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For

100 Years Of Excellence

Svetlana has been a leading
power tube supplier since it first de-
veloped vacuum electron devices.
The company was founded in St
Petersburg in 1889 and began manu-
facturing incandescent light bulbs in
1913. Svetlana, which means light in
Russian, established a laboratory for
developing vacuum tubes in 1928,

As the largest power tube manu-
facturer in the world, Svetlana was
reorganized as a privatized open
stock company in 1992,
Svetlana in the West

Svetlana Electron Devices, Inc.
(based in the US) was formed in early
1992 to bring the Russian power tube
technology of St. Petersburg to the
World outside of Russia. Svetlana US
and Svetlana St. Petersburg are work-
ing together to introduce tube types
widely used in Russia and new to

Western equipment designers. The
partnership is also providing a grow-
ing line of exact replacement, plug-
compatible Western tube types manu-
factured to the highest standards and
offered at exceptionally low prices.

Svetlana's team ol experts in-
cludes a veteran management group
with years of high-level power tube
experience and a Russian engineer-
ing and design group responsible for
development, manufacturing, and ap-
plications.

With this team of experts,
Svetlana Electron Devices, Inc, pro-
vides top-quality technical support
and application engineering assis-
tance throughout the Western world.
Svetlana Equals Quality

As the most significant supplier
of power tubes for the Russian mili-
tary, Svetlana manufactures its prod-
ucts o meet demanding quality con-

trol standards. All manufacturing
processes are carefully controlled and
every tube is individually processed,
aged and R.F. tested to power levels
that exceed those of normal opera-
tion.

Svetlana has an exceptionally
clean manufacturing environment,
and its tubes are vacuum processed
at higher temperatures than are com-
mon in the West. This enables the
company to manufacture both
thoriated tungsten and oxide cathode
tubes with extended life and consis-
tent performance. And, it means that
Svetlana's long life tubes can be
backed by the most generous war-
ranty in the industry.

Contact us at the addresses and
phone numbers below for technical
data and information on our rapidly
growing network of Svetlana stock-
ing distributors,

Headquarters: 8200 S.Memorial Parkway « Huntsville. AL 35802 = Phone 205-882-1344 = Fax 205-880-8077
Marketing & Engineering: 3000 Alpine Rd * Portola Valley, CA 94028 » Phone 415-233-0429 « Fax 415-233-0439

www.svetlana.com



OMMUNICATIONS
ARTERLY =

Volume 6, Number 4

page 76

CONTENTS

Fall 1996

4 Technical Conversations

9 Boundary Scan Technology
Addressing the challenge of testing complex
components and circuits
Brvan P. Bergeron, NUIN

18  Quarterly Devices
PC Designer for pc artwork
Rick Linlefield, KIBQT

21  An IF and 80-dB Log Amp for Spectrum
Analyzers
Modernize older commercial or homebrew units
Peter J. Bertini, KI1ZJH

50 A Stable Oscillator
A straightforward design for an LC oscillator
Parker R. Cope, W2GOM

55  Antennae Exotica
Genetic algorithm family for better antennas
Nathan “Chip" Cohen, N1IR

61 Froma]JtoaZepp
Dismantling the mystique
Gary O'Neil, N3GO

76  Quarterly Computing
NTE's WinBoard and WinDraft
Peter J. Bertini, KI1ZJH

81 Basic Synthesizers and How They Work
A guided tour through the maze
lan Poole, GIYWX

89  Communications Quarterly’s Article Index

On the Cover: Boundary scan technology lets designers detect
board level defects—often to the IC pin level. To find out how the
nature of modern high-density pc board and component testing is
changing, see “Boundary Scan Technology.” beginning on page 9.
Cover photo and article by Bryan Bergeron, NUIN.




_ EDITORIAL

From On-Air Ragchew to Online Chat:
Hams and the Internet

A curious (some would say ominous) change
is afoot. Many, many hams are passing over
their radios in favor of their computers and are
doing their ragchewing online rather than on
the air.

What's the attraction?

If you’re into the technical side of amateur
radio, the numerous online nets and chat ses-
sions on radio topics can provide the mental
stimulation often lacking on the bands today.
Just about every subject of interest to radio
amateurs has a meeting place online. There’s
the homebrew group, the equipment group, and
the DX net to name a few.

It's great to see how many of the most well-
known hams meet at the antenna news group,
for instance, where members discuss such top-
ics as coax, baluns. and the best antenna
designs. Conversations are generally polite,
although they can become pretty heated when
vastly divergent views are expressed. Discus-
sions die down for a time and then rekindle as
members put forth new theories.

Why not on the air?

But why not have these same conversations
on-the-air? After all, the original premise of
amateur radio was to provide a vehicle for
experimentation and research, as we followed
in the footsteps of early pioneers like Marconi,
deForest, and Armstrong. What’s wrong with
the old ways?

Have you tried to have a serious technical
discussion on the air, lately? It’s tough. The air-
waves are filled with guys discussing their
medical problems, calling their buddies from
hunting camp, maintaining schedules with
other amateurs, etc.

[t’s not exactly a great climate for the sharing
of ideas, is it? Those who want a little more
substance in their technical diet, now know
they can find it on the net.

72 Fall 1996

The end of ham radio?

Docs the proliferation of the online radio chat
signal the demise of ham radio as we know it?
Probably, but this change is not a death knell!
After all, these online-hams are discussing
amateur radio. They’re still working to learn
better ways to put more metal in the air, build
or modify cquipment, improve their stations, or
perfect their contest techniques.

When computers first came on the scene,
many of us said, “No way will I have one of
those things in my shack!” Years later, we've
traded our Commodores for Pentiums so we
can run antenna optimization and circuit design
programs. We have our Callbooks on CD-ROM
and keep track of our contest QSLs using spe-
cial logging programs. And, we use all these
aids to help us on the air.

Radio still has its place

Amateur radio still provides a very important
service both here and abroad. Radio enables us
to provide support during natural and manmade
disasters and communications for community
events. (In the worst conditions, a CW signal is
still the only one that gets through.) The ham
community offers the disabled a way to join the
world and provides company to those who must
travel the roads late at night. And, by talking to
astronauts on the Space Shuttle and cosmonauts
on Mir, our children can experience the wonder
of voices through the ether—just like our earli-
est radio explorers.

Given all that radio still provides, it's doubt-
ful that computers will pull all the hams from
the airwaves any time soon. Online radio
groups are simply adjuncts to those on the air.
I, for one, am not going to worry until these
hams stop talking radio and start talking com-
puter networking!

Terry Littlefield, KA1STC
Editor
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C-3 = No Traps = More QSO’s + More 59&599’s + 40 mtrs = C-4
You will be amazed at the improvement between the C-3 and trapped antennas. The receiver will sparkle.
Running barefoot will be fun. And now, the fantastic C-3 performance has been extended to 40 meters. The C-4
incorporates a re-designed EF-140S 40 mtr element on the standard C-3 boom for more than 100 kHz 2:1
VSWR coverage on 40 mtrs. [f you are presently enjoying the great performance of a C-3, upgrade to a C-4/
¢ The C-3: 7 elements: riveted and tapered for a low profile, pleasing look; 18' boom, 5.6 sqft, 32 pounds, Easy-On™ mount.
@ The C-3 has deep side nulls and a fine pattern; F/B 14-18 dB; fed with a single 50 ohm coax; 19.8' turning radius.
¢ The element-to-boom brackets are pre-aligned on the boom, so every element is straight and will not move.
# The C-4 maintains the same turning radius, weighs about 40 pounds, with separate feedline so that the C-3 remains intact.
# Force 12 has more than 60 HF antennas from 3 el 80/75 mtr yagis to 6 mtr beams. The MAGNUM 2 /2 shown above is a 2el
80/75 and 2el 40 mtr on a single boom with two feedlines. The MAGNUM 2 / 2 uses EF-180B (66.5') elements on 80/75 and
EF-140 (44.5') elements on 40. At about 14 sqft, the MAGNUM 2/ 2 is the answer to gain on both bands, Other 80/40 available.

4 Force 12 now offers magnetic transmitting / receiving loops for 40 and 80/75, perfect for limited space and NVIS use: the
MTR-66 (6'x6") and the MTR-618 (6'x18'), both made with 2" tubing. These mount vertically on the ground, deck, balcony, etc

¢ Force 12 has verticals for 40, 80/75 and 160 mtrs. Add to this the several 20-40 yagis, the 40-30-20 yagi and multiple band

antennas like the SBA (20-10) and the 4BA (17-10). Force 12 offers a pair of 50 ohm 1:1 baluns; fully tested and vacuum

Impregnated for reliability. The B-1 is rated at 3KW and the B-1/C commercial version with N-connector, rated at 25KW.

Available at all 12 HAM RADIO OUTLET stores, TEXAS TOWERS and Factory Direct. BUY NOW AND HAVE FUN!

Order Line: (800) 248-1985; Info/Technical: (408) 720-9073; FAX (408) 720-9055
Internet: FORCE12E @ LIGHTLINK.COM

1 2 New Dealer in Italy, A.E.T., Tel: 0039 861-887110, FAX: 0039 861-887655

New dealer in Canada, FORCE12 Canada, John Bartlett,
Tel: (613)834-7388, FAX (613)834-4541

Call for Distributors in U.K., Sweden/Scandinavia, Spain,
Portugal, Russia, Japan, South Africa, Indonesia, South America

Why imagine the ultimate when you can have it?
Antennas and Systems  ropce 12, part of BUY US.A,, Inc., 3015-8 Copper Road, Santa Clara, CA 95051
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_ TECHNICAL CONVERSATIONS____

Not excited about SETI

Dear Editor:

I have never been able to get excited about
SETI (“SETI Made Simple,” Spring 1996).

It is not that I doubt the possible existence of
other intelligent beings in space, but it would
seem that because of the vast distances
involved, any possibility of two-way communi-
cation is unlikely.

If we did receive some kind of message,
could we ever understand it? These beings cer-
tainly went through a very different evolution-
ary process than we did, and their thought pat-
terns might be incomprehensible to us. We
have not yet deciphered ancient Etruscan,
which was spoken by human beings like us
right here on Earth.

I have read many articles on SETI over the
years, but I had never read Dr. Drake’s book.*
I got a copy from the library and found it very
interesting. Some of Dr. Drakes’s speculations
on the possible nature of alien civilizations are
pretty far out.

I sometimes think that what SETI is really
looking for is a father figure out in space who
will tell us how to solve our earthly problems
of nuclear weapons, overpopulation, and
destruction of the environment.

Of course, we know the solutions to these
problems. We just lack the will to solve them.

Harry R. Hyder, W7IV
Tempe, Arizona

*Is Anyone Out There, Frank Drake and

Dave Sobel.

Reader says article fell short

Dear Editor:

The Summer 1996 article “4CX400A
Russian Tubes for the MLA-2500 Amplifier,”
by Bob Alper (product manager. Svetlana), fell
short of properly representing the 8875’s true
performance. It also fell short in several other
important technical areas. Readers not fully
experienced with the operation and design of
tetrode amplifiers should be advised to avoid
making this conversion as published.

While page 29 (Table 1) contains data
extracted from Eimac’s 8875 typical operation
tables, the data is not an accurate representa-
tion of Eimac’s typical operating guidelines.
Table 1 is a worst-case mixture of several
unrelated type parameters. This table lists the
8875’s anode voltage as 2200 volts, while
anode current is specified to be 500 mA. Table
1 gives the incorrect impression that an 8875
would typically be operated with 1100 watts

input while delivering 505 watts output, with
an efficiency of 46 percent and a dissipation of
595 watts.

A look at Eimac’s published data shows the
8875 analog voltage used in Table 1 is actually
the absolute maximum allowable operating
voltage, 2220 volts. The 8875 plate current was
extracted from another absolute maximum—
the single tone IVS rating. This incorrectly
extracted data inflates the plate input power of
the 8875.

On the other hand, power output was extract-
ed from 432-MHz specifications. This provides
the lowest possible output power for the 8875.
When an input power well beyond the actual
maximum input power is combined with
reduced UHF power output, any tube can be
made to “appear” as a very poor performer.

In reality the 8875, at 30 MHz, delivers 587
watts with a plate input of 500 mA at 2000
volts. Efficiency is 59 percent, not Table 1’s
incorrect value of 46 percent.

While tetrodes have their advantages, they
also have pitfalls. In fairness to both builders
and other amateurs sharing bands with tetrode
users, we should all be aware of potential prob-
lems associated with amateur use of these grid-
driven tetrodes.

Tetrode amplifiers demand much greater
design and operating skill than more simple
grounded grid triode amplifiers. Even the best
tetrode PA designs can become horrible per-
formers if the PA is slightly overdriven or
underloaded. Tetrodes are quicker to distort and
splatter when mistuned or overdriven. Tetrodes
are extremely sensitive to screen regulation and
control grid current.

Tetrodes are easy to drive and Svetlana
tetrodes are inexpensive, but grounded grid tri-
odes are much more tolerant of operating and
design errors.

Dynamic and long-term screen grid voltage
regulation must be excellent. or the tetrode will
cause distortion. This distortion can fail to sur-
face in conventional two-tone tests, where the
low frequency syllabic amplitude variations of
speech are not included. With improper circuit
design, a tetrode can appear *“‘clean” in a casual
on-the-air or two-tone test, but if supply volt-
age, drive power, or loading change, a “clean”
signal can quickly become an IMD nightmare.

The desired characteristics of a shunt-type
tetrode screen regulator are straightforward. It
must have excellent regulation with changing
load currents. This includes load variation rates
extending from very long time intervals to frac-
tions of a millisecond. Regulator dynamic
impedance should be a small fraction of the low-
est expected screen grid impedance. The screen



supply must remain stable with changes in tem-
perature, line voltage, and power supply loading.

The screen supply shunt regulator shown on
page 34 fails to meet any of these requirements.
It is powered from a weak voltage tripler cir-
cuit. It is operated from an inadequately
designed winding on the same transformer that
supplies anode current. Even worse, the unsta-
ble voltage shunt regulation device (Q1) is
applied through a 10,000-ohm resistor. The
10,000-ohm resistor destroys regulation, and
also allows negative screen current to “lift” the
supply (exactly what we don’t want). There is
no screen over current protection, and the
screen supply is not interlocked with anode or
bias supplies. Finally, the schematic on page 35
shows the electrolytics connected backwards.

The control grid circuit is also improperly
designed. The grid swamping resistor is located
near the input relay, even though proper place-
ment dictates it be placed as close as possible to
the tube’s grid terminals. If the user intends to
drive the amplifier with a 10-watt PEP or larger
exciter, he’s destined for problems. Virtually
every exciter on the market suffers from ALC
response time shortfalls. Inherent ALC or
power control response time limitations cause
the leading edge of speech to overshoot the
average power setting. Reducing the output of a
modern solid-state exciter to 10 watts not only
will increase splatter from ALC overshoot, it
often reduces IMD performance of solid-state
exciters by moving operation away from facto-
ry design values.

It isn’t very difficult to correct the grid circuit.
The correct formula for the grid resistor in a
AB1 amplifier (neglecting intentional or unin-
tentional feedback) is found by the following:

Rg = 2Pd/Eb2

Where Pd is actual drive power available at
the grid and Eb is 1/2 grid bias.

The correct resistance for 100 watts of exci-
tation with 35 volts of bias is 1.53 ohms. This
assumes grid and other losses are negligible (in
most cases some experimentation may be
required). It isn’t surprising a 50-ohm grid
resistor allows this amplifier to be driven with a
10-watt exciter. Fifty ohms is the correct value
for 3 watts of grid excitation (no feedback)!

An L pad may be the best solution, allowing
50-ohm exciter termination and proper drive
levels. In this case, resistance values are deter-
mined by finding the peak current available
with a 50-ohm load, and using this current
value to calculate L pad resistances. The for-
mula would be:

Ipk = 1.414 VPd/50
and

Rg = Eg/2Ipk

Where Eg is the full grid bias. The series
input resistor is found from:

Rs = 50-Rg

In the case of a 35-volt bias tube and a 100-
watt exciter, Rg would be around 10 ohms and
Rs around 40 ohms. The exciter would “see”
50 ohms and the tube would be stabilized by
the 10-ohm grid swamping resistor, and 100
watts of drive could be safely applied without
distortion of ALC overshoot problems. In the
event circuit losses prove more drive is needed,
the resistor ratio can be modified.

With proper control grid and screen supply
circuitry and careful attention to operation, the
4CX400A would be a good choice to replace
expensive 8875s. The circuit presented, howev-
er, is an IMD disaster waiting to happen.

Tom Rauch, W8]JI
Conyers, Georgia

On surface mount construction

Dear Editor:

Brad Thompson, AA1IP’s letter in the sum-
mer 1996 issue raises some points,

Surface mount isn’t anything hams should be
afraid of. This is just another generation of
technology, like all the others we’ve been
through in the last 40 years, and it’s nowhere
near as big a jump as the transistors we were
supposedly never going to embrace. (“Hams
will always be tube men"—remember that?) As
usual, there are benefits and drawbacks, and a
little relearning to do.

He’s right about us seldom needing the degree
of miniaturization that SMT allows. However,
miniaturization isn’t the reason why so much
hardware is going surface mount. It’s cheaper.
In a tot of cases, SMT designs just work a whole
lot better, too. The reason is that shortening up
the conductors drastically reduces strays.

For instance. the inductance of a typical pin
in a DIP package is around 10 nanohenries,
from the bonding pad on the chip to the solder
Jjoint on the pc board. For a SOIC, it’s more
like 3.5 nH. This makes a heck of a difference
if you’'re trying to make logic run fast, or build
a nontemperamental UHF circuit. In the first
generation of really fast CMOS logic ICs, it
turned out that the peak current through the
ground and V.. pins when driving a reasonable
capacitive load was so high, and rose so fast,
that the transient voltage developed across the
pin inductance was more than the noise margin.
[Remember, V=-L(dl/dt).] This was the infa-
mous “ground bounce”—even if the board had
a rock-solid ground plane, the so-called
“ground” pad on the chip would jump like a
kangaroo. So, if the IC had more than one out-
put, the outputs that weren’t switching would

Comraunications Quarterly
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transmit big glitches to their loads. Texas
Instruments attacked the problem by assigning
multiple pins to ground and V., and moving
them from the corners of the package to the
center, all to get the stray inductance down. But
in the end, the industry abandoned through-hole
packages for fast logic.

Similarly, it just isn’t possible to get the
series inductance of a bypass capacitor nearly
as low with leads as with a naked chip. Making
the parts very small also shortens the intercon-
necting tracks, bringing down not only the
track inductances, but also the capacitances
between nearby runs. A lot of runs get short
enough to be treated as simple conductors
instead of transmission lines, too.

Now, what’s it like to work with SMT? Not
all that bad. I had to learn to design with this
stuff a couple of years ago, when [ went to
work for Modutec. Inc. of Manchester, New
Hampshire, a company that makes digital
panel meters.

As you’d expect, the right tools make it a lot
easier to work with these little parts. A lighted
bench magnifier helps a whole lot. A hot-uir
rework station would be ideal if you can find
one second hand, but we get by in the lab quite
well with decent tweezers and a temperature-
regulated soldering iron with an assortment of
small tips. Solder wick comes in handy for
loosening multi-pin parts; so does a collection
of desoldering tips (which can be homemade).

Disadvantages of surface mount? Well, the
biggest problem I've run into so far is that some
of the critical components needed for high-pre-
cision analog instruments just don’t exist in
SMT form. Sometimes it’s because there isn’t
enough demand to interest a component manu-
facturer; sometimes it’s because nobody’s fig-
ured out how to make the thing, and sometimes
it’s because it’s flat-out impossible. That's when
we figure out the sneaky workarounds we don’t
tell our competitors about.

Breadboarding with SMT parts? We do it some-
times, usually mixed with through-hole parts on
perfboard. [t calls for #30 bus wire and Teflon™
sleeving, and no-clean rosin-core solder.

I think the time isn’t too far away when hams
will routinely work with surface mount. It’s
just going to take some time and familiariza-
tion, and the availability of low-cost tools.

John A. Carroll, AB1Z
Nashua, New Hampshire

Correspondence from Cornell,

WB3JZO

Dear Cornell:
About a year and a half ago, in an issue of
Communications Quarterly (“Build a High-

Performance, Low-Profile, 20-Meter Beam,
spring 1993, page 84). 1 ran across your article
about the 20-meter shortened Yagi. Because 1
am a DXer and absolutely cannot put up a
tower on my property. I decided that it might
be perfect for my situation and built it last
spring. Having used it now for almost a year, |
am quite impressed with it. [t’s up on a 40-foot
guyed mast hidden between some trees in the
back yard. Third contact with it was Rolf,
XV7SW, in Hanoi...Now I'm up to about 275
countries worked in less thar a year and a half.
Because 1 needed an antenna project for this
summer and am having more and more trouble
breaking the pileups as the new ones get harder
and harder to come by, [ decided I wanted more
out of the antenna and would like to add a third
element to it.

[ was wondering it you had ever played with
the idea of a third element on this design. and
whether you might have any constructive sug-
gestions for adding a third element. I imagine
that the matching scheme will have to be
changed, but rather than trying to guess and
check or figure it out, I thought [ would write
you for any suggestions.

If you can offer any help, please let me
know. Thanks and 73.

Tom Schwabel, N2WLG
Clarence, New York

Dear Mr. Schwabel:

I have no specific suggestions regarding
upgrading the two-element shortened Yagi to a
three-element array. | never contemplated this
because my antenna was intended as the best
performer for the size, and the size was the
most important feature. Then came the out-
standing performance that you noted.

Judging by the amount of timme it took me to
design and implement the current antenna, 1
would think that it would take an effort to max-
imize it for a three-element version, despite
how simple it may Jook after it is done. If you
are interested in pursuing such a project, 1 rec-
ommend that you take a good look at the book
Yagi Antenna Design by James Lawson pub-
lished by ARRL. Only then, would [ pursue a
new design.

For your information, my antenna has been
recently competing favorably against some five
and seven-element arrays into the YO-land
from my QTH here in Arizona. While the two-
element shortened beam cannot totally com-
pete, repeated tests indicate signal reports of
only one or two S-units under these large
arrays. Not bad for such a small array mounted
on a chimney. Good luck with the project.

Cornell Drentea, WB3JZO
Tucson, Arizona
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ASTRO

Irvine, CA 92718

CORPORATION (714) 4587277 « FAX (714) 458-0826

SWITCHING POWER SUPPLIES

- CONT. ICS WT.(LBS)

S$5-25 20 25 4.2
$S-30 25 30 5.0

ASTRON POWER SUPPLIES

* HEAVY DUTY  HIGH QUALITY » RUGGED * RELIABLE

* THREE CONDUCTOR POWER CORD except for RS-3A
* ONE YEAR WARRANTY » MADE IN U.S.A

SPECIAL FEATURES

« SOLID STATE ELECTRONICALLY REGULATED

* FOLD-BACK CURRENT LIMITING Protects Power Supply
from excessive current & continuous shorted output

= CROWBAR OVER VOLTAGE PROTECTION on all Models
except RS-3A, RS-4A, RS-5A, RS-4L, RS-5L

* MAINTAIN REGULATION & LOW RIPPLE at low line
input Voltage

» HEAVY DUTY HEAT SINK » CHASSIS MOUNT FUSE

PERFORMANCE SPECIFICATIONS

* INPUT VOLTAGE: 105-125 VAC

* QUTPUT VOLTAGE: 13.8 VDC £ 0.05 volts
(Internally Adjustable: 11-15 VDC)

* RIPPLE Less than 5mv peak to peak (full load &
low ling)

SL SERIES « LOW PROFILE POWER SUPPLY
Colors Continuous IcS* Size [IN] Shipping
MODEL Gray Black Duty [Amps] [Amps] H-W-D Wt. [Ibs]
SL-11A . . 7 11 2578 * 75/ * 9% 12
SL-11R . . 7 1 2508 < 7 * 934 12
SL-11R-MC . 7 " 534 < TVa = Ba 13
SL-11R-GE . 7 1" 5¥e =T ~ By 13
SL-11R-RA . 7 11 Ay =T = 94 13
SL-11R-EFJ . 7 1" 51 = TVa > 93a 13
SL-11MG . 7 1 SYs = 7Vhe = Ba 13
SL-15R . . 12 15 258« 7 =934 13
SL-15R-GE . 12 15 5'fe = 75/8 = B3 14
SL-15R-RA . 12 15 A4 = T~ 9a 14
SL-15R-EFJ . 12 15 VRN UITES 14
RS-L SERIES * POWER SUPPLIES WITH BUILT IN CIGARETTE LIGHTER RECEPTACLE
Continuous Ics* Size [IN] Shipping
MODEL Duty [Amps] [Amps] H-W-D WL [Ibs]
RS-4L . 3 4 32 =68 = T'a 6
RS-5L . 4 5 32 =6'e = T\ 7
RM SERIES * 19" RACK MOUNT POWER SUPPLIES
Continuous ICs* Size [IN] Shipping
MODEL Duty [Amps] [Amps] H-W-D Wt. [Ibs]
AM-12A 9 12 51/a 19 = 8'4 16
RM-35A 25 35 5Ya »19 x 12172 38
RM-50A a7 50 SV %19 = 12V/2 50
RM-60A 50 55 719 =122 60
= Separate Volt and Amp Meters
AM-12M 9 12 54 =19 = 84 16
RM-35M 25 35 54 <19 = 12'/2 38
RM-50M 37 50 54 =19 < 122 50
MODEL RM-35M AM-60M 50 55 7419 = 12172 60
= Colors Continuous Ics* Size [IN] Shipping
RS-A SERIES MODEL Gray Black  Duty (Amps] [Amps] H'w D WE. [Ibs]
RS-3A . 25 3 3 834 54 4
RS-4A . . 3 4 34 6219 5
RS-5A . 4 5 Yz BVe T ¥
RS-TA . . 5 7 334061219 9
RS-10A . . 7.5 10 4172 1004 1
RS-12A . . il 12 41289 13
RS-12B . 9 12 4172 110 13
RS-20A . . 16 20 5191102 18
RS-35A . . 25 35 511 27
RS-50A . 37 50 6 13% ' 11 46
MODEL RS-7A RS-T0A . 57 70 6113%s 12 48
. Continuous ICs* Size [IN] Shipping
RS-M SERIES.-- MODEL Duty [Amps] [Amps] H-W-D Wt. [Ibs]
» Switchable volt and Amp meter
RS-12M 9 12 428+ 9 13
= Separate volt and Amp meters
RS-20M 16 20 5=9+102 18
RS-35M 25 35 S=11=11 27
RS-50M 37 50 6= 13%4 = 1 46
MODEL RS-35M RS-70M 57 70 6% 13%a <128 48

VS-M AND VRM-M SERIES

MODEL VS-35M

Separate Volt and Amp Meters « Output Vollage adjustable from 2-15 volts « Current limit adjustable from 1.5 amps
to Full Load

Continuous Ics* Size [IN] Shipping

MODEL Duty [Amps] [Amps] H-W-D Wi. [Ibs]
@13.8VvDC @10VDC @5VDC @13.8V
VS-12M 9 5 2 12 4289 13
VS-20M 16 9 4 20 5=9+10'; 20
V5-35M 25 15 7 35 51111 29
VS-50M 37 22 10 50 6~ 13% 1 46
VS-70M 57 34 16 70 6« 13%a =122 48
= Variable rack mount power supplies

VAM-35M 25 15 T 35 514 = 19122 38
VAM-50M 37 22 10 50 54 % 19 %1212 50

ICS - Intermittent Communication Service (50% Duty Cycle 5 min. on 5 min, off)




This is an antenna handbook unlike any other—
written by one of ham radio’s most respected
authors, Bill Orr, W6SAI. Rather than filling
nearly 200 pages with theory and complicated
diagrams, CQ has produced a thoroughly
practical text for any antenna enthusiast.

The W6SAI HF Antenna Handbook is
jam-packed with dozens of inexpensive,
practical antenna projects that work! This
invaluable resource will guide you through
the construction of wire, loop, yagi, and
vertical antennas. You’ll also learn about

the resources and tools available to make
your future antenna installations easy-to-
build with world-class results. Don’t miss

out. Order your copy today!

Here’s just a sample of what you’ll find inside:

* Multiband dipole antenna designs

» Off-center-fed multiband antennas

* All about baluns, tuners, and matching
networks

* Valuable information on loop antennas

* How antenna analysis programs can work
for you

* Low-cost yagi beam projects

* A triband quad for 20-15-10 meters

* Feedlines and antenna accessories

* A high-gain 2-element yagi you can build

* What your SWR meter readings are really
telling you

* How to adjust your yagi beam—on the
ground

» Easy-to-build 160 meter antennas

« Latest data on the G5RV antenna

1 YES, Send me copies of CQ's W6SAI HF Antenna Handbook at $19.95 each plus $4 s/h (New York Residents add applicable sales tax)
|

I Name Callsign

|

| Address ) City State Zip
ICheck ] MO Visa Mastercard AMEX [1 Discover [] Card # Exp. Date

]
Mail your order to: CQ Communications, Inc., 76 North

Broadway, Hicksville, NY 11801. FAX: 516-681-2926




Bryan P. Bergeron, NU/N

27 Stearns Road, Suite 8
Brookline, Massachusetts 02146
bergeron @hstbme.mit.edu

BOUNDARY SCAN
TECHNOLOGY

Addressing the challenge of testing
complex components and circuits

espite the romantic image of simpler
Dtimes in days gone by. complexity is a

fundamental and necessary part of mod-
ern life. We live in a society with more people,
a greater hunger for information and communi-
cations, and an ability to feed this hunger by
developing technologies at an exponential rate.
Look at the trend in communications technolo-
gy. We’ve moved from equipment based on
massive power supplies, a few vacuum tubes,
resistors, and capacitors to portable, battery-
powered, microprocessor-controlled units con-
taining thowsands of transistor junctions in the
form of high-density ASICs.

Of course, the down-side of this complexity
is that there’s simply more to go wrong—even
when reliability is a goal. In the world of elec-
tronics, designing for reliability once focused
on criteria like expected component or equip-
ment life, as expressed in maximum mean time
between failure (MTBF). However, with the
increasing density and complexity of ICs and
other components, emphasis has shifted to
automated design verification, designing for
testing (DFT), and automated testing tech-
niques. Strategies based on logic modeling are
being developed to make the verification of
complex circuit designs more manageable.
Similarly, automated testing equipment (ATE)
has become an industry unto itself. ATE tech-
niques—including X-ray and infra-red inspec-
tion of components and boards, robotic probing
of circuit boards, and microprocessor-con-
trolled evaluation of components and PC
boards—are now commonplace.

Automated testing technologies have made it
possible for relatively naive users to at feast

identify faulty electronic components and sys-
tems, even though they may not understand (or
want to understand) the low-level circuitry. The
self-test feature found in many desktop printers
is a case in point. By providing users with a
self-test feature, printer manufacturers not only
equip them with a means of quickly identifying
the source of a printing problem (e.g., is the
printer or the print driver at fault?), but also
reduce the number of technical support calls
and needless printer returns.

In a move akin to that made by the printer
industry, many IC manufacturers have provided
designers with a type of self-test feature that
can be used to simplify the testing of complex
circuits. However, conventional internal tests,
which isolate [Cs from surrounding circuitry
and exercise their internal logic, are costly to
create—especially in complex ICs. In addition,
such tests don’t assist in detecting defects at all
levels within the circuit; e.g., at the board level.
One of the most exciting advances in automat-
ed testing, and one that was originally devel-
oped to detect board-level defects, is called
boundary scan. Boundary scan technology pro-
vides designers with a means of detecting
board-level defects, often down to the level of
the IC pin. Follow along for a discussion of
how this exciting technology is changing the
nature of modern, high-density PC board and
component testing.

Component and board festing

Before the introduction of multi-chip mod-
ules, surface mount components, and ultra-high

Communications Quarterly



Figure 1. Providing test points for physical access limits maximum circuit
board density. As illustrated here, the leads of surface mount (SMT) com-
ponents are often too small to be probed manually, requiring that space
consuming test pads be laid down on the pc board.

Figure 2. One of the challenges of working with modern, high-density com-
ponents is the accuracy with which components must be placed and sol-
dered. Whereas simple SMT components, such as SMT resistors (left) have
a relatively high tolerance to placement inaccuracies, high-density, high
contact count SMT ICs must be very accurately mounted to avoid multiple
shorts and opens on the pc board.
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density IC packaging, testing usually involved
the use of multimeters, oscilloscopes, frequen-
cy counters, and similar manually operated
instruments. Special IC clip-on probes, meters
with sample-and-hold features, and even meters
with audio announcement of measurements
have been developed in an attempt to make the
measurement task less arduous. However, the
leads used with many surface mount IC designs
are either not accessible (e.g., hidden from
view) or simply too fine and densely packed to
be probed by even the most skilled technician.
Look at a modern multi-chip module, com-
posed of a dozen VLSI chips, with over a hun-
dred hair-thin edge-connectors and you’ll
appreciate the difficulty of identifying, much
less manually probing, surface-mount IC leads.

Automated testing jigs, in which machine-
operated probes simultancously test the 64,
128, or more leads of a single IC are useful
when the IC leads are physically accessible.
However, it often isn’t merely a question of a
steady hand and micro-fine probe; you can’t
test a pin that’s hidden under the body of an
epoxy-coated, multi-pin microprocessor. an
add-on daughter board, or other IC.

Of course, getting to a particular IC pin is
just a small part of the testing challenge. There
isn’t much you can do with the signals from a
particular pin on a microprocessor or other
complex IC, unless you have a means of storing
and analyzing the data. It’s an almost impossi-
ble challenge for most of us to troubleshoot our
modern transceivers with only a signal diagram
and conventional tools. Microprocessor-con-
trolled testing equipment, with a means of stor-
ing and analyzing complex data interactions, is
a must for serious analysis of modern digital
circuit boards.

Even when automated probing and measure-
ment systems are available, circuit board
designers are often faced with the need to sacri-
fice density (and therefore the minimum circuit
trace length and overall device size) to accom-
modate physical access. The measurement
problem isn’t limited to ICs in complex digital .
systems; circuit board designers are often
forced to provide test pads for boards densely
populated with both conventional and surface-
mount components (see Figure 1).

The challenge of testing 1sn’t limited to trou-
bleshooting problems that arise during the nor-
mal operating life of a device. Automated con-
struction and soldering techniques, while mak-
ing high-density circuit board construction both
efficient and cost-effective, is not trouble free.
As illustrated in Figure 2, a common problem
in PC board manufacturing 1s the misalignment
of SMT components. Although construction
materials and techniques have been developed
to address these challenges. there remains the



need to routinely assess the quality and func-
tionality of boards as they roll off of the pro-
duction line.

One solution to the access and testing dilem-
ma has been to develop a means of testing com-
ponents and connections electronically, with
signals routed into and out of the pc board
through edge connectors. Computer manufac-
turers, defense contractors, and other specialty
fields have used electronic testing for several
decades. However, until recently the electron-
ics” industry as a whole couldn’t apply or bene-
fit from these proprietary technologies. In fact,
these techniques were often viewed as a strate-
gic advantage for the company that developed a
means of electronically testing their compo-
nents and boards.

Enter the Joint Test Action Group (JTAG)
support for IEEE Standard [149.1, “IEEE
Standard Test Access Port and Boundary-Scan
Architecture,” adopted in 1990. This standard
defines the architecture and functionality of test
circuitry that can be incorporated in digital IC
designs. By adding the on-board silicon
required to conform to the standard, IC manu-
facturers have made it possible for circuit board
manufacturers and designers to use standard-
ized, electronic testing routines in evaluating
the components and interconnections used on
their boards. Boundary scan is meant to com-
plement, not replace, conventional in-circuit
testing and inspection of digital circuits.

Today there are hundreds of boundary scan
compliant devices on the market, available
from dozens of IC manufacturers. Digital ICs
from any vendor can be used on a given circuit
board with no change in the testing strategy, as
long as the ICs support the boundary scan stan-
dard. In addition to simplifying the physical
access problem, components adhering to the
boundary scan standard support computer-con-
trolled functionality testing, allowing a com-
plete suite of tests to be developed in software.
As described below, boundary scan techniques
are equally applicable at the component, circuit
board, and system levels.

Boundary scan

Exactly what is boundary scan, and how does
it work? As suggested by the name, boundary
scan test circuitry is placed around (that is,
along the boundary of) the device logic of an
[C—just inside the inside the I/O pins. The
term scan refers to the test circuitry’s function
as a serial shift register during testing (a shift
register is a digital storage circuit in which data
are shifted from one position in a chain to adja-
cent positions on application of each clock
pulse). The boundary scan standard defines
boundary scan latches or scan cells at each IC

Scan Cells

L\

INSTR
TDI — BYPASS — TDO
TMS — TAP —TCK

Figure 3. A functional view of a boundary scan compliant 1C.
Boundary scan cells, which are located on the boundary of the
internal IC logic (LOGIC), are connected to each other in series, as
well as in parallel with corresponding IC pins. Silicon dedicated to
boundary scan operations include an Instruction Register (INST), a
Test Access Port Controller (TAP), and a Bypass Register
(BYPASS). Four pins are dedicated to boundary scan operation:
Test Data In (TDI), Test Data Out (TDQO), Test Mode Select (TMS),
and Test Clock (TCK). An optional fifth pin, Test Reset (TRST), is
not shown.

I/O port. As shown in Figure 3, a series of
these cells forms a shift register. The standard
also defines a Test Access Port Controller
(TAP), composed of four dedicated leads, that
provides control for the IC test modes, and
access to the scan cells.

As Figure 3 shows, dedicated boundary scan
pins include a Test Data In (TDI), Test Data
Out (TDO), Test Clock (TCK), and Test Mode
Select (TMS) pins. The TDI pin provides
access to the string of scan cells, while the
TDO pin allows data to pass out of the string,
on to the next IC, or on to a data recorder tor
analysis. The TCK pin is used to control when
data is shifted through the scan cells, and when
the TMS pin communicates with the TAP
Controller. An optional fifth pin, the Test Reset
(TRST) pin, allows the component’s test logic
to be reset independently of the IC’s internal
system logic. An Instruction Register and
Bypass Register complement the logic con-
tained within the TAP controller and the scan
cells. The Bypass Register provides a signal
short cut, effectively bypassing the scan cells.

Boundary scan in action

A scan cell can be considered a single-bit (0

Communications Quorterly
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Serial OUT

Parallel IN

Parallel OUT

Serial IN

Figure 4. Scan cell operational description. Individually, scan cells can be thought of as 1-bit registers (e.g., capable
of storing a “0” or *“1” value), with two possible input ports and two possible output ports. Collectively, the scan cells

can operate as a serial shift register.

or 1) memory device with two sets of switches
(see Figure 4). When an IC is in a normal oper-
ating mode, these switches are configured so the
data simply pass from the parallel input to the
parallel output of each cell (see Figure SA). In

this configuration, the boundary scan compo-
nents shouldn’t effect circuit operation.
However, when used in the test mode, the scan
cells can accept data from their serial or parallel
inputs and pass these through their serial out-

= PI PO =

(A)

PO =P

S (0)

4

4

SO

= PI -

(B)
SO
S1 (D)

4

Figure 5. Four possible scan cell operational modes. (A) Parallel pass-through. (B) Parallel-to-serial shift register.
(C) Serial shift register to parallel. (D) Straight serial shift register. In operation, scan cells can be configured to use
the parallel and serial paths in a variety of combinations, allowing data to be moved where it’s needed for testing. PI
- Parallel In. PO - Parallel Out. SI - Serial In. SO - Serial Out.




puts, along the shift register. That is, data can be
shifted serially around the boundary of the IC
logic—the so-called scan path (see Figure 6).

Because the data can be shifted through par-
allel and serial paths in combination—e.g., the
paraliel inputs to the scan cells can be captured
and serially shifted out of the component—any
combination of input and output data can be
created. For example, the parallel input data to
an IC can be captured, converted to a serial
string, and shifted around and out via the TDO
pin (see Figure 7). Conversely, serial data from
the shift register can be converted to parallel
data on the IC output pins (refer to Figure 8).
Yet another option is to completely bypass an
IC altogether by using the Bypass Register (see
Figure 9). In this way, a particular IC can be
isolated and tested without the time penalty
imposed by having to move data into, around,
and out of other ICs in the boundary scan path.
Regardless of the boundary scan features used,
the main concept is that the internal logic of an
IC can be ignored or “faked” by placing data on
its input and output pins via boundary scan
techniques.

At the circuit board level, several ICs are
usually interconnected with each other and with
other components, often in complex configura-
tions. Regardless of how the application-specif-
ic leads of the ICs are interconnected, the scan
cells of individual ICs are wired in series, with
the TDO pin of one IC leading to the TDI pin
of another. In contrast, the TCK and TMS pins
are usually connected in parallel (see Figure
10). The parallel wiring of the TCK and TMS
pins allows all boundary scan components on a
pc board to be manipulated simultaneously.

A mixed world

Despite the widespread and enthusiastic
acceptance of the boundary scan standards,
only about 20 percent of current circuit board
production is completely boundary-scan com-
pliant. The other 80 percent of circuit boards
contain noncompliant ICs that have either been
in production for years or have very limited
production runs. With the older ICs, there’s
pressure to stay with the original packaging,
both to satisfy space requirements and mini-
mize costs. Adding boundary scan capabilities
to an existing IC design usually requires the
switch to a larger package to accommodate the
additional four or five pins. Also, it may not be
economically feasible for manufacturers to
expend the money and time required to add
boundary scan capabilities to an IC design that
may be near the end of its useful life. Similarly,
it would be difficult to recoup boundary scan
engineering costs on a limited production run
of custom ICs. For these and other reasons,

sy TDO

Figure 6. A boundary scan device with scan cells configured
to act as a series shift register. Test data is passed around the
boundary of the IC logic, along the scan path, from the TDI
(Test Data In) pin to the TDO (Test Data Out) pin.
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Figure 7. Using scan cells in a combination of operational
modes makes complex tests possible. For example, the cells on
the input side of an 1C (left) can be configured as parallel-to-
serial shift registers (Figure 5B) to capture the data on the
input pins. By reconfiguring the cells as straight serial regis-
ters (Figure 5D), these values can then be serially sifted out of
the IC through the TDO pin.

there will probably always be conventional,
noncompliant ICs to contend with.

Although the presence of conventional ICs
can complicate the testing of boundary-scan
compliant ICs on the same pc board, the testing
challenge is less arduous when there is full
physical access to conventional components
and their signal leads. In these cases, standard
in-circuit tests, either under manual or robotic
control, can usually be easily supplemented
with automated boundary scan tests.

Working with a board populated with both
congenital and boundary scan [Cs is far more
complex when there is only partial physical
access to conventional ICs. In situations where
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Figure 8. Serial data fed to the TDI pin can be shifted serial-
ly around the boundary of the IC logic and then output as
parallel data by manipulating scan cell operation. Data are
first moved along through straight serial shift registers
(Figure 5D) and then moved from the serial shift register to
parallel outputs (Figure 5C). Compare with Figures 6 and 7.

Figure 9. The Bypass Register can be used to bypass the scan
cell serial shift register. This technique can be used to isolate
chips from the test path, and to speed the test cycle.

a large number of conventional 1C pins are sim-
ply unavailable for direct measurement. bound-
ary scan tests can be devised that identify
potential shorts between conventional and
boundary scan ICs. Such tests are nontrivial to
design, as they must eliminate all possible
sources of ambiguity in the boundary scan test.
Fortunately, automatic test generation (ATG)
software is available to assist designers in cre-
ating appropriate boundary scan tests.

Detection capabilities

Overall, the goal of boundary scan technolo-
gy is to provide an automated. electronically
coutrolled means of detecting and identifying
shorts, opens, correct component placement,

and component functionality. The specific
boundary scan test used is a function of the cir-
cuit complexity, the nature of the ICs to be test-
ed, the proportion of boundary scan compliant
and noncompliant ICs on the pc board, the type
of fault suspected, and the extent of physical
access available for conventional probing and
testing. Most faults can be described as either
opens or shorts.

Opens—Opens can be the result of faulty
traces, faulty soldering, or misalignment of
components on the circuit board. Figure 11
illustrates a possible test configuration for iden-
tifying opens in the IC signal path, from the
scan cells to the circuit traces in the immediate
vicinity of the IC. Data input via tester
driver/sensor probes on the IC input leads can
be verified by capturing the data with the corre-
sponding scan cells. A discrepancy between the
tester probe and scan cell values suggests an
open. For example, one would expect a “1” on
the driver probe to result in a 1" on the corre-
sponding scan cell. A “0” on the scan cell
would indicate an opening between the probe
and the scan cell. Similarly. the state of the IC
output pins, as set by boundary scan tech-
niques, can be compared to the actual output
measured by a sensor probe.

Figure 12 illustrates the ease with which
opens can be detected between boundary scan
compliant ICs. despite the lack of any direct
physical access. Because all inter-IC signals are
under the control of the boundary scan test, ver-
ifying signal path integrity is as simple as com-
paring the output data of one [C with the input
of another.

As shown in Figure 13, boundary scan tech-
niques can also be used to detect opens in cir-
cuits with a mixture of both compliant and non-
compliant ICs, as long as physical access to
noncompliant ICs is available. Again. driver
probe values on signal traces would be expect-
ed at corresponding scan cells. Note that in sit-
vations where IC output data conflicts with dri-
ver probe data (e.g., IC output is “0” and driver
probe value is ““17), the driver probe level pre-
dominates. In this way, single open traces, mul-
tiple opens to the same node, and multiple open
pins on the same device (e.g., due to misalign-
ment during the soldering process) can be diag-
nosed to the pin level.

Shorts—Shorts, which represent the most
common tault in high-density circuitry. may
result from solder bridges between closely
spaced pins, misalignment of components dur-
ing soldering, or defects in the circuit board
manufactaring process. On a board populated
with strictly boundary-scan compliant ICs,
shorts can be identified without any physical
access to the signal paths (see Figure 12). For
example, two IC output pins can be set to dif-



Bypassed IC

Bypassed IC

TDO

Figure 10. A possible test scenario in which two chips are bypassed (left and right), while one is under test (center). Note that
both the Test Clock (TCK) and Test Mode Select (TMS) lines are wired in parallel.

ferent values—e.g., “0” and “I”"—and the
integrity of these values can be verified on the
input pins of a second IC. Identical values on
the input pins would suggest a short.

The magnitude of the potential short problem
becomes apparent when you consider that, for a
board with N nodes, there are N(N-1)/2 possi-
ble shorts—and a typical board might have
1000 or more nodes. The probable number of
shorts is, in practice, somewhat less than the
formula suggests, because it assumes that it is
possible for any node in a circuit to be sorted to
every other node in the circuit. This is a good
figure to keep in mind, given that it’s often dif-
ficult to determine, even with visual inspection,

which traces are close enough at all points on a
circuit board for a possible short to occur.

Boundary scan descriptive
language

The boundary scan standards, as set forth by
the IEEE in 1990. define component architec-
ture requirements. However, 1t is only through
the use of a standard language, the Boundary
Scan Description Language (BSDL). that we
can describe, and computers can read, how the
boundary-scan circuits of a device are to be
used. The language, which reads something

Driver/Sensor
Probe

.

TDI sy

Driver/Sensor
Probe

L.

el TDO

Figure 11. Faulty IC connections (opens), whether from defects in the IC pin, IC-to-solder pad joint, or the IC solder pads
themselves, can be easily detected by using boundary scan techniques in conjunction with traditional testers. Only two tester
probes (one on the input and one on the output side of the IC) are shown for clarity.
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Short

Open

Figure 12. Boundary scan tests can detect shorts (left) and opens (right) between houndary scan devices, without
any physical access to signal leads.

Conventional IC ——p»

Driver/Sensor
Probe

Driver/Sensor
Probe

Figure 13. Open traces on the pc board between conventional and boundary scan devices can be detected with a com-
bination of traditional and boundary scan tests.

like C, describes a number of parameters— BYPASS, SAMPLE, PRELOAD, and HIGHZ
including the pin-out, boundary-scan cell types, are outlined in more detail below.
boundary-scan order, register length, instruc- EXTEST—ullows you to control the logic
tions, control cell locations, control cell values, value at each output pin and observe the logic
and 1/O pin control cell. The more important value at each input pin. EXTEST instructs the
instructions, EXTEST. INTEST, RUNBIST, TAP Controller to capture input values, shift



them serially through the shift register, and
update the output pins to the values held in the
scan cells.

INTEST—isolates the IC from the circuit
board, and provides a means of assessing the
IC’s internal system logic. Like EXTEST,
INTEST uses a combination of capture, shift,
and update operations, but uses them to apply
data to, and observe output from, the internal
system logic. Compared to conventional test
methods, INTEST can be extremely slow,
because every input pattern to be tested must be
input serially. However, INTEST provides a
mechanism for checking the internal logic with-
out physical access to IC signal paths.

RUNBIST—instructs the IC to run a built-in
diagnostic test. Of course, the IC manufacturer
must have implemented such a test for this
instruction to be useful.

BYPASS—moves test data directly from the
TDI pin to the TDO pin, bypassing the shift
register. This command is useful in isolating a
particular IC, and in simplifying and speeding
up test execution.

SAMPLE—samples the input pins’ state
while the IC is in its normal operating mode.

PRELOAD—allows initial logic values to
be loaded prior to an INTEST or EXTEST
instruction.

HIGHZ —sets all outputs to a high imped-
ance state. This command is useful in providing
in-circuit isolation.

Of course, it’s the availability of software
tools that make the design of boundary scan
tests that rely on these low-level calls manage-
able. Fortunately, a number of vendors and [C
manufacturers have devoted considerable ener-
gy toward developing easy-to-use boundary
scan software tools.

Discussion

Boundary scan is one of the hottest and most
promising technologies available for circuit
board designers. However, despite its many
advantages, boundary scan isn’t perfect. For
example, there’s the overhead imposed by the
need for extra silicon associated with boundary
scan operations. IC yield tends to decrease with
the addition of circuitry dedicated to boundary
scan, simply because there’s more that can go
wrong. In addition, extra silicon and the associ-
ated test pins require larger package sizes
(recall that boundary scan generally requires
four and sometimes five dedicated pins).
Finally, the addition of boundary scan capabili-
ties to a device translates into increased design
time, increased component cost, and a potential
decrease in device performance. Not only must
the boundary scan logic be properly designed

Conventional IC ——p»

Driver/Sensor
Probe

Figure 14, When testing for shorts between boundary scan and conven-
tional 1Cs, a tester driver/sensor probe must be used on the convention-
al device leads.

and tested, but the added silicon can sometimes
degrade IC performance.

Despite these limitations, boundary scan test-
ing represents the most important new technol-
ogy for board-level testing. And, like any tech-
nology, it will certainly continue to evolve to
meet the needs of future designers.
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UARTERLY DEVICES

PC Designer

There‘s a lot of fantastic PC-design soft-
ware around these days, and most of it
has enormous capability. Unfortunately,
for the electronics student, experimenter, or
prototype designer, the complexity and extend-
ed learning curve associated with many of these
programs may prove 100 time consuming to be
practical. In addition, RF designers may not be
motivated to learn a CAD system heavily
weighted toward laying out digital circuitry. In
short, for some applications, simpler is better.

CAD made easy

PC Designer from Niche Software is an intu-
itive Windows-based program from the UK
that enables experimenters to generate high-res-
olution, double-sided printed circuit artwork
without mastering the protocol and complexi-
ties that go with a full-blown CAD package. PC

Photo A, A typical PC Designer screen.

Fall 1996

Designer runs on any 386-or-better PC running
Windows and may be loaded from a single 3-
1/2 inch disc or downloaded directly from
Niche via the Internet. For undecided shoppers,
a demo package is also available online.

I've been using this program for nearly a
year and can attest to the fact that PC Designer
is easy to master. The documentation package
is simple enough: it consists of three typewrit-
ten pages, with additional support provided by
a built-in HELP menu. PC Designer is highly
visual and screen driven—almost anyone can
boot it up and start laying out simple boards in
a matter of minutes. It does takes a little prac-
tice to master using a mouse or trackpoint for
laying down pads and tracks, but this soon
becomes second nature for most users.

A typical PC Designer screen is shown in
Photo A. The program's menu bar provides
access to a number of set-up options and gener-
al program functions. However, the real key to
the program’s utility is the on-screen button bar
located just below the menu bar. This allows
you to perform several short-cut operations. For
example, you can select from four preset track
widths and four preset pad sizes with a click of
the mouse. The size specifications for each
track and pad selection are either user-defined
via a menu, or set to a program default (your
choice). Footprints for several common IC-
DIPs (Dual In Packages)—plus a menu-config-
ured custom IC package—are also accessible
via the button bar.

For additional selections, you can use the
button bar to turn on a menu containing a num-
ber of predrawn footprints for transistors with
various package styles, edge connectors, com-
mon SMT parts, and even a “bullet” to mark
board corners or drilled mounting holes. (If a
footprint isn’t provided off menu, it can usually
be constructed using tracks.) The button bar
also turns on the program’s rubber banding
function, which allows you to mark several



Figure 1. Sample layout.

components at one time to either move or erase
as a block.

In one sense, building a pc board layout with
PC Designer is like building a layout the old-
fashioned way—with donut-pads and tapes on
grid paper or acetate. You don’t have to wade
through parts libraries. All of the commonly
used circuit board elements are close at hand
(on the button bar), and you can lay down pads
individually—to whatever spacing standard you
prefer to use. At the same time, PC Designer is
far superior to the old method because the com-
puter eliminates all of the guesswork, cutting,
and mess associated with adhesive-backed pads
and tape...not to mention the expense! On-
screen grid markers and several snap-to-grid
resolutions make pad placement and track spac-
ing easy and accurate. The program also pro-
vides a running on-screen display of your cursor
position relative to the last pad placement. If
you want your next pad positioned 0.8 inch up
and 0.1 inch over from the last entry, you can
move the cursor to the exact spot and lay it
down by the numbers. PC Designer allows you
to work at the x1, x2, or x4 magnification level,
S0 you can select the appropriate resolution for
the type of work you are doing—or zoom in on

a targeted area for close inspection. Other help-
ful features include automatic track bending and
the ability to add text. The best feature of all,
however, has to do with board revisions and
layout mistakes. If anything goes down incor-
rectly, it is very, very easy to fix!

Doing RF layouts

I’ve found PC Designer especially helpful for
RF layouts. As a rule, I set up a couple of track
sizes that are convenient for pad interconnec-
tions, and then I select two wider track widths
for building land areas (see Figure 1). Because
track length and width are easy to control, it’s
also possible to lay out accurate striplines and
printed inductors. For two-sided work, solder-
side features are displayed in red and compo-
nent-side features in blue. You can view both
sides of the board in color, simultaneously.
However, when working, the inactive side
becomes underlaid in a gray halftone. For two-
sided RF-style boards, I work up the compo-
nent side as a negative, assigning white area as
foil and blue as relief. This saves the work of
building extensive land areas—and makes posi-

Communications Quarterly



20

Fall 1996

tioning relief areas over solder-side pads very
easy. The solder side is then reversed to a
matching negative during printout.

Printing out

PC Designer will work with virtually any
graphics-compatible printer, although ink jet or
laser printers generate better camera-ready art.
Be sure to use high-quality paper made for the
type of printer you're using. My HP DeskJetm™
delivers very sharp camera-ready results usable
for even finely detailed surface-mount layouts.
A laser printer is probably most desirable for
printing directly onto a transparency. Several
menu-selected printout options are available,
including masks and proofs, reverses and nega-
tives, and x1 or x2 sizing. Drawings are in a
Windows Metafile format that may be exported
to other documents or moved into a paint pro-
gram for visual enhancement.

Limitations

Although you can accomplish a great deal
with this program, it would be unrealistic to
equate PC Designer with a full-blown CAD
package. For example, while a two-sided proto-
type pc board may require only two screens for
etching, a manufactured version of the same
board would require several more, including
solder masks, a drilling template, and a parts-

placement screen. Add in the standardization
requirements for automated production, a need
for coordinated schematic, artwork, and parts-
list documentation, plus interface with a com-
puterized inventory control system, and the
case for a full-grown CAD package (along with
the services of a specialist to run it) becomes
pretty strong. But, for many of us who simply
like to “build stuff,” those concerns aren’t real-
ly germane. If your only goal is to make a
good-looking circuit board, and you don’t have
time to learn a pew profession to do it, PC
Designer might prove an excellent choice.

Purchasing information

PC Designer is available from Niche
Software (UK), 12 Short Hedges Close,
Northleach Cheltenham, GL54 3PD. The price
per copy is 49 pounds, payable via Access,
MasterCard, Visa, Visa Delta, and AMEX. As
a special offer to Communications Quarterly
readers, Niche is offering a special price of 39
pounds for Internet-based orders only until
December 31, 1996. All special orders will be
delivered via the Net. Interested parties should
order the program from: <SpecialOffer@Niche.
demon.co.uk>. You may also order via FAX at
+44 1432 357 113, or call Niche at +44 1432
355 414, Niche also has a new parts compiler
program and user-friendly schematic program
in the works. =

New RF Signal Generators from Tektronix

Tektronix, Inc. has announced the SME06 and
SMTO06 RF signal generators. Both are consid-
ered to be cost-effective stimulus solutions for
measurements in the 6 GHz range. The SMT06
is a general-purpose model and the SMEO06 is
designed to produce a full slate of digital modu-
lation signals. The SMEO6 is designed to meet
the evolving needs of the new class of 5.7 GHz
digital communication equipment.

The SMEO06 and SMTO6 are the latest mem-
bers of the Rohde & Schwarz (Germany) fami-
ly of RF and microwave signal generators.
They are marketed and supported in the United
States and Canada by Tektronix under an
alliance formed with Rohde & Schwarz in
1993. The instruments are part of a full line of
digital wireless test products offered by
Tektronix.

Both models serve the requirements of wire-
less communications component and system
designers and manufacturers who must test
products ranging from discrete amplifiers to

PRODUCT INFORMATION

board-level assemblies to base stations. The
SMEO06, when equipped with the DM Coder
option, provides a host of digital modulation
schemes including GSM, DCS 1800, PCS 1900,
DECT, PDC, FLEX™, and more. It supports 25
prevailing modulation standards and it offers all
the standard analog modulation schemes.

The SMTO6 is a general-purpose 6.0 GHz
RF signal generator aimed at the needs of wire-
less communications components and systems,
radar, electronic warfare, and electromagnetic
compatibility testing. It is equipped to cover
the entire range of analog receiver measure-
ments, with AM, broadband FM, and phase
modulation, plus options that include pulse
modulation, a function generator, and a low
frequency generator. The SMTO6 is suitable for
both benchtop engineering use and manufactur-
ing test applications.

For more information, call 1-800-426-2200
(when prompted, press 3 and ask for code num-
ber 512); or visit the Tektronix web site at
http://tek.com.Measurement.




Peter J. Bertini, K/Z/H
Senior Technical Editor
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AN IF AND 80-dB
OG AMP

-OR SPECTRUM
ANALYZERS

Modernize your older commercial or
homebrew unit

erious “basement RF engineers” often
S attend hamfests looking for the ultimate

bargain spectrum analyzer. My luck at
these gatherings hasn’t been as good. 1 know
excellent analyzers, like those based on the HP
141T and Tek 7000 series mainframe units, are
becoming affordable. However, my upstairs
workshop is quite small. My ham station, com-
puter work area, and a sprinkling of antique
radios fill the space. There just isn’t room for
one of those big old dinosaurs!

Several years ago, | reviewed the A&A
Engineering spectrum analyzer for Ham Radio
magazine.! This low-cost kit was based on a
QST article by Al Helfrick, K2BLA.2 It used a
Jerrold CATV module, and the remaining RF
sections were built around a single Motorola
MC3356 IC. Unfortunately, the instrument’s
dynamic range was restricted to 50 dB at
best—the limits of the RSSI output of the
MC3356. Even so, it was a well-balanced
match between the Jerrold module and the
MC3356 chip. Still, the 50-dB dynamic range
remained a serious drawback for most RF
work. Once input signals exceeded this limit,
the analyzer overloaded—resulting in serious
distortion of the displayed signals. There was Photo A. The modified A&A Engineering spectrum analyzer
no headroom! and companion Tek 604 display make a dynamite combination!
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Since 1985, newer FM IF chips with better
RSSI outputs have become available. But rather
than reinvent the wheel and use one of those
devices, I decided to start from scratch and
chose a newer chip designed specitically for
log amp service: the Analog Devices AD606.

I designed and built a high-dynamic range IF
system and log amp that delivers at least 70 dB
(typically 75 to 80 dB) of calibrated dynamic
range on screen. My goal was to build a
general-purpose spectrum analyzer. I'm mostly
interested in searching for transmitters involved
in IMD equations, measuring transmitter har-
monics, and looking for spurious transmitter
emissions. This unit isn’t intended for
single-sideband signal analysis or other
demanding narrow bandwidth signal work.

I had intended to design a new analyzer from
the ground up. My first step was to devise a
simple IF section and a good log amplifier—the
heart of such a unit. Once that was done, I used
my A&A Engineering spectrum analyzer as a
test bed to prove my design. The results were
so encouraging that [’m not considering any
further work on a newer analyzer at this time.

If you’re interested, I've provided details on

how to interface the new IF and log amp to the
A&A Engineering spectrum analyzer. I've also
included modifications to the Jerrold CATV
module that provide greater dynamic range and
eliminate internally generated spurs.

The IF system and log amplifier

Figures 1A through 1D show the IF and log
amp schematic. Photo A shows an assembled
IF and log amp pc board. The drilled, plated,
and silkscreened pc board is available from
FAR Circuits. Pricing and ordering information
is given in Table 1.

The silkscreen parts placement is provided in
Figure 2. Photo B shows an assembled FAR
Circuits pc board.

58MHz RF stage

The RF input to the board is designed for 58
MHz and 50 or 75 ohms—making this project
compatible with most CATV or TV
tuner-based analyzer designs.

Several CoilCraft coil kit assortments? great-
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ly simplified the breadboard design stages of
this project. You can obtain RF inputs other

than 58-MHz, and out of the tuning range of
the coils used, with different value coils and

padding capacitors. Another trick is to use

either high or low side LO injection. This
allows for a greater range of RF input frequen-
cies, while still using third-overtone crystals.
Because some CATV downconverter mod-
ules are designed for a Channel 3 TV [F at 61.5
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Coils

L1,L2,L3,L4  CoilCraft 142 10 J 08S
0.32 to 0.42 pH, shielded
L5 T-37-2 toroid
primary: 7 turns
no. 26 AWG
secondary: 2 turns
no. 26 AWG
L6 Coilcraft 150 05 J 08S
0.09 to 1.23 uH, shielded
L7 Coilcraft SLOT 10 3-03
1.5 to 2.0 pH, shielded
L8, L9 Coilcraft SLOT 10 3-06
1.5 to 6.0 uH, shielded
DBM MiniCircuits SRA-1
7-dBm LO

*An etched, drilled, and plated circuit board
for this project is available from FAR Circuits,
18N 640 Field Court, Dundee, Illinois 60118.
Phone: (708) 426-2431 after 6 p.m. CST. The
price per board is $6. Shipping and handling
for I to 2 boards is $1.50.

Table I. Parts list for FAR circuits board*

MHz, the tuning range of the 58-MHz RF
stages should accommodate this IF with small
changes in the resonating capacitors. (The IF
for Channel 2 is 55.5 MHz; well within the tun-
ing range of the RFA stages with small capaci-
tance changes, and of the LO tank circuit.)

You may prefer to use IFs in the 40- or
70-MHz range. This lets you use economical
off-the-shelf SAW filters for additional filtering
before the final mixer stage. Because the
ADG606 is rated to 50 MHz, it can be used as
part of an inline IF section operating directly on
a Channel 2 or 3 IF, or a 45-MHz TV video IF,
without any conversion schemes.

The parts list in Table 1 provides the
CoilCraft part number and the inductance
ranges needed for a 58-MHz IF. The capacitor
values used for coupling and tuning the
58-MHz stages are critical. The table also gives
my coil values.

First RF stage

The first RF stage uses a low-noise dual-gate
UHF MOSFET—setting the noise figure for
the IF, overcoming the losses of the passive
DBM stage following it. There are four lightly
coupled 58-MHz stages. These provide ade-
quate blowby protection and prevent any unde-
sired off-frequency products produced in the
Jerrold (or other) analyzer front end from
reaching the mixer input. They, and the other

tuned circuits at 10.7 MHz, also provide selec-
tivity to reject strong signals that may fall on
unwanted spurious responses occurring in the
ceramic IF filter stop-bands.

Pre-IF 58-MHz bandpass filter

The Jerrold 450 CATV module generated
some spurious responses on either side of the
displayed signal when strong signals exceeded
the analyzer’s dynamic range. | added a
three-section 58-MHz preselector to eliminate
the problem, locating it inside the Jerrold CATV
module used in the Helfrick/A&A Engineering
spectrum analyzer. It may also be mounted
externally in a small shielded enclosure.

Stage gain

While the 58-MHz stage gain may appear
excessive for use ahead of a mixer, I noticed no
overload problems. Also, this RF amplifier pre-
cedes a passive mixer stage in the Jerrold,
which probably has several dB of conversion
loss, so some gain is needed here. You may
increase gain by reducing the values of the
2.5-pF coupling capacitors used between the
tuned output stages. Note that this will result in
instability (regenerative) problems if you use a
values that’s too low.

I chose parts values to reduce the stage gain
from its maximum setting, which allowed the
analyzer to “recover” 3 or 4 dB of signal range
over the original breadboard design. Excessive
stage gain caused excessive “grass” levels on
the display baseline, and raised the baseline by
a few dB (noise floor). More gain may be
obtained by either changing the gate 2 bias
resistor (R1) from 12 to 27 k, or by reducing
the drain resistor (R2) from 2.2 to 1 k.

Optional IF gain control

I decided to include a variable IF gain con-
trol. To do so, I removed resistor R1 and, in its
place, ran a 10-k resistor from the gate 2 side to
a 0.001-pF feedthrough on the Hammond
enclosure. I mounted a 25-k pot on the front
panel. This let the gate 2 bias resistor vary from
10 to 37 k, providing 15-dB of control over the
RF stage gain.

Helfrick’s IF attenuator is actually a calibrat-
ed 10-turn pot that controls the Y axis position-
ing. One-dB indications allow for accurate
comparative signal level readings, placing a lot
of faith in the accuracy of the log output of the
MC3356! This control is handy for positioning
the scope’s baseline or the 0-dB reference
graticule when switching between IF filters, or
following adjustment of the IF gain control.
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Figure 2. Parts side “silk screen™ view of FAR Circuits pe board.

Note the optional -40 dBm reference signal use almost any +7-dBm LO DBM with a foot-

level modification. print and characteristics similar to the
MiniCircuits Labs SRA-1. Mixer loss is about
6 dB. There is capacitive matching between the

First mixer and LO output of the 58-MHz stage and the 50-ohm RF
input port on the DBM.
The first mixer and LO contain a passive Because of the 10.7-MHz IF. I used a

diode double-balanced mixer (DBM). You can 47.3-MHz LO signal for the 58-MHz RF input.
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Photo B. FAR Circuits pe board assembled and ready for installation. This picture is of a slightly earlier version. Photo
by Frank Maggiore, Maggiore Electronic Labs.

The toroid and trimmer capacitor provide a
wide oscillator frequency range if another RF
frequency is desired. I tried slug-tuned coils,
but their tuning ranges were too restrictive.
The crystal is a high-quality third-overtone
type. I used a commercial grade crystal, “cut”
to Motorola KXN6207 (for the MT-500
Motorola portable radio receiver) specs. The
2N3904 oscillator provides the desired +7-dBm
drive to the mixer (measured on a terminated
Boonton 92 millivoltmeter). If more LO drive
were available, I would have considered a fixed
3-dB pad at the mixer LO port for termination.

LO tuning

Tune the oscillator by finding the point
where it breaks into oscillation, when starting
al a maximum capacitance setting. The ideal
point lies just slightly beyond this point. An RF
probe held in the field of the toroid will indi-
cate a maximum reading here. Be sure the
oscillator restarts reliably at this setting when
power is removed and reapplied.

First IF

As I mentioned, the IF is at 10.7 MHz. The
mixer’s IF output is 50 ohms—terminated at
the image and LO frequencies via a simple
high-pass filter, composed of coil L6, two
85-pF capacitors, and a termination resistor (47
or 51 ohms, 1/4 watt). An L-match network
(coil L7 and a 100-pF capacitor) transforms the
50-ohm mixer output to 330 ohms—the imped-

ance of the ceramic IF filters. These filters have
considerable loss, up to several dB depending
on the filter bandwidth. The first IF filter loss
adds directly to the average 6 or 7 dB conver-
sion DBM loss. Thus, filter losses play a large
part in determining the overall display range. |
obtained better gain distribution when I tried a
gain “make-up” IF stage between the mixer and
first filter. This also helped improve the mixer
stage noise figure. (It was omitted in the final
design for simplicity.)

This and other design tradeoffs were a direct
result of my desire to power this board directly
from the A&A spectrum analyzer power supply.

Because the A&A supply has little reserve
power, | deleted any unnecessary active stages.
The A&A power supply uses a 78L12 12-volt
regulator with a limited 100-mA output rating.
The transformers also run near their maximum
continuous ratings.

IF filters

The A&A analyzer has two IF selectivity
positions. The narrow 15-kHz BW uses a
two-pole crystal filter; the wider 330-kHz BW
uses a ceramic filter. A single stage of IF filter-
ing was used for the 50-dB range of the original
instrument. | found using a single IF filter result-
ed in grossly inadequate stop-band suppression
and off-resonance spurious responses when the
dynamic range was increased much over 50-dB!

It would be easy to incorporate several selec-
tivity positions, considering the variety of
low-cost ceramic filters. Table 2 lists a number
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of TOKQ ceramic 10.7-MHz filter styles avail-
able from DigiKey. Table 3 highlights the
characteristics of the harmonic-mode Murata
ceramic filters.

These have bandwidths that almost rival
two-pole crystal filter performance. The trade-
off for sharper bandwidths is greater insertion
losses. The Murata harmonic mode ceramic fil-
ters are covered in Reference 4.

I decided that two selectivity positions using
low-cost ceramic filters would be adequate for
most applications. The crystal filters required
additional matching networks, and | had prob-
lems achieving the desired passband responses
when [ tried them in earlier prototypes. In this
design, two IF filters are used for each selectivi-
ty selection, and each selectivity position has its
own dedicated two-stage RC coupled IF amplifi-
er with an input and output ceramic filter. This
is the heart of the 10.7-MHz IF amplifier stage.

Diode switching selects the IF amplifier and
filters. Common 1N4148 or IN914 silicon
high-speed switching diodes performed as well
as PIN diodes, and I used them in the final
design. Low-speed power diodes, like the
1N4001, would probably work, but I suspect
they would require much higher forward bias-
ing currents. The RC-coupled IF amplifier
stages are untuned and provide 330-ohm input
and output terminations for the ceramic filters.
Using the filter bandwidths indicated, the IF
has a swept response that’s very symmetrical
and clean, with a single response peak, over the
80-dB plus scope display.

The IF stage transistors in my prototypes
were CS5088s. However, the 2N3904s or NTE
123 AP transistors are good substitutes.

Wide IF Filter: 180kHz

You’ll need a wide BW filter to use the A&A
analyzer’s 450-MHz scan setting. I installed a

pair of 180-kHz BW TOKO ceramic filters
here. When using video filtering with either the
20- or 50-MHz-per-division scanwidth settings,
wider values (330 kHz) are preferable to avoid
attenuating the displayed signals. Otherwise,
you must use a storage scope and a slow sweep
rate. The narrow width “blips” produced by
sharper filters are also much harder to see.

Narrow IF filter—30-kHz

The narrow IF bandwidth was another trade-
off in filter choices. I chose the narrow BW
Murata 10.7 volt for the input and output IF fil-
ters. If Murata filters aren’t available, try using
two of the narrow 110-kHz BW TOKO filters.
Two narrow Murata 10.7-volt filters worked
well and provided a nice sharp response, but
their combined insertion losses were a bit
excessive. While the Murata filters aren’t quite
as good as crystal two-pole filters, they are ade-
quate for most needs.

Optional broadband filter—
500kHz

Figure 3 shows a small otf-board LC filter 1
built to provide a bandwidth twice that of the
180-kHz TOKO types—somewhere between
300 and 500-kHz BW. Its swept waveform is
more triangular than the sharper-skirted ceram-
ic filters, making it better suited for use with
wider scanwidths and video filtering. (This cir-
cuit doesn’t fit on the FAR Circuits pc board.)

The broadband filter was an afterthought.
Repeatability isn’t guaranteed. It’s best to add
this circuit after you’ve enclosed the FAR
Circuits board and have it debugged and work-
ing as intended.

The circuit is built around three 7-mm
10.7-MHz IF transformers (violet color code)

Communications Quarterly

29



30

Fall 1996

w©
- pi
— @
- >
b w
P
E]
s n
o
i °
=
ve s >
£ ®
w O ° c
a c °
o a
e = n
@ H a
ca L «
c a x Q
5 o
- O w
[ - £
c [
B = 2
o — < ]
S5 S £
o v £
o “ had
oo™ °
c ° Y
> e = c ¥
o wn 2 W
Q 23 o
- : c
° @
Q
||||- '§
[
(vl
44—
=
- <
=4
o
~
£
E
= =
fit ol
v Ly qp
[ LV
= o ‘ §
o~ =9
-
‘; Sw—— -
C
L
M
w
.
o
>
L
i -
‘s °
~ b
—
< r 2 o
a <]
= x M
-
- =
(™S
=
> >
= 2 °
[ ° c
" 5
ir i £ ]
s z
4
@
g .
"
. -
- z
o
- >
- =
- .; o~
-
L £
¢ |
3
o
o £
£
=
-
L
@
=
e
a
-
-

INe148 Z; IN6148
P
\jn\

T

Figure 3., Optional “broad” selectivity IF stage is built “*cordwood” fashion off the main FAR Circuits board. Note the
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Hammond enclosure wall.
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Specification of Ceramic Filter

Type: SFE10.7MT

1. Nominal Center Frequency (fn)
2. 3 dB Bandwidth

3. Selectivity at fn + 100 kHz
4. [nsertion Loss
5. Spurious Response (within 9 MHz
to 12 MHz)
6. Ripple (within 3 dB Bandwidth)
7. Temperature Coefticient of
Center Frequency
Temperature Range: -20°C to +80°C
8. Input and Output Impedance
9. Withstanding Voltage

Specification of Ceramic Filter

Type: SFE10.7MVS

. Nominal Center Frequency (fn)

. 3 dB Bandwidth

. 20 dB Bandwidth

. Insertion Loss

. Spurious Response (within 9 MHz
to 12 MHz)

. Ripple (within 3 dB Bandwidth)

. Temperature Coefficient of
Center Frequency

Temperature Range: —20°C to +80°C

8. Input and Output Impedance

9. Withstanding Voltage

DN W N -

~N ™

: 10.700 MHz
: fn =25 kHz min.

: 20dB min.
:65+£25dB

: 30 dB min.
: 1.0 dB max.
¢+ 20 ppm/°C max.

: 330 ohms
: 50 Vde max. 1

: 10.710 MHz

: fn = 13 kHz min.
: 135 kHz max.
:6.0+20dB

. 35 dB min.
: 1.0 dB max.
: £ 20 ppm/°C max.

: 330 ohms
- 50 Vdc max. 1

Total 60 kHz min.

minute max.

minute max.

Table 3.

Comrnunications Quarterly 31



32

Photo C. A&A engineering front panel before modifications. Photo courtesy A&A
Engineering.

whose cans are seam-soldered together. The
components are built onto the structure using
point-to-point wiring. The coil shield cans act
as ground returns. This filter assembly’s RF
and DC ground return is connected to coil can
L6 on the IF board using a short length of
0.1-inch desoldering braid. Do not connect
grounds to the Hammond enclosure. The
assembly should be mounted next to, but not
touching, the Hammond enclosure sidewall
using insulating silicone adhesive.

The 0.82-pF capacitors provide light cou-
pling between the coils. Unlike the other IF
amps, this stage runs off the -22 volt power
supply in the A&A Engineering analyzer. An

Photo D. A&A front panel after modifications. Note addition of two SMA jacks
above the RF IN BNC fitting on the left. The bottom SMA supplies a calibrated
-40-dBm 47.3-MHz reference signal. The upper SMA fitting is for a future
tracking generator project. It supplies the divide-by-256 output from the
Jerrold prescaler. To the right of the display bezel is the new IF gain control.
To the right of the SCAN WIDTH control is the volume control and a jack for
using an external speaker or headphones,

Fall 1996

emitter gain pot lets you set the gain to match
that of the other IF amps. This stage’s input and
output impedances are relatively high. so they
can be directly connected to the 6.8-uH chokes
used for the DC return paths of the switching
diodes used for the two onboard IF amps.

Filter tuning is performed so the three coils
peak at the same point as the wide ceramic fil-
ters. Note that mistuning the last IF transformer
will distort the ceramic filter responses. This
coil must be set to the same center frequency as
the ceramic filters to reflect a high-impedance
termination at resonance!

The amplifier is disabled by a 2N3904 that
acts as a shunt across the high-impedance
winding of the center IF bandpass filter. The
12-volt feed to either the narrow or wide filter
is diode-or'ed to the base of the 2N3904 when
either of those stages is selected. As a result,
the transistor is driven into heavy conduction,
effectively killing the amplifier output. This
alone doesn’t provide enough isolation, so a
2N3904 and 2N3906 are used to remove the
-22 volt power to the broadband IF stage when-
ever the wide or narrow ceramic filter IF amps
are selected.

To allow selection of the broad filter posi-
tion, | replaced the original double-throw
(on-on) IF filter selector switch on the A&A
front panel with one that has a center detent
(on-off-on) position. The broad filter is activat-
ed in the switch center position.

Gain balancing

In his QST design, Helfrick provided com-
pensation for the increased losses when he
chose the higher selectivity filter position. |
included a 1-k trimmer resistor in the emitter
return of each IF stage to allow for gain con-
trol. In theory, vou set each pot for best gain (as
indicated by maximum upward deflection of a
signal in the analyzer display.) The stage with
the highest gain (i.e.. lower loss filters) can
then be adjusted to reduce its level to that of the
other IF stage using more lossy filters. This
keeps the analyzer readings the same when dif-
ferent filters are selected. Gain reduction must
be implemented by increasing the trimmer
resistance setting for best bias stability.

Post IF amplifier

A grounded-gate J-FET amplifier follows the
selected IF stage. Its input impedance is opti-
mized to yield best swept results (symmetry,
single response peak) for the 330-ohm imped-
ance of the ceramic filters,

I tried several different J-FETs, all with iden-
tical results. (Although I specify a J310, a



119-PCB power supply board
119-KIT board and parts

llems available from A&A Engineering
(limited quantities]

450-RFM 450-MHz RF module with modification information and part $75
450-RFM RF module without modification information or parts $55

117-PCB spectrum analyzer main circuit board

Display boards are no longer available. Jerrold modules may come with either Channel 2 or
Channel 3 output, depending on what’s available.

Other small components may be available. Call or write: A&A Engineering, 2521 West
LaPalma, Unit K, Anaheim, California 92801. Phone: (714) 952-2114; fax: (714) 952-3280.

$20
$70
$30

Table 4.

2N4416 should also work). Besides providing a
small amount of gain, this stage also drives the
two lightly coupled high-impedance 10.7-MHz
tuned stages preceding the log amplifier input.
A small ferrite bead is placed over the drain
lead to discourage VHF parasitics.

The AD606 log amplifier

At the core of this project is Analog Device’s
AD606 log amplifier 1C, discussed in
“Quarterly Devices™.” Early log-amp designs
involved summing the outputs of several limit-
ed-range cascaded log amps constructed with
discrete components. This required consider-
able power and pc board real estate.

Because the AD606 is a CMOS device, and
an expensive one at that (around $30 in small
quantities), use care when handling. It’s the
only socketed component on the board and
shouldn’t be inserted until after all wiring and
initial testing is completed. I recommend a
high-quality machined-pin low-profile socket.
Note that an on-board 78L05 regulator supplies
the 5 volts for the AD606; verify that no more
than 5 volts is present at the chip socket before
inserting the AD606. (I lost two to soldering
iron leakage currents caused by an intermittent
ground return in my soldering station’s remote
power supply—a rather expensive lesson in
handling CMOS devices!)

With over 80 dB of dynamic range, circuit
board layout is critical. Stray RF, especially
from the 47.3-MHz LO, can easily reach the
ADG606 input, resulting in considerable loss of
dynamic range. I got a good demonstration of
this effect during the open “dead-bug’ con-
struction used in prototyping! Careless wire
placement often resulted in an upward shift of
the display baseline, with a corresponding loss
of dynamic range. 1 was able to observe strong

foreign broadcast signals, falling within the
bandpass of the 10.7-MHz IF, on evenings with
good HF propagation. The two lightly coupled
10.7-MHz tuned stages, made up by L8 and L9
and associated capacitors, help keep stray sig-
nals from reaching the AD606. Very light cou-
pling is adequate (note that [ use a 0.82-pF
capacitor for coupling between L8 and L9).

The Hammond 1590P cast-aluminum enclo-
sure is an excellent size for the FAR Circuits
board and will fit inside the A&A enclosure
after some layout changes are made in that unit.

The pc board must be housed in a shielded
enclosure with 0.001-pF RF feedthrough capac-
itors used for all power leads. audio signals,
and the log output signal. An SMA or SMB
bulkhead connector is needed for the RFA
input signal. The AD606 will respond to sig-
nals from LF well into the VHF range,
Remember, shielding is important. As a test, set
the LO so the crystal isn’t oscillating and watch
the scope display. (First, remove the RF con-
nector feeding the RFA stage.) If the baseline
drops more than a few dB, you may have a seri-
ous problem with stray RF radiation reaching
the AD606 inputs. With over 80-dB dynamic
range, the chip is a very sensitive “receiver”!

I strongly advise you use the FAR Circuits
board. It represents about three redrafts to elim-
inate RF ground loop problems. The first board
drove the scope baseline to the -50-dB mark,
due to RF leakage from the 47.3-MHz oscilla-
tor reaching the AD606 log-amp chip. This
shouldn’t have surprised me: the log action
begins with signals as low as -75 dBm (about
120 pV) at the input pin of the AD606! The
final board revision has only one ground foil
return to the metal enclosure via the metal
standoff near the 58-MHz RF amplitier stage.

The board must be mounted in a suitable
RF-tight enclosure; the Hammond 1590P is
ideal. Make sure no ground leads are connected
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Figure 4. Internal layout of the Jerrold CATV modules, Optional 538-MHz bandpass filter may be mounted in the
chamber adjacent to the “fixed oscillator and second mixer” compartment. All signals to and from the Jerrold mod-

ule are done using SMA or SMB fittings.

to the board, except for the coax lead to the
SMA connector for the 58-MHz RF input. All
leads from the board, except for the coax,
should be further decoupled using high perme-
ability ferrite beads on the leads going to the
feedthrough capacitors. 1 used five beads on
each lead. The ferrites serve two functions.
First, they help keep stray RF from entering
and leaving the enclosure. Second, they break
up a source of unwanted ground loops. If you

I.-

Photo E. A&A analyzer before modifications. Photo courtesy A&A
Engineering.

don’t have beads, use 6.8-pH molded chokes
between the board terminations and
feedthrough capacitors.

Before | installed the beads, simply touching
a short piece of 0.1-inch braid between the
shield can for either L8 or LY and the adjacent
Hammond wall caused the baseline to rise by
25 dB! After installing the beads, the baseline
shift was only 10 dB. The 47.3-MHz crystal
should also be grounded to the pc board. Most
crystal manufacturers supply this pigtail upon
request when you order.

Weird birdies

One strange birdie caught me by surprise. It
appeared at repetitive 8-MHz tuning intervals
across the tuning range, but only on the center
of the screen. The IF filters had no effect on its
width or duration, nor did the scanwidth con-
trol. Indeed, it appeared as a single “blip,” cen-
ter screen, even with the scanwidth set to 0!

[ finally noticed this birdie only showed up
when the LM386 audio amp was powered. I had
tapped into the A&A 5-volt supply that fed the
counter circuits. The birdie was generated in the
digital counter logic, and coupled into the
Hammond enclosure via the S-volt power. A
small (.05 ceramic cap across the 0.001-pF
S-volt power feedthrough stopped the nonsense.

More nofes on improving the
dynamic range

[ found strapping together the cans of coils,
L2, L3, L4, L6, and L7, and the metal can of
the DBM, provided an additional -3 dB
decrease in the analyzer baseline. | used




Inslde wall of fixed UHF oscillator

N

LO injection pickup line =1.0" long 22 AWG

UHF oscillator line

' Tuning '

vane

NOTE:

{A) SIDE VIEW

NOT TO SCALE!
Diodes, F.B. overscaled existing parts omitted for clarity.

Figure 5A. A glance at the inner sidewall of the fixed oscillator compartment shows the pictorial layout of the new

balanced mixer.

0.1-inch copper desoldering braid. DO NOT
connect the braid to the enclosure or any other
point! You may try extending the braid from
the DBM can to the bottom sidewall of the
Hammond enclosure while viewing the display.

If the baseline drops, connect it permanently
to a solder ground lug. This lowered my base-
line by another 0.5 dB, or so. Local oscillator
leakage was no longer detectable at this point.

Remember, there is little you can do to
increase the upper end, but anything that results
in a lowering of the baseline level is recovered
dynamic range.

Infercept and slope

These controls are covered in the AD606
application notes.® While the FAR Circuits

board has provisions for including trimpots
(R3, R4) for control of the intercept and slope, I
didn’t use them here. Thus, values for R3, R4,
and associated resistors RS and R6 aren’t
given. Typical values are supplied in the
AD606 notes if you wish to include these con-
trols. These four resistors aren’t installed on the
FAR Circuits board.

Log output setting

An output level pot (R7) is provided to set
the log output signal to the level for which your
analyzer was designed. It lets the log output be
set to match the RSSI levels of the MC3356
Motorola chip this board replaces in the A&A
analyzer. Excessive log-signal levels to the
A&A will lead to misalignment of the A&A

{5 0.001
a,’
70pF ¥
£ P
6?"&
n
Osclllator "
.. ]
L ]
{B) TOP VIEW

Figure 5B. Another view of the new mixer, looking down into the compartment. Note the positioning of the new LO

pickup line for second mixer LO injection.
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—*—” SMa fittings
70pF

. 4

NOTES:

1 )

T1 = Ferrite bead trifilar wound one turn
L2 = 22 AWG link, 1.0" long parallel to oscillator line
Diodes = Hewlett Packard (HP), hot carrier diode (hed), matched
FT, L1. C1 = Existing Jerrold parts

Figure 5C. Schematic of the new balanced mixer. The 6.8 pF choke and 70-pF capacitor are in the next compartment
and are connected with short leads. The optional 58-MHz bandpass filter may be installed between the FT capacitor

and the SMA fitting in this compartment.

vertical output pot (RE) and result in retrace
line or retrace interval “ghosts™ of displayed
signals becoming visible on screen. This ana-
lyzer drives the baseline off screen (down-
wards) during retrace; it is not blanked during

Photo F. A peek inside shows the new layout for the major internal
assemblies. The main board is turned 90 degrees and mounted to
the far left. The power supply is now mounted vertically in the
center of the enclosure. To the left of the power supply is the
Hammond die-case box, which houses the new IF and log amplifi-
er sections. The numerous 0.001 feedthrough capacitors and addi-
tional .05 disc capacitors are visible on the Hammond wall,
Although not visible, the Jerrold module is piggybacked beneath
the main circuit board mounted 180 degrees around from the orig-
inal position. The new 1024 ps erystal-controlled generator is also
visible, Note the strip of three 1Cs piggyback-mounted on the main
A&A board. One chip is in a wire-wrap socket whose pins connect
to a chip socket on the main board.

retrace. The A&A analyzer also provides the
horizontal sweep signal to an X-Y capable
scope. The log amplifier may drive a scope dis-
play directly—if your design provides for
retrace blanking,

I've added a 1000-pF video filter capacitor
(actually a feedthrough capacitor through the
aluminum box enclosure) to reduce on-screen
noise. It has minimal effect on the faster scan
rates and is used primarily for RF bypassing.
The A&A video filter has far greater effect.

RF alignment

All RF stages are peaked for greatest signal
amplitude on the analyzer display. Note that
L2, L3, and L4 may give false initial peak set-
tings. Go through the alignment procedure sev-
eral times to ensure these stages are properly
peaked. As a final touch, adjust the 58- and
10.7-MHz coils slightly for more symmetrical
filter response—especially at the crest of the
filters and for the skirts at the -70 dB points,
The settings of L6 in the high-pass filter and for
1.7 aren’t critical; use the factory designations.
If you include the optional IF gain control, set
it to the most frequently used gain setting for
final alignment.

Setting the scope display

Perform these steps with an accurate step
attenuator and signal generator in order to veri-
fy the proper setting of the log output level and
the 0 dB scope graticule point, in addition to
the vertical scope positioning control. Select



Photo G. The FAR Circuits pc board mounted in the Hammond box. The added 0.1-inch braid strapping between
coil shields is visible. The reference level pick-up coil at the lower right is nestled against the LO toroid coil. Note the
generous use of ferrite beads on all leads entering the Hammond enclosure. The optional **broad™ bandwidth IF amp
is visible on the lower center bottom wall of the Hammond box. The ground return for this module goes directly to

the FAR Circuits pc board.

the wide filter and turn on the video filter. The
(0-dB marking on my display corresponds to an
input level of from -10 to -25 dBm—depending
on the IF gain setting. I usually set the gain so
the 0-dB marking corresponds to a -20-dBm
input signal.

Adjust a signal from a signal generator to
show signs of gain compression at the 0-dB
scope Y axis graticule marking, then reduce it
by 3 or so dB. The ideal point results in a
10-dB increase in signal strength from the
-10-dB scale, which provides a display within 0
to -1 dB of the 0-dB graticule mark. Signals
above the 0-dB marking will be going into gain
compression and displayed nonlinearly; but,
they should drive the crest of the signal “off the
CRT display.”

Starting at the -10 dB graticule mark, each 10
dB reduction in signal strength should fall with-
in a 1/2 dB of the corresponding graticule marks
down to -60 dB. The -70 dB signal should be
close, but may be off by 3 dB or so, depending
on the IF filters selected and the IF gain setting.
Signals at the -70-dB point will be somewhat
“noisy,” especially if the video filter is off.

The -70- to -80-dB range is usable, but the
-80-dB mark will fall above the bottom scope
graticule line. A signal 10 dB under the -70-dB
marking should be about 1/4 above the -80-dB
marking and above the baseline noise. Signals
at -90 dB (about 3-pV for my A&A analyzer)
should be just barely visible above the baseline
noise. A new Y axis line should be added to the

scope graticule to show the proper -80-dB cali-
bration point. After the -70-dB level. the log
amplifier performance falls off. The AD606
device is specified for an 80-dB-log range, but
that level of performance is difficult to achieve
in any multiple conversion scheme.

If you don’t select the video filter, the base-
line “grass™ will limit the analyzer to about a
70-dB range. The display range, including non-
linear areas, may reach 90 dB. With the A&A
video filter disabled and high IF gain settings.
the noise spectra (baseline grass) will cover up
to or above the -70-dB graticule, limiting the
analyzer to about a 70-dB range. With the
video filter off, you should be able to get at
least 80 dB on screen, although some interpola-
tion will be needed under -70 dB. This is a
respectable figure for a homemade analyzer.

The IM386 audio stage

Many inexpensive spectrum analyzers can’t
monitor signals. 1 considered adding an FM
discriminator to the limiter outputs provided by
pins 7 and 8 of the AD606, but Stas, W6UCM,
of A&A Engineering suggested an easier and
cheaper method he uses in export models of the
A&A spectrum analyzer.

Stas pointed out that the IF filter skirts could
be used to “slope detect” signals. I tried his
suggested LM386 audio circuit and it worked
surprisingly well. The A&A analyzer (actually,
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Figure 6. Schematic of the 58-MHz bandpass filter.
Coils L1, L2, and L3 are *‘gimmicks™ made up of
1/2-inch capacitor leads in close proximity.

the free-running UHF oscillators in the Jerrold
CATYV model) are quite stable, allowing you to
monitor FM broadcast stations for hours once
the analyzer warms up. The recovered audio
was better than expected using this sort of
detection. Even music reproduction was accept-
able—certainly no worse than that of a cheap
$10 FM portable! The LM386 audio stage is
included on the FAR Circuits pc board (see
Figure 1D).

FM audio recovery

With the analyzer set for 0 swept, adjust the
analyzer tuning to place the input signal on the
slope of the IF bandpass curve. The log output
signal will then supply demodulated FM audio.
The wider filters work well for wideband FM,
like that used in TV or FM broadcasting, while
the narrower (25 kHz or less) filters do well for
narrowband FM detection. There’s still some
AC modulation on the Jerrold VCO due to the
proximity of the power transformers. A loud
hum is normal on narrowband FM signals.

AM audio recovery

Log amplifiers are a “natural” for demodulat-
ing AM signals. In this mode, I set the analyzer
to the crest of the signal and then for 0 sweep,
which made it easy to monitor AM stations on
HF shortwave, AM broadcast, and the aircraft
bands. The analyzer is accurate only to about 5
MHz, due to the limitations of the first Jerrold
mixer. However, it will still receive signals in
the AM broadcast band. It was interesting to
“watch” the demodulated video signal from
WFSB Channel 3 in Hartford. The sync pulses
and video waveform were quite clear. With the
video filter in line, the color burst signal was
plainly visible. Signal characteristics seen in
the frequency domain can also be viewed in the
time domain!

If you include the audio amp stage, use a 25
k or higher audio taper pot between the log out-
put and the audio stage. This will load the out-
put of the AD606 slightly, and the log output
pot will need to be retouched. (Remember, con-
nect the high side of the pot to log output!)

An external and baffled 4- to 8-ohm speaker
sounds best. I mounted a small speaker inter-
nally for portable use, but I use a larger speaker
at home. The audio amplitier is intended to run
on 5 volts. In the A&A unit, 5 volts is available
from either of the two regulated 5-volt supplies.
An off/on switch on the pot lets you turn off the
audio amp when not in use.

Another useful feature of the audio amp is
that it lets you “hear” signals that appear, with-
out watching the CRT. If the audio slage is left
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Figure 7. Tantalum capacitors with parallel disc capacitors are mounted at points 3, 4, 5, and 7 (marked with an
“X’") for additional filtering of the -22 volts DC supply feeds. The 5-volt feed to point 2 (marked with a “Y”) is also
treated in the same manner. Observe polarity! Short leads are a must.

on, you’ll hear signals appearing within the
scan limits as “pops” through the speaker as
they're scanned over. With a few hours warm
up, the Jerrold CATV module is exceptionally
stable—even though it relies on two unlocked
UHF LOs! I was able to monitor the Canadian
time signals from CHU on 3.33 MHz for sever-
al hours in the narrow filter position without
having to retune!

Parts selection

While I've specified CoilCraft coils, you may
substitute TOKO or other brands. I've given
the inductance ranges in Table 1 for this rea-
son. The low-value capacitors I chose are disc
ceramics or dipped micas, but you may use
either style. If you find a particular value hard
to find, try the next size smaller standard value;
i.e.; use a 33-pF to replace a 34-pF value.
Remember, the tuning range of these coils is
limited. All bypass caps from 0.001 through
0.22 are either ceramic monolithic or disc
capacitors. Miniature tantalums may be used
for the higher 0.22 pF values. Almost all the
resistor values are available in the Radio Shack

271-312A 1/4-watt resistor assortment. The
FAR Circuits pc board is laid out for pots with
footprints similar to the Bourns 3296 series
25-turn trimpot.

The IF stage gain adjustment pots are single-
turn Weston 567 or Bourns 3329H series trim-
mers, available from discount surplus houses.

Choice of CRT displays

I use a Tektronix model 604 X-Y monitor
with my analyzer. Having a dedicated display
sure beats tying up my bench Tek 465 scope!
Also, it was a hassle to set up the 465 scope for
X-Y operation and the vertical and horizontal
gain and positioning controls each time I need-
ed to use the spectrum analyzer. Use of a
100-MHz scope can lead to stray RF pickup in
the Y amplifier when working around strong
RF fields.

The Tek 604 six-inch CRT is quite impres-
sive! The large screen allows more accurate
readings with a lot less eyestrain. These units
show up surplus or at ham fleamarkets, often at
bargain prices. I got my first at a ham auction
for $10. One note: the BNC fittings on the TEK
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604 aren’t grounded. I noticed some AC ripple
riding on the baseline until I connected the
cable shields to chassis ground on the X and Y
amplifier pc boards.

You might also keep your eyes open for the
Tek 603 X-Y scope. This model has a
storage-type CRT. Make sure the CRT phos-
phor is suitable for spectrum analyzer use and
has medium or long persistence. My second
604 had a short persistence CRT—not very
good for the slower scan rates! The Tek units
also have provisions for Z input, which is use-
ful for retrace or baseline blanking. I suspect
the A&A analyzer could provide for this with
slight modification. (Pin 3 of U2 looks like a
likely starting point.)

Note that the variable gain settings for these
displays are internal and that there are internal
switches for high or low sensitivity settings on
the X and Y channels.

Interfacing fo the Helfrick/A&A

spectrum analyzer

Let’s start the interface process with modifi-
cations to the A&A spectrum analyzer and
Jerrold 450 CATYV module.

There are several appealing things about the
Helfrick/A&A Engineering spectrum analyzer.
Since its publication in QST in November 1989,
there have been many copycat designs using TV
tuners or CATV converters. Few, however,
approach the professional features offered in
Helfrick’s layout.

Helfrick’s analyzer allows a full scan from
almost 0 to 500 MHz. Varactor diode nonlin-
earities are compensated for and result in a true
correlation between frequency and graticule
markings over the entire CRT display at the
maximum 500-MHz scan dispersion. A
three-digit LED display shows the analyzer
center frequency. Several calibrated scan
widths from 0 to 50 MHz per division are pro-
vided. Two bandwidth positions, selectable
video filtering, adjustable sweep rates, and
coarse and fine frequency controls round off
the list of features.

Once the limited dynamic range problems
are overcome, the analyzer is quite a per-
former for the investment. My only serious
complaint is that A&A Engineering never
offered an internal RF attenuator scheme. [ use
outboard variable attenuators with my unit, in
addition to Rick Littlefield’s -30-dB signal tap
for transmitter testing.®

Now, on to the modifications. I suspect this IF
and log amp board will work with other units.
like those offered by Science Workshop, but I'm
not prepared to offer advice on these units.

The necessary changes will involve substan-

tial modifications to the internal layout of the
A&A analyzer, and some internal rework to the
RF sections of the Jerrold CATV module. If
you're not experienced in UHF techniques, 1
suggest you don’t attempt any internal modifi-
cations to your Jerrold module.

These modules up-convert the CATV TV
channels to a fixed IF in the lower UHF range.
This IF has a combined bipolar amplifier and
bandpass filter stage. A second mixer stage,
with a fixed UHF LO, downconverts the IF to
the desired TV Channel 2, 3, or 4 VHF IF to
feed a television. Each stage of the module has
its own individual compartment. A special
spring shield and top cover plate provide
shielding. Figure 4 shows the important inter-
nal sections of the Jerrold modules.

It’s easier to start with a unit that’s working
and calibrated! Unfortunately, the original OST
design used a now-obsolete Jerrold model 400
CATV module with an upper frequency limit of
400 MHz. The current A&A spectrum analyzer
is built around the Jerrold 450. This module
uses a higher first IF (551 versus 516 MHz) and
a VCO that operates at a slightly higher fre-
quency and with greater range. Consequently, it
required a redesign of the original Helfrick fre-
quency counter scheme that calculates and dis-
plays the center scan frequency of the spectrum
analyzer. To upgrade to the Jerrold 450, order a
complete information package from A&A
Engineering. This will provide the circuit
changes needed to modify Helfrick’s counter
circuit to accommodate Jerrold’s 450 CATV
module. Coverage of the Jerrold 450 converter
is out-moded by today’s expanded CATV
channels: newer modules reach well above the
450-MHz range.

Although, A&A is dropping the spectrum
analyzer from their product line, they still offer
boards, Jerrold CATV modules, and all other
parts. Table 4 lists the major assemblies and
current pricing. For smaller components, you’ll
need the entire 5-page parts list. The display pe¢
board is no longer available.

Read first, cut and chop later!

Read through the entire modification proce-
dure before you begin! In some cases, you’ll
need to make up all new wiring harnesses,
which will require new cable connectors.
You'll do some drilling and major relocation of
the A&A analyzer components, and you’ll fab-
ricate a metal bracket to allow for the reloca-
tion of the power supply assembly.

Is it worth all the worke

Two-tone tests showed that, for signals sepa-
rated by only 2 MHz (and thus within the pass-
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band of the first IF filter), the dynamic range of
the instrument is in excess of 65 dB (third order
products referenced to the input signals.) Due
to the wide bandwidth of the Jerrold’s
551-MHz first IF bandpass filtering—which for
its original purpose must pass a 6-MHz band-
width TV signal—signals separated by more
than 12 MHz will have better IMD perfor-
mance. At 20 MHz separation, the third order
IMD products weren’t visible with the two sig-
nals set at the 0-dB graticule. Other spurious
signals, however, will appear throughout the
analyzer range when signal levels are above the
-10-dB scope graticule.

Some rework of the first IF stage (less gain,
better device, sharper filtering) would probably
improve matters. It would be hard to obtain a
worthwhile improvement in selectivity for a
550-MHz IF that relies on LC technology.
Arithmetic selectivity limitations make it far
easier to achieve sharp LC bandpasses for IFs
much lower in frequency.

Sometimes it’s tempting to drop another 10
dB or so when looking for signals under those
at the -20-dB log scale—especially for weak
harmonics in the baseline noise. Be careful! If
you attempt to force the analyzer when there
are other strong signals, such as transmitter har-
monics 50 dB below the carrier, they may mix
internally and generate IMD products that fall
on the higher order harmonic frequencies. This,
in turn, may mask the readings you’re trying to
make. Always use the 1-dB RF attenuator steps
to verify whether you’re viewing an IMD prod-
uct or true signal when forcing the analyzer. A
true signal will follow 1-dB attenuator steps
directly. An IMD product will change by 3 dB
for every 1-dB RF input attenuator step. You
can’t use the IF gain control for this check.

The revised Helfrick analyzer is superior to
most incorporated in high-end service monitors
found in two-way radio service shops (the
HP8920 may be an exception to this claim!).
Some Cushman and IFR service monitors only
offer a maximum dispersion of 10 MHz per
division for a limited 100-MHz display. And,
unlike analyzers using BWO or YIG LOs, the
unit is easy and cheap to repair (the Jerrold 450
module is well under $100!—see Table 4).

Jerrold CATV module

modifications

Here’s how to modify an assembled A&A
Engineering spectrum analyzer:

Determine the exact center frequency of the
first IF stage by injecting a strong signal from a
UHF signal generator. Keep it under the maxi-
mum input rating specified by A&A
Engineering to avoid damage to the first mixer

stage. Carefully sweep from 545 to 560 MHz,
and note the exact center frequency of the first
IF stage of the Jerrold CATV module. (This is
for the Jerrold 450 CATV module. Earlier
modules use a lower IF on 516 MHz.) Use a
sensitive UHF counter with a short probe
antenna inserted into the alignment “peephole”
(over the fixed LO oscillator section) in the
cover. You may cover this with a strip of cop-
per tape. Note the exact frequency of the oscil-
lator. Only insert the probe far enough to
achieve a stable count. Once the modifications
are finished, you may need to reset the oscilla-
tor frequency if the second mixer mods cause a
frequency shift. This is done via a small tuning
vane near the oscillator tuned line, which can
be moved in or out to adjust the oscillator tun-
ing. Insert a small insulated tuning tool through
the cover to perform the adjustment.

The Jerrold second LO should be at 606 or
612 MHz depending on whether the IF output
was designed for Channel 2 or 3. The first IF
should have an Fc of 551 MHz. My Jerrold has
a measured second LO of 612 MHz and a first
IF centered at 554 MHz; thus, my IF board is
setup for a 58-MHz RF input.

The Helfrick design had a variable free-run-
ning oscillator in the third LO (part of the
MC3356) to compensate for variations in the
actual IF output from the Jerrold CATV mod-
ule. My IF board uses a stable crystal oscillator
(47.3 MHz for my Jerrold) to supply the third
LO. You must either order the correct crystal
frequency or set the Jerrold’s second LO care-
fully for a 58-MHz IF output.

This assumes that shifting the LO frequency
doesn’t move you out of the Jerrold’s first
551-MHz IF’s several MHz-wide passband.
Before proceeding, carefully align the A&A, or
your homebrew QST version, so it teets the
original specs. [ allow for some overscan, about
10 percent when setting the horizontal (X axis)
sweep width on the A&A. This provides for
some adjustment to align the center frequency
to the center graticule marking via the horizon-
tal positioning control on the scope.

Before and after

Photo C is the original A&A Engineering
front panel. Photo D shows the panel after the
addition of the controls for the IF gain and vol-
ume control, along with the addition of SMB
fittings for the internal 47.3 MHz -40-dBm ref-
erence and the Jerrold’s prescaler output. The
prescaler output is for a planned outboard
tracking generator.

A&A’s original internal layout appears in
Photo E. To make room for the Hammond
enclosure, the main pc board is removed and all
attached cables are disconnected. The Jerrold
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CATYV module is detached from the main pc
board and the power supply board is removed.
Set these assemblies aside for now.

Photo F shows how everything fits back into
the box after the modifications are completed.
Note that the main A&A board has been turned
90 degrees, and the power supply is now
mounted vertically on a new bracket. The
Hammond box is at the far right of the A&A
enclosure. Photo G shows the FAR Circuits
board inside the Hammond box.

Reaching 500 MHz

The Jerrold model 450 CATV module used in
current versions of the A&A Engineering spec-
trum analyzer allows coverage from about § to
450 MHz. By carefully moving the varicap
diode position on the VCO tuned line and/or the
tuning vane near the oscillator, coverage to 500
MHz can be squeezed out of most modules. This
is desirable, as the full scope CRT is now used
when the 50-MHz per division scan width is
used. My analyzer will go to 520 MHz, but sig-
nals at that point are severely attenuated by the
low-pass filtering. If you adjust your Jerrold to
g0 to 500 MHz, you’ll also need to adjust
(spread the coil windings) the low-pass filter on
the Jerrold module input to allow for the higher
frequency coverage. Because the first IF is at
551 MHz, some compromise of spurious
551-MHz RF input signal rejection may result,
Also, my analyzer sensitivity falls off by several
dB before the 500-MHz point is reached.

SMA or SMB connectors are a

mustl

The Jerrold RF input is now routed through
either an SMB or SMA connector (a BNC fit-
ting is too large). The pigtailed and spiral
wrapped “coaxial” cable supplied with the
Jerrold is grossly inadequate for the increased
dynamic range and sensitivity of the modified
unit! Signals as low as 3-pV are visible. Also,
the exposed BNC chassis connector used on the
A&A front panci must be replaced with a fully
shielded unit. I was surprised how many strong
FM stations I “received” without an antenna
before these mods were done. Signals as low as
3 pV are visible with the new IF section. In my
prototypes, harmonics of the 47.3-MHz oscilla-
tor made a nice comb presentation on the ana-
lyzer display—due to siray pickup from inade-
quate shielding.

New balanced second mixer

The first mixer in the Jerrold CATV module is
a double-balanced diode built on a section of pc

board using discrete components, The second
mixer uses only a single-ended diode. Figures 4
and 5A through C show how I replaced this with
a balanced diode mixer for improved dynamic
range. The diodes are a matched pair of Hewlett
Packard hot-carrier diodes.

The transformer core for the balanced diode
mixer was salvaged from a low-cost Channel
Master TV signal splitter rated from 54 through
900 MHz. A VHF-UHF TV antenna balun may
also provide a suitable core. A single hole bead
is used here; some baluns may yield a dual-hole
core. The ferrite bead-sized core was stripped
of all windings. These were replaced with “sin-
gle-turn” pigtail windings made from
color-coded enamel magnet wire.

The leads are only long enough to allow for
ground connections, connecting to the diode
leads, and connecting to the new pickup line for
LO signal injection. Figures 5A, B, and C pro-
vide construction and parts placement details.
Keep things as symmetrical as possible.

The new mixer components are mounted on
the inside wall of the CATV module in the sec-
ond LO compartment (keep the mixer close to
the metal wall). With the exception of the
ground connections and new LO pickup line,
connections to the new mixer are supplied by
leadless ceramic capacitors or standoffs already
present in the compartment. The LO pickup
line, constructed out of tinned no. 20 bus wire,
is installed for mixer injection. See Figures SA
and B for placement.

IF signal output

The Jerrold CATV module has a compart-
ment section housing the post IF amplifier.
Later models have a pin-diode attenuator for
TriMode descrambling of protected pay chan-
nels. A&A Engineering modifications involve
stripping all these components and replacing
them with a tunable band-pass filter.

The 58-MHz preselection filter

While I didn’t use the two-stage A&A filter,
I did add a three-stage LC bandpass filter to
improve the rejection of spurious signals falling
near the 58-MHz IF. Figure 6 shows my filter,
constructed of CoilCraft coils and ceramic
capacitors. The coupling capacitors are “‘gim-
micks” and are nothing more than 1/2-inch
lengths of component leads covered with insu-
lating heatshrink. The proximity of the leads
controls the degree of coupling—about
1/16-inch separation is sufficient.

The CoilCraft cans are seam-soldered togeth-
er. Then the assembly is tack-soldered by the
coil can tops to the bottom 58-MHz of the
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Jerrold module. Next, the coils are adjusted
from the bottom, with slugs favoring this tun-
ing direction. If you’re careful, you may drill
tuning holes in the Jerrold to access the coil
slugs for alignment. The coil leads and capaci-
tors must be bent over, as there’s little clear-
ance to the top metal shield. Signals from this
point are carried by high-quality miniature coax
and SMB fittings until they reach the RF input
on the pc board.

The preselector may be housed external to the
Jerrold in a small minibox using SMA or SMB
fittings. However, the 68-pF capacitor and asso-
ciated RF choke should be left in the IF section
of the Jerrold module, at the point where the
second mixer output enters this compartment.

Bye, bye birdies!

Helfrick noted that the lower end of the HF
range of his analyzer contained some internally
generated birdies emanating from the Jerrold
module. These were livable in his design, but
become very noticeable with the new IF section
and improved sensitivity. I found the birdies
were the resuit of inadequate HF interstage iso-
lation due to the nature of the VHF range
feedthroughs used by Jerrold.

Ceramic 0.0022 bypass capacitors are
installed at the fixed -22 volt power feeds to the
Jerrold module (refer to Figure 7). These
points are marked with an “X.,” and 0.22-pF
25-volt miniature tantalums are also added here
(use very short leads). Observe the polarity for
the tantalum-—this is a positive ground! For
some extra decoupling, I also added ferrite
beads on the -22-volt interconnecting leads
between the feedthrough’s junction points on
the Jerrold module.

The 5-volt feedpoint for the Jerrold prescaler
and LO amplifier section is treated with the
addition of a paralle] tantalum and disc capaci-
tor combination. This is a positive voltage feed-
point, so observe polarity! A 0.005 disc and
0.22 tantalum are used here (see point “Y” of
Figure 7).

Don’t add extra filtering to the VCO tuning
and tracking filter voltage inputs on the Jerrold.
Also, don’t add filtering to the prescaler output
connection, Use good quality RG-174 or minia-
ture Teflon" ™ coax from the prescaler output
to the A&A circuit board, with short exposed
center leads. Achieving a good tight RF fit of
the cover, metal RF spring shield assembly, and
the module is more important than ever.

These modifications dramatically reduce the
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amplitude and number of spurious signals in
the lower HF range (and throughout the entire
500-MHz coverage) to an aimost unnoticeable
level. You may wish to try these mods even if
you elect not to make any other changes to
your unit. Of course, some birdies are
inevitable when signals approach the 0-dB
mark (-20 dBm.)

We’re now done with the Jerrold module. Put
it aside, but don’t reattach it to the A& A main
circuit board yet.

A8A circuit board changes

The A&A Engineering schematics are repro-
duced in Figures 8 and 9. Figure 8 shows the
analog sections; Figure 9 the digital and
counter sections.

Remove IC U4, the Motorola MC3356 (see
Figure 8). To further conserve power, remove
transistor Q1. Remove relays K1 and K2, or cut
the 12-volt DC feed to their respective windings.

Connect a short length of RG-174 or minia-
ture Teflon coax to pin 14 of the solder side of
the IC socket for U and tie its shield to ground.
The other end will be terminated at the log out-
put feedthrough capacitor (0.001 pF) on the
Hammond 1590P box. Locate and remove R10,
a 470-ohm resistor used from pin 14 of U4 to
ground; locate and remove RS, a 560-ohm base
biasing resistor for Q1.

Temporarily reattach the Jerrold module to
the A&A board, but reverse its mounting 180

degrees from what the A&A instructions show.
The reason? The orientation between the power
transformers and the Jerrold module is critical.
Make sure it’s correct or the magnetic field will
modulate the swept Jerrold first LO, and this
modulation will appear on signals when you
use the sharper IF filters and narrow dispersion
scans. You’ll probably find that the RG-174
cable to the connector for P8, and the four
wires that go to the connector for P1, are now
too short and need to be replaced with longer
wires. I would suggest reordering new plugs
and pins from A&A rather than trying to reuse
the old connectors.

New power supply mounting
bracket

Now, you must fabricate an L bracket from
aluminum, large enough to mount the power
supply on edge in the center of the A&A enclo-
sure as shown in Photo H. The mounting lip of
the L bracket that attaches to the chassis should
be at least 1-inch wide. This will allow two of
the four standoffs used to mount the main pc
board to hold the power supply bracket in place.
As a result, the power supply board is mounted
on the side opposite the L bracket mounting lip.
Fabricate and drill the L bracket as needed.
Mount the board using short standoffs. Make
sure the clearance is sufficient for the AC line
voltages. Use insulating plastic if needed.

Carefully position the main pc board, the



power supply and its support bracket, and the
Hammond 1590P as shown in Photo 1. Mark
and drill four holes for the four main board
standoffs and power supply bracket. On final
assembly, shim the two outside standoff with
washers to offset the thickness of the power
supply bracket.

Drill two holes that allow clearance for 6-32
screws through the A&A enclosure and the bot-
tom side of the Hammond 1590P box. These
screw holes will let you secure the Hammond
box to the enclosure. There are some existing
holes in the A&A you can use; one is for a
front rubber foot mounting screw. I suspect the
Hammond material is thick enough to permit
using a 6-32 tap instead of nuts for mounting.

Find a center point between the A&A factory
logo and the “VERT"” BNC connector on the
A&A front panel, and drill a hole for the minia-
ture 25-k audio pot. Mount the optional IF gain
control pot in similar fashion at a point that’s
equidistant between the display bezel and scan-
width control.

Mark and drill four holes in the Hammond
box, so the FAR Circuits pc board can be
mounted using 4-40 hardware and 1/2-inch
metal standoffs. Drill holes to mount, inline,
seven 0.001-pF feedthrough capacitors for the
12-volt DC input, 5-volt DC audio supply volt-
age, log amp output, AF audio in, AF audio
out, wide filter select, and narrow filter select
connections. (Note that the clearance from the
Hammond enclosure to the A&A cover is very
tight.) I used solder-mount feedthrough capaci-
tors mounted on a brass strip—with holes that
aligned with those drilled through the
Hammond enclosure wall. The brass strip
mounts inside the enclosure, so only about 1/16

of an inch of the capacitor leads protrude above
the outer wall.

Provide a few solder lugs on the
feedthroughs for ground connections. Drill a
hole for and mount an SMA or SMB double
female bulkhead for the 58-MHz signal input.
Temporarily mount the pc board in the
Hammond box, and wire the board to the
feedthrough capacitors. You must use shielded
coax and a connector to connect from the SMA
or SMB fitting to the RF input on the pc board.
Ferrite beads must be placed on the other leads
to improve RF filtering and break up ground
loops. Mount the pc board, connector, and
feedthrough caps and finish all wiring inside
the Hammond box. You can now install it in
the A&A enclosure. (See the earlier notes
regarding ground loops and this boards.)

With the box in place, and the main board
and power supply also temporarily in place,
most of the interconnecting cables and connec-
tors are now too short. Make up new cabling
for the power supply connectors and for the
cables coming from the front panel controls and
jacks. The ribben cable from the digital display
should be reusable. Don’t reverse one of the
DIP headers on this cable, or you’ll destroy the
expensive CMOS display driver. Also, when
wiring up the new cables, note that the wiring
for the IF bandwidth “Narrow/Wide” toggle
switch no longer goes to the main pc board.
The AC connections to the power supply board
will also need to be redone. I suggest you order
all new connectors and socket pins from A&A
rather than trying to reuse the old ones.

Once the new cables are finished, remount
everything permanently in the A&A housing.
Add a pigtail hookup wire from a 5-volt regula-

100-Kokm 10-turn < 3 ‘

IY INPUT >— 2

4]

20-Kohm

-Z INPUT]

100-uF

Figure 12. Variable baseline clipper. Simple op-amp comparator is built on a section of perfboard and mounted in
the Tek 604 display monitor. The 15 and -30 volts DC are taken from the Tek 604 power supply. Pin 2 of the TL062 is
connected to the monitor Y input; the opamp output from pin 1 goes to the -Z input of the Tek 604. The 20-k pot sets
the blanking level “intensity”; the 10-turn 100-k trimpot sets the point at which the clipper blanks the baseline.
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tor on the A&A power supply and from the
12-volt output of the 78112 regulator. Connect
the 12-volt lead directly to the feedthrough cap
used for the 12- volt DC feed to the IF board.
Next, connect the 5-volt pigtail to one side of
the audio pot power switch. The other side con-
nects to the audio amp power input (5 volts)
feedthrough capacitor. The center arm of the IF
bandwidth toggle ties into the 12-volt
feedthrough capacitor. The wide and narrow
filter connections on the toggle switch go to the
appropriate IF bandwidth selection
feedthroughs on the Hammond box. Connect
the free end of the RG-174 cable from the main
pc board (pin 14 of U4 connection made earli-
er) to the feedthrough used for the “LOG OUT-
PUT” signal of the AD606.

Connect a short piece of shielded audio cable
from the “log output” feedthrough to the
high-side arm of the audio pot. Use the shield
to supply the low-arm ground return back to the
BNC fitting ground solder lug. Connect the arm
of the pot, again with shielded wire, to the
“AF-INPUT” feedthrough. Also, ground the
shield to the solder lug provided. You’ll need a
miniature oval speaker (transistor radio type) if
you want audio monitoring. You can epoxy a
small speaker inside the A&A cover so it fits
over the rear ventilation holes. The speaker
leads connect to ground and to the “AF-OUT”
feedthrough capacitor. Otherwise, use a small
earphone jack mounted on the rear panel for an
external speaker or headphones. A larger exter-
nal speaker provides higher fidelity.

Improving the counter accuracy

Helfrick’s frequency counter scheme deter-
mines the center scan frequency of the analyzer
LO and relies on the long-term accuracy of a
free running 1.024-ms one shot. Some overseas
users of the A&A Engineering analyzer have
complained about temperature drift problems
associated with the counter display one-shot
circuit. While I never felt this was a serious
problem, A&A has been including the modifi-
cation shown in Figure 10 in export models. It
greatly improves the accuracy of the counter
display. The circuit can be built on a small sec-
tion of perfboard using just three ICs are used.
One of them, the 4538 (chip U11), removed
from the A&A main board, is now used for Ul
on the new add-on board (refer to Figure 10).
The 4060, IC U3, is a 2-MHz crystal oscillator
and a divide-by 2048-counter (2 to the 11th
power), which yields an output of 976.56 Hz.
This has a period of 1.024 ms. In my unit, 1
needed a crystal frequency of 2.025 MHz
because I had retuned the Jerrold IF to a slight-
ly different frequency.

Only pin 11 of Ull isn’t carried directly to

Ul on the add-on board. This lets you use a
wire-wrap 16-pin DIP IC socket for U1, the
4538, on the perfboard to mate with the Ul1
socket. Wire-wrap pin 10 is cut short so it
doesn’t reach the socket for U11 on the A&A
board. The cut-off lead is used for the flying
lead from pin 3 of U2, a 4001, to U11 socket
pin 10.

Pot RJ on the A&A board is set to produce a
pulse greater than 1024 ps; a good value is 1500
ps. The 1500-ps pulse from pin 11 on the old
U11 socket now does two things: it fires Ul and
resets U3 (4060). The 4060 begins its count-
down from 2 MHz, and the resulting 1024-ps
pulse passes through gate U2A, which is set for
a 1500-ps window. The counter is then reset.
This circuit board is visible in Photo F.

Optional level and frequency
standard

Figure 11 provides details of a feature 1
recently added to my analyzer. This is another
cut-and-try modification that provides a cali-
brated -20-dBm reference signal on 47.3 MHz.
It does two things. First, it lets you set the orig-
inal Helfrick counter frequency display accu-
rately. Second, it lets you make accurate signal
level readings from the relative dB graticule
scales using the IF gain control to calibrate the
analyzer display.

An SMB bulkhead fitting is installed near the
47.3-MHz oscillatorin the Hammond enclosure.
A small pick-up coil (5 turns no. 22 enamel,
1/4-inch ID) is used to pick up stray radiation
from the field near the toroid coil. This pick-up
loop is tuned and matched to the 50-ohm line
feeding to the Jerrold using fixed value minia-
ture ceramic trimmers. The coil is resonated by
spreading or compressing its turns. Some
cut-and-try experimentation is needed here.
The coil and resonating capacitors are attached
to a very short coaxial pigtail from a
right-angle SMB fitting inside the enclosure.

I obtained the best signal levels by placing
the coil near the “cold”” end of the toroid prima-
ry winding. The pick-up coil orientation is criti-
cal. Do not attempt to place another secondary
winding on the toroid for this purpose! Once
you’ve reached the desired signal level (-20
dBm after the 8-dB pad) fix the coil in position
with silicone adhesive. If the analyzer baseline
is affected by this mod (upward shift due to
47.3-MHz energy reaching the AD606), some
further experimentation is needed.

Terminate the analyzer input with a 50-ohm
pad when making critical measurements or the
RF input impedance won’t be well defined. An
internal -8-dB pad (allowing use of common 47
and 22-ohm resistors) is placed inline with the



-20 dBm reference signal to present a 50-ohm
termination to the analyzer RF signal input.
The reference signal SMB jack is just above the
BNC RF input fitting (see Photo D).

Final steps

Assuming your analyzer was calibrated
before we began, all you need to do is align the
new IF and log section, as outlined in the first
section of this article. Set the log output trim
resistor to correspond to the original output lev-
els of the MC3356. Do not adjust the FE trim-
mer on the A&A circuit board to make these
corrections. Use the 1-k log output pot on the
new [F board to calibrate the 10-dB log steps
to align with the Y axis display markings
instead! Set the scope vertical input (Y axis) to
50-mV per division and for DC coupling. Then
set the horizontal (X) input to DC coupling and
1 volt per division. If you’re using a Tek 604,
preset its inputs to correspond to these settings
using an audio signal generator and calibrated
shop scope for reference. The 604’s Y amplifi-
er should be set to the high gain setting.

At this point, you may wish to go back and
retouch the settings of other alignment pots on
the A&A main board—especially if you
increased the analyzer range to reach 500 MHz.
Once you’re happy with everything, mark the
new -80-dB graticule on the scope display.
Make sure the AD606 slope and log output lev-
els are properly set before scribing any new
lines! If you have a steady hand, I suggest you
make your own custom scope graticule overlay
using a sharp drafting pencil, some graph paper
{blue ink doesn’t photo copy), and a good draft-
ing ruler. Once you have a viable graticule
design on paper, use high-temperature copier
transparency film to reproduce your artwork on
a copier. Most copy or print centers will do this
for a nominal fee.

Baseline variable clipper

Figure 12 is an afterthought added internally
to my Tek 604 monitor. An IC voltage com-
parator allows the display to be partially or
fully dimmed for signals falling below a preset
level. Mine is set to partially dim the display
for signals at or below the -75 dB level.

I added this circuit for a simple reason. The
display intensity varies greatly depending on

the writing speed of the electron beam. Because
the scan speed is fixed, when signals are
encountered the electron beam must “detour”
from its X axis scan to write in the Y plane at a
faster rate of travel—shortening the amount of
time the electron beam has to illuminate any
point in the signal display area. When using the
wider scan dispersions, the displayed signals
become fairly dim while the baseline remains
quite bright. The natural tendency is to turn up
the brightness to compensate, but this usually
results in the display being over-driven, causing
signals near the baseline to become “fuzzy” and
out of focus.

The baseline clipper allows for a more uni-
form display brilliance and helps protect the
CRT from long-term “‘burn-in” at the scope
baseline. There’s some interaction between the
monitor’s intensity setting and the setting for
the op amp output.

Future plans

What’s next? Hopefully, a tracking generator
for use on this or other analyzers, incorporating
CATYV modules equipped with internal
divide-by-256 prescalers. Sharp-eyed readers
will note an SMB fitting is already in place in
the upper left-hand corner of my front panel for
this purpose!
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A STABLE

OSCILATOR

Try this straightforward design

This stable oscillator is a “throw-together”
proposition with a cookbook design
recipe. The design procedures here are
straightforward, and are presented along with
parts selection criteria. What results is an oscil-
lator whose stability is almost entirely limited
by the stability of the resonator.

There are many types of oscillators, but all
must address three common concerns. These
are: (1) an amplifier suitable for the frequency,
(2) a feedback network that provides the neces-
sary phase-shift and phase-shift change with
respect to frequency, and (3) impedance match-
ing. An amplifier “suitable for the frequency”
includes phase shift through the amplifier, gain
at the operating frequency and ability to control
the gain of the amplifier, and sensitivity of the
device parameters at the operating point. The
feedback network must provide positive feed-
back only at the desired operating frequency.
Impedance matching is usually required when
coupling the feedback network into and out of
the amplifier.

The common oscillator uses an amplifier with
a nominal 180 degrees of phase shift between
input and output, so the feedback network must
provide an additional 180 degrees of change.
The Colpitts oscillator and it’s variants use a pi
network to provide the phase shift and imped-
ance matching, while a few oscillators use two
amplifiers to produce 0 degrees of shift. The
Butler oscillator, in one configuration, uses an
emitter follower and a common-base amplifier
to produce 0 degrees of phase shift. The
Franklin oscillator uses two cascaded grounded
cathode amplifiers, each providing 180 degrees
of phase shift, to produce an overall 0 degree
change. In these two-stage oscillators, the feed-
back network provides 0 degrees of phase shift
at the operating frequency. Two-stage amplifiers
can have higher open-loop gain that can be trad-

VIN

Figure 1. A hybrid amplifier can off excellent operat-
ing point stability.

ed for losses involved in stabilizing the ampli-
fiers and isolating the resonator from the ampli-
fier and from the output load.

When large, expensive vacuum tubes ruled
the electronics world, circuit designs empha-
sized reduction of the tube count. The design
rules have changed with present-day semicon-
ductors, because the active devices are inexpen-
sive and small. In fact, in monolithic linear ICs,
transistors are so inexpensive they’re used as
resistors. Today there’s little advantage to be
gained in minimizing transistor counts if it
requires a significant increase in the number of
passive components required.

The amplifier shown in Figure 1 uses an N-
channel JFET amplifier DC coupled to a PNP
base junction transistor (BJT) amplifier to pro-
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Figure 2. An oscillator can take advantage of the stabili-

ty of the hybrid amplifier.

duce an amplifier with O degrees of phase shift.
This amplifier can be viewed as a source follow-
er whose input is from gate to ground, and
whose output is from source to ground. In a
source follower, the source voltage is in phase
with the gate voltage and the voltage gain is less
than one. The 100 percent negative feedback
leads to great stability in the operating point and
also increases the input impedance of the ampli-
fier while lowering the output impedance.

The voltage gain (output signal to input sig-
nal) of a simple source follower can be
expressed as:

VGqs = GexR/(GexRy+1)

where:

Gy, = forward transconductance, dIp/dV,

R, = resistance source to ground

In Figure 1, the BJT multiplies the G, of the

JFET by its current gain (hg.). Therefore, the
effective transconductance of the pair is:

C'm = GfSthe
The gain of the pair is then:
VGt = GpxR/A(G xR +1

In a FET, the drain current is nearly indepen-

dent of the supply voltage when the drain to
source voltage is greater than V. off and in
a BIT, collector current is nearly independent
of collector voltage when collector to emitter
voltage is greater than a few volts.

Therefore, in Figure 1, the value of resistor
R, is small enough that emitter-to-collector
voltage is always several volts. The collector
current, then, is dependent only on the base
current supplied by the FET.

The current in Ry is (Ip+1,), and the voltage
at the source of the FET can be expressed as:

e = Rex(I+Ip)

The voltage at the BJT collector can be
expressed as:

e, = RI+R(IIp)

The oscillator shown in Figure 2 uses the
basic amplifier of Figure 1 with components
selected for operation at 10 MHz. The LC res-
onator at the JFET gate is resistive at parallel
resonance and produces O degrees of phase
shift. The 1-pF coupling capacitor, C_...
between the collector and the gate, isolates the
resonator from the output. The 1-pF capaci-
tance can be provided by a “gimmick,” two
short insulated wires twisted together, or a high
value 1/4-watt composition resistor. The end-
to-end capacitance of the resistor plus circuit
strays will probably be about 1 pF. The value
of the resistor isn’t critical if it’s large com-
pared to the shunting reactance; that is, greater
than 150 k.

The gate-to-ground impedance of the JFET is
very high and stable, and presents little loading
on the resonator. When the source lead induc-
tance is zero, the input impedance of the JFET
is a capacitance that can be expressed as:

C; = Cyg+Cpe(1-A)

where:

Cyq = capacitance gate to drain

C,, = capacitance gate to source

A~ = voltage gain of the source follower

While both Cyg and Cyg vary somewhat with
operating voltage, Cg, is smaller initially and
has a smaller voltage coefficient. The negative
feedback provided by R, mitigates changes in
C,p- The result is improved frequency immuni-
ty to operating voltage changes.

In any oscillator, the AC loop gain must be
greater than one if oscillations are to start, but
the loop gain must be reduced to exactly one
after the oscillations build up. The loop gain is
the product of the amplifier gain and the cou-
pling coefficient, Cy, between the collector and
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the gate. The coupling coefficient, Cy, can be
expressed as:

Cf = Z/(Z+X,o)

where:

Z, = the impedance of the tank at parallel res-
onance (including C; above)

X = the reactance of the coupling
capacitance

Z, is determined by the Q of the resonator
and the reactance of L or C. Z; may be
expressed as:

Z, = 6.28xfxQxL = Q/(6.28xfxC)

where:

f = the frequency in Hertz (10 MHz)

C = the tank capacitance in Farads (25 pF),
including C;

L = the inductance of the coil (10 pH)

Q = principally, the Q of the coil

When a crystal is used as the resonator, Z, is
on the order of 1012 ohms, and the coupling
efficient is practically unity.

To oscillate, the gain of the amplifier must be
equal to or greater than 1/C{. If the gain is
greater than 1/Cf, the amplitude of oscillations
will build up until the amplifier either saturates
or cuts off. For stable oscillations, the gain of
the amplifier must be exactly equal to 1/Cf.

The amplifier gain is determined by G, R,
and Ry.. In conventional oscillations, amplifier
gain control is achieved by changing the bias
on the amplifier that varies G,,,. While this is a
convenient method of controlling gain, it comes
at the cost of changing the operating point of
the amplifier and requires matching the gain
control time constant to the resonator Q. The
shift in operating voltages compromises perfor-
mance, and inappropriate bias time constant
can even lead to intermittent oscillation. In this
oscillator, the gain is controlled by changing R,
in response to changes in power dissipated in
R,—or in effect, output levels. Changes in Ry
alter the feedback with minimal change in oper-
ating point.

The circuit in Figure 2 uses an incandescent
lamp for Ry. There are two major advantages in
using a variable resistor (the lamp) to control
the amplifier gain. First, the gain change is
accomplished with a quasi passive component
and the amplifier’s operating point isn’t
changed. Second, because the operating point
of the amplifier doesn’t change, the amplifier
can be operated in class A with corresponding
low distortion. Operating class A also implies
that loading on the resonator doesn’t change
during the cycle. An increase in rms voltage

across the lamp, which acts as Ry, causes its
resistance to increase and reduces R /Ry, which
reduces the amplifier’s gain. A drop in voltage
across the lamp causes R, to decrease. This, in
turn, increases R /Ry and the amplifier’s gain.

The nominal value of Ry and the output volt-
age of the oscillator relates to the lamps that are
available. A lamp’s voltage/current relationship
is generally given as:

Ispec/lop = (Vspec/v op)o'55

where:
Lipec = the manufacturer’s specified nominal
current at the specified voltage

I, = the current at the operating voltage, V,,

The resistance of the lamp at the operating
voltage can be obtained by manipulating this
equation to produce:

Rop = (Vop/ldes) X (Vges/V op)O'55

The number 1819 lamp is a reasonable, usual-
ly available lamp choice. The 1819 is specified
at 28 volts and 0.04 amps, which represents a
resistance of 700 ohms. However, when the
voltage is reduced to 1.5 volts, the current is 8
mA and the operating resistance, Rop, is 188
ohms. Under the operating conditions in the
oscillator, the voltage across the lamp is DC
with the RF voltage superimposed. The effec-
tive, or rms, values will be greater than the aver-
age (DC) value. For example, when the DC volt-
age is 1.5 volts and the RF voltage is 1.0 V,, the
rms voltage is calculated to be 1.66 volts.

The published characteristics of a JFET may
provide a rough guide in selecting a JFET type,
but more exact values are needed for a specific
design. The necessary parameters* can be
obtained empirically using simple instruments.
For example, a multimeter, a 6-volt battery, and
a 22-ohm resistor are all that are required to
determine the needed parameters. For an N-
channel JFET, the drain is connected to the
positive side of the battery, the gate is connect-
ed to the negative side, and the 22-k resistor is
connected between the source and the negative
side. Measure the drain current, I, and the
voltage across the resistor, V. To find Ipgg;,
short the resistor and measure drain current
Ipgs. With Ip, Ipgs, and Vg, known, the values
of V¢, and Gy, can be computed for any par-
ticular value of I,. According to Evans in
“Designing With Field Effect Transistors,” the
forward transconductance, Gy, is related to
other parameters as:

Gy, = (2xIpgs/Vofp) X (1=V g/ Vog)

*These DC measurements may not reflect the high-frequency performance.



where: side of the battery. Then connect the collector to
Ipgs = drain current with gate shorted to the  the negative side, and a potentiometer between

source the emitter and the collector. Now, connect the
Vo = gate-to-source voltage needed to arm to the base. Adjust the pot for the desired
reduce drain current to zero collector current, approximately 10 mA.
Vgs = Vvoltage gain to source Measure base current, I, and calculate hgg:
d
4 hgg, = 1c/Ty
L = (1-V g/ V oip)?
\l/)/l D=SSV (/[1_(f:)/1 Off))0,5] The data sheet for the 2N3906 specifies a typ-
off = Tgs DSS ical hgg = 100 at I, or approximately 10 mA.

The design of the 10-MHz oscillator shown
in Figure 2 is straightforward after the active
devices have been selected. In the following

G can also be stated as:
Gy = ZXID/(VofF"Vgs)

The data sheet for the 2N5457 shows these example, the typical values provided in the data

typical values: sheets are used. Vg is calculated to be 3.06
volts and the FET should be operated with V
Ipss = 3 mA = V1i/2, Vg = 1.5 volts, for highest power out-
[p=0.ImAatV, =2.5volts put with low distortion.
The oscillator shown in Figure 2 uses a

Based on these values, the value for Vg is 2N5457 JFET, a 2N3906 BJT, and a no. 1819

calculated to be: incandescent lamp. The FET typical values are:

Votr = 2.5/[1~(0.1 mA/3 mA)05] =3.06 volts  [oo =3 mA, Vg = 3.05 volts. The BIT is
specified to have hgg = 100 at 10 mA of collec-
A similar process can yield the hgg of a PNP tor current.
BIJT. First, connect the emitter to the positive The design steps are as follows: v

L. Calculate Iy at Vg = 1.5 volts: Ipy = Inggx(1-Vyo/V )2 = 0.78 mA
2. Calculate Gy at I = 0.78 mA Gy, = 21p/V,g—V,o) = 1.00x1038
3. Calculate the lamp operating voliage, V. assuming Vi, = 1 volt, Vpe = 1.5 volts. Vi, = 1.66 volts
4. Calculate the lamp resistance when V) = 1.66 VOIiS:Ryamp = Vop/lipec)X(Vspec/V )03 = 196 ohms
5. Calculate lamp operating conditions:I,, = [ +Ip, where I is the portion of I flowing in the lamp.
Given Ry =196 and V, = 1.66: Ly = Vo /Ry = 8.47 mAl,, = [ +Ip = 8.47 mA+0.78 mA = 9.25 mA
6. Determine [ given hgg = 100 and assumed Ij,q = 3.5 mA:{ = Iy +15aq = 9.25 mA+0.78 mA = 12.8 mA
7. Calculate Iy, needed to produce I, = 12.8 mA:I, = [ /hgg = 0.128 mA

8. Assume a desirable value of E, = 1.11 volisCalculate R, for the required E, = 1.11 volts:

R, = 1.11 volts/12.8 mA = 87 ohms

9. Calculate base input resistance, Ry:Ry, = hggxR, = 8700 ohms

10. Calculate R, to produce required Iy for an assumed base/emitter voltage, Vgg = 0.6 volts

Rp = (E+Vgp)/(Ip-Ig) = 1.71 volts/0.652 mA = 2.62 k

11. Calculate the effective hgg = hygr: hegr = [/Ip = 12.8 mA/0.78 mA) = 16.4

12. Caleulate G, and VGg¢ Gp, = Ggxhegr = 1.0x1073%16.4 = 16.4x10-3,

VG = G xR /Gy, Ri+1) VG = 0.762

13. Calculate Cf: Cf = Z/(ZA+X.) = 25.4/(25.4+15.9) = 0.615

14. Calculate required amplifier gain, VG,: VG, = 1/C; = 1/0.615 = 1.63

15. Calculate R.: VG,/VGy =214 = (R /Ry )+1

R, =(2.14-1)x196 = 223 ohms

16. Calculate RF voltage at the collector: . = Vi X(R./Ry+1), where V|, is the peak RF voltage across
Ry, 1.0 volte, = 1.0Vy 3 x2.14 = 214V, = 1.51V

17. Calculate the load resistance with the assumed I; = 3.5 mA: Ry = E; /I; = 1.51/0.003.5 =431 ohms
18. Calculate the power in the load: Py = I} xE; = 3.5 mAx1.51 volts = 5.3 mW
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To resonate with 25 pF (22 pF fixed plus 3
pF FET gate capacitance) at 10 MHz requires
an inductance of 10.1 pH. An inductor of this
value can be purchased or wound at home.
While it's beyond the scope of this article to
present the development of stable inductors or
temperature compensation of resonant circuits,
suffice it to say that the inductance of a coil
varies with temperature as a result of changes
in dimensions with temperature and changes in
current distribution in the wire. Optimum sta-
bility will be obtained with a single layer air-
cored wound on a ceramic, quartz, or glass
form. It should be noted that inductors wound
with copper wire don’t normally have a
retraceable temperature coefficient. That is, the
inductance won't return to the same inductance
after heating or cooling because the dimen-
sions will be minutely different. This lack of
retraceability presents severe problems in pre-
cise temperature compensation with capacitors.
Inductance variations of several parts per mil-
lion per °C are common with normal coil con-
struction techniques. However, a glass or
ceramic form is dimensionally stable and a
winding with the wire under tension will con-
form to the coil form. Coating with Q-dope
will also help hold the turn spacing. For a first-
cut 10 pH coil, 28 turns of no. 22 enameled
wire close wound on a 1.75-inch diameter form
will be in the ballpark.

This oscillator is pretty close to a “throw
together” circuit. The design is straightforward
and doesn’t require demanding operating volt-
ages or depend on critical parts except in the
tank circuit and C,.. The components shown in
Figure 2 are the nearest 5 percent parts, so tol-
erances may accumulate and require some
minor tweaking. There's no mystery to making
the tweaks: DC conditions can be checked by

shorting the FET gate to ground and measuring
the DC voltage across the lamp. The voltage
across the lamp can be increased by increasing
Rp. When the lamp voltage is 1.5 volts, remove
the short on the gate and the circuit should
oscillate. If the circuit doesn’t oscillate, the
value of C_. is too small for the actual tank Q.
More C_. than necessary will be provided by
0.25 inch of insulated wire twisted together.
Trim the gimmick so the RF voltage at the out-
put is about 1.5 volts. A tighter twist or longer
length will increase the RF output. The gim-
mick isn’t mechanically stable, so a dab of Q
dope or clear glue (Duco Cement) will be need-
ed to hold the gimmick’s shape.

Note that, in general, oscillators designed
with excessive positive feedback have lower
noise, but poorer frequency stability than oscil-
lators with minimum positive feedback.
Weakly oscillating circuits with minimum posi-
tive feedback may not have enough excess gain
at “turn on” to start reliably and may require a
shock of voltage to get started. As a result,
weakly oscillating circuits generally oscillate
on frequency, or they don’t oscillate at all.
Also, the voltage feedback may not be very
large compared to the internal thermal noise
and consequently cannot suppress the internal
noise. This results in an oscillator output with
high noise. The design presented here over-
comes many of these compromises because of
the large range of feedback control offered by
the lamp used for Ry.

The FET/BJT hybrid amplifier with an incan-
descent lamp for the source resistance makes a
very versatile circuit. It offers automatic adap-
tive biasing that maintains an essentially con-
stant output level. Because the lamp is operated
at very low voltage, its life expectancy is simi-
lar to that of the transistors or resistors. |

New Mobile Transceiver from Standard
Standard Radio’s new C5900DA is a dual
display FM mobile transceiver with back-lit
microphone and display that covers 50, 145
and 440 MHz bands. The radio comes with 160
memories, 80 each side, and can be upgraded
to 400, 200 each side, with an accessory mem-
ory chip CMU161. The memory chip can also
be used to up and down load the 160 memories
to another C5900DA. Seven Hyper memories
are provided, in addition to the normal memo-
ries, for quick selection of most used frequen-
cies. The transceiver also features a snap-off
front panel that permits mounting the radio in

PRODUCT INFORMATION

the trunk or under the front seat. Another fea-
ture of the C5900DA is the ability to DTMF
control the radio from an HT. The CTCSS
encode/decode board is built in, and DTMF
allows auto-dialing with 12 memories, six per
side. Other features include a programmable
TX time-out timer, auto power-off, and auto-
matic opposite band mute. Power output is
45W on 6, 50W on 2, and 35W on 70 cm, 3W
and 10W selectable.

For more information, contact Standard Radio
at P.O. Box 48480, Niles, IL 60714; phone 312-
763-0081; fax 312-763-3377; or on the World
Wide Web at http://www.stdradio.com.
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FROM A J TO A ZEPP

The truth and its consequences

fter weeks of reading the mail on area
Arepeaters, I noticed discussions fre-

quently turned to J-poles. A number of
J-pole design variations circulated (copper tub-
ing, 450-ohm ladder line, TV twin-lead, etc.),
and each stressed the need for careful measure-
ment. It seemed a mystique was associated with
tuning these antennas.

Research

1 decided to research the subject and began
by analyzing a known design. The J-pole’s rep-
utation has taken a beating as hams have
attempted to construct models from 300-ohm
TV twin-lead. Many are convinced that a match
of 1.5:1 or better is impossible and recommend
450-ohm ladder line. Even successful experi-
menters think TV twin-lead designs can’t be
easily reproduced. Nevertheless, many have
built J-poles from TV twin-lead for a number
of excellent reasons.

The end game

A half-wave center-fed dipole appears as a
low impedance (approximately 73 ohms), easi-
ly matched to commercial coaxial transmission
lines with characteristic impedances of 50 to 75
ohms. If antenna length is increased beyond a
half wavelength, the feedpoint impedance also
increases. This trend continues as the length
approaches a full wavelength. If the conductor
were infinitely thin, the impedance would rise
to infinity. The impedance is lower (on the
order of 3500 ohms for 12 gauge wire at 146
MH?2z) for reasonable conductor sizes of 0.001
wavelengths in diameter. This is well-illustrat-
ed in Chapter 20 of The Radio Handbook in a
graph of impedance versus wavelength with
respect to conductor size. !

If we relate this to the J-pole, the center-fed
full-wavelength dipole can be viewed as a pair

of half-wave dipoles fed in phase at the ends.
Considering the wire gauge used (20 gauge) in
the manufacture of TV twin-lead, we might
anticipate that the J-pole’s end-fed dipole will
exhibit a feedpoint impedance somewhat
greater than 3500 ohms, but less than infinity.

I haven’t found quantitative works on the
feedpoint impedance of an end-fed radiator,
other than the feedpoint impedance of a
ground-mounted vertical.2 Here, the impedance
appears to be approximately half that of a cen-
ter-fed dipole. Assuming this is also true for an
end-fed vertical mounted above ground. we
might anticipate the impedance of an end-fed
dipole to be greater than 1750 ohms.

I ran an ELNEC3 simulation of an end-fed
vertical dipole to check my prediction. | varied
wire size and height above ground and
observed the changes. The results appeared to
vary slightly around 7000 ohms.

Using dimensions from a 450-ohm ladder-
line design described by Lew McCoy, W1ICP,
in the July 1994 issue of CQ magazine,* | per-
formed a source-to-load evaluation to obtain an
estimate of the load impedance he saw. It was
around 5000 ohms. I assumed a perfect match
at 146 MHz (mid-band) and a velocity factor of
0.88 for the 450-ohm ladder-line Lew used in
his design.

I chose 5000 ohms as the target feedpoint
impedance for my analysis and design. 1 fig-
ured this value should be achievable based on
my analysis of W1ICP’s design. I reasoned that
it 5000 ohms wasn’t quite right, I could com-
pensate by shortening the length of the half-
wave dipole element slightly.

Choosing 7000-ohms would put the design at
risk if I were unable to achieve the higher value
in practice. I made a number of assumptions
when evaluating W1ICP’s design. The 5000-
ohm value appeared a reasonable expectation
for the load impedance, allowing some margin
of error during construction.

This exercise established that the J-pole was

Communications Quartery 61



62

Fall 1996

HALFWAVE
END-FED
DIPOLE A
ANTENNA

( SERIES
TRANSMISSION

8
LINE
MATCHING
NETWORK ¢
SHORTED ¥
SHUNT ¢
TRANSMISSION ¢
L LINE

COAXIAL
FEEDLINE

Figure 1. The three components of a J-pole: (A), series transmission line (B), and shunt transmission line (C). The

component sections are on the left, the J-pole is on the right.

an end-fed half-wave dipole with a very high
feedpoint impedance. I could now move ahead
and match this impedance to a 50-ohm feedline.

Gotta match?

Transmission line matching is predictable,
repeatable, and practical at VHF and UHF fre-
quencies. Yet this aspect of the J-pole is the
least understood, as evidenced by the universal
technique of tuning by “adjusting the tap.” The
myth that J-poles require great care during
building and tuning likely has its roots here.

Transmission line theory:
bridging the gap

Quarter wavelength sections of transmission
line are common circuit elements for matching.
They effectively convert open circuits to short
circuits, and vice versa. This is the result of
standing waves created by the termination of
any transmission line of arbitrary impedance in
a short or open circuit at exactly 90 electrical
degrees along its length.

There are a number of texts that cover the
properties of transmission lines in detail 5.6.7
Here, however, I’ll review only that behavior
relevant to the J-pole.

Doing it the hard way

The objective is to produce a near open cir-
cuit (i.e., a high impedance) at the frequency
where the end-fed dipole is a half wavelength.
Do this, and the antenna will be matched. A
short at one end of a quarter-wave section of
transmission line appears as an open circuit
(high impedance) at the opposite end. This
means a shorted quarter-wave transmission line
may be used to match the high feedpoint
impedance of an end-fed dipole. Once this is
done, the feedline must be attached at an appro-
priate point along the line to produce a match to
the characteristic impedance of that line (50
ohms for RG-58).

let's get real

Let’s look at how the J-pole is constructed
from a slightly different perspective. We can do



this with respect to the source or the load. It’s
easier to start from the load and work back to
the source, which aligns with the design
approach presented here.

We’ll begin with load assumptions. At this
point, all we need to know is that the load
impedance is nonreactive and 5000 ohms.
Maximum current flows in nonreactive circuits,
implying a pure resistance. This repeats period-
ically at half wavelength intervals along any
conductor of arbitrary length, whether or not
it’s intended to be a radiator.

Select a transmission line for matching the
antenna to the feedline. (I prefer 300-ohm TV
twin-lead.) The goal is to match the antenna to
an impedance of 50+j0 ohms. By expressing the
impedance in cartesian form, we can work with
real and imaginary components independently.

Enter the Smith chart

The Smith chart is an invaluable tool for per-
forming transmission line calculations. For
more information on its use, see References 8
and 9.

In Figure 1, the half-wave end-fed dipole,
section (a,b), has a dimension of (A). The bot-
tom of this section (b) is the antenna feedpoint,
with a terminal impedance of 5000+j0 ohms.

The dipole end is connected to one terminal
(b) of the transmission line matching section
(B). This may seem awkward, but terminal (c)
is 180 degrees out-of-phase with terminal (b)
and serves as a virtual return to properly termi-
nate the transmission line matching section.

At interface (b,c) in Figure 1, we’re attempt-
ing to terminate a 300-ohm transmission line
into 5000 ohms—a mismatch of 16.67:1.

The Smith chart is normalized to 300 ohms
(Figure 2) to permit graphing of 300-ohm
transmission line elements. Dividing the real
and imaginary components of the impedances
we wish to work with by 300, yields the coordi-
nates on the normalized chart. Conversely, both
the real and imaginary components of any coor-
dinate pair read off the chart must be muitiplied
by 300 to obtain the actual impedance.

Begin by plotting the nonreactive source and
load impedances on the jO axis (the horizontal
line crossing the center of the chart). The 5000-
ohm load is normalized and plotted in Figure 2
as (16.67+j0). The source is referenced at the
end of the feedline where it connects to the J-
pole; i.e., (d,e) in Figure 1. The business end of
the feedline is driven by a transmitter with a
50-ohm source impedance. It’s necessary to ter-
minate both ends of the feedline at its charac-
teristic impedance for maximum power transfer
from source (transmitter) to load (antenna.)

The antenna feedpoint, which when matched
exactly equals the feedline impedance at this

point, is normalized and plotted in Figure 2 as
the equation 0.167+j0.

We want to use 300-ohm transmission line to
transform the load impedance from 5000 to 50
ohms. A process called navigating around the
Smith chart provides a path that connects the
load to the source. All operations follow con-
tour lines to move from point to point. Lines of
constant VSWR are described by circles cen-
tered on the chart, with a radius that represents
the VSWR (equivalently expressed as reflec-
tion coefficient). These contour lines, con-
structed only when needed (using a compass),
are normally omitted from the chart.

Returning to Figure 1, we see that a section
of 300-ohm transmission line (b,c,d,e) is series-
connected between the load (dipole) and the
source (feedline). Because the length is physi-
cally short, we assume it to be lossless; we
need only consider how the reactance of the
load appears as it’s observed along the length
of the line. Specifically, we must look at the
connection to the coaxial feedline or “tap”—
identified as (d,e) in Figure 1.

The contour representing the change is a
circle centered on the chart with a radius equal
to the load mismatch. The VSWR value of
16.67 defines the radius of the circle drawn
in Figure 2.

In Figure 1, another section of 300-ohm
transmission line (d,e,f,g) is connected across
the feedline (d.e) and shorted at the opposite
end (f,g). A section of transmission line shorter
than a quarter wavelength is used to simulate a
shunt inductor. Its inductance (and, therefore,
its reactance) increases with increasing length.
More precisely, its inductive susceptance
decreases with increasing length. Beyond a
quarter wavelength, it appears capacitive. We
now have a slightly different problem.

Figure 2 is an impedance plot and the lines of
reactance represent contour paths of series-con-
nected, rather than shunt or parallel-connected,
components. A minor adjustment to the Smith
chart shows how easily the J-pole is matched.

Figure 3A represents admittance, the recip-
rocal of impedance. Now, the Smith chart is
quite literally turned upside down. All numeri-
cal values change to become the reciprocal of
their impedance counterparts. Even the termi-
nology changes. The reciprocal of resistance is
conductance; the reciprocal of reactance is sus-
ceptance, and the units are in mhos.

The conversion process involves rotating the
impedance chart 180 degrees while leaving the
coordinate positions unchanged (i.e., an open
circuit remains to the right and a short to the
left). Because flipping the chart also moves the
plotted coordinates, they must be replotted.

The trick is to place a compass at the center
of the chart, extend the compass to each point,
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then locate and mark the points at the exact dis-
tance but diametrically opposite the center. The
plotted coordinates will then appear in the same
orientation on both charts (Figures 2 and 3A).

The result in Figure 3A is now in normalized
units of mhos. Because we were working with a
chart normalized to 300 ohms, the admittance
chart becomes normalized to 1/300 or 3.33 mil-
limhos (0.003 +j0 mhos).

The circle of constant VSWR is unchanged by
the conversion from impedance to admittance
coordinates and is again drawn in Figure 3A.

The mystery solved

With the load and source identified on an
admittance chart, two operations disclose how a
match is achieved for the J-pole.



The effect of the shorted transmission line
section, plotted as an inductive susceptance,
must trace a line of constant conductance equal
to the conductance of the source, The locus of
points that describe the line of constant conduc-
tance equal to the conductance of the feedline
is shown in Figure 3A. This locus and the con-
stant VSWR circle intersect at two points. The
necessary condition for matching to the real
axis with a shorted stub requires that these two
lines intersect in the -j region. An open stub
(capacitive susceptance) will match an imped-
ance in the +j region to the real axis.

Moving along the transmission line (Figure
1, points b,c.d,e), away from the load (dipole)
and toward the feedline, the admittance follows
the circle of constant VSWR (Figure 3A)
clockwise until it intercepts the line of constant
conductance at 6-j7.96 where the feedline is
connected (Figure 1, points d,e).

The resultant capacitive susceptance must be
canceled by an inductive susceptance equal in
magnitude to achieve a pure resistance (reac-
tance free) match to the feedline.

A shorted length of 300-ohm transmission
line (Figure 1, points d,e.f,g) provides the
inductive susceptance required to complete the
match. It’s that simple!

Figure 3B clarifies the two maneuvers. YAnt
represents the load (antenna) admittance. Yf
represents the feedline admittance.

A J-pole constructed using the computed
dimensions will accurately define the correct
position of the “tap,” making adjustments about
this point inappropriate.

It’s extremely important to know the veloci-
ty factor of the transmission line used for the
matching elements to determine the series and
shunt transmission line segment lengths.

Revelation one

If the length of the series section of transmis-
sion line is added to that of the shorted stub,
the sum is greater than an electrical quarter
wavelength. It’s commonly believed that the
J-pole is matched with a tapped quarter-wave
matching stub.

Revelation two

Using the analysis method given, we see that
VHF/UHF J-poles are more easily matched
with 300-ohm TV twin-lead than with higher
impedance open-wire ladder lines.

Figure 4, normalized for 600-ohm transmis-
sion line, shows a plotted constant VSWR con-
tour (VSWR = 8.33) for the same dipole (0.12
mhos normalized), and a locus of constant con-
ductance for 50-ohm feedline (12 mhos nor-

malized). Note that the contours fail to inter-
sect. In this situation, the antenna can’t be
matched using the simple network described.
Popular opinion supports the contradictory
notion of “‘the higher the impedance the better.”

The maximum impedance, the place where
the two lines intersect, is found by computing
the square root of the product of the feedline
and antenna feedpoint impedances (500 ohms
in this case.) A quarter wavelength of 500-ohm
transmission line would precisely match 5000
ohms without a stub of any length (shorted or
otherwise).

J-poles fabricated from open wire, 450-ohm
transmission line appear to be favored over 300
ohm twin-lead. For the 300-chm case present-
ed, [ assumed a load impedance of 5000 ohms
(based on W1ICP’s design). Analysis based on
450-ohm transmission line demonstrates that
it’s not as forgiving of errors. For example, if
the actual antenna impedance is less than 4000
ohms, the contour pair won't intersect and
matching won’t be straightforward. Actual
antenna impedance would need to fall below
1800 ohms to create a condition not easily
matched with 300-ohm twin-lead. Therefore,
the choice of 300 ohms provides a greater mar-
gin of error than higher impedances. If the actu-
al antenna impedance were significantly greater
than 5000 ohms, the margin of error would
improve in both cases with 300 ohms maintain-
ing the greater margin.

More research is needed to accurately quanti-
fy the feedpoint impedance for various lengths
and gauges of wire and tubing configured as
end-fed radiators. Although it’s clear that 300
ohm twin-lead is superior to higher impedance
lines, the results aren’t sufficient to draw con-
clusions on the accuracy of the assumed anten-
na feedpoint impedance.

By ““adjusting the tap,” the center conductor
of the feedline could attach to the matching
section at a slightly different height (higher or
lower on the matching section) than the braid
(shield). This procedure, along with some
adjustment of the antenna length, would intro-
duce a third transmission line section in the
model (by virtue of its lack of symmetry).
Perhaps, in this way, one can compensate by
introducing a small (but significant) shunt
resistance to achieve a match. This would intro-
duce loss and reduce antenna efficiency, but
not dramatically. If this is how high-impedance
ladder lines are made to work, the adjustment
of the “tap” would be critical.

I suspect ladder line is favored for its physi-
cal attributes. J-pole designs dictate adjustment
of the tap to obtain good VSWR. This trial and
error process is easily accomplished in the open
wire segments of ladder line.

The solid dielectric along the length of twin-
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lead makes it difficult to adjust the feedline tap. ed a few designs to determine the J-pole’s

It’s also difficult to perform many iterations “stub” impedance. In every case, the spacing-
before it begins to look ugly. to-diameter ratio was between 2.4 and 3.0—
placing the impedance of the transmission line
sections at 188 to 214 ohms, respectively.

Revelation three: 6:1 Larger diameter elements (tubing versus wire)
result in lower feedpoint impedances as well,
To answer questions about the impedance of perhaps below 5000 ohms.
J-poles designed with tubing materials, I select- By varying the diameter of the constant
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Figure 3(B). Contours representing the maneuvers required to match a J-pole.

VSWR circle, 1 was able to illustrate the effect
caused by increasing or decreasing the antenna
load impedance assumption.

The optimum transmission line for matching
5000 ohms to 50 ohms appears to be about 300
ohms. This is illustrated by plotting the con-
tours in Figure 3A for normalized values of
200 and 450 ohms. A radial drawn tangent to
the contour of constant conductance (equal to

the feedline conductance) is tangent at a point
very close to the intersection of the VSWR
contour. If 200-ohm transmission line were
used, the contour lines would intersect more to
the left. For 450-ohm transmission line, the
intersection would occur more to the right.
Errors in assumed antenna feedpoint imped-
ance (change in diameter of VSWR circle)
result in little change to the computed length of
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the top matching section. A good match is near-
ly guaranteed, with the risk of a slight VSWR
degradation caused by the bottom section
length error.

For 200 ohms, the length of the top section is
more critical; for 450-ohms, the length of the
lower section is more critical. Interestingly
enough, the total overall length doesn’t change
significantly for either case, given that both
have equivalent velocity factors. It’s likely this
attribute leads to the success of the iterative
“tap” adjustment. The adjustment becomes
increasingly critical with a rise in transmission
line impedance.

Conductors of 300-ohm parallel transmission
lines with a 6:1 spacing-to-diameter ratio in air
would seem to be optimal for tubing versions
of the J-pole—although this is not observed.
Smaller ratios reduce the characteristic imped-
ance of the transmission line and may be arbi-
trary to some extent to match 5000 ohms to 50
ohms. Closer spacings simplify fabrication; the
trade-off is a reduction in ease of adjustment.
Three-hundred-ohm transmission lines simply
yield designs that are easier to tune.

The closer spacing afforded by lower imped-
ance transmission lines provides tighter cou-
pling between the parallel conductors and less
radiation. This supports their direct connection
to coaxial cable feedlines without introducing
a balun.

Revelation four

To adjust the J-pole, simply tune the dipole
element to resonance. This is the same proce-
dure used to tune center-fed dipoles, inverted
vees, verticals, etc. You can choose whether to
adjust the tap or vary the length of the dipole
element. Both operations are easily performed
on designs constructed from tubing. The latter
is simpler and more precise on designs using
twin-lead or ladder line and, thus, is the recom-
mended procedure.

Revelation five: the closer it gets,
the better it looks

Parallel transmission lines properly terminat-
ed in their characteristic impedance, efficiently
transfer power and suffer minimal radiation
loss. They are balanced because fields created
by current propagating out one of the conduc-
tors are matched by fields created by the return
current propagating in on the adjacent conduc-
tor. Both are referenced to, and therefore bal-
anced against, a common (earth) ground return.

As the conductors get closer together, the
opposing fields cancel more effectively, and the

transmission line radiates minimally. To
achieve this: 1) lower the frequency in which
the transmission line is used (i.e., a given phys-
ical spacing is a proportionally smaller electri-
cal distance); or 2) decrease the physical spac-
ing of the parallel conductors.

Total field cancellation is purely theoretical.
To cancel completely, the parallel conductors
would need to occupy the same space.

An obvious benefit of 300-ohm twin-lead
over higher impedance ladder lines is that the
former radiates less at any given operating fre-
quency due to its closer conductor spacing.
The feedline is therefore less susceptible to
RF currents induced by the fields surrounding
the twin-lead. If used in a properly designed
and matched network, the chances for
unwanted feedline currents are further sup-
pressed. It appears that TV twin-lead is an
optimal choice.

A balancing act

The J-pole is designed with a balanced feed.
Coaxial cable is unbalanced in that the field sur-
rounding the center conductor (used as a single
wire transmission line) is contained by the
shielding properties of the outer braid, which
also serves as the ground return reference. It
uses the inside surface of the shield as the return
signal path. The effectiveness of the shield
determines the loss properties of the cable, with
poor quality varieties exhibiting severe radiation
as well as resistive (heat) losses.

When interfacing balanced and unbalanced
transmission lines, there’s always some danger
that something will go awry. If not matched
perfectly, antenna currents will flow along the
outside surface of the coax cable’s shield, pro-
ducing “hot spots” along its length. These act
as parasitic (power stealing) radiators that gen-
erally serve no useful purpose, but can degrade
or enhance the antenna’s performance (directiv-
ity) through destructive or constructive interfer-
ence. In general, the energy is absorbed or oth-
erwise dissipated. Whether routed through con-
duit, behind walls. or under carpets, the coax is
generally not well positioned to be effective or
beneficial as a parasitic radiator.

To cancel these effects, place a balun or a
common mode RF choke at the point where the
feedline connects 1o the antenna. These devices
electrically isolate the feedline’s outer conduc-
tor from reflected energy that would otherwise
radiate from the feedline.

A purist would certainly use a balun on his J-
pole, considered sound engineering practice for
any balanced-to-unbalanced transition. How-
ever, a good match keeps feedline currents to a
minimum. Small currents induced on the feed-
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Figure 4. Smith chart with admittances normalized for matching attempt with 600-ohm transmission line.

line are sacrificed as a mismatch loss with little
if any pattern distortion. Both effects are negli-
gible. For example, 1.5:1 VSWR produces a

mismatch loss that reduces the effective radiat-
ed power by less than 0.2 dB (about 4 percent).
At 100 percent efficiency, this small amount of

parasitic energy will do little to alter J-pole per-
formance, but could significantly alter the
front-to-back ratio or sidelobe rejection of a
directive array. Remember, even a well-
designed balun introduces loss and adds com-
plexity to the design.
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1 did experiment with the feedpoint to deter-
mine whether it made a difference if the center
conductor were connected to the short or long
leg of the J-pole. I anticipated a negligible
effect. The VSWR changed slightly, but I could
net it back with a minor adjustment to the
length of the half-wave dipole element. I con-
cluded that this is attributable to my inability to
connect the stub at exactly the same points
when reversing the connections.

Wandering about the shack in the vicinity of
the feedline produced more perceptible VSWR
fluctuations with the center conductor con-
nected to the short leg, Figure 1 (d). Fluctu-
ations were slight when the center conductor
was connected to the long leg, Figure 1 (e). In
that configuration, the J-pole appears to exhib-
it the best behavior with respect to unwanted
feedline currents.

Reflected current on the short (unconnected)
leg is controlled solely by the accuracy of the
matching network construction, which is tightly
controlled in the design procedure described.
The reflected current on the leg connected to
the dipole element is a function of any residual
mismatch to the antenna as well, which is also
subject to errors in the assumptions. Of course
if a balun were used, the antenna feedpoint con-
nections would be on the balanced side of the
transformer, and the way in which the J-pole is
connected would make no difference.

The same but not equal

It’s widely accepted that, because voltage
goes to zero in a short circuit, the shorted end
of a transmission line is electrically at zero
potential, or virtual ground. In theory, voltage
goes to zero at a single point at the midpoint of
the shorted end of the transmission line. It
seems reasonable that this point can be con-
nected to any convenient earth ground refer-
ence. This is only true, however, if the shorted
section of the transmission line is an exact mul-
tiple of a quarter wavelength. In fact, this short
is at the electrical (and physical) midpoint of
the feed, where the current (and voltage) is
phase shifted by 90 degrees. It’s best modeled
as the centertap of an inductor shunted across
the feedline terminals.

Many recommend this for roof- and tower-
mounted applications. The J-pole then doubles
as a lightning rod and serves as a low imped-
ance shunt of static energy at levels consider-
ably below strike potential during electrical
storms. This creates a cone of protection with
the tip of the J-pole at the apex; but it’s
extremely important to maintain a very low
impedance connection to an earth ground.
Avoid connections to cold water pipes inside

the house, and don’t connect dissimilar metals
(e.g., copper and aluminum).

As a short circuit across the antenna termi-
nals, the shorted matching stub protects against
static discharges via the antenna port if you fail
to disconnect your antennas when you finish
operating. However, this would be inadequate
protection against nearby or direct strikes.

Grounding the J-pole shorting bar places it at
the same electrical potential as the braid side of
the feedline coax. Although both points are at
zero potential (voltage), the currents are out-of-
phase with each other by 90 degrees. To be
electrically equivalent, both voltages and cur-
rents must be equal in phase and amplitude.

Figure 1 illustrates how forcing the coaxial
braid (d) and the shorting bar (f,g) to a common
reference inhibits ground current from flowing
in the J-pole conductor between points (d) and
(). Consequently, the shorted stub at the base
of the J-pole (d,e.f,g) can’t behave as a bal-
anced transmission line. Current flowing on the
side connected to the center conductor (e,f)
attempts to induce an equal and opposite cur-
rent component on the side connected to the
shield (g,d), but needs to create a potential dif-
ference between points (g) and (d) to do so.
This requirement conflicts with keeping them
at the same potential, destroying the balance in
the line.

The conductors that make up the shorted
stub, (e,f) and (g,d), are in parallel and proximi-
ty to one another and establish an RF current
return path to the feedline at (d). Current flow-
ing in (e,f), upon finding a parallel return to
earth ground, creates a ground loop. RF current
is induced in the earth return and the outside of
the feedline shield. This condition can be cor-
rected by introducing a balun where the feed-
line connects to the antenna.

J-poles constructed from plumbing hardware
are often shown with the feedline routed through
the center of the tubing to isolate or shield it
from the radiating portion of the antenna. This
technique is effective at keeping RF from con-
ducting along the outside of the feedline shield,
but it’s not a balun. Electrically connecting the
shorting bar to an earth reference forces two
points on the J-pole to the same electrical poten-
tial and establishes the ground loop.

If an earth reference isn’t required, the J-pole
will work well without a balun. Routing the
feedline coax through the tubing center will
reduce feedline currents adequately.

Slowing down a bit

Radio waves propagate along a transmission
line more slowly than in free space or air. The
difference in the propagation speed is the



velocity factor: it varies as a function of the
dielectric properties of the material used in the
construction of the transmission line. Velocity
factor is critical for accurate computation of the
electrical characteristics of transmission line
circuit elements (i.e., inductance, capacitance,
or phase rotation).The accuracy with which
velocity factor is known is perhaps the sole
nemesis of most J-pole designs. It appears to be
the design parameter most often ignored,
although it’s easy to measure.

Revelation six: caveat emptor

[ contacted a popular U.S. manufacturer of
television twin-lead products for an estimate of
velocity factor tolerance in the manufacturing
process, and made another revealing discovery.
Their large selection of 300-ohm TV twin-lead
products varies widely in dielectric properties
and physical construction. Physical variations
range between flat solid versions (generally the
lowest cost varieties) to solid jacketed low-loss
foam. Varieties also differ in the construction
of the region between the conductors (e.g., lad-
der line versus solid fill).

The dielectric constant of a given “recipe’ of
insulating materials may be of some nominal
value (0.66 or 0.82 for solid versus foam vari-
eties, respectively). The density of the material
and the combinations of dielectrics used, all
contribute to the velocity factor.

My most significant discovery was that
velocity factor is neither known nor controlled
in any of this particular manufacturer’s prod-
ucts. One company engineer stated that their
manufacturing focuses on controlling only the
impedance and loss properties. He recommend-
ed I perform my own measurements.
Consequently, you’d be well advised to mea-
sure the velocity factor of any transmission line
you plan to use for antenna matching.

Sensitivity to errors in velocity factor drops
with decreasing transmission line tmpedance.
The proof lies in plots of three test cases on a
Smith chart for impedances of 200, 300, and 450
ohms, which introduce plus and/or minus | per-
cent changes in velocity factor for each case.

This may explain why bygone-era J-pole
designs are closer to 200 ohms. At the price of
a slight increase in sensitivity to errors in
antenna feedpoint impedance, sensitivity to
velocity factor is reduced.

J-poles from ladder line have proven success-
ful because open ladder line has a velocity fac-
tor close to air. Such designs are more forgiv-
ing when this parameter has been ignored.

Awareness of the importance of velocity fac-
tor, the use of a reasonable antenna tuning pro-
cedure, and a balun (if earth ground referencing

is necessary) are all we need to guarantee reli-
able and repeatable success.

Revelation seven: two surprises

I was advised to anticipate velocity factor
variations of a few (perhaps as much as 5) per-
cent from batch to batch—much larger varia-
tions when switching between vendors, for any
given transmission line style. To test the conse-
quences, 1 introduced a 5-percent error in the
parameter and was unable to achieve a match. 1
also confirmed this analytically.

To validate the design model on HF (an end-
fed Zepp), [ recently purchased twin-lead using
the exact RadioShack part number of the mater-
ial I purchased in Maryland six or more years
carlier. The measured velocity factor was
exactly equal to my old batch, within plus or
minus 0.1 percent.

Recalling that the vendor I consulted
informed me that only impedance and loss
parameters are controlled in their products, [
was surprised by the “coincidence.” Velocity
factor is hardly a critical parameter for con-
sumer television antenna installations, so it's
unlikely RadioShack’s supplier makes any
attempt to control it.

A quick review of transmission line equa-
tions reveals that the phase constant of any
given line is a direct function of the velocity
factor, which is the phase constant modified by
the dielectric properties of the medium. The
phase constant sets the conductor spacing-to-
diameter-ratio. This, itself, must be held uni-
form and constant along the length of the trans-
mission line to maintain the constant L/C ratio
that establishes the characteristic impedance
of the line.

My inference from this observation is that
a tightly controlled characteristic impedance
(independent of loss) must, by necessity, main-
tain tight control over velocity factor. This
seems plausible, as conductor diameter and
spacing are more easily held constant than
varied by some criteria, to establish a line of
uniform characteristic impedance during
the manufacturing process.

This observation suggests that those who
wish to procure TV twin-lead from RadioShack
and build a J-pole should be able to do so with
reasonable confidence. The velocity factor of
“Super Low-Loss Foam TV Twin-Lead Cable”
(RadioShack No. 15-1174) is 0.769.

Velocity factor for a given brand and style of
twin-lead need be determined only once. As
long as nothing is changed, the number should
remain valid. Velocity factor is somewhat inde-
pendent of frequency, and the construction of J-
poles on other bands can be scaled with good
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success. Accuracy improves at longer wave-
lengths, however, because of the increased res-
olution in the measurements of both frequency
and physical length.

A small, but measurable, increase in velocity
factor may be observed at HF where conductor
separating is a smaller fractional wavelength
and the influence of dielectric material between
them is reduced. The twin lead used in my
experiments exhibited a velocity factor of 76.5
percent at 146 MHz and 76.9 percent at 28 MHz.

Get a load of this!

Packaging twin-lead in PVC for mechanical
rigidity, creates a plethora of mounting options
and expands the utility of this version of the J-
pole. Not unexpectedly, the electrical character-
istics are modified by the PVC’s dielectric
properties, which lowers the resonant frequen-
cy of the antenna and the velocity factor of the
matching elements. As for the stub length, sim-
ply determine the velocity factor for twin-lead
installed in the material you want to use, then
proceed with the design as in the open air case.

I ignored the contribution of PVC and
observed no negative side effects aside from a
reduction of about 4 MHz in antenna reso-
nance. A slight shortening of the dipole brought
it back to 146 MHz. No special installation
effort was required, no recalculating, no adjust-
ment of the “tap,” and no perceptible change in
performance. This testimony to the J-pole’s tol-
erance of fabrication errors shows how easily
the design can be “cloned.”

Two for the price of one

An antenna tuner in place of the shorted
transmission line stub would [l)roduce the famil-
iar end-fed Zeppelin or Zepp. 0 This antenna is
another universally misunderstood design. The
G5RV is a center-fed derivative only loosely
related to the end-fed J-pole.

A 450- to 500-ohm ladder line section exactly
one quarter wavelength long would match the
end fed dipole in this example exactly. No tuner
or shorted stub would be required. This would
be the minimum or root form of the Zepp.
Unless operation is only desired over a narrow
bandwidth, a 1:1 balun is recommended.

A balanced tuner permits use of the antenna
over a wide range (often several bands). This is
why that configuration of the Zepp is most

common. Significant feedline radiation is
expected when operating on frequencies where
the “random wire” isn’t an exact multiple of
half a wavelength.

In general, end-fed Zepps, unlike center-fed
dipoles, are suitable for multiband operation on
both even and odd frequency multiples. Avoid
feedline lengths that approach half-wave multi-
ples at one or more of the desired operating fre-
quencies. Such a condition would be difficult to
tune; the impedance presented to the tuner
would approach several thousand ohms. End-
fed designs are also installation versatile.

Does it perform?@

Because it is a half-wave radiator, the perfor-
mance of a J-pole should be exactly equal to
that of any properly designed, matched, and
tuned half-wave dipole—regardless of how it’s
fed. In addition, half-wave vertical antennas
don’t require a ground plane or counterpoise as
do quarter-wave designs. As a result, radiation
efficiency and the angle of elevation can be
more easily controlled.

Build your own

Now that you know all the particulars, why
not build your own J-pole or Zepp? The appen-
dix provides the design procedure you need to
construct the antenna of your choice with or
without the Smith chart.
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Appendix A: Designing a J-pole

Use this procedure to design a J-pole or fixed
tuned end-fed Zepp antenna with or without a
Smith chart. A “normalization” process is
included. This adds a couple of steps, but pro-
vides results that can be directly applied to a
Smith chart.

Getting started

The procedure requires a number of input
parameters or reasonably close estimates. I used
a feedpoint impedance of 5000 ohms as an esti-
mate for the impedance of an end-fed dipole
element for my analysis and experiments. This
value is likely an upper limit and will be high if
large conductors, like copper tubing, are used.

I chose a velocity factor of 0.769 because 1
used “Super Low-Loss Foam TV Twin-Lead
Cable” (RadioShack No. 15-1174) in my exper-
iments. This parameter is quite critical and you
should measure it if unknown.

I've simplified impedance and admittance
calculations whenever possible by ignoring the
complex component when it is zero (i.e. +/- j0).

The calculations

1. Normalize the antenna impedance to the
stub transmission line impedance:

ZP =ZA/Z0

Where:
ZP = the antenna impedance ZA normalized to
the stub impedance Z0.

(A1)

2. Calculate the antenna reflection coeffi-
cient, rho, using Equation A2. This describes
the constant VSWR circle on the Smith chart.

RHO = (ZP-1)/(ZP+1) (A2)
Where:

RHO = the antenna reflection coefficient with
respect to the matching stub impedance.

3. Convert the feedline impedance to normal-
ized admittance. (Note: admittance is the recip-
rocal of impedance.)

YF = Z0/ZF (A3)
Where:

YF = the feedline admittance 1/ZF normalized
to the stub admittance 1/20

ZF = the characteristic impedance of the coaxi-
al feedline

Z0 = the characteristic impedance of the trans-
mission line used for the matching network, to
which all calculations are normalized

The feedline admittance may now be
expressed as YF = G +j0 mhos in its complex
form.

4. Calculate the normalized capacitive sus-
ceptance at the point where the circle of con-
stant antenna reflection coefficient (constant
VSWR calculated in step 2) intercepts the line
of constant conductance equal to the feedline
admittance calculated in step 3.

B = SQR((RHO*RHO*(YF+1)*(YF+1)-
(YE-1)*( YF-1))/(1-RHO*RHO)) (A4)

Where:

B = the capacitive susceptance that appears
when looking at the feedline end of the series
transmission line before connecting the shorted
stub element.

The equation yields two roots that differ only
in sign. The negative root represents the capaci-
tive susceptance to be canceled by the shorted
stub.

The conductance calculated in step 3, along
with this susceptance, defines the admittance
(Y), which is plotted on a normalized admit-
tance chart as:

Y = YF -jB mhos

Where:

YF = the real component of the admittance

B = the imaginary component of the admittance
preceded by a -j to indicate a negative or capac-
itive susceptance.

5. Calculate the inductive reactance of the
shorted stub required to cancel the susceptance
from step 4 using Equation AS.

X2=1B (AS5)
Where:

X2 = the normalized reactance of the shorted

stub section. (Note: this is the negative of the
capacitive reactance we wish to cancel.)

6. Calculate the electrical length (L2) of the
shorted transmission line (stub).

L2 = ATN(X2)*(180/3.14159) (A6)
Where:

.2 = The length of the shunt (bottom) transmis-
sion line matching section in degrees.
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7. Calculate the impedance (Z) at the inter-
section of the antenna reflection coefficient
(rho) and the line of conductance equal to the
feedline admittance (YF). This is the reciprocal
of the admittance (Y) from step 4 and requires
taking the reciprocal of a complex number. The
steps are shown to demonstrate how this opera-
tion is performed mathematically.

R = YF/(YF*YF+B*B)
X1 =B/YF*YF+B*B) (A7)

Where:

R = The real part of the impedance (Z = R+jX)

at the intersection of the rho and G contours.

X1 = The imaginary part of the impedance at

the intersection of the rho and G contours.
This is the inductive reactance for which the

shorted stub must be designed.

8. Calculate the electrical length of the top
transmission line section. This is the length of
transmission line required to rotate the antenna
impedance (along the line of constant VSWR)
to the coordinates of Y,

L1 =90-(ATN(X1)*(180/3.14159)) (A8)

Where:
L1 = the length of the series (top) transmission
line matching section in degrees.

Up until now, we haven't yet considered the
frequency or band of operation for which the
antenna is being designed. You can build your
J-pole (or Zepp) for any band you wish. By
saving the calculations made thus far, you may
simply scale the results to the frequency of
your choice.

9. Calculate the physical length of each sec-
tion of the J-pole to complete the design. The
velocity factor must be used when calculating
the physical length of the transmission line sec-
tions (B and C in Figure 1). The dimensions
have been normalized to MHz, inches, and
degrees in Equation A9 A-C.

DIPOLE = 5606/F (A9-A)
Where:

F = Design center frequency in MHz.

Note: The constant 5606 is 95 percent of the
speed of light in inches for half a wavelength at
1 MHz.

Now, refer to Equation A9-B in Section B
in Figure 1.

SERIES = 32.78*V*(L1/F) (A9-B)
Where:

L1 = The computed electrical length in degrees

of the series transmission line matching section
V = The velocity factor of the transmission line
used for performing the match.
F = Design center frequency in MHz.
Note: The constant 32.78 is the speed of light
in inches/degree/MHz.

Continue using Equation A9-C in Figure 1.

SHUNT = 32.78*V*(L2/F) (A9-C)
Where:

L2 = The computed electrical length in degrees
of the shunt transmission line matching section

10. Strip the insulation from one end of the
transmission line to be used for the J-pole at a
length slightly greater than its width. Twist the
bare wire ends together snugly, and generously
solder the connection. This is the short-circuit-
ed end (bottom) of the J-pole.

11. Measure from the short the distance C
calculated in step 9. Carefully remove only
enough insulation on the edges of each side of
the transmission line to bare a 1/16-inch length
of the conductors. Take care not to nick the
wires. Generously tin the exposed areas with
solder. This is where you attach the 50-ohm
coax feedline.

12. Once again, measure from the short-cir-
cuited end (bottom) of the J-pole a distance that
is the sum of distances B and C calculated in
step 9. Carefully cut through the conductor (on
one side only) of the transmission line at this
point, and once again a 1/4 inch farther.
Remove the conductor material from the 1/4-
inch-long section of transmission line just sev-
ered. This is the top of the short (left) side of
the “J.” You may remove the entire length of
wire above the cut, but it’s not required.

13. Again measure, from the bottom, a dis-
tance that's the sum of all three distances (A,
B, and C) calculated in step 9. Cut the antenna
off at this length to complete the J-pole.

14. Carefully separate the shield and center
conductor at one end of the feedline coax cable,
snugly twist the shield into a pigtail, and tin
with solder. The lead lengths shouldn’t exceed
the width of the J-pole transmission line. This
allows for a stable and reliable connection. A
10- to 15-foot-length of RG-58 makes a conve-
nient and portable assembly. Rooftop- and
tower-mounted J-poles require longer runs.
Keep the feedline as short as possible at VHF
and UHF to minimize losses. Where maximum
height is desirable, use a low loss coaxial cable
for the feedline.

15. Solder the shield of the coaxial feedline
to the feedpoint location exposed and tinned in
step 11, on the short (left) side of the J-pole.

16. Solder the center conductor of the feed-




line to the remaining feedpoint location, and
trim excess leads that may be exposed at the
connections to keep the area free from parasitics.

17. Inspect all connections for sound electri-
cal and mechanical integrity. Using vinyl elec-
trical tape or shrink tubing, secure the coax to
the twin-lead from just above the feedpoint to
just below the shorted matching stub.

18. Attach an RF connector to the other end
of the coaxial cable to complete the fabrication,
19. Tune the J-pole as you would any other
resonant wire antenna. Measure the VSWR and

shorten the length of the dipole element in
small increments until you achieve a near 1:1
match. To avoid accidentally trimming the
antenna too short, adjust the length of the dipole
by first folding back the dipole element against
itself at the top. Once you determine the correct
length, trim away the excess length.

For a BASIC program that performs the cal-
culations described here, send a no. 10 SASE
to: Communications Quarterly, P.O. Box 465,
Barrington, New Hampshire 03825.

PRODUCT INFORMATION

The AD1843 SoundComm® Codec from
Analog Devices

Analog Devices has announced production of
their multimedia codec that supports audio,
V.34 modem, fax and video signals simultane-
ously. The AD1843 SoundComm® codec sup-
ports up to four simultaneous sample rates,
allowing it to synchronize and unify audio,
modem, fax and video signals. The device
addresses the need for a single, low-cost audio
and communications front end in PCs where
sound cards, fax/modems, multimedia and tele-
phony applications are converging. The codec
gives add-in card manufacturers a way to com-
bine, on one card, a range of sound, fax, and
modem functions that can run concurrently.

On-chip resources include two ADC's, four
DAC's, modem, audio, and resampler digital fil-
ters, three digital phase lock loops, seven stereo
analog inputs, four stereo analog outputs, stereo
headphone driver, bit and conversion clock out-
puts. The AD1843 can sample an audio signal at
one of several rates while locking that audio to
an external MPEG clock, NTSC-horizontal,
PAL-horizontal, or modem-terminal sync signal.
The AD1843 operates from one 24.576-MHz
clock or crystal source, and its inputs can be pro-
grammed on-the-fly to any sample frequency
between 4 and 54 kHz to within 1-Hz resolution.
The clock phase may be advanced or delayed in
increments of 0.12 degrees.

The AD1843 serial port can be used with any
DSP that provides a multichannel Time
Division Multiplexed (TDM) serial port or a
Pentium™ class microprocessor with a bus
interface ASIC. Signals are included to allow
multiple AD1843 codecs 1o operate in a daisy-
chain configuration for professional-level audio
applications where as many as six or eight
channels of output are needed.

For more information, contact Analog
Devices, Inc., Three Technology Way.
Norwood, MA 02062; phone 617-461-3881;
fax 617-821-4273.

Squeal-Stopping Silent-Plug® from
Switcheraft®

Switchcraft’s Silent-Plug® has a circuit-clos-
ing device that prevents annoying hums,
squeals and pops from occurring when the plug
is inserted or removed from the jack. The
Silent-Plug features a switch near the base of
the plug finger that, when depressed at the time
the plug is completely inserted and released
when withdrawn from the jack, prevents audio
feedback. The Silent-Plug is a two-conductor
1/4 inch plug that accepts cable up to .370" in
diameter and is available with screw terminals
or solder lug and cable clamp. The one-piece
tip rod assembly also insures plug quality and
durability. The one or two-piece nickel-plated
brass handle is shielded and supplied with a
mylar tube for protection. Red or black plastic
handles are available on special order.

For more information or product literature,
call 312-792-2700 ext, 243,

New Spectrum Analyzer for Digital
Communications

Hewlett-Packard Company has introduced a
high-performance spectrum analyzer that pro-
vides the frequency and dynamic range for
high-speed digital-communication applications.

The new spectrum analyzer, HP 8562E,
allows manufacturing and R&D engineers to
test network components with state-of-the-art
performance at frequencies required for digital-
communication networks. The HP8562E spec-
trum analyzer's 13.2 GHz frequency range cov-
ers the 12.75 GHz and 12.5 GHz spur-search
ranges specified by leading standards organiza-
tions in Europe and the United States. The
increase in dynamic range is a full 6 dB more
than previous HP spectrum analyzers in this
frequency range.

For further information, contact Hewlett-
Packard Company, Direct Marketing
Organization, P.O. Box 58059, MS51L-SJ.
Santa Clara, CA 95051-8059.
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QUARTERLY
COMPUTING

NTE's WinBoard and WinDraft

ho hasn't wished for simple software over $1,000 and was being offered to hams for

that would let them compose $300. The catch was that, at this price, there

camera-ready schematics and pc would be no direct factory support other than
board layouts in a small workshop environ- from the person selling the discounted version
ment? I've searched long and hard to find a of the software. And, at the time, there were no
program that works for me. manuals available!

A few years ago, I was given an opportunity The demo disk allowed for limited experi-
to purchase a registered commercial CAD soft- mentation with the program on a 30-day trial
ware package for creating schematics and pe basis. Alas, my vision of CAD schematic soft-
board layouts. The software normally sold for ware (some sort of computer-based

<[ WinBaard - [Board DAVEXPROSIWPOWERBAD] |~ | ~ |~ I R S T e L CET T ~ [ <
n File Edit Place Tools CAM LUtilities |= File Edit Place Tools Utilities Properties
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Photo A. Abridged computer screen renditions of IVEX WinBoard (left) and IVEX WinDraft (right). The secondary
toolbars across the top of the screen may be “hidden,” permitting more screen display work area. In the WinDraft
screen, the “Floating Icon™ display may be dragged and dropped into any screen location, or turned off. This
WinDraft schematic highlights how the program handles multiple signal buses easily.



“Etch-a-Sketch”) was vastly different from
what was available in the real world. Trying to
learn the program via long-distance telephone
calls soon proved an expensive and frustrating
experience. The seller told me that he was able
to train a friend to use the software after a week
of instruction. Needless to say, I passed on his
offer and continued my search for a user-
friendly program.

Enter NTE

NTE Electronics, Inc., is well known for its
extensive line of replacement electronic com-
ponents. When I learned they were adding
WinDraft and WinBoard to their product line, 1
was eager to sample what was promised as
user-friendly and easy-to-learn software!

WinDraft operating system
requirements

WinDraft, the schematic capture program,
requires a high-speed 486DX or Pentium-based
computer system running Microsoft’s Windows
95 with 8-megs of RAM or Windows NT-based
system. Windows 3.1x holdouts will need a
MicroSoft program, Win32s, to run the 32-bit
WinDraft application software. A copy of
Win32s is available from the IVEX BBS, FTP,
or World Wide Web sites. Your Windows envi-
ronment must be stable and free of GPFs to use
this software reliably.

For best results, your video board should
support the 800 by 600 and 16-color SVGA
mode, best viewed on at least a 15-inch high
resolution monitor, The programs will run in
VGA mode in a pinch. I've used the programs
on several test machines with 14-inch monitors.
The IVEX software does let you “zoom” in and
out of specific areas—making life a bit easier
for those of us with 14 or 15-inch monitors. But
for CAD work, the bigger the monitor screen,
the better! As with any Windows software, a
comfortable mouse or trackball is needed. This
software requires very little keystroking. Most
of the work is done via toolbar selection and
from fixed and floating icon sets (see Photo A).

WinBoard will run under Windows 3.x,
Windows 95, or Windows NT and doesn’t
require 32-bit access. Together, both programs
need at least 30 megs of free hard drive space.
Each program is supplied on two 1.44 3-1/2
inch floppies.

Naturally, the end products of this software
reflect the quality and resolution of the sys-
tem’s printer. Both programs support dot
matrix, ink jet, PostScript, laser, or Windows-
supported pen plotters such as HP-GL. I even
tried an inexpensive (currently about $148 with
discount pricing) Epson Color Stylus IIs with
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Figure 1. These devices from IVEX’s WinDraft CMOS
part library will do the job, but weren’t what I expect-
ed. (A) shows a CMOS 4001 quad NOR gate and (B) is
a 4060 oscillator counter IC. More conventional rendi-
tions may be created easily using the WinDcaft parts
editor.

720x720-dpi resolution. It produced camera-
ready schematic artwork or pc board trans-
parencies, although it was rather slow at the
higher print resolutions. The Epson 1Is can take
up to 15 minutes to do an 8-1/2 by 11-inch
schematic. Several years ago, you'd have paid
dearly for a printer or pen plotter that would
handle CADCAM software. Today you have
several reasonably priced options.

IVEX Design International

WinBoard and WinDraft are products of
IVEX Design International. I was surprised to
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learn that IVEX demos these products as
uncrippled shareware. The restriction in the
shareware versions is a 100-pin limitation for
either program. The pin count roughly trans-
lates to the number of terminals on a device,
For example, a CD4001 CMOS gate in a
14-DIP package would have a pin count of 14
pins. I was able to do quite a bit of work using
the 100-pin shareware versions. The 220-pin
versions should be able to handle most ham
designs without problems.

Thirty-day factory suppott is offered for
shareware and pin-limited registered versions,
while unlimited pin registered owners receive
lifetime technical support. After the first call,
and once the 30-day limit is reached, shareware
or limited-pin registered users may be charged
by-the-minute for factory technical assistance.

Normally, registration is done in 100-pin
increments; each 100-pin increase costs $50.
Either program can also be purchased with no
pin limitations for $495. IVEX refers to the
unlimited-pin versions as WDPX and WBPX.
But remember, though, 8 megs of RAM may
not be able to handle these versions. Each reg-
istration upgrade buys you a new password, not
more software. The software limitations are
keyed to the password supplied by IVEX. You
pay only for what you need. NTE’s price for
either program is $29.95—quite a bargain
because the password for 200 pins also sup-
plied. You can e-mail IVEX and receive an
additional free 20-pin password upgrade (for a
total of 220 pins). Upgrades are handled
through IVEX.

As you increase the pin capacity of your pro-
gram, you may find it beneficial to add more
RAM to your computer. NTE is adding special-
ly packaged 350-pin versions of WinDraft and
Windboard for $99. These packages also
include the “Getting Started” manual. Because
IVEX does the actual packaging, the latest soft-
ware versions are always being shipped.

Manuals

Most of the material in the manuals is avail-
able in either program’s on-screen help section
and may be printed out as needed. Hitting the
F1 key brings up the entire table of contents,
allowing you to quickly select the reference
area where help i1s needed. The manuals may be
ordered from IVEX directly. Three are offered:
one each for the WinDraft and WinBoard pro-
grams, and a more general User's Guide for
“Getting Started and Tutorial” information.

The printed manuals are $25 each, and the
User’s Guide is fairly small at only 76 pages.
But for the CAD novice, they are a “must
have” to get anywhere! The WinBoard and
WinDraft manuals are spiral bound and will lay

flat when opened. The complete text of the lat-
est manual editions may be downloaded with-
out charge from IVEX on their Internet Web
page and printed out on your printer.

Factory support

Before I’m tempted to say anything less than
favorable about this software, I must comment
on the excellent technical support provided by
the folks at IVEX. In all honesty, my first
impulse upon test-driving WinDraft for an
evening was to return it and forget the review.

What changed my mind? First, I had wisely
invested in the manuals, and upon their arrival
followed the example exercises closely. Things
began to make sense at that point. But more
importantly, by reading the manuals, or using
the online help first, I was able to get started
and actually do something! When I needed to
call IVEX for help, both the support person
and I were in a better position to understand
one another!

There are several ways to obtain technical
assistance (see Table 1). Perhaps the easiest
and fastest (and most costly!) method is to dial
the factory help line directly. A wiser choice
would be to look in the manuals first. And, if
you don’t have the manuals, the online help
screens contain nearly all the same information.
Online help is available when you’re creating a
sheet or pc board layout. You needn’t exit from
the work in progress to access the help screens.
I advise that you read all of the material offered
in the various IVEX window icons!

Browsing the program, you’ll find undocu-
mented features, lists of known bugs, and even
a tutorial to help you begin. You may also call
IVEX’s BBS for the latest software and library
upgrades, technical hints, and to interact with
other IVEX software users. There’s no charge
for BBS access. Technical help is also available
via e-mail at <help@ivex.com> via AOL,
Compuserve, and other services. Their Internet
World Wide Web page is <http://www.ivex.
com> and provides access to tech notes, appli-
cation notes, how-to sections, the manuals, and
all of the available parts libraries. As a regis-
tered user, I have also been receiving regular
e-mailings from IVEX dealing with the most
commonly received calls for assistance. This is
a nice touch. You’ll find all of the notices
already sent on the their Web site. Note that
NTE isn’t able to answer technical questions
regarding this software.

I had numerous chances to try all of these
support options. Alas, initial access to the
IVEX Web page using AOL was a painfully
slow experience. Fortunately, AOL access to
Web sites has improved recently. Direct
long-distance calls for support always resulted



Distributor:
NTE Electronics, Inc.
Bloomfield, New Jersey 07003

Product manufacturer and technical support:
IVEX Design International

15232 NW Greenbrier Parkway
Beaverton, Oregon 97006

8:00 AM to 4:00 PM Pacific Time

Sales and administration: (503) 531-3555
Technical support: (503) 531-9443
24-hour BBS: (503) 645-0576

FAX: (503) 629-4907

e-mail; info@ivex.com

e-mail, tech support: help@ivex.com
Internet WWW: http://www.ivex.com
Anonymous ftp: ftp://ftp.ivex.com

Test platforms:

Cyrix P166 system, 32 megs EDO RAM,
Matrox Millenium 2-megs WRAM PCJ,
SCSI-11 2.9 gig HD, Windows 95 operating
system, Epson Stylus Pro, 15-inch SVGA
monitor.

AMD 486DX80 system, 8 megs RAM,
420-meg EIDE HD, Cirrus Video VLB with 1
meg video RAM, Windows 3.1/WIN32S,
Epson Stylus 1Is, 14-inch SVGA monitor.

AMD 486DX100 systermn, 16 megs RAM,
210-meg EIDE HD, Trident VLB with | meg
video RAM, Windows 3.1/WIN32s, NEC
2200 Pinwriter.

Table 1. Support information for WinDraft and
WinBoard.

in quick access to a technician. In those rare
instances where they couldn’t immediately
answer a question, they would promise a quick
reply via e-mail. As promised, an e-mail
response was always in my electronic mailbox
by the next working day.

A nice e-mail feature is that it lets attach a
troublesome file to permit the factory folks to
see first hand what problems you’re having.
E-mail inquiries were also promptly answered
by the next working day.

If there’s any advantage the IVEX software
has over other competitive offerings, it has to
be reflected by the quality and dedication of the
people I've dealt with when I needed help.
This, plus their generous 30-day no-cost sup-
port for unregistered or limited users, gives
these products a Four Star, No Risk rating in
my book! IVEX also offers a 90-day return
period for their products purchased direct from
the factory!

IVEX continually upgrades the software, and

they are very upfront and honest about listing
any known fatal software glitches—offering
advice on how to get around them until the next
software upgrades are available for download-
ing. This is an example that I wish other soft-
ware manufacturers would follow. All too
often, I’ve been stuck with expensive software
that doesn’t work as advertised and is unreturn-
able once the shrink wrap 1s removed.

I must confess I have a long way to go to
master or fully appreciate all that these pro-
grams have to offer. There’s a considerable
learning curve for those new to CAD programs.
For most of us, this is a whole new technology
with its own unique vocabulary. The manuals
could stand some improvement in numerous
areas; they sometimes left questions unan-
swered for the novice user. For example, in
both WinDraft and WinBoard, I often became
confused and lost when it came to recovering
from blunders. I’d find myself wondering:
“How can I change my one-sided board layout
to double-sided once I've already started the
layout? How do I lay down pads for wire
jumpers?” (This question was answered subse-
quently in a general e-mail from the factory.
You first have to create a library of pads.) If
you have previous experience with similar
CAD programs, like OrCAD or CIRCAD,
you’ll probably feel right at home with
WinBoard and WinDraft.

You’ll be happy to know that these pro-
grams can import OrCAD libraries or
schematics. I advise that beginners try
WinDraft first. Once you achieve mastery of
this program, you’ll find that the WinBoard
software makes more sense.

Parts libraries

Key to using WinDraft, which will also affect
your ability to generate pc boards in WinBoard
from a WinDraft netlist, is the ability to make
up your own parts libraries. The WinDraft parts
libraries not only define how a component
appears on the schematic, but also its physical
characteristics and electrical pin assignments.
While the number of libraries offered by IVEX
is always growing, it’s unreasonable to expect
that every linear or RF device will appear in a
library of parts, or in the form we wish to use!
For example, Figures 1A and B show IVEX
parts library representations for the CMOS 4001
quad NOR gate and a 4060 oscillator counter
IC. While these may be someone’s ideal
schematic representations of these parts, they
bear no similarity to what’s shown in my facto-
ry data books for these devices. But remember,
many of these libraries are contributed by other
users and then distributed by IVEX as a free
service to their customers.
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You may create new or modify existing
parts to fit your needs with the help of
WinDraft's parts editor, A recent excursion 1o
the IVEX BBS netted user-contributed
libraries of Motorola’s microprocessor line
and many of their discrete components,

Some pitfalls

While in WinDraft, I tried using a library part
for a common multisection linear IC. Although
I was able to lay down each schematic repre-
sentation of the quad package. each package
repeated the Vee and grounds on pins 4 and 8!
This was something I didn’t want to appear on
the schematic, and it also caused nonfatal ERC
warnings concerning these unassigned pins
when running netlist. While this is a quick fix
for those “in the know™ who perform some
quick parts library editing, it's a formidable
task for the novice.

IVEX software is aimed at the commercial
user, or those of us with a need to do this sort
of work at home or in a small shop. If the soft-
ware lacks anything, it is that the WinBoard
program has no autorouter or automatic parts
placement functions. Then again, it doesn’t cost
$30,000 either. For those who need autorout-
ing, IVEX is licensed to distribute the Specctra
autorouter program. Prices start at about $650
for 1000-pin autorouting capabilities. I can’t

give you a feel for its performance, as I didn’t
review this product.

WinDraft will read in OrCAD schematics
and libraries and uses industry standard formats
for EDIF and ASCII infout. WinDraft comes
complete with Electronics Rules Checking
(ERC) for finding and flagging unused inputs
and invalid connections on your sheets. The
program will produce a summary listing of all
parts used on a schematic in a Bill of Materials
(BOM). WinBoard will read in netlists from
WinDraft, OrCAD, Tango, Protel, and other
CAE programs. It has industry standard outputs
for Gerber photo plot, NC Drill, and Bill of
Materials. The WinBoard package also features
Design Rules Check (DRC) and Pick&Place.

Pick&Place produces up to six output reports
for controlling the grouping for through-hole
components, SMD components on the solder or
component board sides, and adhesives on either
side. These files are used by Pick&Place auto-
mated insertion machines during the manufac-
turing process.

Don’t let the preceding list of features scare
you away if you're a neophyte to CADCAM! If
you don’t understand most of the terminology,
chances are you don’t need to and won't use
such advanced features for some time. I was
able to generate many of the schematics shown
in this issue’s “80-dB Log Amplifier and IF
System” article after a few days of experiment-
ing with WinDraft! m

PRODUCT INFORMATION

AudioFLEX Snake Cables from Belden

Belden Wire & Cable Company has
announced a new line of super-flexible, non-
kink multiple-pair audio cables which exhibit a
low level of microphonic or triboelectric noise.
Brilliance® AudioFLEX Snake Cables provide
better performance to traditional analog,
remote field-deployable broadcast cabling
applications. Typical uses for these cables
include connecting multiple audio channels in
low-level and high-level componentry such as
console board equipment for recording studios,
radio and TV stations, post production facili-
ties, and sound system installations.

The cables feature Belden's French Braid
Double Shield, a double spiral (double serve)
bare copper shield tied together by one braided
strand. The cable produces lower levels of
microphonic or triboelectric noise than conven-

tional braid or single and double spiral shields.
It provides for a lower DC loop resistance than
a single spiral shield, for lower attenuation.

There is a choice of 2, 4, 6, 8, 12, 16, 24, or
32 pairs of high strand count (41 x 40) 24
AWG bare copper conductors with polyolefin
insulation. The pairs are individually shielded
and jacketed, so they can be split out of the
overall jacket as needed and still maintain their
mechanical integrity. The pair jackets are made
of PVC and are numbered and color-coded
with non-repeating colors for easy identifica-
tion. The overall jacket is a matte finished,
super flexible black PVC.

To obtain additional information on Belden
Brilliance® AudioFLEX Snake Cables or other
Belden cables, contact Belden Wire & Cable
Co., P.O. Box 1980, Richmond, IN 47375;
phone 1-800-BELDEN-4.




BASIC SYNTHESIZERS
AND HOW
THEY WORK

A guided tour through the maze of

modern synthesizer circuitry and

fechnigues

receivers and transceivers today. They

appear in one form or another, and they
offer tremendous advantages over other forms
of local oscillator. This is particularly true now
that large parts of these synthesizers can be
contained within a single integrated circuit.

As a result of the use of synthesizers, we
have come to expect many facilities. These
include very good frequency stability, accurate
frequency setting, multiple memories, remote
setting of the frequency, and scanning.

There are many more facilities which would
not be possible, if it were not for the use of syn-
thesizers. Yet, the circuitry behind these now
common systems, present many challenges to
the designer.

There are many ways of achieving the
required result. However, if the cost is to be
kept to a minimum without compromising the
performance, then the designer’s job is made
more difficult.

S ynthesizers appear in virtually all new

Analog methods

Initially, analog methods were used for syn-
thesizing signals. Analog techniques involved
taking a signal. dividing it in frequency. and
then mixing this signal with others generated in
the same way.

As you can imagine, this required very good
filtering if it were to be successful, and the lev-
els of spurious signals were to be low enough.
Because of the design constraints, these early
synthesizers were very expensive, and they
were only used in specialist applications.

Another method is to store the shape of the
waveform in a memory, then read out various
points on it which are then converted into an
analog form. This type of synthesis is know as
direct digital synthesis (DDS).

The DDS technique is now finding its way
into some of the more expensive amateur rigs.
However, the form of synthesizing which has
been almost universally accepted today, is
based around the phase locked loop (PLL).

Phase locked loop

The phase locked loop, which is at the heart
of most of today’s synthesizers, is basically a
form of servo system. It consists of a number of
basic building blocks, as shown in Figure 1.

The basic operation of the loop is quite sim-
ple. The phase of the two signals entering the
phase detector is compared. and an error volt-
age is generated, according to the phase differ-
ence between the two signals.

This error voltage is then filtered, and is used
to control the frequency of the oscillator. This

Ian Poole, G3YWX
Reprinted with
permission from
Practical Wireless
June and July 1992
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REFERENCE OSCILLATOR
FREQUENCY PHASE COMPARISON FREQUENCY VOLTAGE ouTeUT
~——— DETECTOR [* CONTROLLED p——»
OSCILLATOR
3
- FILTER
Figure 1. A block diagram of a basic phase locked loop (PLL).
REFERENCE VOLTAG OSCILLATOR
FREQUENCY PHASE FREQUENCY CO#TROELED OUTPUT
DETECTOR DIVIDER OSCILLATOR

b

LOOP FILTER

Figure 2. Block diagram of a basic synthesizer using a divider.

is done in such a way, that the phase difference
between the signals entering the phase detector
is reduced.

Phase difference reduced

Eventually a point is reached when the phase
difference is reduced to such a degree that it
remains constant. This means that the phase
difference between two signals is not changing.

This is significant because there can only be a
frequency difference between two signals if the
phase difference is changing. It means that when
the loop has reached this state, the frequency of
the reference or incoming signal is exactly the
same as the voltage controlled oscillator.

There may seem little point in generating a

signal at exactly the same frequency as one
which already exists. However, there are a num-
ber of uses for a PLL—even in its basic form.

Widely known use

The first and most widely known use of the
phassed locked loop is in the demodulation of a
frequency modulated signal. In the role as a
demodulator, the incoming signal is fed into the
loop as the reference.

The loop will then act, so that the voltage
controlled oscillator (VCO) will follow the
instantaneous frequency of the signal. In doing
this, the VCO has to move up and down in fre-
quency, and it will require a varying tune volt-
age. It’s this tune voltage which is buffered,

REFERENCE FIXED PHASE

OSCILLATOR | piviper DETECTOR

SYNTHESIZER

VOLTAGE OUTPUT
P RORRIMMABLE g CONTROLLED
OSCILLATOR

LOOP FILTER

Figure 3. A basic synthesizer, with the reference oscillator frequency divided.
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REFERENCE

OSCILLATOR

10MHz
1MH:z VOLTAGE SYNTHESIZER
auTeuT
REFERENCE T eEToR LW TS MIXER CONTROLLED f s
OSCILLATOR 1M OSCILLATOR
1MHz IMHz glMHI 11MHz 11MHz
LOOP FILTER

Figure 4. A synthesizer using a mixer in the loop.

and then used as the demodulated output.

Other uses of PLLs are wide and varied.
Sometimes they are used to give a constant sig-
nal, when the reference is interrupted for one
reason or another.

This can be done by making the time con-
stants in the filter long, so that the tune voltage
and hence the VCO frequency, is stored when
the reference is not present. One common use
for this method is found in televisions for use in
the color demodulation circuitry.

In the PAL TV system employed in the UK
and elsewhere, a color reference burst is given
at the beginning of each line. A reference oscil-
lator is then needed to store the phase informa-
tion for the rest of the line, until it can be resyn-
chronized at the beginning of the next line.
Naturally PLLs are ideal for this application.

Further ingredient

In order to turn a PLL into a synthesizer, a
further ingredient is needed. This is obtained by
placing a divider into the loop as shown in
Figure 2, so the VCO can be maintained at a
different frequency to that of the reference.

To sce how this works, I'l]l use the example
when the divider is set to two. The phase detec-
tor will still have two signals entering, and it
will generate an error voltage. This will be
dependent upon the phase difference it secs
between these two frequencies. In turn, the
error voltage will cause the frequency of the
VCO to tune to a frequency, which makes the
two inputs to the phase detector the same.

For this to be true. the VCO must be operat-
ing at twice the reference frequency. Similarly,
if the divider is set to divide by three. then the
VCO must oscillate at three times the reference
frequency, and so on for other division ratios.

With these conditions, the synthesizer can

step in frequency, by an amount equal to the
reference frequency entering the phase com-
parator. In most practical applications, fairly
small steps are needed.

Transmitter example

Let’s take a 144-MHz FM transmitter as a
typical equipment example using a synthesizer.
The synthesizer will need to have step size of
25 kHz, if it’s to be able to cover all the neces-
sary channels.

It’s not easy to develop a reference oscillator
with the required stability at 25 kHz. To over-
come this problem, it is usual to have a crystal
oscillator. This will run at a much higher fre-
quency, possibly 1 or 5 MHz.

The higher frequency is then divided down
by a ftixed amount. This is shown in Figure 3,
and it provides the much lower frequency sig-
nal for the phase comparator. You'll also see
that the division ratios for the divider may have
to be quite large in some instances.

With the 144 MHz transmitter, if it's to oper-
ate over (for example) the range 145 to 146
MHz, with a phase comparison frequency of 25
kHz, then the divider will have to operate over
the range 3800 to 5840.

Not the only way

Using a digital divider is not the only way of
using a PLL in a synthesizer. It’s also possible
to place a mixer into the loop, as shown in
Figure 4.

The effect of a mixer is quite different, but
every bit as usetul. This is because it essentially
adds a frequency offset into the loop.

The way in which a mixer acts in the loop
can be reasoned in exactly the same way as the
divider. Again, the effect of the loop is to try to
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reduce the phase difference between the two
4‘ signals entering the phase detector.

Eventually, there will be a small and steady
phase difference between them. In turn, this
means that the frequency of these two signals is
the same.
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External signal

So, if an external signal is fed into the mixer
in the loop, then the VCO will have to run at a
frequency which is the sum of the reference
and the external signal. To put some figures
into the block diagram, take the example of a
reference signal of 1 MHz and an external sig-
nal of 10 MHz.

For the loop to be in lock, both signals enter-
ing the phase detector must be at 1 MHz. In
turn, this means that the output from the mixer
must be at 1 MHz.

For the loop to be in lock, the oscillator must
be running at a frequency of either 9 or 11
MHz. Normally. the oscillator is made to run
on the high side of the external oscillator.

The oscillator would be prevented from try-
ing to “lock” onto the image, by restricting the
_____________ 1 range or “steering” it. In the example I' ve pro-
: vided, you can see that if the frequency of the
[ reference oscillator is raised by 1 kHz, then the
{ frequency of the VCO will have to increase by
! the same amount for the loop to remain in lock.
! Similarly, if the reference falls by 1 kHz, the
: VCO frequency will fall. The same is also true
{ if the external oscillator frequency is varied.

! This form of loop is very useful. For example,
: the frequency of a stable low frequency oscilla-
1 tor (which could even be another synthesizer)

| can be transferred to a much high frequency.

: There are advantages with this technique. It’s
|
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much easier to have a low frequency synthesiz-
er, with small frequency steps, than making a
single loop version with the same steps.

A mixer could be used, but the use of a PLL
is much better. This is because a PLL gives
much lower levels of spurious signals, and the
filtering is much simpler.

In fact the filter (Figure 4), is a simple low-
pass type. If a mixer was used, a more compli-
cated and expensive bandpass filter would be
needed. The use of a PLL offers a wide variety
of options to the designer, as he may not just
___________ - use the second loop in this basic form.

PROGRAMMABLE |
DIVIDER ONE
LLOOP FILTER

ONE

DETECTOR

PHASE
ONE

FIRST LOOP(LARGE STEPS)
e e |

More than one loop

There are many ways in which synthesizers
can be made up with more than one loop. The
way it’s done, will depend upon factors like the
use of the synthesizer, its frequency range, and
other specifications which may be important.
Figure 5. A two-loop synthesizer (see text). An example of how a multi-loop synthesizer

REFERENCE
OSCILLATOR
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can be made up is shown in Figure 5. From the
diagram, you’ll see that comparatively small
steps can be achieved without the need for
excessively large division ratios in any one loop.

This approach can pay large dividends in sev-
eral features of the loop, and most noticeably in
terms of the phase noise performance which is
often very important. By extending the principle
shown in Figure 5, it’s possible to include more
loops and achieve even smaller steps.

In fact, many top-of-the-range synthesizers
will have up to 10 loops or possibly more.
However, synthesizers like these are usually
only found in specialized signal generators
costing many thousands of pounds.

Loop filter

Having looked at synthesizers in terms of
their overall block diagrams, it’s worth taking a
closer look at the contents of some of the cir-
cuits. One of the most important sections of any
synthesizer is the loop filter.

The loop filter will govern many of the fea-
tures of the synthesizer, but it need only contain
very few components. One of the obvious func-
tions of this filter is to remove any leakage of
the phase detector reference signals on the tune
line. A typical loop filter is shown in the dia-
gram of Figure 6.

If these signals appear at the input to the
VCO, they will give rise to sidebands at the
output of the loop. These sidebands will be at
an offset from the carrier, equal to the reference
frequency as shown in Figure 7.

Another important feature of the filter, is that
it governs the stability of the whole loop. By
assuring proper design of the filter, the loop
will remain stable and have a large degree of
margin in hand.

However, if the filter components are not
chosen correctly, then it’s possible for the
whole loop to become unstable. If this happens,
the tune line will be seen to have a large oscil-
lation on it, giving rise to a wide band frequen-
cy modulated signal. When this occurs, the
feedback path is around the whole loop. and no
single stage is oscillating.

Phase noise

The filter also contributes to the phase noise
characteristic of the synthesizer. The reason for
this is that noise emanating from different parts
of the circuit affect the loop differently,
depending upon the filter.

From all this, it can be seen that the choice of
the loop filter is very important. As you can
imagine with so many features of the synthesiz-
er affected by it, the choice of the filter can be

ouT

il
1

Figure 6. A basic loop filter (see text).
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Figure 7. Sidebands at the output of the loop (see text).

something of a compromise. But this is a part
of the designer’s challenge!

Phase detector

The phase detector is another important cir-
cuit block within the synthesizer. There are
several different types which vary in complexi-
ty, as well as performance.

The simplest type is a mixer. The two signals
to be compared are fed into it, and the differ-
ence signal comes out.

When the loop isn’t in lock, and the two sig-
nals are on different frequencies, a signal equal
to the difference frequency appears on the tune
line. However, when the loop is in lock. the
mixer generates a voltage proportional to the
phase difference.

Although mixers work well as phase com-
parators, and are often used at high frequencies
where many other types can’t work, their oper-
ation does have some drawbacks. The main
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Figure 8. When there is a frequency difference, a fixed voltage is generated

(see text).
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Figure 9. A “dual-D” type phase detector.
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problem is seen when the loop is not in lock,
and a difference frequency is being generated.

If the difference frequency is outside the
passband of the loop filter, no error voltage will
be seen on the tune line to the VCO, and the
loop will not lock. Then, the loop will only lock
when the frequency difference between the
VCO and the frequency it should lock onto is
less than the passband of the loop filter.

In fact, the range over which the loop will
come into lock is known as the capture range.
Fortunately, other types of phase detector exist
which overcome this problem.

Error voltage

Essentially, the alternatives generate an error
voltage which is proportional to the phase

error, when there’s no frequency difference.
However, when there is a frequency difference,
they will generate a fixed voltage, as shown in
Figure 8.

There are many types of circuit which will
fulfill this requirement, and they use digital
techniques. The simplest is an OR gate, but the
one which has possibly found the most wide-
spread use is in the “dual-D” type phase detec-
tor, as in Figure 9.

Voltage controlled oscillator

The design of the voltage controlled oscilla-
tor (VCO) in any synthesizer is very important.
This is because the circuit will have to meet
quite stringent requirements.

Meeting the required frequency range, with
the available tuning voltage often presents
problems. In addition, the phase noise charac-
teristics are always important.

Unfortunately, there are always other
requirements. This means that the design of the
oscillator is seldom easy!

Although there are many different designs
for oscillators, the most commonly used is the
standard Colpitts. This is seen whenever a vari-
able frequency oscillator is needed.

In order to make it tune according to the tun-
ing voltage applied, the standard variable
capacitor is replaced by a varactor diode
arrangement. Normally. this is a couple of
diodes, as shown in the back-to-back arrange-
ment in Figure 10.

In this arrangement, the series resistor R1 is
to provide radio frequency (RF) isolation, so
that the oscillator is not affected by the tune
line. Its value can be quite high, possibly 10 k
or more. This is because the diodes are reverse
biased and they don’t draw any current.

Although a choke may seem to be a better
solution, here this is not always the case. This
is because the choke will be reactive, and it
could introduce undesirable spurious responses
and resonances into the circuit.

The programmable divider

The programmable divider is an integral and
important part of the design of any synthesizer.
Essentially, it’s a circuit whose division ratio is
set by a number of programming lines on the
integrated circuit (IC).

However, when division ratios become very
large, there may not be enough lines available.
This can be overcome in a number of ways.

Some synthesizer ICs have their program-
ming data entered in a serial fashion. Others
can be connected directly to a microprocessor
data bus, and have several bytes of data entered
one after another.
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Figure 10. A voltage-controlled oscillator, tuned by a varactor diode.
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Figure 11. A “swallow counter” (see text).

In fact, this ability for the frequency of a syn-
thesizer to be controlled by a processor, is one
of the reasons for their success. Unfortunately,
there are a number of problems with the use of
programmable dividers.

Too slow

The main problem is simply that the dividers
are too slow, They can’t operate fast enough.
Although fixed dividers can operate very much
faster, the fact that a divider is programmable,
means that there’s much more circuitry inside
and it’s slower.

There are a number of ways of overcoming
this problem. The first and most obvious is to
place a fixed divider or prescaler in front of the
programmable divider.

This is fine up to a point, because the divider
increments in multiples equal to the division

ratio of the prescaler. In turn, this means that
the step size is increased in the same ratio as
the division ratio of the prescaler.

In other words, if a prescaler had a division
ratio of four, and the phase detector frequency
was 25 kHz, then the step size with the
prescaler in circuit would be 100 kHz. This is
obviously not satisfactory in most cases.

Swallow counter

To overcome the divider difficulty, a more
complicated circuit often called a “swallow
counter,” employing a dual modulus divider,
can be used. Essentially, a dual-modulus
counter is a prescaler which can switch
between two division ratios such as 10 and 11.

Generally speaking, a circuit similar to the
block diagram shown in Figure 11 is used. As
before, there’s a main counter after the
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prescaler, but there’s also an auxiliary counter,
which controls the division ratio of the dual
modulus counter.

By using this system, it’s possible to count in
steps equal to the phase comparison or refer-
ence frequency. The auxiliary counter is set to a
division ratio less than the main one.

Initially, the dual modulus counter will be set
to divide by one of its ratios, and 1ts output will
be fed into both of the other counters. which in
turn will start to divide. The first counter to
have a change in its output state will be the
auxiliary counter, and this will change the divi-
sion ration of the dual modulus counter.

This alters the rate at which pulses enter the
main counter. The overall effect of the three

counters is to give a counter which increments
in single steps rather than multiples.

Although the operation of this system may
seem a little complicated, it operates very satis-
factorily and it’s widely used in synthesizers
operating over a few megahertz.

Summary

Frequency synthesizers are a part of the
amateur radio scene. Whether you love or hate
them, it can’t be disputed that they offer many
advantages over other systems for generating
stable and controllable frequencies. I hope that
now that we’ve taken a closer look, you'll be a
bit more familiar with the modern synthesizer.

QUALCOMM Introduces Low Power 2.0
GHz Phase-Locked Loop Frequency
Synthesizer

QUALCOMM Incorporated has announced
its new Q3236 Phase-Locked Loop (PLL)
Frequency Synthesizer, a high speed, low
power, single-chip solution for high perfor-
mance communications systems. The Q3236
combines low power consumption and ultra-
low phase noise to allow communications engi-
neers to customize their designs.

The Q3236 can be used in a variety of appli-
cations including cellular and paging base sta-
tions, frequency hopping systems, digital
radios and modems, lab instrumentation and
local oscillators for Very Small Aperture
Terminals (VSAT), Direct Broadcast by
Satellite (DBS), Global Positioning Systems
(GPS), and radar. The Q3236 requires less than
0.6 Watts of nominal power and has an operat-
ing speed of up to 2 GHz. It has three program-
mable control interface options including direct
parallel, 8-bit bus and serial loading. Included
on the chip is a high gain linearized phase/fre-
quency detector operating to 100 MHz and
divide-by 10/11 dual-modulus prescaler with

y QUALCOMM
Q3236
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PRODUCT INFORMATION

programmable feedback divider. These features
allow PLL designs to have small Voltage-
Controlled Oscillator (VCO) division ratios to
optimize synthesizer phase noise performance.

Using a single +5 Volt power supply, the
Q3236 contains all of the necessary elements,
with the exception of the VCO and loop filter
components, to build a PLL Frequency
Synthesizer operating from UHF through L-
Band. The Q0410 and Q0420 PLL evaluation
boards are also available for either fixed
demonstration or custom prototyping.

For more information, contact QUALCOMM
Incorporated, 6455 Lusk Boulevard, San
Diego. CA 92121; phone 619-587-1121; fax
619-452-9096.

HP Expands its HP 8648 Family of Signal
Generators

Hewlett-Packard Company has introduced
their low-cost, 4 GHz synthesized model that
gives designers and manufacturers an afford-
able way to test new, higher-frequency RF
communication-system components.

This new signal generator offers a frequency
coverage of 9 kHz to 4 GHz, and can be used
for general-purpose receiver testing, personal
communication systems, wireless local area net-
works and fixed-radio access. The 8648D signal
generator is also available with an optional vari-
able-modulation generator which expands
audio-band testing by adding variable 10 Hz to
20 kHz modulation with different shapes,
including triangle, square and sawtooth.

For further information, contact Hewlett-
Packard Company. Direct Marketing
Organization, P.O. Box 58059, MS51L-8J,
Santa Clara, CA 95051-8059; or call 1-800-
452-4844 ext. 1491, or on the World Wide
Web at http://www.hp.com.
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The “New” Age of Technology (Editorial)
Terry Northup, KAISTC
Winter 1992, page 4

FIBER OPTICS

An Introduction to Fiber Optic-Based Local Area
Networks

Michael G. Ellis, N4ABCU

Winter 1992, page 29
Fiber Optics

Michael E. Gruchalla, P.E.

Summer 1991, page 11
Fiber Optics in Amateur Radio: The Waveguide
of the Future

Dr. H. Paul Shuch, N6TX

Spring 1995, page 9

FILTERS

A Different Approach to Ladder Filters
John Pivnichny, N2DCH
Winter 1991, page 72
A Rapid Design Tool for Microstrip Filters
Jetf Crawford, KOZR
Summer 1991, page 43
High-Performance Crystal Filter Design
Bill Carver, K6OLG
Winter 1993, page 11
Low-Pass Filter Performance
Marv Gonsior, W6FR
Spring 1992, page 75
Correction: Summer 1992, page 50
Quarterly Devices: The Collins Mechanical
Filter—‘‘Back to the Future”
Rick Littlefield, K1BQT
Winter 1993, page 65
Quarterly Review: Quantics WOGR
DSP-3—Affordable Technology Fights QRM!
Peter J. Bertini, K1ZJH
Summer 1995, page 85
The Frequency Tunable Crystal Filter
John Pivinichny, N2DCH
Summer 1993, page 29
Transitional Audio Active Filter
Thomas Cefalo, Jr., WA1SPI, and
Henry Perras, K1ZDI
Winter 1994, page 20



TX High-Pass Filter Application Quarterly Devices: The MC13135

Marv Gonsior, W6FR Rick Littlefield, K1BQT
Spring 1994, page 49 ) Winter 1992, page 66
Quarterly Devices: The Motorola MC13175/6
UHF
HF Rick Littlefield, K1BQT
Fall 1993, page 67
Factors in HF-ARQ System Throughput Quarterly Devices: The NES77 Compandor
Phil Anderson, WOXI Rick Littlefield, K1BQT
Winter [996, page 89 Winter 1994, page 77
FSK Signal Monitor Quarterly Devices: Radios Without Knobs
Clayton Cadmas, KAOGKC, and Bruce L. Rick Littlefield, K1BQT
Meyer, WOHZR Spring 1993, page 65
Spring 1993, page 45 Quarterly Devices: Solve RF Design Problems
HF Modems for Data Transmission with Elegant Simplicity Using MMICs
Dr. Alan Chandler, Ph.D EE, K6RFK Rick Littlefield, KIBQT
Spring 1991, page 74 Fall 1992, page 87
HF Packet: Some Editorial Comments Simplified Frequency Synthesizer IC Interfacing
Hunter Harris, W1SI J. Robert Witmer, W3RW
Winter 1996, page 92 Winter 1994, page 47

HF Radio Data Communication
Bill Henry, K9GWT. and Ray Petit, WJGHM

Spring 1992, page 11 /\/\,CROWA\/E TECHN’QUES
HF Radio on Mars
Craig D. “Ghee” Fry. WL7C Radio Propagation by Tropospheric Scattering
Robert J. Yowell, KC5BRG Bob Atkins, KA1GT
Spring 1 994, page 13 Winter 1991, page 119
HF Receiver Design Correction: Spring 1991, page 6

Jon A. Dyer, B.A., G4OBU/VEI1JAD
Summer 1992, page 81

Letters: AG4R, Winter 1993, page 6 MININEC
Antenna Structure Interaction
HISTORICAL R P. Haviland, W4MB
Fall 1991, page 73
Arcs and Sparks: Part 1 Comparing I\ill%lNECs
W.J. Byron, W7DHD L.B. Cebik, WARNL
Spring 1994, page 27 Spring 1994 page 53

Radio Receivers of the Past
Joseph J. Carr, K4IPV
Spring 1992, page 93

Letters: WSVEL, Summer 1992, page 8 /\/\'SCELLAN EOUS TECHNICAL
Letters: KIZJH, Summer 1992, page 8
Letters: WONU, Winter 1993, page 6 An Audio Imaging System for Enhanced CW
Letters: VK3IMO, Spring 1993, page 6 Reception

Regenerative Receivers: Past and Present Bryan Bergeron, NUIN
Charles Kitchin, NITEV Summer 1991, page 76
Fall 1995, page 7 A New Method for Measuring Cable Loss

A.E. Popodi, AA3K/OE2APM
Spring 1994, page 98

[NTEGRATED ClRCUﬂ-S Technical Conversations: W2GGE, Fall 1994,
page 6;

Gilbert Cell Active Mixers G4LU, Fall 1994, page 6 and Spring 1995, page 6
F. Dale Williams, K3PUR A User’s View of Charge Coupled Device
Spring 1993, page 99 Imaging

Quarterly Devices: Low-Power Audio Amplifiers Brian Mork, KA9SNF
Rick Littlefield, K1BQT Spring 1992, page 49
Spring 1992, puge 85 Letter: N6TX, Winter 1993, page 106
Technical Conversations: G3RIV Correction: Winter 1994, page 76
Fall 1992, pages 82-83 A 230-Volt Generator from Scrap

Quarterly Devices: New Narrowband 10.7 MHz Ron Mathers, ZL2AXO

Filters from Murata Spring 1994, page 6
Rick Littlefield, K1BQT An FT-990/1000 Interface Circuit
Summer 1994, page 92 Phil Salas, AD5SX

Quarterly Devices: Radio Adventures Corp’s Summer 1996, page 14

CMOS CW Keyer Chips Beware of Dissimilar Metals
Rick Littlefield, KIBQT Richard Cortis, VK2XRC
Fall 1995, page 33 Spring 1994, page 7
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Fall 1996

Communications in the Red Zone
Adrian Knott, GOKSN
Spring 1995, page 95
Gilbert Cell Active Mixers
F. Dale Williams, K3PUR
Spring 1993, page 99
Gravity Wave Communications
Jim Peterson, AA60OZ
Fall 1993, page 30
High-Frequency Bypass Capacitors
Michael E. Gruchalla, P.E.
Fall 1993, page 45
Instruments for Antenna Development and
Maintenance Part 1: Voltage and Current
Measurements
R.P. Haviland, W4MB
Spring 1995, page 77
Instruments for Antenna Development and
Maintenance Part 2: Signal Generators
R.P. Haviland, W4MB
Summer 1995, page 95
Instruments for Antenna Development and
Maintenance Part 3: SWR and Other Precision
Measurements
R.P. Haviland, W4MB
Fall 1995, page 79
Magnetic Units and Formulas: A Handy Guide
for People Working in Magnetics
James Lomasney
Fall 1995, page 39
Multimedia Communications
Bryan Bergeron, NUIN
Winter 1994, page 13
Optical Communications
Richard Bitzer, WB2ZKW
Winter 1996, page 9
Orbital Analysis by Sleight of Hand
Dr. H. Paul Shuch, N6TX
Summer 1995, page 35
Oscillators With Low Phase Noise and Power
Consumption
Ulrich L. Rohde, KA2WEU, and
Chao-Ren Chang
Winter 1996, page 29
SETI Made Simple
H. Paul Shuch, Ph.D. N6TX
Spring 1996, page 89
Spread Spectrum Communications
Bryan Bergeron, NUIN
Fall 1993, page 71
Storage Cell Technology
Bryan Bergeron, NUIN
Spring 1995, page 41 .
Surface Acoustic Wave Technology
Bryan Bergeron, NUIN
Spring 1994, page 83
The Cellular Connection
Tom McMullen, WISL
Winter 1992, page 11
The Excatibur DAP and the Digital Data System
Rich Erlichman, ND4G
Summer 1993, page 43
Correction: Winter 1994, page 76
The Power Inductor
John A. Cowan, W4ZPS
Winter 1991, page 42

The Wonderful Transformer Power Splitter
David M. Barton, AF6S
Summer 1991, page 66
Try NMR With Your Old CW Rig
Wade G. Holcomb, W1GHU
Summer 1996, page 23
Using the NASA Advanced Communications
Technology Satellite
Paul Krueger, N1JDH
Fall 1992, page 13
Wavelength Division Multiplexing
Dr. H. Paul Shuch, N6TX
Summer 1993, page 39

MODEMS

A 4800-Baud Modem Daughter Board for
Packet TNC
Glen Leinweber, VE3DNL, and Max
Pizzolato, VE3DNM,
John Vanden Berg, VE3DVYV, and Jack
Botner, VE3LNY
Spring 1991, page 62
HF Modems for Data Transmission
Dr. Alan Chandler, Ph.D EE, K6RFK
Spring 1991, page 74
The ZL Packet Radio Modem
Ron Badman, ZL1AI, and Tom Powell, ZL1TJA
Summer 1993, page 99

PACKET

A 4800-Baud Modem Daughter Board for
Packet TNC

Glenn Leinweber, VE3DNL, Max Pizzolato,
VE3DNM,

John Vanden Berg, VE3DVYV, and Jack Botner,
VE3LNY

Spring 1991, page 62
Factors in HF-ARQ System Throughput

Phil Anderson, WOXI

Winter 1996, page 89
The ZL Packet Radio Modem

Ron Badman, ZL1AI, and Tom Powell, ZL1TJA

Summer 1993, page 99
Who’s Responsible? Automatically Controlled
Packet Radio Suffers a Setback. (Editorial)

J. Craig Clark, Jr., NX1G

Spring 1991, page 4

POWVER SUPPLIES

The Power Inductor
John A. Cowan, W4ZPS
Winter 1991, page 42

PROPAGATION AND
METEOROLOGICAL EVENTS
A Most Unique Solar Event (Editorial)

I. Craig Clark, Jr., NXI1G
Summer 1991, page 4



Amateur Radio and Meteorology Go
Hand-in-Hand
Jim Bacon, G3YLA
Winter 1991, page 31
Data on Long-Path Propagation
Robert R. Brown, NM7M
Summer 1996, puge 43
Do Sunspots Ever End?
Aaron J. Fishman, K1BAF
Winter 1991, page 52
Instruments for Weather Observation
Ron Ham
Winter 1991, page 38
Long-Path Propagation: Part 1
Bob Brown, NM7M, condensed by
Ward Silver, NOAX
Fall 1992, page 34
Long-Path Propagation: Part 2
Bob Brown, NM7M. condensed by
Ward Silver, NOAX
Winter 1993, page 28
Outlining June’s Strong Solar Flare Activity
Peter O. Taylor
Summer 1991, page 26
Propagation Loss Between Randomly Located
Antennas at UHF
Andy Sharpe, W40AH
Winter 1992, page 94
Propagation of Electromagnetic Waves
Axel Stark
Summer 1995, page 43
Radio Propagation by Tropospheric Scattering
Bob Atkins, KAIGT
Winter 1991, page 119
Correction: Spring 1991, page 6
Recording Solar Flares Indirectly
Peter O. Taylor and Arthur J. Stokes, NSBN
Summer 1991, page 29
The 1993 Perseids: A Meteor Storm?
Joseph L.. Lynch, N6CL
Spring 1993, page 31
The Case of the Invisible Meteor Storm
Joseph L. Lynch, N6CL
Fall 1993, page 42
The Solar Spectrum: A Peek Into the Past
Peter O. Taylor
Spring 1995, page 81
Whither the Weather (Editorial)
J. Craig Clark, Jr., NX1G
Winter 1991, puge 4
Working the Meteors (Editorial)
Terry Littlefield, KAISTC
Spring 1993, page 4

QRP

Deluxe QRP Station
Jim Pepper, W6QIF
Winter 1994, page 25

QUARTERLY COMPUTING

Quarterly Computing: Building a PC Toolkit
Brad Thompson, AA1IP
Summer 1995, page 91
Corrections: Fall 1995, page 102

Quarterly Computing: Introducing a New
Column Exploring Computer Applications to
Amateur Radio

Brad Thompson, AATIP

Fall 1994, page 95
Quarterly Computing: Putting a PC’s Serial Port
to Work

Brad Thompson, AAIIP

Fall 1995, page 72
Quarterly Computing: Software for
Homebrewing Plus an Updated CD-ROM

Brad Thompson, AAIIP

Winter 1995. page 99
Quarterly Computing: Software Shortcuts

Brad Thompson, AA1IP

Spring 1996, page 85
Quarterly Computing: Software That’s Good
Enough to Use

Brad Thompson, AAIIP

Winter 1996, page 82
Quarterly Computing: Take a Dip in the
Information River

Brad Thompson, AALIP

Spring 1995, page 99

QUARTERLY DEVICES

Quarterly Devices: Build Dummy Loads and
Resistive RF Networks with these Power-Film
Resistors
Rick Littlefield, KIBQT
Summer 1995, page 73
Quarterly Devices: Low-Cost SMD Prototype
Construction
Rick Littlefield, KIBQT, with Peter Bertini,
K1ZJH
Spring 1996, page 49
Quarterly Devices: Low-Power Audio Amplifiers
Rick Littlefield, KIBQT
Spring 1992, page 85
Quarterly Devices: Low-Power Audio Amplifiers
Rick Littletield, KIBQT
Spring 1992, page 85
Quarterly Devices: New Devices for Loops and
Linears
Rick Littlefield, KIBQT
Summer 1993, page 89
Quarterly Devices: New Narrowband 10.7 MHz
Filters from Murata ‘
Rick Littlefield, KIBQT
Summer 1994, page 92
Quarterly Devices: New Receiver Chips from
Analog Devices
Rick Littlefield, KIBQT
Fall 1994, puge 75
Quarterly Devices: Pin Diodes
Rick Littleftield, K1BQT
Winter 1995, page 66
Quarterly Devices: Radio Adventures Corp’s
CMOS CW Keyer Chips
Rick Littlefield, KIBQT
Fall 1995, page 33
Quarterly Devices: Radios Without Knobs
Rick Littletield, KIBQT
Spring 1993, page 65
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Fall 1996

Quarterly Devices: Solve RF Design Problems
with Elegant Simplicity Using MMICs

Rick Littlefield, KIBQT

Fall 1992, page 87
Quarterly Devices: The Collins Mechanical
Filter—*Back to the Future”

Rick Littlefield, KIBQT

Winter 1993, page 64
Quarterly Devices: The Harris Semiconductor
HFA3600 Low-Noise Amplifier/Mixer

Rick Littlefield, KIBQT

Spring 1994, page 94
Quarterly Devices: The MC13135

Rick Littlefield, KIBQT

Winter 1992, page 66
Quarterly Devices: The Motorola MC13175/6
UHF FM/AM Transmitter

Rick Littlefield, KIBQT

Fall 1993, page 67
Quarterly Devices: The MRF-255 RF Power

Field-Effect Transistor and Digi-Key’s Panasonic

Multilayer Ceramic Chip Capacitor Kits
Rick Littlefield, KIBQT, with
Peter Bertini, K1ZJH
Winter 1996, page 64
Correction: Spring 1996, page 104
Quarterly Devices: The NE577 Compandor
Rick Littlefield, K1BQT
Winter 1994, page 77
Technical Conversations: W6DJ, Spring 1995,
page 8
Quarterly Devices: The Secrets of ‘“High-Tech
Scrounging”
Rick Littlefield, K1BQT
Spring 1995, page 37
Quarterly Devices: The Wiltron Site Master
Rick Littlefield, KIBQT
Summer 1996, page 72
Quarterly Devices: To the Vector Go the Coils
Rick Littlefield. KIBQT
Summer 1992, page 38

RECEIVERS

A Gyrator Tuned VLF Receiver

Arthur J. Stokes, Sr., N§8BN

Spring 1994, page 24
A VLF-LF Receiver

Lloyd Butler, VK5BR

Winter 1991, page 58
G3SBI’'s H-Mode Receiver

Pat Hawker, G3VA

Fall 1994, page 81

Technical Conversations: W7SX, Spring 1995
HF Receiver Design

Jon A. Dyer, B.A., G4OBU, VEIJAD

Summer 1992, page 81

Letters: AG4R, Winter 1993, page 6
Improving Receiver Performance in Modern
Transceivers

Cornell Drentea, WB3JZO

Fall 1991, page 79

Technical Conversations: N7RT, Fall 1992,

pages 80-82

Technical Conversations: WB3JZO, Fall 1992,

page 82

Quarterly Devices: New Receiver Chips from
Analog Devices
Rick Littlefield, KIBQT
Fall 1994, page 75
Quarterly Devices: The MC13135
Rick Littlefield, KIBQT
Winter 1992, page 66
Quarterly Review: The Ten-Tec 1253 9-band
Receiver
Reviewed by: Peter Bertini, KIZJH
Fall 1995, page 84
Radio Receivers of the Past
Joseph J. Carr, K4IPV
Spring 92, page 93
Letters: W8VEL, Summer 1992, page 8
Letters: KIZJH, Summer 1992, page 8
Letters: WONU, Winter [993, page 6
Letters: VK3MO, Spring 1993, page 6
Receiver Performance
Jon A. Dyer, B.A., G4OBU/VE1JAD
Summer 1993, page 73
Correction: Winter 1994. page 76
Regerative Receivers: Past and Present
Charles Kitchin, NITEV
Fall 1995, page 7
Technical Conversations: WODWT, Spring 1996,
page 104
Simple Very Low Frequency (VLF) Receivers
Joseph J. Carr, K4IPV
Winter 1994, page 69
Solid State 755-3 Receiver
Jim Larson, KF7TM
Spring 1991, page 37
Super Regeneration
Charles Kitchin
Fall 1994, page 27
The Drake R-8 Receiver
Scott Prather, KB9Y
Fall 1992, page 92
The Elusive Numbers Relating to Receiver
Performance
Robert E. Bloom, W6YUY
Summer 1992, page 98
The Solar Spectrum: A Portable VLF Receiver
and Loop Antenna System
Peter O. Taylor
Summer 1995, page 67
The Solar Spectrum: Monitoring Radio Bursts
from Solar Flares
Peter O. Taylor
Fall 1995, page 45
The Solar Spectrum: Update on the VLF
Receiver
Peter O. Taylor
Spring 1993, page 51
The Watkins Johnson HF-1000
Scott D. Prather, KB9Y
Spring 1995, page 16
Towards the Superlinear Receiver: Low-Noise
Oscillators
From Pat Hawker’s “Technical Topics™
Winter 1996, page 94

REVIEWS

Observing the Sun
Reviewed by: Joseph L. Lynch, N6CL
Fall 1992, page 84



Quarterly Review: Quantics WIGR DSP 3—
Affordable Technology fights QRM!
Reviewed by: Peter Bertini, KIZJH
Summer 1995, page 85
Quarterly Review: The Ten-Tec 1253 9-band
Receiver
Reviewed by: Peter Bertini, KIZIH
Fall 1995, page 84
Radio Frequency Transistors: Principles and
Practical Applications
Reviewed by: Rick Littlefield, KIBQT
Spring 1993, page 37
Single Sideband Systems and Circuits
Reviewed by: Peter Bertini, KIZJH
Spring 1996, page 84
The Drake R-8 Receiver
Reviewed by: Scott Prather, K9BY
Fall 1992, page 92
The New Shortwave Propagation Handbook
Reviewed by: Nancy Barry, Assistant Editor
Summer 1995, page 79
The Watkins-Johnson HF-1000
Reviewed by: Scott Prather, K9BY
Summer 1995, page 16

RF|

Diagnosing RFI Problems in Vehicles
Irv Karwick
Spring 1992, page 25

SURFACE MOUNT
TECHNOLOGY

Jump! (Editorial)

Terry Littlefield, KAISTC

Spring 1996, page 2
Quarterly Devices: Low-Cost SMD Prototype
Construction

Rick Littlefield, KIBQT, with

Peter Bertini, KIZJH

Spring 1996, page 49
Quarterly Devices: The MRF-255 RF Power
Field-Effect Transistor and Digi-Key’s Panasonic
Multilayer Ceramic Chip Capacitor Kits

Rick Littletield. K1BQT. with

Peter Bertini, K1ZJH

Winter 1996, page 64

TECHNICAL CONVERSATIONS

A New Method for Measuring Cable Loss
Letter from Jack L. Schulz, W2GGE
Fall 1994, page 6
Letter from S.F. Brown, G4LU
Fall 1994, page 6
Spring 1995, page 6

A Simple and Accurate Admittance Noise Bridge
Letter from Forrest Gehrke. K2BT
Winter 1993, page 92

A Single Coil Z-Match Antenna Coupler
Letter from Darrell D. McKibbin, K6UPZ
Spring 1995, page 6

Build Your Own Direct Reading Capacitance
Meter
Letter from Richard E. Franklin, W2EUF
Spring 1994, page 73
Building the Perfect Noise Bridge
Letter from Albert W. Weller, WDSKBW
Summer 1993, puge 70
Dear Coke,
Letter from David Barton, AF6S
Winter 1995, page 51
Designing the Long-wire Antenna System
Letter F.P. Hughes, VE3DBQ
Winter 1995, page 51
Fractal Antennas: Part 1
Letter from Steve Kirschner, KATUTE
Fall 1995, page 5
G3SBI’s H-Mode Receiver Design
Robert J. Zavrel, W78X
Spring 1995, page 8
Help Me!
Letter from Michael Hatzakis JR., WB2TBQ
Winter 1995, page 54
How t¢ Design Shunt-Feed Systems for Grounded
Vertical Radiators
Letter from John S. Belrose. VE2CV
Spring 1994, page 74
How Short Can You Make a Loaded Antenna
Letter from Charles Michaels, W7XC
Winter 1993, page 93
Improving Receiver Performance in Modern
Transceivers
Letters from Hardy Landskov, N7RT
Fall 1992, page 80
Improving Receiver Performance in Modern
Transceivers
Letter from Cornell Drentea, WB3JZO
Fall 1992, page 82
Measurement of Velocity Factor on Coaxial
Cables and Other Lines
Letter from David M. Barton, AF6S
Spring 1994, page 79
Letter from Coke Darden, WADHA
Fall 1994, page 108
Modeling and Understanding Small Beams:
Part 3
Letter from Harry Hyder, W71V
Winter 1996, page 5
Not Renewing Subscription
Robert Stein, WONBI
Winter 1996, page 6
Polarity Dots
Letter from Jerry Sevick, W2FMI
Fall 1993, page 6
Letters: KH6GI, Winter 1994, page 104
Quarterly Devices: Low Power Audio Amplifiers
Letter from George Dobbs, G3RJV
Fall 1992, page 82
Quarterly Devices: The NES77 Compander
Letter from Russell E. Souter, W6DIJ
Spring 1995, pages 7 and 8
Regenerative Receivers
Letter from Bob St. John. WODWT
Spring 1996, page 104
Letter from Johnny Johnson, W1JY
Summer 1996, pages 5 and 6
Letter from Harry Hyder, W71V
Winter 1996, page 6
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Fall 1996

Small Loop Antennas: Part 1
Letter from Paul Jagnow, KORLT
Summer 1993, page 70
Small Loop Antennas: Part 2
Letter from Brad Thompson, N1J1J
Winter 1994, page 6
Sunspot Cycle
Letter from R.P. Haviland, W4MB
Winter 1996, page 5
Correction: W4MB. Swmmer 1996, page 5
Surplus Test Equipment—Bonanza or Bust???
Letter from Jacques Audet, VE2AZX
Spring 1996, page 104
Letter from Brad Thompson, AA1IP
Summer 1996, page 6
Letter from Peter Bertini, KIZJH
Summer 1996, page 6
Thank You Mr. Morgan
Letter from Alan Douglas
Winter 1996, page 6
Letter from Jim Stewart, VE3SRJ
Spring 1996, page 104
Letter from Peter Bertini, K1ZJH
Winter 1996, page 6
The G2AJV Antenna and Maxwell’s
Displacement Current
Letter From Peter Dodd, G3LDO
Fall 1995, pages 5 and 102
The Hairpin Match: A Review
Letter from L.B. Cebik, WARNL
Winter 1995, page 51
The K1CCL Propagation Velocity Method
Letter from David Barton. AF6S
Spring 1994, page 79
Letter from David Barton, AF6S
Fall 1994, page 108
The Monster Antenna, Miniaturized Antennas,
and SETI Made Simple
Chip Cohen, NI1IR
Summer 1996, page 5
The Solar Spectrum: Update on the VLF
Receiver
Letter from Peter Bertini, KI1ZJH
Summer 1993, page 71
The Wonderful World of Power Splitters
Letter from Roy Lewallen, W7EL
Spring 1992, page 92
Letter from David Barton, AF6S
Spring 1992, pages 92 and 104
Transmitting Short Loop Antennas for the HF
Bands: Part 1
Letter from L.B. Cebik, WARNL
Winter 1994, page 7
Try NMR with Your Old CW Rig
Letter from Ben Zigun, KATWA
Summer 1996, page 5
Upgrading the FT-ONE
Letter from John Jan Jellema Ph.D, W8SWN
Spring 1992, page 104
Letter from Cornell Drentea, WB3JZO
Spring 1992, page 106
Using Inexpensive Digital Panel Meters
Letter from Harold R. Jones, W6ZVV
Summer 1996, page 6
Using Transformers in Noise Bridges
Letter from Mason Logan, K4MT
Fall 1993, page 6

TECH NOTES

A 230-Volt Generator from Scrap
Ron Mathers, ZL2AX
Spring 1994, page 6
A Featherweight 6-Meter Beam
Rick Littiefield, KIBQT
Summer 1995, page 5
Carrections: Fall 1995, page 102
A Single Coil Z-Match Antenna Coupler
TJ. Seed, ZL3QQ
Winter 1994
Technical Conversations: K6UPZ, Spring 1995,
page 6
An Accessible Inductance Standard
F.P. Hughes. VE3DQB
Fall 1992, page 100
An “Ultralight” Center-Fed Vertical Antenna for
20 Meters
Rick Littlefield, KIBQT
Winter 1994, page 89
Another Look at Logic Gates
Peter Bertini, K1ZJH
Fall 1992, page 102
Beware of Dissimilar Metals
Richard Cortis, VK2XRC
Spring 1994, page 7
Build a Short-Stack for 2-Meter SSB
Rick Littlefield, KIBQT
Spring 1996, page 96
Build Your Own Direct Reading Capacitance
Meter
Trevor King, ZL2AKW
Summer 1993, page 103
Coaxial Cable Traps—In Search of the Perfect
Antenna
Paul Duff, VK2GUT
Winter 1995, page 83
Communications in the Red Zone
Adrian Knott, G6KSN
Spring 1995, page 95
Decoupling Capacitors—Why Use Two When
One Will Do?
From Pat Hawker’s Technical Topics
Fall 1993, puge 93
Design and Construction of Wire Yagi Antennas
Floyd A. Koontz, WAZWVL
Winter 1994, page 96
Miniaturized Antennas
Mike Traffie, NTHXA
Winter 1996, page 99
Pliers-Type RF Current Probe
From Pat Hawker's “Technical Topics”
Fall 1993, page 91
Determining True North Accurately Without
Instruments
D.R.W. Hutchinson
Winter 1995, page 87
G3SBI'’s H-Mode Receiver Design
From Pat Hawker’s “Technical Topics”
Fall 1994, page 81
Technical Conversations: W7SX, Spring 1995,
page 6
Get On the Air With a “Cheap” Collins Rig
Jay Craswell, WBOVNE/AAV5TH
Summer 1995, page 100



Low-Noise AGC-Controlled IF Amplifier
From Pat Hawker’s “Technical Topics”
Winter 1996, page 93
Measurement of Velocity Factor on Coaxial
Cables and Other Lines
Chet Smith, K1CCL, George Downs, W1CT, and
George Wilson, W1OLP
Spring 1993, page 83
Correction: Summer 1993, page 106
Measurements on Balanced Lines Using the Noise
Bridge and Pliers-Type RF Current Probe
From Pat Hawker’s *“Technical Topics”
Fall 1993, page 91
Practical Estimation of Electrically Small
Antenna Resistance
Bob Vernall, ZL.2CA
Spring 1993, page 81
Correction: Summer 1993, page 106
Simple APT Weather Satellites Interface
Robin Ramsey, ZL3TCM
Fall 1993, page 87
Stable LC Oscillator
From Pat Hawker’s “Technical Topics”
Winter 1996, page 98
SWR Meter
Lloyd Butler, VK5BR
Winter 1993, page 97
The 2-Meter Discpole Antenna
Rick Littlefield, KIBQT
Summer 1996, page 77
The ZL Packet Radio Modem
Ron Badman, ZL1AI, and Tom Powell, ZL.1TJA
Spring 1993, page 99
Towards the Superiinear Receiver: Low-Noise
Oscillators
From Pat Hawker’s “Technical Topics
Winter 1996, page 94
Triband Dipole
Gil Sones. VK3AUI
Winter 1995, page 83
Variable High-Power Biasing
Marv Gonsior, W6FR
Summer 1996, page 82
VHF/UHF Combiner for Mobile Use
Ian Keenan, VK3AYK
Winter 1995, page 86
Yagi Gain versus Boom Length
David M. Barton, AF6S
Winter 1994, page 95

”

TEST EQUIPMENT

A Remote Reading RF Ammeter
John Osborne, G3GHMO
Winter 1993, page 69

A Simple and Accurate Admittance Bridge
Wilfred N. Caron
Summer 1992, page 44

A Tracking Generator for 0 to 2 GHz
Wayne Ryder, WOURH
Summer 1996, page 7

Build a 2-Chip 80-dB RF Power Meter
Bob Clarke, NIRC
Fall 1995, page 27

Build Your Own Direct Reading Capacitance
Meter
Trevor King, ZL2ZAKW
Summer 1993, page 103
Building the Perfect Noise Bridge
A.E. Popodi, AA3K/OE2APM
Spring 1993, page 55
Instruments for Antenna Development and
Maintenance Part 1: Voltage and Current
Measurements
R.P. Haviland, W4MB
Spring 1995, page 77
Instruments for Antenna Development and
Maintenance Part 2: Signal Generators
R.P. Haviland, W4MB
Summer [995, page 95
Instruments for Antenna Development and
Maintenance Part 3: SWR and Other Precision
Measurements
R.P. Haviland, W4MB
Fall 1995, page 79
Loran-C Frequency Calibrator
Randy Evans, KJ6PO, and David Evans, N6UEZ
Fall 1991, page 20
Correction: Spring 92, page 103
Surplus Test Equipment—Bonanza or Bust???
Peter Bertini, KIZJH
Winter 1996, page 4
The LC Tester
Bill Carver, K6OLG
Winter 1993, page 19
Letters: WAINIL, Spring 1993, page 106
Letters: WAINIL, Winter 1994, page 106
The Ultimate Noise Bridge
A.E. Popodi, AA3K/OE2APM
Summer 1996, page 25
Using Inexpensive Digital Panel Meters
Michael E. Gruchalla, P.E.
Spring 1996, page 59

TEST PROCEDURES AND
MEASUREMENT TECHNIQUES

An Accessible Inductance Standard

F.P. Hughes, VE3DQB

Fall 1992, page 100
Measurement of Velocity Factor on Coaxial
Cables and Other Lines

Chet Smith, KICCL, George Downs, WICT, and

George Wilson, W10OLP

Spring 1993, page 83

Correction: Summer 1993, page 106
Measurements on Balanced Lines Using the Noise
Bridge and SWR Meter

Lloyd Butler, VKSBR

Winter 1993, page 97
Orbital Analysis by Sleight of Hand

Dr. H. Paul Shuch, N6TX

Summer 1995, page 35
TX IMD Performance and Measurement
Techniques

Marv Gonsior, W6FR

Summer 1991, page 61
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102 Fall 1996

THE FINAL TRANSMISSION

A New Place for an Old Art
Anne Prather, KASEHV
Spring 1993, page 105

Bringing Amateur Radio into the Computer Age
Howie Cahn, WB2CPU
Winter 1993, page 94

FCC to Institute Rule Changes for Tower Owners
Joe Fedele
Spring 1995, page 101

Software—An American Industry at Risk?
Michael E. Gruchalla, P.E.
Winter 1992, page 99

THE SOLAR SPECTRUM

The Solar Spectrum

Peter O. Taylor

Fall 1991, page 86
The Solar Spectrum

Peter O. Taylor

Winter 1992, page 46
The Solar Spectrum: A Portable VLF Receiver
and Loop Antenna System

Peter O. Taylor

Spring 1995, page 67
The Solar Spectrum: An Update

Peter O. Taylor

Winter 1995, page 102
The Solar Spectrum: Another Index of Solar
Activity

Peter O.Taylor

Spring 1994, page 44
The Solar Spectrum: Extended Periods of Quiet
Sun

Peter O. Taylor

Spring 1992, page 72
The Solar Spectrum: Gamma Rays and Solar
Flares

Peter O. Taylor

Fall 1992, page 54
The Solar Spectrum: Monitoring Radio Bursts
from Solar Flares

Peter O. Taylor

Fall 1995, puge 45
The Solar Spectrum: New Organization Helps
Amateurs Obtain Eclipse Data

Peter O. Taylor

Fall 1994, page 53
The Solar Spectrum: Sunspot Distribution

Peter O. Taylor

Winter 1993, page 80
The Solar Spectrum: The Hayden System for
Recording Ionospheric Anomalies; Predictions
for Sunspot Cycle 22

Peter O. Taylor

Winter 1994, page 83
The Solar Spectrum: The Realm of the Sun

Peter O. Taylor

Fuall 1993, page 84
The Solar Spectrum: Understanding the Solar
Wind

Peter O. Taylor

Summer 1992, page 10]

The Solar Spectrum: Understanding the Total
Solar Irradiance

Peter O. Taylor

Summer 1993, page 49
The Solar Spectrum: Ulysses Verifies the Shape
of the Interplanetary Magnetic Field

Peter O. Taylor

Winter 1996, page 20
The Solar Spectrum: Update on the VLF
Receiver

Peter O. Taylor

Spring 1993, page 51

TRANSCEIVERS

A Low-Power 20-Meter Transceiver
Clint Bowman, WOGLW
Winter 1995, page 69
Improving Receiver Performance in Modern
Transceivers
Cornell Drentea, WB3JZO
Fall 1991, page 79
Letters: G3IRZP, Winter 1992, page 6
Improving the Drake TR-7
Scott Prather, K9BY
Summer 1992, page 19
Upgrading the FT-ONE Transceiver
Cornell Drentea, WB3JZO
Summer 1991, page 48
Letters: WASMCQ, Winter 1992, page 6

TRANSMITTERS

A 1.8 to 30-MHz 100-Watt SSB Transmitter
Wayne Ryder, WoURH
Fall 1994, page 57

VHF /UHF

432-MHz EME, 1990s Style, Part 2
Steve Powlishen, K1FO
Fall 1991, page 33
Propagation Losses Between Randomly Located
Antennas at UHF
Andy Sharpe, W40OAH
Winter 1992, page 94
Radio Propagation by Tropospheric Scattering
Bob Atkins, KAIGT
Winter 1991, page 119
Correction: Spring 1991, page 6
Seamless Communications (Editorial)
Peter Bertini, KIZJH
Fall 1993, page 4
UHF Voltage Variable Phase Shifter
Mark McWhorter
Winter 1992, page 50
VHF/UHF Combiner for Mobile Use
Ian Keenan, VK3SYK
Winter 1995, page 86

VIRTUAL EQUIPMENT

A Virtual Leap Into the Future (Editorial)
Terry Littlefield, KAISTC
Winter 1994, page 4
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Order your back
issues of
Communications
Quarterly
Today!

When ordering back issues,
include the following infor-
mation: Name, address, city,
state & zip. Please make a
list of the issues you're re-
questing. When paying by
credit card, send the number
along with the expiration
date. Check, Money Order,
MasterCard, VISA, Discover
and AMEX accepted.

For Fasiasi
Ejur‘jir*a Call

1-816881-2022

Communications Quarterly
76 North Broadway

Hicksville, NY 11801
Fax: 1-516-681-2926
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ANTIQUE
ELECTRONIC
SUPPLY

[NISTIOGK,

Also capacltors, transformers
and parts for tube type
equipment.

Write or call for our
40 page catalog.

6221 S. Maple Ave, Tempe, AZ 85283
602-820-5411 FAX (602) 820-4643 or (800) 706-6789

CALL TOLL FREE
{800] 292-??11 orders only

CALL FOR A
FREE 60 PAGE

C&S SALES

EXCELLENCE IN SERVICE

Se Habla Espanol

STANDARD SERIES

S-1325 25MH2 $325
S-1340 40MHz $419
Fealures

AFFORDABLE, HIGH QUALITY ELENCO OSCILLOSCOPES
2 YEAR WARRANTY

ATALOG!
201

B00) 44
MX-9300

Four Functions in One Instrument
Features

DELUXE SERIES

S-1330 25MHz $459

5-1345 40MHz 5549

S-1360 60MHz 5749
Features

%425

Model 4040

s « 7 A Modulabey
[ 2 FREE probes included with sach -wiw'g = Bt

Sweep Function Generators

B&K 20MHz Function Generator

*479.%

Model XP-581

4 Fully Regulated Power Supplies wn One Unit

GF-8026 w/ Frequency

Fluke Multimeters

70 Series
Model 70 $60.95
odal 7

M-1700

Digital Multimeter

5395

Model AR-2N6K

Model M-6100

Features Computer interface

Kit Corner over 100 kits available

Model AM/FM- 'HJBK

B&K Model 1688

1.3GHz Universal Counter
High Current (25 DC amp)

Power Supply Model F-1300

249, a

bire
XK-550
Assembled and Tested

*169.%

XK-550K - Kit

and Free Soltware

4125

39"

WE WILL NOT BE UNDERSOLD C&S SALES, INC.

UPS SHIPPING: 48 STATES 5%

*139.%

art membes whcrern egtionl

Made in USA

15 DAY MONEY BACK
GUARANTEE
FULL FACTORY WARRANTY

150 W (‘nRPEHTEH AVENUE
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Connecting Computers to Radios:A PC Interface
for the Ramsey 2-Meter Transceiver
Howie Cahn, WB2CPU
Fall 1993, page 13
Connecting Computers to Radios:Adding DDS
Frequency Control
Howie Cahn, WB2CPU
Winter 1995, page 9
Microcomputer-Based Instrumentation Systems
Bryan Bergeron, NUIN
Winter 1992, page 36
Quarterly Devices: Radios Without Knobs
Rick Littlefield, KIBQT
Spring 1993, page 65

VLF OPERATION

A Gyrator Tuned VLF Receiver
Arthur J. Stokes, Sr., N8SBN
Spring 1994, page 24

A VLF-LF Receiver
Lloyd Butler, VK5BR
Winter 1991, page 58
Recording Solar Flares Indirectly
Peter O. Taylor, and
Arthur J. Stokes, NSBN
Summer 1991, page 29
Simple Very Low Frequency (VLF) Receivers
Joseph J. Carr, K4IPV
Winter 1994, page 69
The Solar Spectrum: A Portable VLF Receiver
and Loop Antenna System
Peter O. Taylor
Spring 1995, page 67
The Solar Spectrum: Update on the VLF
Receiver
Peter O, Taylor
Spring 1993, puge 51
VLF-LF and the Loop Aerial
Llovd Butler, VK5BR
Spring 1991, page 54

New Digital Panel Meter from BTR
Instruments

BTR Instruments has introduced the
Modutec BH Series LCD Digital Panel Meter
designed to meet requirements for accurate
and reliable 4-1/2 digit measurements includ-
ing process instruments, instrument panels,
power supplies, test equipment, transducers,
communications, audio/video instruments or
medical/laboratory equipment.

The BH series is compatible with existing
Modutec BL series panel cutout and offers

PRODUCT INFORMATION

such features as: choice of red or green dis-
play, connections via connector to terminal
pins, bezel or window mount installation, auto-
matic polarity and zero adjustment with four
positions and external selection of decimal
point, and a fully integrated backlight display.

For more information in Canada, contact
Crompton Instruments, Ltd.. 2717 Rena Rd.,
Mississauga, Ontario, Canada L4T 3K1; phone
005-671-2253: fax 905-671-2617. In the U.S.,
contact BTR Instruments, 1640 Airport Rd.,
Kennesaw, GA 30144; phone 770-919-0557:
fax 770-919-0254..

we'd like the chance to review it.

w~ An Invitation To Authors -

smmunications Quarterly welcomes manuscript submissions from its readers. If you have
an article outline or finished manuscript that you'd like to have considered for publication,

Those of you who are thinking of writing, but aren’t sure how to put a piece together, or what
programs we accept, can write for a free copy of our author’s guidelines (SASE appreciated).

Interested?

Send your manuscripts or requests for author’s guidelines to: Editorial Offices, Conumuni-
cations Quarterly, P.O. Box 465, Barrington, New Hampshire 03825,

We're waiting to hear from you.
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I TRANSMIT
THEREFORE I AM

If ordering by fax: please include your name and address; credit card number and the

CQ knows that some things...
---.a ham’s just got to have!

@

A MUST FOR EVERY HAM
This hat says that you're a part of the world's greatest hobby! Poplin
cap with adjustable strap has 5 panels with fused buckram back-
ing, 1/4" thick braid and a visor with eight solid rows of stitching.

Order No. : 97N (Navy), 97G (Green), 97B (Black) ........ $12.00
GO AHEAD!

LOAD IT UP! !

Load it up with all your ham “stuff.” This useful and rugged back-
pack will be your greatest asset when carrying around your ham
accessories. Embroidered design, 2 front pockets.

Order No.: 96N (Navy), 96G (Green), 96B (Black) ..........525.00

These popular mugs were designed with
you in mind. Add one to the ham shack or
getasetforthe house. These sturdy white
porcelain mugs hold 11 oz.

Available with leather coasters too!
Get one or a set of 4!

CQ Mug Order No. 98...........c.ccuu.......87.
Pop Comm Mug Order No. 99 ..........§7.00
- , | Single Coaster Order No. 93.............. $2.00
ﬁ Set of 4 Order NO. 935 ...c..cccoceeccseee. $7.00
- HEAVYWEIGHT!
This oversized glass stein holds a whopping 19

oz. With CQ's logo etched into the heavyweight
glass, this collectable will look great forever!

OrAr NO. BT coosiinisisicoransesinssmsnssionsin $13.00

516-681-2922

name, size color and item code of the products you want.
If ordering by mail: please include the same inforrmation as if ordering by fax and mail to
CQ Communications, Inc., 76 N. Broadway, Hicksville, NY 11801
Payment Methods: We accept personal checks and money orders (U.S. funds only).
We also accept Visa, MasterCard, Discover, and American Express.

Shipping and handling charges are as follows: $2.00 s/h for orders under $20.00, T oK Bises cOmain.L.
for orders of $20.00 to $50.00 add $4.00, Free shipping on orders of over $50.00. XL and XXL (add $2 Od

Sales Tax: NY State residents add applicable sales tax. for XXL) )
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said, if T didn't
sot off the radio

[10)




Amateur Radio

| Almanac

The Source!

Amateur Radio in Space
Rules & Regs

Contests, Awards
Records

Geographic Stats. Maps
Radio History
Propagation

Computers

Repeaters

Dealers. Manufacturers

« The Bipged!

o + Compuiers
. Frﬂruﬂ? s B MoT

Here’s just a sample of whal’s Inslda

* Propagation Predictions for 1997 » Contest Records y
+ 1996 Amateur Radio Year in Review * VHF/UHF Distance Records
¢ Internet and Ham Radio * Historical Propagation Data
* Ham Radio Around the World * Worldwide Sunrise/Sunset Charts
* Completely Updated Part 97 * Equipment Review Listings
* Operating Tutorials » Easy Reference Tables & Charts
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] YES,Please rush me copies of the 1997 Almanac at $19.95 each plus $4 s/h I:
1 (New York Residents add applicable sales tax) I
I Name ___ Callsign |
: Address _ City :
] State Zip _ K
: Check 0 M/0C] Visal Mastercard (1 AMEX ([ Discover [] :'
] Card # Exp. Date I |
l: Mail your order to: K

CQ Communications, Inc., 76 N. Broadway, Hicksville, NY 11801,
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DSP
Software

DSP Blaster™ 1.0 replaces hardware DSP
boxes. It uses your PC and sound card to
provide high- and low-pass SSB filters,
CW/DATA/SSTV bandpass filters, CW
peaking filters, adaptive noise reduction,
automatic notch filtering, and AGC. DSP
Blaster displays the signal waveform and
spectrum to provide insight about the signals
you're hearing. It's fascinating to correlate
the sound of a voice with its spectrum. A
system block diagram makes the program
simple to use. Pass your mouse over a filter
block to display its properties. Click to alter
them or to activate the filter. DSP Blaster
can run in th? background. Mouse required.

RITTY 1.0 is a high-performance software
modem that uses a limiterless front-end,
optimal matched filters, ATC, numerical
flywheel, and other advanced techniques to
recover RTTY signals other modems can't.
RITTY has an FFT spectral tuning indicator,
variable mark/space frequencies, precision
AFSK, FSK & PTT outputs, and supports
WF1B's RTTY contest-logging program.

386/40 + 387, VGA, and Sound Blaster 16,
Vibra 18, or AWE32 required (no "com-
patibles”). One program, $100; both, $170.

Antenna
Software

AO 6.5 automatically optimizes antenna
designs for best gain, pattern, impedance,
SWR, and resonance. AO uses an enhanced,
corrected MININEC for improved accuracy.
A0 features 3-D radiation patterns, 3-D
geometry and wire-current displays, 2-D
polar and rectangular plots with overlays,
automatic wire segmentation, automatic
frequency sweep, skin-effect modeling,
symbolic dimensions, symbolic expressions,
current sources, polarization analysis, near-
field analysis, and pop-up menus.

NEC/Wires 2.0 accurately models true earth
losses, surface waves, and huge arrays with
the Numerical Electromagnetics Code. Best
for elevated radials, Beverages, wire beams,
giant quads, delta loops, LPDAs, local noise.

YO 6.5 automatically optimizes monoband
Yagi designs for maximum forward gain,
best pattern, minimum SWR, and adequate
impedance. YO models stacked Yagis, dual
driven elements, tapered elements, mounting
brackets, matching networks, skin effect,
ground reflection, and construction
tolerances. YO optimizes Yagis with up to
50 elements and does it hundreds of times
faster than NEC or MININEC.

NEC/Yagis 2.5 provides reference-accuracy
modeling of individual Yagis and large arrays.
Use NVEC/Yagis to model big EME arrays.

TA 1.0 plots elevation patterns for HF
antennas over irregular terrain. TA accounts
for hills, wvalleys, slopes, diffraction,
shadowing, focusing, compound ground
reflection, and finite ground constants, Use
TA to optimize antenna height and siting for
your particular QTH.

One antenna program, $70; three, $120;
five, $200. 386+ 387 and VGA required.
Visa, MasterCard, Discover, U.S. check,
cash, or money order. Add $5 overseas.

Brian Beezley, K6STI * 3532 Linda Vista
San Marcos, CA 92069 * (619) 599-4962
késti@n2.net




SUPPORT THE AMATEUR SATELLITE INTRODUCING
PROGRAM

eet the NEW NOVa for Windows® or DOS

from AMSA T

The Windows version features:

Over 100 maps covering the Earth, individual continents, the
sky, and Nova's innovative RADAR display

Real-time tracking of an unlimited number of satellites

User configurable views, each separate from the others

Fast, accurate tracking of Earth-orbiting satellites, The Moon, .
the Sun and other celestial objects including the planets Powerful Upgrade to NEC-WIN Basic
View Multiple 3-D Antenna Structures
Free upgrades Simultaneously
Requires 386 or better with math coprocessor Identify Wires From Antenna Viewer
& 10 MB of hard disk space New Rectangular Plotting Ability for Currents,

Near Fields, Polarization & More

Windows is a registered trademark of Micrsoft
Plot Impedance vs. Frequency With Smith Charts

~ Works with Most Existing NEC2 Files

Includes NEC-Win Basic Capability

Supports Windows 3.1 & Windows 85

AMSAT Members $50 Non-members $60

Visa & MC accepted
Available from the AMSAT office:

850 Sligo Ave. Suite 600 Pafago nTEChnO|0gy, Inc.

Silver Spring, MD 20910

814-234-3335-FAX:814-234-0228
Phone: 301-580-6062  FAX:901:008-3410 3006 Research Drive -State College, PA 16803

BT AT

Ham Radio’s '97-'98 Radio Classics |
Best Calendars _— 5 v ]

Are Here! on|
y
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[Iﬂ 1997-98 Calendars

Hot off the presses, our widely acclaimed
calendar series is back with CQ's new 1997
editions. You'll refer to your CQ calendar time
after time as you search for the schedules of
upcoming ham events and conventions. Public g
holidays and valuable astronomical information 971906 AMBIBUK RS0

i i i ! I professional  color
will be right by your side, too mm i
Enjoy 15 months of use (January '97 through i biggest most uniisual siations
March '98) with this year's editions. And with [l Yol s eventting rom a 1o

each month you'll be treated to some of the most B 20 meter Yagi to a desert QTH | -
amazing photography in all of amateur radio. foos Wil hetros Shd Qe

Also available from your local dealer! no ham shouid be without one!

For Fastest Service call (516) 681-2922 or'FAX 516-681-2926
D CQ Communications, Inc. 76 North Broadway, Hicksville, NY 11801




| fon Neaié polins

SMITH CHART
TOOLSET

Get the only complete instructional
package for the most important
design tool in RF and microwaves!

Gutest $199

iz | THE
resme l BOOK

$59

Electronic Applications of the
Smith Chart by Philip Smith

This is the original! The creator of the
Smith Chart explains how it works and
how to use it. Includes transmission line
fundamentals, matching and many
analysis and design techniques. Required
reading for RF/microwave designers!

" eswiTH | THE
T DISK

$79

winSMITH software

from Eagleware Corp.

Easy-to-use winSMITH gives your com-
puter the power of the Smith Chart. Lets
you create and tune circuits, sweep fre-
quency and obtain precise results with
no need for a paper chart. (for IBM or
compatible with Windows 3.1 or 95)

THE
TAPE

$99

Introduction to the

Smith Chart

instructor: Glen Parker.

Learn the Smith Chart in 50 minutes!
This instructional video tell you about
plotting and analyzing transmission line
and lumped-element networks on the
chart, including advanced techniques
such as broadband matching.

Shipping charges: US - $8 Canada - $12 [nt'] - $32

N@BLE Publishing
2245 Dillard Street
Tucker, GA 30084
Tel: 770-908-2320 — Fax: 770-939-0157

VISA and MasterCard accepted
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VARI-NOTCH® DUPLEXERS £

FOR 2 METERS 1)

N

The TX RX Systems Inc. patented Vari-Notch filter ZTN)
circuit, a pseudo-bandpass design, provides low ‘%55'
loss, high TX to RX, and between-channel isolation, 7,
excellent for amateur band applications. TX RX DD
Systems Inc. has been manufacturing multicoupling
systems since 1976. Other models available for o)
220 and 440 MHz, UHF ATV and 1.2 GHz.

MODEL 28-37-02A

144-174 MHz 7

92 dB ISOLATION AT 0.6 MHz SEPARATION Z TN
400 WATT POWER RATING [T

TX RX SYSTEMS INC. 19" RACK MOUNT 82

8625 INDUSTRIAL PARKWAY, ANGOLA, NY 14006
TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS.)

A MEMBER OF THE BIRD TECHNOLOGES GROUF

ORGANIZE AND

OMMUNICATIONS stz
UARTERLY

Now there's an easy way lo organize and keep copies of your favorite magazine
readily available for future reference.

Designed exclusively for Communications Quarterly by Jesse Jones Industries,
these custom-made titled cases and binders provide the luxury look that makes them
altractive additions to your bookshelf, desk or any location in your home or office.

Whether you choose cases or binders, you'll have a storage system that's durable and
well organized to help protect your valuable copies from damage.
» Cases and binders designed to hold a * Title hot-stamped in gold.
year's issues (may vary with issue sizes). . Free personalization foil for indexing year.
* Constructed of reinforced board, » Binders have special spring mechanism to
covered with durable maroon hold individual rods which easily snap in.
leather-like material. This allows magazines to be fully opened
* Cases V-notched for easy access. for easy readability.

Cases: 1-58.95 3- $24.95 6-$45.95 Binders: 1-511.25 3-§31.85 6-$60.75
Add $1.50 per casa/binder for postage & handiing. Outside USA (including AK & Hi) $3.50 per case/binder (US funds)
PA Residents add 7% sales tax. Allow 4 to 6 weeks delivery
CHARGE ORDERS: (Minimum $15): AMEX, VISA, MC, DC accepted. Send card name, #, Exp. date

Communications Quarterly
Jesse Jones Industries, Dept. 95 Com-Q, 499 East Erie Ave., Phil., PA 19134
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1-800-825-6690

ers. ATV Down Conyverters,' °~
A fo Flud 2aess

——— PUIFIERS HARD -
T LINEAR ﬁ“"l-'““s |[ * A Poswer rmr,mb PAF

lifiers * Broadban, 3
HE Amplifiers e | 2 magter AMP = d HF Trangd,
ruldz mstlor | (144-148 MH2) Chip Caps - Kpmey -‘-‘r Sfmers
9. ' vt II| * Metalclad Mica c
[ ARCO/SPRAGUE

PG poard

I'Fn g Wored
|k

(Kit or Wired ang Testod)
Mode| ATv.3

WF ampitiers gescr
Motorola Applicath ;

Bulletins 35W - Model 3 p (420--
Engineeting e (WOW) ‘“.,-;r, <1 !EuJG L8 107 “Stranag (Ga As FEF:S;;',J‘ ‘I}.‘:L"J.l
Tl (20W)  ANTS § ~ep | DIGITAL FRg el i ; e
\\_, 7 Gowy ARSI (00N rsw - Model H.r_::x. For oidar ag »fl:.e,"m READOUT Modal ATv.4 (902.-92¢) ;
g : va A (MOOW ag5/$15085 |71 3 Inscanvory GaAs Py
140w FR ‘ £110.95/51¢ | e (HAAS - FET) $50 95579 95

Wired and Testegit 140 o

AN TH2 158

ERIM

EB6Y 140W \RMT (1000W) — —
y WIW ) =/ AL S ol G .
AR e orn a6 and p ﬂnumc
e Hz Amplifiers  § NAL ITEMS
“D"‘w:: - Model KEB §7,5159.95 g 0 Hoat Sink Material
(SSB-FM-ATV) 100 . Mode! 99 Heat Sink (5 A
CHS-8 Copper Si-—u-‘,lh;, o :,_I 167, 824

- O Low Pass Fify, * 30, 824
B 037 126-8600 CAtION | crhamoq 4210 00w,
epts |DC. H)(;.‘M} 108, 15M, 200 gon 5

Spiir ™. BOM or 160m

' FA 1875 and Combinery il
| W (937) 429-3811 ‘504 Millstone Drive * Beavercreek, Ohio 45434-5840 iy




Antenna Software
by W7EL
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EZNEC ("Easy-NEC") captures the power of the NEC-2
caleulating engine while offering the same friendly, easy-
to-use operation that made ELNEC famous. EZNEC lets
you analyze nearly any kind of anlenna - including quads
long Yagis, and antennas within inches of the ground - in
its actual operaling environmen!. Press a key and see its
pattern. Another, its gain, beamwidth, and front/back ratio
See the SWR, feedpaint impedance, a 3-D view of the
antenna, and much, much more, With S00 segment
capability, you can model extremely complex anlennas
and their surroundings. Includes true current source and
transmission line models. Requires BO386 or higher with
coprocessor, 486DX, or Pentium, 2Mb available ex-
tended RAM; and EGANVGAISVGA graphics

ELNEC is a MININEC-based program with nearly all the
features of EZNEC except transmission line models and
127 segmant limitation (5-8 lotal wavelengths of wire). Not
recommended for quads, long Yagis, or antannas with
horizontal wiras lower than 0.2 wavelength, excellent
rasults with other types. Runs on any PC-compatible with

DUPLEXERS

* QUALITY % SERVICE

* PRICE
WE'VE GOT IT ALL!

Our Bandpass-Reject
Duplexers with our
patented B B,
Circuit® Filters
provide superior
performance. ..
especially at

close frequency
separation.

MININEC Professional
Series for Windows

by J. Rockway and J. Logan

Advanced computer programs for design
and analysis of wire antennas.

+ MININEC for Windows - Ideal for
students and hobbyists. $125

+ MININEC Professional - A powerful
engineering design capability. $390

+ MININEC Broadcast Professional - An
advanced tool for the professional
broadcast engineer. §$790

Features Include:
* New, Fast and Accurate Formulation.
* On-line Context Sensitive Help.
* Design Long Wires, Yagi's & Quads.
* Visualize geometry & results in 3-D.
* A Windows application.

For more information, visit our WEB Site.

ORDER TODAY from:
&k EM Scientific, inc.

640k RAM, CGAEGANGA/Hercules graphics. Specily pHUNE 31 7‘848“4435
COPIEORSSEN N ROMEOpIOtessor. b 2533 N. Carson Street, Suite 2107
Both programs support Epson-compatible dot-matrix, and FAX 81 7-848'4209

Carson City, NV 89706

TEL: (702) 888-9449
FAX: (702) 883-2384
TELEX: 170081

E-MAIL: 76111.3171@compuserve.com
WERB SITE: http://www.sierra.net/emsci/

HP-compatible laser and ink el printers

Prices - U.S. & Canada - EZNEC $89, ELNEC 349,
postpaid, Other countries, add $3. VISA AND MASTER-
CARD ACCEPTED

Roy Lewallen, W7EL  phone 503-646-2885
P.0O. Box 6658 fax 503-671-9046
Beaverton, OR 97007 emal w7el@leleport.com

PRODUCTS, INC

P.O. BOX 21145 « WACO, TX 76702

Looking to challenge your building skills?

Want to explore beyond Amateur communications?
Well here's the publication for YOU!

COMMUNICATIONS QUARTERLY, the journal of communications technology. You are
invited to become part of an elite group of Radio Amateurs and technical professionals as a
subscriber. Circulation will be strictly limited.

This new quarterly publication has been put together with YOU in mind. Articles will explore,
in-depth, areas that no Amateur Magazine is currently covering.

State-of-the-art electronics like direct synthesis, digital signal processing, and computer
control are fully investigated and explained so that you can take advantage of these new
technologies. COMMUNICATIONS QUARTERLY articles cover high speed data commu-
nications, the latest in antennas using computer designed models, plus much more. Articles
examine many areas of professional electronics in a way that trade publications can't.
Insights into areas that are only whispered about are normal fare. A major effort is made to show
how applications can be translated into Amateur Radio operations.

Each quarterly has approximately 100 pages of technical material; advertising is limited. Articles flow from page to page, without
the interruption of ads placed in the middle. The open layout accentuates each author's work and lets you make notes, calculations,
or comments for later reference. Graphs, photos, computer program listings, and charts are presented in an easy-to-use format.
COMMUNICATIONS QUARTERLY is printed on a high-quality stock and "perfect bound" (square backed). It is such a valuable
resource, you'll want to file each copy away in your technical archives for future reference. In fact, over time you'll find much of what
is presented in COMMUNICATIONS QUARTERLY will become the standard in the Amateur and professional communications field.

Act now. Subscribe today!
Canada/Mexico-1 year....... $34.00 [] Foreign—-1 year...$39.950]
2 years.....$65.00 [ 2 years ..76.95 [
MasterCard, VISA, Discover and American Express accepted

Mail to: CQ Communications. Inc.. 76 North Broadway. Hicksville. NY 11801

1 year ......529.95 (]
2 years ....856.95 [

Foreign Air Mail-1 year .$80.00 [
2 years155.00 [

Phone: 516-681-2922/ FAX: 516-681-2926
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Want To Try

HF Digital?

Contact

For All The
Answers.

HAL Modems Operate All
The Popular Modes. Clover,
Pactor, Amtor, And RTTY.

Plugin Card or Stand-Alone
HAL Has A Modem At A
Price For You.

L4

DSP-4100 $1295.00

HAL Communications Corp
PO Box 365
Urbana, IL 61801
E-Mail:halcomm@ cu-online.com
www:http://www.halcomm.com
Phone (217) 367-7373
Fax (217) 367-1701

e NEMAL
FOR RF

* Connectors
* Adapters
e Cable Assemblies
« Coaxial Cable

Manufacturer Of Custom
Electronic Wire And Cable.
» Low Minimums ¢ Quick Delivery

CALL US AT 1-800-522-2253
OR FAX YOUR REQUIREMENTS TO
1-305-895-8178
EMAIL:nemal@mcimail.com
Internet:http://www.nemal.com

Call for your copy of our new 48-page Cable &
Connector Selection Guide. More than 2,500
commercial and QPL cable and connector
products in stock

12240 NE 14th Ave. -"mA\-
el

N. Miami, FL 33161
(305) 899-0900

1Year 2495 37.95
2 Years 44,95 70.95
3 Years 64.95

310 Garfield St Suite 4
INOITOT Stapeim

ElecTrRONICS €ugene, Oregon 97402
http:/fwww.motron.com

T

TxID-1

Transmitter FINGERPRINTING System

Our exclusive TxID" Software and the
patented technology of the TxID-1 IBMW/
Compatible circuit board can help you
identify the abusers on your repeater!
CTCSS, DCS and DTMF decoding, as
well as Deviation measurements and
Spectrum Occupancy features further
enhance the system.

Now Shipping
Version 2 SofrwAre

with automaric march and compare!

TxID" TxPorter"

Exienrnal Adaprer for Mobile Operation.
Connecrs the TxID 10 your Lapiop Compuier!

Txan-l FincuaPringing Sysiom "’-o‘ Plus
TxPorter" yobi Adapen 249.00 sH

Se Habla Espanol. Pida por Don Moser.

Orders: (800) 338-9058

Info: (541) 687-2118 Fax: (541) 687-2492

iy OUEN | O) A AL TR 01 0y
you’ll znjuy C0f

it's a different kind of ham magazine.

Fun to read, interesting from cover to cover, written
| so you can understand it. That's CQ. Read by over
90,000 people each month in 116 countries around

the world.
It's more than just a magazine. It's an institution.

CQ also sponsors these thirteen world famous
| awards programs and contests: The CQ World

Wide DX Phone and CW Contests, the CQ WAZ
Award, the CQ World Wide WPX Phone and CW Contests, the CQ USA-
CA Award, the CQ WPX Award, the CQ World Wide 160 Meter Phone
and CW Contests, the CQ Five Band WAZ Award, the CQ DX Award, and
the highly acclaimed CQ DX Hall of Fame.

Also available in the Spanish language edition. Write for rates and details.

USA VE/XE Foreign

395 SUBSCRIBE

74.95
103.95 109.95

Please allow 6-8 weeks for delivery ol lirs! issue
CQ Magazine, 76 N. Broadway, Hicksville, NY 11801
Phone 516-681-2922 FAX 516-681-2926

TODAY!




OMMUNICATIONS
UARTERLY

For fast, accurate service,
please remove the label
used fo address your mag-
azine, and attach it fo the
Subscrip-tion Card, or fo any
correspondence you send
us regarding your subscrip-
tion. Please allow 4-6 weeks

for it to reflect

your mailing

label. Mail all correspon-
dence fo:

ADVERTISER’S INDEX

AMSAT. - . 107
Antique E lulmlllL Sn; pl\ ..,,.IIH
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CQ Calendars.. w107
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Computer Aided Technologies ........111
EM Scientific, Inc. 109
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HAL Communic umn»( orp. weeeeeennc | 10
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Lewallen, Roy, W7EL.......ccceveeeee. 109
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Nemal Electronics......ooovveeevieeeveneeena 10
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Pacific-Sierra Research Corp .......... 111
Paragon Technology .......cccvecevvenenn 107
Svetlana Electron Devices........... Cov Il
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Wacom Products, Inc. ....oooveeeeen 109

Reach this dynamic
advertising messag

86356, or ¢ mail: N9AI

audience “Il}‘] }HLlI
e, contact Don Allen,
NOALK at 217-344-8653, FAX 217-344-
K@aol.com

Using state-of-the-art propagation models, HFx- accurately predicts the best times and
~SIng, Pag e : I
frequencies ro use when communicating with any part of the world. And everything is
presented in an intuitive, casy to understand graphical format

Check out our web site for more informarion.
™ lake the guided rtour or download a demo
copy and try it our yourse If!
http://www.psrv.com/hfx/

For more information or 1o order, call or write us at

HFx-CQJ * Pacific-Sierra Research Corporation ® 2901 28th Street, Suite 300 * Santa Monica, CA 90405

800-820-4PSR. Fax: 310-314-2323, Ourside the ULS. & Canada: 310-314-2300, emal: hix%omgared@ psrv.com
Visa and MasterCard accepred  $129.00 postpaid worldwide

HOKA CODE=3»usA Version

“The Standard Against Which All Future Decoders Will Be Compared

Many radio amateurs and SWLs are puzzied! Just what are all those strange signals =
you can hear but not identify on the Short Wave Bands? A few of them such as CW. R
RTTY, Packet and Amtor you'll know - but what about the many other signala? PN RS Yeimm——- - |
5 wn CW/RTTY Decodars bul the

there

s ﬂj{ 1. W's up 10 you I

CODE-3

powar suppl
CODE-3 is the mos! sophisticated decodar available for ANY amount of money, and the best news of all, is that it is available from
4 United States dealer
26 Modes Included in STANDARD package include EXTRA OPTIONS
= Morse *ASCH = T P 1
R

* ARG-E/ARCDO(
* ARQ-N .l’h{ L

Variant
 ARQ-E3
+POL .-'-\HJ"-'

Baud

SYNOP decoder  $85(

‘ JUST ARRIVED! |

CODE 3 - GOLD VHF-SW DECODER
and LIMITED TIME OFFER

STANDARD CODE-3 PACKJ\GE 8595 00 $4_25.00.nn $595.00.5 su
UDES 1 OS¢ COPE w 2 A ; TOM includes includes
ALL FOUR EXTRA OPTIONS - 5199 95 POCSAG & ALL
"o‘f‘_‘ﬂ’-““ CODE-30 DSP-Based Decodar with all above options s.:.’:nu (318 6872555 | ACARS Plus
(" INTERNET WEB ADDRESS - htp:/www.scancatcom ) FAE0EMO | % Options OPTIONS

WEB E-MAIL - scancat
COMPUTER AIDED TECHNOLOGIES p.0. Box 18285 Shreveport, LA 71138

scancat.com 4 WWW (S & HS810 US, §15 Foreign)

Phone: (318) 636-1234 FAX: (318) 686-0449 Orders Only
Live Tech Support (318) 687-2555 (9 a.m. - 1 p.m. Central M-F)  ELEEIH[W
] 888.722-6228

b4 Nitetime BBS (SCANCAT File Area) (318) 631-3082 (7 p.m. - 6 a.m. Cent



Antenna

by Bob Haviland,
wamBe

Second Printing
An authoritative
book on the design,
construction,
characteristics and
applications of quad antennas.

Order No. QUAD..... 515,95

The Quad ?euu_adnnlenna

The Packet
Radio
Operator's
Manual

by Buck Rogers,
K4ABT

CQ has published
an excellent
introduction and
guide to packet
operation. It's the perfect single
source, whether you're an advanced
user or just starting out.

Order No. PROM..... 515,95

The Vertical Antenna
Handbook
by Paul Lee T
and practice ol the
vertical antenna.
Discover easy-to-
build construction
projects for anyone!
Order No.

The Source!

The VHF “How-To" Book

This book is the

perfect operating
guide for the new
and experienced

The NEW Shortwave
Propagation Handbook
by W3ASK, N4XX & K6GKU

comprehensive
information on HF

available from CQ!
Read about propa-
gation principles,
sunspots, lonos-
pheric predictions
with photography, charts and tables
galore—it's all in this unique reference

Order No. SWp...519.95

by Jerry
Sevick,W2FMI
This volume is
the source for
the latest
information and
designs on
transmission

line transformer theory. Discover
new applications for dipoles
yagis, log periodics. beverages
antenna tuners, and countless

other examples
Order No. BALUN.... 519,95

Building and Using
Baluns and Ununs

McCoy on Antennas
by Lew McCoy, W1ICP
This is truly & ST,
unique On Ante 3
antenna book
that's a musl
for every
amateur
Unlike many
lechnical
publications,
Lew presents his invaluable
information in a casual, non-
intimidating way for anyone!

Order No. Mccoy... 515,95

Operating
annal

Keys, Keys, Keys
by Dave Ingram,

: VERTILAL ANTENNR
Learn basic theory HANDROON

Enjoy nostalgia

amateur radio’s
favorite accessory,

KEYS... 59,95

1997 Amateur Radio Almanac
4th Edition
by Doug Grant, K1DG
This volume is filled with over 500 pages of ham radio
facts, figures and information. CQ's almanac Is a resource
you'll refer to over and over again. If it's ham radio, it's in

Order No. BALM97

| YS! | want to learn from the experts. Rush me my book(s) right away!

aty Item #

Name
Address

City
Form of payment: MC

Credit Card #

Please mail your orders to: C& Communications, Inc

Title Order No. Price
ARRAL Antenna Book ARRALAB 8§30
ARRL Handbook (1996 Ed. w/software) ARRLHB $38
ARRL Operating Manual (New Ed.) ARRLOM $22
ARRL Repeater Directory ('95-'96) ARRLRD $7
ARRL Antenna Compendium Vol. 1 ARRANT1 $10
ARRL Antenna Compendium Vol, 2 ARRANT2 $12
ARRL Antenna Compendium Vol 3 ARRANT3 $14
ARRL Antenna Compendium Vol. 4 ARRANT4 $20
ARRL Weather Satellite Handbook ARSAT $20
ARRL FCC Rule Book (new) ARFCC $12
ARRL World Map ARMAP $12
ON4UN Antennas and Techniques
for Low Band DXing LOWDX $20
1996 NA Callbook NACB $35
1996 Int'l Callbook INTCB $35
1996 Callbook Pair NAICB $65
1996 Callbook on CD-ROM (New) CBCD $49
Gordon West No-Code Technician
Plus License Manual GWTM $10
Price Total Price

ShippingMandling |

I
I
1
]
]
|
|
1
|
|
I
: Please aodd $4 shipping & handling. FREE shipping & handling lor orders $50 and over
|
I
]
]
]
I
I
I
|
|
I
I
I
I
I

NY State Residents add applicable sales tax.

State

iscover Check Money Order

Total

Expires

., 76 North Broadway, Hicksville, New York 11801-9962 « Phone: 516-681-2922 « Fax: 516-681-2926 4




NMEA-0183 GPS
Interface,-Connect
your GPS to the
Xplorer for Mapping
applications.

displays
switches
CTCSS, DCS, DTMF, "%
Strength, or  Numerice
Deviation.
The New Xplorer Test Receiver. Ideal
for any two-way communications testing or
monitoring. The Xplorer is a value packed
performer integrating the functions of a
CTCSS, DCS, and DTMF Decoder,
Frequency Recorder, Nearfield Receiver and
more into one hand-held unit. No more
guessing when programming a frequency for
monitoring-the Xplorer captures nearfield — *Auili-in Speaker All fre
frequencies off the air from 30MHz - 2GHz /e recenved - an
in less than | second. The New Xplorer; pro-
3 viding the power of handheld portability with
- - state of the art functionality and performance.

gﬂ last inetrurment you will ever NEED

( Features & Speciﬁcations)

*Frequency Lock Out, Manual Skip, and Auto or Manual Hold
*Internal Speaker, Audio Earphone/Headphone Jack

*Built-in PC Interface, PC Connection Cable and Download Software included
*Relative ten segment Signal Strength Bargraph

*Optimum Maximized Sensitivity for increased nearfield distance reception

oy, v ‘S

y ) f
demaodudated  for  nstand

NNRirnge

sLasy touch control pad. FI1 & F2

kevs control all '\!'.".r'f'i rfun

tnons. Hold \f;a__-" Ntor

and Lockout all enabled

e

CTORY DIRECT ORDER LINE 800327 5912
FUFTTVArTl T /MA ILsmee
I IS bl | NI VI

jue - Ft Lauderdale, FL » 33334 + Tel: 954-771-2050 « Fax: 954-771-2052 ¢t Our

D. Prices and Specifications are subject to change without notice or obligation Check 0", °
ontact Optoelectronics for mapping software availability Web Site:
om
[ )

y ) 1
through the kevpad

*Tape Control Output with Tape Recorder Pause control relay and DTMF Encoder for audio data recording
*High speed FM Communications Nearfield Recciver, sweeps 30MHz - 2GHz in less than | second

*Two line LCD displays Frequency and either CTCSS, DCS, DTMF, Deviation or Signal Strength \n
BNMEA-0183 GPS Interface provides tagging data with location for mapping applications

Erequency Recording Memory Register logs 500 frequencies with Time. Date, Number of Hits and

atitude Longitude. (Latitude & Longitude coordinates are only displaved in memorv when used with GPS)

Built-in Rapid Charge NiCad Batteries with 5 hour discharge time and Power Supply included
merical Deviation Display with [-10kHz and 10-100kHz ranges

op



“I never opened the manual for my HP 8920A.”

Either the new HP 8920A RF Commu-
nications Test Set is easy Lo use, or
the people who use it are particularly
intuitive.

We can’t vouch for the latter, but
there’s a lot we can offer about

The HP 8920A

the former. Like what, you ask? Like
the fact that virtually every RF test
you'll ever need to do is available at
the push of a front-panel button.

The result? You get your job donc
faster. And better. Because the

HP 8920A provides high-performance
spectrum analysis, built-in encode/
decode capabilities for paging and

trunking, and easy-to-use software for

fast, repeatable, documented results.

Speaking of pushing buttons, just
push 1-800-344-3802 and ask for
Charlie. There are many seasoned
vels who can answer all your ques-
tions. They can also give you the
details on how to get the HP 8920A
for under $12,500.

the end of manual
labor.

Latest Enhancements

* Variable frequency notch filter
for SINAD (300 Hz to 10 kHz)

* 5% power mceasurcment
accuracy

* Signal/noise ratio
measurement

* Adjacent channel power
measurement

There is a better way.

/2 caciaro
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