element Equivalent
Circuit.
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nonetheless very important, as it defines the quality of
the impedance transformation over the frequency range of
interest.

At this point, it might be helpful to model a trans-
former into its lumped element equivalent circuit as
illustrated in Figure 2. This equivalent circuit separates
a practical transformer into an ideal transformer and
the equivalent parasitic resistances and reactances that
account for the less-than-ideal performance invariably
encountered.

As Martin' points out in his application note, the
equivalent parallel inductance (Lp) and resistance (Rp)
primarily establish the low frequency roll-off of the trans-
former, since they tend to diminish in value at lower
frequencies. Of these two elements, L, usually pre-
dominates. Martin also cites the winding capacitance
(Cy) and the leakage inductance (L) as being responsible
for the high frequency roll-off, since the reactance of L in-
creases and the reactance of Cy decreases with fre-
quency. In the autotransformers presented in this applica-
tion note, Cy has the predominant influence on high
frequency roll-off.

Over the majority of the frequency range (where the
effects ot the transformer parasitic reactances are less
pronounced), the coil winding resistance (Rc) and Ry are
primarily responsible for the residual insertion loss. In
the autotransformers presented in this article, R, is
the predominant factor influencing the magnitude of this
residual insertion loss.

Unfortunately, these parasitic elements do more than
merely cause losses. They also affect the value of the
impedance reflected from the secondary to the primary.
Consider the ideal 1:4 autotransformer depicted in
Figure 3. If we terminate the secondary with 200 ohms
as shown and measure the impedance at the primary
terminals, we should measure 50 ohms. Now, if we model
this practical autotransformer as an ideal one in conjunc-
tion with a parasitic RLC network as shown in Figure 4,
we can expect that the parasitic lumped elements will
cause perturbations in the impedance reflected from
the secondary to the primary. Thus, instead of seeing a
resistive impedance of 50 ohms at the input terminals,
we will probably measure a resistance of something
other than 50 ohms, as well as reactance. In other
words, the input impedance will be complex. Another
way of looking at this is to consider the impedance
scaling factor of the autotransformer to no longer be 4,
but instead to be some complex quantity a + |b.
If the autotransformer is to be useful, a should be near 4 and
b near zero.

Reflection Characteristics

Now, we all recognize that no autotransformer can
be perfect, and we therefore are willing to forgive
a certain amount of insertion loss and variation in the
impedance scaling factor. But, for the same reason
that we require information regarding an autotrans-
formers’s transmission characteristics, we also require
information concerning the autotransformer’s reflection
characteristics (a broader term used to describe varia-
tions in the autotransformer’s impedance scaling factor).
Unfortunately, as mentioned earlier, many manufacturers
do not provide this information.

We could specify the reflection characteristics of an
autotransformer by measuring the complex impedance
at various frequencies and then plot the results on a
Smith Chart. The solid line on Figure 5 illustrates how
such a plot might appear. Using a sophisticated RF
network analyzer, this plot could be easily and rapidly

r.f. design

R, = 200Q

Figure 3. Ideal 1:4 Autotransformer.

made. Network analyzers of this class, however, are
quite expensive.

An easier and more practical method of specify-
ing the reflection characteristics of an autotransformer
is to measure and plot VSWR as a function of fre-
quency. The ideal autotransformer of Figure 3 would
present a VSWR of 1.0 at the primary terminals. If
this autotransformer was less than ideal and exhibited a
VSWR of, say, 1.5 at a particular frequency, we could
then define the locus of points on the Smith Chart
on which the complex impedance must lie (i.e., on
the 1.5 VSWR circle as illustrated by the dotted line
on Figure 5). But, we would have no way of knowing
which exact point on that VSWR circle represented

Ideal
Autotransformer
Parasitic
Complex >— | RCL R =200Q
Zin Network

2 Ko

Figure 4. Simplified Equivalent Circuit of Practical
1:4 Autotransformer.
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Figure 6. “Direct” Transmission Loss Test Setup.

the particular complex impedance we would be measur ng.
In order to determine that exact point, we would nzed
to know the phase angle of the voltage with respect to
the current.

Thus, the reflection c..aracteristics of an autotrans-
former have the dimensions of magnitude and phase
angle. From transmission line theory?, we can express this

complex quantity as P (rho), the voltage reflection
coefficient:
2, -2
P (1)
Z, + 2,
Where Z, = the input impedance of the autotransformer

([}

Z, = the driving source (reference) impedance

When Z, is a complex quantity, P will likewise be complzax.
Z, is assumed to be real.

*
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Figure 7.
“Back-To-Back” Transmission Loss Test Setup.

c
23 Figure 8. Transmission Loss Comparison:
@ @ St el i ¥ dleited &
>§ 3 . Tlisolation Transformer
1‘0' “Direct” Vs. “‘Back-TO-Back’' Method
0.9
0.8
ONA—=—1— / Ni
0.6 — ¥~
05'\ . . v —— ’{l(.
0,4»‘\;\; 8 A
0.3 =~ = S v g D
g-f ' HER | “Direct” ||
k! £ g To Bakki
LTI "BqekToBaeki]
10 100 1000
Frequency MHz
40

The magnitude of the reflection coefficient, expressed as
|p|, is related to VSWR by Equation 2:

r—1

pl= (2)

r+1
Wherer = VSWR

Another useful quantity to consider is return loss, given
by the relationship:

1
return loss (dB) = 20 log g ﬁ! (3

Thus, VSWR, the magnitude of the voltage reflection
coefficient, and return loss are simply different expressions
of the same quantity. Any of these quantities may be
satisfactorily employed to specify the reflection char-
acteristics of an autotransformer. Although neither of
these expressions provide phase information as does P in
Equation (1), they all provide a very succinct manner
of specifying reflection characteristics. Furthermore, the
required instrumentation for measuring VSWR, P and
return loss is relatively simple and inexpensive.

Transmission Measurements

Figure 6 illustrates one possible method for measuring
the transmission loss of an autotransformer. The signat
source is first connected to the 50 ohm power meter,
and the power level (P1) is noted. The signal source
is then connected to the autotransformer primary, and
the power level as indicated on the 200 ohm power
meter (P2) is noted. (The 200 ohm power meter couid
be a standard 50 ohm power meter with a minimum-
loss resistive matching pad.) The autotransformer trans-
mission loss is then P1-P2.

Although this direct method is conceptually correct,
it would require power measuring equipment and match-
ing pads of exceptional precision to be able to
accurately measure insertion losses on the order of a few
tenths of a dB. With the instrumentation normally
employed for this purpose, these measurements would
be unreliable. Another problem is that the instrumenta-
tion would have to change to accommodate autotrans-
formers of different impedance transformation ratios.

A more satisfactory (if somewhat less “pure”) method is
the back-to-back technique as illustrated in Figure 7. With
this method, the signal generator is first connected to the
power meter to establish the zero loss reference power
level, P1. The signal generator and power meter are
then connected to the back-to-back autotransformers,
and power level P2 is noted. The total insertion loss
is then P1-P2, half of which is attributed to each
autotransformer.

Now, it can be argued that the back-to-back technique
introduces some error terms when the VSWR is greater
than 1.0. To empirically obtain some idea of how ac-
curacy is affected, two 1:1 isolation transformers were
constructed and their transmission loss measured in
the back-to-back configuration as described in the pre-
vious paragraph. Next, the transmission loss of just one
of the transformers alone was measured directly in
the same fixture (since there is no nominal impedance
level shift in a 1:1 transformer). The results of both
measurement techniques as presented in Figure 8
indicate good agreement between the two methods,
especially below 70 MHz where the VSWR is low.
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Figure 8. Swept Transmission Loss Test Setup.

Thus, despite the fact that the back-to-back method
is less than pure in theory, its accuracy appears to
be quite acceptable in practice. It also affords the power-
ful advantage that all transmission measurements can
be made in a 50 ohm line regardiess of the impedance
transformation ratio of the transformers under test. Figure
9 is the actual swept transmission loss test setup used
to measure the transmission loss of the autotrans-
formers presented in this article. All lead lengths
are made as short as absolutely possible to minimize
fixture — induced errors at high frequencies.

Reflection Measurements

Swept reflection measurements are conducted using
the test setup of Figure 10. The key element here is
the “VSWR autotester” (rho bridge), a device that pro-
duces a DC output voltage proportional to f, the magni-
tude of the voltage reflection coefficient of the net-
work being measured. See reference (3) for more detailed
information about this versatile and inexpensive instru-
ment. The logging amplifier results in an oscilloscope
display of return loss (in dB) as function of frequency.
The autotransformer secondary is terminated in a 50 x n
ohm 1/8 watt carbon film resistor, where n is the nominal
autotransformer impedance transformation ratio. As in the
transmission test fixture, leads are kept very short.

Autotransformer Construction

Most RF autotransformers are constructed with multi-
filar windings connected series-aiding, with taps placed

Wavetek 2001 Sweep Generatcﬂ Philips PM 3260
RF Demod Oscilloscope
Out In Vert. Horin Horiz. Vert.
f i - i T
1 Bl
|
| [ Logging |

.Ampufier".

.—__.J____,
Wiltron

= OBE0N ey R =n x50Q
VSWR

| Autotester | L -ﬁ

Figure 10. Swept VSWR Test Setup.
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the
new look
In lIow cost

ceramic
trlmmers

-

ACTUAL SIZE

Just 6mm D.
for high density
packaging

500 min Q
@ 1MHz

100VDCW

Six capacitance
ranges - 2.5-7.0pF

Flux resistant to 10-60 pF

enclosure

ACTUAL SIZE g

JFD’s new line of DV2 Series ceramic trim-
ming capacitors are the best low cost trim-
mers available to the electronics industry.
Their completely enclosed package pro-
vides exceptionally high resistance to dust
and flux penetration for reliability and long
term performance that can't be beat by any
other unit in its class. What’s more, high Q,
a tiny package and a wide selection of

capacities offer maximum design flexibility
over a wide frequency spectrum.

Write for complete technical data on our
new DV2 Series of low cost trimmers. We
think you'’ll be impressed.

(=)
J F D electronic components

A DIVISION OF MURATA CORPORATION OF AMERICA
9030 Highway 5, Douglasville, GA 30135
Phone: 404-949-6900
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Now Available...

IWAMPLIFIERN

0.05-1200 MH:z irom $199

5 If your appliéation requires up to 1 watt for intermodulation
. testing of components ... broadband isolation ... flat gain
over a wide bandwidth ... or much higher output from your
frequency synthesizer or signal/sweep generator ...
MiniCircuits' ZHL power amplifiers will meet your needs, at
surprisingly low prices. Five models are available, offering a
selection of bandwidth and gain.

Using an ultra-linear Class A design, the ZHL is
unconditionally stable and can be connected to any load
impedance without amplifier damage or oscillation. The ZHL
is housed in a rugged ' inch thick aluminum case, with a
self-contained hefty heat sink. BNC connectors are supplied,
however, SMA, TNC and Type N connectors are also available.
Of course, our one-year guarantee applies to each amplifier.

So from the table below, select the ZHL model for your
particular application now ... we'll ship within one week!

GAIN MAX. POWER | NOISE | INTERCEPT

MODEL | FREQ. | GAIN |FLATNESS| OUTPUTdBm  |FIGURE|  POINT DC POWER PRICE

| 'NO. | MMz | dB | dB  [1-dB COMPRESSION| dB |3rd ORDER dBmVOLTAGE|CURRENT § EA. QTY. |
ZHL-32A [0.05-130 |25 Min. | +1.0 Max. +29 Min. 10 Typ.| +38 Typ. +24v 06A |199.00 (1-9)
ZHL-3A |0.4-150 |24 Min. | +1.0 Max. +29.5 Min. 11 Typ.| +38 Typ. +24v 06A [199.00 (1-9)
ZHL-1A | 2500 |16 Min. | £1.0 Max. +28 Min. 11Typ.| +38 Typ. +24V 06A  [199.00 (1-9)
ZHL-2  |10-1000 |15 Min. | + 1.0Max. +29 Min. 18 Typ.|  +38 Typ. +24v 06A [349.00 (1-9)
ZHL-2-8 [10-1000 |27 Min. | £1.0 Max +29 Min. 10 Typ.| +38 Typ. +24v | 065A [449.00 (1-9)
ZHL-2-12{10-1200 {24 Min. | +1.0 Max. +29 Min.* 10 Typ.| +38Typ. | +24v | 075A [524.00 (1-9) |

Total safe input power +20 dBm, operating temperature 0° C to +60° C, storage temperature - 55° C to +100° C, 50 ohm impedance. input and output VSWR 2.1 max

‘+28.5 dBm from 1000- 1200 MHz
For detailed specs and curves, refer to 1980/81 MicroWaves Product Data Directory. Gold Book, or EEM
Worlid s largest manufacturer of Double Balanced Mixers

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M in i-c i rcu its

Domestic and International Telex 125460 International Telex 620156
MINI-CIRCUITS LABORATORY
INFO/CARD 25 A Diision of Scientific Components Corp R46 REV F BL



at the appropriate winding junctions. Figure 11 shows
schematic representations of bifilar and trifilar wound
autotransformers. This multifilar winding technique im-
poses limitations on the impedance transformation ratios
obtainable if awkward taps between the winding junctions
are to be avoided. For example, the bifilar wound
autotransformer may only be used for a 1:4 impedance
transformation (where the impedance transformation ratio
is the square of the turns ratio). Similarly, the trifilar
wound autotransformer may only be used for a 1:9
or a 1:9/4 impedance transformation. Other ratios may
be obtained by placing additional taps on the windings,
but tapping a multifilar winding at any point other than
the winding junctions is very difficult from a manu-
facturing standpoint. Nagle* describes in his article a
straightforward technique to determine if a suitable n-
filar autotransformer can be constructed to satisfy a
particular impedance transformation requirement. He goes
on to provide an example whereby a 50 to 72 ohm auto-
transformer is designed around a hexfilar winding.

Another problem here is that multifilar windings in
themselves pose manufacturing difficulties. In the case
of the hexfilar wound autotransformer, for example,
each of the six wires would need to be color-coded
so that the assembler could twist together the correct

1:4 )

(a) =2 < )
Figure 11. (a) Bifilar and (b) Trifilar Wound Auto-
transformer Schematic Diagrams.

wires at each junction. Next, all of the five twisted
wires and the two ends would have to be tinned
and trimmed. The resulting taps would then have to be
carefully placed in order so that all but the desired
one could be clipped off. Care would have to be
exercised to prevent possible shorts. This transformer
obviously would be difficult and expensive to manu-
facture.

Although apparently not widely recognized, it is not
always necessary to empioy multifilar windings in
autotransformers. If the core is small enough, adequate
interturn winding “intimacy’” is usually assured, thus
relaxing the requirement for multifilar windings. In fact,
under these circumstances, the conventional single-
tapped winding can result in autotransformer performance
superior to that of one that has been multifilar
wound as will be clearly demonstrated later in this article.

Employing this “monofilar” winding technique permits
much greater flexibility in terms of being able to establish
a desired impedance transformation ratio. From a
manufacturing standpoint, the monofilar winding tech-
nique greatly simplifies construction, since only a single
wire is required. The tap is created by simply ‘pig-
tailing” and twisting the wire at the appropriate turn.
All three protruding wires may then be tinned simul-
taneously in a solder pot. Figure 12 is a drawing of a
1:4 monofilar wound autotransformer. Figure 13 is a
photograph of the completed unit.

r.f. design

MITSU BISHI MGF-1400 Series

Typical NF/Associated gain in db:
(Prices 1-9 pieces)

MGF1400 ($ 28.30) 0.5/21 @ 450 MHz
209 @4GHz
MGF1400A ($ 39.15) 1.5/10.5 @ 4 GHz
MGF1402 ($ 50.00)1.1/13 @ 4GHz
MGF1412 ($ 75.00)0.8/13 @ 4GHz
MGF1403 ($135.00)1.8/10.5@ 12 GHz

Cryogenic cooling can attain noise temperature
below 20°K (1402) @ 2GHz

Ali devices specified through X Band.
(1403 through 18 GHz)
Metal-ceramic hermetically sealed package.
Chips available for MIC’s.

Medium power MGF1800 also available.

Write or call for data.
All devices in stock for
immediate shipment.

APPLIED INVENTION RD2 Rt.21
Hillsdale, N.Y. 12529 (518) 325-3911
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Figure 12. Cutaway Drawing of 1:4 Monofilar Auto-
transformer.

1
‘
)

1
Figure 13. Photograph of 1:4 Monofilar Autotrans-
former.

Table 1. Autotransformer Winding Data

Nominal “Primary” “Secondary”
Z Ratio Turns Turns
1t0o1.5 4 5
1to2 5 7
1t03 4 7
1to4 4 8
1to5 4 )
1106.25 4 10
1t07.5 4 11
1to9 4 12
11016 4 16

Note: “Primary"” refers to number of turns from tap to
ground. “Secondary’ refers to number of turns on
entire winding.

The core employed is a two-hole ferrite balun core.* This
core is very well suited for wideband autotransformer
applications. Its form factor (a figure of merit applied to
ferrite cores as a measure of suitability for wideband
operation) is much lower (better) than that of the more
commonly used toroid. Its small size and low cost are
also factors that make this core very attractive. Referring
to Figure 12, note how all three leads protrude from
the same side of the core. The wire employed in this,
as well as all other autotransformers described in this
article, is #32 magnet wire with single polyurethane
insulation. This compact autotransformer mounts upright
and solders directly to the circuit board, occupying a
bare minimum of board *‘real estate’.

To obtain different impedance transformation ratios, it is
necessary only to establish the correct number of turns and
select the appropriate tap position. In other words, we are
not limited to a narrow range of impedance trans-
formation ratios as would be the case for multifilar
wound autotransformers. Table 1 provides monofilar
autotransformer winding data for a variety of impedance
transformation ratios. All these autotransformers employ
inexpensive, readily-obtainable two-hole ferrite balun
cores* and #32 single polyurethane insulated magnet
wire, and are wound as shown in Figure 12 (with
the appropriate number of turns and tap position).

The impedance transformation ratio is related to the
turns ratio by:

Ng\?
z= | (4)
ND

Where Z, = impedance transformation ratio
Ns = number of secondary turns (the total
number of turns on the entire winding)
N, = number of primary turns (the number of
turns from the tap to ground)

For example, the 1:2 (nominal) autotransformer has a
total winding of 7 turns, tapped 5 turns from ground. The
impedance transformation ratio is:

7 2
Z2.=|—] = 196
5

The best is yet to come — Part 2 of wideband monofilar
autotransformers appearing in the next issue contains
actual measured autotransformer performance data. Twenty
charts help to illustrate the test results.

*Fair Rite Products Corp. # 2843002402
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1. SENSITIVITY: Superb amplifier circuitry with performance
that can’t be matched at twice the price. Average sensitivity

of better than 15 mV from 10 Hz to 500 MHz on every model
and better than 30 mV from 500 MHz to 1.1 GHz on the Series
8010A and 8013.

2. RESOLUTION: 0.1 Hz to 12 MHz, 1 Hz to 50 MHz, 10 Hz

over 50 MHz.

3. ALL METAL CASES: Not only are the heavy gauge aluminum
cases rugged and attractive, they provide the RF shielding

and minimize RF| so necessary in many user environments.

4. EXTERNAL CLOCK INPUT/OUTPUT: Standard on the 8010/
8013 series and optional on the 7010 series is a buffered

10 MHz clock time base input/output port on the rear panel.
Numerous uses include phase comparison of counter time
base with WWVB (U.S. National Bureau of Standards). Stand-
ardize calibration of all counters at a facility with a common

10 MHz external clock signal, calibrate scopes and other test
equipment with the output from precision time base in
counter, etc., etc.

5. ACCURACY: A choice of precision to ultra precision time
base oscillators. Our + 1 PPM TCXO (temperature compen-
sated xtal oscillator)and + 0.1 PPM TCXO are sealed units
tested over 20-40°C. They contain voltage regulation circuitry
for immunity to power variations in main instrument power
supply, a 10 turn (50 PPM) calibration adjustment for easy,
accurate setability and a heavily buffered output prevents
circuit loads from atfecting oscillator. Available in the 8010 and
8013 series is our new ultra precision micro power proportional
oven oscillator. With = .05 PPM typical stability over 10-45°C,
this new time base incorporates all of the advantages of our
TCXO's and virtually none of the disadvantages of the tradi-
tional ovenized oscillator: Requires less than 4 minutes
warm-up time, small physical size and has a peak current

drain of less than 100 ma.

6. RAPID DISPLAY UPDATE: Internal housekeeping
functions require only .2 seconds between any

gate or sample time
MODEL 7010A 600 MHz

00000000

period. At a 1 second gate time the counter will display a new
count every 1.2 seconds, on a 10 second gate time a new count
is displayed every 10.2 seconds. (10.2 seconds is the maximum
time required between display updates for any resolution on
any model listed).

7. PORTABILITY: Alt models are delivered with a 115 VAC
adapter,a 12 VDC cord with plug and may be equipped with

an optional ni-cad rechargeable battery pack installed within
its case. The optional Ni-Cad pack may be recharged with 12
VDC or the AC adapter provided.

8. COMPACT SIZES: State-of-the-Art circuitry and external AC
adapters allowed design of compact easy to use and transport
instruments.

Series 8010/8013: 3" Hx 7-1/2" W x 6-1/2" D

Series 7010: 1-3/4" H x 4-1/4” W x 5-1/4" D

9. MADE IN U.S.A.: All models are designed and manufactured
at our modern 13,000 square foot facility at Ft. Lauderdale,
Florida.

10. CERTIFIED CALIBRATION: All models meet FCC specs
for frequency measurement and provided with each model is a
certificate of NBS traceable calibration.

11. LIFE TIME GUARANTEE: Using the latest State-of-the-Art
LSl circuitry, parts count is kept to a minimum and internal
case temperature is only a few degrees above ambient
resulting in long component life and reliable operation. (No
custom IC's are used.) To demonstrate our confidence in these
designs, all parts {excluding batteries) and service labor

are 100% guaranteed for life to the original purchaser.
(Transportation expense not covered).

12. PRICE: Whether you choose a series 7010 600 MHz
counter or a series 8013 1.3 GHz instrument 1t will compete

at twice its price for comparable quality and performance.

MODEL 8010A/8013 1.1 GH2/1.3 GHz

1 GHz FREQUENCY COUNTER

MODEL _RANGE L A¥G.SENSIVITY, GATE PREUERR EXT.CLOCK SENSITIVITY  NI-CAD
(From10H2) gyap ity  AGING  DESIGN 1UHZ10500MHz 500MHzto 1.1GHz  TIMES  12MHz 60MHz Max. Freq. INPUTIOUTPUT CONTROL BATTERY PACK
7010A + 1 PPM 3) 10 HZ YES NO YES
b LR T TR Ry 15my NIA 11 10sec  'H2  1HZ  G0GMHz  OPTIONAL OPTIONAL
8010A + 1 PPM o
TCX0* : (4) : 10 Hz YES Y
801014 11GHz =0 1PPM <1PPMIYR Py ey on11.10sec "M% "ME 19GHz)  STANDARD YES OPTIONAL
8010 05A = 05PPM ocxo- -
80131 +01PPM TCXO" (4) 10 Hz YES YES
so13s OO Lseem ' PPMY ooko 4 Oy onnt10sec. M2 M2 13GH;  STANDARD i OPTIONAL
TCXO = Temperature Compensated Xtar Oscillator “*OCX0O = Proportionat Oven Controlled Xtal Oscithalne
SERIES 7010A SERIES 8010A/8013 ACCESSORIES
#7010A 600 MHz Counter - t PPM TCXO $199.95 #8010A 1.1 GHz Counter- 1 PPM TCXO $399 00 #TA-100 Telescope antenna with
#7010 1A 600 MHz Counter-0.1 PPM TCXO  $249.95 #8010 1A 1.1 GHz Counter -0 1 PPM TCXO $450 00 nght angte BNC $ \9185
OPTIONS. #8010.05A 13GHz Counter- 05 PPM Oven  $499.00 #P-100 Probe. 50 Ohm, 1X $1395
#70-H Handle/Tiit Bait ("ot shown) $2 95 #8013.1 1.3GHz Counter-0 1 PPM TCXO $550.00 #P-101 Probe, Lo-Pass
#N1-Cad-701 Ni-Cad Battery Pack & Charging #8013 .05 1.3GHz Counter - 05 PPM Oven  $599 00 Audio Usage $16 95
Circuitry Installed inside Unit $19.95 #P-102 Probe, H::Z SHLNE
#EC-70 External Clock InputiOutput $3500 OPTIONS General Purpose
#CC-70 Carry Case - Padded Black Vinyl $9.95 #Ni-Cact 801 Ni-Cad Battery Pack & Charging $49 95 #LFM 1110 Low Frequency Multiplier
Circuitry Installed Inside Unit X 10. X 100, X 1000 $11995
#CC-80 Carry Case - Paddec Black Vinyl $ 995 For High Resolution of Audio Freq

TERMS Orders to U S and Canada. add 5% for shipping. handling and insurance t0 a maximum of $10 00 Al other orders add 15
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5821 N.E. 14th Avenue, Fort Lauderdale, Florida33ssa  1-800-327-5912

FROM FLORIDA (305) 771-2051/2

C.0D collection fee $2 00 Florida orders add 4% state tax Personal checks must clear befors goods are shipped TELEX 514849
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Clock Hybrid Oscillator

Bliley Electric Company is market-
ing an improved clock hybrid oscilla-
tor whose frequency ranges from 1 to
25 MHz with custom options available
for complementary and dual frequency
outputs

Designated C79A, the oscillator is
supplied in a proven reliable all metal,

A |
A B

}

b it e

resistance-weld enclosure measuring
.810 x 510 x .200 inches and is DIP
compatible. Standard performance
specifications of the Bliley device
offer plus-or-minus .01 percent from
0 to 70 degrees centigrade. +5 volts
DC voltage and TTL logic output is
generated from standard 7400 series
devices. Custom high speed TTL logic
is also available.

Contact: Bliley Electric Company,
2545 West Grandview Boulevard, P.O.
Box 3428, Erie, PA 16508. INFO/CARD
#137

Ultra-Miniature Tuning
Fork Quartz Crystals

A series of ultra-miniature quartz
tuning-fork crystals tuned to any de-
sired frequency in the range 350-600
kHz has been introduced by Statek
Corporation. They are designed spe-
cifically for microprocessor clock cir-

46

cuits, mobile radios, pagers and vari-
ous telecommunications applications.
A 500 kHz crystal is stocked for 4-bit
microprocessors,

Two versions of the new crystals
are offered: the CX-1H for series-res-
onant oscillator applications and the CX-
1V for parallel resonant (Pierce) oscilla-
tor applications. The crystals are con-
tained in a hermetically-sealed ceramic
package with leads compatible with
DIP spacing or without leads for use
in hybrids. Calibration tolerance is
+0.2 pecent at 25°C. Frequency var-
iation is 0 to —0.02 percent from 0°C
to 70°C. Stock resistance is consider-
ably better than 1000g, 1 mS, half
sine wave.

Contact Statek Corporation, 512 N.
Main, Orange, CA 92668. INFO/CARD
#136.

VMOS and GaAs FET Amplifiers

Avantek, Inc. Santa Clara, CA has
introduced three new TO-8 and TO-3
packaged thin-film cascadable ampli-
fier modules, soecifically designed
for the extremely wide dynamic-range
I.F. amplifier requirements of today’s
state-of-the-art super-heterodyne re-
ceiving systems. They are also suit-
able for signal distribution and driver
applications.

The UTO-161, a TO-3 packaged mod-
ule, incorporates a VMOS FET transis-
tor to produce a minimum output
power of +32 dBm (+20V input)

Ll s P

and + 30 dBm (+ 15V input) over the
-54° to +71°C temperature range
and frequencies from 10-100 MHz.
s performance specifications also
include 8 dB minimum gain, 6 dB
maximum noise figure and a remark-
able +43 dBm intercept point for
third order intermodulation products.

Using GaAs FET transistors, the
TO-8 packaged UTO-2012 and UTO-
2013 offer 500-2000 MHz frequency
coverage with up to + 18 dBm output
power, 8.5 dB gain and noise figures
as low as 5.0 dB over the -54° to
+71°C temperature range.

These FET amplifier modules in-
clude matching and feedback circuitry
that assures an excellent 50-ohm
impedance match at both input and
output and virtually eliminates inter-
action between cascaded modules. In
addition, both the VMOS and GaAs
FET modules include temperature-
compensated active biasing, using an
associated low-frequency silicon bi-
polar transistor to maintain an opti-
mum quiescent current over a wide
operating temperature range.

All that’s required to use these FET
amplifiers is to install the modules
in a conventional 50-ohm microstrip
environment, assure that the case is
properly contacting the ground plane
and apply the 15 or 20 VDC bias.
There is no need for the complicated
matching networks typically required
for low-frequency GaAs FET ampili-
fiers, bias networks or temperature
stabilization. Each module incorpor-
ates built-in power supply decoupling
capacitors.

Contact Avantek, Inc., 3175 Bowers
Ave., Santa Clara, CA 95051. INFO/CARD
#138.

Pushbutton Attenuators
Models 50B and 75B

Frequency range D.C.-750 MHz 50
and 75 ohm available. Flat frequency

response. Special steps available.

Contact JFW Industries, Inc., P.O.
Box 226, Beech Grove, IN 46107. Circle
INFO/CARD #134.

Wide Deviation VCO

Vectron has complimented its line
of voltage controlled crystal oscilla-
tors with the VC-371 and VC-381
series of non-crystal controlled VCOs,
available at center frequencies rang-
ing from 50 kHz to 500 MHz.

Deviation of the standard model is
+10 percent, optionally extendable
to a full octave. Stability over 0 to
+50°C is =1 percent with —55°C
to + 85°C operation available. Qutput
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of +7 dBm into 50 ohms is standard,
with TTL, CMOS, and ECL outputs
available.

Contact Vectron Lab, Inc., 166 Glover
Avenue, Norwalk, CT 06850. Circle
INFOI/ICARD #133.

Self-Cooled
80KW Coaxial Load

First introduced by Bird over a dec-
ade ago, the concept of compact high-
power self-contained RF Terminating
Systems has now led to extending
the upper limit of the series from
50KW to 80KW. The entire series of
10, 25, 50 and now 80KW Moduload*
RF Load Resistors is designed for
terminating a 50-ohm line with neglig-
ible VSWR during off-line or off-the-air

L - ] P

tests and maintenance of transmit-
ters, in locations where water supply
is unreliable, expensive or simply not
available.

The new model 8690 is capable of
80,000 watts continuous dissipation
in ambient temperatures from a low
of —20°C to +35°C. The flexibility
of mounting the Load Resistor up to
20 feet from the heat exchanger per-
mits venting the 270,000 BTU/hour
(enough to heat two houses) at a more
convenient location away from the
transmitter room or test lab. VSWR
is less than 1.1 over the entire range
of 1 kHz to 800 MHz.

r.f. design

Contact Bird Electronic Corporation,
30303 Aurora Road, Cleveland (Solon)
OH 44139. INFO/CARD #131.

Tunable BPF

K & L Microwave, Inc. has just an-
nounced the release of a new VHF
Tunable Bandpass Filter. The new
filter covers a greater than octave band
from 30 to 76 MHz and has a power
handling capability of 50 Watts Peak
or CW when terminated in a load as
poor as 3 to 1. Designated Model
HP5BT-30/76-N, it has a passband of only
3 percent of the tuned frequency.

The 40 dB Rejection Bandwidth is
limited to 6 percent maximum. This
selectivity is achieved by the use of
5 High Q gang tuned resonators which
are tracked together and tuned by
merely dialing in the desired frequency




with a single knob. The frequency is
read directly from an engraved cali-
brated dial which has an accuracy of
better than 1 percent. Operated in a
50 ohm system, the VSWR is typically
less than 1.3/1 at the center frequency,
with a specification of 1.5/1 maximum.

Contact: K & L Microwave, Inc., 408
Coles Circle, Salisbury, MD 21801.
INFO/CARD #132.

Digital Storage
RF Spectrum Analyzer

Bringing digital storage capabilities
to the most widely used frequency

ranges in the R= spectrum, Tektronix
is introducing the 7L14 Spectrum An-
alyzer. The 7L"4 will be of special
importance to operators using the
HF, VHF and low UHF bands.
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Some Packages Work
Better ThanOthers.

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 bottcm covers are
easily removed for access to circuit board. And it doesn't take all the
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 RYRussell

MODPAK DIVISION

80 Cambridge St.. Burlington, MA01803  (617)273-3330
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The 7L14 Spectrum Analyzer has
been designed to meet the needs of
the following primary user groups:
broadcast stations (AM, FM, TV), mili-
tary communications, CATV compan-
ies, and utility companies (specifically
firms and agencies that use two-way
radio). Measurements sought by these
customers include power level; dis-
tortion; depth of modulation; modu-
lation rate, deviation and index; spur-
ious signals; gain; attenuation; fre-
quency response (with a tracking gen-
erator); and noise levels.

The 7L14 features a built-in limiter
which protects the first mixer. The
limiter does not degrade the distor-
tion (harmonic and intermod) mea-
surement capabilities of the 7L14. As a
result, signal levels up to one watt
can be connected to the input for
any setting of the RF attenuator with-
out damage to the first mixer. The
limiter has a built-in DC block which,
in addition to preventing damage
from a DC level on the signal, will
protect the mixer from large (up to
50V) line frequency (50/60 Hz) signals
which may be present along with the
wanted signal.

The 7L14 provides frequency cover-
age from 10 kHz to 1800 MHz. Other
features include: 70 dB on screen
dynamic range, spurious free;, minus
130 dBm sensitivity, with 30 Hz reso-
lution; CRT readout of control settings,
four-to-one shape factor resolution fil-
ters; tracking generator and counter
options; and a display mainframe
compatible with more than 25 different
7000 Series plug-ins.

Contact Tektronix Marketing Com-
munications Department, D.S. 76/260,
P.O. Box 1700, Beaverton, OR 97075.
Circle INFO/CARD #138.

LF Impedance Analyzer
And Network Analyzer

This new model HP 4192A is a low
frequency impedance analyzer and
network analyzer. In a frequency range
of 5 Hz to 13 MHz, the HP 4192A
measures 11 impedance parameters
as well as gain, phase and group
delay. Both one-port and two-port
devices can be tested and the devices
can be either floating or grounded.

The HP 4192A offers 4-1/2 digit
readings with 0.3 percent basic meas-
urement accuracy. Options include
+35 VDC bias (10 mV resolution),
and analog output. Two special test
fixtures and an accessory kit are also
available.

An internal frequency synthesizer pro-
vides excellent resolution from 5.000 Hz
to 13.000000 MHz. Frequency can be
swept linearly or logarithmically or can
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be set to a spot frequency.

Output level is continuously adjust-
able from 5mV to 1.1Vrms into an open
circuit. Standard output impedance is
50 ohms with 75 ohms optional. Use-
ful accessories for the telecommu-
nications industry are the HP Model
11473A-11476A transformers which
convert the HP 4292A output to vari-
ous impedances and connectors.

These features make the HP 4192A
well suited for characterizing individ-
uval components such as inductors
and capacitors as well as testing
complete circuits including filters
and amplifiers. Also, because of its
flexibility, the HP 4192A can provide
test conditions for most devices which
are the same as actual operating con-
ditions.

Impedance parameters measured
by the HP 4192A include L, C, R, Z, Y,
phase angle, X, G, B, D and Q. Changes
in the parameters can be displayed

Errata

In the *“Narrowband Butterworth
or Chebyshev Filter Design using
the T1-59 Calculator” article that
appeared in the November/Decem-
ber 1980 issue of r.f. design
the following chart was accidently
omitted.

Alphanumeric  Storage Reg-

Codes ister Location
64210100. 25
64151333. 26
64243116. 27
64353600. 28
64352700. 29
64323516. 30
64353327. 31
64144300. 32

4200000037. 33

1445362317. 34

152317. 35

4533170000. 36

3537230037. 37

3717354332. 38

144137. 39

as delta or delta percent. The HP
4192A’s sensitivity and wide measur-
ing range are typified by the range of
Z from 0.1 milliohm to 1.3 Megohm
and Y from 1 nanoSiemen to 1 Siemen.
These capabilities make the HP 4192A
suitable for use in a wide spectrum
of applications including: 1) materials
testing, 2) evaluation of PC mounted
inductive and capacitive devices, 3)
semiconductor evaluations and 4) Crys-
tal testing.

Contact Inquiries Manager, Hewlett-
Packard Company, 1507 Page Mill
Road, Palo Alto, CA 94304. Circle
INFO/CARD #127.

K&L |
has a

First2 GHz Log
I.F. Amplifier

The industry’s first logarithmic I.F.
amplifier operational to 2 GHz is now
available from the Beverly Division of
Varian Associates.

Ideal for use in electronic-warfare
and radar systems, as well as mono-
pulse tracing receivers, the new |.F.-
to-log video amplifiers — called the
ICL-5 Series — are based on a hybrid
integrated-circuit design, and cover
the frequency range from 600 to 2000
MHz. Features include exceptionally
stable log linearity and stability over

K & L Micro Miniature Bandpass

watc
micro

ing

to your specifications with center
frequencies 160MHz to 3 GHz, and

Filters are designed

for performance and
reliability, using
alumina ceramic and
hybrid techniques. Built

bandwidths from 3 to 70 percent.
Filters are .38x.38x‘L’ inches, where

S L , s
mlnl ‘L’ is .5 inches to 2.5 inches dependent
on electrical parameters. Special package

fllter
for you

MICROWAVE INC ORRORATED

sizes can be configured to meet other
frequency/bandwidth requirements.

Contact us with your specifications and
get a copy of our new catalog.

408 Coles Circle,
Salisbury, Md. 21801
Phone 301-749-2424
TWX 710-864-9683
INFO/CARD 31




an operational temperature range to
85°C.

The accuracy of a log amplifier is
measured by determining the maxi-
mum deviation of the actual log curve
from an ideal log plot. Users of the
ICL-5 can expect a deviation of less
than +1dB.

Because Varian log amplifiers are
designed to be broadband, they can
be used with the full intrinsic I.F.
bandwidth in many applications. As
a result, a system designer can expect
highly accurate amplitude measure-
ments instantaneously over extremely
broad bandwidths.

Varian Associates, Beverly Division,
Salem Road, Beverly, MA 01915. Circle
INFOI/CARD #130.

Precision Automatic Noise
Figure Indicator

Eaton Corporation’s Electronic In-
strumentation Division has developed
a new precision automatic noise figure
indicator (PANFI) called Ailtech 7514
as part of its noise figure measure-
ment line of instruments.

The Ailtech 7514 simply and ac-
curately measures the noise figure of
an amplifier or receiver. Its rapid,

mediate evaluation of the effects of
circuit adjustments on noise perform-
ance. The Ailtech 7514 with option 08,
provides for six preselected, front-
panel switchec input frequencies —
21.4, 36, 45, 60, 70, 160 MHz — in
addition to 30 MHz. The same option,
when used wth an external local
oscillator, permits noise figure meas-
urements on devices with output fre-
quencies from 10 to 1000 MHz.

In conjunction with the Ailtech 76
Series solid-state noise generators,
the Ailtech 7514 is a valuable tool
for the evaluation of the noise per-
formance of amplifiers and receivers
over the range from 10 MHz to 18 GHz.

The Ailtech 7514 is basically a
bench-top instrument; however, it is
offered with optional rack mount brack-
ets as Option 11.

Contact Ailtech, 2070 5th Ave,,
Ronkonkoma, NY 11729. INFO/CARD

Classifieds

RF DESIGN ENGINEERS

Join a company on the leading edge
of technology, creating new solu-
tions to old problems. Engineers
seeking challenges in low noise
amplifiers, ultra-linear power am-
plifiers, low noise frequency-agile
synthesizers or adaptive noise can-
cellation techniques in the HF/
VHF spectrum should contact T.
Joseph Daley, Harris Corporation,
RF Communications Division, 1680
University Avenue, Rochester, NY
14610, (716) 244-5830, EXT 3328.

An Equal Opportunity Employer M/IF

THE PICTURE WAY OF CIRCUIT DESIGN
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direct-reading capability allows im- #129.

PLATTSBURGH, N.V. 12901
Od Tel.: (518) 561-8700.

ENGINEERING OPPORTUNITIES
IN NOVA SCOTIA

Hermes Electronics Ltd., is a world renowned Ocean
Engineering, Sonobuoy and Communications firm. Their
Engineering Department has a number of challenging
positions available to highly motivated individuals who
can work with a minimum of supervision and will enjoy
the opportunity to utilize their creative skills.

COMMUNICATIONS ENGINEERS

We are seeking Graduate Electrical/Electronics Engineers
with at least three years’ experience in the Design of
H.F. Transmitters, Receivers and/or Antennae. A back-
ground in R.F. Design in VHF, or UHF would be an asset.

————SONOBUOY ENGINEERS ———

The ideal applicants would be Electrical/lElectronic or
Mechanical Engineering Graduates with a background in
Acoustics. A minimum of three years' experience in the
Development of Sonobuoy or Sonar Systems and associated
signal Processing is desirable.

—ANALOGUE CIRCUIT DESIGN ENGINEERS—

We require a minimum of three years' experience in the
design of a wide range of Analogue Circuits, such as
Active Filters, Low Noise Amplifiers, Modulators and inter-
face Circuits.

Salaries are negotiable and will be in keeping with individual
qualifications and experience. All applicants must be able
to apply for security clearance. Apply in writing stating
qualifications and previous job experience to:

Director of Personnel

Hermes Electronics Ltd.

P.O. Box 1005

Dartmouth, Nova Scotia B2Y 4A1

Hermes Electronics Limited
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...In the Big Town

New York... the nation’s number one market for electronics. .. and almost everything

else ... hosts Electro/81 on April 7, 8 and 9. It will be the East's biggest high-technology

exhibition and convention, featuring:

m  800-plus exhibit booths displaying state-of-the-art products, systems, and techniques
m 150 Professional Program presentations on leading-edge electronics.

Make your plans now to attend this memorable event at the New York Coliseum (exhibition) and
Sheraton Centre Hotel (Professional Program). To take advantage of a pre-registration discount
of $10 (half the door price of $20), complete and mail the coupon below with your check before

March 20. It will also save you time and avoid a long wait in line.

Clip and mail ’l’/EIectrO

with your check

for $10 to:

Electro

999 N. Sepulveda Bivd.
El Segundo, CA 90245 Name
INFO/CARD 33 Position « Tetephone

",f Electro "

Persons under 18 years of age not admitted

PRE-REGISTRATION $10

INTEREST
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Wherevecr,xou need

100 Watts
from10kHz to 4

ENIh

Imagine the tremendous versatility
you could enjoy with the extremely
wide coverage of just these two
broadband power amplifiers.

The ENI 5100L spans the frequency
range of 1.5 to 400 MHz with a Class
A linear output rating of 100 Watts
and a flat 50 dB gain. And it will de-
liver 200 Watts from 1.5 to 200 MHz.

The ENI 2100L covers the range from
10 kHz to 12 MHz with a Class A linear
output of more than 100 Watts. And it,
too, can deliver 200 Watts over much
of its useful frequency range.

Both units are solid state. Both units
are unbelievably rugged. Uncondition-
ally stable. Will not oscillate for any
conditions of load or source imped-

RF power
&MHZ.-.

ance. And will withstand all mis-
matched loads including short and
open circuits.

Now there’s no need to buy a whole
expensive spread of individual units.
With just these two portable ampli-
fiers, you can work on an almost
infinite range of applications. If it’s
100 Watts... ENI has it covered!

For more information, a demonstra-
tion, or a full line catalog, please
contact us at ENI, 3000 Winton Road
South, Rochester, NY 14623. Call 716/
473-6900, or telex 97-8283 ENI ROC.

The advanced design line of RF power amplifiers
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